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PREFACEPREFACE
The 12th International Conference on Applied Sciences andThe 12th International Conference on Applied Sciences and

Technology Research "MINAR CONGRESS", was organized byTechnology Research "MINAR CONGRESS", was organized by

Istanbul Gedik University in collaboration with Remar Academy.Istanbul Gedik University in collaboration with Remar Academy.

The primary objective of this event was to compile and disseminateThe primary objective of this event was to compile and disseminate

valuable scientific knowledge and make a meaningful contributionvaluable scientific knowledge and make a meaningful contribution

to the future.to the future.

Remarkably, a substantial number of researchers, both from localRemarkably, a substantial number of researchers, both from local

and international backgrounds, demonstrated their interest in thisand international backgrounds, demonstrated their interest in this

conference. The scientific committee meticulously reviewed theconference. The scientific committee meticulously reviewed the

submissions and ultimately accepted a select group of individuals,submissions and ultimately accepted a select group of individuals,

totaling 84 applicants, 55 of them were accepted by the scientifictotaling 84 applicants, 55 of them were accepted by the scientific

committee.committee.

The core of this conference was the presentation of 48 completeThe core of this conference was the presentation of 48 complete

research papers, while the remaining articles and research findingsresearch papers, while the remaining articles and research findings

are set to be featured in forthcoming issues of the MINAR Journal.are set to be featured in forthcoming issues of the MINAR Journal.

I would like to extend my sincere appreciation to all theI would like to extend my sincere appreciation to all the

contributors and scholars who played an essential role in makingcontributors and scholars who played an essential role in making

this conference a resounding success. Your dedication andthis conference a resounding success. Your dedication and

valuable contributions are deeply respected and acknowledged.valuable contributions are deeply respected and acknowledged.

Editor-in-Chief
Prof. Dr. Ghuson H. MOHAMMED
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Abstract 

The hydrochemistry of groundwater was studied via 17 wells in Al-Najaf province to evaluate the groundwater 

quality by comparing the physiochemical characteristics and distribution of cations and anions in 

groundwater. Total dissolved solids (TDS), electrical conductivity (EC), PH, main cations (Na+, K+, Mg++, 

Ca++), and anions (HCO3, Cl-, SO4
--) were measured in the groundwater samples. The hydrochemical analysis 

findings indicate that the groundwater in the research region has low alkalinity with high TDS and EC values. 

TDS values ranged from 505 to 5112 mg/l. It is classified as brackish water except some samples are classified 

as Freshwater. The values of EC ranged from 715 to 7670 μs/cm. Because of salinity, it is classified as 

excessively mineralized water. 

Groundwater in the research region is characterized by hard to very hard water. The ratio of sodium 

concentration to chloride concentration (r Na/r Cl) was calculated to determine the origin of water majority 

of the research region samples had a meteoric origin and marine water origin. Schoeller classifications 

showed that the majority of the studied region had a water type of Na2SO4 which represents 53% whilst other 

samples have water types NaCl which represents 29%, CaSO4 which represents 12%, and MgSO4 which 

represents 6%. In the research area, the groundwater is unacceptable for drinking uses except samples (W16 

and W17) are suitable for drinking uses. 

Keywords: Hydrochemistry; Groundwater; Origin of Water; Water Type; Al-Najaf Area. 
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Introduction  

In Iraq many regions, especially those that are far from the surface water supplies, 

groundwater is essential for human habitation and land development 1.  The water resources 

available for usage continuously decrease as a result of increased requests for these water 

resource rates, and the deteriorating of surface water quality, so the groundwater became 

necessary to supply water to use for different purposes 2. The groundwater quality is near 

equal importance to quantity. The groundwater qualitative includes an explanation of the 

occurrence of its different components and their relationship between these components and 

the aquifer materials 3.   

Chosen area is a part of Al-Najaf area which lies in Al-Najaf governorate, south-western 

part of Iraq (southern of the western desert) between latitudes (31º 50ˋ-32º 30ˋ) northern and 

longitudes (43º45ˋ- 44º 25ˋ) eastern, (Figure 1). The studied region has an arid climate with a 

cold winter, dry hot summer, and an annual average rainfall of about 8.78 millimeters mostly 

from November to April, and an annual evaporation of 1329 millimeters 4.   

The previous studies of hydrochemistry assessment of the groundwater quality were 

conducted in different world regions. One of the previous studies was conducted by [5] 

determining the evaluation of the hydrogeological and hydrochemical conditions for 

groundwater in Bahr Al-Najaf area. Another study of the region by 4 studied the groundwater 

quality by using the (WQI) for Al-Dammam formation in Al-Najaf governorate. While [6] 

studied the hydrogeochemical properties of the groundwater in Al-Najaf area. [7] Studied the 

hydrochemical assessment of groundwater by using statistical methods and calculated water 

quality index. The assessment of groundwater quality for human consumption in the Magdalena 

Valley, Colombia was studied by [8].   

Geologically, the research region is situated within the boundaries of Al-Salman subzone, 

which is a component of the stable shelf zone [9]. The research region has two deep faults 

towards north west –south east , which extend in the research region, crucial in controlling the 

groundwater flow [10]. The spring’s existence provides good evidence of these faults [11]. 

Stratigraphically, the formations in the studied region consist of Tertiary and Quaternary 

sediments started from the oldest to the recentest as follows; Umm ErRadhuma, Rus, Dammam, 

and Euphrates formations that are covered by Quaternary sediments [12]. These formations 

component the majority of the layers that carry and influence the chemistry of the groundwater, 

these layers differ from one another in terms of their hydraulic properties, which allow them to 

discharge, transport, and storage groundwater [6]. The geomorphology of the studied region is 
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characterized by a land elevation range of 8 and 65 meters above sea level. The land elevation 

of Al- Najaf region increases toward the western about 420 meters above sea level on the 

boundaries of Iraqi-Saudi. The slope of land progressively from the west and southwest in the 

direction of the north and northeast [13]. Study objectives include assessing the chemical and 

physical properties of the groundwater in the studied region, determining water quality and 

salinity, and determining possible uses. 

 

 

 

 

 

 

 

Figure 1- Show a map of the study region. 

Material and Method  

Seventeen well samples were selected for the present study distributed in the region 

collected from selected groundwater wells in Al-Najaf area during September 2018 (Figure 1). 

Global Positioning System (GPS) was used to determining the locations (latitude, longitude and 

elevation) of each well. The pH was measured by pH meter while the total dissolved solids 

(TDS) and electrical conductivity (EC) of the water samples were measured directly by using 

HANA (HI 9811) meter. Each groundwater samples were analyzed for 12 parameters, these are 

EC, pH, TDS,  total hardness (TH), sodium (Na+), magnesium (Mg+2),  potassium (K+), calcium 

(Ca+2), bicarbonates (HCO3
-), chlorides  (Cl-), sulfates (SO4

-2)  and nitrates (NO3
-) by using the 

standard analytical method recommended by [14]. The results of the analysis of the 

concentration of major and minor ions, EC, TDS, TH, and pH are shown in Table 1.  
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Table 1- Physiochemical properties of groundwater wells in the studied region. 

No. of 

Samp. 
PH 

E C 

(μs/cm) 

TDS 

(mg/l) 

T H 

(ppm) 

Ca 

(ppm) 

Mg 

(ppm) 

Na 

(ppm) 

K 

(ppm) 

Cl 

(ppm) 

SO4 

(ppm) 

HCO3 

(ppm) 

NO3 

(ppm) 

W1 7.2 6420 4164 1555 351 165 581 113 685 1832 484 2.2 

W2 7.2 4210 2765 1168 265 123 370 22 567 617 464 1.5 

W3 7.15 2650 1760 803 165 95 165 18 250 740 70 1.2 

W4 7.12 5700 3630 1333 300 142 560 100 670 1190 478 1.2 

W5 7.17 3500 2770 1174 261 127 408 89 517 998 454 2.7 

W6 7.13 5030 3600 1611 380 161 527 33 752 1393 327 2.1 

W7 7.15 7670 4900 1756 359 209 754 121 1020 1655 470 2.1 

W8 7.62 7300 5112 1607 360 172 620 12 732 1462 513 2.2 

W9 7.15 3020 2140 829 187 88 322 4.6 330 681 446 1.7 

W10 7.23 6980 4494 1168 270 120 480 8 554 1118 323 2.2 

W11 7.22 5000 3600 1611 380 161 527 33 752 1393 327 1.2 

W12 7.14 4750 3075 1262 283 135 392 28 600 635 473 1.4 

W13 7.19 4800 3090 1103 287 94 135 9 247 565 67 2.1 

W14 7.25 4400 2860 1143 260 120 360 20 560 610 460 2.1 

W15 7.25 1394 950 495 88 67 89 5 185 380 50 1.3 

W16 7.24 758 528 193 41 22 55 2 112 132 18 1.4 

W17 7.3 715 505 175 37 20 53 1.7 98 117 17 1.6 

 

Results and Discussion 

1. In this research, the physiochemical properties of groundwater samples are stated in 

Table 1. The PH values of samples range between (7.12 – 7.62), and average (7.22) 

which reflect high alkalinity.  The EC values are ranging from (715 to 7670 μs/cm), 

average (4370 μs/cm). When comparing EC values of groundwater samples with [15] 

classification, it is concluded that the water kind in the region is as excessively 

mineralized water except samples W16 and W17 are highly mineralized water because 

of salinity. 

2. The TDS values of groundwater samples are ranging from (505 to 5112 mg/l), average 

(2938 mg/l). Comparing TDS values of groundwater samples with [16] classification, it 

is concluded that the water kind in the region is brackish water, except for samples 
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(W15, W16, W17) which are freshwater. The values of TDS and EC for water samples are 

shown in Figure 2.  

 

 

 

 

 

 

Figure 2- Values of TDS and EC for the samples. 

The TH values of groundwater samples ranging from (175 to 1756 ppm) to, average (1117 

ppm). TH values of groundwater samples are compared to the Todd classification [16], which 

indicates that the water type in the region is very hard water except for sample (W17), which is 

classified as hard water due to limestone exposures in recharge zone and the lithology includes 

carbonate rocks which are primarily wealthy in magnesium and calcium. 

The main cations consist of (Ca, Na, Mg, and K) where the Calcium ion concentration in 

samples ranging from (37 to 380 ppm), average (251 ppm) and the magnesium ion 

concentration ranging from (20 to 209 ppm), average (119 ppm) and the sodium ion 

concentration ranging from (53 to 754 ppm), average (376 ppm) while the potassium ion 

concentration ranging from (1.7 to 121 ppm), average (36 ppm) (Figure 3).  

The major anions consist of (Cl-, SO4
-2, and HCO3 

-) where the concentration of Chloride 

ions in groundwater samples range between (98 to 1020 ppm), average (508 ppm) and the 

sulfate ion concentration ranging from (117 to 1832 ppm), average (913 ppm). Increasing 

concentrations of (SO4
2-) in the studied region can be a result of the dissolution of anhydrite 

and gypsum minerals in the aquifer rocks in the recharge region. The bicarbonate ion 

concentration ranges from (17 to 513 ppm), average (320 ppm) (Figure 4). The concentration 

of nitrate ions in groundwater samples ranges from  (1.2 to 2.7 ppm), average (1.8 ppm).  The 

chemical properties of groundwater are due to the long-term interactions with the adjacent 

environment rock [17]. 
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Figure 3-  Values of Cation Concentrations for groundwater samples. 

 

Figure 4- Values of Anion Concentrations for groundwater samples. 

The ratio of sodium concentration to chloride concentration (r Na/r Cl) in the (epm) unit 

was calculated to determine the origin of the water. 18 suggests that if the ratio of (r Na/r Cl) 

is less than one, it means that the origin water is marine, and if it is more than one, it means that 

meteoric. The results from applying [18] classifications reflect all the groundwaters have a 

meteoric origin except samples (W13, W14, W15, W16, and W17) are marine origin (Table 3). 
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Table 3- The g roundwater origin of water samples in the studied area 

No. of 

Samples 
r Na/r Cl Water origin 

No. of 

Samples 
r Na/r Cl Water origin 

W1 1.3 Meteoric W10 1.3 Meteoric 

W2 1.0 Meteoric W11 1.1 Meteoric 

W3 1.0 Meteoric W12 1.0 Meteoric 

W4 1.3 Meteoric W13 0.8 Marine 

W5 1.2 Meteoric W14 0.9 Marine 

W6 1.1 Meteoric W15 0.7 Marine 

W7 1.1 Meteoric W16 0.8 Marine 

W8 1.3 Meteoric W17 0.8 Marine 

W9 1.5 Meteoric    

According to 19 classification the samples of groundwater in the studied region appears 

that the groups were SO4 and Cl and their families were Mg-SO4, Na-SO4, Ca-SO4 and Na-Cl 

(Table 4). The groundwater of Al-Najaf area has indicated that the sulfate group is dominated 

where the first family with one main type of water is Na2SO4 which represents (53 %) of water 

samples, the second family water type is NaCl which represents (29 %), the third type is CaSO4 

which represents (12 %) and the fourth type is MgSO4 which represents (6 %) from the samples 

(Figure 5). The availability of sulfate ions is attributed to the lithological and sulfate minerals 

that exist in sedimentary rocks like gypsum and anhydrite 16, 20.  

Table 4- The water type in the studied region by 19 classification. 

Samples No. 

Type 

Family Group 

Anion Cation 

W. (1, 4, 5, 6, 

7, 8,  9, 10, 

11)    

r SO4 - Cl - HCO3 r Na - Ca - Mg - K Na – SO4   Sulfate 

W. (2, 12, 14, 

16, 17) 
r Cl - SO4 - HCO3 r Na - Ca - Mg - K Na - Cl Chlorides 

W.3  r SO4 - Cl - HCO3 

r Ca - Mg - Na - K Ca – SO4 Sulfate 

W.13 r SO4 - HCO3 - Cl 

W.15 r SO4 - Cl - HCO3 r Mg - Ca - Na - K Mg – SO4 Sulfate 
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To evaluate the groundwater 

suitability for drinking uses, 

the chemical analyses of 

water samples are compared 

with the Water Health 

Organization 21 and Iraqi 

standards 22. As a result, it 

has been concluded that all 

groundwater samples are 

unsuitable for drinking, 

except samples W16 and 

W17, which are suitable.  

 

It refers to the high salt concentration in addition to exceeding the permissible limits, in this 

case, the acceptable elements, the unacceptable element.  

Conclusions 

The groundwater samples in Al-Najaf region are brackish water except some samples are 

Freshwater. The total hardness of ground water is hard to very hard water and the type of water 

is classified as excessively mineralized water. The origin of ground water is meteoric except 

some samples are marine origin. According to Schoeller classifications show that the mostly 

samples of water in the research region have a water type of Na2SO4 which represents (53 %) 

of water samples, the second water type is  NaCl which represents (29 %) and the third type is 

CaSO4  which represents (12 %) while the fourth type is MgSO4  which represents (6 %)  from 

the samples. When comparing the groundwater samples with the Water Health Organization 

and Iraqi standards, the study region was not suitable for drinking uses except samples (W16 

and W17) are acceptable. 

 

 

 

 

53%

29%

12%

6%

The Prevailing Sales

Na2SO4

NaCl

CaSO4

MgSO4

Figure 5- The percentage ratio of prevailing salts in the studied area. 
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Abstract 

Globally, drug resistance by Pseudomonas aeruginosa is a major public health concern. It is important to look 

at different treatment methods and as a result, the approach taken in this work is to harness essential oils (EO) 

to combat the pathogenesis of bacterial diseases. Therefore, the aim of this study is to examine the effects of 

cardamom and cinnamon oils on P. aeruginosa biofilm formation, pyocyanin synthesis, and swarming 

motility. Each oil was used at four different concentrations (0.1, 0.2, 0.4, and 0.8) μl/ml  to examine how it 

affects the formation of biofilms and the production of pyocyanin, while 0.2 μl/ml  has been used for swarming 

motility .Initially, the isolate  showed the ability for forming strong biofilms.When studying the influence of 

cardamom and cinnamon oils on the formation of biofilms, cinnamon oil was more effective at a 0.8 μl/ml 

concentration, while cardamom oil did not show any effect at all concentrations used. As for the effect of the 

oils used on the pyocyanin production, it showed that cinnamon oil had a greater effect at ( 0.4 , 0.8) μl/ml, 

where the isolate under study lost its ability to produce the pigment pyocyanin. The cardamom oil had the 

lowest pigment production at concentration 0.8 μl/ml compared to the control and other concentrations. 

Finally, the results of the effect of oils used at 0.2 μl/ml concentration on the swarm movement showed that 

cinnamon oil was more effective in inhibiting movement compared to cardamom oil, as the diameter of the 

growing colony in the presence of cardamom and cinnamon oils was 15 mm and 10 mm, respectively, 

compared to the control 20 mm on Swarm agar medium. 

Key words: Pseudomonas Aeuroginosa; Cinnamon Oil; Cardamom Oil; Biofilms. 
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Introduction 

P. aeruginosa is a rod-shaped, nonfermenting, motile, gram-negative bacteria that is a 

member of the Pseudomonadaceae family (1, 2, 3). widely dispersed across the environment, 

typically inhabiting water, soil, plants, and people. These microbes can thrive in a variety of 

temperatures ) 4 to 42°C), even in the absence of nutrients. P. aeruginosa has remarkable 

survivability and adaptability, enabling it to live for up to six months in hospitals on various 

dry surfaces (4,5). 

P. aeruginosa can adjust to the unfavorable conditions of its hosts via producing a range 

of virulent factors, including hemolysin, pyocyanin pigment,bioflims ,gelatinase, siderophores, 

lipases, lecithinase, DNase, and proteases, which all help to cause infection (6). These variables 

raise the possibility of emerging strains of multidrug-resistance causing a serious risk to medical 

facilities and generating a clinical issue on a worldwide scale. (7 ,8, 9). The opportunistic P. 

aeruginosa has been linked to a number of medical infections, such as pneumonia associated 

with ventilators and infections of the intensive care unit, bloodstream, urinary tract, burns, otitis 

media and keratitis (10,11). 

One of the defining characteristics of Pseudomonas species' ability to survive in harsh 

environments and in vivo is its ability for biofilm  formation. Biofilms are made of a matrix 

consisting of polysaccharides, extracellular DNA and proteins (12, 13). It is essential for 

horizontal transfer of genes, which makes it easier for virulence factors and resistance genes to 

spread, especially when antibiotic-selective stress is present (14, 15).  

Another significant virulence factor that P. aeruginosa produces as a secondary metabolic 

product is called pyocyanin, a pigment that is secreted extracellularly formed from phenazine 

(16). It can also change the cycle of glutathione redox, induce apoptosis of neutrophils, 

inactivate catalase and impede cellular respiration. Strains of P. aeruginosa  that produce 

pyocyanin show more virulence and resistance to several medications than non- producing 

strains (17, 18).  

P. aeruginosa's  ability to swarm is another tool that boosts its pathogenicity and efficacy. 

The quick and well-organized movement of certain bacterial species' flagella during 

multicellular activity along semi-solid media is known as swarming motility. The antibiotic 

resistance is closely linked to this significant aspect (19, 20). Different essential oils have been 

discovered to limit biofilm generation in addition to other P. aeruginosa virulence factors (21, 

22). 
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Cinnamon is phytochemical that has antimicrobial characteristics which is  reliable and 

frequently utilized in daily life. Due to its traditional use as a remedy for digestive issues like 

nausea, diarrhea and vomiting, cinnamon oil is included in toothpastes as a common 

antibacterial alternative (23, 21).  

Cardamom oil is utilized as an "organic product" to cure a variety of illnesses, such as 

asthma, bronchitis, colds, jaundice, and indigestion. It has also been used as a stimulating agent 

for patients with anorexia (24). Researchs on cardamom's health benefits have shown that it has 

antimicrobial, antioxidant  and potentially anticancerogenic features (25). 

As a result of the increasing resistance to antibiotics in recent decades, which led to the 

urgent demand to develop efficient ways to solve these issues., the focus was on strategies that 

target the virulence factors of bacteria instead of the survival of bacteria, because altering 

virulent factors may inhibit bacteria from growing and developing drug resistance in them. 

Therefore, the aim of the research is to examine the natural oils’ (cinnamon and cardamom) 

effects on a few P. aeruginosa virulence factors, which included : biofilm formation, pyocyanin 

production and  swarming motility .   

Materials and Methods: 

The P. aeruginosa isolate was obtained from the Bioligy Department /College of Science 

/University of Mosul . 

1. Biofilms Formation 

A.  Investigating the ability of P. aeruginosa to form biofilms: 

The ability of P. aeruginosa to form biofilms was investigated using the microtiter plate 

method. 

The sterile Trypic Soy Broth (TSB)  medium was inoculated with pre-activated P. 

aeruginosa and the incubation period extended to 24 hours in 37°C,bacterial growth was 

compared with a standard 0.5 McFarland tube. 200 μL of sterile TSB medium were placed in 

the first column wells and considered a control for comparison, where three replicates were 

made.200 μL of bacterial inoculum were placed in the first three wells of the second 

column.The plate was covered with its own lid and incubated at 37°C for 18–24 hours.  

Non-adherent bacterial cells were eliminated by washing the wells with normal saline, 

produced by 0.9 grams of sodium chloride dissolved in 100 cm3 of  D.W. (26). 200 μL of the 

prepared crystal violet at a concentration of (1%)  were added to each well and left for 45 
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minutes, then removed with sterile distilled water. The plate was left to dry at room temperature 

for 45 minutes .Then, add 200 μL of  (99 % ) ethanol to each well and mix . 

The absorbance was obtained at (630) nm utilizing an ELIZA reader device (American-

made). The efficiency of bacterial isolate in biofilms formation was determined by comparing 

the readings according to certain equations(27,28,29). 

B. Cinnamon and cardamom oils effects on the formation of biofilms: 

Both cinnamon and cardamom oils produced by (AL_EMAD Company) were used to 

study their effect on biofilms formation by the P. aeruginosa isolate under study, as they were 

purchased from a herbal shop. 

Different concentrations of cinnamon and cardamom oils were prepared with TSB as 

follows: (0.1, 0.2, 0.4, 0.8) μl/ml. 

By using the microtiter plate method, 300 μL of the first concentration of cinnamon oil 

were added in the first column of the microtiter plates (for control) in three replicates, then 290 

μL of the first concentration of cinnamon oil were added in the second column, with the addition 

of 10 μL of bacterial inoculum (0.5 McFarland) in three replicates. The process was repeated 

for the remaining concentrations sequentially in subsequent columns. 

Follow the same steps regarding cardamom oil concentrations, starting from the fourth 

row of the first column and sequentially. The microtiter plates have been kept at 37°C for 24 

hours of incubation. After the incubation,the concentration effects of cinnamon and cardamom 

oils were studied by following the steps mentioned previously in paragraph (A). (27,28,29). 

2. Pyocyanin Production 

To know the effect of oils on the production of pyocyanin, we prepared Nutrient Broth 

Medium (N.B.) with concentrations (0.1, 0.2, 0.4, and 0.8) µl/ml of the cinnamon and 

cardamom oils separately and without oils for control, then inoculated with P. aeruginosa (0.5 

McFarland) with incubation for 24 hours at 37°C (30). 

3. Assays for swarming motility  

Assays for motility were conducted using a previously published protocol (31 ). Point-

inoculation of  P. aeruginosa cultures was done onto swarm agar plates (prepared by dissolving 

each of the following: 1 g of glucose, 0.5 g of bactoagar, 0.6 g of bactopeptone, and 0.2 g of 

yeast extract in 100 ml of distilled water) with 0.2 μl/ml cinnamon and cardamom oils and 
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without the latter for the control plates. Incubation was carried out by placing the plates in a 

straight-up position for 24 hours at 37 °C . 

Results and Discussion: 

1. Biofilms formation 

Biofilms have been linked to higher mortality and morbidity rates as well as major 

medical problems. 

The ability of the P. aeruginosa isolate to form biofilms was evaluated using the 

microtiter plate method, and after reading the results in the ELIZA reader device and applying 

them to the equation, the result showed the isolate’s ability  to create strong biofilms with 

comparison to the control ,as shown in figure (1). 

 

 

 

 

 

 

Figure 1- Biofilm formation by P. aeruginosa 

This is consistent with Kunwar et al. (32), they  indicated the ability of some     P. 

aeruginosa isolated from burn patients to form strong biofilms. Abdelraheem et al. (33), stated 

that 14% of their isolates of P. aeruginosa were strong at forming biofilms. As well as Tuon et 

al. (34), pointed to the vital role of  P. aeruginosa for biofilm formation. 

P. aeruginosa forms biofilms through a complex mechanism in which a floating 

bacterium first adheres reversibly to a surface. Adhesins of the surface then permanently attach 

the bacteria to the surface, and extracellular matrix formation results in the production of a 

mature biofilm. Ultimately, bacteria spread out of the matrix to settle on other surfaces (35).  

 

 



XII. International Scientific Congress of Pure, Applied and Technological Sciences 

 
 

 

16  

 

2. Cinnamon and cardamom oils effects on the formation of biofilms: 

The results showed that 0.8 μl/ml  concentration of cinnamon oil was more effective than 

other concentrations in converting the isolate from strong biofilm formation to weak biofilm 

formation after comparing it with the control. As for cardamom oil, it did not show any effect 

on biofilm formation for all concentrations, which indicates that the isolate remained strong in 

biofilms formation compared to the control, as shown in figure (2). 

 

 

 

 

 

 

 

Figure 2- The effect cinnamon and cardamom oils on biofilms formation 

Kalia et al. (21),  reported that 0.8 μl/ml concentration of cinnamon oil had a high 

inhibition on biofilms formation by P. aeruginosa because it reduced the content of bound 

extracellular DNA and extracellular polymeric substances (EPS), the well-established elements 

of biofilms. As well as Wijesinghe et al. (36), they pointed out the cinnamon oil’s effects on 

biofilms formation by  P. aeruginosa, Staphylococcus aureus, and Klebsiella pneumoniae. 

In this regard, the authors reported that cinnamaldehyde which is the essential ingredient 

of cinnamon,inhibited quorum sensing, interference with bacterial motility and alginate 

production which is an essential extracellular component that leads to biofilms structure 

integrity; therefore, the inhibition of alginate had an effect on biofilms maturation  (37 ,21,38) 

3. Pyocyanin Production 

The results of the effect of both cinnamon and cardamom oils on pyocyanin production 

showed that cinnamon oil was more effective than cardamom oil. Cinnamon oil showed 

inhibition of pigment production at concentrations of 0.4–0.8 μl/ml in terms of the absence of 

color compared to the control, while at 0.2 μl/ml, the pigment production was reduced compared 
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to the control, as shown in  figure ( 3). The cardamom oil had the lowest pigment production at 

a concentration of 0.8 μl/ml comparison with control and other concentrations, as in the figure (4 ).  

 

  

  

 

 

 

Figure 3- Cinnamon oil effect (μl/ml ) on Pyocyanin Production 

A- control ,  B- 0.1 , C- 0.2  , D- 0.4  , E- 0.8 

B-  

 

 

 

 

 

 

 

Regarding cinnamon oil, this is consistent with what Kalia et al. (21), indicated; they used 

cinnamon oil with various concentrations. It decreased the production of pigment at 0.2 μl/ml 

concentration by 22% . Farisa Banu et al. (39), also mentioned the cinnamon oil ability to inhibit 

pyocyanin production via  P. aeruginosa. They indicated that the rhl or LasR inhibitor in 

essential oil presence could inhibit the production of pyocyanin whereas P. aeruginosa has rhl, 

which plays a role in gene expression to produce pigment. 

Figure 4- Cardamom oil effect (μl/ml) on Pyocyanin Production 

A- control   , B- 0.1 , C- 0.2 , D- 0.4 , E- 0.8 

 

A B C D E 

A B C D E 
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As for cardamom oil, many researchers have mentioned the biological effectiveness of 

the oil. Alam et al. (40), demonstrated cardamom oil’s role in inhibiting the growth of P. 

aeruginosa.   

4. Assays for swarming motility  

Motility has been recognized as a key virulent feature for pathogens, permitting these 

organisms to spread into favorable environments as nutrients become limited as well as 

competing with other species. 

Results of the effect of both cinnamon and cardamom oils at 0.2 μl/ml concentration on 

the motility of P. aeruginosa showed that cinnamon oil had a greater effect than cardamom oil 

when compared to the control.  

The diameter of the colony for the control was equal to 20 mm, while the diameter of the 

colony with cardamom and cinnamon oil was equal to 15 and 10 mm, respectively on Swarm 

Agar Medium, as shown in the figure. (5). 

  

 

 

 

 

 

Figure 5- Effects of cinnamon and cardamom oils at concentration (0.2 μl/ml)  

on Swarm Agar Medium. 

A:Control        B: Cardamom oil           C: Cinnamon oil 

Agha (41), pointed out the role of cinnamon oil in the anti-swarming motility of 

Pseudomona, as she stated that cinnamon and eucalyptus tree oils are more effective than other 

oils used. Also, Kalia1 et al. indicated the swarming motility inhibition via cinnamon oil. 

Cinnamon oils decrease the rhlA and fliC expression related with the rhamnolipid and flagella 

protein flagellin synthesis (42). In addition, Tuba et al. reported that Cinnamaldehyde (CAD) 

reduced P. aeruginosa swarming motility, which has a role in reducing movement and 

disrupting biofilms through the modulation of intracellular signaling processes (43). 

A B  C 
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Noumi  et al. (44), mentioned the role of cardamom oil in inhibiting the swarming 

motility, as indicated by the decrease in the diameter of the colony compared to the control. 

Akrayi (45), mentioned that the reason for the effect of oil on movement,may be due to 

the presence of phenolic groups that bind to the phospholipids and proteins in the cell wall’s 

outer membrane  and this will stop the cells from becoming swarmers. 

Conclusions:  

In the current study, it was found that cinnamon oil had a greater effect than cardamom 

oil, as cinnamon oil had an effect on the ability of the isolate under study to form a biofilm, 

while cardamom oil had no effect. In addition, cinnamon oil was more effective on pyocyanin 

production and swarming motility than cardamom oil. Hence, this study showed evidence that 

essential oils can be used to influence the virulence factors of P. aeruginosa thus reducing many 

of the infections that can occur due to this bacterial species and the possibility of reducing the 

use of antibiotics, which has become a problem today due to the known resistance to antibiotics.  
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Abstract 

The intent of this article is to explore some properties of the set of all bounded linear operators and the set of 

all Lipschitz functions that are defined on n-modular spaces. We introduce the definition of n-modular bounded 

linear operator and then we describe the set of all n-modular bounded linear operator. One of our main results 

shows that this set is Banach space. Moreover, we give the definition of n-modular Lipschitz functions and 

then we characterize the set of all n-modular Lipschitz function. For a specific norm one of our main results 

shows that this set is Banach space. 
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Introduction 

The study of properties of the concept of modular spaces has received great attention from 

researchers since it was first known by Nakano in 1950, [9]. Owing to the significance of 

modular space numerous researches and studies appeared to develop these space and generalize 

its’ theory. For example see [1],[3],[11]. In general, the modular space can be defined as 

follows, [12] 

Definition  

Hypothesize that 𝛯 is a vector space over ℂ or ℝ. Then the real non-negative function 

𝜓𝑚: 𝛯 → [0,∞) is called modular if: 

 For 𝜇 ∈ 𝛯, 𝜓𝑚(𝜇) = 0 if and only if 𝜇 = 𝜃, (where 𝜃 is the zero vector in 𝛯). 

 For every 𝜇 ∈ 𝛯, 𝜓𝑚(−𝜇) = 𝜓𝑚(𝜇). 

 For every 𝜇, 𝜉 ∈ 𝛯, 𝜓𝑚(𝑎̆ 𝜇 + 𝑏̆ 𝜉) ≤ 𝜓𝑚(𝜇) + 𝜓𝑚(𝜉), where 𝑎̆ , 𝑏̆  are real numbers such 

that 𝑎̆ , 𝑏̆ ≥ 0 and 𝑎̆ + 𝑏̆ = 1. 

With this modular function 𝜓𝑚, the pair (𝛯, 𝜓𝑚) is called a modular space. 

An interesting development to the theory of modular spaces is to study the properties of 

modular function spaces, when the vector spaces 𝛯 is regarded as space of measurable 

functions, see for example, [8], [5],[7], [6]. 

Recently, a significant study appeared to extended the operator theory on modular spaces. 

In [4], the Hudzik, Musielak and Urban´ski studied some properties of the bounded linear 

operators between two modular spaces, moreover, they investigated the adjoint linear operators 

on conjugate modular spaces. Nurnugroho, Supama and Zulijanto in [2], investigated some 

topological properties of 2-modular spaces. They also characterized a bounded linear operator 

on 2-modular spaces. The work in [10] is sacrificed to study bounded linear operators on n-

modular spaces. The authors generalized the modular spaces to n-modular spaces depending on 

the notion of the n- normed spaces. They defined the continuous and compact operators on n-

normed spaces. Furthermore, they gave some applications to n-modular fixed point. 

In this article our work is dedicated to study some properties of the set of all bounded 

linear operators and the set of all Lipschitz functions that are defined on n-modular spaces. With 

an appropriate norm on the set of all bounded linear operators that are defined on n-modular 

spaces, we proved that this set is a Banach space. In section three we introduce the definition 

of a Lipschitz function on n-modular spaces. Moreover, we characterize the set of all of all 
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Lipschitz functions that are defined on n-modular spaces. One of our significant results shows 

that this set, with suitable norm, is a Banach space. 

Before we mention our results let us recall the definition of n-modular spaces, [10]. 

Definition  

Hypothesize that 𝛯 is a vector space over 𝑅 with dimension ν, where ν ≥ n. Then the non- 

negative real function 𝜑𝑛: 𝛯
𝑛 → [0,∞)  is called n-modular if: 

 For 𝜇 = (𝜇1, 𝜇2, ⋯ , 𝜇𝑛) ∈ 𝛯𝑛, 𝜑𝑛(𝜇) = 0 if and only if 𝜇1, 𝜇2, ⋯ , 𝜇𝑛 are linearly 

independent. 

 For every 𝜇 = (𝜇1, 𝜇2, ⋯ , 𝜇𝑛) ∈ 𝛯𝑛, 𝜑𝑛(𝜇1, 𝜇2, ⋯ , −𝜇𝑛) =𝜑𝑛(𝜇1, 𝜇2, ⋯ , 𝜇𝑛). 

 𝜑𝑛(𝜇1, 𝜇2, ⋯ , 𝜇𝑛) is invariant under permutation, where 𝜇1, 𝜇2, ⋯ , 𝜇𝑛 ∈ 𝛯. 

 𝜑𝑛(𝑎̆ 𝜇0 + 𝑏̆ 𝜇1, 𝜇2, ⋯ , 𝜇𝑛)≤ 𝜑𝑛(𝜇0, 𝜇2, ⋯ , 𝜇𝑛) + 𝜑𝑛(𝜇1, 𝜇2, ⋯ , 𝜇𝑛), for any real numbers 

𝑎̆ , 𝑏̆  

where 𝑎̆ , 𝑏̆ ≥ 0 and 𝑎̆ + 𝑏̆ = 1. 

With this n-modular function 𝜑𝑛, the pair (𝛯𝑛, 𝜑𝑛), or 𝛯𝜑𝑛
𝑛  in short, is called an n-modular 

space. An interesting examples about these spaces can be found in [10]. 

Bounded Linear Operators On N-Modular Space 

This section is devoted to investigate the properties of the set of all bounded linear 

operators defined on n-modular space. 

Definition  

Hypothesize that (Ξn, 𝜑𝑛) is n-modular space and (Γ, ‖. ‖𝛤) is a normed space. A linear operator 

�̅�: Ξn → Γ is called n-modular bounded operator if there exists a constant M > 0 such that 

‖�̅�(𝜇1, 𝜇2, ⋯ , 𝜇𝑛)‖𝛤≤ M𝜑𝑛(𝜇1, 𝜇2, ⋯ , 𝜇𝑛), for each, µ =(𝜇1, 𝜇2, ⋯ , 𝜇𝑛) ∈ Ξn. 

Definition  

Hypothesize that (Ξn,𝜑𝑛) is n-modular space and (Γ, ‖. ‖𝛤) is a normed space. Then the set of 

all n-modular bounded linear operators on Ξn, will denoted by 

𝐵𝑂𝑚𝑜𝑑𝑛(𝛯𝜑𝑛
𝑛 , 𝛤) = {�̅�: 𝛯𝜑𝑛

𝑛 → 𝛤, �̅� 𝑖𝑠 𝑛 − 𝑚𝑜𝑑𝑢𝑙𝑟 𝑏̆𝑜𝑢𝑛𝑑𝑒𝑑 𝑙𝑖𝑛𝑒𝑎̆𝑟 𝑜𝑝𝑒𝑟𝑎̆𝑡𝑜𝑟}. 

Obviously, 𝐵𝑂𝑚𝑜𝑑𝑛(𝛯𝜑𝑛
𝑛 , 𝛤) is a linear space. 

The theorem below shows that 𝐵𝑂𝑚𝑜𝑑𝑛(𝛯𝜑𝑛
𝑛 , 𝛤) is a Banach space. 
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Theorem  

Hypothesize that (Ξn,𝜑𝑛) is n-modular space and (Γ, ‖. ‖𝛤) is a normed space. Then the vector 

space is 𝐵𝑂𝑚𝑜𝑑𝑛(𝛯𝜑𝑛
𝑛 , 𝛤) is a normed space with the norm defined by: 

                     ‖�̅�‖ = 𝑠𝑢𝑝 {
‖�̅�(𝜇1,𝜇2,⋯,𝜇𝑛)‖𝛤

𝜑𝑛(𝜇1,𝜇2,⋯,𝜇𝑛)
: 𝜑𝑛(𝜇1, 𝜇2, ⋯ , 𝜇𝑛) ≠ 0}                        (1) 

Where, 𝜇1, 𝜇2, ⋯ , 𝜇𝑛 ∈ 𝛯. Furthermore, if (Γ, ‖. ‖𝛤) is complete, then 𝐵𝑂𝑚𝑜𝑑𝑛(𝛯𝜑𝑛
𝑛 , 𝛤) is 

Banach space. 

Proof. 

Take �̅�, 𝑆̅ in 𝐵𝑂𝑚𝑜𝑑𝑛(𝛯𝜑𝑛
𝑛 , 𝛤) and α is a scalar, then:  

(1) It is obvious that ‖�̅�‖ is well defined and ‖�̅�‖ ≥ 0. 

(2) If �̅� = 0, then it is clear that ‖�̅�‖ = 0. Conversely, if ‖�̅�‖ = 0, then 

‖�̅�(𝜇1, 𝜇2, ⋯ , 𝜇𝑛)‖𝛤 = 0, 

(3) for any 𝜇1, 𝜇2, ⋯ , 𝜇𝑛 ∈ 𝛯 This means that �̅� = 0. 

(4) Let 𝜇1, 𝜇2, ⋯ , 𝜇𝑛 ∈ 𝛯, then 

‖�̅�‖ = 𝑠𝑢𝑝 {
‖(�̅�)(𝜇1, 𝜇2, ⋯ , 𝜇𝑛)‖𝛤
𝜑𝑛(𝜇1, 𝜇2, ⋯ , 𝜇𝑛)

: 𝜑𝑛(𝜇1, 𝜇2, ⋯ , 𝜇𝑛) ≠ 0} 

‖�̅�‖ = |𝛼|𝑠𝑢𝑝 {
‖�̅�(𝜇1, 𝜇2, ⋯ , 𝜇𝑛)‖𝛤
𝜑𝑛(𝜇1, 𝜇2, ⋯ , 𝜇𝑛)

: 𝜑𝑛(𝜇1, 𝜇2, ⋯ , 𝜇𝑛) ≠ 0} 

=|𝛼|‖�̅�‖. 

(5) Take 𝜇1, 𝜇2, ⋯ , 𝜇𝑛 ∈ 𝛯, then 

‖�̅� + 𝑆̅‖ = 𝑠𝑢𝑝 {
‖(�̅� + 𝑆̅)(𝜇1, 𝜇2, ⋯ , 𝜇𝑛)‖𝛤

𝜑𝑛(𝜇1, 𝜇2, ⋯ , 𝜇𝑛)
: 𝜑𝑛(𝜇1, 𝜇2, ⋯ , 𝜇𝑛) ≠ 0} 

≤ 𝑠𝑢𝑝 {
‖(�̅�)(𝜇1, 𝜇2, ⋯ , 𝜇𝑛)‖𝛤
𝜑𝑛(𝜇1, 𝜇2, ⋯ , 𝜇𝑛)

: 𝜑𝑛(𝜇1, 𝜇2, ⋯ , 𝜇𝑛) ≠ 0} 

+𝑠𝑢𝑝 {
‖(𝑆̅)(𝜇1, 𝜇2, ⋯ , 𝜇𝑛)‖𝛤
𝜑𝑛(𝜇1, 𝜇2, ⋯ , 𝜇𝑛)

: 𝜑𝑛(𝜇1, 𝜇2, ⋯ , 𝜇𝑛) ≠ 0} 

=‖�̅�‖ + ‖𝑆̅‖. 
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Therefore, 𝐵𝑂𝑚𝑜𝑑𝑛(𝛯𝜑𝑛
𝑛 , 𝛤) is a normed space. 

To prove that 𝐵𝑂𝑚𝑜𝑑𝑛(𝛯𝜑𝑛
𝑛 , 𝛤) is a Banach space, suppose that (Γ, ‖. ‖𝛤) is complete normed 

space and let {�̅�𝑘}𝑘=1
∞  be a Cauchy sequence in 𝐵𝑂𝑚𝑜𝑑𝑛(𝛯𝜑𝑛

𝑛 , 𝛤) then ‖�̅�𝑛 − �̅�𝑚‖ → 0 as 𝑛,𝑚 →

∞. But for each 𝑛,𝑚 ∈ 𝑁, Equation (1) gives: 

‖(�̅�𝑛 − �̅�𝑚)(𝜇1, 𝜇2, ⋯ , 𝜇𝑛)‖𝛤 ≤ ‖�̅�𝑛 − �̅�𝑚‖𝜑𝑛(𝜇1, 𝜇2, ⋯ , 𝜇𝑛), for any 𝜇1, 𝜇2, ⋯ , 𝜇𝑛 ∈ 𝛯. 

Hence,  {�̅�𝑘(𝜇)}𝑘=1
∞  is a Cauchy sequence in Γ for every 𝜇 = (𝜇1, 𝜇2, ⋯ 𝜇𝑛) ∈ 𝛯𝑛. That is there 

exists ηµ ∈ Γ , such that �̅�𝑘(𝜇) → 𝜂𝜇 as 𝑘 → ∞, for each 𝜇 = (𝜇1, 𝜇2, ⋯ 𝜇𝑛) ∈ 𝛯𝑛. 

From now, and for more convenient we will use 𝜇 ∈ 𝛯𝑛 instead of  𝜇1, 𝜇2, ⋯ , 𝜇𝑛 ∈ 𝛯. 

Define �̅�0: 𝛯𝜑𝑛
𝑛 → 𝛤 as follows �̅�0(𝜇) = 𝜂𝜇 for all 𝜇 ∈ 𝛯𝑛 we will show that �̅�0 ∈

𝐵𝑂𝑚𝑜𝑑𝑛(𝛯𝜑𝑛
𝑛 , 𝛤). 

 For the linearity of �̅�0. Take 𝜇 = (𝜇1, 𝜇2, ⋯ 𝜇𝑛), 𝜉 = (𝜉1, 𝜉2, ⋯ 𝜉𝑛) ∈ 𝛯𝑛 and  is a 

scalar, then 

�̅�0(𝜇 + 𝜉) = 𝜂(𝜇+𝜉) = �̅�𝑘(𝜇 + 𝜉)  = �̅�𝑘(𝜇) + �̅�𝑘(𝜉) = 𝜂𝜇 + 𝜂𝜉 =  �̅�0(𝜇) + �̅�0(𝜉), 

and 

�̅�0(𝛼𝜇) = 𝜂(𝛼𝜇) = �̅�𝑘(𝛼𝜇)  = �̅�𝑘(𝜇) =  𝛼𝜂𝜇 = 𝛼�̅�0(𝜇). 

This confirms that �̅�0 is linear. 

 For the boundedness of �̅�0. Let 𝜇 = (𝜇1, 𝜇2, ⋯ 𝜇𝑛) ∈ 𝛯𝑛 and for each k we have 

‖�̅�𝑘(𝜇)‖𝛤 ≤ ‖�̅�𝑘‖𝜑𝑛(𝜇), 

and since {�̅�𝑘}𝑘=1
∞  is a Cauchy sequence in 𝐵𝑂𝑚𝑜𝑑𝑛(𝛯𝜑𝑛

𝑛 , 𝛤) then it is bounded. That is there 

exists 𝑀 > 0 such that  

‖�̅�𝑘‖ ≤ 𝑀 for all k, 

so 

‖�̅�𝑘(𝜇)‖𝛤 ≤ 𝑀𝜑𝑛(𝜇), 

thus  

‖�̅�0(𝜇)‖𝛤 ≤ ‖�̅�0(𝜇) − �̅�𝑘(𝜇)‖𝛤 + ‖�̅�𝑘(𝜇)‖𝛤 ≤ ‖�̅�0(𝜇) − �̅�𝑘(𝜇)‖𝛤 +  𝑀𝜑𝑛(𝜇), 

 

as 𝑘 → ∞ we get, 

‖�̅�0(𝜇)‖𝛤 ≤  𝑀𝜑𝑛(𝜇), 
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this shows that �̅�0 is bounded and therefore, �̅�0 ∈ 𝐵𝑂𝑚𝑜𝑑𝑛(𝛯𝜑𝑛
𝑛 , 𝛤). 

 The following steps are shown that �̅�𝑘 converges to �̅�0 in 𝐵𝑂𝑚𝑜𝑑𝑛(𝛯𝜑𝑛
𝑛 , 𝛤). 

Let 𝜀 > 0, then there exists 𝑁 ∈ 𝑁 such that 

‖�̅�𝑛 − �̅�𝑚‖ < 𝜀   for all 𝑛,𝑚 > 𝑁        ({�̅�𝑘}𝑘=1
∞  is a Cauchy sequence). 

Therefore for any 𝜇 = (𝜇1, 𝜇2, ⋯ 𝜇𝑛) ∈ 𝛯𝑛,  

‖�̅�𝑛(𝜇) − �̅�𝑚(𝜇)‖𝛤 < 𝜀𝜑𝑛,     for all 𝑛,𝑚 > 𝑁. 

Now, as 𝑚 → ∞,  

‖�̅�𝑛(𝜇) − �̅�0(𝜇)‖𝛤 < 𝜀𝜑𝑛,     for all 𝑛,𝑚 > 𝑁. 

Hence, 

‖�̅�𝑛 − �̅�0‖ = 𝑠𝑢𝑝 {
‖(�̅�𝑛−�̅�0)(𝜇1,𝜇2,⋯,𝜇𝑛)‖𝛤

𝜑𝑛(𝜇1,𝜇2,⋯,𝜇𝑛)
: 𝜑𝑛(𝜇1, 𝜇2, ⋯ , 𝜇𝑛) ≠ 0} < 𝜀  for all 𝑛 > 𝑁. 

This confirms that �̅�𝑘 → �̅�0 as 𝑘 → ∞. 

The next two corollary follows immediately from the previous theorem. 

1.1. Corollary  

Hypothesize that (Ξn, 𝜑𝑛) is n-modular space and (Γ, ‖. ‖𝛤) is a normed space. Then the vector 

Space of all n-modular bounded linear operators on Ξn, 

𝐵𝑂𝑚𝑜𝑑𝑛(𝛯𝜑𝑛
𝑛 , 𝛤) = {�̅�: 𝛯𝜑𝑛

𝑛 → 𝛤, �̅� 𝑖𝑠 𝑛 − 𝑚𝑜𝑑𝑢𝑙𝑟 𝑏̆𝑜𝑢𝑛𝑑𝑒𝑑 𝑙𝑖𝑛𝑒𝑎̆𝑟 𝑜𝑝𝑒𝑟𝑎̆𝑡𝑜𝑟} 

is modular space with the following modular function: 

𝜓(�̅�) = 𝑠𝑢𝑝 {
‖�̅�(𝜇1, 𝜇2, ⋯ , 𝜇𝑛)‖𝛤
𝜑𝑛(𝜇1, 𝜇2, ⋯ , 𝜇𝑛)

: 𝜑𝑛(𝜇1, 𝜇2, ⋯ , 𝜇𝑛) ≠ 0}, 

where, 𝜇 = (𝜇1, 𝜇2, ⋯ , 𝜇𝑛) ∈ 𝛯𝑛. 

Corollary  

Hypothesize that (Ξn, 𝜑𝑛) is n-modular space and 𝐾 is the field of complex or real numbers. 

Then 

 the vectors spaces of all n-modular bounded functional on Ξn, 
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𝐵𝐹𝑚𝑜𝑑𝑛(𝛯𝜑𝑛
𝑛 , 𝐾) = {�̅�: 𝛯𝜑𝑛

𝑛 → 𝐾, �̅�𝑖𝑠 𝑛 − 𝑚𝑜𝑑𝑢𝑙𝑟 𝑏̆𝑜𝑢𝑛𝑑𝑒𝑑 𝑙𝑖𝑛𝑒𝑎̆𝑟 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛𝑎̆𝑙} 

is a Banach space with the following norm: 

‖�̅�‖ = 𝑠𝑢𝑝 {
|𝐹(𝜇1,𝜇2,⋯,𝜇𝑛)|

𝜑𝑛(𝜇1,𝜇2,⋯,𝜇𝑛)
: 𝜑𝑛(𝜇1, 𝜇2, ⋯ , 𝜇𝑛) ≠ 0}, 

where, 𝜇 = (𝜇1, 𝜇2, ⋯ , 𝜇𝑛) ∈ 𝛯𝑛. 

The next interesting result considers that the n-modular bounded linear operator between two 

modular spaces. 

Theorem  

Let (Ξn,𝜑𝑛) be an n-modular space and (𝛤, 𝜓) be a modular space. Then the set of all n-modular 

bounded linear operators on Ξn, 

𝐵𝑚𝑜𝑑𝑛(𝛯𝜑𝑛
𝑛 , 𝛤𝜓) = {𝒯: 𝛯𝜑𝑛

𝑛 → 𝛤𝜓, 𝒯 𝑖𝑠 𝑛 − 𝑚𝑜𝑑𝑢𝑙𝑟 𝑏̆𝑜𝑢𝑛𝑑𝑒𝑑 𝑙𝑖𝑛𝑒𝑎̆𝑟 𝑜𝑝𝑒𝑟𝑎̆𝑡𝑜𝑟} 

is a vector space. Furthermore, this space is modular space with the following modular 

function: 

                    𝛩(𝒯) = 𝑠𝑢𝑝 {
𝜓(𝒯(𝜇))

𝜑𝑛(𝜇)
: 𝜇 ∈ 𝛯𝑛 𝑤𝑖𝑡ℎ 𝜑𝑛(𝜇) ≠ 0},                                  (2) 

where,  𝜇 = (𝜇1, 𝜇2, ⋯ 𝜇𝑛) and 𝜇1, 𝜇2, ⋯ , 𝜇𝑛 ∈ 𝛯 are linearly independent 

Proof. 

(1) It is clear that 𝛩(𝒯) = 0 if and only if 𝒯 = 0. 

(2) For 𝒯 ∈ 𝐵𝑚𝑜𝑑𝑛(𝛯𝜑𝑛
𝑛 , 𝛤𝜓), it is obvious that 𝛩(−𝒯) = 𝛩(𝒯). 

(3) Let 𝒯, 𝑆 ∈ 𝐵𝑚𝑜𝑑𝑛(𝛯𝜑𝑛
𝑛 , 𝛤𝜓) and 𝑎̆ , 𝑏̆ ≥ 0 with 𝑎̆ + 𝑏̆ = 1, then 

𝛩(𝑎̆ 𝒯 + 𝑏̆ 𝒮) = 𝑠𝑢𝑝 {
𝜓((𝑎̆ 𝒯 + 𝑏̆ 𝒮)(𝜇))

𝜑𝑛(𝜇)
: 𝜇 ∈ 𝛯𝑛 𝑤𝑖𝑡ℎ 𝜑𝑛(𝜇) ≠ 0} 

 

= 𝑠𝑢𝑝 {
𝜓(𝑎̆ 𝒯(𝜇) + 𝑏̆ 𝒮(𝜇))

𝜑𝑛(𝜇)
: 𝜇 ∈ 𝛯𝑛 𝑤𝑖𝑡ℎ 𝜑𝑛(𝜇) ≠ 0}, 
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since 𝜓 is modular, then  

𝛩(𝑎̆ 𝒯 + 𝑏̆ 𝒮) = 𝑠𝑢𝑝 {
𝜓(𝒯(𝜇))

𝜑𝑛(𝜇)
: 𝜇 ∈ 𝛯𝑛 𝑤𝑖𝑡ℎ 𝜑𝑛(𝜇) ≠ 0}

+ 𝑠𝑢𝑝 {
𝜓(𝒮(𝜇))

𝜑𝑛(𝜇)
: 𝜇 ∈ 𝛯𝑛 𝑤𝑖𝑡ℎ 𝜑𝑛(𝜇) ≠ 0}. 

Hence,  

𝛩(𝑎̆ 𝒯 + 𝑏̆ 𝒮) = 𝛩(𝒯) + 𝛩(𝒮) 

Lipschitz Functions on n-modular space 

This section is dedicated to study the properties of the set of all Lipschitz functions that 

are defined on n-modular space. We begin with the following definition: 

Definition  

Hypothesize that (Ξn,𝝋𝒏) is n-modular space and (Γ, ‖. ‖𝜞) is a normed space. A function 

�̅�𝑳𝒊𝒑: 𝜩
𝒏 → 𝜞 

is called n-modular Lipschitz function if there exists a constant 𝑴𝑳 > 𝟎 such that 

‖�̅�𝑳𝒊𝒑(𝝁) − �̅�𝑳𝒊𝒑(𝝃)‖𝜞 ≤ 𝑴𝑳𝝋𝒏(𝝁 − 𝝃), 

for each 𝝁, 𝝃 ∈ 𝜩𝒏. Furthermore, we suppose that there exists a fixed point 𝒂𝝁 ∈ 𝜩𝒏 such that 

�̅�𝑳𝒊𝒑(𝒂𝝁) = 𝟎. 

The set of all n-modular Lipschitz functions on 𝛯𝑛, will denoted by 

𝐿𝐹𝑚𝑜𝑑𝑛(𝛯𝜑𝑛
𝑛 , 𝛤) = {�̅�𝐿𝑖𝑝: 𝛯𝜑𝑛

𝑛 → 𝛤, �̅�𝐿𝑖𝑝 𝑖𝑠 𝑛 − 𝑚𝑜𝑑𝑢𝑙𝑟 𝐿𝑖𝑝𝑠𝑐ℎ𝑖𝑡𝑧 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛}. 

It is not difficult to prove the following result. 

Lemma  

For the n-modular space (Ξn,𝜑𝑛) and the normed space (Γ, ‖. ‖𝛤), the set 

𝐿𝐹𝑚𝑜𝑑𝑛(𝛯𝜑𝑛
𝑛 , 𝛤) = {�̅�𝐿𝑖𝑝: 𝛯𝜑𝑛

𝑛 → 𝛤, �̅�𝐿𝑖𝑝 𝑖𝑠 𝑛 −𝑚𝑜𝑑𝑢𝑙𝑟 𝐿𝑖𝑝𝑠𝑐ℎ𝑖𝑡𝑧 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛}. 

 is a vector space. 

The result below shows that 𝐿𝐹𝑚𝑜𝑑𝑛(𝛯𝜑𝑛
𝑛 , 𝛤) is a Banach space. 
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Theorem  

Hypothesize that (Ξn, 𝜑𝑛) is n-modular space and (Γ, ‖. ‖𝛤) is a normed space. Then the vector 

space 

𝐿𝐹𝑚𝑜𝑑𝑛(𝛯𝜑𝑛
𝑛 , 𝛤) is a normed space with the norm defined by: 

                  ‖�̅�𝐿𝑖𝑝‖ = 𝑠𝑢𝑝 {
‖𝐹𝐿𝑖𝑝(𝜇)−𝐹𝐿𝑖𝑝(𝜉)‖𝛤

𝜑𝑛(𝜇−𝜉)
: 𝜇, 𝜉 ∈ 𝛯𝑛, 𝑤𝑖𝑡ℎ 𝜇 ≠ 𝜉}                     (3) 

Moreover, if (Γ, ‖. ‖𝛤) is complete, then 𝐿𝐹𝑚𝑜𝑑𝑛(𝛯𝜑𝑛
𝑛 , 𝛤) is Banach space. 

Proof. 

(1) It is obvious that ‖. ‖ is well defined and for any �̅�𝐿𝑖𝑝 ∈ 𝐿𝐹𝑚𝑜𝑑𝑛(𝛯𝜑𝑛
𝑛 , 𝛤),  ‖�̅�𝐿𝑖𝑝‖ ≥ 0. 

(2) If �̅�𝐿𝑖𝑝 = 0 then it is clear that ‖�̅�𝐿𝑖𝑝‖ = 0. Conversely, if  ‖�̅�𝐿𝑖𝑝‖ = 0, ‖�̅�𝐿𝑖𝑝 (𝜇) −

�̅�𝐿𝑖𝑝 (𝜉)‖𝛤 = 0. This  

implies that �̅�𝐿𝑖𝑝(𝜇) = �̅�𝐿𝑖𝑝(𝜉) with 𝜇 ≠ 𝜉, then if we put 𝜉 = 𝑎̆𝜇, we get �̅�𝐿𝑖𝑝(𝜇) = �̅�𝐿𝑖𝑝(𝑎̆𝜇) =

0 for  

𝜇 ≠ 𝑎̆𝜇. In case 𝜇 = 𝑎̆𝜇, then �̅�𝐿𝑖𝑝(𝑎̆𝜇) = 0. Therefore, �̅�𝐿𝑖𝑝( 𝜇) = 0 for any  𝜇 ∈ 𝛯𝑛. 

(3) Let �̅�𝐿𝑖𝑝 ∈ 𝐿𝐹𝑚𝑜𝑑𝑛(𝛯𝜑𝑛
𝑛 , 𝛤) and 𝛼 be a scalar, then  

‖�̅�𝐿𝑖𝑝‖ = 𝑠𝑢𝑝 {
‖(�̅�𝐿𝑖𝑝(𝜇)) − (�̅�𝐿𝑖𝑝(𝜉))‖𝛤

𝜑𝑛(𝜇 − 𝜉)
: 𝜇, 𝜉 ∈ 𝛯𝑛, 𝑤𝑖𝑡ℎ (𝜇 − 𝜉) ≠ 0 } 

=|𝛼|𝑠𝑢𝑝 {
‖𝐹𝐿𝑖𝑝(𝜇)−�̅�𝐿𝑖𝑝(𝜉)‖𝛤

𝜑𝑛(𝜇−𝜉)
: 𝜇, 𝜉 ∈ 𝛯𝑛, 𝑤𝑖𝑡ℎ (𝜇 − 𝜉) ≠ 0 } 

=|𝛼|‖�̅�𝐿𝑖𝑝‖. 

(4) Let �̅�𝐿𝑖𝑝, �̅�𝐿𝑖𝑝 ∈ 𝐿𝐹𝑚𝑜𝑑𝑛(𝛯𝜑𝑛
𝑛 , 𝛤), then 

‖�̅�𝐿𝑖𝑝 + �̅�𝐿𝑖𝑝‖ = 𝑠𝑢𝑝 {
‖(�̅�𝐿𝑖𝑝 + �̅�𝐿𝑖𝑝)(𝜇) − (�̅�𝐿𝑖𝑝 + �̅�𝐿𝑖𝑝)(𝜉)‖𝛤

𝜑𝑛(𝜇 − 𝜉)
: 𝜇, 𝜉 ∈ 𝛯𝑛, 𝑤𝑖𝑡ℎ (𝜇 − 𝜉)

≠ 0 } 

≤ 𝑠𝑢𝑝 {
‖�̅�𝐿𝑖𝑝(𝜇) − �̅�𝐿𝑖𝑝(𝜉)‖𝛤

𝜑𝑛(𝜇 − 𝜉)
: 𝜇, 𝜉 ∈ 𝛯𝑛, 𝑤𝑖𝑡ℎ (𝜇 − 𝜉) ≠ 0 } 
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+ 𝑠𝑢𝑝 {
‖�̅�𝐿𝑖𝑝(𝜇)−�̅�𝐿𝑖𝑝(𝜉)‖𝛤

𝜑𝑛(𝜇−𝜉)
: 𝜇, 𝜉 ∈ 𝛯𝑛, 𝑤𝑖𝑡ℎ (𝜇 − 𝜉) ≠ 0 } 

=‖�̅�𝐿𝑖𝑝‖ + ‖�̅�𝐿𝑖𝑝‖. 

Therefore, we infer that 𝐿𝐹𝑚𝑜𝑑𝑛(𝛯𝜑𝑛
𝑛 , 𝛤) is a normed space. 

To prove 𝐿𝐹𝑚𝑜𝑑𝑛(𝛯𝜑𝑛
𝑛 , 𝛤) is a Banach space, suppose that 𝛤 is complete normed space and let 

{�̅�𝐿𝑖𝑝𝑘}𝑘=1
∞

 be a Cauchy sequence in 𝐿𝐹𝑚𝑜𝑑𝑛(𝛯𝜑𝑛
𝑛 , 𝛤), then  

‖�̅�𝐿𝑖𝑝𝑛 − �̅�𝐿𝑖𝑝𝑚‖ → 0 as 𝑛,𝑚 → ∞. 

Now for every 𝜇 ∈ 𝛯𝑛, 

‖(�̅�𝐿𝑖𝑝𝑛 − �̅�𝐿𝑖𝑝𝑚)(𝜇)‖𝛤 = ‖(�̅�𝐿𝑖𝑝𝑛 − �̅�𝐿𝑖𝑝𝑚)(𝜇) − (�̅�𝐿𝑖𝑝𝑛 − �̅�𝐿𝑖𝑝𝑚)(𝑎̆𝜇)‖𝛤 

and from Equation (3) we get 

‖(�̅�𝐿𝑖𝑝𝑛 − �̅�𝐿𝑖𝑝𝑚)(𝜇)‖𝛤 ≤ ‖�̅�𝐿𝑖𝑝𝑛 − �̅�𝐿𝑖𝑝𝑚‖𝜑𝑛(𝜇 − 𝑎̆𝜇), 

hence, ‖(�̅�𝐿𝑖𝑝𝑛 − �̅�𝐿𝑖𝑝𝑚)(𝜇)‖𝛤 → 0 as 𝑛,𝑚 → ∞, where 𝜇 ≠ 𝑎̆𝜇. 

If 𝜇 = 𝑎̆𝜇, then ‖(�̅�𝐿𝑖𝑝𝑛 − �̅�𝐿𝑖𝑝𝑚)(𝜇)‖𝛤 = 0. Thus {�̅�𝐿𝑖𝑝𝑘(𝜇)}𝑘=1
∞

 is a Cauchy sequence in 𝛤. 

Since 𝛤  

Is complete, then there exists 𝜁𝜇 ∈ 𝛤, such that �̅�𝐿𝑖𝑝𝑘(𝜇) → 𝜁𝜇 as 𝑘 → ∞, for all 𝜇 ∈ 𝛯𝑛. 

Moreover,  

�̅�𝐿𝑖𝑝𝑘(𝑎̆𝜇) → 0 as 𝑘 → ∞, so 𝜁𝑎𝜇 = 0. 

 Define �̅�𝐿𝑖𝑝0: 𝛯𝜑𝑛
𝑛 → 𝛤 as follows, �̅�𝐿𝑖𝑝0(𝜇) = 𝜁𝜇 for all 𝜇 ∈ 𝛯𝑛. It obvious that 

�̅�𝐿𝑖𝑝0(𝑎̆𝜇) = 0. 

We will show that �̅�𝐿𝑖𝑝0 ∈ 𝐿𝐹𝑚𝑜𝑑𝑛(𝛯𝜑𝑛
𝑛 , 𝛤): 

For any 𝜇, 𝜉 ∈ 𝛯𝑛 and for each k we have 

‖�̅�𝐿𝑖𝑝𝑘(𝜇) − �̅�𝐿𝑖𝑝𝑘(𝜉)‖𝛤 ≤ ‖�̅�𝐿𝑖𝑝𝑘‖𝜑𝑛(𝜇 − 𝜉), 

and since {�̅�𝐿𝑖𝑝𝑘}𝑘=1
∞

 is a Cauchy sequence in 𝐿𝐹𝑚𝑜𝑑𝑛(𝛯𝜑𝑛
𝑛 , 𝛤) then it is bounded. That is there 

exists 𝑀𝐿 > 0 such that  ‖�̅�𝐿𝑖𝑝𝑘‖ ≤ 𝑀𝐿 for all k, so 
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‖�̅�𝐿𝑖𝑝𝑘(𝜇) − �̅�𝐿𝑖𝑝𝑘(𝜉)‖𝛤 ≤ 𝑀𝐿𝜑𝑛(𝜇 − 𝜉), 

and as 𝑘 → ∞ we get, 

‖�̅�𝐿𝑖𝑝0(𝜇) − �̅�𝐿𝑖𝑝0(𝜉)‖𝛤 ≤ 𝑀𝐿𝜑𝑛(𝜇 − 𝜉), 

this shows that �̅�𝐿𝑖𝑝0 ∈ 𝐿𝐹𝑚𝑜𝑑𝑛(𝛯𝜑𝑛
𝑛 , 𝛤). 

 The following steps are shown that �̅�𝐿𝑖𝑝𝑘 converges to �̅�𝐿𝑖𝑝0 in the space 𝐿𝐹𝑚𝑜𝑑𝑛(𝛯𝜑𝑛
𝑛 , 𝛤). 

Let 𝜀 > 0, then there exists 𝑁 ∈ 𝑁 such that 

‖�̅�𝐿𝑖𝑝𝑛 − �̅�𝐿𝑖𝑝𝑚‖ < 𝜀   for all 𝑛,𝑚 > 𝑁     ({�̅�𝐿𝑖𝑝𝑘}𝑘=1
∞

 is a Cauchy sequence) 

therefore for any 𝜇 ∈ 𝛯𝑛 

‖(�̅�𝐿𝑖𝑝𝑛 − �̅�𝐿𝑖𝑝𝑚)(𝜇) − (�̅�𝐿𝑖𝑝𝑛 − �̅�𝐿𝑖𝑝𝑚)(𝜉)‖𝛤 < 𝜀𝜑𝑛(𝜇 − 𝜉)  for all 𝑛,𝑚 > 𝑁. 

Now, as 𝑚 → ∞ 

‖(�̅�𝐿𝑖𝑝𝑛 − �̅�𝐿𝑖𝑝0)(𝜇) − (�̅�𝐿𝑖𝑝𝑛 − �̅�𝐿𝑖𝑝0)(𝜉)‖𝛤 < 𝜀𝜑𝑛(𝜇 − 𝜉)  for all 𝑛 > 𝑁, 

Hence,  

‖�̅�𝐿𝑖𝑝𝑛 − �̅�𝐿𝑖𝑝0‖ = 𝑠𝑢𝑝 {
‖(�̅�𝐿𝑖𝑝𝑛 − �̅�𝐿𝑖𝑝0)(𝜇) − (�̅�𝐿𝑖𝑝𝑛 − �̅�𝐿𝑖𝑝0)(𝜉)‖𝛤

𝜑𝑛(𝜇 − 𝜉)
: 𝜇, 𝜉 ∈ 𝛯𝑛, 𝑤𝑖𝑡ℎ 𝜇 ≠ 𝜉 } 

< 𝜀 for all 𝑛 >N. 

This confirm that �̅�𝐿𝑖𝑝𝑛 → �̅�𝐿𝑖𝑝0  as 𝑛 → ∞ in 𝐿𝐹𝑚𝑜𝑑𝑛(𝛯𝜑𝑛
𝑛 , 𝛤). 

Consider the following corollary which can easily deduce from the previous theorem. 

Corollary  

Hypothesize that that (Ξn, 𝜑𝑛) is n-modular space and (Γ, ‖. ‖𝛤) is a normed space. Then the 

set of all n-modular Lipschitz functions on Ξn, 

𝐿𝐹𝑚𝑜𝑑𝑛(𝛯𝜑𝑛
𝑛 , 𝛤) = {�̅�𝐿𝑖𝑝: 𝛯𝜑𝑛

𝑛 → 𝛤, �̅�𝐿𝑖𝑝 𝑖𝑠 𝑛 − 𝑚𝑜𝑑𝑢𝑙𝑟 𝐿𝑖𝑝𝑠𝑐ℎ𝑖𝑡𝑧 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛} 

is a modular space with the following modular function 

𝜓𝐿(�̅�𝐿𝑖𝑝) = 𝑠𝑢𝑝 {
‖�̅�𝐿𝑖𝑝(𝜇) − �̅�𝐿𝑖𝑝(𝜉)‖𝛤

𝜑𝑛(𝜇 − 𝜉)
: 𝜇, 𝜉 ∈ 𝛯𝑛, 𝑤𝑖𝑡ℎ 𝜇 ≠ 𝜉 }. 
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Abstract 

In this article, the optical characteristics as well as the dispersion parameter of pure and doped poly (vinyl al 

cohol) (PVA) with iron citrate (Fe) films have been studied. The deposited films were attained through casting 

approach considering a variety of concentrations (0, 0.5, 1.5, 2 and 2.5) wt%. In detail, absorbance, 

transmittance, reflectance, skin depth, single- oscillator energy, static refractive index, dispersion energy, 

average oscillator position, high frequency dielectric constant, moments of the imaginary part, and average 

oscillator strength of the optical spectrum were investigated within the spectrum range (200-800) nm. All 

outcomes of these parameters showed a clear change where the absorbance and reflectance spectrums was 

increases after adding of Fe to PVA but the transmittance and skin depth was a decreases. single- oscillator 

energy, moments of the imaginary part, static refractive index, dispersion energy, high frequency average 

oscillator strength, dielectric constant of the optical spectrum appeared increases for all samples after adding 

of Fe to PVA but average oscillator position showed opposite behavior. 

Key words: PVA; Fe Citrate; Dispersion Properties. 
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Introduction 

There is a renewed support in the properties of modified polymer/s, wherein the optical 

properties are of crucial importance for uses in new technology as well as for academic 

knowledge [1-3]. Polymer matrix composites are of tremendous interest since they play an 

important part in many facets of our daily lives. Their abundance, inexpensive, and flexibility 

are some of their appealing qualities. Most polymers are thought to be non-toxic, they could 

easily serve as host matrices for various fillers [4, 5]. Mineral particles (metallic powder, glass 

fibers, carbon black, etc.) are frequently employed as fillers. Recently, a novel class of polymers 

called "nanocomposites" that contain nanoparticles was created [6, 7]. Previous research has 

shown the viability of using synthetic polymer-based materials in electrical and optical systems 

[4, 8]. Implanting fillers in small quantities to fit desired applications can improve the optical, 

electrical, and physical features of polymers. Further, capacitors, sensors, solar cells ¸and other 

optical devices are some of these uses [4, 9-11]. PVA polymer was utilized in this study because 

of its exceptional qualities, including stability, solubility, reactivity, and affordability. It also 

delivers outstanding biological features such as including tasteless, odorless, biodegradability, 

and nontoxicity.  

A range of metals and organometals may interact well with PVA due to its linear synthetic 

and/or semi-crystalline polymer composition as well as the interactions within its functional 

group [12]. To change the properties of the final film blend, polymer blending along different 

metal and/or metal oxide could be a useful technique. Combining conductive materials with a 

desired polymer, PVA in particular, the targeted applications can be expanded [13]. T.S. 

Soliman et al, demonstrated a systematic work through which the properties of PVA were 

enhanced via solution cast method with iron (Fe) nanoparticles; in detail, the optical profile of 

the attained nano-composite was compared to that obtained in pure PVA [14]. Another study 

conducted by Qayssar M. Jebur et al revealed that using iron oxide nanoparticles (2, 4, and 6 

wt%) within PVA matrix along with polyethylene oxide, and polyethylene (PVA-PEO-Fe2O3) 

can significantly enhance the optical, electrical, dielectric characteristics of pure PVA [15]. 

Herein, the present work demonstrates a comprehensive analysis concerning the optical and 

dispersion parameters of pure and iron citrate doped PVA nanocomposite.  

Experimental  

Polyvinyl alcohol films (PVA, BDH chemicals) with molecular weight of 10000 (𝑔/𝑚𝑜𝑙) 

was prepared through solution mixture of PVA with different percentage of Fe ions (0.5, 1.5, 2 

and 2.5) wt% under constant stirring rate of 700 rpm for 30 minutes at 80ºC in distilled water 



Full Text Book of MINAR Congress of Pure, Applied and Technological Sciences 12 

 
 

 

38  

 

until a complete dissolvement was attained. The resultant mixture was then poured into pre-

cleaned glass plate at room temperature for four days, where the obtained sheet thickness was 

found to be ~100 μm. Hereinafter, an in-depth optical characteristic such as absorbance, 

reflectance, and transmittance, was carried out via UV-Vis spectrophotometer (shimadzu UV-

1601). Other optical parameters (skin depth, single- oscillator energy, average oscillator 

position and strength, high frequency dielectric constant, and the imaginary part of moments) 

were investigated within a spectral rage of 200 to 800 nm.  

Results and discussion 

The optical features of the prepared samples were considered to evaluate the influence of 

Fe particles addition within the PVC matrix at different percentages (0.5, 2.5, 2, and 2.5); these 

include reflection, transmission, and absorption within the range of 200 to 800 nm, the attained 

results are elucidated in Figure 1. Generally, pristine PVC exhibited a decreasing trend as the 

wavelength increased wherein a clear cut-off phenomenon was observed at around 250 nm. 

Continuously, Batho-chromic (Blue) shift was acquired as the Fe particles were introduced to 

the PVC matrix; higher Fe percentage resulted in a significant change in the cut-off 

phenomenon which indicate the alteration occurred in the molecular structure of the PVC 

matrix such as free radicals, polymer fragments, and degradation) [16].  

 

 

 

 

 

 

 

Figure 1- Absorbance variation of as a function of wavelength. 

The transmittance curves of the fabricated samples (200-800 nm) are illustrated in Figure 

2. In general observation, an increase in the transmission spectra can be noticed as a function 

of wavelengths’ range. Further, PVC curve revealed a transmission of 90% at the UVA and 

visible range. However, as the addressed matrix was doped with Fe particles, a pronounced 
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decrease in the aforementioned spectra was perceived. In detail, almost ≥ 15% reduction of the 

transmission was attained with addition of 0.5% of Fe particles, after which the intended 

decreasing percentage was further augmented at higher concentration of Fe particles.  

 

Figure 2- The transmittance of skin depth as a function of wavelength. 

Figure 3 demonstrates the evaluated reflectance of the fabricated samples as function of 

wavelengths’ range (200-800 nm). A gradual decrease in the reflectance spectrum of PVC was 

attained along the scanned wavelength. This behavior indicates the low absorption of pristine 

PVC sample in the visible region. After the Fe doping, the resultant film/s exhibited an 

increased reflectance which confirms the attained shift in the based Fe particles doping-

absorption curves. New peaks were acquired at higher wavelength range for samples with 

higher Fe concentrations (S3, S4, and S5) due to the molecular structure alteration as stated 

earlier.  

 

Figure 3- The variation of reflectance spectra of the prepared samples. 
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Investigations on the optical characteristics of films using optical absorbance within the 

UV-Vis range (200-800 nm) are conducted. Figure (4) depicts the relationship between skin 

depth and wavelength in all films both before and after they have been doped with Fe citrate at 

several ratios of metal (0, 0.5, 1.5, 2, and 2.5) wt%. 

The electromagnetic wave's amplitude will decrease after crossing a thickness, and skin 

depth (χ) are computed using equation (1) [17]:       

𝑥 =
ʎ

2𝜋𝑘
……………. (1) 

herein, λ represent the wavelength, k is extinction coefficient.  

From Fig (4), It can be shown that the evaluated skin depth increased as a function of 

wavelength, and decreases with adding of Fe citrate concentrations of all films. After doping, 

it is seen that all films have very poor transparency in the visible region, and that skin depth 

then rapidly decreases as Fe concentrations increase. This behavior may be due to the films' 

accuracy and stoichiometry [17].  

 

 

 

 

 

 

 

Figure 4- Skin depth variation as a function of the scanned wavelength’s range. 

The dispersion gap within the refractive index (n) of the fabricated samples was proposed 

by Wemple and Didomenico via single oscillator model. Herein, the occurred dispersion-based 

refractive index data were utilized through the following equation [18, 19].  

n2-1 = 
22 )( hE

EE

o

do


        ……………(2) 
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herein, the single oscillator energy parameter is represented by the symbol Eo, while the 

dispersion energy is denoted as Ed; the latter is considered as a measure of the interband 

transitions strength. The addressed parameters, Eo and Ed, could be estimated through a plot of 

E2 versus (n2-1)-1 as presented in Figure 5. Equation (2) was employed to evaluate the static 

refractive index n(0), where parameters including Eo, Ed and n(0) are tabulated in Table (1). 

The stated values demonstrated an increased profile as the Fe particle concentration augmented 

within the PVC matrix.  

 

          Figure 5- The variation of (n2-1)-1 as function of E2. 

Table 1- PVA as well as samples S1 - S5 optical characteristics. 
 

The following equation is used to determine how refractive index (n) depends on the 

wavelength of light [18, 20]: 

n2(λ)-1 = 
2

2

)(1 



o

ooS


       ……………(3) 

Where λo is the average oscillator position and So is the average oscillator strength. The 

parameters So and λo is calculated by the draw plotting (n2-1)-1 versus λ-2 , show is Fig (6). The 

So, λo values as mentioned in Table (1) where So values appeared increases for all samples after 

adding of Fe to PVA but λo showed opposite behavior. 

ε΄∞ 

 

n (0) 

 

So*10-5       

(m-2) 

M-3
 

(eV)-2 

Eo 

(eV) 
M-1 

Ed 

 (eV) 

ʎo 

(nm) 

Wt

% 
Sample 

1.53 1.17 0.54 0.016 4.72 0.37 1.77 262.47 0 S1 

3.79 1.64 3.03 0.061 5.23 1.69 8.88 236.48 0.5 S2 

4.36 1.77 4.89 0.061 5.90 2.15 12.73 209.92 1.5 S3 

5.25 2.05 43.07 0.015 14.35 3.23 46.43 86.65 2 S4 

4.47 2.04 21.76 0.030 10.25 3.17 32.51 120.73 2.5 S5 
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According to the single oscillator model, the single oscillator parameters Eo and Ed are 

related to the moments of the imaginary part of the optical spectrum. The M-1 and M-3 moments 

can be derived from the relations (4) and (5) [21, 22]. M-1 and M-3 values appeared increases 

for all samples after adding of Fe to PVA and are given in Table (1).  

3

12




M

M
Eo     ……………(4) 

3

3

12




M

M
Ed    ……………(5) 

 

                       Figure 6- The variation of (n2-1)-1 as a function of ʎ-2. 

The infinitely high frequency dielectric constant ε΄∞ can be attained through refractive 

index data analysis.  The λ2 versus ε΄ curve presented in Fig (7), where the results of infinitely 

high frequency dielectric constant estimated from the extrapolation of these plots to λ2 =0 and 

were tabulated in Table (1) as a function of the films compositions. The non-linear dielectric 

constant and refractive index were perceived to be compositionally dependent in a manner 

similar to amorphous materials. Average refractive index values are computed using optical 

constants for all scanned wavelengths. This figure demonstrates that following Fe citrate 

doping, the infinitely high frequency dielectric constants increase for all samples [23]. 
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 Figure 7- The variation of ε΄∞ as a function of ʎ2. 

Conclusion 

The outcomes showed that Fe could efficiently dope PVA and improve its optical 

characteristics. While the absorption and reflection increase when Fe is present, the 

transmission decreases as Fe concentrations increases. Skin depth and dispersion 

characterization, for instance average oscillator strength, dispersion energy, single- oscillator 

energy, moment of the imaginary part M-1, static refractive index and infinitely high frequency 

dielectric constant was increases after doping with Fe citrate for all concentrations. The average 

oscillator position showed a significant decrease with concentration while moment of the 

imaginary part M-3 it showed a fluctuation in the results between increase and decrease with the 

change of concentration.  
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Abstract 

Lactobacillus has received much attention from researchers as one of the important probiotics in the baby's 

gut, the average abundance of lactobacillus cells in the baby's stomach is 14.34%. Lactobacillus is the most 

common bacteria in the intestines of babies, and the coliform bacteria are important in children, especially 

because of their increased ability to prevent intestinal bacteria from the immune system. prevent viral diseases, 

which made them stronger. Studies found that the antibacterial activity of titanium nanoparticles that produce 

by some bacteria are attractive and can be considered as a new agent against the bacteria. In the current 

study, it has been used 20 probiotic bacteria isolated from 33 fecal samples of healthy newborns. According 

to the biochemical characteristics, the newborns are classified as (11) each of L.gasseri, L.fermentum, (6) 

L.crispatus (2) and L.rhamnosus ( 1) developed TiO2 nanoparticles and studied nanoparticles that are used 

biologically. different ways. Atomic force microscopy (AFM), scanning electron microscopy (SEM) and AFM 

showed the average size. of TiO2 nanoparticles (71, 70, 96) nm of L. gasseri (L4), L. rhamnosus (L19), L. 

fermentum (L14) The smallest size of the nanoparticles (70.) nm appeared from L. rhamnosus (L19) 70nm was 

smallest size from L. rhamnosus (L19) was analyzed by electron microscope and was observed as an oval 

shape with anatase. 

Keywords: Biosynthesis; Infant Feces; TiO2 Nanoparticles; Metal Oxide Nanoparticles. 
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INTRODUCTION  

 
Recently, researches the field of intestinal microbiota has been increased with the advance 

and commercialization of microbial cell preparations that, when applied, effect the composition 

of the intestinal microflora (1) and are beneficial to the consumer. everyone. These preparations 

are called "probiotics (2)". 

Generally, lactobacilli are used as probiotic bacteria. There are a large number of 

anaerobic bacteria in the intestine, but lactic acid bacteria are often found in the feces. In other 

humans, lactic acid bacteria are not detected or the composition of Lactobacillus species 

changes over time (3) Due to the important chemical and physical characteristics of 

nanomaterials, nanomaterials such as TiO 2 nanoparticles (TiO 2 - NPs), of smaller diameter. 

over 100 nm, they have developed to a new generation of high-quality materials because they 

are bright, as well as exciting optical, dielectric and photocatalytic properties with quantifiable, 

drug-resistant and unopened form, if the nanoparticle formulas contain what they ask for. (4). 

Microorganisms are used as a nanoindustry that can be used to create an environmentally 

friendly, non-toxic and clean way to produce nanoparticles. Nanoparticles can be 

biosynthesized as soon as microorganisms capture target ions from their environment and 

convert them into elemental metals using enzymes produced by cell activity (5,6) .This can be 

both intracellular and extracellular connections, depending on where the nanoparticles are 

made. Biosynthetic nanoparticles are used in many applications including drug delivery for 

targeted drug delivery, cancer therapy, gene therapy and DNA detection, bacterial drugs, 

biosensors, separation science and resonance imaging. Magnet (7,8). The current study aimed 

to use Lactobacillus spp. isolated from healthy newborn babies feces for TiO2 NPs biosynthesis 

as a bioactive agent and then to validate this product by characterization. It is a very different 

method, safe and cheap, in addition to being environmentally friendly for the microbiology of 

nanoparticles (non-pathogenic bacteria)  

MATERIALS AND METHODS  

Isolation of Lactobacillus in the feces of infants: Thirty samples were taken only from 

newborn infants, less than 2 days old and in good health. Samples are collected at the DIK 

hospital and transported under refrigerated conditions to the laboratory for culture and 

identification. A fresh sample (1 mg) was suspended and serially dissolved in 9 ml of distilled 

water. 100 μl aliquots of the mixed samples were positioned on MRS agar plates, and incubated 

at 37 °C for 48 hours (9) 
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Identification of Lactobacillus isolates: Check the macroscopic appearance of all 

colonies for cultivation on MRS agar and morphological examination. The properties of 

different types of bacteria were examined, and the final identification was performed by 

standard microbiological tests; such as, catalase, morphological Gram stain and oxidase tests, 

motility, indole production, growth at 15 °C, and carbohydrate fermentation (mannitol, 

arabinose, galactose, lactose, fructose, salicin, trehalose, and sucrose)(10) 

Detection for production Generally, three tubes were used to isolate and each one was 

filled with 40ml of MRS liquid. After this, 20 ml of TiO2 (0.025 m) was added to the first and 

second tubes where made to stir for duration of 30 min while the third tube contained only MRS 

broth. The last visit will end up being even. Each isolate was opened in the first and third 

container in a CO2 incubator at 37Co after 24, 48, 72 hours. The second glass used as a space 

for the first, the color changes from light  brown to dark brown and the production of sediment 

were visible from the first discovery of the product. (11) 

Characterization of biosynthesized TiO2nanoparticles 

A sample of nanoparticles was synthesized after a period of 72 hours of incubation. The 

structure of TiO2 metal oxide nanoparticles were studied by atomic force microscopy (AFM), 

X-ray diffraction (XRD), and scanning electron microscopy (SEM). 

Characterization of titanium nanoparticles by Atomic Force Microscopy  

Park XE 100 AFM system was used to obtain atomic force images. Liquid titanium 

nanoparticles are placed on top of freshly poured mica grains. At the deigning, the aliquot 

sample was left for 1 min; then, washed with deionized water; and finally, allowed to dry for 

15 min. These images were acquired by scanning mica in air under non-contact conditions (12). 

The size, shape and size of TiO2 nanoparticles were found using atomic force microscopy. 

 Characterization of titanium nanoparticles by Scanning Electron Microscope  

To determine the composition, the shape, powder of a thin film of titanium nanoparticle 

is made on a suitable aluminum plate through placing a small amount of the sample on the plate, 

the other solution is removed by paper in the movie. and let it dry overnight. SEM analysis was 

performed with an instrument operating at an operating voltage of 15.00 kV (13) 

 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5680649/#ref17
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RESULTS AND DISCUSSION 

The appearance of the area and solid structure was studied in terms of shape, color, size, 

opacity and size as described by Kandler and Wiess (1986) (14). Colonies are examined for 

culture properties on MRS agar comprising calcium carbonate (dissolved in acid produced by 

bacteria). The results show that all Lactobacillus isolates can grow on MRS agar media, 

producing yellow or white, large, soft and round. Visual examination showed that Lactobacillus 

cells are positively reacted to gram stain. When checked under a light compound microscope, 

long or short rods appear alone, in pairs, or in short but irregular chains. (Hames and Vogel, 

1995) (15). The biochemical properties of the isolated Lactobacillus are shown in (Table1). 

Table 1- Biochemical tests of lactobacillus isolates 

test l.gasseri l.crispatus l.rhamnosus l.fermentum 

catalase - - - - 

oxidase - - - - 

gelatinase - - - - 

Growth45 + + + + 

Growth15 - - + - 

glucose + + + + 

mannitol - - + - 

maltose V + - + 

Mannose + + + + 

Sucrose + + + + 

Salicin V + + - 

Lactose + + - + 

Raffinose V - - + 

Trehalose V - + + 

Xylose - - - - 

Fructose + + + + 

Arabinose - - + + 

Cellobiose + + + - 

The results showed that these characteristics were very similar to those described by Carr 

et al. (2002) (16) for 20 Lactobacillus isolates. Results showed that all isolates were catalase, 

oxidase and gelatinase negative. The carbohydrate fermentation examination is the most 

important one for identifying Lactobacillus species (15,16). Separated by the type of stool of 

infant as shown in table2  
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Table 2- Lactobacillus isolates from infant feces 

Lactobacillus Species Isolate No. LactobacillusSp Isolate No. 

L.fermentum L11 L.fermentum L1 

L.gasseri L12 L.fermentum L2 

L.gasseri L13 L.gasseri L3 

L.fermentum L14 L.gasseri L4 

L.gasseri L15 L.gasseri L5 

L.fermentum L16 L.fermentumi L6 

L.gasseri L17 L.gasseri L7 

L.gasseri L18 L.gasseri L8 

L. rhamnosus L19 L.gasseri L9 

L.crispatus L20 L.crispatus L10 

 

As (11) each between L.gasseri and L.fermentum, (6) L.crispatus (2) and L.rhamnosus 

(1) as shown in (table2). fermentum is the main heterofermentative species of Lactobacillus in 

the human intestine (17). Bello et al. (2003) (18) reported that L.fermentum species, L.gasseri 

can be isolated from healthy animal waste. 

All 20 isolates were checked for TINP making. Titanium dioxide exposed to bacteria 

degrades and produces titanium nanoparticles. The solution color changed from brown to brown 

in the behavior of three producers, including L. gasseri (L4), L. rhamnosus (L19), L. fermentum 

(L14). The ability of eukaryotic and prokaryotic microorganisms and plant systems to produce 

nanoparticles is important in the development of nanobiotechnology. Lactobacilli have a 

negatively charged cell wall that attracts the electrostatically positive charge of metal ions 

(cations), and then cell wall enzymes convert the metal ions into nanoparticles (19). 

Microorganisms’ enzymes have a major role in the process of bio-reduction. Biosynthesis of 

Nanoparticles occurred when microorganisms capture targeted ions from their environment and 

convert metal ions into elemental metals by enzymes produced by the cell's activity. It can be 

extracellular and intracellular connection (20) depending on where the nanoparticles are 

produced (21). Nanoparticles of different sizes are produced by a series of morphologies, 

dimensions and surface charges. To ensure that the products produced by Lactobacillus are 

nanomaterials, these materials are analyzed using an atomic force microscope (AFM) to 

measure the nanoparticles’ average diameter and define their shape. and parts (regions and three 

examples). According to the results appeared in figures(1,2,3) 



Full Text Book of MINAR Congress of Pure, Applied and Technological Sciences 12 

 
 

 

51  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1- Atomic Force Microscopy image of TiO2 nanoparticles synthesized Lactobacillus 

gasseri (L4) 

 The average size of TiO2 nanoparticles are 71, 70, and 96 nm formed by the isolate of 

Lactobacillus L. gasseri (L4), L. rhamnosus (L19), L. fermentum . The smallest nanoparticle 

size (70.) nm of L. rhamnosus (L19) (fig2). 

 

 

 

 

 

 

 

 

 

Figute 2- Atomic Force Microscopy image of TiO2 nanoparticles synthesized by Lactobacillus 

rhamnosus (L19) 
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While greater size with average 96 nm produced by lactobacillus fermentum (l4)(fig3) 

 

 

 

 

 

 

 

 

 

 

Figure 3- Atomic Force Microscopy image of TiO2 nanoparticles synthesized by Lactobacillus 

fermentium(L14). 

 Bacteria have been widely studied for nanoparticle synthesis because of their rapid 

growth and easy genetic manipulation (22). On the other hand, TiO2 NPs can change the 

structure and composition of the human gut microbiota, represented by probiotics (23). Images 

of synthesized TiO2 nanoparticles produced by Scanning electron microscope (SEM) showed 

round and oval shape (Fig4) 

 

 

 

 

 

 

 

 

 

 

Figure 4- images obtained from scanning electron  microscopic for TiO2 nanoparticles 

synthesized by Lactobacillus rhamnosus 
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Which was confirmed by other studies (Jha et al., 2009; 11) using Lactobacillus spp. It 

has been observed that the Nanoparticles created by biological means have different shapes and 

sizes, the difference in size can be explained due to the fact that TiO2 nanoparticles are shaped 

at different times (19). Synthesis of NP observed is affected by Two important factors; (1) the 

microorganisms’ type; (2) and their source. Studies showed that, in the food industry, some of 

the most commonly used microorganisms are Lactobacillus; a bacterium used in products of 

dairy and as a probiotic supplement (24)  . 

CONCLUSION  

In the past decades, titanium dioxide metal oxide (TiO2) nanoparticles have been widely 

applied because of their unique physicochemical characteristics and biological usages. In this 

study, a simple, low-cost, cost-effective, non-toxic and non-toxic method of bioproduced 

titanium nanoparticles has been studied using lactobacilli as newborn probiotics. which 

provides a unique opportunity for the development of medical devices. AFM and SEM were 

used to characterize the formed titanium nanoparticles. The smallest 70 nm material obtained 

from L.rhamnosus has anatase crystal structure. 
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Abstract 

This study explores the effect of UV treatment on the wettability of SiO2 films. A method of sol-gel was used to 

produce pure silica oxide SiO2. It was dried, converted into powder, and pressed and the pulsed laser 

deposition method produced thin films. A group of samples were exposed to ultraviolet radiation for different 

periods (15, 30, and 60) minutes. After comparing the samples treated with ultraviolet rays with the untreated 

samples, it was found that the adhesion angle decreased from 46.05 to 23.47, which indicates that they became 

more hydrophilic. In addition to the above, the energy gap was measured and was equal to 5.65 eV. 

Investigations were conducted on structural, surface morphology, and optical properties for 500°C annealing 

temperature. SiO2 is amorphous silica, as indicated by the X-ray diffraction pattern. Energy dispersive X-ray 

analysis (EDX) has been used to determine the elements' concentration and purity in SiO2. 

Keywords: Sol-Gel; Pulse Laser Deposition; Silicon Dioxide (SiO2); Thin Film; Hydrophilic. 
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Introduction 

SiO2 thin film has outstanding electrical and optical properties, making it a valuable 

material utilized in the semiconductor [1], optical [2], and electro-optical [3] industries. It is 

nearly absorption-free between 200 and 2000 nm and has a low refractive index "n 1.46 at 550 

nm wavelength", which makes it a promising material for anti-reflective applications in optics 

[4,5].  Because these materials can be used as protective, photocatalytic, or self-cleaning 

coatings in a variety of industrial applications, there has been a lot of interest in them recently 

[6]. These days, hydrophobic surface treatments are highly prevalent and include corrosion 

prevention [8,9] and widely utilized self-cleaning [7]. Hydrophobic surface can generally be 

produced by reducing surface energy and forming a rough texture. It is therefore challenging to 

create a sufficient hydrophobic surface on a smooth surface [11] Properly built active 

photocatalysts with a suitable coating of hydrophobic material on their surface can interact 

significantly with hydrophobic moieties. Water droplets may be repelled by the surface [12].  

Recently, researchers have become interested in self-cleaning surfaces that exhibit both 

hydrophobicity and photocatalytic activity [13]. It seems that a surface that has been roughened 

up can be made to be much more well-built and exceptionally water-resistant. Furthermore, a 

variety of techniques have been employed to create rough surfaces for hydrophobic surfaces, 

including  etching, bundling, electro-spinning, PLD[10], curing chemical vapor deposition, 

electro-deposition, and so on [14]. these hydrophobic surfaces showed remarkable corrosion 

resistance and displayed distinctive behaviour throughout the self-cleaning process, allowing 

water molecules to. The contact angle with water is analyzed to determine the degree of 

hydrophobicity. This entails using the sessile drop technique [17] to measure the angle after 

putting a liquid drop on a level surface. In this work, a thin layer was created using pulsed laser 

deposition (PLD) technology, and pure silicon dioxide (SiO2) was generated using the sol-gel 

process. X-ray diffraction (XRD) analysis and UV-visible (UV-VIS) spectroscopy were then 

used to determine the material's bandgap energy. 

Experiment 

Material produces: 

They employed the sol-gel method to synthesize the required components and 

nanoparticles. Tetraethyl orthosilicate (TEOS) Si (OC2H5)4 (99% pure) from Sigma-Aldrich. 

Isopropanol alcohol (CH3)2CHOH assay: 99.8% (GCC). Chromic nitrate (Cr(NO3)3), 

deionized water (bought from Al-Tabieaa Company to create colors), and GPS were used to 
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obtain a 97% pure sample. Using the sol-gel process, 4.4 ml of tetraethyl orthosilicate (TEOS) 

and 15.6 ml of isopropanol alcohol are mixed, and nitric acid (HNO3) is added to correct the 

pH. This yields SiO2 nanoparticles. After 30 minutes of mixing, the mixture is known as (Sol 

1). Following that, 15.4 ml of alcohol isopropanol and 1 ml of deionized water are combined, 

and after mixing for 30 minutes, the mixture is known as Sol 2. After progressively adding a 

solution (Sol 2) by distillation to a room-temperature solution (Sol 1), the mixture is stirred for 

two hours using a magnetic stirrer. The resultant solution was aged for 24 h at 56˚C to produce 

the translucent sol that is depicted in Figure 1(A).To create the powder, the sol is first dried at 

85 degrees Celsius. The material was then crushed after being ground into a powder and 

calcined at 500 °C. Thin films were deposited onto glass slides using the pulsed laser deposition 

method as shown in Figure 1(B). 

 

 

 

 

 

 

 

 

 

 

 

Figure 1- (A) SiO2 sample preparation (B) Film deposition by pulsed laser 

Result and dissection 

Figure 2 displays the X-ray diffraction data of a SiO2 film that was created using the pulse laser 

deposition method on a glass substrate. It mentions that the film is pure amorphous SiO2. The 

resulting material is amorphous silica, as shown by the wide band in the spectra and the 

A 

 

 



XII. International Scientific Congress of Pure, Applied and Technological Sciences 

 
 

 

59  

 

equivalent Bragg angle of 2θ = 22.6° [18]. There is no impurity peak for SiO2 when the results 

are compared to the JCPDS data (card No. 01-086-1561) for SiO2 [19, 20]. 

Figure 2- X-RAY for SiO2 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3- EDX OF SiO2 PURE THIN FILM 
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Table 1- EDX of SiO2 thin film 
 

 

 

 

 

The elements' concentration and purity in SiO2 have been ascertained through the use of 

energy-dispersive X-ray analysis (EDX). The SiO2 EDX spectra are displayed in Figure 3. Only 

the elements C, O, Si, and Cr are present in these spectra, indicating that the produced composite 

is highly pure and that the presence of C is due to the substrate. Table 1 shows the final 

concentrations. 

 

 

 

 

 

Figure 4- (αhω)2 about (hω) pure SiO2 

Silicon dioxide (SiO2) has a wide energy gap, which is a key property that makes it so 

useful in electronics. The most fundamental absorption edge of a semiconductor follows the 

exponential law. 

𝛼ℎ𝑣 = 𝐴(ℎ𝑣 − 𝐸𝑔)𝑛 

A and Eg represent the constant and the optical band gap energy, respectively, 

The SiO2 pure figure 4 shows the relationship between photon energy (hυ) and (αhυ)2, 

with an energy band gap of 5.65 eV. [20,21]. Figure 5 and Table 2 show the contact angle of 

the water drop significantly decreases after UV treatment from 46.05 to 23.47 because UV 

breaks down organic contaminants on the surface of a material causing the surface of a material 

to become more oxidized, making it more hydrophilic. 
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Table 2- The alteration in the water's contact angle upon UV treatment 

 contact angle 

 Without processing 46.060 

after UV treatment for 15 min 44.950 

after UV treatment for 30 min 25.380 

after UV treatment for 60 min 23.470 

 

 

 

 

 

 

 

Figure 5- Contact angle according to the UV irradiation treatment 

 

 

 

 

 

 

 

 

 

Figure 6- Water drop images on the surface of SiO2 films  (A)Without processing (B)  after UV 

treatment for 15 min  (C) after UV treatment for 30 min (D) after UV treatment for 60 min 
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Conclusion  

This work focuses on the preparation in away sol-gel and deposition thin-film by pulsed 

laser deposition (PLD). SiO2 thin-film characterization is achieved through the use of an easy-

to-use and reasonably priced  On a glass substrate, the deposition was done at ambient 

temperature, and it was then annealed at 500°C. This study displays properties related to 

structure and optical.  According to the X-ray diffraction pattern, the thin films formed at 500°C 

for annealing the X-ray of a pure SiO2 thin film It states that pure amorphous SiO2 makes up 

the film. The wide band in the spectra and the analogous Bragg angle of 2θ = 22.6°, which 

indicates the creation of the brookite phase present, indicate that the resultant material is 

amorphous silica. The purity and concentration of the elements 

have been determined by energy dispersive X-ray analysis (EDX) in SiO2 pure. These 

spectra only show the elements C, O, Si, and Cr, suggesting that the generated composite is 

extremely pure and that the substrate is responsible for the presence of C. An energy band gap 

of 5.65 eV was determined.  the contact angle of the water drop significantly decreases after 

UV treatment from 46.05 to 23.47 because UV  breaks down organic contaminants on the 

surface of a material causing the surface of a material to become more oxidized, making it more 

hydrophilic. 
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Abstract 

Vitamin D, a lipid-soluble vitamin that acts as a steroid hormone, can be acquired from dietary sources or 

manufactured in the skin upon exposure to ultraviolet (UV). it lacks is related to the presence of cardiovascular 

risk factors in adults which contributes to the high global prevalence of cardiovascular illnesses. For three 

months, 60 blood samples were collected from healthy people and patients with cardiovascular diseases, 

ranging in age from 25- 65 years, after which the lipid profile was analyzed, and found remarkable 

associations between the aforementioned minerals and total cholesterol levels (TC), Triglyceride (TG), High-

Density Lipoprotein (HDL), Low-Density Lipoprotein (LDL), Very- Low-Density Lipoprotein (VLDL) and 

Atherogenic Index (A.I). The results showed the existence of a significantly increased concentration of calcium, 

phosphorus, and potassium in the patient’s serum compared to the control group, observed an adverse moral 

association of calcium with vitamin D and a direct moral association of potassium with vitamin in the control 

group were observed in comparison to the patients at the level (P≤0.05). When compared to the control group, 

the vitamin D readings showed a significant drop at the level (P≤0.05). In the patient population, analytical 

statistics revealed a substantial rise in TC, TG, LDL, VLDL, and Atherogenic Index (A.I) when contrasted with 

the control condition. About for High- high-density lipoprotein (HDL), no significant difference was observed 

between the patients and control groups at a significant level (P≤0.05).  

Keywords: Vitamin 25 (OH)D; Lipid Profile; Calcium; Phosphorus; Potassium; Cardiovascular Disease.   
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INTRODUCTION 

Vitamin D is an active part involved in multiple metabolic pathways and plays an 

essential part in muscle and bone health it is a fat-soluble vitamin, but the evidence also points 

to its crucial role in regulating Blood Pressure (BP) and vascular health (Schwetz et al., 2018). 

Studies have suggested a connection between inadequate vitamin D intake with cardiovascular 

conditions such as myocardial injury, heart failure (HF), coronary artery disease, and stroke 

plus atherosclerosis, which is evidence strong sign among levels of vitamin D and 

atherosclerosis, were correlated with low levels among the population, including mostly healthy 

and elderly people (Jeong et al., 2017). 

However, studies have demonstrated a considerable correlation between elevated 

25(OH)D levels and blood lipid levels, without considering the effects of vitamin D 

supplements on blood lipid levels. studies have yielded mixed results, some of which have had 

a positive impact and some have had a negative impact (Alanouti et al., 2020; Qi et al., 2022). 

There has been evidence that vitamin D has a significant role in regulating skeleton physiology. 

for its crucial role in regulating calcium metabolism and phosphorus through its influence on 

the intestines, bones, and renal, Vitamin D levels must be enough for levels of phosphorus and 

calcium to stay at normal levels to prevent hyperactivity of Parathyroid Hormone (PTH) 

(Anderson, 2017). 

In this case, Vitamin D is essential for promoting increased calcium absorption in the 

intestines, it has significant effects on the bones by maintaining the mineral balance (; Caykara 

et al., 2020; Voulgaridou et al., 2023). According to accumulated epidemiological data, Health 

issues are connected to the potential link between calcium supplementation and an increased 

risk of cardiovascular disease, as circulating calcium content is directly tied to the 

pathophysiology of most persons. (Maddaloni et al., 2018; Kobylecki et al., 2021) Potassium 

has a crucial function in keeping cellular polarization and is necessary to transmit electrical 

impulses through the heart muscle, adjustments in the natural balance between potassium 

concentrations inside and outside the cell lead to arrhythmias, low potassium levels in the blood 

lead to ventricular tachycardia or fibrillation (Depret et al., 2019). Lipid metabolism is 

influenced by many nutrients, namely potassium, phosphor, calcium, and sodium, which alter 

cellular function, many studies have confirmed that the usage of important metals can affect 

changes in fatty acid metabolism in some cases. (Caykara et al., 2020; Kaur et al., 2021). 

Low calcium levels in the blood have been shown to inhibit intestinal fat absorption and 

the release of fatty acids in fat cells (Caykara et al., 2020; Yamagata, 2023); high calcium levels 
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in the blood also contribute to the risk of cardiovascular disease, leading to alterations in the 

artery walls' structure and functionality, to cause atherosclerosis (Park and Iee, 2019). The 

research aims to estimate Vitamin D concentration being an indicator of cardiovascular disease 

and investigate whether there was a relation among the concentrations of Vitamin D and lipid 

layers through the occurrence of atherosclerosis in these conditions, as well as the appointment 

of concentrations of certain minerals such as calcium, phosphorus, and potassium in the serum 

of these patients. 

MATERIALS AND METHODS 

Throughout the research period, 60 blood samples were collected, including 30 samples 

from patients with cardiovascular a cardiovascular illness, samples were collected from reviews 

of several community laboratories in Nineveh governorate for the period from 1/3 to 30/6, aged 

(25-65) years, additionally, 30 serum samples from healthy individuals were collected as a 

control group. 5 ml of each patient's blood was drawn from the vein. Separate the blood in test 

containers without preservatives. and obtain serum using a centrifuge at a speed of 300 

cycles/minutes for five minutes (Tietz, 1994). 

Vitamin D level has been measured using a proprietary measurement Kit equipped by the 

Korean AFIAS company, Fluorescence Immuno Assay (FIA) (Holick, 2006). 

As for the estimate of the calcium, phosphorus, and potassium levels in the serum, a 

special measurement Kit was equipped by the Spanish BIOLABO company (Tietz, 1999; Tietz, 

2006). Blood lipid levels have also been calculated with the aid of a specialized measurement 

kit furnished by the Spanish BIOLABO company. (Tietz, 1999). 

Statistical evaluation 

Data analysis was done to investigate the standard rate as well as the error using a test (t-

test), and the correlation factor test between biochemical and vitamin D indicators and lipid 

levels, serum concentration was also used as a test (person), and statistical analysis was 

considered statistically significant at a level of (P≤0.05) (Williams, 2017). 

RESULTS AND DISCUSSION  

The findings shown in Table (1) are significantly different in vitamin D, where there is a 

significant decrease in its value in the patient’s serum in contrast to a command group at a level 

of (P≤0.05). This decrease may be due to its role in high blood pressure and Parathyroid 
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Hormone metabolism (PTH) and calcium resulting in a decrease in vitamin concentration which 

increases the secretion of Parathyroid Hormone (PTH) (Oberoi et al., 2019). 

Initially, the pressure on the blood vessels increases, ultimately causing a rise in Blood 

pressure. (BP) and the incidence of heart disease in general people, and metabolic height of 

several other pathways such as the system of Renin- Angiotensin Aldosterone (RAAS). This 

results from vitamin D function in the cardiac muscle, which in turn is involved in various 

cardiovascular issues, the strategy of vitamin D insufficiency leads to atherosclerosis because 

of the rise in Parathyroid Hormone (PTH), thus the increase in the levels of activity of the 

system (RAAS) (Muscogiuri et al., 2017). Physiologically, this all occurs because of high levels 

of calcium within the cells, leading to dysfunction in the growth of the lining of the blood 

vessels (Park and Iee, 2019). 

While (Wu et al., 2023) pointed out in their study that obesity might play a big role in the 

level decline of 25(OH)D in the plasma which may be the result of several hypotheses, one 

suggests that a high concentration of lipids in the body serves as a source of low-saturated 

vitamin D it leads to a decrease in its percentage and, as another hypothesis has indicated, the 

high levels of leptin, which is released by most fatty tissue so that it may be for (Interleukin-6) 

(IL-6) inhibitory effects on 25(OH) D synthesis through its receptors. 

The results of blood lipids concentration showed a significant difference for each variable 

in comparison with a control group if there is a significantly high (P≤0.05) for each of the total 

cholesterol (TC), Triglycerides (TG), protein fatty low density (LDL), very low-density 

lipoprotein (VLDL) and Atherogenic Index (A.I) in the group of patients in comparison with 

the control group when (P≤0.05) as shown in the table (1) and that in turn is the same as what 

he’s referring to (Surdu et al., 2021; Bekibele et al., 2023) 

As for High-Density Lipoprotein (HDL), the results shown in Table (1) do not imply that 

the patient group differs substantially from the level's control group (P≤0.0134), it has been 

demonstrated that individuals with vitamin D  deficiency had a high percentage of (HDL-C) 

and had higher values than (TG) in comparison with the control group which might have been 

linked to the danger of injury to a lipid disorder in the blood (Elmi et al., 2021).  

 Obesity and blood lipid metabolism as indicators of cardiovascular disease leading to 

excessively high lipid levels, and that’s what Schwetz also confirmed in his study (Schwetz et 

al., 2018), so that vitamin D may hurt lipid levels such as TC, TG, LDL, and A.I, this disorder, 

in turn of, causes a considerably increased risk of cardiac illness (Surdu et al., 2021). 
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As shown in Table (1), a significant difference in the concentrations of phosphorus, 

calcium, and potassium in the patient's serum was observed. At the level of (P≤0.05), a 

significantly higher level was observed for each patient group component in comparison to the 

control group. This could be because calcium levels in the blood are associated with phosphate 

levels in the serum at a low glomerular filtration rate (GFR), when phosphate levels in the blood 

rise, calcium levels in the blood drop, and the infected kidney can’t revitalize Vitamin D. Also, 

reduced vitamin D levels cause decreased uptake of calcium, where the body attempts to raise 

low calcium levels. in the blood via secreting Thyroid Hormone (TH) to increase the calcium 

level in the blood (Nista et al., 2018).  

The current findings are in agreement with those of (Wang et al., 2012; Mclntosh, 2022), 

who explored a positive relationship between calcium levels in the blood and the estimated risk 

of cardiovascular disease over ten years. Various biological strategies may show blood 

calcium’s association with atherosclerosis and the danger of heart attacks due to a blood clot, 

which leads to an imbalance in the lining, connects to calcium receptors, or interacts with 

pyrophosphate, an important inhibitor of tissue hardening. A high calcium level also causes 

lower concentrations of serum pyrophosphate and increases the classification of the vessels. 

Moreover, Vitamin D and parathyroid hormone levels contribute to calculating the serum 

calcium level and cardiovascular disease (CVD) (He et al., 2022). 

As for the high levels of significant potassium (P≤0.05) in the cohort of patients compared 

to the control group shown in Table (1), it is caused by an increased potassium concentration 

or difference in the distribution between outside and within cells in individuals with 

cardiac failure as well as a decrease of kidney secretion due to physiological disease or as a 

result of the effects of treatment (Yamada and Lnaba, 2021). 

Where people who are experiencing Heart Failure (HF) potassium balance is influenced 

by the neuroendocrine mechanism associated with the disease as well as by the drugs used to 

treat (HF), the significant reduction in mortality rates is associated with neurohormone 

inhibition by multiple levels of enzyme inhibitors-converting angiotensin however, these 

treatments can increase blood potassium concentrations (Clephas et al., 2023). 
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Table 1- Vitamin D concentrations, lipids and minerals in serum patients with cardiovascular 

disease. 

Biochemical 

parameters 

Mean ± SD 

P. value Age 25-65 years 

Controls N=30 Patients N=30 

TC mg/dl 136.25±28.87 300.04±60.70 0.000* 

TG mg/dl 112.50±22.86 206.93±49.40 0.000* 

VLDL-C mg/dl 28.55±24.05 42.15±9.10 0.010* 

LDL-C mg/dl 67.15±24.6 22.19±52.42 0.000* 

HDL-C mg/dl 40.45±4.86 38.56±3.65 0.0134 

AI 3.42±0.77 7.81±1.25 0.000* 

Vit.D3 ng/ml 49.71±12.47 16.78±84.89 0.000* 

Calcium mg/dl 9.56±0.68 10.05±0.71 0.021* 

Potassium mg/dl 4.57±0.57 5.31±0.35 0.000* 

Phosphorous mg/dl 3.53±0.64 4.74±0.27 0.000* 

 

 

 

 

 

Vitamin D deficiency is linked with increased risk factors for heart disease. indicators, 

there is also a relationship between decreased levels of vitamin D in the blood elevated serum 

levels of TC and LDL-C, and low HDL-C levels in the blood (Faridi et al., 2017). The 

relationship reverses a significant correlation relationship between lipids like cholesterol level 

and low-density lipoprotein and the level of vitamin D, which is also shown in Table (2) it was 

identical to what it came up with (Setayesh et al., 2021). Both confirmed (Mohammad et al., 

2019; Han et al., 2021) that the level of 25(OH)D positively pertains to the level of (HDL-C) 

and has a negative correlation with the level of TC, TG, LDL-C, increased absorption of 

intestinal calcium can reduce the manufacture of secretions TG, this converts hepatic 

cholesterol into bile acids and thus reduces cholesterol level in the blood. 

A different study confirmed that the analysis of statistical correlation proved to be a 

positive significant relationship with serum vitamin D levels (HDL-C), the rise in vitamin D 

levels leads to an increase in (HDL-C), thus the likelihood of developing heart disease is 

reduced (Mohammad et al., 2019). Obesity is a contributing factor in confusion or imbalance 

in the level of blood lipids, which encompass low HDL and high TG values, in addition, obesity 
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has affected vitamin D metabolism because fatty tissue in obese people prefers to take vitamin 

D (Barman et al., 2022). 

And was observed that there was an adverse significant association of calcium with 

vitamin D in the patient cohort in comparison to the control group at a level of (P≤0.05) in 

Table (2), and this is consistent with what he indicated (Mohammed et al., 2019) in that an 

elevated blood calcium level was linked to a decreased danger of cardiovascular disease (Kong 

et al., 2017). 

Table (2), also showed a direct and significant association between potassium and vitamin 

D when comparing the sick group to the control group, which may be because potassium 

secretion during the administration is not associated with cardiovascular disease risks based on 

the World Health Organization (Ferreira et al., 2020). 

In contrast, the introduction of potassium in the dour has also been linked to significantly 

lower mortality and cardiovascular disease danger (Strohm et al., 2017). 

Research of potassium's direct effects on the risk of heart disease showed high potassium 

levels may greatly lower the risk of heart disease through their positive effect on blood pressure 

because blood pressure constitutes one the main reasons for heart failure, that’s consistent with 

what they found (Lin et al., 2023). 

Table 2- Testing the correlation coefficient among vitamin D level and biochemical variables in 

sick persons compared to the control group 

Biochemical parameters (r) 

Vit. D3 

Controls Patients 

TC mg/dl -0.513* -0.452* 

TG mg/dl -0.406 -0.230 

VLDL-C mg/dl -0.369 -0.328 

LDL-C mg/dl -0.563** -0.462* 

HDL-C mg/dl -0.221 -0.316 

AI -0.380 -0.338 

Vit.D3 mg/ml 0.1 0.1 

Calcium mg/dl 0.555* -0.593** 

Potassium mg/dl 0.484* -0.176 

Phosphorous mg/dl 0.270 -0.187 

 

 

 



Full Text Book of MINAR Congress of Pure, Applied and Technological Sciences 12 

 
 

 

72  

 

Recent research demonstrates that a calcium or phosphorus metabolic change could 

directly affect the vascular system and cardiac. Analysis shows the correlation factor between 

calcium concentration and blood lipid levels, table (3) showed an adversely significant 

association with the level of each Atherogenic Index (AI), low-density protein (LDL), and Total 

cholesterol (TC), while there is a positive significant attachment between the patient group's 

lipoprotein-very low level and the control group at the level of significant (P≤0.05), and that’s 

contrary to what he’s referred to (Caykar et al., 2020; Alkhtib et al., 2023)The blood calcium 

content is positively associated with the fatty layers, it has been observed that calcium levels 

have the highest serum value in LDL, TC which has a major effect on the metabolism of lipids 

in the blood where there are many mechanisms to explain a relationship between lipids and 

calcium, it may be due to the high concentration of calcium that hampers the oxidative processes 

in mitochondria and the production of ATP and increase the calcium inside it (Weaver et al., 

2016; Alkhatib et al., 2023). Increased calcium in cellular membranes is to blame for the 

disruption of fatty acid metabolism and the development of hyperlipid blood (Ticinesi et al., 

2016; Poitelon et al., 2020). 

As the high level of Para Thyroid Hormone (PTH) in the blood, affects the activity of 

lipase, low activity of this enzyme can increase triglycerides, total cholesterol and  

low-density lipoprotein clarifies the link between calcium and lipid in the blood (Higashioka et 

al., 2020). As for phosphorus and its relation to blood lipid levels, it was observed that there 

was a significant negative correlation between it and the levels of A.I, HDL, and TC, in the 

patient cohort, compared with the control when (P≤0.05) and as in the table (3), this may be 

due to the effect of phosphates on the metabolism of phospholipid in the liver, or because of 

the reduction of lipoprotein activity caused by the high concentration of thyroid hormones 

leading to fat metabolic (Caykara et al., 2020). 

Table 3- Test the correlation coefficient between lipid levels and mineral concentration in the 

sick serum comparison to the control group 

Biochemical 

parameters 

mg/dl 

minerals concentration 

controls patients 

Calcium 

(r) 

Phospho

r (r) 

Potassiu

m (r) 

Calciu

m (r) 

Phospho

r (r) 

Potassiu

m (r) 

TC -0.543* -0.187 -0.383 0.560** 0.590** 0.523** 

TG -0.267 -0.233 -0.268 0.372 0.295 0.390* 

VLDL-C -0.379 0.210 -0.229 0.477* 0.369 0.477* 

LDL-C -0.611** 0.025 -0.174 0.561** 0.537** 0.427* 

HDL-C 0.068 -0.469* -0.272 0.361 0.476* 0.395* 

AI -0.523* 0.034 -0.217 0.423* 0.384* 0.3556 
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Conclusion 

This study concludes the significance of getting adequate vitamin D levels in the serum 

to decrease the incidence of atherosclerosis with other cardiac conditions, Increased lipid levels 

have been associated with vitamin D deficiency, as well as have played an important factor to 

happen of heart disease, mineral consumption also contributes in part to the disturbance of 

serum lipid levels. Changes in lipid levels can partially affect mineral concentration levels in a 

patient’s serum. 
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Abstract 

Background: Obesity is an excessive accumulation of body fat that poses significant health risks. The study 

aimed to evaluate the impact of obesity on gender, age, vitamin D deficiency, and other factors. The current 

investigation analyzed sixty samples. Twenty men and forty women, weighing between 70 and 100 kg, were 

included in the sample. They were between the ages of 25 and 55. According to the research, there is a 

statistically significant (P<0.05) rise in females compared to males and in the 35–45 age range when 

compared to other age groups. Eventually, the study found that the amount of vitamin D had significantly 

decreased at (P<0.05).                  

Keywords: Obesity; Age; Gender; Vitamin D; Iraq. 
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Introduction  

Obesity can be defined as having too much body fat. A cut-off point for the excess fatness 

in adolescents and children who are obese or overweight isn’t widely agreed upon (Sahoo etal., 

2015). The social, economic, and technological advancements made during the past few 

decades have unintentionally contributed to the obesity pandemic in the US. Food is abundant 

and reasonably priced, and fast-food restaurants and prepackaged items with a high calorie 

density are easy to find. Because of labor-saving technologies, physical activity that was 

formerly a component of daily life has substantially decreased. Finally, A sedentary lifestyle is 

encouraged by the constant presence of electronic gadgets in homes, particularly for young 

people (Pi-Sunyer, 2002). Body Mass Index (BMI), which is calculated by dividing weight in 

kg by height in square meters, is applied for defining obesity. Adults with a BMI of (25–29.90) 

kg/m2 are considered overweight, and those with a BMI of 30kg/m2 or higher are considered 

obese Jensen etal. (2014).  

For teenagers and children between the ages of two and eighteen, a percentile system 

depending on the child's age and gender is advised rather than using BMI Fitch et al. (2013). It 

is well accepted that an imbalance between the expenditure and consumption of energy is causes 

a rise in obesity, and that the lifestyle choices and food preferences are highly connected with 

increases in the positive energy balance. Nevertheless, Accumulating data suggests that an 

individual's genetic profile is a key factor in obesity (Birch and Davis, 2001). On chromosome 

16q12.2, FTO (fat mass and obesity-related) gene was discovered. This gene is linked to severe 

obesity in both children and adults, as well as early onset. (Dina etal., 2007). Even though the 

exact origins of obesity are not known, a complicated interaction appears to exist between 

psychological, biological, and behavioral factors like the genetics, socioeconomic status , and 

cultural influences, Skelton etal., (2011). Obesity was connected to epigenetics, 

microorganisms, increased fecundity, maternal age, endocrine disruptors, sleep 

deprivation, intrauterine and intergenerational effects, pharmacological pathogenesis, and more 

(McAllister et al, 2009). Excessive weight is linked to several medical conditions, which 

include high blood pressure, hypothyroidism, polycystic ovarian syndrome (PCOS), type 2 

diabetes, gallbladder disease, Cushing's syndrome, and a few neurological problems (Apovian, 

2016). 
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Materials and method  

In this experiment, a total of 60 blood samples from people weighing between 70 and 100 

kg were taken.. Every individual had data recorded, including blood group, gender, and age. 

Everybody's weight has been measured as well. A biochemical test was performed on each 

sample for the determination of the levels of vitamin D. They were between the ages of 25 and 

55. The study was carried out in 2020 between March and October. Each subject had two 

milliliters of venous blood drawn and placed in plain tubes. The obtained blood was centrifuged, 

and the serum was taken out and stored in a plastic tube labeled for vitamin D measurement. 

Vitamin D concentration test 

The Bio-Autolyzer, a comprehensive system comprising calibrator and control reagents, 

was utilized to measure the vitamin D concentration, a biochemical parameter. 

Results and Discussion  

 In comparison to other age groups, Figure 1 indicates a significant (P<0.05) increase  in 

the 35–45 age range.These results may be due to decrease in the metabolic activity of people, 

as with age, Metabolism significantly decreases due to reduced physical activity of the internal 

organs and limited movement from people staying at home (Heo et al., 2006(. Accompanied 

by an unhealthy diet and eating various types of foods and thus a decrease in caloric burning, 

all of which leads to weight gain With age.(Blüher et al., 2011(. 

 
Figure 1- The relative of the obesity infection with age. 

 The study noted a significant increase at (P<0.05) in females compared with males Figure 

(2). These results may be due to several reasons, the most important of which are the samples 

collected, the numbers of females were more than males and because the stress that women 
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suffer, which results in an increase in body fat because of the increase in the secretion of the 

hormone cortisone (Sakurai et al., 2006). Also due to aging and the entry of females into the 

menopause stage, which leads to a series of physiological changes In the body, such as a 

decrease in the rate of metabolism, which causes the accumulation of fat, in addition, the 

amount of fat in female body is more than in the male(Simoncig Netjasov et al., 2016) and 

(Shah, 2009). So, any imbalance that leads to obesity as pregnancy that occurs in females, 

especially pregnancy at later ages. It will be difficult to lose weight as a result of 

pregnancy(Shah, 2009).Also, lack of exercise, sitting for long hours, eating food and taking 

medication, as all of these are helpful factors that increase the chance of obesity(Menegoni et 

al., 2009). 

 

Figure 2- The percentage of males and females with obesity. 

 Also, the current study noted a significant decreased at (P<0.05) in vitamin D figure (3). 

There are a several of obesity causes that cause a deficiency in vitamin D, and most significant 

of these causes is the lack of food entering the body, which has a role in increasing the amounts 

of vitamin D in the body or increasing the consumption of ready-made food, which causes an 

increase in the amount of fat in the body and thus reduces the absorption of the vitamin D 

(Himbert et al., 2017). The sun is one of the natural sources of vitamin D, so the lack of sunlight 

exposure will impede the formation and building of vitamin D in the skin, noting that people 

who suffer from obesity are exposed to equal amounts of sun compared to people of moderate 

weight, but the difference is in the response to this vitamin to manufacture it. And its 

composition, in addition, tablets and medicines that are taken by some people by way may also 

be a cause of a decrease in the level of vitamin in the serum.(Gallagher et al., 2014).  

Also changes in metabolism rates results in increasing obesity, and thus decreasing the 

amount of vitamin D in the serum, as well as changes related to the manufacture of proteins or 
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an increase in the size of cells and body tissues, all of which are factors that ultimately lead to 

a decrease in the level of vitamin in the body(Botella-Carretero et al., 2007). Low vitamin 

levels in obese individuals are thought to reduce the amount of calcium absorbed by their bones 

compared to ordinary weight individuals, resulting in an increase in metals and a thickening of 

the bone cortex(Evans et al., 2015). It is necessary to know the relationship of obesity in 

children, the lack of calcium in the bones, the increase in rickets, and thus a decrease in the 

amount of vitamin D absorbed by the bone.. (Dimitri et al., 2012). 

 

Figure 3- The percentage of vitamin D deficiency with obesity. 
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Abstract: 

Background: Poly methyl methacrylate is still utilized as a foundation material for dentures because of the many 

beneficial properties it has, including its simplicity of processing, stability in the oral environment, convenience in terms 

of repair, and better aesthetics. However, the content is not excellent in every respect. Thus, the present study aimed to 

evaluate incorporation of different types of polymers on heat cure acrylic resins. 

Materials and methods: In this study, 20 disc-shaped samples of heat cure acrylic resins reinforced with chitosan and 

corn starch powder have designed with dimensions of (12±0.1) mm diameter and (2±0.1) mm thickness. Then, they were 

divided into two major groups according to type of material included. 1%  of chitosan and corn starch powder were 

added. The surface roughness test was measured by using the profilometer digital device. 

Results: Descriptive statistic results showed that there was a significant difference between the two major groups. 

Chitosan group revealed the highest mean value of surface roughness which was (1.57), while corn starch group showed 

the lowest mean value which was (0.62). 

Conclusion: 1% of chitosan powder had a negative effect on surface texture of acrylic resin in comparison with corn 

starch power. 

Keywords: Heat Cure Acrylic Resin; Chitosan; Corn Starch; Roughness. 
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Introduction 

Since older populations develop, there is a need for dentures to return their 

stomatognathic functions and enhance their lives’ quality (1). Dentures bases which are 

made by polymethylmethacrylate have many advantages such as acceptable esthetic 

value, low cost and ease of manipulation. However, it does have certain drawbacks, such 

as inadequate surface hardness. Increased water sorption, and low impact resistance, the 

latter of which is the major reason denture base resins break (2). Thus, this material has 

been strengthened with materials including metal oxide, clay minerals, and carbon 

graphite fibers to improve their properties (3). 

The biodegradable polymers, such as chitosan and starch come from renewable 

sources which are used for overcoming severe environmental problems resulting from 

incorrect synthetic plastic material disposals, while the non-biodegradable polymers are 

derivatives of petroleum sources (4). The manufactured starch–chitosan based films help 

to improve the properties of each one, thereby they add their good properties and 

compensate for some restrictions (5). 

In the denture bases, irregularities and porosities are regarded undesirable 

characteristic since they affect their mechanical, physical and aesthetic characteristics. 

Denture bases are usually in contact with different oral microorganism like Candida 

albicans (6). 

The present study aimed to assess the impact of addition of chitosan and corn starch 

powders on surface texture of acrylic resin denture base material and investigate newly 

developed denture’s base resins. 

Materials and methods 

Twenty-disc-shaped of heat cure acrylic resin specimens with (12±0.1) mm 

dimension and (2±0.1) mm thickness have been designed (7) as shown in fig:(1). Then, 

they were divided into two major groups according to types of materials incorporated. 

Firstly,1% of  each Chitosan, corn starch powder and 21g of acrylic resin were weighed 

by using an electrical balance as shown in table (1) , fig (2). Then, they were diluted with 

a CH3COOH acid and distilled water in a glass container as shown in fig (3). After that, 

they were mixed by using magnetic stirrer for thirty minutes. To decrease the risk of phase 

separation and particle agglomeration, acrylic powder was blended really quick with the 

suspension of monomer and filler by using a clean spatula. The mixing was done in a dry 
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and clean mixing bowl for 30 seconds according to the guidelines of the manufacturer, 

then, the mixture was covered and allowed to stand for around 20 minutes at 23°C. The 

traditional method (flasking method) have been used, and when acrylic resin reached the 

dough stage, it was taken out of the jar, rolled, and then put into the molds. Metal to metal 

contact was established by sealing the two halves of the flask together under pressure 

(hydraulic press) and held at 20 bar for five minutes, as seen in figure (4).  

Then, they were clamped and transferred to the water bath for approximately one 

and a half hour at 74°C. Then, the acrylic specimens were deflasked and removed from 

the die stone molds. Finally, all the specimens were finished by using burs to remove any 

access of acrylic resin. Then, they were put in distilled water containers for 48 hrs. at 37C 

before the specimens have been tested. Finally, all the samples subjected to surface 

roughness test by using the profilometer device to determine chitosan and corn starch 

powder impact on acrylic resin’s surface texture (8). The sharp stylus of the apparatus 

comes in contact with the sample surface to record all the peaks and recesses of their 

surface by its scale as shown in fig (5). 

Results 

Table 1- Descriptive Statistics of roughness between groups 

 

Table (2) showed that the highest mean value of roughness was (1,57) for chitosan 

group, while the lowest value was for corn starch group which was (0.62). 

Table 2- Mixing ratio of acrylic resin with 1% of chitosan and corn starch powder 

 

 

 

 

 Gropus N Mean SD Max-Min T-test P-value 

Roughness A- Chitosan 10 1.57 0.82 2.46-.11  

2.60 

 

0.02 B- Starch 10 0.62 0.503 1.36-.25 

Amount of 

Monomer 

Amount of 

polymer 

Amount of 

corn starch 

Amount of 

chitosan 

Amount of 

reinforcement 

(addition) 

10ml 22 g 0% 0% 0% 

10ml 21g _ 1% 1% of chitosan  

10ml 21g 1% _ 1% of corn starch  
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Figure 1- Bar chart showing the surface roughness between groups 

 

Discussion 

Acrylic resin denture base is widely use due to a combination of benefits rather than 

a single outstanding feature, including its popularity in meeting aesthetic criteria and 

having a clearly defined processing technique in dental applications(9). However, this 

material is not perfect in every way, especially when it comes to fulfilling the mechanical 

and physical needs of a prosthesis (10). 

For more improvement of the PMMA characteristics like (impact strength, hardness 

strength surface roughness), many methods of mechanical reinforcements and chemical 

modifications that use different fiber and micro-nanoparticle types were documently 

recently (11). 

Surface roughness of denture materials is of clinical relevance because it may 

impact the buildup of plaque and discoloration of the prosthesis (12). .Although plays a 

role in the trapping of microorganisms on acrylic surfaces, considerably larger numbers 

of microbes were discovered on roughened surfaces in comparison to smooth surface (13).  

According to statistical analysis results in the table (2) and fig (6), the addition of (1%) 

of chitosan powder to a heat cure acrylic resin in order to improve their properties so that it 

could withstand the load when the prosthesis were used. It had a negative effect on their surface 

roughness in comparison with corn starch powder that can be explained by the fact that the 

surface roughness formation may be resulted from the deficient homogeneity of mixture during 
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mixing, as well as various parameters of   monomer and polymer mixing e.g. pressing pressures 

and mixing temperatures and their effect on the formation of pores up on acrylic resin surface 

(1), (14) . 

In contrast, the results of corn starch powder addition appeared to have positive effect on 

surface roughness of acrylic resin by decreasing surface roughness that may be due to starch is 

not truly thermoplastic polymer, and it can be melted and flown at high temperatures under 

pressure and shear (5) (15). The main limitations of our study included unavailability of more 

previous researchers that have used chitosan and corn starch powder with any types of acrylic 

resin in their studies. 

 

 
  Figure.2-.Disc-shaped.wax.specimens Figure.3- Sensitive Balance high accuracy 

 

 
Figure 4- Heating plate and magnetic stirrer Figure 5- Packing of the crylic resin by hydraulic 

press 

 
Figure 6- TR220 Portable Roughness 
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Abstract: 

Cytomegalovirus (CMV) is a ubiquitous member of the Herpes viridian family, subfamily Beta herpes. CMV is the major 

infectious cause of congenital infection and hearing loss in children as well as an important pathogen in immune 

compromised patients.  

Aim of Study: The current research aims to compare between Enzyme Immunoassay and Chemi-Luminescence assay in 

CMV infected aborted women.  

Materials and Methods: This study was conducted during the period from August 2023 to April 2024. Sixty blood serum 

were collected and divided into two groups, thirty blood serum were collected from aborted women, and thirty healthy 

women as a control group. Ethical approval has been warranted by the Ministry of Health (No. 4790 dated 27\11\2023).  

Results: The results revealed that anti-CMV IgG was high in both Chemi-Luminescence assay and Enzyme Immunoassay 

test, but the Chemi-Luminescence assay percent was increased by 23% and anti-CMV IgM percent was 10%, ages 20-30 

years old represented the largest percentage (66.5%) of observed abortions by Enzyme Immunoassay test and 63.7% for 

Chemi-Luminescence assay, and single abortion had ratio by both assay.  

Conclusion: Chemi-Luminscence assay could be used for ideal detection of CMV associated abortion in Iraqi women.  

Keywords:  Chemi-Luminescence; Cytomegalovirus.  
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Introduction 

Abortion is describing as defined as pregnancy loss during the first trimester of pregnancy 

(less than Twelve weeks of gestation). It is among the most common unfavorable pregnancy 

outcomes (1). The placenta is a critical barrier between fetal and maternal blood circulation (2). 

The integrity of this barrier could be affected by trans placental transmission of some viruses 

such as human CMV (3) Out of the more than a hundred known Herpes viruses, eight routinely 

infect humans: herpes simplex virus types 1 and 2 (HSV-1 and 2), cytomegalovirus (CMV), 

Epstein-Barr virus (EBV), varicella-zoster virus (VZV), human herpes virus 6 (HSV-6), human 

herpes virus 7 (HSV-7), and Kaposi's sarcoma virus or human herpes viruses 8 (HSV-8)(4). 

Every herpes virus has the ability to cause latent infection in particular human tissues, which 

sets them apart from one another (5). Human CMV is the most frequent cause of congenital 

infection in humans. Globally, HCMV infection is quite prevailing, with sero-positive rates 

variable from 40% in wealthy nations to 99% in poor nations (6). The current research aims to 

compare between rapid test, TORCH and immunological test COBAS e41, in CMV infected 

aborted women.  

Materials and Methods: 

This study was conducted during the period from August 2023 to April 2024. Sixty blood 

serum were collected and divided into two groups, thirty blood serum were collected  from aborted 

women, and thirty healthy women as a control group. The age of patients and healthy females 

ranged between (17-40) years. The test was performed by using 5 ml of blood sample, 

transported to plain tubes, and allowed to clot at room temperature for 30 minutes. Sera were 

parted by centrifugation until used in recognition of Cytomegalovirus by serological 

examination. Enzyme Immunoassay test kit  was used for detection of IgM and IgG percent 

(Bio check/USA).  

Results and Discussions 

Thirty serum samples of aborted and healthy women were examined using Enzyme 

Immunoassay test. The results showed that fifteen samples were positive for anti- CMV IgG 

(50%), five tested positives for the IgM (16.6%), and ten samples were negative for CMV 

(33.4%). 
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Table 1- Detection of CMV in aborted women using Enzyme Immunoassay test 

 Negative: -ve    

 

Thirty serum samples from healthy and aborted women were observed using Chemi-

Luminescence assay for detection of  anti-CMV IgG and IgM antibodies and the results  

revealed that 22 samples tested positive for IgG (73.3%) and 2 samples that tested positive for 

IgM (26.6%), with the control group containing of healthy women. 

Table 2- Detection of CMV in aborted women using by Chemi-Luminescence assay 

 

Anti-CMV IgG tested positive in 50% of cases using Enzyme Immunoassay test, while 

the Chemi-Luminescence assay showed a higher prevalence of 73.3% (Table 3). And 26.6% of 

tested samples tested were positive for IgM by chemi-Luminescence assay compared to 16.6% 

of by Enzyme Immunoassay Test. 

Table 3-Comparing detection of CMV by Enzyme Immunoassay test and chemi-Luminescence assay  

Category 

Enzyme Immunoassay test Chemi-Luminescence assay 

No. Percentage (%) No. Percentage (%) 

IgG  15 50% 22 73.3% 

IgM  5 16.6% 8 26.6% 

 

The results revealed that ages of 20 and 30 had highest abortion rates, with 66.6% for 

Enzyme Immunoassay test and 63.7% for chemi-Luminescence assay, Whereas age group of 

Enzyme Immunoassay 

test 

Patients (30) samples Control (30) samples 

No. Percentage % No. Percentage % 

IgG 15 50% 0 00% 

IgM 5 16.6% 0 00 % 

CMV (-ve) 10 33.4% 0 00% 

Chemi-Luminescence 

assay 

Patients (30) samples Control (30)samples  

No. Percentage % No. Percentage % 

IgG 22 73.3% 0 00% 

IgM 8 26.6% 0  00 % 
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31 to 40 years old had the lowest abortion percentage of 13.4% for Enzyme Immunoassay test 

and 13.6% for the Chemi-Luminescence assay (Table -4). 

Table 4- Distribution of aborted women by age group 

 

The results showed that cases resulting from a single abortion were more likely to have 

an abortion, with 53.3% of cases tested by the Enzyme Immunoassay test and 59% observed 

by the Chemi-Luminescence assay. In contrast, cases including four abortions were less likely 

to have an abortion, with the lowest percentage (6.7% for the Enzyme Immunoassay test and 

9.3% for Chemi-Luminescence assay (Table 5). 

 Table 5- Distribution of patients according to their recurrent abortion  

 

Primary pregnancy, which disturbs 14% to 16% of naturally conceived pregnancies, is a 

general time for abortions (7). An irregular uterine cavity, parental karyotypes, endocrine 

variables, infection, and/or autoimmune are all potential reasons of abortions (8). The high rate 

of CMV detection through pregnancy is a suitable tool for analyzing the relationship between 

first-trimester spontaneous abortion and infections, even though causal relationships between 

the two are hard to establish. This relationship aims to lower maternal and fetal morbidity and 

mortality (9).  

Simultaneously, TORCH showing is presently frequently and widely used in clinical 

gynecology to display for suspected cases of congenital and perinatal infections (10). However, 

it has been discovered that this screening method is limited to a small number of infectious 

agents (Toxoplasma, Rubella, CMV, and HSV) and lacks specificity and sensitivity because it 

Variables Category Enzyme Immunoassay test  Chemi-Luminescence assay 

No. Percentage (%) No. Percentage (%) 

 

 

    Age 

Groups 

 

<20 3 20% 5 22.7% 

20-30 10 66.6%% 14 63.7% 

31-40 2 13.4% 3 13.6% 

Total  15 100% 22 100% 

Variables Category 
Enzyme Immunoassay Chemi-Luminescence assay 

No. Percentage (%) No. Percentage (%) 

 

 

Abortion 

number 

 

 

Once  8 53.3% 13 59% 

Twice 4 26.7% 4 18.1% 

Thrice  2 13.3% 3 13.6% 

Four 

times  
1 6.7% 2 9.3% 

Total 15 100% 22 100% 
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depends on antibody testing (11). It is also requested at a late stage of signs (12). It should be 

noted that, utilizing identical abortion cases, this study was the first to directly compare the 

serological enzyme Immunoassay and Chemi-Luminescence assay (13).  

But both assays detected a significant amount of IgG, the Chemi-Luminescence assay 

outperformed the enzyme Immunoassay by 23%, but the IgM CMV virus was only slightly 

higher by 10% (14). Higher ratios were perceived in that report, mostly for the IgG CMV virus, 

for unclear reasons (15). Other potential contributing factors contain technical difficulties, 

specimen handling and sampling, sources of pathogen-specific antibodies, and the accuracy of 

antibody titer analyses. 11.1% of spontaneous abortion samples had CMV detected (16). This 

recommends a link between abortion and infection and an increase in seropositive CMV IgG 

(17). This could be due to CMV affects cellular metabolism and activates other viruses that co-

infect the cells, producing subclinical inflammation (18).   

As a result, Enzyme immunoassay results varied greatly between researches, whether 

conducted in the region or in Iraq (19). This suggests an absence of consistency and 

trustworthiness. Such diversity may be recognized to various stages of infection, disparities in 

the hosts' immune response to various pathogens, technological efficiency and/or accuracy of 

collecting various sample types, or data analysis methodology (20). 

All of the samples of aborted women were between 17 and 40 years old.  Ages of 20–30 

years old had the highest ratio (66.6%) for the immunoassay test () and (63.7%) for the TORCH 

test. These results were consistent with a research in Kurdistan, Iraq (21, 22) which showed that 

94% of positive results for ages 25–34. This is because younger ages (20–30) have a larger 

probability of becoming pregnant than older ages (31–40) (23).The frequency of testing four 

abortions was lower, with the lowest percentage being 6.7% for enzyme immunoassay and 9.3% 

for the chemi-luminescence test. These results were similar to those reported 67% and 54% of 

the samples had one abortion (24). In case series data analysis from several countries, 30–40% 

of newborns with BA had serological evidence of CMV infection (25). An immunoglobulin M 

(IgM) response was first seen on the hepatocyte canaliculi membranes of the newborns with 

BA in a Swedish investigation that discovered CMV DNA in half of the infants (26). It has 

been proposed that CMV IgM-positive BA is a distinct clinical entity that makes poorer than 

CMV IgM-negative BA (27). Serological analyses are highly sensitive and specific, and while 

antibody levels can decline with aging and severe immunosuppression, IgG seropositive is 

typically permanent (28).  
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These tests are used in recognition (29). Because the human cytomegalovirus can 

reactivate often during gestation and can still transmit to the fetus despite maternal immunity, 

pregnancy-related infections involving the virus are significantly more complicated than other 

diseases (30). Although the small sample size and short length of our study have limitations, it 

does detention the realities of a state. Supplementary research is requisite with bigger and more 

evenly distributed populations to confirm our results. 

 

Conclusions: 

The Chemi-Luminescence assay might be used for ideal detection of CMV-associated 

abortion in Iraqi women. Compared to women in good health, there is a higher frequency of 

anti-CMV antibodies (IgG and IgM) among women who have had abortions.  

 

Ethical Approval: 

The study was ethically approved by the Ministry of Health (decree order 4790 on 

27/11/2023). 
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Abstract 

Skeletal system dyeing is critical mode in anatomy to diagnose skeletal impairments.  The point of this paper was to 

modernization dyeing and clearing mode of mice employing Alcian Blue- Alizarin Red S.  The fetuses were, fixed, dyed, 

cleared, and preserved in glycerine with thymol crystals to prevent mold growth. This modulation stained the bone and 

the cartilage without harming the skeleton.  

Keywords: Mice; Skeleton; Alizarin Red S; Alician Blue; Double Staining. 

 

mailto:noha.h.Abdelwahhab@tu.edu.iq
mailto:reem.saud@st.tu.edu.iq
mailto:lmyaa.m.khames@tu.edu..iq


Full Text Book of MINAR Congress of Pure, Applied and Technological Sciences 12 

 
 

 

101  

 

Introduction    

Teratology, is the science that specializes in studying  the environment-induced 

impairments, this science began in the 1930s.(1). This science has recently begun  in the early 

twentieth century, and developed greatly during recent years especially  with the  progress 

taking place in genetic, molecular biology, animal laboratory science, and toxicology,.(2). 

Teratogenesis,  is devastation of  acritical number of cells oncoming  of which the fetus is able 

to return  by late  proliferation. Its critical to remember the effects of drugs on pregnancy, and  

the 6 principles of teratology:  Development stage,  end points, genetic susceptibility, 

mechanisms, dose response and access(3).  This mode of dyeing is too succeful to stain skeleton 

of young rodent and fetal(4). Many  researches registered  methods to dyeing skeletons and 

clarification of mice bone and cartilage. Inouye developed Double staining mode  in 1976(5). 

The bone genesis gets through two processes: Endochondral bone genesis gets after cells in 

mesenchymal condensations discriminate  into chondrocytes. A cartilaginous extracellular 

matrix rich in collagen(II & X) , glycosaminoglycans, and proteoglycans excreted by these cells 

. Chondrocytes submit to changes of stratified differentiation and programmed eath, enablment 

the substituation  of cartilage by bone. Conversely, mesenchymal cells mean while  

intramembranous ossification, distinction straightly into bone-formation osteoblasts (6).   

Alcian blue dyeing cartilage linked robustly to sulfated GAGs and glycoproteins as a cationic 

dye and Alizarin red dying bone, linked to cationic metals like calcium as an anionic dye, (7). 

however, This research  will exspose to view   modified double staining method for effective 

dyeing in mice fetuses skeleton 

Materials and Methods 

Mice that were used in the experiment are A Mus Musculus  fetuses. The fetuses were not 

skinned  The method Consisted of three steps: 

1. Fixation: Fetuses fixation was preformed  in 95%  ethanol   for 10 days to harding it,  

after the hardening  the fetuses placed into pure acetone 24 hours to remove fats. The volume 

of ethanol and acetone should be more than fetus volume 10 times. 

2. Staining: Staining was preformed at atemperature of 40 °C for 4 days. Staining 

solution  was prepared by dissolving Alcian blue 300 mg  in 70% ethanol 100 ml  , Alizarin 

red-s 100 mg dissolved in  ethanol 95%  100 ml mixed together  then 100 ml Glacial acetic acid 

added to the mixture and mixed with it; 1700 ml ethanol 70% was added to the solution of the 
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stain. The staining solution was used in 100 ml for each mouse fetus, the specimen were washed 

for 2 hours in tap water. 

3. Clearing : Fetuses were Placed in aqueous  KOH 2% solution  for two days and 6 

hours instead of 3 in Erdogan method, and then in aqueous solution consist of  glycerine 20% 

and   KOH 1%  until the skeletons become visible palpably. The specimen were placed in 50%, 

80% and 100% for five days instead of 7 days in Erdogan method  and preserved in 100% 

glycerine with thymol crystals to prevent mold growth. 

Result,s and Discussion 

This research considered a development of Erdogan method to staining skeleton. The 

cartilage dyeing with blue staining and the bone with red staining. Thus, we can distinguished 

deformitiese , without skinning and  harming the skeleton.  Fetauses placed in KOH 2% two 

days and 6 hours instead of 3 days in Erdogan metod because 3 days cause softness and harming 

the skeleton as in the figure(E), as we note. Potassium hydroxid was used as a degradation agent 

to influence bone tissue(8).  These modifications reduce the researcher, s time, because the time 

too expensive for researchers and efforts especially for new researchers that may be harm 

skeleton during skinning.  

 

A- Lateral view for Mus Musculus mice fetus dye employing Alizarin red- S & Alcian blue 8X 
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B- Lateral view of ribs for Mus Musculus mice fetus dye employing Alizarin red- S & Alcian Blue 8X  
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C- Lateral view for the skull and upper extremity of  Mus Musculus  mice fetus dye employing  Alizarin 

red-S &  Alcian blue 8X 
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D- Lateral view for low extremity and tail of Mus Musculus mice fetus dye employing Alizarin red-S & 

Alcian blue 8X 
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E- Lateral view for low extremity and tail of Mus Musculus mice fetus dye employing Alizarin Red-S & 

Alcian blue according to Erdogan method 8X 
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Abstract: 

A coronavirus referred to by the term SARS-CoV-2 caused the most recent contagion, which was dubbed COVID-19. It 

has been demonstrated that the Covid-19 viral illness affects a number of systems and organs, including the kidneys and 

liver. Fever, cough, and dyspnea are the most typical signs of SARS-CoV-2 infection. Methodology look into anomalies 

in the liver functional testing the serum values of Liver Function Test (LFT) which includes alanine transaminase (ALT), 

aspartate aminotransferase (AST) and alkaline phosphatase (ALP) in COVID-19 individuals as well as the usefulness of 

two markers for renal failure (urea and creatinine), besides, the level of Na and K. In addition to the estimation of serum 

lactate dehydrogenase (LDH), and ferritin. Findings demonstrated that there was a non-significant difference in 

creatinine, Na, as well as in K levels between the patient and control groups, but a very significant difference in urea 

values between the two groups. There are notable variations in the patient and control groups' blood levels of liver 

enzyme tests, such as ALT, AST, and ALP. It appears that there is a very significant difference in the Mean ± SE of D-

dimer, ferritin, and LDH between the control group and patients. The p-value reflects the degree of statistical significance 

among both of the groups. Conclusion: The best indicator of mortality was ferritin, which was followed by LDH and D-

dimer. These parameters should be carefully examined to help physicians assess primitive risks. In addition, close 

observation is likely to lower mortality. Based on the observations, the patient group's AST, ALT and ALP values in the 

serum were all higher than those of controls which indicate the significance of these parameters. These indicators may 

aid in the recognition of damage that may impact various organs within the body, thus aiding in clinical decision-making.   

Keywords: Creatinine; D-dimer; Ferritin; Inflammation; Urea.   
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Introduction 

A coronavirus referred to by the term SARS-CoV-2 caused the most recent contagion, 

which was dubbed COVID-19. COVID-19 has been officially identified by the WHO to be a 

global health crisis in March 2020 (Mohammed et al.,2022 ; Yunus et al.,2021). Positive-

stranded RNA is the envelope of coronaviruses (Mohammed et al., 2020). Fever, cough, and 

dyspnea are the most typical signs of SARS-CoV-2 infection (WHO, 2021). Additionally, there 

have been accounts of a range of systemic symptoms, including gastrointestinal symptoms 

(Cichoz-Lach and Michalak, 2021). As the number of COVID-19 instances rises, numerous 

investigations have shown that, after lung damage, the liver is the organ most frequently 

affected. Angiotensin-converting enzyme 2 (ACE2), which is highly seen in liver cells, 

cholangiocytes, and  endothelial cells of the liver, is how SARS-CoV-2 enters the target cell 

(Lei et al.,2020) . This could help to partially explain why patients who have positive SARS-

CoV-2 testing have abnormal liver function tests (Cai et al.,2020).  

It's also important to consider how immune-mediated inflammation and underlying 

chronic liver disease may contribute to abnormal liver function tests (Zhang et al., 2020) . An 

intermittent rise in ALT, and AST has frequently been linked to hepatic insult. Acute liver 

damage has, however, been identified less frequently (Li and Fan, 2020). COVID-19 infected 

patients are frequently hospitalized due to a cough, dyspnea, elevated fever, exhaustion, and 

anosmia. Respiratory distress is the primary cause of death, accounting for 2-3% of cases (Chai 

et al.,2020). Clinical manifestations of pathology can also arise in additional organs, including 

the cardiovascular system, the pancreas kidneys, as well as liver, even though pulmonary injury 

is the primary cause of clinical appearances.  

This is probably because the primary viral entry ACE two receptor, sometimes referred 

to simply as the angiotensin-converting enzyme two receptor, is shown in a number of tissues 

(Zhou et al.,2020). Hepatic injury has frequently been described. Infected liver cells and cells 

from the bile duct may harbor SARS-CoV-2, leading to aberrant functioning of the liver 

observed in these individuals, because of the receptor's shipping all over the body (Chen et al., 

2020). Severe COVID-19 cases are associated with improper liver function test results; the rate 

has been reported to be between 14 and 53%, most frequently in a hepatocellular pattern (Shi 

et al.,2020 ; Yang et al.,2020) . The objectives assess the significance of two indicators of 

kidney failure in COVID-19 patients: creatinine and urea. Secondly, to look into factors that 

affect irregularities in tests for liver function among COVID-19 patients and whether or not the 

seriousness of COVID-19 is linked to such anomalies.  
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Materials and procedures:  

Subjects and research layout:    

The current research was conducted on 140 individuals, the ages of men and women was 

between Eighteen and over seventy 110 of them belong to patients and 30 indicate the 

unaffected category, which is made up of healthy individuals who are not COVID-affected. The 

individuals were collected from Al- Sheikh Zaied hospital from the month of February, till 

April 2023. 

Blood Sample Collection: 

The subsequent biological investigations were investigated for their enzymes of the liver 

in blood  (ALP, AST, ALT) and kidney function test (Urea, creatinine, Na, K) in addition to 

the estimation of LDH, and ferritin. 5 ml of blood was obtained from each patient by puncture 

of veins via disposable five milliliter injections, subsequently we centrifuged samples at three 

thousand round per minute for ten minutes for collecting the serum. The electro-

chemiluminescence immunoassay was used to measure the blood amounts of LDH. Roche 

Cobas Integra 400 plus (Manheim, Germany: the Roche Diagnostics GmbH).  

Simultaneously, ferritin concentration was measured via a miniVIDAS instrument using 

the Enzyme Linked Fluorescent Assay (ELFA). Each patients blood specimens were fed into 

the device, and an automated calculation of the LDH as well as ferritin concentrations was 

performed.  The other tests as liver enzymes and kidney function test were also detected.  

Statistical Analysis 

The Statistical Analysis System- SAS (2018) was employed to find the impact of various 

groupings (patients and control) in research variables. The t-test was employed for contrasting 

between means. Meaningful comparison between percentages (0.05 and 0.01 probability) was 

made using the Chi-square test. Correlation coefficient was also calculated among the study's 

parameters.    

Results 

The levels of urea, creatinine, Na and K in patients as well as in controls are demonstrated 

in table 1. The results exposed a highly significant difference in urea value amongst patients in 

addition to controls, whereas a non significant difference in values of creatinine, Na and K 

between patients and control group.  
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Table 1- Comparison between control and patients groups in Kidney function test 

 

Group 

Mean ± SE 

Urea 

(mg/dL) 

Creatinine 

(mg/dL) 

Na (mmol/L) K (mmol/L) 

Control  44.39 ±3.58 1.085 ±0.07 139.59 ±3.09 4.54 ±0.30 

Patients 84.54 ±5.03 1.129 ±0.05 139.72 ±0.62 4.55 ±0.06 

T-test 15.169 ** 0.191 NS 1.860 NS 0.261 NS 

P-value 0.0001 0.643 0.889 0.963 

** (P≤0.01) Highly Significant 

NS: Non-Significant. 

           

There were a highly significant differences in the serum values of hepatic enzymes test, 

which includes ALT, AST and ALP amongst patients and control group (table 2).  

 

Table 2- Comparison between control and patients groups in Liver enzymes 

 

Group  

Mean ± SE   

ALT 

(U/L) 

AST 

(U/L) 

ALP 

(U/L) 

Control  6.62 ±0.65 17.50 ±1.26 45.93 ±4.96 

Patients 40.73 ±4.95 55.83 ±7.08 142.70 ±29.35 

T-test 14.121 ** 20.213 ** 83.752 ** 

P-value 0.0001 0.0004 0.0094 

    ** (P≤0.01) Highly Significant    

The p-value designates the statistical significance levels among the two groups, it appears 

a highly significant difference in the Mean ± SE of LDH, Ferritin and D-dimer between control 

group and patients (table 3).       

Table 3- Comparison between control and patients groups in inflammatory markers 

 

Group 

Mean ± SE   

LDH (U/L) Ferritin (ϻg/L) D.dimer (ϻg/mL) 

Control  189.40 ±11.41 97.84 ±11.41 0.490 ±0.22 

Patients 362.03 ±39.64 382.15 ±35.14 5.07 ±0.42 

T-test 113.33 ** 101.19 ** 1.223 ** 

P-value 0.0035 0.0001 0.0001 

    ** (P≤0.01) Highly Significant    

Table 4 shows the correlation coefficient (r) between study parameters in patients group, 

there is a highly significant positive correlation coefficient between Urea & Cr, Urea & D-
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dimer, ALT & AST, ALT & ALP, ALT & Ferritin, AST & ALP, AST & Ferritin and between 

ALP & Ferritin.   A significant positive correlation coefficient between Urea & Ferritin, Cr. & 

K, and between Cr. & D-dimer. A non-significant positive correlation coefficient between Urea 

& ALT, Urea & AST, Na & K, LDH & D-dimer, Ferritin & D-dimer and between Urea & ALP, 

we also observed that there was a highly significant correlation coefficient amongst Na & ALP, 

Na & Ferritin and between Na & ALT.  

A significant negative correlation coefficient between ALT & D-dimer. Also a non-

significant negative correlation coefficient between Urea & Na, Urea & K, Urea & LDH, Cr. 

& Na, Cr. & ALT, Na & LDH, Na & D-dimer, Cr. & AST, Cr. & AST, Cr. & ALP, Cr. & LDH, 

Cr. & Ferritin, AST & D-dimer, ALP & LDH, ALP & D-dimer and between LDH & Ferritin.    

Table 4- Correlation coefficient between study parameters in patients group 

 

Parameters  

Correlation 

coefficient-r 

 

P-value 

 

Parameters 

Correlation 

coefficient-r 

 

P-value 

Urea & Cr. 0.40 ** 0.0098 Na & ALP -0.50 ** 0.0009 

Urea & Na -0.26 NS 0.0944 Na & LDH  -0.04 NS 0.799 

Urea & K -0.004 NS 0.978 Na & Ferritin -0.40 ** 0.0098 

Urea & ALT 0.23 NS 0.155 Na & D-dimer -0.04 NS 0.802 

Urea & AST 0.15 NS 0.349 ALT & AST 0.92 ** 0.0001 

Urea & ALP 0.16 NS 0.332 ALT & ALP 0.77 ** 0.0001 

Urea & LDH  -0.04 NS 0.805 ALT & LDH  0.12 NS 0.438 

Urea & Ferritin 0.30 * 0.050 ALT & Ferritin 0.74 ** 0.0001 

Urea & D-dimer 0.44 ** 0.0045 ALT & D-dimer -0.35 * 0.025 

Cr. & Na -0.12 NS 0.458 AST & ALP 0.64 ** 0.0001 

Cr. & K 0.34 * 0.028 AST & LDH  0.25 NS 0.110 

Cr. & ALT -0.22 NS 0.176 AST & Ferritin 0.74 ** 0.0001 

Cr. & AST -0.14 NS 0.393 AST & D-dimer -0.24 NS 0.132 

Cr. & ALP -0.21 NS 0.185 ALP & LDH  -0.15 NS 0.344 

Cr. & LDH  -0.21 NS 0.187  ALP & Ferritin 0.44 ** 0.004 

Cr. & Ferritin -0.09 NS 0.559 ALP & D-dimer -0.15 NS 0.344 

Cr. & D-dimer 0.35 * 0.024 LDH & Ferritin -0.24 NS 0.004 

Na & K 0.02 NS 0.916 LDH & D-dimer 0.21 NS 0.121 

Na & ALT -0.48 ** 0.0015 Ferritin  & D-dimer 0.25 NS  0.112  

Na & AST -0.53 ** 0.0004 --- 

* (P≤0.05) Significant  

** (P≤0.01) Highly Significant    

NS: Non-Significant.  
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Figure 1 showing that the highest level of creatinine was in patients, while the lowest level was in 

control group 

 

 

           

 

 

 

 

 

 

In Figure 2, the maximum value of ALT was in COVID patients, while the lowest level was in 

controls 

 

            

 

 

 

 

 

Figure 3 showed that, the highest level of AST was in COVID patients  
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Furthermore, ALP was markedly raised in COVID-19 patients as in Figure 4 

 

  

 

 

 

 

 

 

The highest level of LDH was in COVID patients, while the lowest level was in controls (Figure 5)  

 

             

 

 

 

 

 

The highest level of ferritin was in patients, while the lowest level was in controls (fig. 6) 
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We observed in Figure 7, The highest level of D. dimer was in patients, while the lowest level was in 

controls. 

Discussion: 

It has been demonstrated that the Covid-19 viral illness impacts a broad spectrum of 

systems and organs, together with the liver (Salman et al., 2023).Patients infected with COVID-

19 may have liver damage due to several reasons. Hepatocyte inclusions of viruses were not 

found in biopsy of liver from a COVID-19 patient, despite substantial microvesicular steatosis 

and modest lobular as well as portal action that were compatible with either direct infection 

with a virus or drug-induced hepatic injury (Xu et al., 2020).  

According to reports, those with severe liver illness may require more intense care and 

have a higher death rate (Fan et al., 2020; Zhang et al., 2020). According to new studies, an 

autoimmune thyroiditis may develop after contracting COVID-19 (Mori and Yoshida, 2010) . 

Both Grave's disease (GD) as well as Hashimoto's thyroiditis (HT) are examples of autoimmune 

thyroid disorders (AITD) (Obaid et al.,2020). Increases in Ferritin, LDH, D-dimer, along with 

other markers of inflammation have also been seen in biomarkers in Iraqi COVID-19 patients 

(Abdul Hussein and Fadhil, 2023).  

According to our findings, COVID patients had the greatest level of AST, and the most 

frequent anomalies were raised levels of ALT and AST, both of whom pointed to hepatic 

destruction (Del Zompo et al., 2020). Both AST and ALT have been connected to increased 

functioning of the liver. It was discovered that the inflammatory indicators D- dimer, ferritin, 

along with the enzyme (LDH) levels were significant predictors of the course of the illness. The 

body's stress is reflected in an elevated level of this inflammatory biomarker, which suggests 

systemic inflammation.  
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The amount increases to an even greater degree in situations if there's greater stress, 

especially in cases of really serious patients. Because of the seriousness of the condition, this 

inflammatory indicator so indirectly reveals the body's degree of stress (Zarei et al., 2022). 

According to our research, serum ferritin levels were greater among individuals with COVID-

19 than in controls; Each of these variations had a difference that was statistically significant 

(p<0.001). One of the inflammatory indicators required to diagnose hyperinflammatory 

syndrome (HI-S) in COVID-19 infected patients is ferritin (Manson et al., 2020). Ferritin 

concentrations and the condition of the COVID-19 patient are closely correlated, according to 

a research conducted by Szarpak et al. and his coworker on twelve investigations.  

Significantly elevated ferritin levels have been linked with raised death, exposure to 

critical care units, and more severe patient conditions (Szarpak et al., 2020). Moreover, related 

research results demonstrated that the COVID-19 connection hyperinflammatory criteria 

(ferritin levels). As a modulator of immunological disorder, ferritin is extremely significant. It 

has been suggested that in cases of severe hyperferritinemia, ferritin directly exerts 

immunological suppressive and proinflammatory effects, which may contribute to the storm of 

cytokine observed in COVID-19 infected individuals. Because serum coagulation cascade 

proteins and oxides of iron interact with one another, hyperferritinemia results in regular cell 

death (RCD). Amongst COVID-19 patients, abnormalities in coagulation are extremely 

common, especially in those with the severe form of the illness  (Perricone et al.,2020). Iron 

overload may result from the virus's attack on the destruction of hemoglobin, which releases 

iron from porphyrins and discharges it into the bloodstream. Furthermore, iron is necessary for 

ATP hydrolysis, which is a need for the SARS-CoV helicases' normal function during viral 

replication  (Ma et al., 2021). Iron is probably necessary for SARS-CoV-2 viral RNA replication 

and function (Channappanavar et al., 2017) .    

It is noteworthy that monocytes are believed to be infected by SARS-CoV-2. Therefore, 

it is anticipated that increased iron buildup in monocytes will promote viral replication. 

Systemic iron overload is associated with increased levels of oxidative stress in cells, the 

production of cytokines and malfunction of the mitochondria, a marked reduction in utilization 

of O2 in cells, peroxidation of lipids, and a shift in metabolism via lactic dehydrogenase (LDH) 

from aerobic (pyruvate) to anaerobic (lactate). Our results demonstrated a substantial increase 

in D-dimer and LDH levels in serious and critically ill individuals in contrast to controls 

(p<0.001).  
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The impairment of natural anticoagulants, the breakdown of fibrin irregular thrombin 

production, and activation of coagulation have all been associated with elevated D-dimer values 

in COVID-19 patients (Zheng et al., 2020). Moreover, antibodies for phospholipids, 

coagulation disorders, and a rise in coagulation episodes in the arteries and veins, including 

brain damage, have been documented in a number of critically sick patients (Zhang et al., 2020). 

Paliogiannis et al. investigated over 1,800 COVID-19 people, which is consistent with our 

findings. They discovered that plasma concentrations of D-dimer in people infected with 

COVID-19 were considerably greater than in controls (Lippi et al., 2020). Since LDH found in 

pulmonary tissue, which is the areas primarily impacted by COVID-19, pulmonary tissue 

deterioration may be the cause of high LDH levels. Our results align with other studies that 

demonstrated elevated LDH levels were typical among COVID-19 patients (Paliogiannis et al., 

2020).  

Our findings from the kidney function test showed that those with COVID had more 

creatinine than normal. Numerous research have examined the impact of kidney function or 

creatinine level about COVID-19 death and medical effects, and they have found a substantial 

correlation among elevated concentrations of creatinine and COVID-19 seriousness and death 

(Niculae et al., 2022).     

Conclusions: 

Increasingly prevalent systemic infection, there is a notable adverse impact of COVID-

19 on the immune system. Enhanced pro-inflammatory biomarkers are a common consequence 

of COVID-19 infection. The best indicator of death was ferritin, which was followed by LDH 

and D-dimer. In addition, close observation can likely lower mortality. These parameters should 

be thoroughly examined at the beginning of the study to help physicians assess primitive risks. 

Based on the observation that the patient group's blood amounts of AST, ALT, and  ALP were 

all greater than those of the control group, we draw the conclusion that certain biochemical 

parameters are significant. These indicators may aid in the recognition of destruction that may 

impact various tissues within the body, thus aiding in clinical decision-making.    
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Abstract: 

The fundamental wavelength of a pulsed Nd:YAG laser (1064 nm) is used to generate A plasma from a solid MgO sample 

in air at atmospheric pressure. The optical characterization of thin films like transmittance and band gap energy and 

determined by UV-VIS spectrum, the transmissions in the visible region was 80%. and the band gap of the direct transition 

is 4 eV. The electron temperatures were calculated using the ratio of line intensities approach at various laser peak 

powers. The Saha-Boltzmann equation was used to derive electron densities. The impact of the peak power of the laser 

on the emission lines was examined, and only a small number of appropriate MgO lines were identified. The laser peak 

powers were changed from 22 to 11 MW, and as a result, electron concentrations of around 1017 cm-3 and temperatures 

between 0.36 and 0.44 eV were documented. 

Keywords: MgO, Band Gap; Optical; Thin Film  Plasma; Electron Density; Electron Temperature. 
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Introduction: 

Numerous practical uses have resulted from this study, including X-ray laser sources, 

pulsed laser produced plasma of solids, inertial confinement fusion, and laboratory 

astrophysics.  The process of creating plasma involves exciting the analyte with a pulsed laser 

source and then vaporising it. You can figure out what the material is made of by looking at the 

optical emission that happens when excited species relax in the plasma.  

Thermophysical features of the target and laser beam parameters (wavelength, energy, 

pulse width, and shape) determine the plasma and its properties (electrons' density and 

temperature, as well as their spatial and temporal behavior)[1,2]. Instead than focusing on the 

specific species, descriptions of plasma initially aim to describe the characteristics of the 

atomic, molecular, electron, and ion configuration. Plasma characteristics, including particle 

velocities and relative energy populations, can be defined in terms of temperature if 

thermodynamic equilibrium holds [3].  

Additionally, there are a number of spectroscopic methods that can be used to assess the 

electron temperature, a crucial plasma characteristic, including the integrated line intensity 

ratio, continuum spectral form, line intensity to underlying continuum ratio [4]. Thomson 

scattering, microwave and laser interferometry, Langmiur probe, plasma spectroscopy, and 

some of the diagnostic methods used to find the electron density [5]. As far as equipment goes, 

spectroscopy is the simplest method. Using a solid Mg target in air at atmospheric pressure, we 

analyse the Nd:YAG nanosecond laser produced plasma in this work. Additionally, the report 

details the impact of the laser's peak power on the spectral line intensities. Research on plasma 

properties like electron density (ne) and electron temperature (Te) and how they relate to laser 

peak power is also detailed here. The density of electrons was calculated using the Saha-

Boltzmann formula. The Mg I (333.06 nm) line was used to calculate the electron temperature 

using the relative intensity ratio method. 

Experimental setup: 

 To diagnose laser-induced Mg plasma using optical emission spectroscopy (OES), the 

experimental setup is schematically shown in Figure (1). We used a Nd:YAG pulsed laser with 

a fundamental wavelength of 1064 nm, a pulse duration of 9 ns, a repetition rate of 1 Hz, and 

varying laser peak strengths to ablate Mg plasma.A lens with a focal length of 10 cm was 

employed to focus the laser beam. Each laser pulse was focused on a different area of the sample 

because the Mg target was manually rotated. To capture the 320–750 nm range of plasma 
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emission from the Mg plasma plume, an ocean optics (HR 4000 CG-UV-NIR) spectrometer 

was employed. 

 

 

 

 

 

 

Figure 1- The experimental setup. 

Results and discussions: 
 

Physical attributes, like absorption, transmittance, and band gap energy, can be inferred 

from optical characteriszation of thin films using the UV-VIS spectra. Spectra of MgO film 

transmittance measured in relation to wavelength range (200-800 nm. See Figure 2 for a plot of 

transmission vs wavelength for MgO thin films. In the visible spectrum, the films' transmission 

was 0.8%. Optoelectronic devices benefit from the film's reasonably high transmittance over 

the UV-VIS regions. 

 

 

 

 

 

 

 

Figure 2- The Transmission as a function of wave length of MgO films 

Figure (3) shows that while the MgO film has strong absorption in the short wavelength 

area, its absorption decreases as the wavelength increases. 
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Figure 3- The Absorption as a function of wave length of MgO films 

The absorbance readings were used to determine the absorption coefficient (α) of the 

MgO film, which was then computed using the given equation. 

α = 2.303A/t................ (1) 

Where t is thickness of the film (120 nm) 

 

 

 

 

 

 

 

 

Figure 4- The Absorption coefficient as a function of wave length of MgO films 

The extinction coefficient (k0) is plotted against wavelength in Figure (5). An attenuation 

coefficient k between 200 and 800 nm can be calculated from a transmittance spectrum using 

the following formula:: 

k = a λ/4π............. (2) 

Figure 5 shows the relationship between the extinction coefficient (k) and wavelength 

spectra; the visible range (300 nm) is where the extinction coefficient begins to fall.  
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Fig 5- The Extinction coefficient as a function of wavelength of MgO films 

The refractive index and reflectance both behave in very similar ways. The relationship 

between wavelength and the refractive index is seen in Figure 6. By utilising the transmission 

spectrum and the formula, one can ascertain the refractive index (n).  

n = [(4R/(R-1)  )– K2  ( ] 1\2–R+1)/(R-1)]........................ (3) 

The extinction coefficient is denoted by k and the reflectance is represented by R 

 

 

 

 

 

 

 

 

Figure 6- The Refractive index as a function of wave length of MgO films 

It is possible to determine the films' optical band gaps by analysing their transmittance 

spectra. The layer thickness (t) is used in equation (1), [6], to determine the absorption 

coefficient (α). According to the given equation [7], there is a relationship between the incident 

photon energy (hv) and the absorption coefficient (α).  

(αhν) =A (hν-Eg)r …………(4) 

A is a constant that inversely corresponds to amorphousness, α is the absorption 

coefficient, and hv is the incident photon energy. The values of r can range from 1/2 to 3, 
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depending on the material and the kind of optical transition (direct or indirect). As shown in 

Figure 7, we may determine the band gap values of the MgO thin film for the direct transition 

by extrapolating the straight line section of the (αhv) 2 Versus hϽ, with r=1/2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7- The (αhν)2 as a function energy gap of MgO films 

 

As shown in figure (8), the laser-induced Mg plasma displays an optical emission spectra 

in the 320-750 nm region.In ambient air, the most significant magnesium spectral lines are 

magnesium I at 380.101 nm, magnesium II at 579.918 nm, and magnesium II at 645.35 nm. 

Additionally, we have captured low-intensity spectral lines for Mg I, Mg II, and CsI at 

wavelengths of 326.233 nm, 333.06 nm, 365.577 nm, and 533.236 nm, respectively. The 

spectral database of the National Institute of Standards and Technology (NIST) is used to 

identify the transitions [8]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8- The emission spectrum of nanosecond laser induced Mg plasma at 55 MW laser peak power. 

 



Full Text Book of MINAR Congress of Pure, Applied and Technological Sciences 12 

 
 

 

127  

 

At varying laser peak strengths, the line intensities at 326.233 nm, 333.06 nm, and 

607.326 nm were measured. Figure 9 shows that the intensities of the spectral lines are affected 

by the peak power of the laser. As the peak power of the laser increases from 22 MW to 88 

MW, the emission intensity of the spectral lines also increases. Plasma permits more extensive 

target ablation since it absorbs and is relatively transparent to laser light. Plasma height and 

plasma emission are both increased as the target ablation is increased [9].At higher laser peak 

powers, the plasma shielding effect becomes apparent, where the plasma reduces line intensities 

and blocks the laser beam, protecting the target [7]. 

 

 

 

 

 

 

 

 

 

 

 

Figure 9- Variation of emission intensity with different laser peak power. 

 

If the plasma is in LTE, the McWhirter criterion states that the electron density can't be 

lower than this: 

ne≥ 1.6×1012 Te
1/2ΔE3   (5) 

The energy difference between the states is denoted by ΔE (eV), the electron temperature is 

Te(K), and ne is the density of electrons. From the Saha-Boltzmann equation, we derive the ne 

values.:   

ne =
2(2𝜋𝑚𝑒 𝑘𝐵𝑇𝑒)

3
2⁄

ℎ3

𝐼𝑚𝑛
𝐼 𝐴𝑖𝑗𝑔𝑖

𝐼𝐼
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𝐼𝐼𝐴𝑚𝑛𝑔𝑚

𝐼 𝑒
− 

𝐸𝑖𝑜𝑛+𝐸𝑖
𝐼𝐼−𝐸𝑚

𝐼

𝑘𝐵 𝑇𝑒                 (6) 

I, the mass of an electron, h, the ionisation potential of a neutral substance in its ground 

state, Boltzmann's constant, Planck's constant, and the equation itself all contain these 

variables.Electron density of laser-induced magnesium plasma with varying laser peak powers 

is illustrated in Figure (10). As the laser's peak power increases, the electron density grows. 

This happens because free electrons in the focal volume are accelerated when a collision-

induced process is begun by irradiating a solid Mg sample with a Nd:YAG laser. These 

electrons then obtain energy through collisions with neutral atoms.The electron density 

increases in relation to the peak power of the laser because, once the electrons have amassed 

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

20 40 60 80 100 120

In
te

n
si

ty
 (

a.
u

.)

Laser peak power (MW)

MgO(326.233 nm)



XII. International Scientific Congress of Pure, Applied and Technological Sciences 

 
 

 

128  

 

enough energy, they can ionise atoms through collision. At high laser peak powers, the electron 

density drops considerably because of plasma shielding, which we've already covered. 

By comparing two lines from the same ionisation stage species, we may get the electron 

temperature  

(Te) as:Te=
E1−E2

K𝐵 ln(
𝜆2I2g1 A1
𝜆1I1g2A2

)
                     (7) 

There are three variables: the integrated line intensity (g), the likelihood of transitions 

(A), as well as the top-level statistical weight (I). In order to find the electron temperature, we 

used the ratio of the Magnesium lines' brightness at 333.06 nm and 607.326 nm in conjunction 

with equation (7). Figure (11) shows the correlation between the maximum power output of a 

laser and the temperature of its electrons. The relationship between Te and the peak power of 

the laser. Since the laser's peak power causes the target to evaporate, atomise, and ionise when 

concentrated on it, it stands to reason that the electron temperature is highly dependent on it 

[10]. 

 

 

 

 

 

Figure 10- The electron density of laser induced Mg plasma at different laser peak power. 

Conclusions 

 

This report presents the results of an optical emission spectroscopy (OES) study on laser-

induced magnesium plasma. The discussion centres on the measured emission lines from 

atomic and ionic species and how their intensities are related to the laser peak power. From the 

intensity of the Mg I lines, we were able to derive the electron temperature of the magnesium 

plasma, which was found to be between 0.36 and 0.44 eV, and electron densities on the order 

of 1017 cm-3. 
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Abstract: 

The aim of this research paper is to design a microstrip antenna capable of  changing the pass band  region and different 

applications in the ultra wide band (UWB) and has a rejection characteristics using diodes so that at conduction give a 

certain band and in the OFF state give another application which give an equivalent to two different antennas. The 

antenna is proposed to make the switching operation depending on the design equation presented in the paper (initial 

parameters) and obtaining the optimum parameters that give reflection coefficient  less than (S11<-10dB). It is found that 

proposed antenna is characterized by the following: 

1. antenna reject the bands for WLAN (3.21-3.8) and WiMAX (5.16-5.9) GHz when all the pin diodes are OFF (i.e. D1, 

D2, D3)  

2. The antenna reject the WiMAX (3.4-4.1) GHz when two diodes are in the ON state(D1, D2), and one diode is in the 

OFF state (D3) 

Finally the antenna reject the WLAN (5.26-6.5) GHz when one of the diode is in the ON state (D3) while (D1 and D2) is 

in the OFF state. Also when all the diodes are in the ON state, the antenna operate as normal UWB antenna. 

The variation of the voltage standing wave ratio (VSWR)(1:2)  with frequency and the gain with frequency are obtained. 

Also the group delay of the proposed antenna is found in the acceptable range (±3 nsec).The proposed antenna is 

Simulated using the CST-19 program. It is intended to manufacture such antenna to get the practical results using the 

Vertical network analyser (VNA) and Compare the measured and Simulation results. The results of the proposed antenna 

is compared with other paper published in the literature. 

Keywords: UWB; PIN Diode; Reconfigurable; WiMAX; WLAN; FR-4 Substrate; Reject Band; Microstrip. 
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Introduction 

The rapid development of ultrawideband (UWB) communication systems necessitates 

efficient communication devices that can operate in their unique environments, as UWB 

systems are distinguished from others by their ultra-wide bandwidth for impedance, constant 

gain, omnidirectional radiation pattern, high radiation efficiency, constant group delay, low 

profile, and ease of manufacturing. Slot antennas, one of the recently proposed antenna designs, 

are a strong contender because of their very high radiation efficiency, low dispersion, and 

simple switch integration [1-5]. 

Both the research and industrial communities have been focusing more and more attention 

increasingly to reconfigurable antennas' capacity to rapidly change their operational frequency, 

polarization, and radiation pattern.. A lot of focus has been placed on the frequency agility trait 

because of the growing need to support virtually all telecommunication standards without 

sacrificing portability, efficiency, or simplicity. Several types of switches varactor diodes, and 

PIN diodes, are used to achieve this level of flexibility [6-11]. 

As an example, Due to their desirable characteristics, planar printed UWB antennas with 

band-stop performance have been researched., which include a straightforward design, a small 

footprint, a relatively low weight, a broad operating frequency range, and a low learning curve 

for integration. The elimination of interference with certain UWB-frequency wireless systems 

can be facilitated by making their rejected bands adjustable as needed. UWB systems, which 

operate at frequencies between (3.1-10.6) GHz, the issue of interference arises because the 

UWB spectrum is shared with other technologies, WLAN (5.15-5.825 GHz) and WiMAX (3.3-

3.6 GHz) are some examples [12-16]. 

Many UWB antennas have considered adopting frequency-band-rejected function 

designs to get around the interference issue. Wideband to single and multiple band-notch 

monopole antennas are presented using a parasitic construction. The notch function is 

implemented with parasitic patches as well. A patch with slots was developed to get the band-

notch qualities demand after a band-stop filter is employed. Other methods utilized for band-

notch applications include fractal structure, defective ground structure (DGS) and pin diodes 

between slots in radiation patches or on the feed line are examples of how this is done, along 

with additional methods for switching between single and dual band-notch features[17-20]. 
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An ultra-wideband (UWB) microstrip-fed antenna is used in this paper, and its notched-

band performance can be adjusted. A reconfigurable electromagnetic bandgap (EBG) is 

integrated on both ends of a patch and center-fed line to achieve frequency agility. 

Several publications indicate that modified planar antennas with band-notched features 

can be employed to construct the frequency band-notched function. propose a compact 

reconfigurable antenna that can operate in single- and dual-band stop modes, as well as multi-

resonant. By varying the ON/OFF states of the PIN diodes, the antenna of the proposed design 

can be utilized to produce a single or dual-notch band to isolate and prevent interference in the 

UWB frequency range. The VSWR values and radiation pattern are calibrated for the relevant 

frequency range. The results of tests and modelling demonstrate the effectiveness of the 

recommended antenna arrangement for UWB applications [21–25]. 

Proposed Antenna 

On both sides of a FR-4 substrate, the suggested antenna construction with the desired 

parameters is printed with a thickness of 1.6 mm, 𝜀𝑟 of 4.3, and a loss tangent of 0.002. The 

antenna consists of an electromagnetic band gap on the middle patch of a modified rectangular 

radiating patch with a defective ground structure. that has the shape of a star (2x2)  mm2, and 

an antenna that is 40x30x1.6 mm3. The patch had two slits cut on either side, and a 0.1 mm-

thick, inverted U-shaped ring was on the feed line. As seen in Figures (1) and (2), respectively, 

To allow for frequency reconfiguration of the antenna, The antenna patch and feedline are fitted 

with three PIN diodes. With the suggested antenna, eight of these states are feasible. 

 

Figure 1- Antenna that can be reconfigured: (a) front side view(out diodes) and (b) backside view (Ground) 

and (c) front side view (with diodes)  
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Figure 2-  Reconfigurable pin diode antenna 

 

The ground has been altered with forms and star DGS to obtain the (3.1–10.6) GHz 

Bandwidth, as seen in Figure (1b). A square patch was altered to take on the shape of a star in 

the centre in order to increase the impedance bandwidth. As an extra precaution, To provide an 

increased ground plane bandwidth for UWB applications, a partial ground plane is introduced, 

with a top side curved like a modified von Koch curve [26]. After the changes were generated 

by the simulation approach, it was discovered that the size of the adjustments was essential to 

getting the intended outcome. By connecting two slot strips to the side patch, the 5.15–5.8 GHz 

band rejection may be achieved. By adding an inverted U-shaped slot to the feedline, the band 

rejection of (3.2–3.8) GHz was accomplished, resulting in UWB performance with band 

rejection in the WLAN and WiMAX bands, respectively. 

Switching operation: 

1. Lumped Network Elements [27-29]: 

Circuit configurations such as RLC Serial, RLC Parallel, and Other are referred to as 

"Lumped Network Elements", which can be used to replicate basic electronic components. 
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Commonly used in switching applications are pin diodes. These pin diodes can be used 

as open or short circuits when put at different points, which will alter the effective resonant 

length and, consequently, the operating frequency of the antenna. For pin diode switches, 

Equivalent circuits are divided into two sets: one for operation and one for idleness. Prove that 

the circuit only makes use of a low-value resistor (represented by "R") and an inductor 

(represented by "L") linked in series, just like in the RL circuit. The (RLC) circuit, in which the 

letters "L" stand for an inductor, "R" for a high-value resistor, and "C" for a large capacitor, is 

what it looks like when it is in the off state. According to the CST program's modeling, its 

parameters are C = 0.015pF, L = 0.15nh, and R = 4.7 Ω. The same circuit model's on and off 

states are shown in Figure (3). 

 

Figure 3- On and off states of an equivalent circuit model 

 

The suggested design of the antenna   

The antenna is constructed to use the following design equation to determine the 

beginning values of the parameters: [5] 

𝜀𝑟𝑒𝑓𝑓 =
𝜀𝑟+1

2
+

𝜀𝑟−1

2
[1 + 12

ℎ

𝑤
]

−
1

2
  (1) 

𝐿𝑒𝑓𝑓 =
𝑐

2𝑓𝑜 √𝜀𝑟𝑒𝑓𝑓
    (2) 

∆L, the length extension, is provided by  

∆𝐿

ℎ
= 0.412

(𝜀𝑟𝑒𝑓𝑓+0.3)(
𝑤

ℎ
+0.264)

(𝜀𝑟𝑒𝑓𝑓−0.285)(
𝑤

ℎ
+0.8)

   (3) 

The actual length (𝐿) of the patch is obtained by: 

𝐿 = 𝐿𝑒𝑓𝑓 − 2∆𝐿                 (4) 
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𝑓𝑟 =
1

2𝐿 √𝜀𝑟𝜀𝑜𝜇𝑜
=

𝑐

2𝐿√𝜀𝑟
          (5) 

The width of the patch element (W) is given by: 

𝑊 =
1

2𝑓𝑟 √𝜇𝑜𝜀𝑜
√

2

𝜀𝑟+1
     (6) 

𝐿𝑔 = 6ℎ + 𝐿     (7) 

𝑊𝑔 = 6ℎ + 𝑊     (8) 

𝑍𝑐 =
120𝜋

√𝜀𝑟𝑒𝑓𝑓[
𝑊𝑜

ℎ
+1.393+0.667 ln(

𝑊𝑜
ℎ

+1.444)]
      

𝑊𝑜

ℎ
  > 1 (9) 

𝐿𝑛𝑜𝑡𝑐ℎ =  
𝐶

2𝑓𝑛𝑜𝑡𝑐ℎ√𝜀𝑟𝑒𝑓𝑓
              (10) 

𝐿𝑛𝑜𝑡𝑐ℎ =  
𝐶

4𝑓𝑛𝑜𝑡𝑐ℎ√𝜀𝑟𝑒𝑓𝑓
              (11) 

𝜆 =  
𝐶

2𝑓𝑛𝑜𝑡𝑐ℎ√𝜀𝑟𝑒𝑓𝑓
              (12) 

Where: 

ℎ : 𝑖𝑠 𝑡ℎ𝑒 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑢𝑏𝑠𝑡𝑟𝑎𝑡𝑒. 

𝐿 : 𝑖𝑠 𝑡ℎ𝑒 𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑎𝑡𝑐ℎ. 

𝐿𝑒𝑓𝑓: 𝑖𝑠 𝑡ℎ𝑒 𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑎𝑡𝑐ℎ. 

𝑓𝑛𝑜𝑡𝑐ℎ: 𝐼𝑠 𝑡ℎ𝑒 𝑛𝑜𝑡𝑐ℎ 𝑐𝑒𝑛𝑡𝑒𝑟 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦. 

𝐿𝑛𝑜𝑡𝑐ℎ ∶  𝑖𝑠 𝑡ℎ𝑒 𝑛𝑜𝑡𝑐ℎ 𝑙𝑒𝑛𝑔𝑡ℎ. 

𝑊 : 𝑖𝑠 𝑡ℎ𝑒 𝑤𝑖𝑑𝑡ℎ 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑎𝑡𝑐ℎ. 

𝐶 : 𝑖𝑠 𝑡ℎ𝑒 𝑠𝑝𝑒𝑒𝑑 𝑜𝑓 𝑙𝑖𝑔ℎ𝑡 =  3𝑥108 𝑚/𝑠𝑒𝑐. 

𝑓0: 𝑖𝑠 𝑡ℎ𝑒 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦. 

𝜀𝑟: 𝑖𝑠 𝑡ℎ𝑒 𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑑𝑖𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡. 

𝜀𝑟𝑒𝑓𝑓: 𝑖𝑠 𝑡ℎ𝑒 𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑑𝑖𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡. 

𝐿𝑔: 𝑖𝑠 𝑡ℎ𝑒 𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑎 𝑔𝑟𝑜𝑢𝑛𝑑 𝑝𝑙𝑎𝑛𝑒. 

𝑊𝑔: 𝑖𝑠 𝑡ℎ𝑒 𝑤𝑖𝑑𝑡ℎ 𝑜𝑓 𝑎 𝑔𝑟𝑜𝑢𝑛𝑑 𝑝𝑙𝑎𝑛𝑒. 

𝑊𝑂: 𝑖𝑠 𝑡ℎ𝑒 𝑚𝑖𝑐𝑟𝑜𝑠𝑡𝑟𝑖𝑝 𝑙𝑖𝑛𝑒 𝑤𝑖𝑑𝑡ℎ. 

𝑍𝐶 : 𝑖𝑠 𝑡ℎ𝑒 𝑚𝑖𝑐𝑟𝑜𝑠𝑡𝑟𝑖𝑝 𝑙𝑖𝑛𝑒 𝑐ℎ𝑎𝑟𝑎𝑐𝑡𝑒𝑟𝑖𝑠𝑡𝑖𝑐 𝑖𝑚𝑝𝑒𝑑𝑎𝑛𝑐𝑒. 
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It is possible to determine the Suitable values for each parameter in order to produce the 

desired results. The table displays the starting and optimal parameter values. (1). 

 

Table 1- Values of the initial and Suitable parameters 

Parameters  Initial value(𝒎𝒎) Suitable value(𝒎𝒎) 

𝑊𝑠 34 30 

𝐿𝑠 42 40 

𝑊𝑝 14 13 

𝐿𝑝 16 14.5 

𝑊𝑓 3.1 2.96 

𝑊𝑔 34 30 

𝐿𝑔 42 9.75 

a 1 0.4 

b 0.4 0.1 

c 2 1 

d 1 0.8 

e 22 19.5 

𝑌0 1.5 1 

𝑌1 2.5 2 

ℎ𝑠 1.6 1.6 

ℎ𝑡 0.035 0.035 

 

 

The Results 

 

Spark that initiates the waveguide's action is supplied by a regular-sized port. 

Among the performance parameters are radiating structure, surface current, group 

latency, return loss, VSWR, and gain. 

(a) Resonant mode status Bandwidth and Loss of Return: 

Using the suggested structure and adding three-pin diodes across the radiation patch 

and feedline slots, as seen in figure 2, create a UWB antenna with single and dual band 

notches. Between radiating patches, open and short circuit behaviour can be produced by 

flipping each pin diode between its ON and OFF states. It is possible to change the 

frequency of the suggested antenna. By varying the locations of the switches, the optimal 

frequency notched bands can be produced; the suggested architecture has eight potential 

operating modes.  
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1. When all pin diodes are off, the antenna rejects the following bands for WLAN 

and WiMAX, respectively: 3.21–3.81 GHz and 5.16–5.9 GHz 

2. Only the WiMAX (3.4–4.1) was rejected (i.e., single band reject), while pin 

diodes D1 and D2 are functioning in the on state and pin diode D3 is operating in 

the off state. 

3. When pin D3 is in the on state while pins D1 and D2 are in the off state. The 

WLAN (5.26–6.5 GHz) will be rejected by the antenna. When every pin diode is 

turned on, the suggested antenna functions as a UWB. 

For this reason, the accidental symmetry does not account for the other status of 

D1, and D2 (i.e., D1 on, D2 off, and vice versa). Consequently, the four statuses shown 

in Table (2) represent the actual outcomes. Note that only D1, D2, and D3 (both ON or 

both OFF) are functional states. For each of the four effective statuses, the fluctuation of 

the reflection coefficient (S11) with frequency is depicted in Figure 4. 

Table 2- Conditions of operation for pin diodes at various resonance frequencies 

status D1 D2 D3 Band Possible in GHz 

1 OFF OFF OFF (3.21-3.81) and (5.16-5.9) band rejected 

2 ON OFF OFF not in running 

3 OFF ON OFF not in running 

4 ON ON OFF (3.4-4.1) WiMAX band reject 

5 OFF OFF ON (5.2-6 GHz) WLAN band reject 

6 ON OFF ON not in running 

7 OFF ON ON not in running 

8 ON ON ON (3.1-10.6) Ultra Wide band pass 

 

 

 

 
 

Figure 4- The S11 frequency variation for the various status 
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(b) Figure 5 illustrates how the Voltage Standing Wave Ratio (VSWR) varies with 

frequency throughout four states. It should be observed that the VSWR value is 1-2. 

Figure 5- Voltage Standing Wave Ratio (VSWR). 

 

However, Figure (6) indicates the varying values of the gain with frequency for various 

modes of operation; Table (3) displays the maximum gain value for each state 

Table 3- highest gain value in several status. 

Status highest gain value 

1 (-3.8, -2.2 and 3.8) 

4 (-0.5,3.8) 

5 (-1.6,3.4) 

8 (2.5) 

Since the antenna operates in the UWB (status 8), it is evident that the gain is positive in 

these bands, however in the notch bands (status 1,4,5) it is negative. 

 
Figure 6- Gain is in agreement with simulations 

 



Full Text Book of MINAR Congress of Pure, Applied and Technological Sciences 12 

 
 

 

139  

 

(c) Group delay 

Since Group delay is a signal distortion metric, it is expected that it will be outside the 

allowed range (±3 nsec). In status 8, the UWB group latency is (-0.3 - 0.9) nsec. The four status 

group delays are displayed in Figure (7). Because of this, the antenna's operation can be 

classified as either notch band or regular UWB, depending on the D1, D2, and D3 states. 

 
 

Figure 7- The suggested antenna's group delay 

 

The surface current distribution for various operating statuses is displayed in Figure (8). 

Figures 8a, 8b, and 8c, in that order, show the surface current distribution of status 1 with dual-

band reject (WiMAX, WLAN) and single passband (5.8-10.2) GHz. As seen in Figures 8d and 

8e, the surface current of status 4 and 5 is single band rejects (WiMAX and WLAN), 

respectively. Only the UWB operation is displayed in Figure (8f) That is, without a notch. 

Figure (8c) illustrates the uniform distribution of surface current, which is mostly concentrated 

in the feed at a passband frequency of 7.15 GHz (outside the notched band). Nonetheless, it 

should be observed that for all states, Figures (8a), (8b), (8d), (8e), and (8f) show surface current 

distributions that are concentrated close to the slot margins at the center frequencies of the 

notched band, which are (3.5) and (5.5) GHz, respectively. 
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Figure 8- The spreading of surface currents 

f) The Pattern of Far-Field Directivity Radiation 

The proposed antenna's simulated Figure 9 shows the far-field radiation patterns for four 

distinct operating states in the H-field and E-field, respectively. The H-field and the E-field are 

two examples of far-field radiation patterns that demonstrate omnidirectional bidirectional 

patterns while maintaining an approximate dipole form 

 

 
Figure 9- H-field and E-field Far-Field Radiation Patterns 
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Table 4- UWB antennas with customizable band-notches are compared in terms of their performance. 

Referen

ce 

shape size 

mm 

Band 

reject 

State 

mode 

[1] circular (70X44) WiMA

X & 

WLAN 

Single 

mode 

[2] circular (36x32) WiMA

X & 

WLAN 

multimo

de 

[4] circular (42x32) WiMA

X & 

WLAN 

Single 

mode 

[28] rectangular (20x20) WiMA

X 

Single 

mode 

Proposed rectangular (30X40) WiMA

X & 

WLAN 

Multi 

mode 

 

Conclusion: 

A notch band antenna was proposed and simulated to perform the single and dual band 

notch, the antenna size (30x40x1.6) 𝑚𝑚2 with epoxy substrate with 𝜀𝑟 = 4.3, loss tangent tan 

δ = 0.002. It was noted that the antenna provides four effective states depending on the position 

of the pin diodes. Hence acceptable results were obtained in which WiMAX, WLAN can be 

rejected and offer the passband for the other frequencies. However, the proposed antenna offers 

normal operation in terms of gain and group delay. For the future work it is intended to fabricate 

such antenna and obtain the practical results using the Vector Network Analyzer (VNA) and 

compare the simulation and practical results. The group delay can be modified using other 

connections of pin diodes. Also it is suggest to arrange the diodes to get other rejection bands 

using MIMO applications. 
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Abstract: 

The aim of this research to determine particle pollution in the University of Baghdad campus. This study was chosen as 

a result of the University of Baghdad’s location being close to sources of particulate pollution, such as the Doura refinery 

and traffic intersections that are crowded most of the time, as well as the frequent use of cars by university students and 

employees. Air samples were collected via portable particle mass counter device (Temtop) used to determine 

concentrations of total suspended particles TSP and particulate matters |PM (PM2.5 and PM10). Readings conducted in 

the first half of 2024 during day.    

Particulates matters including PM with different diameters such as particulate matter 2.5 PM2.5 μg/m3 and particulate 

matter 10 PM10 μg/m3, and larger suspended particles matters in air TSP μg/m3 during the study periods which extend 

from January to June 2024. 

The largest concentration value of PM2.5 was founded in January was 48.3 μg/m3 while the lowest one recorded in June 

was 14 μg/m3. As well as concentrations of PM10  ranged from 74.9 μg /m3 in January  to 15 μg /m3 in February, TSP 

recorded value found between 7197 and 1740 μg /m3 in January and February respectively.  

The averages of particulate matters and total suspended particles matters in some months were exceeded WHO suggested 

standards for ambient and in others months within WHO standards. This may be resulted due to the existence of relevant 

industries and crowded traffic around the campus that led to high concentrations. Therefore, effective strategies such as 

traffic management, industrial movement away from university can be effective in reducing airborne PM and TSP 

concentrations. 

Keywords: Particle Pollution; Aerosols; Campus; Particulate Matters; Crowded Traffic; University of Baghdad. 
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Introduction 

Contamination of air is a serious environmental hazard to public health. Particles 

matter is small that they sometimes can stay suspended in the air, particulate matter 

harmful atmospheric pollutant. The scientific term for particles present in the air is 

aerosols, which include liquid, solid particles, and the mix of gases that keep particles in 

suspended. To stay suspended in the air, the particles must be less than 100 micrometers; 

larger particles fast precipitate to the ground, and in general can not to be transported over 

long distances. WHO estimated that 4.3 million deaths per year worldwide are attributable 

to exposure to PM (1). Particulate matter is a complex of a wide different of chemical 

species, like heavy metals, which are not metabolized through human body and 

accumulate in the some soft tissues. Airborne particles have been produce through natural 

sources (2). Natural sources are salt of sea, volcanic eruptions and mineral dust, while 

anthropogenic sources are non-exhaust and exhaust vehicle emissions, agricultural 

activities, biomass burning and fossil fuel combustion, mining activities. As well as 

particles matter can result from gases or physical or chemical processes (3). The 

remaining per cent of particles in the air are produced by anthropogenic (Manmade), and 

emissions in some places can be very large (4).   

The aim of this paper is to determine the concentrations levels of particulate matters 

PM in ambient air of Baghdad University campus. 

Materials and Methods 

Sampling Site: 

The sampling site was at the campus of University of Baghdad (Center of the 

university), samples were collected through January – June, 2024. Three samples were 

collected from different points on random days and during the morning, except for rainy 

days. The main sources of manmade emissions in this area are traffic with industrial 

activities (3). While natural PM sources, the study area is affected from dust storms that 

Baghdad is exposed to from time to time. 

There are many methods of study the levels of particles in air, depending on the aim 

of the study and how performed (4). A measurement indicates particles number, chemical 

structure and mass. The studies that linked to public health focus on chemical structure 

of PM while studies on particles impact on the weather and climate focus on size and 

numbers of particle (5).  
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Air samples were collected from studied area by use portable particle mass counter 

device (Temtop) Figures (1) which put on 1.5 – 2 meter high above the ground surface to 

ensure accuracy in readings and avoid pollution. 

 

 

 

 

 

 

Figure 1- Portable particle mass counter device 

Effects of Meteorological Factors on PM Concentrations 

Temperature, relative humidity, atmospheric pressure, speed of wind, and direction 

of wind have been termed the important parameters in the movement of contaminants of 

air and have a huge effect on the particulate matter movement (6). When the wind speed 

is high, the high rapid and complete the dispersion of pollutants in the air (7,8). 

Meteorological factors which led to reduce of contaminants rates and chemical reactions 

and removal processes like wet and dry deposition that are important factors affecting the 

particle concentration in the air (11,12). 

Results and discussions 

Air quality variables: 

Average particulate matter concentrations PM2.5, PM10, and TSP measured during 

study period in sampling site are show in table (1) 

Table 1- Mean concentrations of particulate matter PM2.5, PM10, and TSP in sampling site 

 

 

 

 

 

Variable PM 2.5 

μg/m3 

PM 10 

μg/m3 

TSP 

μg/m3 Months 

January 48.3 74.9 7197 

February 8.6 15 1740 

March 36 50 2705 

April 26 41 3691 

May 32 44 4324 

June 14 22 2094 
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Levels of Particulate Matter 2.5 PM2.5 

Measured concentrations of PM2.5 in the first six months of 2024 in the campus, 

results found that highest concentrations are more common in January, March and May 

compared with concentrations in the rest months as shown in figure (2). The highest level 

recorded in January was 48.3 μg /m3, while the lowest value found in February was 8.6 

μg /m3. The WHO standard for PM2.5 is 25 μg /m3 for daily mean values. That means 

concentrations of PM2.5 in January, March, April, and may exceed limits of WHO. 

 

 

 

 

 

 

 

 

Figure 2- Mean concentrations of PM2.5 μg/m3 during study periods (January to June 2024) 

1. Levels of Particulate Matter 10 PM10: 

Measured concentrations of PM10 ranged from 15 μg/m3 to 74.9 μg/m3 in February 

and January respectively as shown in figure (3). The highest level recorded in January 

was, while the lowest value found in February. From results was observed that in January 

PM10 found 74.9 μg/m3 and this value exceeded WHO limits was 50μg/m3 for daily mean 

values. While in other months the concentrations within standards of WHO. Due to effects 

of weather factors 
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Figure 3- Mean concentrations of PM10 μg/m3 during study periods 

2. Levels of Total Suspended Particles TSP 

Concentration of TSP ranged from 1740 in February to 7197 μg/m3 in January. The 

results show levels of TSP in all studied months more than World Health Organization 

WHO limits150 μg/m3, this may be due to meteorological factors that effects on 

accumulation and concentration of TSP as shown in figure (4). These concentrations of 

TSP are considered in the unhealthy to very unhealthy. 

 

 

 

 

 

Figure 4- Mean concentrations of TSP μg/m3 during study periods 

Conclusion 

According to the results the highest levels of TSP, PM 10, PM 2.5 are recorded in 

January, and in general most value more than WHO and EPA standards, while in others 

months most concentrations values within standards. The increase in concentrations in 

January is due to the overcrowding of the university campus and surrounding areas with 
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traffic, as this month represents the peak time for working hours at the university, as well 

as the time for taking samples during the first hours of the day, which is considered the 

time when traffic is at its most intense, and this increases the emission of pollutants. 

As for the decrease in pollutant concentrations during the rest of the months, it may 

be due to the Iraqi government’s decision to change working hours at universities and 

ministries, which reduced traffic momentum at the intersections near the University of 

Baghdad and at the university itself. 

Particulate matter PM is a global problem, the high effective method to decrease 

particulate matter PM concentrations levels in the air is to decrease sources, therefore 

must be reducing and eliminating sources of pollution, as well as move factories and car 

garages away from residential areas to decease dangerous on public health. The issue 

requires more studies to cover more areas and then estimate the extent of the impact of 

the concentrations of these pollutants on the environment and humans alike. 
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Abstract: 

Infertility and cancer are a major public health challenge globally. Date palm pollen (DPP), the male reproductive cells 

of the palm tree's flowers, has a long-standing use as a nutritional supplement, especially as an aphrodisiac and fertility 

ameliorative. Recently, some studies have looked into its effect against some types of cancer. This study sought to assay 

the impact of DPP extract (DPPE) supplementation on the fertility of adult healthy male Swiss albino mice in vivo and 

to evaluate its cytotoxic effect against human rhabdomyosarcoma (RD) cancer cell line in vitro. Forty male mice were 

randomly divided into two groups (n=20) including control and the treatment group. DPPE   was dissolved in distilled 

water and orally given to the treatment group at a dose of 250 mg/kg once daily for 35 days while the control group 

received distilled water. At the end of the administration, serum levels of follicle-stimulating hormone (FSH), luteinizing 

hormone (LH), testosterone, estradiol, final body and male reproductive organs weights, and sperm parameters were 

evaluated. In addition, the percentage of cancer cell growth inhibition (GI) of eight concentrations in μg/ml (0.19, 0.39, 

0.78, 1.56, 3.12, 6.25, 12.5, 25) were assessed in vitro using RD cell line. DPPE dose significantly increased the weight 

of reproductive organs (prostate gland, seminal vesicle, and epididymis), sperm indices (concentration, motility, 

morphology), estradiol levels (P < 0.001), LH (P < 0.01), and testosterone (P<0.001) compared to the control group. 

Concerning the anti-tumor properties of the extract, the results showed that they were a concentration-independent effect. 

DPPE recorded the best GI values on the RD cell line in the 0.19 and 1.56 μg/ml range. This study concluded that DPP 

has a clear effect on improving the male fertility profile and development of the male reproductive system in adult male 

Swiss albino mice, in addition to its concentration-independent anti-cancer effect. 

Keywords:  Fertility;  Anti-cancer;  Infertility. 
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Introduction 

Infertility was defined as the inability to conceive and give birth after 12 months of 

unprotected intercourse. Infertility affects 10%-15% of couples [1, 2], making it one of the most 

common conditions among people between the ages of 20 and 45 years, it is a complicated 

disorder of medical and psychosocial significance [3, 4]. In one-third of infertile couples, the 

problem is with the male and nearly 50% of male infertility cases are treatable [5- 8]. 

The main causes of male infertility are some underlying problems that cause some signs 

and symptoms to appear. These conditions include genetic disorders, immunological issues, 

reproductive system diseases, endocrine disorders, lifestyle, dietary and environmental issues 

[9- 11]. Many of the factors causing infertility are acquired and develop over time. Therefore, 

it is possible to prevent or treat infertility in some cases, as many treatments (Pharmaceutical 

and Herbal Medicine) have been proposed. Recently, many isolated natural products or raw 

plant extracts have been broadly used in the treatment of male infertility, as they have been 

proven effective in treating oligospermia, sexual dysfunction, and other psychological and 

physiological disorders [12-15]. Date palm pollen (DPP) has been utilized in indigenous 

medicine in the Mideast and some Asiatic nations for many years to boost healthiness and better 

fertility in both males and females [14, 16-18]. The pharmacological action of DPP (in vitro 

and in vivo) on fertility has been assessed [19, 20]. 

DPP is a functional natural and nutritional supplement due to its great content of 

carbohydrates, proteins, vitamins, enzymes, cofactors, minerals, trace elements, organic acids, 

lipids, sterols, and nucleic acids, in addition to biologically active volatile unsaturated fatty 

acids and phenolic components, such as flavonoids, phenolic acids, which play a pivotal role 

as a powerful antioxidant and anti-cancer agent [21-27]. For the last decades, accumulating 

evidence has revealed that DPP supplementation can positively affect sperm parameters and is 

conducive to improving fertility in male rats [28-31]. Furthermore, due to phenolic compounds, 

flavonoids and anthocyanins, DPP can stimulate the activity and expression of antioxidant 

genes [32-34]. Even so, the antioxidant effect of DPP on human sperm parameters and its mode 

of action have not been well understood and documented, raising the hypothesis that DPP 

supplementation could lower ROS levels, mostly through peroxiredoxin genes. Thus, decoding 

this association potentially dispense insight into one of the molecular mechanisms of DPP in 

improving sperm parameters in infertile men.  Conventionally, DPP is believed to be an 

erogenous and fertility strengthener and has lately been specified as a conventional medicine 

for male infertility treatment [35]. The erotic impact of DPP is likely ascribed to the existence 
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of estradiol-like hormones. The pharmaceutical actions of DPP are not restricted to males, also 

it has been shown to have a gonadal stimulating effect and enhance fertility in women [36]. 

DPP has been used in the treatment of impotence and has been found to cause significant 

increases in levels of follicle-stimulating hormone (FSH) and testosterone (T) in patients with 

azoospermia and oligoasthenozoospermia respectively [37]. Many studies indicated that DPP 

has shown an action on male fertility parameters. One survey observed that DPP induced a 

significant increase in the ratio of epididymis to body weight or testis, which was concurrent 

with an increase in estradiol (E2) and testosterone concentrations in male Wistar rats [38]. 

Another clinical trial indicated that DPPE (120 and 240 mg/kg) significantly improve fertility 

parameters in adult male rats [28].  

In addition, a study conducted on adult male rats to evaluate the effect of DPP on some 

sexual behavior parameters indicated that DPP resulted in increased testicular weight and 

testosterone concentrations [39]. DPP was shown to have a preventive effect contra potential 

mechanisms of cadmium-stimulated testicular dysfunction in adult male albino rats, as oral 

consumption of DPP (240 mg/kg BW, daily for one month) significantly increased estradiol 

levels in normal rats and significantly restored testosterone levels, the weight of sexual organs, 

and sperm motility which were reduced by cadmium.. Furthermore, DPP treatment showed an 

increase in antioxidant systems in rat testes as assessed by the restoration of the levels of 

superoxide dismutase (SOD), catalase (CAT), and glutathione (GSH) [40].   

In the same context, other study investigating the therapeutic prospect of DPP contra the 

toxic actions of cadmium on the testicles of adult male Wistar rats showed that treatment with 

DPP restored spermatogenesis and mitigated the damaging effects of cadmium on testicles, 

spermatogenesis, and oxidative stress [41].  

Another study reported that date palm seed and DPPEs significantly improved aromatase, 

glutathione, superoxide dismutase, catalase, malondialdehyde, total antioxidant capacity, 

Estrogen, LH, FSH, testosterone, and sperm quality of male albino rats induced by cadmium 

[42]. In addition, a study that investigated the action of DPPE on male rats with streptozotocin-

induced diabetes detected that DPP perfected levels of testosterone, FSH, and LH and may 

defend the testicular structure [43]. A similar study indicated that suspension of bee pollen and 

DPP (100 mg/kg BW/diurnally for 4 weeks) showed anti-hyperglycemic effects by normalizing 

destructive histological changes of the testis and dysfunction of the hypothalamic-pituitary-

testicular axis, beside an amelioration in the antioxidant system in male Wistar rats with 

streptozotocin-induced diabetes [44]. Another study suggested that 5 and 10% DPPEs might be 
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beneficial for male infertility caused by diabetes [45]. Cancer is a group of diseases that develop 

over a long period, causing millions of deaths worldwide [46]. The Global Burden of Disease 

Study estimates that approximately 10 million people died from cancer in 2019. Cancer remains 

a major public health issue worldwide due to its highly aggressive nature, poor prognosis and 

low survival rate [47].  

Natural products have protruded as an indicator in the uncovering and evolution of new 

drugs, especially those for anti-cancer and anti-infective agents [48, 49]. It is worth noting that 

about 50% of anti-cancer drugs and treatments are derived either from natural sources or from 

natural products [50]. Different herbal-derived components such as polyphenols, flavonoids, 

terpenoids, alkaloids, and polysaccharides are used for diverse types of cancer and infectious 

diseases [51, 52]. Although different therapeutic approaches and interventions are accessible 

for these diseases, most of them are immedicable owing to drug resistance, in addition to the 

undesirable side effects that some natural products are not free from [53]. Therefore, the 

discovery of new plant-derived products is imperative to perfect the effect and outcomes of 

therapeutic factors in Plant-Based therapies. DPPE has been proven to have an anti-cancer 

effect.  An in vitro study showed that DPP could suppress the growth of breast carcinoma cells 

and stimulate apoptosis in dose-dependently; this activity was attributed to DPP's high content 

of bioactive compounds, including polyphenols and flavonoids. [54]. Another similar study 

reported the anti-cancer activity of DPPE on hepatocellular carcinoma cells, where was shown 

to inhibit their growth and proliferation and induce apoptosis in dose-dependently [55].  

Other studies have also confirmed the potential anti-cancer effect of DPP [56–59]. 

Nevertheless, further research is indispensable to perceive the anti-cancer mechanisms of DPPE 

and assess its safety and competence in human clinical studies. In general, these results propose 

that DPPE, as a naturalistic product may be promising for the prevention and curing of several 

types of cancer. Accordingly, the major targets of this investigation were the evaluation (in 

vivo) of the effect of DPP on fertility and development of the male reproductive system in adult 

Swiss albino male mice and to evaluate (in vitro) its toxic effect on the rhabdomyosarcoma 

(RD) cell lines. 

Materials and methods: 

1. Plant materials and extraction preparation: 

DPP plant was collected from the outskirts of Baghdad city (Iraq) in late spring 2023. 

Plant scientists (Department of Botany, Agricultural Resources and Animal Husbandry 

Research Center, University of Baghdad-Iraq) identified the plant.  50 grams of DPP grains 
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were extracted overnight in 250 ml of solvent (70% absolute ethanol) using maceration at room 

temperature. The pollen extract was filtered and then evaporated by a rotary vacuum evaporator 

at 45˚C until dry. The resultant crude extract was frozen at 4℃ until used to prepare the required 

doses and concentrations. [60]. 

2. Preparation of extract concentrations 

Stock solution of plants extracts was prepared by dissolving (1g) of plants extracts powder 

in 10 ml sterile distilled water. The plant extracts were prepared at concentration 100 mg/ml.  

3. Animals and experimental procedures 

Forty healthy adult Swiss albino male mice (muss musculs), aged 8-10 weeks, and 

weighing 23 to 28 grams were selected for this experimental study. They were procured from 

the Biotechnology Research Centre- Al-Nahrain University-Iraq. The animals were housed for 

2 weeks before the experiment in a well-ventilated room with a constant temperature of 22 ± 

3°C, a 12 h light-dark cycle, and 55% relative humidity.  

They were supplied with standard rat food pellets and tap water ad libitum. After the 

adaptation period, mice were randomly divided into two groups (n=20) including control and 

the treatment group. Ethanolic extract of DPP was dissolved in distilled water and orally given 

to the treatment group at dose of 250 mg/kg BW, while the control group received only a similar 

volume of distilled water. These treatments continued for 35 sequential days. For the DPPE to 

have an action, mice require 48-52 days for the exact spermatogenic cycle [61]. Higher than 

half of this period is requisite to ascertain the effects of DPP on fertility potential in male mice 

[29, 40].  

All experimental procedures were carried out between 8–10 am and precautions were 

taken to avert stressful conditions. All animal procedures and experimental protocols were 

approved by the Ethical Committee at the High Institute for Infertility Diagnosis and Assisted 

Reproductive Technologies-Al-Nahrain University-Iraq, and were performed following the 

directory for the care and use of laboratory animals. 

4. Collecting of blood and reproductive organ samples: 

After the experimental duration, all mice were weighed separately and sacrificed after 

being anesthetized with diethyl ether and then blood specimens were withdrawn from the aorta. 

The blood was permitted to clot in plain tubes at 25°C for 20 minutes. The serum was aspirated 
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after centrifugation (3000 rpm) for 30 minutes and stored at -20°C to measure male reproductive 

hormones. All testes, epididymis, and seminal vesicles were then eradicated and weighed.  

5. Hormones measurement: 

Serum concentrations of Estradiol (E2), and testosterone, were determined by solid phase 

enzyme-linked immunosorbent assay (ELISA), using Estradiol mouse ELISA kit, Testosterone 

rat/mouse ELISA kit, (Cat. #: DEV9999, Cat. #: DEV9911, Demeditec Diagnostics GmbH., 

Lise-Meitner-Germany) respectively. Follicle - stimulating hormone (FSH) and luteinizing 

hormone (LH) were assayed by solid-phase Sandwich Enzyme-Linked Immunosorbent Assay 

(ELISA) using mouse FSH ELISA Kit and LH Mouse ELISA Kit (Cat. #: EEL097, Cat. # 

EEL121, Invitrogen, Vienna, Austria) respectively. All procedures were achieved conforming 

to the manufacturer's prescript. 

6. Epididymal sperm parameters : 

The scrotums of the mice were opened, the testicles were removed, and the fat was 

stripped. Next, the epididymis was carefully dissociated and fractionated in Dulbecco's 

modified Eagle's medium (DMEM) containing 5% fetal bovine serum (FBS). Using sperm 

suspension, the sperm parameters analysis (count, motility, morphology) were analyzed. For 

sperm counting, sperm suspension is set in the Neubauer chamber, and the sperm are ticked off 

on the four corners of the central square using an optical microscope [62]. Using the 

Papanicolaou staining method and by application of eosin staining, sperm morphology, and 

sperm viability were examined, respectively [63].  

7. Evaluation of cell growth inhibition percentage: 

The in vitro anti-tumor activity of ethanolic extracts of DPP was performed at the 

Biotechnology Research Center (Nahrain University-Iraq). Preliminary screening of the 

cytotoxic activity of DPP grain extract was performed on RD tumor cell lines. This was applied 

under the method by Freshney, 2001 [64]. The cells (RD) were supplemented as a monolayer-

attached cell in Falcon culture flasks (25 ml) containing RPMI-1640 medium (Cat#:11875093, 

Thermo Fisher Scientific Inc., USA). After washing the cells with PBS, one ml of trypsin–

versene solution (Cat#: 15040066, Thermo Fisher Scientific Inc., USA) was added while 

continuing to shake gently to ensure the cells separated from the surface of the flask. The flask 

contents were then carried to other flask and incubated for 15 min at 37°C. Viable cell counting 

was performed using trypan blue stain (0.4%), where dead cells absorb the dye, seem blue under 

the microscope while live cells shut out the dye, and seem white. The neutral red cytotoxicity 
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test was used to perform the cytotoxicity test of the plant extract. Distilled water was used to 

dissolve the plant extract. Eight concentrations (in µg/ml) of the plant extract were prepared 

(0.19, 0.39, 0.78, 1.56, 3.12, 6.25, 12.5, 25). 0.2 ml of the cultured cells were transferred to a 

96-well microplate, each well containing 105 cells, and then 0.2 ml of the prepared plant extract 

concentrations were added. Some wells containing cultured cells were left untreated with the 

plant extract as a negative control. Cells were incubated at 37°C for three days and after washing 

with PBS solution, neutral red solution (0.8 ml) was added to each well, and then re-incubated 

at 37°C for 2 hours. Afterwards, the medium was disposed of and the wells were rewashed with 

PBS solution. 0.1 ml of phosphate buffered-ethanol (0.1 M NaH2PO4-ethanol; 1:1) was added 

to each cell. ELISA reader (492 nm wavelength) was used to read the cells, absorbance was 

recorded. The growth inhibition percentage (GIP) of the examined materials was calculated 

using the following formula: 

Growth inhibition (%) = ((Control Abs. − Test Abs.) /Control Abs.)) × 100 

Statistical analysis 

The values of the measured parameters were expressed as mean±SEM. One-way 

ANOVA and LSD post hoc tests using the SPSS software package for Windows were used to 

evaluate the statistical differences between groups. The P-value cutoff for significance was set 

at < 0.05. 

Results 

1. Phytochemical screening: 

According to the results, the phytochemical screening of DPPE revealed the presence of 

alkaloids, flavonoids, phenols, glycosides, Saponins, steroids, Tannin, and Terpenes. (Table 1)  

Table 1- Chemical detections of secondary metabolites in the DPPE 

Secondary 

Metabolites 
Reagents Indication Result of 

detection 
Alkaloids Mayer's reagent white ppt. + 

Flavonoids Ethanol with KOH yellow color + 

Glycosides Benedict reagent Red precipitate + 

Saponins shaking Extract 
ferric chloride 

foam 

white ppt. 

+ 

steroids chloroform, acetic anhydride, 

sulphuric acid 

Blue color + 

Tannin Lead acetate 1% Greenish blue + 

Terpenes 

carotenoid pigment 
chloroform, acetic anhydride, 

sulphuric acid 

brown precipitate  +            
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2. Body and reproductive organs weights: 

Table 2 represents all weights. Administration of DPPE increased significantly (p<0.05) 

the weight of the prostate gland, seminal vesicle, and epididymis by 14.27 %, 17.21%, and 15.8 

%, respectively as compared with the control group. 

Table 2- Effect of DPPE on the weight of body and reproductive organs 

Groups Final body 

(g) 

(mean+SD) 

Testes  (mg) 

(mean+SD) 

Prostate gland 

(mg) (mean+SD) 

Seminal 

vesicle (mg) 

(mean+SD) 

Epididymis  

(mg) 

(mean+SD) 

Control 

group 

 

28.5 ± 5.33a 104.22 ± 

0.03a 

42.65± 0.01a 215.79 ± 0.01a 98.35± 0.012a 

Treated  

group 

29.4 ± 7.27a 106.34 ± 

0.05a 

48.74 ± 0.03b 252.94 ± 0.05b 113.92 ± 0.013b 

 

One-way ANOVA and LSD post hoc test showed that the mean differences were 

statistically significant between values in the same column that carried diverse superscripts 

compared to the control group. (a vs b: p<0.05). 

3. Epididymal sperm parameters 

Epididymal sperm parameters are shown in Table 3 and Figures (1-3). DPPE 

administration caused a significant increase in sperm quality; concentration (P<0.01, an 

increase of 33.1%), and motility (P<0.05, an increase of 12.0 %), a significant decrease in 

immotile sperm (P<0.001, a reduction of 34.5 %) and abnormal sperm morphology (P<0.01, a 

reduction of 32.6) compared with the control group. 

Table 3- Effect of DPPE on semen parameters of male albino mice 

Groups Sperm 

concentration 

(x106 sperm.ml-1) 

(mean+SD) 

Motile sperms 

(%) 

(mean+SD) 

Immotile sperms 

(%) (mean+SD)   

    Abnormal sperm 

morphology (%) (Head 

and Tail)  

(mean+SD) 

Control 

 

186.60 ± 12.44a 73.31± 4.32a 21.42±6.20 a 4.01±3.30a 

Treated  

group 

248.37 ± 15.30c 82.11±6.43d 14.03 ±5.10b 2.70±2.90c 

 

One-way ANOVA and LSD post hoc test showed that the mean differences were 

statistically significant between values in the same column that carried diverse superscripts 

compared to the control group. (a vs b: p<0.001, a vs c: p<0.01, a vs d: p<0.05). 
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    Figure 1- Normal sperm           Figure 2- Abnormal tail              Figure 3- Abnormal head 

4. FSH, LH, testosterone and estradiol hormones: 

A statistically significant increase in LH (p<0.05, an increase of 22 %), testosterone 

(p<0.001, an increase of 35.2 %), and estradiol (p<0.001, an increase of 26.6 %) levels as 

compared to the control group (Table 4). 

Table 4- Effect of DPPE on FSH, LH, testosterone, and estradiol levels of male albino mice 

Groups FSH 

(mIU/mL) 

(mean+SD) 

LH 

(mIU/mL) 

(mean+SD) 

Testosterone 

(ng/ml) 

(mean+SD) 

Estradiol 

(nmol/L) 

(mean+SD) 

Control 

 

0.63± 1.06a 0.75 ± 0.35a 0.54 ± 1.08a 13.89±3.33a 

Treated group 0.74± 2.70a 0.92±1.59C 0.73 ± 2.96b 17.59 ±2.91d 

One-way ANOVA and LSD post hoc test showed that the mean differences were 

statistically significant between values in the same column that carried diverse superscripts 

compared to the control group. (a vs b: p<0.001 a vs c: p<0.05 a vs d: p<0.01). 

5. Cytotoxic effects of DPP (ethanolic extract) on cell lines: 

When the RD cancer cell line was treated with eight concentrations of ethanolic extract 

of DPP (0.19 to 25 μg/ml) the result (Table 5) showed a cytotoxic effect in a concentration-

independent manner. The DPPE's first and fourth concentrations (0.19 and 1.56 μg/ml) recorded 

the highest percentage growth inhibition in Rhabdomyosarcoma cell lines (53 and 51) % 

respectively. 
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Table 5- Growth inhibition of the effect of DPPE on RD cancer cell line after 72 hr. of incubation 

Extract Concentration 

(μg/ml) 

Growth inhibition % 

(Mean± SE) 

0.19 53.00 ± 1.20 

0.39 37.30 ±  2.51 

0.78 29.90 ± 1.10 

1.56 51.00 ± 2.00 

3.12 19.20 ± 3.10 

6.25 3.20 ±1.55 

12.5 16.20 ± 3.15 

25 31.9 ± 0.24 

 

Discussion 

This study was conducted to determine the effectiveness of DPPE on the fertility of 

healthy adult male Swiss albino mice (in vivo) and to evaluate its antitumor effects on 

Rhabdomyosarcoma (RD) cell line (in vitro). The current results showed that DPP gave rise to 

a significant increase in serum estradiol, LH, and testosterone values, epididymal sperm count, 

motility, and a decreased percentage of sperm abnormalities in the experimental group.  

These effects were associated with a significant increase in the weight of reproductive 

organs (prostate gland, seminal vesicle, and epididymis). Many studies, especially clinical trials 

have shown that date palm parts have a positive effect on male fertility indices. Elberry et al. 

[38], noted that DPP caused a significant increase in the ratio of epididymis to body weight or 

testis, which was concurrent with an increase in estradiol and testosterone concentrations in 

male Wistar rats. Moreover, Mehrabian et al. [28], found that after administering A. ovinus 

extract (500 mg/kg) and DPPE (120 and 240 mg/kg) to adult male rats, DPPE improved fertility 

factors, while A. ovinus adversely affected sperm parameters and gonad. Additionally, a study 

has been conducted on adult male rats to mark the effects of DPPE on some sexual behavioral 

standards. The outcomes evidenced DPPE augmented testicular weight and blood testosterone 

concentrations in tested male rats [39].  

A study by Iftikhar et al.  [31], found that DPPE enhanced testosterone concentrations 

with a synchronous increase in body weight in prepubertal rats. Khadem et al. [65], evaluated 

the protective effect of DPPE on thyroid dysfunction-induced testis dysfunction in male rats 

and found that DPPE supplementation increased sperm concentration and motility, estradiol 

(E2), LH, and testosterone in conjunction with an increase in the activities of 3-hydroxysteroid 

dehydrogenase and 17-hydroxysteroid dehydrogenase, in addition to an improvement in the 

state of antioxidants in the testicle. Mohamed et al. [44], evaluated the effect of DPP on male 



Full Text Book of MINAR Congress of Pure, Applied and Technological Sciences 12 

 
 

 

161  

 

sexual dysfunction of Streptozotocin‐Induced Diabetic Wistar rats and indicated that DPP may 

have a prophylactic effect contra diabetic-induced pituitary testicle malfunction and testicle 

histological alterations concurrent with antihyperglycaemic effects. In the same context, El-

Komy et al. [42], found that extracts of DPP and seed have a protective impact on infertility in 

male rats induced by cadmium. There was a remarkable amelioration in sperm properties, 

testosterone, estradiol, LH, FSH, SOD, CAT, TAC, GSH, Malondialdehyde (MDA), Xanthine 

oxidase (XO) activity, and testis histoarchitecture. Hassan et al. [40], found that oral 

administration of DPPE by testicular dysfunction-induced rats caused replenished sperm count, 

motility, weight of sexual organs, and level of testosterone, which were inhibited by CdCl2 

stimulation. DPP also retrieved the levels of SOD, GSH, and CAT. In the same context, DPPE 

treatment ameliorated reproductive destruction and adverse effects of cadmium on redox 

imbalance, spermatogenesis, and testicles in adult male Wistar rats [41]. 

The findings of El-Tahan et al. [45], indicated that DPPE (5 and 10%) might be 

advantageous for diabetes-induced male rat infertility. In the same context, Kazimenya et al. 

[43], reported that DPPE bettered levels of testosterone, LH, and FSH, and may preserve testicle 

structure in male rats with streptozotocin-induced diabetes. Also, the suspension of bee pollen 

and DPP (100 mg/kg BW/daily for one month) evidenced improvement in the antioxidant 

system, in addition to a hypoglycemic effect in male Wistar rats with streptozotocin-induced 

diabetes through normalization of destructive histological alterations in testis, and a defect in 

the testicular-pituitary axis [44]. 

The DPP's alcoholic extract on thyroid-induced male rat infertility showed the ability to 

restore reproductive organ weight, sperm count, and its motility, and levels of  FSH, LH, and 

testosterone, which were reduced  owing to induced hyper- and hypothyroidism [28]. In a 

similar study, DPPE showed a protective role against thyroid dysfunction-induced testis 

dysfunction [66]. The results showed that treatment with DPP prevents malformations caused 

by levothyroxine (LT4) or propylthiouracil (PTU). DPPE supplementation increased both 

motility and sperm count, levels of LH, and perfected testicular antioxidant status in normal 

rats. In addition, DPPE has been shown to cause a significant improvement in sex hormone 

disorders, testicular dysfunction, sperm quality, and testicular marker enzyme activities induced 

by hyper- or hypothyroidism [67]. 

The effect of eight different concentrations (0.19, 0.39, 0.78, 1.56, 3.12, 6.25, 12.5, 25) 

μg/mL with a period of 72 hours of ethanolic extract of DDP on the RD cell line was tested.  

The result showed that there was a dose-independent effect. The DPPE's first and fourth 
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concentrations (0.19 and 1.56 μg/ml) recorded the highest percentage growth inhibition in RD 

cell lines (53 and 51) % respectively, while other concentrations showed varying effects that 

did not depend on the dose concentration. 

Several studies have shown that DPPE possesses anti-cancer activity. In particular, a 

study by Majumder et al. [45] confirmed that DPPE could suppress (in vitro) in a dose-

dependent pattern the breast cancerous tumor and stimulate apoptosis. This study proposed that 

this effect might be ascribed to the high content of bioactive compounds, e.g., polyphenols and 

flavonoids in DPPE. Likewise, Kadry et al. [55], informed the anti-cancer activity of DPPE on 

hepatoma cells, which indicates that DPPE can suppress the growth and proliferation of these 

cells and induce apoptosis in a dose-dependent pattern. Different studies [56-59] indicated the 

potential of DPPE as an anti-cancer agent . 

In a study by Barzin et al., 2011 [68], examined the anti-mutagenicity and anti-cancer 

effect of DPP grains, the results show the average hindrance percent of DPP grains was 46% in 

the anti-mutagenicity test. The average hindrance percent of DPP grains was 49% in the anti-

cancer test. The study has revealed the anti-mutagenicity and anti-cancer effects of DPP grains. 

In addition, DPPE possesses anti-cancer effects against breast carcinoma (MDA), hepatoma 

(HepG-2), and colon carcinoma (Caco-2) cancer cell lines. It was observed that apoptosis in 

cells treated with DPPE occurred in a dose-dependent pattern, and cell cycle arrest was also 

detected. Additionally, DPPE down-regulated Bcl-2 and p21 in breast cancer cells and up-

regulated p53 and Caspase-9 [69]. 

Mostly, the previous studies suggest that DPP may be promising as a natural product for 

the avoidance and curing of several types of cancers owing to its exclusive chemical structure 

and contents that may effectually withstand cancer besides lower toxicity and undesirable 

effects compared to conventional therapies. Even so, more research is still necessary to 

comprehend and clarify the mechanisms of action of DPPE's anti-cancer activity and assess its 

safety and activity in human clinical studies . 

In general, the anti-cancer and antioxidant activities of some plant extracts are attributable 

to the biologically active compounds they contain [70]. A compound that shows anti-cancer 

activity usually has antioxidant properties. As we mentioned previously, DPP regarded as an 

effectual natural and functional dietary supplement due to its remarkable content of bioactive 

volatile unsaturated fatty acids, phenolic, and flavonoid compounds that play a crucial role as 

strong antioxidant and anti-cancer agents [71-73]. Prospective antioxidant and anti-cancer 

advantages have been suggested for phenolic phytochemicals. It is known that when normal 
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cells are injured in different ways, grow uncontrollably, or are mislocalized, they undergo 

programmed cell death [74]. An effective strategy for treating cancer is by targeting apoptosis, 

which involves changing the cell death machinery to devastate cancer cells [75]. The 

mechanisms of increased RONS resulting from oxidative stress are known to be positively 

associated with the pathology of many diseases such as cancer. Increased formation of RONS 

of endogenous or exogenous origin leads to oxidative stress due to pro-oxidant and antioxidant 

imbalance causing cellular damage in metabolism, subsequently, increasing cell inflammation, 

apoptosis, necrosis, DNA and protein cross-links, DNA base damage, mitochondrial 

malfunction, and lipid membrane peroxidation. Antioxidants can be known as a system that 

defends organism and biomolecules from the deleterious effects of free radicals, and minimizes 

or repairs the damage caused by RONS to the target molecule, this is termed antioxidant 

protection [76]. 

Conclusions 

DPP extract contains many advantageous components that play a pivotal role in fertility. 

DPP is a worthy source of macronutrients (carbohydrates, proteins, and unsaturated fatty acids), 

phytochemicals (phenolic components, such as flavonoids, phenolic acids), carotenes, 

triterpene glycosides, enzymes, cofactors, minerals, trace elements, organic acids that have a 

critical function in the body. On account of, the wide-ranging therapeutic potential of DPP, it 

may contribute to improving fertility. A positive effect on hormonal levels has been evident in 

male mice (estradiol, LH, and testosterone), weight of reproductive organs (prostate gland, 

seminal vesicle, and epididymis), and sperms (concentration, motility, viability, and 

morphology). The present study also showed that DPP extracts had a selective effect against 

RD cell lines in a dose-independent pattern. This impact can be ascribed to the synergistic effect 

of bioactive agents especially polyphenols and flavonoids present in DPP which have 

antioxidant and anti-cancer properties. Although many studies have examined the beneficial 

effect of DPP, most of these research studies were on mice, with human studies being limited. 

More research is still necessary to determine the active form of DPP and its appropriate daily 

dose to avert and handle infertility in humans, understand and elucidate the mechanisms of 

DPPE's anti-cancer action, and evaluate its safety and activity in human clinical studies.  
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Abstract: 

Numerical methods are methodologies that use purely algebraic and arithmetic techniques to approximately solve 

complex equations or systems of equations, which analytically are very difficult or even impossible to solve. The slow 

convergence of Euler's method and the restrictedness of its region of absolute stability leads us to consider methods of 

higher order to attain the convergence of the solution. At each step, Euler's method moves along the tangent of a certain 

curve that is “close” to the unknown or sought curve. Because of the method’s insufficiency, studying the Runge-Kutta 

methods that extend this geometric idea by using several intermediate derivatives or tangents instead of just one, to 

approximate the unknown function, makes up for what the Euler’s method lacks. 
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Introduction 

When a physical problem is translated into a set of mathematical equations, in order to 

study it, certain levels of uncertainty and complexity occur due to errors in the differential 

equations and therefore it is necessary to use numerical methods to solve them. Due to the 

randomness of some elements in the study of random differential equations, it is necessary to 

present sequences of second-order random variables. These variables are those whose range is 

formed by a finite number of elements, defined as  

𝛿2 = 𝐸(𝑋2) − [𝐸(𝑋)]2                                        (1) 

Convergence, continuity and mean square analyticity provide alternatives to numerical 

constructions of random initial value solutions for differential problems. Consider an initial 

value problem of the form: 

𝑋(𝑡) = 𝐺(𝑋(𝑡), 𝑡),   𝑡 ∈ 𝐼 = [𝑡0, 𝑇]̇  

𝑋(𝑡0) = 𝑋0                                                               (2) 

There are many types of numerical methods for solving initial value problems for ordinary 

differential equations such as Eulers method and Runge-Kutta fourth order method (RK4). 

Runge-Kutta method is the powerful numerical technique to solve the initial value problems 

(IVP). This method widely used one since it gives reliable starting values and is particularly 

suitable when the computation of higher derivatives is complicated. Also, this method gives 

more accuracy of the numerical results and used in most computer programs for a differential 

equation. Many authors try to spread these methods to get more accurate solution of Initial 

Value Problems (IVP) [1]. In [2,3, and 4] authors presented different orders of Runge-Kutta 

method for solving ordinary differential equation, also, they presented a comparative study on 

numerical solutions of Initial Value Problems (IVP) for (ODE). 

 An explicit Runge-Kutta method is one of these methods, it can be written as following: 

𝑆1 = ℎ𝐺(𝑡𝑛, 𝑋𝑛) 

𝑆2 = ℎ𝐺(𝑡𝑛 + 𝑐2ℎ, 𝑋𝑛 + 𝑎2,1𝑆1)     ⋮                       (3) 

𝑆𝑟 = ℎ𝐺 (𝑡𝑛 + 𝑐𝑟ℎ, 𝑋𝑛 + ∑ 𝑎𝑟,𝑗𝑆𝑗

𝑟−1

𝑗=1
) 

𝑋𝑛+1 = 𝑋𝑛 + ℎ ∑ 𝑏𝑙𝑆𝑖𝑙

𝑟

𝑙=1
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where, 

𝑋𝑛+1 = 𝑋𝑛 +
1

6
(𝑆1 + 2𝑆2 + 2𝑆3 + 𝑆4),     𝑛 = 0,1,2, ….                 (4) 

The computational cost is basically given by the number of evaluations for the function 

𝐺 in each step. Explicit 𝑟 − 𝑠𝑡𝑒𝑝 Runge-Kutta methods require 𝑟 evaluations of 𝐺. Euler 

method can be written as a 1 − 𝑠𝑡𝑎𝑔𝑒 Runge Kutta method and will therefore at each step an 

evaluation of the function 𝐺 are require. 

This research is going to focus on the standard Runge-Kutta method of order 4, which is 

possibly the best known and most used Runge-Kutta method as it maintains a good balance 

between computational cost and precision. 

Numerical Method 

 In this section we will represent a method Runge-Kutta fourth order (RK4) for solving 

initial value problem (IVP) for ordinary differential equations (ODEs). 

Theorem: 

Consider 𝐺(𝑋(𝑡), 𝑡) defined as 𝐾 × 𝐼 in 𝐿2, where, 𝐾 is a set bounded in 𝐿2 and 

𝐺(𝑋(𝑡), 𝑡) satisfies the following conditions: 

 𝐺(𝑋, 𝑡) satisfies the Lipschitz condition in mean square. 

‖𝐺(𝑋, 𝑡) − 𝐺(𝑌, 𝑡)‖ ≤ 𝑆(𝑡) ‖𝑋 − 𝑌‖                                                 (5) 

where,  

∫ 𝑆(𝑡)𝑑𝑡 < ∞
𝑇

𝑇0

 

 𝐺(𝑋, 𝑡) it is uniformly continuous and randomly bounded. 

Then, the fourth-order Runge-Kutta random scheme (4) is convergent to mean square. 

Proof: 

Under the hypotheses in this theorem, with the following error, 

𝑒𝑛 = 𝑋𝑛 − 𝑋(𝑡𝑛)                                                             (6) 

that converges to zero in mean square, where 𝑋(𝑡) is the theoretical solution of the 

following equation,  
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𝑋(𝑡) = 𝐺(𝑋(𝑡), 𝑡),     𝑡 ∈ 𝐼 = [𝑡0, 𝑇]̇ ,   𝑋(𝑡0) = 𝑋0 

and, 𝑋𝑛, 𝑛 ≥ 0 is the numerical approximation given by the fourth-order Runge Kutta 

random scheme. Whereas, 

𝑋(𝑡𝑛+1) = 𝑋(𝑡𝑛) + ℎ𝐺(𝑋(𝑡𝛼), 𝑡𝛼),   𝑡𝛼 ∈ (𝑡𝑛, 𝑡𝑛+1)                           (7) 

From equation (4), 

𝑒𝑛+1 = 𝑋𝑛+1 − 𝑋(𝑡𝑛+1) + 𝑋𝑛 − 𝑋𝑛 − 𝑋(𝑡𝑛) + 𝑋(𝑡𝑛) 

Reordering, taking norms and using equations (3), (4), and (5), 

‖𝑒𝑛+1‖ ≤ ‖𝑋𝑛 − 𝑋(𝑡𝑛)‖ + ‖𝑋(𝑡𝑛) − 𝑋(𝑡𝑛+1) + 𝑋𝑛+1 − 𝑋𝑛‖ 

 = ‖𝑒𝑛‖ + ‖−ℎ𝐺(𝑋(𝑡𝛼), 𝑡𝛼) +
ℎ

6
𝐺(𝑋𝑛, 𝑡𝑛) +

ℎ

3
𝐺 (𝑋𝑛 +

𝑆1

2
, 𝑡𝑛 +

ℎ

2
) +

ℎ

3
𝐺 (𝑋𝑛 +

𝑆2

2
, 𝑡𝑛 +

ℎ

2
)

+
ℎ

6
𝐺(𝑋𝑛 + 𝑆3, 𝑡𝑛 + ℎ)‖                                                                (8) 

By using, 

𝑀 = sup
𝑡0≤𝑡≤𝑇

‖𝑿 ̇ (𝑡)‖                                                                           (9) 

and using the hypotheses in theorem (1),  

‖𝐺(𝑋𝑛, 𝑡𝑛) − 𝐺(𝑋(𝑡𝛼), 𝑡𝛼)‖

≤ ‖𝐺(𝑋𝑛, 𝑡𝑛) − 𝐺(𝑋(𝑡𝑛), 𝑡𝑛)‖ + ‖𝐺(𝑋(𝑡𝑛), 𝑡𝑛) − 𝐺(𝑋(𝑡𝛼), 𝑡𝑛)‖

+ ‖𝐺(𝑋(𝑡𝛼), 𝑡𝑛) − 𝐺(𝑋(𝑡𝛼), 𝑡𝛼)‖

≤ 𝑆(𝑡𝑛)‖𝑒𝑛‖ + 𝑆(𝑡𝑛)𝑀ℎ

+ 𝛿(𝐾, ℎ)                                                                                          (10) 

and, 

‖𝐺 (𝑋𝑛 +
𝑆1

2
, 𝑡𝑛 +

ℎ

2
)

− 𝐺(𝑋(𝑡𝛼), , 𝑡𝛼)‖                                                                                                        

≤ 𝑆 (𝑡𝑛 +
ℎ

2
) ‖𝑒𝑛‖ +

3

2
𝑀ℎ𝑆 (𝑡𝑛 +

ℎ

2
)

+ 𝛿(𝐾, ℎ)                                                                                           (11) 



XII. International Scientific Congress of Pure, Applied and Technological Sciences 

 
 

 

174  

 

‖𝐺(𝑋𝑛 + 𝑆3, 𝑡𝑛 + ℎ) − 𝐺(𝑋(𝑡𝛼), , 𝑡𝛼)‖

≤ 𝑆 (𝑡𝑛 +
ℎ

2
) ‖𝑒𝑛‖ + 2𝑀ℎ𝑆 (𝑡𝑛 +

ℎ

2
)

+ 𝛿(𝐾, ℎ)                                                                                             (12) 

‖𝐺(𝑋𝑛 + 𝑆3, 𝑡𝑛 + ℎ) − 𝐺(𝑋(𝑡𝛼), , 𝑡𝛼)‖

≤ 𝑆 (𝑡𝑛 +
ℎ

2
) ‖𝑒𝑛‖ + 2𝑀ℎ𝑆 (𝑡𝑛 +

ℎ

2
) + 𝛿(𝐾, ℎ)                       (13) 

Substituting equations (10), (11), (12) and, (13) into equation (8) to obtain, 

‖𝑒𝑛+1‖ ≤ [1 +
ℎ

6
𝑆(𝑡𝑛) +

2ℎ

3
𝑆 (𝑡𝑛 +

ℎ

2
) +

ℎ

6
𝑆(𝑡𝑛 + ℎ)] ‖𝑒𝑛‖ + 𝑀

ℎ2

6
𝑆(𝑡𝑛)

+ 𝑀ℎ2𝑆 (𝑡𝑛 +
ℎ

2
) + 𝑀

ℎ2

3
𝑆(𝑡𝑛 + ℎ)

+ ℎ𝛿(𝐾, ℎ)                                                                                          (14) 

and taking, 

𝑎𝑛 = 1 +
ℎ

6
𝑆(𝑡𝑛) +

2ℎ

3
𝑆 (𝑡𝑛 +

ℎ

2
) +

ℎ

6
𝑆(𝑡𝑛 + ℎ)                      (15) 

with, 

𝑏𝑛 = 𝑀
ℎ2

6
𝑆(𝑡𝑛) + 𝑀ℎ2𝑆 (𝑡𝑛 +

ℎ

2
) + 𝑀

ℎ2

3
𝑆(𝑡𝑛 + ℎ) + ℎ𝛿(𝐾, ℎ)       (16) 

Equation (14) can be rewritten as: 

‖𝑒𝑛+1‖ ≤ 𝑎𝑛‖𝑒𝑛‖ + 𝑏𝑛 ,            𝑛 = 0,1,2, …                                             (17) 

and by successive substitution in equation (17) will get the following, 

‖𝑒𝑛+1‖ ≤ (∏ 𝑎𝑙)‖𝑒0‖ + ∑( ∏ 𝑎𝑗) 𝑏𝑙 ,          𝑛=0,1,2,…

𝑛

𝑗=𝑙+1

𝑛

𝑙=0

𝑛

𝑖=1

                       (18) 

To prove that 𝑒𝑛 → 0 when 𝑛 → ∞, with 𝑛ℎ = 𝑇 and ℎ → 0, suppose that the Lipschitz 

bounding function, S(t), introduced in the first condition of theorem 1, is uniformly bounded 

on the interval [𝑇0, 𝑇] so, 

𝑆 = max
𝑇0≤𝑡≤𝑇

𝑆(𝑡)  

Under this hypothesis it is satisfied, 
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∏ 𝑎𝑖 ≤ ∏ exp (
ℎ

6
[𝑆(𝑡𝑖) + 4𝑆(𝑡𝑙) +

ℎ

2
+ 𝑆(𝑡𝑙) + ℎ])                

𝑛

𝑙=0

𝑛

𝑙=0

≤ ∏ exp (
ℎ

6
[𝑆 + 4𝑆 + 𝑆]) = ∏ exp(𝑆ℎ)

𝑛

𝑙=0

𝑛

𝑙=0

= 𝑒𝑆(𝑛+1)ℎ                                           (19) 

 

Where in the first dimension we have applied the following inequality: 1 + 𝑥 ≤ 𝑒𝑥, 𝑥 ≥

−1. Applying that 𝑆(𝑡) ≤ 𝑆, ∀𝑡 ∈ [𝑇0, 𝑇], from equation (16), the following limitation is also 

satisfied, 

𝑏𝑛 ≤ 𝑀
ℎ2

6
𝑆 + 𝑀ℎ2𝑆 + 𝑀

ℎ2

3
𝑆 + ℎ𝛿(𝐾, ℎ) = 𝑀ℎ2𝑆[1.5] + ℎ𝛿(𝐾, ℎ)

=
3

2
𝑀ℎ2

+ ℎ𝛿(𝐾, ℎ)                                                                                                           (20) 

Now substituting the dimensions (19) and (20) in (18), with 𝑒0 = 0, and equation (19) 

applied to a product that has 𝑛 − 𝑙 factors, 

‖𝑒𝑛+1‖ ≤ ∑( ∏ 𝑎𝑗)𝑏𝑙 ≤ ∑ 𝑒𝑆(𝑛−𝑙)ℎ(
3

2
𝑀ℎ2𝑆 +

𝑛

𝑖=0

𝑛

𝑗=𝑙+1

𝑛

𝑙=0

ℎ𝛿(𝐾, ℎ)) 

= (
3

2
𝑀ℎ2𝑆 + ℎ𝛿(𝐾, ℎ)) 𝑒𝑆𝑛ℎ ∑ 𝑒−𝑙𝑆ℎ

𝑛

𝑙=0

= (
3

2
𝑀ℎ2𝑆 + ℎ𝛿(𝐾, ℎ)) 𝑒𝑆𝑇

1 − 𝑒−𝑆(𝑛+1)ℎ

1 − 𝑒−𝑆ℎ
                 (21) 

where in the last step we have used that 𝑛ℎ = 𝑇, and that, 

∑ 𝑟𝑙 =
1 − 𝑠𝑛+1

1 − 𝑠 
 ,    𝑠 = 𝑒−𝑆ℎ

𝑛

𝑙=0

      

By using 𝑛ℎ = 𝑇, and (21) can be written as follows, 
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‖𝑒𝑛+1‖ ≤ (
3

2
𝑀ℎ𝑆 + ℎ𝛿(𝐾, ℎ)) 𝑒𝑆𝑇

ℎ(1 − 𝑒−𝑆𝑛ℎ𝑒−𝑆ℎ)

1 − 𝑒−𝐾ℎ

= (
3

2
𝑀ℎ𝑆

+ ℎ𝛿(𝐾, ℎ)) 𝑒𝑆𝑇
ℎ(1 − 𝑒−𝑆𝑇𝑒−𝑆ℎ)

1 − 𝑒−𝑆ℎ
                                                                     (22) 

By using L'Hôpital's rule, will have, 

lim
ℎ→0

ℎ(1 − 𝑒−𝑆𝑇𝑒−𝑆ℎ)

1 − 𝑒−𝑆ℎ
= {

0

0
} = lim

ℎ→0

(1 − 𝑒−𝑆𝑇𝑒−𝑆ℎ + ℎ𝑆𝑒−𝑆𝑇𝑒−𝑆ℎ)

𝑆𝑒−𝑆ℎ
=

1 − 𝑒−𝑆ℎ

𝑆
             (23) 

With, 

lim
ℎ→0

(
3

2
𝑀ℎ𝑆 + ℎ𝛿(𝐾, ℎ)) = 0                                                                       (24) 

given that 𝛿(𝐾, ℎ) → 0 when ℎ → 0. 

Therefore, taking limits when ℎ → 0, 𝑛 → ∞ with, 𝑛ℎ = 𝑇, in (22), and using (23) and 

(24), it follows that ‖𝑒𝑛+1‖ → 0 when 𝑛 → 0, which proves the convergence of the Runge-

Kutta method. 

Conclusion 

The slow convergence of Euler's method and the restrictedness of its region of absolute 

stability leads us to consider methods of higher order to attain the convergence of the solution. 

At each step, Euler's method moves along the tangent of a certain curve that is “close” to the 

unknown or sought curve. Because of the method’s insufficiency, studying the Runge-Kutta 

methods that extend this geometric idea by using several intermediate derivatives or tangents 

instead of just one, to approximate the unknown function, makes up for what the Euler’s method 

lacks. From the method it has been concluded that the fourth order Runge-Kutta method is the 

best choice as it provides small margins of error with respect to the actual solution of the 

problem, with the advantage that it is easily programmable in software to perform the necessary 

iterations. 
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Abstract: 

The process of algae culturing is an important field in the biological applications of algae which is considered the crucial 

material for the production of bioactive compounds. It is also a basic organism in modern biological applications 

particularly of sustainable development; for instance, biofuels, bio fertilization, antibiotics, and pollution treatment. 

Hence, the present study aims to find economic and easy culturing conditions for algae. The nutrient medium is regarded 

as one of the most important influences on algae growth. The new medium supplemented with simple components 

(chelating elements) showed success in growing of Cosmarium and Diatom algae compared to the standard medium used 

Chu10, and the differences were clear in those which were separately grown for (15) days. The medium supplemented 

with chelating elements at a concentration of 2 ml/ 1 L recorded superior growth in Cosmarium algae based on the 

optical density at the wavelength of 436 nm, with the highest growth density (0.549). Whereas the standard Chu10 medium 

was (0.521), as well as the growth levels of Diatom algae were closed. The standard medium (Chu10) with the medium 

supplemented with chelating elements at a concentration of 2 ml/ 1L, were recorded (0.486) and (0.430) respectively. 

Thus, the results refer to the necessity of using other concentrations of these chelating elements in order to study their 

effect on algae development, and to depend on them as an economic alternative compared to the other growth methods.     

Keywords: Economic Growth Medium; Chelating Elements; Cosmarium, Diatoms.    
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Introduction 

Algae, specifically macro algae and microalgae, are photosynthetic organisms. Macro 

algae are visible to the naked eye, while microalgae are too small to be seen without a 

microscope. Both types of algae may be found in aquatic environments, including fresh and 

marine water[1]. Microalgae are unicellular organisms categorized as diatoms 

(Bacillariophyceae), green algae (Chlorophyceae), and cyanobacteria (Cyanophyta). [2]. Algae 

can be regarded as a raw material for biofuel and other industrial byproducts. Additionally, 

algae have potential uses in pharmaceuticals, cosmetics, nutraceuticals, and the biofuel 

industry. [3]. In this study, we used two algae (Cosmarium and Diatoms) for testing efficiency 

of this new mixture of chelating elements coupled with glycerin. Cosmarium, Division: 

Chlorophyta, Class: Zygnematophyceae, Order:Desmidiales Family:Desmidiaceae[4]. 

The Desmidiaceae It consists of two large green plastids in each half of the cell. The 

plastid has radial protrusions and in its middle there is a pyrenoid starch formation center. The 

nucleus is located in the waist area between the two halves of the cell, and one or more gaps.It 

reproduces in two ways: vegetatively (cell division) or sexually (conjugation) [5]. 

Diatoms possess a distinctive cell wall made of silica, which is referred to as a frustule. 

[6]. Diatoms are a highly successful group of single-celled creatures that use photosynthesis 

and belong to the domain of eukaryotes. Diatoms are a highly diversified category consisting 

of over 200 genera and encompassing around 10-12 thousand documented species. [7]. 

Plant nutrients are crucial environmental variables that are necessary for the growth and 

development of crops. Micronutrients such as iron (Fe), manganese (Mn), zinc (Zn), and copper 

(Cu) undergo oxidation or precipitation in soil, resulting in their inefficient usage. Chelated 

fertilizers have been created to enhance the efficiency of micronutrient utilization. This 

publication offers a comprehensive introduction to chelated fertilizers and the factors to 

consider when using them in commercial crop production. It is intended for county Extension 

instructors, producers, and students with an interest in this field. [8].  

In most cases, the commonly used iron source for cultivating algae is 

Ethylenediaminetetraacetic acid ferric sodium salt (Fe-EDTA), which is considered the industry 

standard. The pH and light intensity conditions during algal formation are not conducive to 

preserving the integrity of the Fe-EDTA complex. Therefore, the availability of iron becomes 

the primary factor that limits growth. Several growth investigations and biomass assessments 

were carried out using various iron chelating agents in controlled settings. The control iron 
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source employed was Fe-EDTA in order to assess any potential benefits of the test chelates. 

The results indicated that chelating agents with greater stability constants than Fe-EDTA 

exhibited slower initial growth in short-term tests. Similarly, iron chelating agents with a 

stability constant similar to or lower than Fe-EDTA showed comparable results. Significant 

enhancements in the development of algae over lengthy periods (>7 days) were reported when 

using more stable chelates, specifically Chlorella vulgaris and Spirulina platensis. Enhancing 

the pH and light stability of chelating agents used as iron sources can effectively postpone the 

occurrence of iron deficiency situations. Optimized iron chelation in commercial batch 

operations might potentially offer advantages such as increased growth between cleanouts, 

enhanced lipid and biomass output, and potential savings of raw inputs. [9]. 

Methods of Experiment 

1. Algal liquid growth medium (Chu 10 medium) preparation: 

A modified Chu 10 liquid medium for algal development was made using the specified 

proportions of the content, with Material Weight (g/L) as the unit of measurement. The 

composition of the solution is as follows: 0.4 M Ca(NO3)2, 0.1 M K2HPO4, 0.2 M Na2CO3, 

0.25 M MgSO4.7H2O, 0.25 M Na2SiO3, and 0.005 M Ferric Ammonium Citrate [10].The 

constituents are dissolved in one liter of distilled water. Subsequently, the pH of the solution is 

adjusted to a range of 7.6-7.8 using a pH-Meter. The pH value is then equalized by adding dilute 

solutions of NaOH (0.1 N) and HCL (1 N). The prepared medium is evenly spread onto the 

flasks using aluminum paper. The aluminum is sterilized using an autoclave at a temperature 

of 121°C and a pressure of one atmosphere for a duration of 20 minutes. [1]. 

2. Resource and algal isolates detection:  

A laboratory sample of Cosmarium and Diatoms algae was acquired from the Scientific 

Education Research Unit for Pure Sciences/Algae Research .Subsequently, the sample was 

scrutinized using a light microscope to verify the presence of the thallus, and photographic 

documentation of the sample was obtained. The algae were cultivated in 250 ml glass flasks 

using a sterile medium called Chu 10, along with a supporting media consisting of 5 ml of 

supporting materials per 100 ml of medium. Subsequently, following a week of development, 

the inoculum was extracted and transferred to uncomplicated photo reactors with a volume of 

1 liter. The incubation process was conducted at a temperature of 25±2°C and a lighting 

intensity of 2500 lux. The air supplied during incubation was filtered using a 0.45 mm filter 

and a blower gas, as depicted in Figure. (1). 
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A fertilizer has been prepared that is added to the algae growth media to enhance its 

growth. It is composed of several elements such as Zinc, manganese, copper, chelated bi 

ethylene diamine tetra acetic acid. EDTA , in addition to potassium nitrate and glycerin.  

 After preparing the chelated elements, they are dried and weighed In calculated quantities 

and dissolve them with distilled water to obtain agricultural fertilizer containing the following 

proportions:  

13%EDTA -Zn , 15%EDTA -Mn , 13%EDTA -Cu , 10% glycerin , and 3%  potassium 

nitrate . Ponds containing algae are fertilized in a proportion 5 ml / 20 L Over the course of 

couple weak we notice its significant growth. 

The chelated elements were prepared by thermal sublimation for 3 hours for sodium ligand 

ethylenediaminetetraacetic acid with calculated amounts of the elements… dried and weighed 

to be used to prepare fertilizer. 

 

 

 

 

 

 

 

Figure 1- A simple photoreactor 

3. Algal detection 

Algae growth in a photobioreactor was measured for Cosmarium and Diatoms algae using 

a spectrophotometer at various absorption lengths (436nm) based on different sources. [9], The 

identification of the algal samples was carried out by the utilization of references for algae 

classification. [10,11]. 
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Results and Discussion: 

Cosmarium alga is a solitary desmid that is seen freely floating in freshwater ponds, 

alongside other types of algae[5]. Therefore, our investigation extracted samples from the wells 

of the household reservoir.Cosmarium is composed of a diminutive and planar cell. This study 

employed various varieties of algal thallus, including Cosmarium, a unicellular Chlorophyta, 

and Diatoms, which are simple unbranched filaments (Figure 2). 

  

Cosmarium Diatoms 

Figure 2- Microscopic image for algal samples 

1. Growth estimation: 

Algae culture growth 

 The discrepancy in culture media between the first and second week resulted in a minor 

increase in cell density. This change may be attributed to the achievement of a consistent growth 

rate at 14 to 30 days of culture in a photo bioreactor, with an absorption length of 436 nm. Fig.3.  

Figure 3- Growth of algae after 30 days left (Chu10) right (Chu10+supporting elements(SE)) 

 

  

(Chu10 medium) Chu10+supporting elements(SE) 
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Determination of algae growth by optical density (O.D.) 

The obtained data after culture periods Figure 4,5 , refers to growth value of each alga.The 

growth density differed according to media content too beside the differ between algal species. 

Water alone and with SE used too to compare with Chu10 standard media.  

  The results of Tables (1) and (2) show that there is variation in the growth of the algae 

under study in the new culture media used, as well as the results of its growth with the standard 

liquid Chu10 medium. 

Table 1- Shows the absorbance values of Cosmarium alga growth in different agricultural media 

Growth as Optical Density(O.D.) at 436 nm Medium type 

100 ml (medium)+  

µl (SE) 

30 days 15 days 7 days 

0.419 0.521 0.401 Chu 10 

 

0.159 0.273 0.134 Water 

 

0.422 0.493 0.284 Chu10 +  100 µl SE 

 

0.411 0.549 0.256 Chu10 + 200 µl SE 

 

0.144 0.247 0.174 Water + 100 µl SE 

 

0.205 0.270 0.106 Water + 200 µl SE 

 The results of the table showed that there was variation in the growth of Cosmarium moss 

in different cultural media, and that these media were an excellent alternative to the standard 

medium Chu 10, as the moss showed excellent growth in general in the second week in general, 

and the highest growth was in the standard medium with the addition of chelating elements at 

a concentration of 200  Microliter in the second week, with the highest growth density (0.549), 

exceeding the standard medium (0.521), followed by the standard medium with the addition of 

chelating elements at a concentration of 100 microliters, with a density of (0.493). Also, the 

rest of the media had good growth of the algae.Fig.4 

 

Figure 4- Cosmarium alga growth in different agricultural media 

 

 

 

 

 

 

Chu10 Chu10+100 µl SE Chu10+200 µl SE 
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Table 2- Shows the absorbance values of Diatom growth in different cultural media 

Growth as Optical Density(O.D.) at 436 nm Medium type 

  

100 ml (medium)+  

µl (SE) 

30 days 15 days 7 days 

0.364 0.486 0.444 Chu 10   

  

0.143 0.221 0.132 Water 

 

0.336 0.35 0.28 Chu10 +  100 µl SE  

  

0.375 0.430 0.386 Chu10 +  200 µl SE  

  

0.191 0.366 0.165 Water + 100 µl SE 

   

0.364 0.486 0.118 Water + 200 µl SE 

   

 

 

 

 

 

 

 

Chu10 Chu10+100 µl SE Chu10+200 µl SE 

Figure 5- Diatom growth in different cultural media 

The results of Table (2) showed that the best growth of the diatom was in the two weeks, 

where it outperformed the standard medium and distilled water supplemented with chelating 

agents at a concentration of 200 microliters, with an optical density of 0.486), followed by the 

growth of the diatom in the standard medium supplemented with chelating agents at a 

concentration of 200 microliters, where it recorded (0.430) and approximately  Water and 

standard medium supplemented with chelating agents at a concentration of 100 microliters had 

an optical density of 0.366 and 0.35, respectively, while distilled water alone had the least 

growth (0.221). 

Given the importance of microalgae, which has recently become a promising source in 

the production of biofuels, antibiotics, and various by-products, it is necessary to develop this 

source and study the cost of its production. Many sources have been found to describe the 
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requirements of agriculture and development, but there are a limited number that discuss the 

cost of agriculture and obtaining an abundant product from it using few alternatives cost. 

This study agrees with [12], as the highest growth rate of Cosmarium was reached in the 

second week in the standard medium with a growth density of (0.637).The results of [9] showed 

good initial growth in the medium supplemented with iron chelated in Fe-EDTA.  Extended 

investigations (7 days) revealed substantial and enduring enhancements in algal growth when 

examining Chlorella vulgaris and Spirulina Platensis. Utilizing chelating agents to optimize the 

growth source can yield many benefits, including enhanced growth and elevated amounts of 

lipids and biomass. An optimal solution is to utilize chelating compounds, which have garnered 

increased interest due to their highly interactive nature with metal ions, resulting in a 

modification of their solubility in algae. Three often employed chelating compounds are 

ethylenediaminetetraacetic acid (EDTA), citric acid, and nitrilotriacetic acid (NTA). [13].  [14] 

used EDTA to generate low ash in algal biomass. Ethylenediaminetetraacetic acid (EDTA) is a 

synthetic chelating chemical that is frequently utilized as a necessary nutrient for microalgal 

metabolism. Fe-EDTA is commonly employed to keep iron in solution for the purpose of 

cultivating microalgae. This utilization of Fe-EDTA has opened up the possibility of enhancing 

microalgae cultivation, hence boosting production efficiency in photo bioreactors [15] . 

EDTA has been used as a metal chelator in hydroponics or microalgae growth media for 

coastal algae such as Heterosigma akashiwo, Prymnesium parvum and Skeletonema 

marinodohrnii improve the growth of these algae [16,17] It has been proven that the green 

marine algae Tetraselmis suecica and the diatom  nare able to grow in a medium containing 

glycerol, glucose and acetate[18]. 

There are several attempts to find different media in order to increase the biomass of 

algae, including growing algae in NPK bio fertilizer media alone and not as an improver of the 

existing standard media. [19] compared the use of NPK media (20:20:20+TE) to grow one 

species.  Of the algae, which is Chlorella, the use of this medium was better in growing algae 

than Chu 10 medium. A comparison between the types of media used in growing algae and 

cyanobacteria was also used before [20] 

In a study [21], it was found that the best growth of the cyanobacteria Chrococcus was in 

(BG-11) medium compared to Chu 10 medium, with the formula and (BG-11) medium. All of 

these media are artificial and have a cost in preparation, in addition to the presence of prohibited 

materials are rarely traded. There is no study that used multiple types of NPK fertilizers with 

varying proportions of elements. Confirmatory experiments have indicated that the lack of 
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stability of Fe-EDTA over extended tests is the primary factor that restricts the availability of 

iron, leading to subpar performance. [9].  

Conclusion 

The field of algae cultivation and development is one of the most important axes for 

obtaining the algae biomass, which is the main raw material for all algae bio application 

research and recently it is considered the most important sustainable renewable sources. 

Therefore, algae development research has great importance in achieving sustainability and 

modern applied research. Hence the importance of obtaining an economic medium for 

producing biomass in a short period. The use of chelated iron with the most important nutrients 

used in this research (SE) as a support medium for the standard nutritional medium (Chu10) as 

well as a support medium when experimenting with the use of sterile water is a new experiment 

added to the algae development experiments referred to in algae development and cultivation 

research in order to reach useful results in this field the support medium (SE) at a concentration 

of 2 ml/L with the standard medium for development (Chu10) showed superiority in the growth 

of Cosmarium algae during a period of 15 days compared to the standard medium alone, and 

the concentration of 1 ml/L for the support medium was superior to the normal one during a 

period of 30 days of cultivation for the same algae. As for the Diatoms algae, the best growth 

was recorded for them during a period of 30 days with the support medium at a concentration 

of 2 ml/L added to sterile water and during the two growth periods of 15 and 30 days. The 

results show that adding the support medium had an effect in improving the growth of the two 

algae under study, whether by adding it to the water or to the standard algae medium, as the 

growth of Cosmarium increased in the standard medium with support medium, while the 

growth of Diatoms increased in the water to which the support medium was added, due to the 

effect of the type of algae that determined the most suitable medium for growth. However, in 

both types, adding the support medium had a positive effect on growth, so it is recommended 

to use it and try other nutritional media with it and test other concentrations added from it and 

study the optimal concentration for growth of these algae and other new algal genera. 
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Abstract: 

Propolis, also known as bee glue, is a resinous substance collected by bees from plants. It contains phenolic compounds 

and flavonoids, with antibacterial , antifungal and antioxidant properties, traditionally used to support immunity and 

treat infections. The present study aimed to the assessment the role of propolis extracts (aqueous and alcoholic) and 

vitamin E in the prevention of atherosclerotic diseases in male rats exposed to oxidative stress . Blood samples were 

taken from rats exposed to oxidative stress induced by hydrogen peroxide after the end of the experiment period (21 days) 

for laboratory analysis to observe the effect of these extracts and vitamin E on some physiological and biochemical 

variables such Lipid profile include cholesterol(Chol) , triglycerides (TG), low density lipoproteins (LDL-C), very low 

density lipoproteins (v LDL-C), high-density lipoproteins (HDL-C) and atherogenic indicators (AIP) . The results of the 

current study showed a significant increase in (p≤0.05) in the concetration of Chol , TG ,LDL-C , vLDL-C , atherogenic 

indicators ,Urea, and Creatinine level  and it showed decrease in the level of HDL-C , While the treatment with propolis 

extracts and vitamin E led to a significant decrease in the concetration of Chol , TG ,LDL-C , vLDL-C , atherogenic 

indicators ,Urea, and Creatinine level  and it showed decrease in the level of HDL-C in the propolis treatment groups, 

which confirms the positive role of  Propolis in the prevention of atherosclerosis, and that this role is affected by the type 

of solvent used in the preparation of the extract has shown the extract prepared with ethanol a more positive role in the 

variables studied when compared to the extract prepared with  water.     

Keywords: Propolis; Atherogenic Indicators; lipid profile; Antioxidant. 
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Introduction  

Propolis is one of the most important products of the honey bee and is characterized by 

its various medicinal effects It is defined as a resinous substance consisting of a mixture of 

different plant parts and molecules secreted by honey bees Apis melifera, while chemically it is 

described as a complex matrix containing biologically active parts  It includes within its 

composition more than 824 compounds [1] that are responsible for its various biological 

activities and potential therapeutic properties [2] such as its antioxidant activity [3], its anti-

atherosclerotic activity and its ability to prevent other cardiovascular diseases through several 

mechanisms, the most important of which is improving the lipid profile in plasma [4] 

Regulation of metabolism, Reducing blood glucose level, reducing insulin resistance, Positive 

effect on the intestinal microflora [5], Regulation of gene expression, Prevention of cytokines 

activity and accumulation as well as its role in reducing endothelial dysfunction [6]. 

All of the above mechanisms contribute to reducing the lesions of atherosclerosis, which 

is defined as a chronic disease that occurs as a result of the accumulation of fat in the layers of 

the walls of the large and medium arteries, except for the outer layer, producing a decrease in 

the diameter of the lumen of the artery [7]. It is one of the leading causes of 80% of deaths in 

developed countries [8] and occurs as a result of the oxidation of LDL-C and their aggregation 

under the inner lining in its oxidized form OX-LDL [9]. They are devoured by phagocytes, 

turning them into foam cells loaded with fat [10]  . Vascular sclerotic lesions occur as a result 

of the accumulation of free radicals and the occurrence of oxidant that causes the accumulation 

of foam cells [11]. 

 Based on the above, the study aimed to :  

1. To evaluate the efficacy of both extracts in mitigating damage caused by hydrogen 

peroxide. 

2. To compare the protective effect of aqueous and alcoholic propolis extracts in 

reducing the development of atherosclerotic lesions in rats subjected to oxidative 

stress. 

Materials and Methods 

1. Animals used in the study: 

A total of 25 rat males of the Sprague Dawley strain (Rattus norvegicus) weighing 

between 160 and 200 grams were used; the University of Tikrit's Faculty of Veterinary 



Full Text Book of MINAR Congress of Pure, Applied and Technological Sciences 12 

 
 

 

191  

 

Medicine provided them, and the Ethics Committee approved the use of them with letter No. 

3/7/1555 dated 18/7/2023.  

The animals placed in plastic cages measuring (46x28x13) cm and under the appropriate 

conditions of the appropriate temperature (25) °C and a light period divided into 12 hours of 

light and 12 hours of darkness, in addition to the availability of good ventilation for a period of 

21 days 

2. .Experiment design: 

Five groups comprising the animals were assigned to them: Until the study's conclusion, 

the first group, known as the control, was given nothing except food and water ; The second 

group was administered 0.5% H2O2 in drinking water for 21 days, as suggested by [3] for 

inducing oxidative stress; the third group received the same H2O2 dose but additionally received 

treatment with an aqueous extract of propolis (A.E.P.) at a concentration of 4% for 21 days. 

The fourth group was given 0.5% H2O2 in drinking water and 1% alcoholic extract of propolis 

(E.E.P.) for 21 days, while the fifth group received 0.5% H2O2 in drinking water and 50 mg/kg 

of vitamin E for 21 days.                                             

3. Collection of samples propolis and   Preparing the extracts :   

The samples were taken straight from the Apis melifera honey beehives and stored in 

plastic containers in the freezer or refrigerator to solidify and make them suitable for grinding 

with an electric grinder. Following that, the alcoholic extract was prepared using the procedure 

described in [12], and this was done by dissolving 30 grams of propolis powder in 100 mL of 

absolute ethyl alcohol for 7 days at room temperature with periodic shaking. The solution was 

then filtered using filter paper, and afterward, the solvent was removed using a rotary evaporator 

at a temperature of 40°C for 35 minutes . 

The aqueous extract was prepared using the [13] method by dissolving 20 grams of 

propolis in 200 mL of water and thoroughly mixing it using a magnetic stirrer while heating. 

The solution was then filtered first using medical gauze and subsequently through filter paper 

multiple times. After that, drying was performed using an electric oven at 40°C to obtain the 

powder. 

4. Determination of active dose: 

The most effective dose for the alcoholic and aqueous extracts of propolis was determined 

using a method [14]. The proper dose of hydrogen peroxide to induce oxidative stress in the 
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male rats was determined using prior research, such as the study of [15], and the proper dose of 

vitamin E was determined using prior research, such as the study of [16].     

5. Collection of blood samples:        

The animals were fasted for 12 hours, then anesthetized using chloroform, and blood 

samples were directly drawn from the heart. The samples were placed in test tubes and 

transferred to the incubator for 30 minutes at a temperature of 37°C. Afterward, the serum was 

separated from the other blood components using a centrifuge at a speed of 3000 revolutions 

per minute for 15 minutes. The serum was then withdrawn using a micropipette and stored in a 

deep freezer at -20°C until the required tests were performed. 

6. Estimation of the variables studied: 

Ready-made analysis tools from the Swiss company Aggabbe were used based on the 

enzymatic method and according to the method of action attached with each kit to estimate the 

concentration of total cholesterol according to the method of [17], triglycerides according to 

the method of [18], high-density lipoproteins of cholesterol according to the method of [19], 

LDL - C was calculated according to the equation of [20] v LDL-C  was calculated according 

to the equation of [21] and AIP I , AIP II and AIP III were calculated according to the equations 

of [22]  and shown below : 

𝐴𝐼𝑃 𝐼    =   
𝑇𝐶

𝐻𝐷𝐿 − 𝐶 𝐶𝑜𝑛.
   

𝐴𝐼𝑃 𝐼𝐼   =   
 𝑣𝐿𝐷𝐿 − 𝐶 𝐶𝑜𝑛. + 𝐿𝐷𝐿 − 𝐶 𝐶𝑜𝑛.

𝐻𝐷𝐿 − 𝐶 𝐶𝑜𝑛.
  

𝐴𝐼𝑃 𝐼𝐼𝐼 =   
𝐿𝐷𝐿 − 𝐶 𝐶𝑜𝑛.

𝐻𝐷𝐿 − 𝐶 𝐶𝑜𝑛.
   

7. Statistical Analysis: 

Statistical results were analyzed by using the SPSS statistical program and extracted 

morale through the Anova-One Way test and then the significant differences were identified 

according to the Duncans Multiple Ranges test (p≤0.05) [23]. 

Results and discussion : 

The results of the study shown in Table 1 and Table 2 indicated a significant increase at 

the level of (P≤ 0.05) in the levels of lipid profile elements and atherogenicity indicators, except 
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for high-density lipoprotein cholesterol, which showed a significant decrease in the group 

treated with hydrogen peroxide when compared to the control group, while the groups treated 

with vitamin E and propolis extracts showed a significant decrease in lipid profile elements and 

atherogenicity indicators, except for high-density lipoprotein cholesterol, which showed a 

significant increase when compared to the hydrogen peroxide group. 

Table 1- The level of lipid profile in studied grops 

Group 5 

(H2O2+Vit.

E) 

Group 4 

(H2O2+E.E.

P) 

Group 3 

(H2O2+A.E

.P) 

Group 2 

(H2O2) 

 

Group 1 

 

Groups 

 

Parameters 

204.75 

±1.26 b 

198.98 ± 

3.69 c 

207.25±3.7

7 b 

238.56±0.4

2 a 

202.39 ±1.87 

bc 
Cholesterol 

(mg/dl) 

113.13±3.5

9 b 

104.90 ±4.05 

c 

112.30±4.7

3b 

274.61±6.7

1 a 

86.16±2.86 

D 
Triglycerides 

(mg/dl) 

22.63±0.72  

b 

20.98±0.81  

b 

22.46±0.95  

b 

54.92±1.23  

a 

17.23±0.58  

c 
vLDL-C      

(mg/dl) 

97.55±1.48 

a 

100.29±2.55 

a 

99.84±2.32  

a 

91.22±0.91  

b 

98.33 ± 1.84 

a 
HDL-C       

(mg/dl) 

84.57 ± 

1.88 b 

77.70 ± 4.4   

c 

84.95 ±1.31 

b 

92.41 ±1.67 

a 

86.64 ±0.57 

b 
LDL-C       

(mg/dl) 
 

Note: A significant difference is shown by different letters horizontally at the (p≤ 0.05) 

Table 2- The level of atherogenic markers in studied groups 

  

Note: A significant difference is shown by different letters horizontally at the (p≤ 0.05) 

The tables 1 and 2 show the effectiveness of Propolis extracts and vitamin E in improving 

lipid profile and the atherogenic indicators (AIP) in the males of rats exposed to H2O2. The 

results have shown a significant height (p≤ 0.05) in the values of both cholesterol, triglycerides 

and LDL-C. The VLDL-C and AIP in the positive control group, when compared to the 

negative control group. These results were consistent with the result of study [24].                                                                                                                               

Group 5 

(H2O2+Vit

.E) 

Group 4 

(H2O2+E.

E.P) 

Group 3 

(H2O2+A.

E.P) 

Group 2 

(H2O2) 

 

Group 1 

 

Groups            

 

Parameters                    

2.10 ± 0.03   

a 

1.99 ± 0.07   

c 

2.08 ± 0.02   

a 

1.62 ± 

0.03   b 

2.06 ± 0.02   

a 

AIP I 

1.10 ± 0.03   

a 

0.99 ± 0.07   

c 

1.08 ± 0.02   

a 

1.62 ± 

0.03   b 

1.06 ± 0.02   

a 

AIP II 

0.87 ± 0.03   

a 

0.78 ± 0.06   

c 

0.85 ± 0.02   

b 

1.01 ± 

0.02   a 

0.88 ± 0.02   

b 
AIP III 
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The significantly increasing   of cholesterol concentrations level as been attributed to the 

exposure of pancreatic beta cells to the oxidative stress resulting from interactive oxygen types, 

which leads to a decrease in glucose-stimulated insulin secretion [25]. Insulin weakens the 

body's ability to remove cholesterol. [26] indicated that insulin inhibits the production of α- 

Hydroxylated that enhances the absorption of intestinal cholesterol and inhibits the absorption 

of hepatic cholesterol, or may be attributed to the oxidation of the APO B-100 protein .[27] 

Found in LDL-C and v LDL-C, which prevents the transmission of cholesterol and triglycerides 

from the blood to the liver, [28] mediates the decomposition of fat within the blood vessels of 

the fatty proteins rich in triglycerides such as Chylomicons and  v LDL-C for by degradation 

to fatty acids and glycerin, whose weak activity leads to high triglycerides in the blood [29].     

Table (1) also shows the low concentrations of HDL-C may be attributed to the increase 

in the concentrations of cholesterol, triglycerides and LDL-C because the function of HDL-C 

is to transport cholesterol from the various tissues of the body to the liver, if the concentrations 

of cholesterol and triglycerides in tissues and blood vessels increase, this constitutes a disability 

that reduces the efficiency of HDL-C in the transport of cholesterol [20], and that the oxidation 

of LDL-C   and the destruction of internal cholesterol in the body due to reactive types of 

oxygen leads to a reduction in HDL-C concentrations [30], which is the main carrier of 

cholesterol from the cells and tissue in the body to the liver and thus reduce its level in the blood 

vessels and this is characteristic of atherosclerosis and dyslipidemia disorder and reflects an 

unhealthy lifestyle, poor metabolism and an increased risk of cardiovascular disease [31].   

Giving male rats with H2O2 with drinking water at a concentration of 0.5% is sufficient 

to create a state of oxidative stress and increase the concentrations of free radicals, which 

increases the oxidative processes of LDL-C and v  LDL-C, as well as the removal of nitric 

oxide NO secreated from cells lining blood vessels [32], which it works to reduce 

atherosclerosis [33].     

H2O2 is also characterized by its ability to generate the free radicals represented by the 

Hydroxyl OH radical, which is characterized by its high ability to destroy cells and tissues, 

causing the excessive increase in the iron voltage inside the cells and freed from the protein that 

carries iron known as Ferritin [34]. Interactive species also lead to damage to the channels The 

ionic pumps in the plasma membrane, which enhances the process of atherosclerosis [35] that 

the results confirms the validity of the interpretations and hypotheses  above. 

The high concentrations of triglycerides , LDL-C and v LDL-C or HDL-C decrease can 

raise the signs of the atherogenic indicators, which reflects growth and development in the risk 
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of sclerosis caused by changes in body fat metabolism [36], This is consistent with what he 

reached [22] in his equations to calculate the AIP that the Atherogenic sclerosis pests are 

inversely proportional to the high -density sebaceous protein of cholesterol and expelled with 

the rest of the lipid elements, as [35] emphasized the high indicators are an inevitable result of 

increasing the concentrations of blood fat and low HDL-C, due to the fact that the flow of blood 

in the arteries and its capacity is a response to the worker called methacholine, whose level is 

less in cases of increased levels of harmful fats in the blood, as it was recently noticed that the 

hydrogen peroxide with a concentration of 0.5 % The ability to raise blood pressure in the 

ventricle and reduce the level of adenosine triple phosphate in cells, which interferes with the 

expansion function of the cells lining the arteries [37]. After the formation of OX-LDL by free 

radicals and its deposition on the walls of blood vessels, it is directly attacked by phagocytes 

and subjected to a cytophage process producing foam cells that adhere to the blood vessel and 

recruit a large number of pro-inflammatory agents laying the foundation for atherosclerosis 

lesions [38].                                                                                                                        

Giving rats concentrations of aquatic and alcoholic extracts of propolis gave positive 

results regarding the lipid profile, and this is consistent with the[39] in their study of a 

significant decrease (p≤ 0.05) at the level of both total cholesterol, triglycerides and low-density 

lipopries , and the very low-density lipoprotein and a significant HDL level in the male rats 

treated with the aquatic extract of proposals, as well as the results of our study agreed with the 

[40] that the use of different concentrations of alcoholic extract (150-250) mg/kg It led to a 

desirable change in the Lipid profile This has been indicated by several other studies conducted 

on diabetic rats that the use of ethanolic and aqueous propolis extracts has improved the lipid 

profile, increasing the level of good lipids and reducing the level of harmful fats [41] due to the 

ability of propolis to promote the expression of ATP-binding cassette transporters in liver 

proteins associated with HDL formation [42], on the other hand, propolis can increase the 

regulation of the ABCA1 pathway by stimulating PPAR-gamma and expression of the hepatitis 

X receptor which can lead to lower cholesterol in macrophage cells [43] and as well as its role 

in lowering TG by improving insulin sensevity and increasing insulin-mediated lipoprotein 

lipase activity [44]. 

It also works to reduce oxidative stress by breaking free radical chains that attack cell 

membranes due to its phenolic compounds such as chlugenic acid, Cumaric Acid and Ferulic 

Acid [45], and this reduces the harmful effect of oxidative stress and excessive production of 

free radicals On the lipid profile which was referred to when interpreting the results of the 
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second group exposed to hydrogen peroxide 0.5 % with drinking water, all the mechanisms that 

the propolis use to show his various biological activities that earn him the ability to prevent 

atherosclerosis [46]. 

Reduce the development of atherosclerosis lesions by activating the reverse transport of 

cholesterol or by inhibiting the expression of lectin-like low-density lipoproteinuripoprotein 

receptor (LOX-1) found in endothelial cells of blood vessels, which prevents the deposition of 

OX-LDL on the walls of blood vessels in the form of plaques, which forms the onset of 

atherosclerosis lesions [47].            

[33]It also prevents narrowing of the arteries due to the deposition of lipids by regulating 

blood lipids and inhibiting oxidative stress and inflammation [48] as the antioxidant and anti-

inflammatory activities of propolis are responsible for protecting the lining of blood vessels 

containing NO-synthase-producing cells that have a role in reducing atherosclerosis [33].      

The results shown in Table 1 and 2 also showed the positive role of vitamin E in 

influencing the lipid profile and AIP in male albino rats exposed to H2O2  it was consistent with 

the study of [16] which showed that the doseed of male rats with 50 mg/kg of vitamin E led to 

a significant decrease (p≤ 0.05) in cholesterol and triglyceride concentrations, LDL-C and 

vLDL-C and a significant increase in HDL-C concentration due to its ability to activate the 

enzyme LPL and the enzyme hepatic lipase (HL), which stimulate cells to withdraw cholesterol 

and triglycerides from the blood [49]. 

[51] The activation of the enzyme LPL, which is mainly present in adipose tissue and 

muscles, increases fat metabolism, especially triglycerides, if it decomposes triglycerides 

carried in chylomicrons and vLDL-c into fatty acids and glycerol , as well as its participation 

in the reverse transport of cholesterol, which helps to transport cholesterol from the blood to 

the liver for secretion [50],while Hepatic lipase removes lipoprotein residues from the 

circulatory system, this is critical to the generation of residues that can be efficiently absorbed 

by the liver [51] and manufactured by liver cells and located on the surface of sinus capillaries 

in the liver and involved in the reshaping of LDL residues and high-density lipoproteins (HDL) 

and the production of small low-density lipoproteins (sd-LDLs) Small [52].                                       

The role of vitamin E in improving the lipid profile positively according to many 

mechanisms, including what is mentioned above, in addition to its role as an antioxidant and its 

effect similar to the effect of propolis extracts on fat elements leads to reducing the incidence 

of atherosclerosis lesions, and The results agree  with have reached and are consistent with the 
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results of [53], which showed the role of vitamin E in preventing atherosclerotic lesions through 

its antioxidant properties.         

Conclusions: 

The study found that propolis extracts and vitamin E significantly decreased cholesterol, 

triglyceride, LDL-C, and atherogenic indicators, while increasing HDL-C levels. Propolis's 

positive role in atherosclerosis prevention was influenced by the solvent used, with ethanol 

extracts showing a more positive effect than water-prepared extracts. 

Study limitaations 

No limitaions were known at the time of the study. 

1. Acknowledgements: I would like to express my sincere gratitude to Dr. Abbas 

Fadel for his invaluable guidance, support, and expertise throughout the duration 

of this project. His insightful feedback and encouragement were instrumental in 

shaping the direction of this work. 

2. Funding source: This research was funded by the authors. 

3. Competing Interests: I declare that there are no competing interests related to 

this research. 

4. Human and animal -related studies (Ethical Approval): The approval of the 

Chairman of the Ethics Committee at Kirkuk University was obtained on the study 

plan, including conducting experiments on laboratory animals represented by 

white male rats. 

 

 

 

 

 

 

 

 



XII. International Scientific Congress of Pure, Applied and Technological Sciences 

 
 

 

198  

 

References 

L. Šturm and N. P. Ulrih, ‘Advances in the Propolis Chemical Composition between 2013 and 2018: A 

Review’, eFood, vol. 1, no. 1, pp. 24–37, Feb. 2020, doi: 10.2991/efood.k.191029.001. 

E. Ören et al., ‘Antioxidant, antidiabetic effects and polyphenolic contents of propolis from Siirt, 

Turkey’, Food Sci. Nutr., vol. 12, no. 4, pp. 2772–2782, Apr. 2024, doi: 10.1002/fsn3.3958. 

S. M. Abdullah, S. J. Abdulrahman, and A. A. Hayder, ‘Assessment of the Effect of Propolis Extract on 

Enzymatic Antioxidants and Lipidperoxidation’,JHTD,vol.4,no.02,pp.13-25,Mar.2024. 

H. Silva, R. Francisco, A. Saraiva, S. Francisco, C. Carrascosa, and A. Raposo, ‘The Cardiovascular 

Therapeutic Potential of Propolis—A Comprehensive Review’, Biology, vol. 10, no. 1, p. 27, Jan. 

2021, doi: 10.3390/biology10010027. 

R. Guan et al., ‘Ethanol extract of propolis regulates type 2 diabetes in mice via metabolism and gut 

microbiota’, J. Ethnopharmacol., vol. 310, p. 116385, Jun. 2023, doi: 10.1016/j.jep.2023.116385. 

A. Braakhuis, ‘Evidence on the Health Benefits of Supplemental Propolis’, Nutrients, vol. 11, no. 11, p. 

2705, Nov. 2019, doi: 10.3390/nu11112705. 

S. P. Grover and N. Mackman, ‘Tissue factor in atherosclerosis and atherothrombosis’, Atherosclerosis, 

vol. 307, pp. 80–86, Aug. 2020, doi: 10.1016/j.atherosclerosis.2020.06.003. 

E. Bezsonov, I. Sobenin, and A. Orekhov, ‘Immunopathology of Atherosclerosis and Related Diseases: 

Focus on Molecular Biology’, Int. J. Mol. Sci., vol. 22, no. 8, p. 4080, Apr. 2021, doi: 

10.3390/ijms22084080. 

S. Gencer, B. R. Evans, E. P. C. Van Der Vorst, Y. Döring, and C. Weber, ‘Inflammatory Chemokines 

in Atherosclerosis’, Cells, vol. 10, no. 2, p. 226, Jan. 2021, doi: 10.3390/cells10020226. 

C. L. Miller and H. Zhang, ‘Clarifying the Distinct Roles of Smooth Muscle Cell–Derived Versus 

Macrophage Foam Cells and the Implications in Atherosclerosis’, Arterioscler. Thromb. Vasc. 

Biol., vol. 41, no. 6, pp. 2035–2037, Jun. 2021, doi: 10.1161/ATVBAHA.121.316287. 

A. V. Poznyak, A. V. Grechko, V. A. Orekhova, Y. S. Chegodaev, W.-K. Wu, and A. N. Orekhov, 

‘Oxidative Stress and Antioxidants in Atherosclerosis Development and Treatment’, Biology, 

vol. 9, no. 3, p. 60, Mar. 2020, doi: 10.3390/biology9030060. 

T. Krupp et al., ‘Natural rubber-propolis membrane improves wound healing in second-degree burning 

model’, Int. J. Biol. Macromol., vol. 131, pp. 980–988, 2019. 

M. Zheng-Mu, ‘Antimutagenic activity by the medicinal plants in traditional chinese medicines’, 

Pharmacy Journal, Jpn. J. Pharmacogn., vol. 44, no. 3, pp. p225-229, 1990. 



Full Text Book of MINAR Congress of Pure, Applied and Technological Sciences 12 

 
 

 

199  

 

S. Chakrabarti et al., ‘Advanced studies on the hypoglycemic effect of Caesalpinia bonducella F. in type 

1 and 2 diabetes in Long Evans rats’, J. Ethnopharmacol., vol. 84, no. 1, pp. 41–46, 2003. 

J. Saheb, ‘Effect of Alcoholic Leaf Extract of Hellotropium Earopiam on the Levels of Testosterone, 

Prolactin, TSH, T3 and T4 Hormones in Blood of Male Albino Rats Exposed to Oxidative Stress 

by H2O2’, 2015, Accessed: Apr. 24, 2024. [Online]. Available: 

https://core.ac.uk/download/pdf/234655479.pdf pp.I-III 

A. F. Khudhur and M. A. Ahmed, ‘Effect of water extract of  rosemary Plant and olive oil and vitamin 

E on some  physiological and biochemistry changes in  male rats with induced hyperlipidemia’, 

M.SC., Tikitit, Tikrit -Iraq, 2018. 

C. C. Allain, L. S. Poon, C. S. G. Chan, W. Richmond, and P. C. Fu, ‘Enzymatic Determination of Total 

Serum Cholesterol’, Clin. Chem., vol. 20, no. 4, pp. 470–475, Apr. 1974, doi: 

10.1093/clinchem/20.4.470. 

N. J. Jacobs and P. J. Van Denmark, ‘Triglycerides Iiquicolor mono’, Arch. Biochem. Biophys, vol. 88, 

no. 1, pp. 250–255, 1960. 

T. Gordon, W. P. Castelli, M. C. Hjortland, W. B. Kannel, and T. R. Dawber, ‘High density lipoprotein 

as a protective factor against coronary heart disease’, Am. J. Med., vol. 62, no. 5, pp. 707–714, 

May 1977, doi: 10.1016/0002-9343(77)90874-9. 

T. E. Anderoli, J. Carpenter, and T. B. Bennett, ‘Cecil essentials of       medicine : Disorder of lipid 

metabolism ,5th ed’, Herbert P.N. W.B. Standers company, London , Tronto, vol. 16, no. 2001, 

pp. 526–532, 2001. 

M. H. Dominiczak, ‘Tietz Textbook of Clinical Chemistry. By C.A. Burtis and E.R. Ashwood, editors’, 

Clin. Chem. Lab. Med., vol. 37, no. 11–12, pp. 840–843, Jan. 1999, doi: 

10.1515/cclm.2000.37.11-12.1136. 

T. Temelkova-Kurktschiev and M. Hanefeld, ‘The Lipid Triad in Type 2 Diabetes - Prevalence and 

Relevance of Hypertriglyceridaemia/Low High-Density Lipoprotein Syndrome in Type 2 

Diabetes’, Exp. Clin. Endocrinol. Diabetes, vol. 112, no. 02, pp. 75–79, Mar. 2004, doi: 

10.1055/s-2004-815753. 

J. Duncan, ‘Attention, intelligence, and the frontal lobes.’, 1995, Accessed: Apr. 24, 2024. [Online]. 

Available: https://psycnet.apa.org/record/1994-98810-045 

J. S. Ali, ‘The effect of walnut leaf infusion on blood lipids level was improved in rats treated with 

hydrogen peroxide and cholesterol’, M.SC., Bagdad, Iraq, 2001. 



XII. International Scientific Congress of Pure, Applied and Technological Sciences 

 
 

 

200  

 

J. Fu et al., ‘Low-Level Arsenic Impairs Glucose-Stimulated Insulin Secretion in Pancreatic Beta Cells: 

Involvement of Cellular Adaptive Response to Oxidative Stress’, Environ. Health Perspect., vol. 

118, no. 6, pp. 864–870, Jun. 2010, doi: 10.1289/ehp.0901608. 

X. Xiao, Y. Luo, and D. Peng, ‘Updated Understanding of the Crosstalk Between Glucose/Insulin and 

Cholesterol Metabolism’, Front. Cardiovasc. Med., vol. 9, p. 879355, Apr. 2022, doi: 

10.3389/fcvm.2022.879355. 

S. Chakraborty, Y. Cai, and M. A. Tarr, ‘In vitro oxidative footprinting provides insight into 

apolipoprotein B-100 structure in low-density lipoprotein’, PROTEOMICS, vol. 14, no. 21–22, 

pp. 2614–2622, Nov. 2014, doi: 10.1002/pmic.201300174. 

A. Cisse et al., ‘Dynamics of Apolipoprotein B-100 in Interaction with Detergent Probed by Incoherent 

Neutron Scattering’, J. Phys. Chem. Lett., vol. 12, no. 51, pp. 12402–12410, Dec. 2021, doi: 

10.1021/acs.jpclett.1c03141. 

S. A. Wu, S. Kersten, and L. Qi, ‘Lipoprotein Lipase and Its Regulators: An Unfolding Story’, Trends 

Endocrinol. Metab., vol. 32, no. 1, pp. 48–61, Jan. 2021, doi: 10.1016/j.tem.2020.11.005. 

A. C. Guyton and J. E. Hall, Textbook of medical physiology, 11th ed. Philadelphia: Elsevier Saunders, 

2006.pp.140-144 

S. A. Adefegha, O. S. Omojokun, and G. Oboh, ‘Modulatory effect of protocatechuic acid on cadmium 

induced nephrotoxicity and hepatoxicity in rats in vivo’, SpringerPlus, vol. 4, no. 1, p. 619, Dec. 

2015, doi: 10.1186/s40064-015-1408-6. 

N. Takeuchi, M. Ito, and Y. Yamamura, ‘Cholesterol metabolism of rats to high cholesterol diet’, Am. 

J. Physiol. Cell, vol. 285, no. 5, pp. 1322–1329, 2004. 

K. Inoue et al., ‘Aerobic exercise training-induced irisin secretion is associated with the reduction of 

arterial stiffness via nitric oxide production in adults with obesity’, Appl. Physiol. Nutr. Metab., 

vol. 45, no. 7, pp. 715–722, Jul. 2020, doi: 10.1139/apnm-2019-0602. 

S. Y. Abd Al-Rahman, ‘Effect of hunger and experimental diabetes on glutathione and liposomal levels 

in rat tissues’, .PhD .Thesis in Veterinary Physiology, College of Veterinary Medicine, University 

of Mosul, Iraq, 1995. 

I. Williams, S. Wheatcroft, A. Shah, and M. Kearney, ‘Obesity, atherosclerosis and the vascular 

endothelium: mechanisms of reduced nitric oxide bioavailability in obese humans’, Int. J. Obes., 

vol. 26, no. 6, pp. 754–764, Jun. 2002, doi: 10.1038/sj.ijo.0801995. 



Full Text Book of MINAR Congress of Pure, Applied and Technological Sciences 12 

 
 

 

201  

 

Khudiar K. K, ‘The role of aqueous extracts of olive (Olea europaca) leaves and garlic (Allium sativum) 

in ameliovating the effects of experrimentally infused atherosclerosis’, PhD. Thesis, College of 

Veterinary Medicen., Bagdad, 2000. 

A. Hara, H. Matsumura, and Y. Abiko, ‘Lidocaine attenuates both mechanical and metabolic changes 

induced by hydrogen peroxide in the rat heart’, Am. J. Physiol.-Heart Circ. Physiol., vol. 265, no. 

5, pp. H1478–H1485, Nov. 1993, doi: 10.1152/ajpheart.1993.265.5.H1478. 

J. Zhang et al., ‘Contradictory regulation of macrophages on atherosclerosis based on polarization, death 

and autophagy’, Life Sci., vol. 276, p. 118957, Jul. 2021, doi: 10.1016/j.lfs.2020.118957. 

N. M. AL Assaafi, ‘Study of the physiological activity in female laboratory rats fed on dandelion, 

propolis and lemon juice, and induced infection with calcium oxalate deposits’, M.SC., Tikrit, 

Iraq, 2023. 

D. K. Salem, ‘, Mohammed  and H. M. Saleh  . Effect of Propolis and Liquorice Extract on Some 

Biochemical and Tissue Characteristics of Male Rats Exposed to Acrylamide. M.Sc. Thesis.Tikrit 

University,Iraq.2023.’, M.SC.Thesis, Tikrit, Iraq, 2023. 

H. Sameni, A. Bandegi, A. Ramhormozi, M. Taherian, M. Safari, and M. Tabriziamjad, ‘Effects of 

hydroalcoholic extract of Iranian Propolis on blood serum biochemical factors in streptozotocin-

induced diabetic rats’, koomesh, vol. 15, no. 3, pp. 388–395, 2014. 

N. Samadi, H. Mozaffari-Khosravi, M. Rahmanian, and M. Askarishahi, ‘Effects of bee propolis 

supplementation on glycemic control, lipid profile and insulin resistance indices in patients with 

type 2 diabetes: a randomized, double-blind clinical trial’, J. Integr. Med., vol. 15, no. 2, pp. 124–

134, Mar. 2017, doi: 10.1016/S2095-4964(17)60315-7. 

A. Iio et al., ‘Ethanolic extracts of Brazilian red propolis increase ABCA1 expression and promote 

cholesterol efflux from THP-1 macrophages’, Phytomedicine, vol. 19, no. 5, pp. 383–388, Mar. 

2012, doi: 10.1016/j.phymed.2011.10.007. 

Y. Li, M. Chen, H. Xuan, and F. Hu, ‘Effects of Encapsulated Propolis on Blood Glycemic Control, 

Lipid Metabolism, and Insulin Resistance in Type 2 Diabetes Mellitus Rats’, Evid. Based 

Complement. Alternat. Med., vol. 2012, pp. 1–8, 2012, doi: 10.1155/2012/981896. 

N. Ecem Bayram, ‘A STUDY ON FREE-RADICAL SCAVENGING ACTIVITY, INDIVIDUAL 

PHENOLIC COMPOUNDS AND ELEMENT CONCENTRATION OF PROPOLIS’, Uludağ 

Arıcılık Derg., vol. 20, no. 2, pp. 145–156, Nov. 2020, doi: 10.31467/uluaricilik.778751. 

M. S. Mohd Suib, W. A. Wan Omar, E. A. Omar, and R. Mohamed, ‘Ethanolic extract of propolis from 

the Malaysian stingless bee Geniotrigona thoracica inhibits formation of THP-1 derived 



XII. International Scientific Congress of Pure, Applied and Technological Sciences 

 
 

 

202  

 

macrophage foam cells’, J. Apic. Res., vol. 60, no. 3, pp. 478–490, May 2021, doi: 

10.1080/00218839.2020.1720125. 

Y. Fang et al., ‘Ethanol extract of propolis protects endothelial cells from oxidized low density 

lipoprotein-induced injury by inhibiting lectin-like oxidized low density lipoprotein receptor-1-

mediated oxidative stress’, Exp. Biol. Med., vol. 239, no. 12, pp. 1678–1687, Dec. 2014, doi: 

10.1177/1535370214541911. 

C. Ji et al., ‘Propolis ameliorates restenosis in hypercholesterolemia rabbits with carotid balloon injury 

by inhibiting lipid accumulation, oxidative stress, and TLR4/NF‐κB pathway’, J. Food Biochem., 

vol. 45, no. 4, Apr. 2021, doi: 10.1111/jfbc.13577. 

R. J. Glynn, P. M. Ridker, S. Z. Goldhaber, R. Y. L. Zee, and J. E. Buring, ‘Effects of Random Allocation 

to Vitamin E Supplementation on the Occurrence of Venous Thromboembolism: Report From 

the Women’s Health Study’, Circulation, vol. 116, no. 13, pp. 1497–1503, Sep. 2007, doi: 

10.1161/CIRCULATIONAHA.107.716407. 

S. Santamarina-Fojo, ‘LPL and hepatic lipase: new insights into enzyme function’, Atherosclerosis, vol. 

109, no. 1–2, pp. 86–92, 1994. 

S. Chang and J. Borensztajn, ‘Hepatic lipase function and the accumulation of β-very-low-density 

lipoproteins in the plasma of cholesterol-fed rabbits’, Biochem. J., vol. 293, no. 3, pp. 745–750, 

Aug. 1993, doi: 10.1042/bj2930745. 

J. Kobayashi, K. Miyashita, K. Nakajima, and H. Mabuchi, ‘Hepatic Lipase: a Comprehensive View of 

its Role on Plasma Lipid and Lipoprotein Metabolism’, J. Atheroscler. Thromb., vol. 22, no. 10, 

pp. 1001–1011, 2015, doi: 10.5551/jat.31617. 

P. Bozaykut, R. Ekren, O. U. Sezerman, V. N. Gladyshev, and N. K. Ozer, ‘High‐throughput profiling 

reveals perturbation of endoplasmic reticulum stress‐related genes in atherosclerosis induced by 

high‐cholesterol diet and the protective role of vitamin E’, BioFactors, vol. 46, no. 4, pp. 653–

664, Jul. 2020, doi: 10.1002/biof.1635. 



Full Text Book of MINAR Congress of Pure, Applied and Technological Sciences 12 

 

 

203  

 

A Review a Bout Educational of Students’ Academic Performance Using 

Data Mining Algorithms 

 

 Douaa Ibrahim Alwan Al Saadi 1 

Hind Abdul Razzaq Mohammed Ali 2 

 

 

 

 

                                                           

  http://dx.doi.org/10.47832/MinarCongress12-20  

1  Software Computer Engineering Department, Higher Health institute, Najaf, Iraq 

inas.a.abbood@nahrainuniv.edu.iq  

2  Civil Engineering Department, University of technology, Baghdad, Iraq 40125@uotechnology.edu.iq 

 © 2024 The Author(s). This 

open access article is 
distributed under a Creative 

CommonsAttribution (CC-

BY) 4.0 license. 

 

 

 

 

Abstract: 

Secondary and academic education is regarded as one of the most significant periods of a student's life, and students 

must work very hard to succeed and earn good grades. However, there has been a recent rise in the percentage of students 

failing in many nations, including Portugal, India, and others, achieving long-term economic success requires education. 

The educational attainment of students has increased during the past few decades. Organizational and company 

databases have grown exponentially as a result of information technology advancements, sparking interest in business 

intelligence (BI) and data mining (DM). The wealth of information included in all of this data, including trends and 

patterns, can be leveraged to enhance decision-making and maximize outcomes. However, human specialists are finite 

and often miss crucial information. Therefore, an automated tool to evaluate the raw data and extract valuable, high-

level information for the decision-maker is the alternative, so I started Higher education institutions use artificial 

intelligence-based data mining tools and techniques to help students perform better academically. These tools include 

data mining algorithms like support vector machines, logistic regression, decision trees, neural networks, and others that 

can be used with data collected through the Weka program, RapidMiner, and other programs. 

In this research paper, we will look at previous research on the topic, assessing the advantages and disadvantages of 

each, and reviewing data collection techniques, methods used for obtaining the best outcomes, and ways to enhance 

student data. 

Keywords: Students Performance; Data Mining Algorithms; Educational Data Mining Performance;  
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Introduction 

To support institutional goals of providing high-quality educational environmental 

systems, there has been a recent surge in interest in determining the key elements that influence 

university students' academic performance as well as the cause of the decline in the number of 

students experiencing early learning difficulties and improving their educational outcomes(Abu 

Saa et al., 2019), Since student performance is one of the most crucial indicators of a university's 

quality, evaluation is essential to preserving both student performance and the efficiency of the 

educational process. A strategic program can be well-planned for students during their time at 

the institution by analyzing their performance.(Shahiri & Husain, 2015). 

The literature offers various definitions for forecasting students' academic performance. 

Various scholars analyze students' performance using different student aspects or attributes. 

The majority of writers employed students' extracurricular activities, GPA, final test results, 

internal and external assessments, and final exam scores as prediction factors(Kumar et al., 

2017). 

There are no fixed standards for evaluating students’ academic performance. Some 

universities use curricula and internal assessment; some use academic records as a criterion for 

evaluation; and other universities use students’ previous grades, classroom performance, 

student demographics, and social status (Abu Saa et al., 2019). 

According to (Francis & Babu, 2019), they used features from common fundamental 

machine learning algorithms, such as SVM, KNN, DT, etc., to choose features for each student 

through the initial test to improve accuracy. 

These characteristics are used to divide the students into three categories. After obtaining 

the characteristics, the K-Means clustering algorithm produces clusters representing high, 

average, and low-performing students. A majority of the students in these groupings vote to 

assign designations to the freshmen who are represented in them. On this test set, the accuracy 

is then computed, and the suggested hybrid algorithm's application to the student data set 

revealed a substantial correlation between the academic success of the students and their 

conduct. When applied to academic, behavioral, and other variables of the student dataset, the 

suggested hybrid model combining clustering and classification has an accuracy of 0.7547 and 

was shown to be better than other existing techniques. 
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As such, to fully comprehend the meaning of data extraction, visualization, and analysis, 

we need to go over earlier literary works that discuss the numerous projects that the authors 

worked on. 

In this study, our primary objective is: 

1. Diagnosing methods used in data mining prediction of academic performance. 

2. recognize and comprehend the various characteristics of students that are mostly 

utilized to forecast their performance. 

3. Predicting the best data mining techniques for academic performance. 

4. Proposing a new methodology for predicting students' academic performance. 

The main objective of the literature search is to find the methods and utilize historical 

facts to generate new insights and diagnose the methods used in prediction as well as to find 

some suggestions and gaps in the research conducted by researchers to help us identify the 

different characteristics of students which are mostly used to predict their performance and 

predict the techniques used in data mining, we have to read the literature for more than five 

years so that our study can be considered relevant and we can suggest a new methodology to 

predict the academic performance of students. 

Methodology for doing a literature review search: 

We conducted searches across multiple databases, including Science Direct, Elsevier, AE 

CS Library, ICEEE, and specialized computer-related journals. We conducted a search using 

the following keywords: academic performance prediction, data mining techniques, educational 

data mining performance, students' performance, and data mining algorithms. 

The literature from 2015 to 2023 was the period that was examined. The downloads 

included complete research papers in PDF format. 

The key variables that were utilized to forecast students' performance: 

Researchers in 2018. used the WEKA program to compare classification strategies 

between decision tree and random forest To create a model for academic prediction for 

incoming students they distributed questionnaires to Kalabat University's computer science 

department students to gather data, In this research, they selected demographic information 

(gender, family relationship, father's and mother's educational position) Because male and 

female students have distinct learning styles, the personal data for this study consists of the time 
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they spend with their friends, their weekly study time, and their free time after school (Kaunang 

& Rotikan, 2018). machine learning algorithms. When tested using different features related to 

online learning platforms, each model displayed a different accuracy.  

To assess student performance, they employed five machine learning techniques: random 

forest, logistic regression, decision trees, support vector machines, and Perceptron classifiers 

Student demographic, academic, and behavioral data are some of the features that have been 

observed to have the most impact on the data. 

With an accuracy of 70.8%, the support vector machine is the best algorithm. The results 

obtained indicate that while student absence days have an impact on academic achievement, 

student class grades have no bearing on academic performance. Further features, like the 

motivating and encouraging tactics employed by teachers and facilitators, as well as 

psychological aspects that influence student performance, should be gathered for the study. 

(Masangu et al., 2021).  

Researchers used the Weka program to collect data from various colleges in the Indian 

state of Assam. They collected about 300 data records with 24 attributes The data consisted of 

socio-economic, demographic, and academic information., deleting some attributes for which 

there was insufficient information. To forecast the student's success, the data that comprised 

their technical and extracurricular skills was retrieved using a variety of classification methods. 

There were four classification techniques used: Random Forest, J48, PART, and Bayes 

Network Classifiers. WEKA was the data mining tool utilized. To forecast students' 

performance, the data can be augmented to include some extracurricular activities and technical 

skills of the students. These can then be retrieved using various classification methods. Based 

on accuracy and classification mistakes, Random Forest fared better than other classifiers, 

according to the data.  

The optimal rules were also displayed, and the Apriori method was utilized to find 

association rule mining between all characteristics. (Hussain et al., 2018). To determine 

whether academic performance could be impacted, the authors in 2020, tracked how staff 

members and students used the university's learning management system. To ascertain whether 

the quantity of participation was gauged by the amount, they employed 712 records of data on 

university students in an African nation to measure the patterns of students and staff in using 

the LMS's services. For gathering, categorizing, and visualizing the data for the WEKA system 

tools, machine learning techniques were employed. Tools used by the professor and students, 
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such as the test, assignment, chat, forum, URL, folder, and files, are included in the data. (Okike 

& Mogorosi, 2020). Research in the subject of education is growing because there is a vast 

amount of data that can be used to identify patterns connected to students' learning behavior. 

To ascertain the degree of students' achievement in the first semester, the authors of this study 

put up a framework for forecasting the academic performance of first-year students in the 

Department of Computer Science. The data they gathered covered the student demographics 

prior academic records and details on the family history and was gathered during the years 

2006/2007 and 2013/2014, Classification approaches based on decision tree, Naïve Bayes, and 

rule were applied to the student data to generate the best model to predict the academic 

achievement of the students. 

Subsequently, the data was cleaned and split into two sets using the open-source WEKA 

software: a training set for model construction and a test set for model validation. The model 

prediction that Rule Based (RB) extracted for the experiment has the greatest accuracy value 

among the algorithms that were chosen. The tiny amount of data resulting from incomplete and 

missing values in the obtained data is one of the study's weaknesses. (Ahmad et al., 2015).  

It is now feasible to extract educational data to raise the caliber of educational processes, 

thanks to developments in the data mining sector. Data was taken out of this study to examine 

undergraduate students' performance. Predicting students' academic achievement after a four-

year study program and examining usual progress and combining it with prediction results for 

low- and high-achieving students were the two main areas of attention for the data during the 

project, to enhance the data and forecast pupils' academic success, six algorithms were applied. 

Every year, students often receive the same kind of grades—low, average, or high—for 

every course. So, they are separated into high-performing and low-performing students since 

this trend keeps happening over time. The study's researchers might broaden the study's focus 

beyond student grades and improve the findings by using different kinds of data. (Asif et al., 

2017).  

Institutions of higher learning prioritize giving pupils a top-notch education to improve 

their academic performance. In this study, student academic data was gathered through the use 

of questionnaires. To eliminate anomalies, decrease the complexity of the data, and gain an 

advantage, factor analysis, and data pre-processing were applied to the acquired data set. Most 

pertinent. The machine learning methods are compared using the Python 3 tool, following pre-

processing, 80% of the 85 students who were collected were used as training data, and 20% 
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were kept as testing data, which was used to train and test the model. All of the selected 

attributes were considered input variables, along with the cumulative GPA up to the fifth 

semester. The output variable was the cumulative GPA of the sixth semester of final-year 

students at the chosen institution. Multiple linear regression, support vector regression_rbf, 

support vector regression_poly, and support vector regression linear were used to model the 

data for the training data set. Predictions were then produced for the test data, and the outcomes 

were examined and contrasted. With an accuracy of 83.44%, the linear model is shown to be 

the greatest fit, to improve accuracy, a bigger dataset can be employed, together with additional 

machine learning methods and algorithms. (Dabhade et al., 2021).  

The majority of the studies focused on how well university and institute students 

performed academically. The performance of public-school pupils and lowering the secondary 

school failure rate will be the focus of this study. There were two sets of data gathered. Variables 

from the first set of data were acquired before the start of the academic year, whereas the second 

set was obtained two months after the semester began. For each dataset, classification models 

based on a gradient boosting machine (GBM) were developed to forecast academic outcomes 

of student performance at the end of the school year. 

The neighborhood, the student's place of residence, and school statistics were the most 

significant factors in student failure; on the other hand, the student's grade and attendance 

records were the most significant variables in predicting his performance. The study's objective 

is to boost the effectiveness of educational support provided to students, which will raise their 

chances of success after the academic year and lower their overall failure rate. It is feasible to 

investigate additional factors influencing high school pupils and enhance their academic 

achievement. (Fernandes et al., 2019).  

Also, the Portuguese school gathered actual data utilizing the questionnaire approach and 

school reports to forecast kids' behavior and academic success. A study was carried out to 

compare the efficacy of four EDM techniques for early identification of students who are likely 

to fail in beginning programming courses: decision tree, support vector machines, neural 

network, and naive Bayes theory.  

The information was sufficiently evaluated to identify students' academic failure early on 

and then give teachers or educators pertinent information to assist them in making judgments. 

The data came from two distinct and independent sources, one from campus and the other from 

distance education. (Athani et al., 2017). A variety of factors, including the student's factor, the 
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family factor, or the teacher's factor, have been used by some studies to help teachers identify 

students who are likely to fail the course early on and help them improve their academic 

performance. Numerous elements or a collective impact There exist multiple elements that 

impact student performance, and these vary across nations, institutions, cultures, and student 

groups. Because of his crucial function in this area, the instructor needs to engage with the 

students more, offer helpful advice, and inspire them, three decision tree approaches (C4.5), a 

multi-layer perceptron, and a naïve Bayes model were employed in this investigation. These 

methods were all used using student data that was gathered from two semesters' worth of 

university courses. With an overall prediction accuracy of 86%, the naive Bayes classifier 

outperformed the other two classifiers, according to the data. (Mueen et al., 2016).  

Some educational data mining: To raise the standard of instruction in educational 

institutions, unique mining approaches are employed to uncover hidden information from 

student data. In this study, data mining techniques were used to measure the impact of two 

feature categories, such as behavioral behavior and student absenteeism from class. For a more 

precise forecast, group filtering technology was also used (Rahman & Islam, 2017).  

To identify students who are likely to fail academically at a time when action can be taken 

to lower the failure rate, this study examines the efficacy of techniques used to predict students' 

academic failure. It also examines the effects of data pre-processing and algorithmic fine-tuning 

tasks on the effectiveness of the techniques. Early failure detection of pupils and the efficacy 

of some of these methods have been enhanced through the use of data pre-processing and 

algorithmic optimization(Costa et al., 2017).  

In these research projects, many WEKA classifiers were used, their accuracy was 

compared, various error metrics were employed to identify the best classifier, and data mining 

approaches were examined to forecast the degree of student achievement (Jalota & Agrawal, 

2019), there aren't any universal tools that can be applied in all kinds of learning environments. 

Standardization, more efficient mining tools, the creation of a broad framework, and research 

into the variables influencing the process of teaching and learning are all necessary to raise the 

standard of education (Khanna et al., 2016).  

Educational data mining has emerged as a powerful method for identifying hidden 

patterns in educational data and forecasting students' academic performance on final exams. 

The most efficient machine learning techniques have been found, and early identification of 

students at high risk of failing has been made possible by relying on midterm exam results as a 
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data source. They have computed and compared the learning algorithms' performances. 

Automatic and early detection of students who are more or less motivated to study is important, 

as this study aids in the development of a framework for learning analysis and decision-making 

in higher education. (Yağcı, 2022). 

Since this will be the start of the development of intelligent learning methods, the study 

focuses on making the best selections regarding the most appropriate academic supervision for 

the seamless learning process and academic success of students. In a setting of education, like 

a university, where ineffective teaching is said to make it harder for students to complete their 

coursework or, worse, increase their risk of quitting altogether. In this study (Triayudi et al., 

2024), student data from an information technology class at a private institution in Jakarta was 

examined and tested.  

This study employs decision trees, neural networks, and naive Bayes modeling 

techniques, utilizing academic data from 300 students enrolled in the Information Systems and 

Information Science study program for the 2017–2019 and 2018–2020 academic years. 

Moreover, the cumulative hierarchical clustering algorithm is used to discuss the psychological 

traits of students. Psychometric analysis and segmentation should be used by stakeholders to 

develop students with the best personalities and performance. 

Techniques that have been applied to forecast academic achievement: 

The academic achievement of students can be predicted using a variety of methods. These 

methods are intended to be used for data extraction, analysis, visualization, and regression 

analysis. The research papers listed all employ different methods, but we will concentrate on a 

few of them. For example (Decision Tree (DT), Naive Bayes (NB), K- Nearest Neighbor 

(KNN), Support Vector Machine (SVM), Neural Network (NN), and Random Forest Trees 

(RF)), Table 1 lists several research papers along with the names of the authors and the key 

characteristics that are useful for prediction accuracy when using various data mining 

algorithms. 
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Table 1- The distinction between earlier works in terms of the features and algorithms employed 

 

Table (1) shows the distinction between earlier works in terms of the features and 

algorithms employed, and we noticed that due to the use of novel mining techniques to extract 

hidden information from student data, Hasibur Rahman and Rabiul Islam's research yielded 

accuracy rates of 78.6% for the Neural Network (NN) algorithm and 77.3% for the Random 

Forest Trees (RF) algorithm, which is thought to be the highest accuracy among prior works. 

Data mining techniques have also been used to measure the influence of two types of variables, 

such as behavioral behavior and student absenteeism from class, to improve instruction in 

Authors Features that impact the 

accuracy of student's 

predictions 

DT NB KNN SVM NN RF 

(Mueen et al., 

2016) 

the student's personal factor, the 

family factor 

--- 86.0% --- --- --- --- 

(Rahman & Islam, 
2017) 

behavioral behavior and student 

absenteeism from class 

76.2 % 73.8 % 75.3 % --- 78.6% 77.3 % 

(Yağcı, 2022) midterm exam results as a data 

source 

--- 77.5 % 77.5 % 77.5 % 77.5 % 77.5 % 

(Francis & Babu, 
2019) 

substantial correlation between 

the academic success of the 

students and their conduct 

0.660377 0.528302 --- 0.641509 0.641509 --- 

(Kaunang & 
Rotikan, 2018) 

select demographic information 

(gender, family relationship, 

father's and mother's 

educational position) 

66.85% --- --- --- --- 61.14% 

(Masangu et al., 

2021) 

They used academic, and 

behavioral data 

46.8 % --- --- 70.8% --- 69.7% 

(Hussain et al., 

2018) 

the data which comprised their 

technical and extracurricular 

skills was retrieved using a 

variety of classification 

methods 

--- 65.33% --- --- --- 99% 

(Asif et al., 2017) First, grades alone were used to 

forecast the pupils' 

performance. 

Second, by identifying the 

courses 

Third, Students were classified 

as high-performing or low-

performing 

60.58% 83.65% 74.04% 62.50% 62.50% --- 

(Jalota & Agrawal, 
2019) 

Five classifiers are used under 

weka and the comparisons are 

made based on the accuracy 

among these classifiers and 

different error measures are 

used to determine the best 

classifier. 

73.6 0% 64.40% --- 75.40% --- 67.40% 
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educational institutions. Additionally, a crowd-filtering technique was applied to produce more 

accurate projections. 

Discussion 

Decision Tree (DT), Naive Bayes (NB), K-Nearest Neighbor (KNN), Support Vector 

Machine (SVM), Neural Network (NN), and Random Forest Trees (RF) are a few of the 

techniques that were employed. The decision tree algorithm yields an accuracy of 76.2%, with 

46.8% being the lowest. 

To enhance instruction in educational institutions, Haseeb Rahman and Rabiul Islam’s 

(Rahman & Islam, 2017) research employed data mining techniques to quantify the impact of 

two types of variables, such as behavioral behavior and student absenteeism from class, to 

achieve the best accuracy. Furthermore, crowd-filtering technology has been used to provide 

more accurate projections. 

The Random Forest Trees algorithm had 99% accuracy at its greatest and 61.14% 

accuracy at its lowest points. Sadiq Hussain (Hussain et al., 2018) and his colleagues achieved 

the highest accuracy in predicting student achievement by retrieving data on their technical and 

extracurricular talents using a range of classification techniques. 

The greatest accuracy in the Naive Bayes (NB) method is 86.0%, while the lowest 

accuracy is 64.40%. Mueen A, Zafar B (Mueen et al., 2016), and Manzoor U achieved the 

highest accuracy in this algorithm. Numerous aspects were taken into consideration, such as the 

student's personal factor, family factor, or teacher factor. In certain studies, these characteristics 

have been utilized to assist teachers in identifying students who are at risk of failing a course 

early on and in assisting them in improving their academic performance. 

The K-Nearest Neighbor (KNN) algorithm yielded an accuracy of 74.04% at its lowest 

and 77.5% at its greatest. The researchers Yağcı M (Yağcı, 2022). Were able to attain great 

accuracy. They used the midterm exam results as their primary source of information. They 

computed and contrasted the learning algorithms' performances. Automatic and early 

identification of students who are somewhat motivated to learn, since this research contributes 

to the creation of a framework for decision-making and learning analysis in higher education. 

The maximum accuracy achieved with the Support Vector Machine (SVM) method was 

77.5%, while the lowest accuracy recorded was 62.50%. The person with the highest accuracy 

was Yağcı M (Yağcı, 2022). 
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Finelly, there was the Neural Network (NN) algorithm, which had a 78.6% accuracy as 

well as a 62.50% accuracy. Rahman M. and Islam M. researchers, obtained high accuracy.  

(Rahman & Islam, 2017). 

 

 

 

 

 

 

Figure 1- High & Low accuracy of algorithms 

In the chart above we explain the high accuracy and the low accuracy of the algorithms 

used in the previous works according to their result, as we show that (N.B) algorithms have the 

highest accuracy than others (86.0%) after that (NN) (78.6%), (SVM) and (KNN) have the same 

accuracy (77.5%). 

Conclusion and Future Work 

To succeed academically and get good grades, students must work hard. Given the recent 

decline in student performance, student data is currently being collected. Specialized data 

mining and analysis techniques are being applied to produce highly accurate results that 

improve the data while also predicting what methods should be used to improve student 

performance in universities and schools. 

Research studies have utilized a variety of data, such as student demographics, previous 

academic records, family history information, grades, and course information that can be useful 

in predicting whether a course will be completed or not, such as test and assignment data, chat 

and forum data, URLs, folders and files, where a variety of algorithms have been applied, 

including Naive Bayes Decision Tree, K-Nearest Neighbor, Support Vector Machine, Neural 

Network, and Random Forest Trees, to achieve high prediction accuracy.  

Finally, through our research study, we find that the best techniques used in terms of high 

performance are SVM and KNN, followed by NB, DT, and NN. 
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For future work, we will propose a method to predict the academic performance of 

students in one of the universities of Arab countries, especially in Iraq, to know the obstacles 

that enable us to improve academic performance in universities and institutes, as well as collect 

more new features that have not been addressed in studies such as the encouraging and 

motivational strategies adopted by facilitators and teachers and consider more materials 

available to students in e-learning platforms, and focus more on the psychological aspects of 

students and social and environmental factors because they are among the factors that most 

negatively affect student performance. 
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Abstract: 

Increasing resistance to antibiotics is one of the most important global problems threatening public health. 

Therefore, alternative methods to reduce pathogens are being sought. The current study aims to study the effect 

of spirulina on some pathogenic species. Two concentrations of spirulina (250 and 500 mg/mL) were used and 

tested for their effects on Gram-positive bacteria (Staphylococcus aureus and Bacilli), Gram-negative bacteria 

(Escherichia coli, Klebsiella, and Pseudomonas aeruginosa) and fungi (Candida albicans and Candida 

tropicalis). The antibiotic susceptibility of the same species used in the study was also compared. The study 

showed the sensitivity of P. aeruginosa, Bacillus, and E. coli and S. aureus to the spirulina extract, while 

Klebsiella and the fungal species used in this study did not show clear sensitivity to this extract. 

S. aureus was sensitive to all types of antibiotics used, while E. coli was resistant to most of them. The remaining  

Keywords : Spirulina Platensis; Staphylococcus Aureus; Antifungal Activity; Sensitivity Test.  
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Introduction 

Spirulina, a cyanobacterium of the class cyanophyte microalgae, is edible, multicellular, 

microscopic, photoautotrophic, filamentous, and alkalophilic (1). Its extract contains essential 

compounds that measured antioxidant properties (2-4), such as phycocyanin , phenolics, and 

polyunsaturated fatty acids. It has been used for many years as a human food because it contains 

high range of protein  50% to 70% of its dry weight(5) , Carbohydrate of ample value is 

myoinositol phosphate,it is  source of organic phosphorus and inositol , essential fatty acids 

such as copper, manganese, magnesium, iron, zinc, selenium, B-complex vitamin, vitamin E, 

vitamin B12 and provitamin A(ß-carotene)(6-9).The microalgae can be used as a portion of 

potential food, fuel, and feed source (10). 

Clinical trials have demonstrated excellent human use of spirulina carotenoids (11). 

Furthermore, one gram of spirulina taken once a day proved to be remarkably helpful in treating 

chronic vitamin A deficiency in a research involving five thousand preschool-aged Indian 

children. Children with severe vitamin A insufficiency, or those with conjunctival Bitot's spots, 

experienced a decline from 80% to 10% after five months (12). Spirulina pays more attention 

not only to the aspects of food but also to the production of potentially harmful pharmaceutical 

products with corrective properties anti-anemia, anti-tumor, and anti-malnutrition capabilities 

(13). 

Spirulina and its extracts are shown to have biological activities such as cancer 

prevention, decreased levels of blood cholesterol, increased immune system protection, reduced 

nephrotoxicity of pharmaceuticals, toxic metals, antibacterial, antiviral, antifungal, and anti-

parasite activity (14,15). 

Antibiotic resistance is a common result of indiscriminate use of antibiotics, which has 

led to a considerable increase in antibiotic use in recent years due to heavy infections. A wealth 

of structurally unique and physiologically active metabolites can be found in spirulina. 

A potential bioactive compound of the pharmaceutical industry may be primary or 

secondary metabolites formed by these species Toxic, inflammatory, antineoplastic, and 

antimicrobial effects are correlated with secondary metabolites from cyanobacteria. 

Polyphenols, terpenoids, alkaloids, glycolipids, fatty acids, and an unidentified group of 

bacteriocins are among the antimicrobial substances found in cyanobacterial exudates. (16). 

The current study aims to study the effect of spirulina on some pathogenic species 
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Materials and method 

Spirulina obtained from Dynamic excellent Network DXN Company which manufactures 

food supplements (health care). Prepared by dissolve 250mg of spirulina in 1ml of distilled 

water, and 500mg of spirulina in 1ml of distilled water. This study uses two fungus (Candida 

albicans and Candida tropicalis), two different Gram positive bacteria (Staphylococcus aureus 

and Bacillus) and three Gram negative bacteria  (Escherichia coli, Klebsiella, and Pseudomonas 

aeruginosa) cultures  

The microorganisms were sub cultured into petri dishes(nutrient agar) and incubated for 

24 hours at 37co for bacteria and 24 hours for 28co for fungal(sabouraud dextrose agar ). Five 

milliliters of sterile saline were used to inoculate three to five bacterial colonies obtained from 

agar plates. The bacterial cultures in the saline test tubes were then compared to 0.5 

MacFarland's standard. Each bacteria was cultured in Petri dishes containing Muller Hinton 

agar, and discs of filter paper impregnated with spirulina and sterilized for 15 minutes at 63°C 

in a water bath were placed then the dishes were incubated at 37°C for a full day. 

Preparation of spirulina disc for antibacterial activity by using sterile Whitman filter 

paper. The discs were prepared by impregnating them with sterile spirulina for 15 minutes at 

63°C in a water bath. After that, they were placed on the plate surface using sterile forceps and 

gently pressed to make sure the disc made contact with the agar surface. Observing and 

measuring the millimeter-scale zone of inhibition, the plates were incubated at 37°C for a whole 

day.  

The same method are applied for cultivating the fungus except that the incubation done 

at 28°C for 24 hours instead of 37°C (17). 

Sensitivity test for antibiotics 

Using the Kirby Bauer method, test tubes containing 5 milliliters of sterile saline were 

inoculated with three to five bacterial colonies obtained from agar plates. The bacterial cultures 

in the saline test tubes were then compared to 0.5 MacFarland's standard to standardize the 

bacteria.To create 100 milliliters of Muller Hinton agar, 3.8 grams of the agar were dissolved 

in 100 milliliters of distilled water. Autoclaving the agar at 121°C for 15 minutes sterilized it. 

Following sterilization, the aseptic pouring of Muller Hinton agar onto sterile petri dishes was 

performed. After giving the agar a few minutes to firm, each bacterial culture was aseptically 

swabbed onto the surface of the Muller-Hinton agar and allowed to dry with the aid of sterile 

swabs.  
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With the use of sterile forceps, the antibiotic disc (Bacitracin , Azithromycin 

,Trimethoprim,  Vancomycin, Gentamicin  and Ciprofloxacin) was carefully placed on the 

plate's surface and pressed to ensure aseptic contact with the agar surface. The plates were 

incubated for twenty-four hours at 37°C. Millimeters were used to measure and observe the 

zone of inhibition (18) 

Results and Discussion 

Table (1) shows that S. aureus bacteria were sensitive to all antibiotics used in this 

research with different degrees ranging between (16mm) for Bacitracin to (31 mm) for 

Gentamicin, whereas Klebsiella showed resistance to Vancomycin and Bacitracin but was high 

sensitivity to Ciprofloxacin and of variant sensitivity to the rest of the antibiotics used. E. coli 

bacteria showed high resistance to most of the antibiotics used except Gentamicin which 

showed efficiency against E. coli. Bacillus bacteria were resistant only to Trimethoprim and 

sensitive to other antibiotics in a range of (9mm) for Bacitracin and (31 mm) for Azithromycin. 

P. aeruginosa was resistant to Vancomycin and Trimethoprim but highly sensitive to 

Ciprofloxacin and Azithromycin and of medium sensitivity to Bacitracin and Gentamycin. 

Sensitivity test was performed for these antibiotics to check their effect compared to Spirulina 

extract in this research. 

Table 1- Sensitivity of bacteria species used in the research towards different types of antibiotics. 

Antibiotic S. aureus Klebsiella E. coli Bacillus P.aeruginosa 

Trimethoprim 27 15 R R R 

Azithromycin 30 21 R 31 30 

Bacitracin 16 R R 9 10 

Vancomycin 23 R R 16 R 

Ciprofloxacin 29 35 5 29 30 

Gentamicin 31 21 23 26 13 

 

Table (2) shows the effect of Spirulina extract with different concentrations for the same 

microbes used in table (1). E. coli bacteria showed medium sensitivity (11mm, 16mm) to the 

concentrations of (500 mg/ml, 250 mg/ml) compared to Trimethoprim, Azithromycin, 

Bacitracin, Vancomycin and Ciprofloxacin to which it showed evident resistance and with less 

effect to Gentamicin, and this makes clear the efficacy of the extract against E. coli compared 

to some types of antibiotics; Spirulina extract is used as antibiotic against infections caused by 

E. coli and it gives a safe and effective treatment in case the body responds to it. The 

bacteriological study which synthetically generating Spirulina in Mexico (19) and in USA (20) 

assures the complete absence of diseases’ causes like Salmonella, Shigella and S. aureus and 
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nonexistence of any contamination with dysenteric amoeba whither in natural resources (Lake 

Chad) or in the experimental reservoirs which contain Spirulina (21) in addition to its use as 

nutrient agent; a research was conducted in Zaire between January and November in 1989 on 

28 child suffering obvious (protein- energy disease) (22) and this analysis's evaluation of the 

data showed that spirulina generally has a good impact on patients' nutritional state. Bacillus 

bacteria showed resistance to Spirulina extract of (500 mg/ml) ; its sensitivity was the same to 

(250 mg/ml) Vancomycin and to (500mg/ml) of Bacitracin, and with higher effect than 

Trimethoprim (23). 

The study (24) indicated the presence of toxic effects and side effects of antibiotics, 

therefore, the use of the safe and nontoxic Spirulina is preferred, taking into consideration it is 

a rich source of proteins; tests were conducted on children and adults who suffer from 

malnutrition in Hospital Bichat- France where they were given high doses of Spirulina (80-90 

gram/ day), and despite the very large doses, no significant increase in uric acid in blood was 

noticed (25) and this indicates the absence of side effects of Spirulina extract even when high 

doses are given, compared to antibiotics. S. aureus bacteria showed sensitivity (16 mm) towards 

Spirulina similar to that of Bacitracin for the concentration of (250mg/ml),  and a less effective 

than that of Trimethoprim, Azithromycin, Vancomycin, Ciprofloxacin and Gentamicin for the 

concentration of (500mg/ml) concentrations; it is preferred to use the extract of Spirulina 

instead of the non- regular uses of antibiotics against microbes of multiple resistance like 

Methicillin-resistant Staphylococcus aureus (MRSA) which causes food poisoning and blood 

infection (26, 27). According to a 2009 study by Parisi et al., phenolic compounds isolated from 

Spirulina platensis using methanol have strong antibiotic action against Gram-positive S. aureus 

(28). 

Klebsiella bacteria showed medium sensitivity towards (500mg/ml) of Spirulina extract 

compared to the apparent resistance against types of antibiotics used in the research 

(Vancomycin and Bacitracin), and of equal effect (15 mm) to that of Trimethoprim for the 

concentration of (250mg/ml) and less effect than Gentamicin, Ciprofloxacin and Azithromycin. 

Spirulina is distinguished from other antibiotics by its high content of phenolic compounds 

which makes it an active extract with antioxidants even more than commercial algae (Chlorella) 

(29). 

P. aeruginosa bacteria showed high effect sensitivity (17mm) to (250mg/ml) Spirulina 

extract compared to antibiotics against which it showed resistance; Trimethoprim and 

Vancomycin, medium effect by Bacitracin and Gentamicin, and of less effect towards Spirulina 
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than Ciprofloxacin and Azithromycin for the concentration of (500mg/ml), the thing that 

demonstrates the efficacy of Spirulina extract against bacteria P. aeruginosa compared to some 

types of antibiotics. Anvar and Nowruzi, conducted a study on Spirulina for its treating 

characteristic and its inclusion of biologic active compounds (30). Useful medical applications 

of Spirulina also contributed to the attraction of many scientists' attention as it was being used 

to treat many diseases like diabetes, excessive blood cholesterol, and arteriosclerosis (31-33). 

Candida.sp showed resistance to the extract of Spirulina of (500mg/ml) concentration, and 

medium sensitivity to concentration of (250 mg/ml) compared to the antifungal fluconazole 

used in the research of (Berkow and Lockhart, 2017)(34). Denfert and Hube (2007) conducted 

a study on Candida albicans demonstrating its effect by the ethanol extract of Spirulina platensis 

as these diploid fungi grow as yeast or thread cellsو and that it is the factor causing opportunistic 

infection in the mouth and sex organs in humans and this confirms the biological activity of the 

ethanol extract of Spirulina platensis (35). 

Table 2- The sensitivity of microbes used in the research against different concentrations of Spirulina extract 

Spirulina S. aureus Klebsiella E. coli Bacillus P. aeruginosa 
Candida 

albicans 

Candida 

tropicalis 

250 mg/ml 16 15 16 16 17 12 15 

500mg/ml 10 10 11 9 15 11 10 

 

Conclusion 

The study proved that the concentration of (250) mg/ml of Spirulina had higher effect on 

P. aeruginosa than the other concentration, whereas Bacillus, S. aureus, Klebsiella and E .coli  

as well as the used species of fungi showed medium sensitivity to the same concentration of 

this extract. 

Hence, we conclude that it is possible to use Spirulina extract of (250) mg/ml 

concentration to treat infections caused by P. aeruginosa instead of using antibiotics that have 

side effects on the body. 

It can also be used to treat other infections caused by other pathogenic species of bacteria 

used in this study which showed medium sensitivity to the extract, due to its safety of use. 
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Abstract: 

Titanium oxide nanofibers were prepared using hydrothermal method for anti-bacterial and anti-fungal selectivity. These 

oxides were examined as agents for bacterial and fungal inhibition. This is mainly due to their nontoxicity, hydrophobicity 

and antifogging effect. The present study tests the viability of using TiO2 nanofibers prepared using the simple and cost-

effective hydrothermal process against a variety of bacterial (Staphylococcus, E. coli and Pseudomonas) and fungal 

(Candidiasis) organisms. The samples characteristic were examined mainly using, mainly: Field Emission-Scanning 

electron microscopy and x-ray diffraction. The selectivity of these oxides was tested against Staphylococcus, E. coli and 

Pseudomonas bacteria and Candidiasis fungus. No observable effect for TiO2 on the bacterial growth was reported while 

a successful inhibition of Candidiasis fungus was achieved. The results shed a new light on the activity of Titanium oxide 

nanofibers as an anti-bacterial and -fungal selection for biological and environmental issues. 

Keywords:  Titanium;  Dioxide;  Bacterial;  Nanofibers. 
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Introduction 

Titanium oxide nanostructures have attracted much attention recently due to their unique 

characteristics and wide-range applications [1]. Titanium oxides have two main polymorphs, 

anatase and rutile and represents a promising choice for a wide range of applications. Among 

these uses, Titanium oxides has two main polymorphs, anatase and rutile [2, 3]. Their 

mechanical, electronic and optical properties are extremely useful for efforts of finding cost-

effective nanostructures that can be used in sensing [4], solar cells [5, 6], photo-catalysts [7], 

water treatment [8] and pharmaceutical activities [9]. TiO2 nanoparticles has been studies 

extensively for bacterial and antimicrobial selectivity [10-13]. This is due to their nontoxicity, 

hydrophobicity and antifogging effect [12], which makes them an excellent candidate for 

eliminating disliked organic materials from water and air [12]. TiO2 nanostructures were 

prepared previously using electrospinning process [14], sol-gel [15] and hydrothermal methods 

[16]. These nanostructures can be in the form of nanoparticles, nanotubes, nanofibers, 

nanowires depending on the processing conditions set during fabrication [16-18]. Hydrothermal 

emerges as a cost-effective and simple process compared to other techniques. In the 

hydrothermal process, the starting material, processing conditions and post processing 

treatment play a major role in determining the features of resulted nanoparticles and nanotubes 

[11, 19]. On the other hand, nanofibers emerged as candidate for optoelectronic and biological 

applications, due to their high photo-catalytic activity and the high surface-to-volume ratio [20-

22]. Previous studies have reported the use of nanoparticles [10, 13] and nanotubes [23, 24] for 

inhibiting microbial and bacterial activity. These studies aimed to improve the inhibition 

capability of TiO2 by fabricating it in the form of nanoparticles, which have a higher surface 

area compared to nanotubes. Furthermore to the surface area, it is essential to TiO2 

nanoparticles to be synthesized in the anatase form since it has a higher photocatalytic activity 

than the rutile form [25]. Other than nanoparticles and nanotubes, nanofibers produced by 

electrospinning process for eliminating microbes were reported to increase in the contact area 

with microbes [26, 27]. The present study tests the viability of using TiO2 nanofibers prepared 

using the simple and cost-effective hydrothermal process against a variety of bacterial 

(Staphylococcus, E. coli and Pseudomonas) and fungal (Candidiasis) organisms. The 

morphological and structural analysis of these nanofibers can help in the evaluation of their 

selectivity on the different pathogens.  
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Experimental 

In this experiment, TiO2 (Titanium Oxide Nanopowder, anatase, 99.5%,) powder was 

utilized with 10-30 nm nanoparticles size purchased from SkySpring Nanomaterials, Inc. The 

TiO2 nanopowder and sodium hydroxide (NaOH) were used without any intermediate 

purification or treatment. Next, one gram of TiO2 powder was added to a 20 ml of NaOH with 

the concentrations shown in table 1. The mixture was magnetically stirred for 30 minutes and 

eventually transferred into a Teflon-lined stainless steel autoclave with a 30 ml capacity. The 

NaOH solution up filled the autoclave up to 80% of its capacity and maintained the determined 

temperature for each experiment. The preparation parameters for each sample shown below 

(table 1). The processing temperature & NaOH concentration were varied as shown in the table 

while TiO2 powder composition was fixed. This procedure was performed in order to analyze 

the effect of processing conditions. 

Table 1- Preparation parameters for the four samples used in this study 

Sample name NaOH concentration (M) Time (hours) Temperature (°C) 

a3 3 6 100 

a4 4 6 100 

b3 3 6 120 

b4 4 6 120 

 

At the end of the process, the autoclave was turned off and left to cool naturally to room 

temperature. The resulting precipitate was dried out by heating at 140 °C for an hour and then 

filtered and washed repeatedly with distilled water and hydrochloric acid in order to have the 

pH levelled at 7. The structural and morphological characterization of TiO2 was performed 

using Powder X-ray diffraction (XRD) and Field Emission scanning electron microscopy. XRD 

was performed using Empyrean X-ray diffractometer with Cu-Kα radiation (λ= 1.5418 Å) while 

SEM was performed using Inspect F Fe-SEM. Overnight Culture of Staphylococcus, E. coli, 

Pseudomonas bacteria and Candidiasis fungus were added to 100 ml of nutrient broth according 

to Kirby Bauer disk diffusion Technique [28]. The disks were placed over the media and 

incubated at 37°C for 24 hours. 

Results and Discussion 

Figures 1a and 1b show SEM images of the TiO2 nanofibers, which were synthesized 

hydrothermally at 100 °C for 6 hours in controlled conditions with concentrations of 3M 
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(sample a3) and 4M (sample a4) of NaOH, respectively. The resulting nanofibers exhibited 

high linearity for both concentrations,. Some white residuals (annotated with arrows in fig. 1a) 

existed even with the extensive post-processing efforts, which indicates that an excessive 

washing of post-processing materials is required. Surprisingly, the nanofibers in sample a4 

were observed to exceed 3 µm, which is not reported previously. These fibers showed some 

unevenness at their surfaces. Regarding samples b3 and b4, SEM images (fig. 1c and 1d) 

showed a more obvious fibrous structure in both samples. The lengths of these nanofibers varied 

between 20-35 nm.  In all samples, the nanofibers have a straight structure with entanglement 

between different nanofibers. Features of layered structures in these nanofibers can be 

suggested from the SEM images. This is supported by the variation in contrast along the fibre 

structure. Such observation was reported previously in nanofibers produced using the 

hydrothermal process [20].  

  

  
Figure 1 - SEM images of TiO2 nanofibers synthesized through hydrothermal reaction 

(a) sample a3, (b) sample a4 and (c) sample b3 and (d) sample b4. 

 

The X-ray diffraction (XRD) patterns shown in Fig. 3 reveal that the resulted TiO2 

structures have anatase phase, as confirmed by the diffraction peak at plane (200) of the 

tetragonal phase in all samples. Sample a4 showed a strong intensity at (101) plane of anatase 
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along with other non-indexed peaks that did not match any of the titania phases. This possible 

to be related to the irregular surfaces of this sample’s fibers.  

 

Figure 2 - XRD patterns of TiO2 nanofibers synthesized through hydrothermal reaction (a) sample a3, (b) sample a4, 

(c) sample b3 and (d) sample b4. The symbol (Δ) with red colour represents the Anatase phase peaks [29]. 

Hydrothermal process of anatase Nanopowder using different concentrations of NaOH 

and temperature. The characterisation of the resulted structures using SEM revealed fibrous 

structures with significant length to width ratio that are similar to previously reported structures. 

XRD data suggested that the hydrothermal process succeeded to produce the anatase phase in 

all samples. However, the processing of these structures at 100 °C led to the creation of white 

residual in samples a3 and a4 that is suggested by XRD to be the rutile titania phase or the 

titanate phase with the (Na+) cation. The processing of TiO2 nanopowder at 120 °C (sample b3 

and b4) has produced nanofibers with higher smoothness in their surfaces compared to samples 

a3 and a4. These insights reveal that higher temperature of hydrothermal process can reduce 

the possibility of forming unprocessed or non-preferable structures that might affect the efforts 

of bacterial inhibition.  

In this study, the impact of titania nanofibers, produced using various hydrothermal 

processing conditions, on the growth of E. coli, Staphylococcus, and Pseudomonas bacteria, as well 

as Candidiasis fungus, was evaluated. Interestingly, almost no effect of TiO2 nanoparticles was 

observed on E. coli (fig.3a), Staphylococcus (fig.3b) and Pseudomonas (fig.3c). The bacterial 

growth in liquid media with different processing conditions of TiO2 nanofibers suffered no obvious 

delay. On the other hand, TiO2 nanoparticles inhibition of Candidiasis fungus was noticeable 

compared to bacterial inhibition (fig.3d). These observations are related to the quality of nanofibers 

produced using the processing conditions listed above. 
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Figure 3 - Overnight Culture of (a) Staphylococcus, (b) E. coli, (c) Pseudomonas and (d) candida fungus in the 

presence of TiO2 nanofibers. 

The effect of the residuals in the fibrous Titania nanostructure was noticed by measuring 

the growth of E. coli, Staphylococcus, and Pseudomonas bacteria in the presence of these 

nanostructures. The absence of a clear effect on the bacterial growth suggests that these 

residuals led to the deactivation of the polarity of the titania nanofibers phase. On the other 

hand, the successful inhibition of Candidiasis fungus showed promising results for the use of 

titania nanofibers for anti-fungal selectivity. The discrepancy between anti-bacterial and anti-

fungal effect of these nanofibers can be attributed to the biological differences between these 

organisms and their reaction to characteristics of titania nanofibers. The optimization of 

hydrothermal processing conditions (processing temperature & NaOH concentration) for titania 

nanofibers and the interpretation of their mechanism of bacterial and fungal inhibition are vital 

milestones towards their use as successful anti-microbial agents. Future research on the 

processing parameters and materials composition of titania nanofibers is important for a more 

efficient bacterial and fungal inhibition. 

Conclusions 

The selectivity of titanium oxide nanofibers produced using hydrothermal was tested 

against Staphylococcus, E. coli and Pseudomonas bacteria and Candidiasis fungus. No 

observable effect for TiO2 on the bacterial growth was reported while a successful inhibition of 

Candidiasis fungus was achieved. This is directly related to the processing conditions of the 

hydrothermal process. Further optimization of the processing parameters of the hydrothermal 

process to produce titania nanofibers with no-residual structures can help efforts of using these 

fibrous structures in biological applications. 
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Abstract: 

Background: During vascular remodeling, fibrosis, including damage to the myocardium, ST2 is crucial. Since their 

development, high-sensitivity persistent Inhibition of Tumor formation-2 (sST2) tests have proven to provide useful tools 

in the diagnosis and surveillance for cardiovascular disorders. . Objectives: The research presented here aims to improve 

existing comprehension of sST2 in cardiovascular illness, particularly a focus upon the connection underlying 

hypoglycemia as well as The ST2. 

Materials and methods: The region of Al-Najaf el-Ashraf's Hospital  Al Sader General Teaching was used as the 

investigation's site. A collection mainly sixty individuals were analyzed, comprising of thirty-five individuals who had 

cardiovascular disease (CVD) with twenty-five healthy. The median age of the patients was 35 to 65. Age, creatinine, 

urea, fasting glucose level, the random blood sugar levels in patients having Cardiovascular have been assessed for the 

research patients. This investigation additionally confirmed the individual's ST2 levels.  

Result: The results of the investigation show that, as compared to controls, those suffering from Cardiovascular had 

substantially greater levels of ST2, urea, which and creatinine levels, as well as arbitrary blood sugar and fasting glucose 

levels. In the research subjects, this genetic marker showed an upward trend with both creatinine and (fasting glucose 

and random blood sugars).  

Conclusions: Individuals having Cardiovascular died at increased rates when their circulation ST2 content was 

increased. Kinase ST2 is positively regulated by hypoglycemia. Thus, in patients with CVD, there is a correlation between 

ST2 level increasing the incidence of diabetes. According to what we have discovered, there's is a highly substantial 

clinical correlation between ST2 with kidney problems. 

Keywords:  Hyperglycemia, CKD , CRS, ST2 and CVD. 
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Introduction 

Just every other organ in the body, the cardiovascular system is made up of many different 

kinds of cells as well as among which the most prevalent of which are the cells known as 

endothelial cells, which are the components that form elements of arteries and veins (1). 

Endothelial cells are the cells that regulate the flow of oxygen and other nutrients into the 

cardiovascular system that aid in defending against immunity (2). The health of the heart is 

ultimately impacted by the dysfunction of cells called endothelial cells, which also affect nearby 

cells. Consequently, it is acknowledged that endothelial cells are believed to play a crucial part 

in the emergence of cardiovascular conditions (3). 

Cardiorenal disease (CRS) is a word used to describe heart failure (HF) that results in 

impaired kidney function and reverses the other. As CRS increases morbidity as well as 

mortality among individuals with  acute kidney injury (AKI), heart failure (HF),or chronic 

kidney disease (CKD), it is considered usually of these poorest diagnostic indications. (4). 

Additionally, biomarkers are crucial for cardiovascular remodeling, inflammation, and damage 

to myocardium. 

Recently 2017, the American College of Cardiology and the American Heart Association 

(AHA) updated their recommendations on coronary artery disease, recognizing the value of 

high-sensitivity solubility Inhibition of The development of tumors-2 (sST2) tests for prediction 

as well as tracking of heart failure  (3). It has been discovered that solubility ST2 is a significant 

determinant in failing heart treatment outcomes as well as an indication of morbidity and 

mortality for the context of serious cardiovascular conditions (5,6). Belonging to the subfamily 

of Rapid transmitters interacting interleukin 1, (TIR, Toll/interleukin1 receptor), contains 

intracellular and able to dissolve ST-2 proteins (29). It originates with 2 forms that are 

therapeutically important to consider: solubility or transdermal. The transdermal form (ST-2L, 

ST-2 ligand) is primarily found on the tissue called the end cardiomyocytes were and cells 

involved in inflammation.  

According to research on mammals, interleukin 33 (IL-33) prevents cardiopulmonary 

hypertrophy and inflammation via interacting with ST-2L, which has been identified onto 

coronary arteries (7). This solubility structure, also known as solubility ST-2 or sST-2, is widely 

circulated in the blood and can be detected using a common biochemistry test that involves 

blood. Cells, that have been encouraged during development, as well as cytokines that promote 

inflammation, involving interleukin six (IL-6) and tumor necrosis element α (TNF-α), influence 

the production of sST-2. An overabundance of sST-2 inhibits IL-33 from interacting onto the 
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ST-2L proteins, which can lead to detrimental structural alterations in the heart. It has been 

shown that the presence of the IL33/ST-2 connection contributes to the advancement of 

atherosclerotic in addition to scarring and cardiac remodeling (8).  

prevailing knowledge regarding sST2 in heart failure will substantially updated by the present 

research, particularly a focus on the hyperlink connecting both the ST2 and hyperglycemia. 

Materials and methods 

The investigation in question was conducted in Iraq between April and June of twenty-

three. The municipality of Al-Najaf al-Ashrf's General Hospitals Al Sader General Teaching 

served as the research project's site. 

1. Study Design 

Each of the sixty specimens analyzed, of which thirty-five fell under the sick category 

while twenty-five were in the unaffected category. During every phase comprising the research, 

an everyday population of adults, males and females, age thirty to sixty-five (together with 

acceptance or exclusion conditions) was gathered. 

2. Collection of Blood Sample 

Using five milligrams of sterile collaborations, specimens of blood were taken into veins. 

Specimen placed inside container with labeling. The use of blood was permitted to coagulate 

lasting ten minutes at temperatures of room temperature, and subsequently centrifuged for an 

additional fifteen minute at 6000 revolutions per minute. The blood sample followed by 

separation as well as frozen at -80 ºC unless the experiment's laboratory examination was 

completed.  

3. Laboratory parameters 

A. Determination of Blood Urea concentration: The amount of urea in the blood sample 

was determined using the colorimetric technique. Biolabo SA, France provided a 

specialized kit for measuring human urea amounts in serum. 

B. Determination serum creatinine concentration: The amount of creatinine in the 

serum was ascertained by colorimetric response. The French company Biolabo SA 

provided the serum with its creatine content. 
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C. Determination blood glucose: This substance was developed to utilization in 

laboratories by professionals using a computerized procedure. It makes it possible to 

measure the quantity of glucose found in individual plasma and bloodstreams 

quantitatively also determine the amount in urinate. God oxidizes glucose to produce 

the compounds hydrogen peroxide and the acid gluconic acid, that when combined with 

POD, which stands interacts into PAP and chloro-4-phenol to make a crimson 

quinoneimine. At the wavelength of 500 nm the absorbance of the colored complex will 

be determined, and it corresponds to the amount of carbohydrates present in the 

specimen being examined. 

D. ST2: Automated serum's ST2 quantities were measured employing an enzyme-linked 

immunosorbent assay (), in accordance with Elabscience's prepared protocol). 

4. Statistical Analysis 

 The software package SPSS was used for statistically analyzing the data (SPSS, Version 

26). The test for significance was employed, or descriptive analyses of means and standard error 

were performed comparing the participants and healthy  subgroups. To determine the 

correlation between markers and criteria, correlation coefficients were calculated. The statistics 

were created with Microsoft Office 2016's EXELL application. Every one among these factors 

was statistically tested at P<0.05 significance. 

Results and discussion 

1. Study subject: 

An aggregate of Forty circumstances—20 individuals suffering from cardiovascular 

illnesses as well as Twenty healthy —were looked at in this investigation. The individuals 

receiving treatment ranged in age from forty to sixty-five years, and the participants were all 

male. 

2. Biochemical test of study subject: 

A. Kidney function test: 

The kidney function test results among the study groups are displayed in Figures (4-1) 

and (4-2). Serum concentrations of urea as well as creatinine among individuals with CVD are 

significantly higher (p<0.05) than in other research categories, which the data show.  
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Figure 1- Comparison of the urea (mg/dl) between Groups of Patients with CVD and healthy group 

* P< 0.05 statistically significant with control group  

 

Figure 2- Comparison of the creatinine (mg/dl) between Groups of Patients with CVD and healthy group 

* P< 0.05 statistically significant with control group 

B. Blood sugar test: 

Figures (3,4) demonstrate that patients with CVD had significantly higher levels in their 

serum of both randomized blood sugar levels (RBS) and rapid blood sugar (FG) (p<0.05) than 

other gr0up in the research. 
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Figure 3- Comparison of the fasting blood sugar (mg/dl) between Groups of Patients with CVD and 

healthy group 

* P< 0.05 statistically significant with control group 

               

Figure 4- Comparison of the Random blood sugar (mg/dl) between Groups of Patients with 

CVD and healthy group 

* P< 0.05 statistically significant with control group 

3. ST2 concentration: 

The figure (5) shown the specific biomarker test levels between the studied groups 

According to this figure there was a significant increase (p< 0.05) of ST2 level in patients with 

CVD comparison with other study groups.  
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Figure 5- Comparison of the ST2 (pg) between groups of patients with CVD and healthy group 

* P< 0.05 statistically significant with control group 

    

Figure 6- ROC curve for discrimination of the ST2 (pg) in all subjects 

ROC AUC Std. Errora Cut off value 

.688 0.11 1.9350 

 

Correlation 

the table (4-2) displays the conclusions of the relationship and regression analyses 

amongst the individuals with CVD. It shows that there was a substantial positive correlation 

involving ST2 and the outcomes of the individuals s.cr, fg, and RBS. In contrast, the other 
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finding in the previous table showed that among those suffering from cardiovascular disease, a 

connection among ST2 as well as urea was not of statistical significance. 

Table 1- Correlation between the clinical characteristics and patients with CVD 

 

 

ST2 

 

Correlations AGE UREA S.CR FG RBS 

Pearson 

Correlation 

.425* 0.385 .429* 587** .416*. 

Sig. (2-tailed) 0.043 0.069 0.040 0.003 0.048 

 

* Correlation is significant at the 0.05 level (2-tailed). 

**Correlation is significant at the 0.01 level (2-tailed). 

Discussion 

Cardiac combined kidney conditions collectively are referred to as cardiorenal 

syndromes; acute or chronic failure of one of the organs results in malfunctioning of the 

opposite organ. It combines hemodynamically thru changes in neurohormonal indicators, a 

combination of heart-kidney connections throughout multiple channels, overall elevated arterial 

and the kidneys pressure—all of the above being indicative of possible symptoms. (9) 

The results of the present investigation demonstrated that, as compared with the 

remaining participants, individuals who had CVD had significantly higher urea levels. These 

conclusions corresponded to accordance  those of Hong et al. (2023), who discovered that a 

greater BUN percentage is a predictor of both mortality from all causes and cardiovascular 

disease (CVD). (10) Previous research shows found increased blood sugar levels are linked to 

unfavorable consequences in heart failure patients in particular when there is a sudden decrease 

in function (11). 

Regularly employed as a diagnostic tool to evaluate kidney functioning, blood urea 

nitrogen, also known as BUN, is a waste result of protein metabolism that is generated by the 

body's liver then eliminated by the renal system (12, 13). In the research, kidney performance 

indicators like creatinine, filtration rate of the kidneys, and Urea have been connected to 

mortality from cardiovascular diseases (14, 15). Research investigations have shown that 

people with Cardiovascular had elevated the BUN levels, which, when combined with various 

additional kidney-related indicators, makes this indicator of kidney function an accurate 

indicator of Cardiovascular mortality (16,17, 18). BUN, on the opposite together, provides an 
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indication underlying kidney function with neurohumoral activation which may additionally 

suggest the pathogenesis of Cardiovascular.  

Dehydration, or bleeding from the digestive tract, steroid injections and protein 

consumption are just some among the variables that affect BUN levels. Additionally, Urea is 

an essential indicator for metabolic disorders along with additional disorders the may 

demonstrate the connection among dietary position, the metabolism of proteins, and kidney 

activity (19).  

The current study's findings support those of Bagheri et al. (2019), who found a strong 

correlation between creatinine concentrations and the incidence and degree of CAD (20). An 

indicator of the state of the kidneys, creatinine is the anhydride version of urea. Insulin targets 

muscle, which is additionally the primary generator of serum creatinine (21). thus is expected 

this creatinine will serve as a marker for cardiovascular illness, diabetes, particularly insu1in 

(CAD) (22, 23). 

Particularly for mele, there is an U-formed relationship between CAD and creatinine in 

the blood, a measure of kidney condition (24, 25). Between twenty and forty percent of 

individuals admitted for heart failure may have elevated creatinine levels. (26, 27) aggravating 

kidney function (WRF) is linked with the rise in the following cases: male gender; (28) 

advanced age; (29) heart failure past; (30,31) chronic kidney diseases; (32) diabetic; (33) 

anemia; (34) antihypertensive; (30,31) greater reduction in arterial pressure; (35,36); along with 

elevated prescriptions of medications (54,57). Prolonged stays in hospitals, higher incidences 

of hospitalized and for a long time death rates, and greater hospitalization again rates are all 

linked to larger amounts of creatinine and a greater rise in the creatinine level in the blood (37) 

A rise in creatinine in the blood did not, nevertheless, appear to be independently correlated 

with findings for particular investigations (38, 39). 

The results of this research demonstrated that, compared with the remaining group 

members, individuals with Cardiovascular had a significantly higher ) concentration. The 

results of this research are consistent with those of Park et al. (2023), who show that when 

fasting blood glucose levels rose above more than 100 mg/dL, the likelihood of cardiac 

infarction, angiogenic cerebrovascular accident, ,overall ischaemic coronary heart disease 

improved gradually, whereas with likelihood of stroke caused by hemorrhaging increased 

significantly. Lower than 70 milligrams per deciliter of fasting blood glucose levels was linked 

to a greater likelihood for strokes overall in males (danger proportion 1.06, which is 95% 

confidence interval (CI) 1.01–1.11) and female  (danger ratio 1.11, 1.05–1.17). (40) Through 
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the a non-en hyperglycemia of LDL ) cholesterol, for example, other the proteins involved, as 

well as coagulation variables hyperglycemia may negatively impact the endothelium or plaque 

caused by atherosclerosis of blood arteries (41). 

Fisman et al. initially discovered a significant relationship among nondiabetic insulin 

levels and premature death among people with a constant persistent stage of cardiovascular 

illness. In their investigation, those who were not diabetic alongside were classified through 

groupings of fasting blood glucose levels (b110, 110 towards 126, as well as N126 mg per 

deciliter); preliminary findings about their research demonstrated that fatalities raised 

considerably within every one of the categories. Multiple research  demonstrate that whenever 

the blood glucose level falls beneath the threshold for the diagnosis of insulin resistance, this 

represents an extraordinarily significant likelihood of passing away over people with the early 

stages of CAD as well as people who require coronary angioplasty (42). 

According to the latest research, higher levels of fasting glucose in people without 

diabetes are linked to increased and more catastrophic instances of MI, a str0ke, overall death 

by any cause (44). Furthermore, rising rapid glucose levels was linked to an elevated likelihood 

of cardiovascular disease in non-diabetic individuals, according to two separate meta-analyses 

(45). Several possible causes have been identified. Through the process of oxidative stress (46) 

the action of protein kinase C installation, that accelerated glycogen merchandise activates 

receptors (47) an elevated glucose state impairs regular functioning of endothelial cells, which 

speeds up the production of plaque associated with atherosclerosis and increases arterial rigidity 

(48) 

The results from this research demonstrated that, in contrast to other participants in the 

study, people with non-diabetic Cardiovascular had a significantly higher (RBS) concentration. 

Despite inside the usual range of plasma glucose levels, reduced RBG concentrations have been 

linked to decreased chances all severe CVDs among adult Chinese without hypertension. (49). 

Compared to randomized blood glucose levels, that could be more prone to intraindividual 

combined interindividual variance, fasted combined randomised glucose levels in the blood 

constitute potentially dependable hyperglycemia measurements. Nonetheless, given that 

humans devote the majority of their lives not intermittent fasting,  blood glucose levels might 

be a better indication of Cardiovascular hazards. (50) 

Numerous possible causes have been treated as documented for the adverse impacts of 

carbohydrate discrimination, among them the immediate implications of hypoglycemia the 

repercussions of insulin resistance, or related changes in metabolism ranging elevated levels of 
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free fatty acids. Cells death with stiffness can arise from hyperglycemia's induction of 

nonenzymatic proteins glycosylation is engagement of cellular protein kinases C, stress caused 

by oxidation, and elevated tumor necrosis factor- (51). Elevated intracellular 

calcium heightened sympathetic function, that breakdown of blood vessel permeability are 

among the many heart damaging consequences of high free fatty acid levels (52). Cardiac 

hypertrophy as well as accumulation of collagen have been scientifically linked to high insulin 

levels (53). While there is evidence linking inadequate glycemic management to an elevated 

likelihood in heart failure (54) 

In line with the present research's findings, individuals who had CVD had significantly 

higher (ST2) levels than those in the other investigation subgroups. The results obtained 

corresponded to line with what Zhang et al., 2021 (81) discovered. Although more recent study 

indicates increased reduction of the development of tumors 2 (the ST2) is linked to 

cardiovascular disease (CVD a meta-analysis of ST2 concentrations in various cardiovascular 

disease has not yet been carried out. Solvent ST2 (also known (sST2) concentrations in those 

who have ischemia cardiovascular disease , myocardium infarction (MI), and 

hypertension  were the primary objective of current investigation. 55. 

Numerous investigations revealed how the stretching of heart muscle cells neutralizes the 

binding protein of sST2, which is produced (56, 57). Additionally, it is linked to inflammatory 

alongside heart failure and MI. A suitable quantity for the SST2 can stop uncontrollably high 

levels of inflammatory because it is a masquerade transmitter of the IL-33 receptors (ST2L). 

Since it performs its strong rivalry function versus ST2L, superfluous sST2 may also impede 

the beneficial biological action of IL-33, ultimately leading to HF (58). Lately, there have been 

numerous reports linking sST2 to cardiovascular diseases, particularly HF (59). 

According to the latest research, IL-33/ST-2 signaling is triggered to the aftermath of 

inflammatory with ventricular anxiety, resulting in the expulsion of the water-soluble form of 

ST2 into the bloodstream. Greater circulation concentrations of ST2 are associated with a higher 

probability about heart attack; this finding may be explained by the solubility version of ST2 

acting as a dummy receptor in question, which sequesters as well as inhibits IL-33.(60) 

This research additionally shows that there is not a significant association among the 

individual's aged with The ST2. This research supports an investigation conducted in 2016 by 

Villacorta et al. that showed no correlation between sST2 concentrations and age, BMI, prior 

HF evaluation, heart rate, or HF etiology (an ischemic vs. non-ischemic). Like established in 

the earlier investigation, sST2 proved a highly reliable indicator of death. However, sST2 was 
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a highly accurate indicator of death. Significantly greater amounts (1.08 vs. 0.18 grams per 

milliliter) were found among individuals whose passed away at the 1-year mark, indicating 

strong correlation amongst SST, which is2 amounts that fatalities, particularly greater quantities 

indicating the greatest danger. (61) 

Conclusions: 

The research sheds light on the relationship between raised creatinine or urea levels and 

high blood sugar in CRS patients. Our findings demonstrate a highly substantial therapeutic 

relationship between kidney conditions with ST2. Individuals having Cardiovascular died at 

increased rates when their circulation ST2 content was increased. An additional instance of 

CRS is additionally linked to elevated ST2 concentrations. In this latest study, researchers 

showed that sST2 level represented linked to FG therefore RBS markers as well as constituted 

an independent risk contributor to elevated hypreglycemia in non-diabetic patients with 

cardiovascular disease. 
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 لملخصا

 90استعملت  .Cyprinus carpio أجريت الدراسة لمعرفة تأثير زيت بذور العنب كمحفز مناعي ولدعم النمو عند إضافته .إلى علائق صغار أسماك الكارب الشائع

ي دوار 36.5سمكة تراوح معدل أوزانها 
ي أحواض نظام مائ 

 
. غذيت بنسبة  14وأقلمت لمدة  (ARS) غم. وضعت الأسماك ف

ً
% من وزن الجسم على علائق 3يوما

 لثة، المعاملة الثاT2 (0.5%) ، المعاملة الثانيةT1 (0.2%) ، المعاملة الأولىC (0%) مضاف لها تراكير  مختلفة من مستخلص زيت بذور العنب : معاملة السيطرة

T3 (1%).  ي والملوحة أوضحت نتائج الدراسة الحالية أن أ
، الأس الهيدروجين  نزيم على قيمة ل قيست العوامل البيئية خلال التجربة وهي درجة حرارة الماء، الأوكسجير 

ي المعاملة الثالثة بعد 
 
ي المعاملة الثالثة ) 77.60وم من التغذية )ي 40الفوسفاتير  القاعدي كانت ف

 
 على التوالىي ف

ي %(، كما بينت نتائج التحل1( وحدة دولية/ لير
يل الحصائ 

ي المعاملات ((P>0.05 عدم وجود فروق معنوية
 
ي تركير  إنزيم الفوسفاتير  القاعدي ف

 
ي  T2و T1 ف

 
 بعينة السيطرة، بالضافة إلى عدم وجود فروق معنوية ف

ً
ير  ركتمقارنة

ي جميع معاملات التجربة عدا المعاملة الثالثة سجلت اختلافا معنويا إذ بلغت )
 
ي دم الأسماك ف

 
روق ( وحدة دولية /لير . كذلك لم تكن هناك ف8.89إنزيم ناقل الاثنير  ف

ي دم أسماك المعاملة الأولى والثانية بينما سجلت المعاملة الثالثة اخت
 
ي تركير  ناقل الأسبارتير  ف

 
 بمعاملة السيطرة، إذ بلغت )معنوية ف

ً
( وحدة 28. 56لافا معنويا مقارنة

  .يوم من التغذية 40دولية /لير بعد 

 زيت بذور العنب ، تحفير  المناعة ،معايير النمو ،المعايير الكيموحيوية  الكلمات المفتاحية : 

 

Abstract: 

The study was conducted to know the effect of grape seed oil as an immune stimulant and to support growth when added 

to the diet of young common carpCyprinus carpio. 90 fish were used with average weights rang was 36.5g. The fish were 

placed in recirculating water system (ARS) tanks and acclimatized for 14 days. They were fed at a rate of 3% of their 

body weight on diets to which different concentrations of grape seed oil extract were added: control treatment C (0%), 

first treatment T1 (0.2%), second treatment T2 (0.5%), third treatment T3 (1%)). The environmental factors were 

measured during the experiment, which were water temperature, oxygen, pH and salinity. The results of the current study 

showed that the highest value of alkaline phosphatase enzyme was in the third treatment after 40 days of feeding (77.60) 

IU/L, respectively, in the third treatment (1%). The results of the statistical analysis also showed that there were no 

significant differences (P>0.05) in the concentration of alkaline phosphatase enzyme in treatments T1 and T2 compared 

to the control sample, in addition to the absence of significant differences in the concentration of the urinary transporter 

enzyme in the blood of fish in all experimental treatments except the third treatment, which recorded a significant 

difference, reaching (8.89) IU/L. There were also no significant differences in the concentration of the vector in the blood 

of fish in the first and second treatments, while the third treatment recorded a significant difference compared to the 

control treatment, as it reached ( 56.28) IU/L after 40days feeding. 

Keywords  Grape Seed Oil; Immune Stimulation; Growth Standards; Biochemical Standards. 
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 المقدمة 

ي السلسلة 
 
ي قمة المستهلكات ف

 
ي تقطن البيئة المائية, وتقع ف

تعتير الأسماك أحد أكير وأهم المجاميع الفقرية النر

ي النظام 
 
، وتمثل الأسماك الغذائية ف ي

ي المائ 
 17البين 

ً
ي المتناول عالميا

وتير  الحيوائ  تغذية الأسماك  (FAO, 2016) % من الير

ها المباشر على النم راع السمكي لأنها تؤثر على تكلفة النتاج من خلال تأثير
ي الاسير 

 
 ,Gatlin) 2002و )تلعب دورا حاسما ف

ي الوقت الحاض  الدراسات لاستخدام 
 
ي تربية الأسماك أكير من الضافات تزايدت ف

 
النباتات الطبية كإضافات علفية ف

ي 
افقة مع التلوث البين  ي غالبا ما تسبب مشاكل مير

(. يعد استخدام 2006وآخرون  ( ,Shalaby العلفية التقليدية النر

 . الأعشاب نهجًا قديمًا لعلاج مجموعة من المشكلات الصحية وتقوية مناعة الجسم

ي إنتاج عصير العنب العنب أحد أكير 
 
 أنواع النباتات أهمية من الناحية الاقتصادية نظرًا لاستخداماته المتنوعة ف

ي المناطق المعتدلة حيث الأمطار الكافية  .Ali et al . (2010) والمنتجات الغذائية الأخرى
 
ي جميع القارات ف

 
يُزرع ف

  والجاف وكذلك الشتاء المعتدل نسبيًا وهي أنم
 
 ,Vivier and Pretorius) 2000 ) اط مناخية طبيعيةوالصيف الداف

كيباتها الأيضية. تمثل مركبات الفلافونويد مجموعة واسعة الانتشار وشائعة من مادة  تتمير  صفات منتجات العنب بير

ي ينتجها
 . (Ananga et al., 2013 and Vogt, 2010)البوليفينول الطبيعية النر

ي علائق أسماك الكارب الشائع  Nader and Abdul Rahman (2017) استخدم
 
مخلفات العنب الأسود ف

. كما  ي لكريات الدم البيض، نسبة الهيموكلوبير 
ها على عدد خلايا الدم الحمر، خلايا الدم البيض، العد التفريقر ودراسة تأثير

ي لورق الغار)2017استخدمت السعد )
ي عليقة صغار أسماك الكارب الشائع ال2( المستخلص المائ 

 
ذي أدى إلى %( ف

 بالمعاملات الأخرى )
ً
 .%( ومعاملة السيطرة3% و1تحسير  أداء النمو والحالة الصحية للأسماك مقارنة

  هدف الدراسةأ

هدفت الدراسة لاستعمال بعض المحفزات المناعية مثل زيت بذور العنب، وإضافته إلى عليقة صغار أسماك 

لاث تراكير  مختلفة )
ً
ها على معدلات النمو وبعض المعايير الكيموحيوية 1و% 0.5% و%0.2الكارب الشائع بث ( وتأثير

 . لأسماك الكارب الشائع

 المواد وطرائق البحث

, حاوية على ماء من نفس بيئة الأسماك لتقليل  3نقلت الأسماك إلى المختير باستخدام أكياس بلاستيك سعة  لير

غم ومعدل الطول الكلىي 0.38+ 35. 36كلىي للأسماك الجهاد على الأسماك أثناء عملية النقل. كان معدل الوزن ال

 .سم 13.65±1.24

ي ومتساوٍ على الأحواض البلاستيكية ذات حجم 
لغرض أقلمتها  3سم 30x 40 x60وزعت الأسماك بشكل عشوائ 

, إذ غذيت على عليقه سيطرة بنسبة  14لمدة 
ً
 % من وزن الجسم إلى نهاية التجربة من أجل إقامة الأسماك على3يوما

بية بواقع  أسماك للحوض الواحد بعدها  8الأحواض البلاستيكية والعلائق التجريبية. وزعت الأسماك على أحواض الير

%، 0.2%، 0.0وزعت الأسماك بواقع مكررين لكل معاملة وحسب نسب إضافة زيت بذور العنب إلى العلائق السمكية )

ي موضع محدد من الحوض وبواقع و %1، 0.5
 
جبتير  لليوم الواحد إذ أعطيت الوجبة الأولى عند الساعة %(. وضع العلف ف
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 والوجبة الثانية عند الساعة الثانية ظهرا أجريت عملية وزن الأسماك لجميع الأحواض كل أسبوعير  
ً
التاسعة صباحا

ان حساس  .بوساطة مير 

 تحضير العلائق

ي تصنيع علائق التجربة وهي مركز مسحوق السمك، 
 
جمعت المواد العلفية من الأسواق المحلية المستخدمة ف

. كما  فول الصويا، ذرة صفراء، الحنطة المحلية، مجموعة الفيتامينات والأملاح والأحماض الأمينية اللايسير  والميثونير 

 جلبت المادة المضافة )زيت بذور العنب( المراد اختبار ك
ً
فاءتها من الأسواق المحلية إذ تم طحن المواد العلفية جيدا

ي ذي فتحات  ملم, بعدها وزنت كل مادة لوحدها وحسبت النسب المحسوبة, ثم  0.4وغربلت باستعمال منخل مختير

كيب العلائق جيدا لغرض التجانس، أضيف ما يقارب  غم من  500مل ماء مغلىي لكل  300خلطت المواد العلفية لير

، ثم أضيفت الفيتامينات والأملاح والزيت, بعدها شكلت العلائق باستعمال ماكنة الخل
ً
يط بعدها تم مزج الخليط جيدا

ي درجة حرارة الغرفة لمدة 
 
ي أكــــــــياس بلاســـتيكية  24الفرم ذو فتحات متوسطة وجففت ف

 
ساعة، ثم وضعت العلائق ف

ي الثلاجة لحير  الاستعم (البولىي إثيلير  )
 
 (.  (Lovell, 1989الوحفظت ف

ز القاعدي   :  Alkaline phosphatase (ALP)أنزيم الفوسفاتير

ي  ALPقدرت فعالية أنزيم  ي وعلى طول موجر
ي مصل دم الأسماك باستعمال جهاز المطياف الضوئ 

 
،  510ف نانومير

كة  kitبوســـــاطة عدة تقديرية جاهزة   المعادلة التالية: , وحسبت فعالية الأنزيم حسب Randoxمن انتـــــاج شر

(= )قراءة النموذج    142(× قراءة العينة الضابطة/ القراءة القياسية  –فعالية الأنزيم )وحدة دولية/ لير

  Aspartate amino transferase: (AST)أنزيم 

ي  AST قدرت فعالية أنزيم ي وعلى طول موجر
ي مصل دم الأسماك باستعمال جهاز المطياف الضوئ 

 
،  510ف نانومير

كة kit بوســـــاطة عدة تقديرية جاهزة  :وحسبت فعالية الأنزيم حسب المعادلة التالية ,Randox من انتـــــاج شر

 =) قراءة العينة  –قراءة العينة المقارنة/ القراءة القياسية  –قراءة النموذج )فعالية الأنزيم )وحدة دولية/ لير

  100× (الضابطة

  Alanine amino transferase: (ALT)أنزيم 

ي  AST قدرت فعالية أنزيم ي وعلى طول موجر
ي مصل دم الأسماك باستعمال جهاز المطياف الضوئ 

 
،  510ف نانومير

كة kit بوســـــاطة عدة تقديرية جاهزة  :وحسبت فعالية الأنزيم حسب المعادلة التالية ,Randox من انتـــــاج شر

(= )قراءة ال قراءة العينة  –قراءة العينة المقارنة/ القراءة القياسية  –نموذج فعالية الأنزيم )وحدة دولية/ لير

 100 100× الضابطة(
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 : النتائج 

ي التجربة  1)  بير  جدول 
 
ي للعلائق السمكية المستخدمة ف

كيب الكيميائ  ي نسبة إ( نتائج تحليل الير
 
ذ كانت متقاربة ف

ي المعاملات 
 
ي العليقة المضاف لها زيت بذور العنب ف

 
على التوالىي مقارنة  2.89و  2.96ذ بلغت نسبهاإ، T2و T1الرطوبة ف

ي نسبة الرطوبة عند المعاملةp>0.05مع ازدياد طفيف غير معنوي ) 2.85بعينة السيطرة 
 
ي حير   7البالغ نسبتها   T3( ف

 
ف

و  ي جميع المعاملات عدا المعاملة كانت نسبة الير
 
( p>0.05، إذ لوحظ ارتفاع طفيف غير معنوي )T2تير  والدهن متقاربة ف

ي عينة السيطرة و 
 
ي حير  كانت قيم الرماد متقاربة ف

 
, ف وتير  ي نسبة الير

 
( % وحصول ارتفاع T3 , 5.88, 5.95) 5.87و  T2ف

ي المعاملة 
 
ي بلغت فيها نسبة الر T1 طفيف غير معنوي ف

ي قيم الكاربوهيدرات   .6) ماد )النر
 
كما لم يلاحظ اختلافات معنوية ف

 . %( 50.28( % مقارنة بمعاملة السيطرة )T3 48.22و T2 48.88و T1 49.3لكل معاملات التجربة )

ي  -1جدول 
كيب الكيميائ  ي الدراسة الحالية %الير

 
 للعلائق المستخدمة ف

 T3 (1%)عينة  T2 (0.5%)عينة  T1 (0.2%)عينة  عينة السيطرة المحتويات

 A 2.85 A 2.96 A 2.89 A 3.07 رطوبة

ز   A 30.35 A 30.1 A 31.71 A 30.64 بروتير

 A 9.61 A 9.49 A 9.62 A 9.31 دهن

 A 5.95 A 6.0 A 5.88 A 5.87 رماد

 A 50.28 A 49.3 A 48.88 A 48.22 كربوهيدرات
 

ي نفس الصف لا تختلف
 
ي تحمل حروفا متشابهة ف

 .(p>0.05معنويا ) القيم النر

ز القاعدي   : (ALP) Alkaline phosphataseأنزيم الفوسفاتير

ي مصل دم أسماك الكارب الشائع والمغذيات على علائق مضاف لها نسب  ALP ( نتائج تركير  أنزيم2بير  جدول )
 
ف

ي نهاية تجربة التغذية, إذ لوحظ 1, 0.5, 0.2مختلفة من زيت بذور العنب )
 
 ( % وعينت السيطرة ف

ً
 معنويا

ً
 حصول ارتفاعا

(p<0.05)  (ي المعاملة
 
ي تركير  الأنزيم ف

 
   0.05 77.60 ) عند مستوى معنوية T3 نتيجة سلبية( ف

ً
( مقارنة وحدة دولية/ لير

كير  إلى 
ي وصل فيها الير

 . وحدة دولية/ لير  61.60مع عليقة السيطرة غير المضاف لها زيت بذور العنب النر

ز  ز ألنير         :  Alanine amino transferase  ((ALTأنزيم ناقل الأمير

ي لنزيم
يوم من التغذية على علائق مختلفة من زيت بذور  40بعد  ALT لوحظ من خلال نتائج التحليل الحصائ 

ي الجدول ) (p>0.05) العنب عدم وجود فروقات معنوية
 
ي جميع المعاملات المدروسة الموضحة ف

 
( عدا الارتفاع 2ف

ي 
 
ي ف كير  إلى 1المضاف لها زيت بذور العنب بنسبة  T3  المعاملةالمعنوي السلنر

ي وصل فيها الير
وحدة دولية  8.79% النر

 مع المعاملات الأخرى )عينة السيطرة والمعاملة/ 
ً
كير  ) T2) و T1 لير مقارنة

ي بلغ فيها الير
( وحدة 6.33، 6.52، 5.20النر

 على التوالىي لنزيم
ي دم أسماك الكارب  ALT دولية /لير

 
  .الشائع المغذاة على علائق مختلفةف
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ز  ز أنزيم ناقل الأمير  : Aspartate amino transferase (AST)أسبارتير

ي نهاية تجربة التغذية بير  المعاملات المضاف لها زيت بذور العنب ومعاملة السيطرة, إذ   AST كان تركير  أنزيم
 
ف

ي 
 
ي تركير  أنزيم ناقل الأسبارتير  ف

 
ي ف   40% بعد 1المضاف لها زيت بذور العنب بنسبة  T3 المعاملةحصل ارتفاع سلنر

ً
يوما

 بمعاملة السيطرة والمعاملة
ً
ي حير  توجد فروقات معنوية )نتائج سلبية( بير  عينة T2 والمعاملة T1 من التغذية مقارنة

 
، ف

ي الجدول T3  السيطرة اليجابية والمعاملة
 
 ...  وهذا ما موضح ف

ي دم أسماك الكارب الشائع المغذات  -2جدول 
 
 يوم  40تركير  أنزيم الفوسفاتير  القاعدي وأنزيمات ناقلات الأمير  ف

 على نسب مختلفة من زيت بذور العنب. 

 المعاملات

 

 

المعاملة الأولى  معاملة السيطرة

(0.2)% 

المعاملة الثانية 

(0.5)% 

المعاملة ثالثة 

(1)% 

 الانحراف المعياري +المعدل 

 ALP 2.41±61.60 الفوسفاتير  القاعدي

A 

±1.41±64.76 

A 

1.27±64.83 

A 

1.00±77.60 

B 

 انزيم ناقل الأمير  الألنير  

ALT 

5.20± 0.22 

A 

6.52±0.40 

A 

6.33 0.05± 

A 

8.89±0.09 

B 

 انزيم ناقلالأمير   الاسبارتير  

AST 

2.49±40.32 

A 

42 .44±1.30 

A 

44 .421.86± 

A 

56.282.41± 

B 

 

 المناقشة

 وحيويةالمعايير الكيم

إن الهدف الأساسي من دراســــــــة هذه المـــــــعايير هو معرفة الجهاد التأكـــــسدي للأســــماك والتخلص منه عن طريق 

تتمثل عملية  ,ROS (Bashan et al., 2009) إزالة الجذور الحرة من أنسجة الجـــــسم، لا سيما جــــــــذر الأوكسجير  الحر

ي عن طريق الجهاد التأكسدي
فإن تناول أي مادة ضارة  ,(Stankiewicz et al., 2002) إزالة السموم أثناء التمثيل الغذائ 

داخل الكبد والكلى؛ مما يسبب تلف هذه الأنسجة، والذي بدوره يؤدي إلى  ROS وبنسب مرتفعة تؤدي إلى تكون جذور

ي أثناء عمل هذه الأنسجة
 . .(Ortiz et al., 2005) إحداث تلف وخلل وظيق 

، لا سيما أنسجة الكبد، وأي تغيير  ALPو ASTو ALT تعد إنزيمات ي الكائن الحي
 
من أهم النزيمات الموجودة ف

ي عمل وظيفة الكبد، عادة ما تكون هذه 
 
ر ف ي عمل هذه الأنزيمات؛ مما يلحق الض 

 
يصيب الكائن الحي يؤدي إلى الخلل ف

ي حالة تلفها، النزيمات داخل خلايا الكبد والقلب والعضلات والكلى والخياشم والأعضاء الأخرى، و 
 
-يتحرر من الخلايا ف

Mammary et al., 2002).) 

الأكير تحديدا لمشاكل الكبد، والمستويات العالية منه ممكن أن تلاحظ عند  AST يعد إنزيم ناقل الأسبارتيت

، بالرغم من وجو  ALT الصابة بالتهابات الكبد، أما أنزيم ناقل الاثنير  
ً
ي أنسجة فالمصدر الرئيسي له هو الكبد أيضا

 
ده ف

ي أنسجة الكائنات الحية ومنها الأسماك، 
 
ي أيض الأحماض الأمينية والكربوهيدرات ف

 
 ف
ً
 مهما

ً
أخرى، وأن هذا الأنزيم له دورا

ي تشخيص العديد من الأمراض الكبدية
 
 .(Rajamanickam and M.husband, 2008) لذا فإن قياس نشاطه يساعد ف
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ات ، ALP أما أنزيم الفوسفاتير  القاعدي ي لأسير
 أغشية الخلايا، إذ يحفز التحلل المائ 

ً
ي أنسجة مختلفة وخصوصا

 
فيوجد ف

ي الكبد والأمعاء Monophosphate esters أحادية الفوسفات
 
ي الجسم، يوجد ف

 
، وهذا النزيم يكون واسع الانتشار ف

ي امتصاص الدهون، بالض 
 
ي نقل الفسفور اللاعضوي، وف

 
ي عمليات والكلى، ويساعد خلايا الأمعاء ف

 
افة إلى أنه يساعد ف

ي عمل الكلى وأمراض العظام
 
 Mohamed) تكلس العظام، ويرتفع تركير  هذا الأنزيم عند الصابة بأمراض الكبد وخلل ف

et al., 2019). 

ي 
ي مستوى إنزيم SPSS بينت نتائج التحليل الحصائ 

 
فقط مقارنة  T3 للمعاملة ALP و AST و ALT ارتفاع معنوي ف

ي كانت نتائجها مقاربة إلى  T2 السيطرة، وكانت المعاملة مع مجموعة
ي قياس النزيما المدروسة، النر

 
هي الأفضل مستوى ف

ي المعاملة الثانية ربما أدت 
 
كير  المناسب ف

ي زيت بذور العنب بالير
 
عينة السيطرة، يعود ذلك إلى وجود المجاميع الفعالة ف

 بالمعاملات الأخرىإلى الحفاظ على مستوى تركير  هذه النزيما بال
ً
 .مدى الملائم مقارنة

ي تتحرر نتيجة عوامل الجهاد التأكسدي، 
يعتير زيت بذور العنب مضاد أكسدة طبيعي جيد ضد الأيونات الحرة النر

ي تحدث داخل الخلايا، وعند زيادة مستوى الأيونات الحرة المتحررة أكير من مستوى مضادات 
ومنها عملية الأيض النر

ي العنب الذي الأكسدة، فإن
 
وسيير  ف ه يؤدي إلى تحطم خلايا الجسم وزيادة إفراز إنزيمات الكـــــبد، ولـــــكون وجــــود مركــــــب الير

ي عـــــــملية كســـــــح جــذور الأوكسجير  الحــــــرة؛ مما أدى إلى تقلـــيل الجهاد التأكسدي
 
 .(Li anything, 2004) .له تأثير مباشر ف

ر خلاياهإن زيـــ ه يـــــــؤدي إلى حـــــدوث تسمم الكــــــــبد أو تض  ، وهذا ما تم ملاحظته (Wang et al., 2015) ــــادة تركــــير 

ي المعاملة
 
ي هذا الارتفاع إلى حاجة الأنسجة إلى الطاقة 1المضاف لها زيت بذور العنب بنسبة  T3 ف

 
%, وقد يعود السبب ف

ي دورة كريبس نتيجة الجهاد وضعف الأنسجة،
 
 Krebs cycle (James et لأن بعض من هذه النزيمات وسيط رئيسي ف

al., 1991)( ي ( عند استخدامه لمسحوق جذور نبات الزنجبيل وفصوص الثوم 2012، وهذا يتفق مع ما توصل إليه العتائر

ي دراسته وتسجيل  Zamani (and Moafi 2018) المطحون المضافة لصغار أسماك الكارب الشائـع، وهذا ما أكده
 
ف

اوت القزجي عند تغذيته على عليقة تحتوي على  ي أسماك الير
 
 بعينة السيطرة ف

ً
الانخفاض غير المعنوي بهذه النزيما مقارنة

ي 50زيت بذور العنب بنسبة 
 
ي هذا إلى وجود المكونات الفعالة المفيدة ف

 
% استبدال عن زيت السمك، وقد أوعز السبب ف

ي مصل الدم تؤدي إلى مرض نخر ر الكبد؛ وبالتالىي يؤثر على عضــــــــلة القلب العنب، عند ارتفاع ت
 
راكــــــــــير  هذه الأنزيمات ف

 . Srinivasan and Krishnamurthy, 1)977والعضلات الأخرى )

 معايير النمو

ذور العنب، ( معايير النمو لأسماك الكارب المعدات على علائق ذات نسب مختلفة من زيت ب3يوضح الجدول )

ي معدل الأوزان عند بداية التجربة لكافة المعاملات، وبينت أن أعلى  (P>0.05) بينت النتائج عدم وجود فروقات معنوية
 
ف

ي  40معدل نمو وزيادة وزنية بعد 
 من التغذية حققتها أسماك المعاملة الثانية والثالثة، إذ وصل معدل الوزن النهائ 

ً
يوما

 .غم على التوالىي مقارنة بمعاملة السيطرة 4.14و  7.76لزيادة الوزنية غم ومعدل ا 40.37و 44.13

 
ً
ي للمعاملة الأولى لم يختلف معنويا ي أن معدل النمو النسنر

عن معاملة  (P>0.05) بينت نتائج التحليل الحصائ 

 عن معامل4.79و 4.76السيطرة )
ً
 معنويا

ً
، بينما أظهرت المعاملة الثالثة اختلافا ة السيطرة والمعاملة الأولى %( على التوالىي
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(11.45 
ً
 معنويا

ً
ي الذي بلغ  (p<0.05) %(، أما المعاملة الثانية، فقد أظهرت تفوقا ي معدل النمو النسنر

 
% عن بقية 21.46ف

 .المعاملات

ي )
( مقارنة مع معاملة السيطرة. 19.52أوضحت النتائج أن أسماك المعاملة الأولى كان لها أفضل نسبة تحويل غذائ 

ي عدم وجود فروقات معنوية بينت
ي قيم كفاءة  (P>0.05) نتائج التحليل الحصائ 

 
بير  معاملة السيطرة والمعاملة الأولى ف

ي )
ي حير  أظهرت المعاملة الثانية والثالثة )5.19و  4.13التحويل الغذائ 

 
 عن معاملة 11.97و 21.34( ف

ً
 معنويا

ً
( اختلافا

 مع
ً
 .نوية فيما بينهاالسيطرة والمعاملة الأولى أظهرت فروقا

 معايير النمو لأسماك الكارب المغذات على علائق ذات نسب مختلفة من زيت بذور العنب -3جدول 

 المعاملات

 

 معايير النمو

المعاملة الأولى  معاملة السيطرة

(0.2)% 

المعاملة الثانية 

(0.5)% 

المعاملة ثالثة 

(1)% 

 المعدل + الانحراف المعياري

ي )غم(معدل الوزن 
 
 0.38+ 35. 36 الابتدائ

A 

36.15 +0.37 

A 

36.30 +0.39 

A 

36.22 +0.40 

A 

ي  )غم(
 0.14+ 35.88 معدل الوزن النهائ 

A 

37.88 +0.16 

A 

44.13 +1.13 

C 

40.37 +0.41 

B 

 0.24+ 1.73 معدل الزيادة الوزنية )غم(

A 

1.72 +0.24 

A 

7.76 +0.80 

C 

4.14 +0.06 

B 

ي )%(  0.71+ 4.76 معدل النمو النسب 

A 

4.79 +0.71 

A 

21.46 +2.06 

C 

11.45 +0.21 

B 

معدل النمو النوعي 

 )غم/يوم(

0.19  +0.016 

A 

0.093 +0.015 

A 

0.38 +0.032 

C 

0.21 +0.005 

B 

ي 
 1.87+ 17.23 نسبة التحويل الغذائ 

A 

19.52 +2.84 

A 

4.70 +0.37 

C 

8.35 +0.13 

B 

ي 
 0.65+ 4.13 كفاءة التحويل الغذائ 

A 

5.19 +0.76 

A 

21.34 +1.76 

C 

11.97 +0.19 

B 

 

( 
ً
ي نفس الصف لا تختلف معنويا

 
ي تحمل حروفا متشابهة ف

 (. p>0.05*القيم النر

ي وجدها
والذي أشار إلى أن تغذية اصبعيات   (Seden et al., 2009 اتفقت النتائج الحالية مع تلك نتائج النر

اكير  مختلفة من
،  O. vulgare مستخلص أسماك البلطي على غذاء مدعم بير ي

أدى إلى تحسير  أداء النمو )الوزن النهائ 

ي 
ي ومعدل البقاء( وأعزى السبب إلى وجود الزيوت الأساسية النر

، معدل التحويل الغذائ  الزيادة الوزنية، معدل النمو النوعي

ي حير  أشار
 
. ف

ً
 (Ahmad et al., 2009 تحتوي على مضادات ميكروبية ومضادات أكسدة ومواد أخرى نشطة بيولوجيا

كير  
ي وزيادة وزنية ومعدل نمو نوعي لأسماك البلطي النيلىي  O.vulgare % من مستخلص0.5إن الير

أعط أفضل وزن نهائ 

ين  كير 
على  O.vulgare % وأعزى السبب لزيادة تناول العلف وهضم المغذيات فضلا عن احتواء2% و1مقارنة مع الير

ي تساعد على تعزيز النمو. بير   العديد من العناض الغذائية كالزيوت
 Abdel-Latif) الأساسية والفيتامينات والمعادن، والنر

and Khalil (2014 إن إضافة زيت O.vulgare  لغذاء أسماك البلطي النيلىي أعط أفضل زيادة وزنية ومعدل نمو نوعي

وتير  وتخليقه ، نتيجة تحسن هضم الير ي
ي ومعامل تحويل غذائ 

ا وزيادة الكولاجير  للنسيج أفضل كفاءة تحويل غذائ 
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. بير   اكير  مختلفة أدى إلى زيادة الوزن ومعدل النمو  O.vulgare إن زيت (Diler et al., 2017) العضلىي
المضاف بير

، وأعزى السبب لاحتواء ي
ة؛ مما يؤدي إلى زيادة تناول  O.vulgare وتحسير  كفاءة التحويل الغذائ  على نكهة عطرية ممير 

ي تحث إفراز النزيمات الهاضمة؛ ومن ثمَّ زيادة استهلاك الغذاء  العلف كما يحتوي على
العديد من المركبات النشطة النر

إذ بير  أن المستخلص  (Rashidian et al., 2021) وامتصاص العناض الغذائية. اتفقت النتائج الحالية مع ما توصل إليه

ي مقارنة % كان له تأثير قوي على النمو والزيادة ا0.5زيت بذور العنب 
لوزنية ومعدل النمو وانخفاض نسبة التحويل الغذائ 

 ((El Araby and El-Arabey, 2016 مع السيطرة، وأشار إلى أن الآليات المسؤولة عن ذلك غير مفهومة تماما لاحظ

كير   O.vulgare التأثير المعزز للنمو عند استخدامه لمستخلص
، وإن الير ي علائق أسماك البلطي النيلىي

 
أعط أعلى % 0.5ف

زيادة وزنية وأفضل معدل نمو نوعي لاحتوائه على زيوت عطرية وتوربينات ذات الفعالية المضادة للميكروبات ومضادات 

ي أداء النمو  O.vulgare إن زيت (El-Hawarry et al., 2018) أكسدة وأنشطة بيولوجية أخرى. بير  
 
عمل على تحسن ف

راع أس كير  المضاف عند اسير 
ماك البلطي النيلىي بكثافات مختلفة، وأن تعزيز النمو يعود محتواه العالىي من مع زيادة الير

ي تعمل على تحفير  إفراز ونشاط النزيمات الهاضمة
 .الثيمول والكارفاكرول النر

ي علف أسماك البلطي النيلىي عامل رئيسي لنجاح  O.vulgare إن إضافة زيت (Rourkela et al., 2021) بير  
 
ف

راع ا  لمكثف، إذ عمل على تحفير  النمو وزيادة قدرة مضادات الأكسدة، وأعزى السبب إلى دور زيتأنظمة الاسير 

O.vulgare  ه، إضافة إلى محتواه من الزيوت ؛ مما يضمن فعاليته وتأثير ي الجهاز الهضمي
 
ي تحمل الحموضة العالية ف

 
ف

ي تحفز الجينات المرتبطة بالشهية، كذلك قدرته كمضاد للجراثيم
ي القضاء على الكائنات الدقيقة  الطيارة النر

 
ي تساعد ف

النر

ي هضم العناض الغذائية عن طريق إفراز النزيمات الهاضمة
 
 .الضارة، وتسمح للنافعة بالمساعدة ف

ي الدراسة الحالية، أظهرت العديد من الدراسات أن البوليفينول  
 
ي أداء نمو الكارب الشائع ف

 
مع التحسن الملحوظ ف

ي قادر على ال
ي الخلايا المعوية )الغذائ 

 
ويمكن أن يعزى  . ,.Johnston et al) 2005تأثير على امتصاص العناض الغذائية ف

ي عملية 
 
ات مفيدة ف ي تأثير

التحسن الحالىي إلى هذه النتيجة. علاوة على ذلك، من الممكن أن يكون للبوليفينول الغذائ 

ي زيادة كفا 
 
ي يمكن أن تساهم ف

ي الوسيط، والنر
 .Fiesel et al).2014ءة العناض الغذائية لنمو الحيوان )التمثيل الغذائ 

 : الإستنتاجات

ي اإن  .1
 
ي ف ي طبيعي إلى علائق صغار أسماك الكارب الشائع له تأثير إيجائر

ستعمال زيت بذور العنب كمضاف غذائ 

ي المعاملة 
 
  T2زيادة النمو  للأسماك، وأن أفضل تركير  لزيت بذور العنب كان ف

ي قياس ال هي الأ T2تحسن الصورة الدمية للأسماك ، وكانت المعاملة  -2 .2
 
نزيمات المدروسة، فضل مستوى ف

ي كانت نتائجها مقاربة 
 . لى عينة السيطرةإالنر
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Abstract: 

The purpose of the current study was to investigate the effects of hydrocortisone during the prenatal stage and its 

subsequent effects on various phenotypic abnormalities and morphologies in pregnant mice and their offspring. Rats 

were given hydrocortisone acetate treatment from the first day of pregnancy to day eighteen, at varying doses of 0.10–

0.15–0.20 mg/day. An experiment using thirty-two pregnant mice was conducted. Three groups of eight pregnant mice 

each make up each experimental set-up. Eight untreated pregnant mice (control group) were included in the first group; 

eight pregnant mice treated with hydrocortisone dosage of 0.20 milligrams per kilogram, these animals treated with a 

body weight of 0.15 mg/kg, and these mice treated with 0.01 mg/Kg of hydrocortisone were included in the second group. 

The statistical analysis showed that the typical embryo's length, weight, and quantity in pregnant mice decreased 

significantly in contrast to the group under authority. Additionally, the organs of thepregnat mice— The placenta, brain, 

spleen, liver, heart, kidney, lung, and reproductive system all significantly decreased. The dosage of hydrocortisone 

mostly causes the following physiologic malformations: head cap atrophy, tissue invasions, many bleeding sites, 

particularly the bloody area at the mid-dorsum, and hooked tails. Based on the previously provided information, we 

deduced that the administration of hydrocortisone resulted in the malformation of several organs. With the exception of 

the (0.2 mg/Kg) group, all embryos exhibited decreased mother weight upon adsorption. Pregnant women tend to become 

sedentary with accumulated bulk in their stomach and broiler, particularly when they are on 0.20 mg/kg of medication, 

during the behavior terms with greater attention. suggesting that the central nervous system has been partially 

defeminized and masculinized. 

Keywords:   Embryos; Hydrocortisone; Behavior; Morphological Alteration. 
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Introduction 

To enhance prenatal lung maturation and reduce the incidence of respiratory distress 

syndrome—a condition that lowers the mortality and morbidity of newborns— In obstetric 

clinical practice, corticosteroids are commonly administered to expectant mothers who are at 

risk of preterm delivery. (Kapugi and Cunningham 2019). However, some medications given 

to newborns and/or pregnant women may interfere with the offspring's hypothalamus sexual 

differentiation (Pereira et al., 2003). 

One substance that is a member of the corticosteroid drug class is hydrocortisone.  

Within the human body, corticosteroids function to prevent specific immune responses that 

result in inflammation and edema. There are several ways to get hydrocortisone, such as oral 

pills, topical creams and ointments, and rectal creams and suppositories. Oral treatments are 

only accessible with a prescription; topical creams are available in over-the-counter and 

prescription strengths. (Et al., Mohammed, 2020). 

  When given as a medication, the hormone cortisol is known as hydrocortisone. (Becker, 

2001). It is used to treat a variety of conditions, including dermatitis, asthma, COPD, 

rheumatoid arthritis, thyroiditis, and adrenaline syndrome.[1]  For adrenocortical insufficiency, 

it is the recommended course of treatment (Hamilton 2015). Edema (swelling), elevated risk of 

infection, and mood swings are possible side effects. Common long-term side effects include 

candidiasis (yeast infections), osteoporosis, upset stomach, muscular weakness, and easy 

bruising. It is not known if using it while pregnant is safe. Miranda and Rojas-Suarez, 2022). A 

glucocorticoid, hydrocortisone suppresses the immune system and reduces inflammation. 1936 

saw the patenting of hydrocortisone, which was authorized for use in medicine in 1941 (Fischer 

and Ganellin 2006). It is listed as one of the Essential Medicines by the World Health 

Organization (WHO 2019).It can be purchased as a generic drug. With over 3 million 

prescriptions, it ranked as the 149th most often prescribed drug in the US in 2020. Endogenous 

hydrocortisone has a negative impact on domestic animal products and public health. However, 

the possible mechanisms are still unknown. The brief estrous cycle in female rats and mice 

makes them perfect for examining alterations that take place during the reproductive cycle. 

Currently, the gold standard for assessing the extent of organ damage during long-term drug 

exposure is organ-specific histological examination. Consequently, certain tissue architecture 

in adult mice has a different histology. Determining the mechanism(s) of and lowering the 

degree of uncertainty in risk assessment for this medication will be made easier with a deeper 

comprehension of the target organs of hydrocortisone, with an emphasis on tissue architecture 
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at crucial places.  

Materials and Methods 

This research looks at a few morphological aspects of embryos. 

Preparation of animals: The mice were sent from the University of Mosul's College of 

Veterinary Medicine. They were selected with a weight range of 20–30 grams and an age range 

of 10–12 weeks for both sexes. Each box had a 3:1 (three females to one male) female to male 

ratio, which underwent modification. Per week, two to three times. Throughout the week, water 

food—specific food—supplied this box. By keeping an eye on the vaginal plug the following 

morning, the mating was confirmed [Siddiqi.N&Al nazwani.N.(2019)] as well as, The box 

container has the date written on it; the following day is the first day of pregnancy. , and the 

mating day is regarded as day zero ,[Siddiqi.N&Al nazwani.N.(2019)]. Doses of hydrcortisone 

are administered to male and pregnant mice. The animals were given a 100 mg injection of 

hydrocortisone, which was diluted in 100 milliliters of distilled water. An insulin needle was 

used to inject the animals, supplying each animal with a dose of (0.1, 0.15, or 0.2 mg/Kg), until 

the animal died, at which point 0.2 mg/animal was administered.  

Experiment design: (32) Two divisions were created using pregnant female mice:  

A_1st division: First group (control): eight pregnant mice not given any medication.  

– -2 nd by injecting hydrocortisone for 18 days at 0, 15, or 20 mg/kg of the drug.  

Animal dissection: After the animals were anesthetized by either at day (18), the abdomen was 

cut upward, After the pregnant mice's targeted organs were removed, physiologic solution Nacl 

0.95% was used to clean them. Following weighting and measuring, the organs and embryos 

were deposited in (formalin10%), which was modified the next day in accordance with the 

protocol of (Rahman et al., 2014). 

Statistical analysis: The SPSS software is utilized for data analysis, and a completely 

randomized design is employed to examine the differences between the proportionate average 

adjectives for each weight category (brain, reproductive system, heart, liver, kidney, and 

spleen). The number of adsorbed embryos and their proportion are displayed in the analysis of 

pregnant mice using chi square.  

Brain: The brain weights of all hydrocortisone-treated groups were considerably lower than 

those of the control group, but these groups did not differ and the concentration showed 
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significantly lower brain weights (as displayed in Table 1). According to Shina et al. (2018), 

this result increased free radical production, which had an impact on the brain.  ensuring that 

folic acid played a preventive role against the neurotoxicity effect of hydrocortisone. 

Reproductive system: When compared to the control group, all groups receiving 

hydrocortisone had a substantial drop, and when compared between these groups, a significant 

decrease was also seen (see table 1).and this is connected to the direct impact of hydrocortisone, 

which affects the weight of embryos and, ultimately, the reproductive system after passing 

through the placenta (Aljuboury, 2021). 

Heart: Table 1 indicates that all groups significantly decreased when compared to the control 

group. This is due to the effect of hydrocortisone on the bloodstream and alimentary materials, 

which reduces their admission into the heart and therefore lowers the heart's weight (Aljuboury, 

2021). 

Liver: In contrast to the group under influence, all groups showed a significant decrease; 

however, there was a significant decrease between these groups (as shown in table 1), which 

can be attributed to the liver's inability to receive food materials, which ultimately results in a 

lack of proliferation and a reduction in liver size (Aljuboury, 2021). 

Kidney: As contrasted with the control group, all groups exhibited a significant drop. These 

groups also collected adipose tissue surrounding the systems and showed a significant decrease 

with high concentration of hydrocortisone (as in table 1).and this may be because they require 

a transition period to detoxify the drug as a result of a drop in average fluid and mineral intake 

(Aljuboury, 2021). 

Lung: All groups showed a statistically significant increase in lung size and pulse compared to 

the control group. These differences were seen between the groups (see table 1). 

Spleen: When compared to the control group, every group had a substantial drop; these groups 

also demonstrated significant decreases amongst them (as in table 1).this may be the result of a 

lack of cell growth and reproduction, which may be brought on by an inadequate blood supply 

to the organs (Aljuboury, 2021). 

The organ weights in pregnant mice treated with hydrocortisone (0.1,0.15, 0.20) mg/kg 

of body weight are explained in Table 1. 
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Table 01- The organ weights in pregnant mice treated with hydrocortisone 

Brain 
Reproductive 

system 
heart Liver kidney Lung Spleen Group/standerd 

0.52 a 14.86 a 0.33 a 2.09 a 0.30a 0.27 c 0.36 a Control 

0.44 b 10.46 b 0.20 b 1.75 b 0.26 b 0.29 b 0.30 ab 0.1 mg/Kg 

0.33 b 7.60 c 0.17 c 1. 67b 0.22c  0.31a 0.14 d 0.15 mg/Kg 

0.30 b 5.48 d 0.13.4 c 1.49 c 0.19c  0.33 a 0.11 cd 0.20 mg/Kg 

 

 Table 2- Determine placenta weight and the weight, length, and number of embryos 

 

 

 

 

 

Placenta: All groups treated with hydrocortisone acetate demonstrated a considerable decline 

in comparison to the control, but there were variations when compared to one another. (as in 

table 2), which is consistent with Omrany (2013). However, there was no significant change 

among the 0.1, 0.15, or 0.20 mg/Kg groups. this is due to hydrocortisone, which affects the 

supplemental food to the embryonic cycle, circulating in the blood at the embryo greater than 

moms and going through the placenta (Wenger et al., 1992). (Aljuboury, 2021).   

Embryos weight: When the open abdomen of the groups 0, 20 mg/kg demonstrated the 

absorption of all embryos, all pregnant mice had perished, but all other groups demonstrated a 

significant drop when in contrast to the group under control (as shown in table 2). 

Embryos length: When compared to the control, all groups exhibited a substantial drop; 

however, those treated with hydrocortisone had a significant decrease as the concentration rose 

(as shown in table 2). The decrease in the average length of embryos may be due to blood flow 

interruptions and reductions inside the placenta and uterus, which subsequently impact the 

placenta's function. This study is consistent with the decrease in the length and weight of the 

embryos, On the other hand, growth is slowed when intrauterine growth declines. (Kacirova et 

al,2015). 

Placenta 

weight 

Embryos 

weight 

Embryos 

length 

Embryos 

number 
Sample 

0.19 a 1.45  a 22.71 a 9.30 a Control 

0.14 b 1.05 b 17.51 c 8.00 b 0.1 mg/Kg 

0.10 c 0.70 b 13.1 d 7.50 c 0.15 mg/Kg 

Died died died died 0.2 mg/Kg 
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Embryos number: Every group exhibited a noteworthy decline when compared to the control. 

It also considerably dropped at high hydrocortisone concentrations. (as seen in Table 2). 

Average of absorbed embryos:  showed that the average number of absorbed embryos in 

pregnant mice treated with hydrocortisone increased significantly (p<0.05); the percentage of 

absorbed embryos reached 100% in 0.20 mg/Kg and 19.8% in 0.15 mg/Kg, while the percentage 

of absorbed embryos in pregnant mice treated with hydrocortisone reached 12% in 0.1 mg/Kg 

compared to control. 

The percentage of pregnant mice: Comparing the 0.20 mg/kg group to the control, the 

percentage of absorbed embryos reached 100%, whereas the 0.15 mg/kg group's 25% of 

absorbed embryos reached 19% in the 0.10 mg/kg group.(as in figure 3).  

Due to a reversible relationship When comparing the average number of embryos to the number 

of absorbed embryos, the rise in absorbed embryos is thought to be the cause of the average 

number of embryos' decline (Dillasamolla et al,2016). Table 3 explains the quantity and 

percentage of absorbed embryos as well as the quantity and percentage of pregnant mice that 

showed absorbed embryos. 

 Table 3-  The quantity and percentage of absorbed embryos 

Results  

While the men in this study were adults, the females were evaluated at embryonic days 

six (E 6.0) of pregnancy. Four male and female embryos made up the normal total number of 

live embryos. The current study's morphologic investigations revealed that a percentage of 

embryos at various gestational ages had exencephaly, a brain abnormality that results in 

perinatal death, and neural tube closure abnormalities (NTDs). When compared to the control 

group (A), embryos also displayed a number of abnormalities that were consistent with an 

aberrant neural tube closure (Fig. 1).  

Mice in pregnancy 

displayed absorbed 

embryos 

Ratio of mice in 

pregnancy with 

absorbed 

embryos 

Total 

number of 

embryos 

absorbed 

Number of 

absorbed embryos 

as a percentage 

Sample 

0 0 0 0 Control 

100% 8 All of them 100% 0.2 mg/Kg 

5 25% 9 19.8% 0.15 mg/Kg 

3 19% 5 12% 0.1 mg/Kg 
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Figure 1- Lateral view in mouse embryos injected with hydrocortisone (0.1ml/kg) showing abnormal 

development and different defects. (A- control embryos injected with distilled water)  

Additional abnormalities in the development of the face in exencephalic fetuses lacking 

hydrocortisone When hydrocortisone-deficient babies were analyzed at treated embryos with 

15/mg, more facial feature problems were discovered. First, limbs were fused and twisted in 

exencephalic individuals, and their mouths were closed with a protruding tongue—a feature 

never seen in fetuses of the wild type (Fig. 2A 1,2). Additionally, the results revealed aberrant 

embryos with partial heads (Fig. 2A4). 

 

Figure 2- Lateral view in mouse embryos injected with hydrocortisone (0.15 ml/kg) showing abnormal 

development and different defects. (A- control embryos injected with distilled water) 

Discussion  

In contemporary obstetric clinical practice, corticosteroids are used more frequently 

despite the associated risks of elevated corticosteroid levels during reproduction. In most 

animals, failure of the reproductive system has also been linked to increased plasma 

corticosterone levels during stressful situations (Retana-Marques et al., 1998). In the current 

investigation,a male adult's testes were reshaped and aberrant embryos were created as a result 
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of hydrocortisone treatment during pregnancy. As a result, the hydrocortisone medication 

showed symptoms of toxicity at the recommended dosage in the latter stages of pregnancy. 

These positive therapeutic outcomes, however, do not shield the medication from negative side 

effects in the future. According to Nyirenda et al. (2001), giving rats dexamethasone, a synthetic 

glucocorticoid, during the third week of pregnancy significantly decreased both the mother's 

mass gain and the offspring's birth mass. Similarly, Dahlof et al. (1978) reported that the 

injection of hydrocortisone to pregnant rats led to a drop in the mother's adrenal mass and a 

dose-dependent decrease in the fetal adrenals. 

As a result, hydrocortisone therapy during pregnancy at the prescribed dosage displayed 

harmful effects. These positive outcomes for the treatment do not, however, absolve the 

medication. According to Nyirenda et al. (2001), giving rats synthetic glucocorticoids, such as 

dexamethasone, reduced the mass gain of the mother and the birth mass of the child by a 

significant amount during the third week of pregnancy. Nevertheless, neither the mother's mass 

growth nor the birth mass of the child changed when the treatment was restricted to the last two 

days of pregnancy. Both the women who received the medicine and the female pups that were 

delivered showed a significant drop in plasma corticosterone levels and adrenal wet mass, as 

expected given its inhibition of the hypothalamus-pituitary-adrenal axis.  

Pain, fever, and the presence of blood in the semen are clinical signs of infections in the 

male reproductive system. Corticosteroids and stress function similarly, which lends credence 

to the theory that male progeny of stressed mothers experience demasculinization and 

feminization due to elevated corticosteroid production in the mother. As a result, the 

methodology used in this study could also be viewed as a model of prenatal and/or maternal 

stress that is administered to the pups. This study may possibly be an attempt to replicate how 

stress affects sexual differentiation by administering corticosteroids to pregnant female rats. 

In additional embryos, embryonic adsorptions and exophthalmos (as seen in the picture). 

One group had slightly larger-than-normal embryos that lacked the skull cap and showed no 

signs of progress. another group showed bleeding in numerous locations, particularly the head 

with dorsal petechiae (as in the picture) showed multiple areas of body hemorrhaging (as seen 

in images), brain extrusion, skin wrinkles, tail twisting (in a few samples), and a loss of the 

carnium cap.  

Regarding development delay, these findings are in line with those of (Saeed et al., 2020; 

Aljuboury, 2023) brain tumor, dorsal hemorrhage, and deformity of the extremities. Growth 

retardation, abdominal invagination, organ protrusion from the body, mid-dorsal bleeding, and 
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body and brain atrophy are all mentioned in the current study. (Mohamed & others, 2021).  

The results of this inquiry are in line with the following: growth retardation, embryonic 

adsorption, loss of certain sites, abnormal ribs, skeletal deformity, and reduction in the size and 

length of the embryos. Hemorrhages in the brain, orbit, and extracranial areas are indications 

of epilepsy.  

Brain protrusion and a skull-base puncture can arise from disruption of neural tube closure 

caused by brain loss (Alchalabi et al., 2017). (Mohamed & others, 2021). reduction in the size 

and length of the embryos, loss of certain regions, abnormal ribs, skeletal deformity, and growth 

retardation and embryonic adsorption are all consistent with the findings of this investigation. 

Hemorrhages in the brain, orbit, and extracranial areas are indicative of epilepsy. According to 

Alchalabi et al. (2017), brain protrusion and a puncture through the base of the skull may occur 

when brain loss impairs neural tube closure. 

Conclusion 

The findings of the present study show that hydrocortisone, even at modest concentrations 

(0.10,0.15,0.20 mg/kg), can lead to defective embryos that have abnormalities in the testicular 

histopathology that may affect how well the male gonads operate.  Standardized application of 

precautionary measures is required to lessen the risks associated with hydrocortisone, the 

medication source used for therapy. 
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