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INTRODUCTION 

There seems to be a worldwide rise in the demand for 

unsafe high-calorie diets, as well as big differences in meal 

nutrient composition, such as higher consumption of 

processed carbs, leading to speculation that influence on 

food lifestyles has contributed to the contemporary obesity 

and type 2 diabetes epidemic, with an elevated danger of 

developing cardiometabolic syndrome (CMS) and 

cardiovascular disease (CVD) independent on caloric intake 

(1, 2). A fundamental sugar called fructose is present in 

fruits, plants, and honey. Due to its high relative 

saccharinity, low cost, palatability, and taste enhancement, 

it is utilized commercially in foods and beverages (3). The 

main constituent of fructose is the disaccharide sucrose. 

Fructose is also available as a free monosaccharide in high-

fructose corn syrup (typically composed of 55% fructose 
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 The purpose of this research was to investigate the beneficial effects of phosphatidylcholine 

in reducing changes in both lipid and protein profiles in addition to atherogenic index in 

adult rats with fructose-induced metabolic syndrome. Thirty-six mature Wistar Albino 

female rats (Rattus norvegicus) (aged 12-15 weeks and weighing 200±10 g) were divided 

randomly into four groups (G1, G2, G3, and G4); then variable treatments were orally 

administered for 62 days as follows: G1 (Control group), received distilled water; G2, treated 

with phosphatidylcholine (PC) orally (1 g/kg BW); G3 (Fr), orally dosed with 40% fructose 

and 25% fructose mixed with drinking water; G4 (Fr+PC), were also intubated with 40% 

fructose and 25% fructose in drinking water, and received PC at 1 g/kg BW by oral tube. At 

the end of the research, specimens were taken by cardio puncture approach after fasting for 

8-12 h. Serum was obtained to measure lipid criteria (total serum cholesterol, 

triacylglycerol, high-density lipoprotein-cholesterol, low-density lipoprotein-cholesterol, 

very low-density lipoprotein-cholesterol, non-high-density lipoprotein-cholesterol, and 

Atherogenic index) and protein profile (total protein, albumin, and globulins). The results 

showed that the occurrence of dyslipidaemia (hypercholesterolemia, triacyleglycerolemia) 

increase in low density of lipoprotein-cholesterol, very low-density lipoprotein-cholesterol, 

no-high density lipoprotein-cholesterol concentrations and atherogenic index and reduce 

the concentration of high-density lipoprotein-cholesterol) in fructose treated animals in 

addition to disturbance in protein profile (lowered in total protein and globulins level).PC 

treatment resulted in decreased changes in lipid profile, protein profile, and atherogenic 

index in rats, whereas fructose induced metabolic syndrome. In conclusion, using 

Phosphatidylcholine treatment in rats may reduce the changes of lipid and protein profiles 

and atherogenic index while fructose may lead to metabolic syndrome. 
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and 45% glucose) that would be used for flavoring soft 

drinks and a variety of other meals. Honey and fruits (for 

example, apples) have free fructose, glucose, and sucrose 

(4). 

Sugar is generally termed as a toxic substance that 

considerably leads to non-communicable diseases, getting 

oxidative stress, and metabolic effects of fructose and its 

metabolites (5). Long fructose consumption may result in 

an overload of endogenous antioxidants, producing a redox 

shift by boosting ROS production and resulting in oxidative 

stress (6, 7). After months of fructose intake in normal rats, 

oxidative stress is thought to be caused by an imbalance 

between the generation of free radicals and antioxidant 

efficiency (8). Overweight, non-alcoholic drinks, liver 

cirrhosis disease, type 2 diabetes, renal dysfunction, and 

heart disease have all been associated with a high dietary 

fructose intake in epidemiologic research (9,10). Moreover, 

comparable illnesses may happen as a result of excessive 

use of table sugar and corn syrup, both of which contain 

significant levels of fructose (11). The hepatic appears to be 

a key organ in the evolution of metabolic disorders linked 

to fructose-rich meals (12,13). Insulin resistance, 

inflammation, hepatic stress, ATP depletion (14, 15), DNL 

(triglyceride and fatty acid production) non-alcoholic fatty 

liver (NAFLD) (16, 17) are the main detrimental effects of 

fructose on the hepatic and enterprise-level (18). The 

metabolic syndrome (MetS) produced by a high fructose 

diet is linked to increased intestinal permeability (19), 

bacterial endotoxin transfer (20), and alterations in 

intestinal bacterial composition (21), all of which led to 

endotoxemia (22). Fructose is metabolized in various brain 

regions, including the cerebellum, hippocampus, cortex, 

and olfactory bulb, all of which express Glucose 

transporters (GLUTs) and all the fructolysis enzymes (23), 

resulting in a central inflammatory response. Through the 

inflammatory process, fructose consumption also causes 

psychological stress (24). In MetS, there is an intracellular 

inflammatory response in the brain, notably in the 

hypothalamus (25). Phospholipids are polar, ionic 

molecules made of alcohol linked to either diacylglycerol 

(DAG) or sphingosine via a phosphodiester linkage. 

Phospholipids, like fatty acids, are amphipathic in nature 

(4). Phosphatidylcholine (PC) seems to be the most 

common phospholipid in mammalian cells (26). It is usually 

available from soybeans, egg yolk, milk, marine sources, 

organ and lean meat, rapeseed, cottonseed, and sunflower 

oil. PC is the primary component of Polyene PC and is an 

essential component of cytomembrane and organelle 

membranes. In previous decades, PC was used to protect 

the health, with its functions of nourishing the brain, 

beautifying the features, lowering weight, and scavenging 

blood vessels and it was even regarded as the third nutrient 

after protein and vitamin D (27). Previous research (28, 29, 

30) referred to oral lecithin intake at a dose of 1-3 g/day 

may utilize to portray its effects for hyperlipidemia, and 

cardiovascular diseases; and oral bioavailability of 

phospholipids was shown to be relatively safe (31). This 

research sought to see whether PC has a positive impact on 

mature rats with fructose-induced metabolic syndrome by 

decreasing abnormalities in their lipid profiles, protein 

characteristics, and atherogenic index. 

 

MATERIALS AND METHODS 

Ethics and Animals 

All procedures used in this study were reviewed and 

approved by The Scientific Committee of the Department of 

Physiology, Biochemistry, and Pharmacology, College of 

Veterinary Medicine, University of Baghdad, Iraq, and the 

Ethics Committee of the College of Veterinary Medicine, 

University of Baghdad, Baghdad, Iraq in compliance with 

the ethical principles of animal welfare. 

Thirty-six (36) female Albino Wister rats (Rattus 

norvegicus) (aged 12-15 weeks and weighing 200±10 g). 

They were selected after two weeks of acclimation in the 

animal house of the College of Veterinary Medicine, 

University of Baghdad, during the experimental phase (62 

days). Experimental animals were housed in a well-

ventilated room in plastic cages, and they were free access 

to food and water during the experimental period. Room 

temperature was kept at 22±2 °C and 12-h Light/Dark cycle 

along the period of acclimatization and experiment. 

Study Design, Sampling, and Laboratory Tests 

Animals were given the following treatments on a daily 

basis for a total of 62 days: G1 (control group): rats in this 

group were given distilled  water; G2 (PC): rats were given 

1 g/kg BW of PC orally, animals in group G3 (Fr): were given 

40% fructose through the oral tube and 25% fructose in 

drinking water, rats in group G4 (Fr+PC): were given 40% 

fructose via oral tube and 25% fructose in drinking water 

in addition to 1 g/kg BW of PC by oral tube. 

After fasting the rats for 8-12 h, blood samples were 

taken by heart puncture method from rats after sedated 

with intramuscular injections of ketamine-HCl 90 mg/kg 

BW and xylazine 40 mg/kg BW (Switzerland); Serum was 

extracted by centrifugation at 3000 rpm for 15 min and 

stored in deep freezer for later examination of the following 

parameters. 

Determination of lipid profile (total serum cholesterol 

(TC), triacylglycerol (TG), high density lipoprotein-

cholesterol (HDL-c), low density lipoprotein-cholesterol 

(LDL-c), very low-density lipoprotein-cholesterol (VLDL-c), 

non-high-density lipoprotein-cholesterol (non-HDL-c) was 

performed using a commercially available kit (BioSystems 

Chemical, Spine). Atherogenic index was calculated 

mathematically as TG/HDL-c). Determination of protein 

profile, total protein (TP), albumin (AL) was performed 

using a commercially available kit (Linear Chemical, Spine). 

Globulins was calculated mathematically as Globulin 
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concentration = serum total protein concentration - serum 

albumin concentration) (32). 

Statistical Analysis 

Data were analyzed using SAS (Statistical Analysis 

System, version 9.1). One-way-ANOVA was considered with 

Least Significant Differences (LSD) in addition to post hoc 

test were used to investigate significant differences among 

means at P≤0.05 (33). 
 

RESULTS 

Effect of PC, Fructose and/or their Combination on 

Serum Lipid Profile 

PC-treated groups (PC and Fr+PC) showed a significant 

(P<0.05) reduction in total cholesterol, triglycerides, VLDL-

c, LDL-c, non-HDL-c, and atherogenic index when compared 

to control. There was a significance (P<0.05) increase in 

total cholesterol, triglycerides, VLDL-c, LDL-c, non-HDL-c 

and Atherogenic index in fructose-treated groups (Fr) 

when compared to other groups (Figures 1-6). Besides, a 

significant (P<0.05) decrease in serum HDL-c 

concentration was observed in fructose treated group (Fr) 

when compared to other groups (Figure 7). However, oral 

intubation of PC, concurrently with fructose (G4 or PC+Fr 

treated groups) caused alleviation of dyslipidemia induced 

by fructose (correlation of lipid profile and lowering 

atherogenic index) compared to G3 group. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Effect of phosphatidylcholine, fructose and/or combination on serum total cholesterol 
concentration (mg/dL). Mean ± SE, n = 9 in a group. G1 control groups (C), G2: (Pc), G3: (Fr), G4: (Fr 
+ Pc). A-C Significant variations P≤0.05 between peroids 

Figure 2. Effect of phosphatidylcholine, fructose and/or combination on triglycerides concentration 
(mg/dL). Mean ± SE, n = 9 in a group. G1 control groups (C), G2: (Pc), G3: (Fr), G4: (Fr + Pc). A-C 
Significant variations P≤0.05 between peroids 
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Figure 3. Effect of phosphatidylcholine, fructose and/or combination on serum very low density 
lipoprotein-cholesterol (VLDL-c) concentration (mg/dL). Mean ± SE, n = 9 in a group. G1 control 
groups (C), G2: (Pc), G3: (Fr), G4: (Fr + Pc). A-C Significant variations P≤0.05 between peroids 

Figure 4. Effect of phosphatidylcholine, fructose and/or combination on serum low density 
lipoprotein-cholesterol (LDL-c) concentration (mg/dL). Mean ± SE, n = 9 in a group. G1 control 
groups (C), G2: (Pc), G3: (Fr), G4: (Fr + Pc). A-C Significant variations P≤0.05 between peroids 

Figure 5. Effect of phosphatidylcholine, fructose and/or combination on serum non-high density 
lipoprotein-cholesterol (non-HDL-c) concentration (mg/dL). Mean ± SE, n = 9 in a group. G1 control 
groups (C), G2: (Pc), G3: (Fr), G4: (Fr + Pc). A-C Significant variations P≤0.05 between peroids 
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Figure 6. Effect of phosphatidylcholine, fructose and/or combination on Atherogenic Index. Mean ± 
SE, n = 9 in a group. G1 control groups (C), G2: (Pc), G3: (Fr), G4: (Fr + Pc). A-C Significant variations 
P≤0.05 between peroids 

Figure 7. Effect of phosphatidylcholine, fructose and/or combination on serum high density 
lipoprotein-cholesterol (HDL-c) concentration (mg/dL). Mean ± SE, n = 9 in a group. G1 control 
groups (C), G2: (Pc), G3: (Fr), G4: (Fr + Pc). A-C Significant variations P≤0.05 between peroids 

Figure 8. Effect of phosphatidylcholine, fructose and/or combination on serum total protein (TP) 
concentration (g/L). Mean ± SE, n = 9 in a group. G1 control groups (C), G2: (Pc), G3: (Fr), G4: (Fr + 
Pc). A-C Significant variations P≤0.05 between peroids 
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Effect of PC, Fructose and /or Combination on Serum 

Protein Profile 

After 62 days of treatment, there was a significant 

(P<0.05) increase in the serum total protein and globulins 

concentration of PC treated groups (PC) compared to other 

treated groups. There was a marked drop in total serum 

protein and globulin levels in fructose treated group (Fr) 

compared to other groups. Albumin concentration 

remained steady in both (Fr) and (C) groups, while there 

was a significant (P<0.05) decrease in serum albumin 

concentration in Fr+PC-treated groups compared to other 

groups (Figures 8-10). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCUSSION 

A case of dyslipidemia and elevation in atherogenic 

index detected after fructose consumption was ameliorated 

after PC treatment. Several studies demonstrated 

variations in lipid levels after fructose supplementation, 

including high circulating levels of LDL-c, TAG and 

increased risk of obesity (34, 35). Furthermore, a negative 

connection has been seen between fructose consumption 

and TC, TG, non-HDL, and TG/HDL, particularly when this 

carbohydrate was obtained via sweetened drinks (36). 

Fructose has been connected to elevated serum de-novo 

lipogenesis, triglyceride production, and excess supply of 

VLDL particles enriched in apoC-III, a shift associated with 

greater small dense LDL (37-39). Additionally, hepatic 

fructose could raise TAG via encouraging the expression of 

the genes for GLUT2-GLUT5, fatty acid synthesis, and acetyl 

Figure 9. Effect of phosphatidylcholine, fructose and/or combination on serum albumin 
concentration (g/L). Mean ± SE, n = 9 in a group. G1 control groups (C), G2: (Pc), G3: (Fr), G4: (Fr + 
Pc). A-C Significant variations P≤0.05 between peroids 

Figure 10. Effect of Phosphatidylcholine, Fructose and/or their combination on serum globulin 
Concentrations (g/L). Mean ± SE, n = 9 in a group. G1 control groups (C), G2: (Pc), G3: (Fr), G4: (Fr + 
Pc). A-C Significant variations P≤0.05 between peroids 
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CoA carboxylation in the liver (40). Atherogenic index 

elevation is correlated with size of lipoproteins LDL and is 

indication of oxidative stress that cause LDL oxidation, 

which is an indicator of atherogenic lipoproteins status, 

lead to early stage of atherosclerosis (51). Accordantly, the 

well-known oxidative stress produced by fructose exposure 

could lead to an elevation of AI in G3 group. Which is 

regarded as predictors of atherogenic risk at an earlier 

stage (52). Regarding the hypolipidemic impact of PC, it has 

been shown that the effects of PC on fat were mostly 

mediated by a decline in adipocyte viability and induction 

of adipocyte cell death, making it a potentially useful agent 

for targeting the amount of adipose tissue (53). Using 

different phospholipid preparation for hyperlipidemic 

patient resulted in significant reductions in total 

cholesterol, triglyceride and LDL-cholesterol, in association 

with a significant (12%) increase in plasma HDL-

cholesterol (54,55). One of the most spectacular properties 

of lecithin is the ability to reduce the excess of LDL 

cholesterol, it also promotes the synthesis in the liver of 

great amount of HDL and elevated its serum concentration 

(56, 57). PC has also recently been used for fat lipolysis in 

treating obesity via mesotherapy (41). In a dose-dependent 

way, it caused adipocyte lipolysis and apoptosis (42). The 

intestinal lumen appears to be the primary site of action for 

the PC hypolipidemic response, where ingested 

phospholipids can block neutral sterol absorption. More 

proof points to the possibility that dietary phospholipids 

can increase the synthesis of bile acids and cholesterol, 

possibly by reducing intestinal absorption or boosting bile 

acid production (43). Antioxidant paly role in reducing 

atherogenic index, which is a positive physiological effect, 

by protection LDL from oxidation (58). Atherogenic index 

was reduced in PC in high fats diet induced obesity (59). 

The possible role of PC in lowered atherogenic index could 

be due to its antioxidant’s activity. Generally, the 

antioxidant capacity of natural antioxidant act as strong 

inhibitors of ROS and is consequently counteract as loosen 

LDL oxidation and thus decrease AI and Could contribute to 

defense against CVD correlated with oxidative status (60). 

Production in TAG level potentiated ability of PC in 

reducing cardiovascular decrease. This also support 

observed decrease in atherogenic index by PC (61). The 

significance elevation in total serum protein and globulins 

concentration was detected in PC treated groups compared 

to fructose treated groups. It is known that several 

oxidative products such as peroxide can disturb 

endoplasmic reticulum ER and redox homeostasis (44, 45), 

resulting in ER stress and then disruptions in protein 

synthesis PC, like other antioxidants, may play an important 

role in regulating protein folding, activating ERs, 

maintaining redox homeostasis (46), and restoring protein 

synthesis. It has been documented that membrane lipid 

replacement therapy (LRT) including lecithin which 

contain glycerol phospholipids caused protection against 

oxidative damage and restore organelle and cellular organ 

function (62, 63). Such LRT also restore mitochondrial 

function in animal and human, elevated ATP necessary for 

cellular function including protein synthesis (64). It should 

be mentioned that this is the first research concerning the 

effect of PC on protein profile, so no scientific literature or 

research were available. After fructose treatment, total 

serum protein (TP) and globulin concentrations decreased 

as well. Wistar rats fed diets containing 65% fructose 

promoted liver apoptosis, ER stress, and an inflammatory 

process that could lead to hypoproteinemia (47). 

Malondialdehyde (MDA), and other lipid peroxidation 

metabolic end products can covalently bind to protein thiol 

groups and other cellular components, impairing protein 

and enzyme activities or functions (48), which could be a 

mechanism leading to hypoproteinemia. 

Furthermore, in high fructose in humans, an increase in 

nitro-tyrosine (N-Tyr), a marker of protein oxidative 

alterations, was identified in hepatic homogenates and 

mitochondria, resulting in a decrease in serum protein 

content (49). Endoplasmic reticulum stress (ERs), often 

known as oxidative stress, has been linked to the 

pathogenesis of multiple diseases. By lowering the 

effectiveness of protein packing mechanisms and 

promoting the synthesis of misfolded proteins, oxidative 

stress can make ERS worse (45, 50). 

In conclusion, using PC treatment in rats caused reduced 

changes in lipid profile, protein profile and the atherogenic 

index, while fructose caused induced metabolic syndrome. 

 

ACKNOWLEDGEMENTS 

The authors would like to express sincere gratitude to 

the Department of Physiology, Biochemistry and 

Pharmacology College of Veterinary Medicine, University of 

Baghdad, Iraq for supporting this research. 

 

CONFLICT OF INTEREST 

The authors declare no conflict of interest. 

REFERENCES 
1. Mirtschink P, Jang C, Arany Z, Krek W. Fructose metabolism 

cardiometabolic risk and the epidemic of coronary artery disease. 
Eur. Heart J. 2018; 39(26): 2497– 2505. 

2. Castro MC, Villagarcía HG, Massa ML, Francini F. Alphalipoic acid and 

its protective role in fructose induced endocrine-metabolic 
disturbances. Food & Func. 2019; 10(1):16-25. 

3. Sartorelli DS, Franco LJ, Gimeno SG, Ferreira SR, Cardoso MA. Dietary 

fructose, fruits, fruit juices and glucose tolerance status in Japanese 
Brazilians. Nutr. Metab. Cardiovasc. Dis. 2009; 19(2):77-83. 

4. Ferrier DR. Lippincott’s Illustrated Review: Biochemistry. Seventh 

Edition. Wolters Kluwer. Lippincott’s William and Wilkins, Health. 
Philadelphia. Baltimore. 2017; New York. London. Buenos Aires. 

Hong Kong. Sydney. Tokyo. 

5. Lustig RH, Mulligan K, Noworolski SM, Tai VW, Wen MJ, Erkin- 

Cakmak A, et al. Isocaloric fructose restriction and metabolic 
improvement in children with obesity and metabolic syndrome, 

Obesity, 2016; 24(2): 453–460. 

6. Sreeja S, Geetha R, Priyadarshini E, Bhavani K, Anuradha CV. 
Substitution of soy protein for casein prevents oxidative modification 



27  Iraqi J. Vet. Med. 2022, Vol. 46(2): 20-28 

SUROUR ET AL. 

and inflammatory response induced in rats fed high fructose diet. 

ISRN inflammation. 2014; 641096. 
7. Al-Agele FAL, Khudair KK. Effect of acrylamide and fructose on some 

parameters related to metabolic syndrome in adult male rats. Iraqi J. 

Vet. Med., 2016; 40(1): 125–135. 
8. 8. Castro MC, Francini F, Schinella G, Caldiz CI, Zubiría MG, Gagliardino 

JJ, et al. Apocynin administration prevents the changes induced by a 

fructose-rich diet on rat liver metabolism and the antioxidant system. 
Clin. Sci. 2012; (123): 681–692. 

9. Caliceti C, Calabria D, Roda A, Cicero AFG.  Fructose intake, serum uric 

acid and cardiometabolic disorders: a critical review. Nutr. 2017; 9: 

E395. 
10. Yin M, Matsuoka R, Xi Y, Wang X. Comparison of Egg Yolk and Soybean 

phospholipids on Hepatic Fatty Acid Profile and Liver Protection in 

Rats Fed a High-Fructose Diet. Foods, 2021; 10: 1569. 
11. Jang C, Hui S, Lu W, Tesz GJ, Birnbaum MJ, Rabinowitz JD. The small 

intestine converts dietary fructose into glucose and organic acids. Cell 

Metab., 2018; 27:351–361. 
12. Hasan BF, Salman IN, AL-Temimi AFH. Metabolic Disturbances of 

Phosphate in Metabolic Syndrome. Baghdad Sci J. 2014; 11(2): 387-

392. 
13. Cydylo MA, Davis AT, Kavanagh K. Fatty liver promotes fibrosis in 

monkeys consuming high fructose. Obesity, Silver Spring. 2017; 

25(2): 290–293. 

14. Bawden SJ, Stephenson MC, Ciampi E, Hunter K, Marciani L, 
Macdonald IA, et al. Investigating the effects of an oral fructose 

challenge on hepatic ATP reserves in healthy volunteers: A (31)P MRS 

study. Clinical Nutr. 2016; 35(3): 645-649. 
15. Al-rubaye ZS, Al-Shahwany AW. Estimation of Vitamin C and the 

Fructose Levels in Some Medicinal Plants and their Effects on Iron 

Bioavailability in Rats. Ira. J. of Sci., 2022; 63(1): 77–86. 
16. Schwarz JM, Noworolski SM, Erkin-Cakmak A, Korn NJ, Wen MJ, Tai 

VW, et al. Effects of Dietary Fructose Restriction on Liver Fat, De Novo 

Lipogenesis, and Insulin Kinetics in Children with Obesity, 
Gastroenterology, 2017; 153(3): 743–752. 

17. Johnson R, Sanchez-Lozada L, Andrews P, Lanaspa M. A historical and 

scientific perspective of sugar and its relation with obesity and 

diabetes. Adv. Nutr. An. Int. Rev. J. 2017; 8(3): 412-422. 
18. Legeza B, Marcolongo P, Gamberucci A, Varga V, Bánhegyi G, 

Benedetti A, et al. Fructose, glucocorticoids and adipose tissue: 

Implications for the metabolic syndrome. Nutrients. 2017; 9(5): 426. 
19. Sellmann C, Priebs J, Landmann M, Degen C, Engstler AJ, Jin CJ, et al. 

Diets rich in fructose, fat or fructose and fat alter intestinal barrier 

function and lead to the development of nonalcoholic fatty liver 
disease over time. J. Nutr. Biochem. 2015; 26: 1183–1192. 

20. Spruss A, Kanuri G, Wagnerberger S, Haub S, Bischoff SC, Bergheim I. 

Toll-like receptor 4 is involved in the development of fructose-

induced hepatic steatosis in mice. Hepatol. 2009; 50(4): 1094–1104. 
21. Di Luccia B, Crescenzo R, Mazzoli A, Cigliano L, Venditti P, Walser JC, 

et al. Rescue of fructose-induced metabolic syndrome by antibiotics 

or faecal transplantation in a rat model of obesity. PLoS ONE, 2015; 
10(8): e0134893. 

22. Dogan S, Celikbilek M, Guven K. High fructose consumption can 

induce endotoxemia. Gastroenterol., 2012; 143(3): e29. 
23. 23. Oppelt SA, Zhang W, Tolan DR. Specific regions of the brain are 

capable of fructose metabolism. Brain Res., 2017; 1657: 312–322. 

24. De Sousa Rodrigues ME, Bekhbat M, Houser MC, Chang J, Walker DI, 
Jones DP, et al. Chronic psychological stress and high-fat high-

fructose diet disrupt metabolic and inflammatory gene networks in 

the brain, liver, and gut and promote behavioral deficits in mice. Brain 

Behav. Immun., 2017; 59: 158–172. 
25. Posey KA, Clegg DJ, Printz RL, Byun J, Morton GJ, Vivekanandan-Giri 

A, et al. Hypothalamic proinflammatory lipid accumulation, 

inflammation, and insulin resistance in rats fed a high-fat diet. 
American Journal Physiol. Endo Meta. 2009; 296(5): 1003–1012. 

26. Vance JE.  Phospholipid synthesis and transport in mammalian cells. 

Traffic, 2015; 16(1): 1–18. 

27. Bashi T, Shovman O, Fridkin M, Volkov A, Barshack I, Blank M, et al. 

Novel therapeutic compound tuftsin-phosphorylcholine attenuates 
collagen- induced arthritis. Clin Exp Immunol., 2016; 184: 19-28. 

28. Cohn JS, Wat E, Kamili A, Tandy S. Dietary phospholipids, hepatic lipid 

metabolism and cardiovascular disease. Curr. Opin. Lipidol., 2008; 19: 
257–62. 

29. Küllenberg D, Taylor LA, Schneider M, Massing U. Health effects of 

dietary phospholipids. Lipids Health Dis., 2012; 11:3. 
30. Nicolson GL, Ash ME. Lipid Replacement Therapy: A natural medicine 

approach to replacing damaged lipids in cellular membranes and 

organelles and restoring function. Biochimica et Biophysica Acta 

(BBA) Biomembranes. 2014; 1838(6):1657–1679. 
31. Feng L, Liu W, Yang J, Wang Q, Wen S. Effect of Hexadecyl Azelaoyl 

Phosphatidylcholine on Cardiomyocyte Apoptosis in Myocardial 

Ischemia-Reperfusion Injury: A Hypothesis. Medical science monitor: 
Inter. Medical. J. Exp. Clin. Res., 2018; 24: 2661–2667. 

32. Gornall AG, Bardawill CJ, David MM. Determination of serum proteins 

by means of the biuret reaction. J. Biol. Chem., 1949; 177(2):751-766. 
USA. 

33. SAS. Statistical Analysis System, User's Guide. Statistical.  Version 9.1 

ed. SAS. Inst. Inc. Cary. 2012; N.C. 
34. Haslam DE, McKeown NM, Herman MA, Lichtenstein AH, Dashti HS. 

“Interactions between genetics and sugar-sweetened beverage 

consumption on health outcomes: a review of gene–diet interaction 

studies,” Frontiers in Endocrinol., 2018; 8: 368. 
35. Evans RA, Frese M, Romero J, Cunningham JH, Mills KE. “Fructose 

replacement of glucose or sucrose in food or beverages lowers 

postprandial glucose and insulin without raising triglycerides: a 
systematic review and meta-analysis,” Am. J. Clin. Nutr., 2017; 106(2): 

506–518. 

36. Czerwonogrodzka-Senczyna A, Rumińska M, Majcher A, Credo D, 
Jeznach- Steinhagen A, Pyrżak, B. Fructose Consumption and Lipid 

Metabolism in Obese Children and Adolescents. In: Pokorski M. (eds) 

Medical Science and Research. Adv. Exp. Med. Biol., 2019; 1153: 91-
100. 

37. Schwarz MJ, Clearfield M, Mulligan K. Conversion of Sugar to Fat: Is 

hepatic de novo lipogenesis leading to metabolic syndrome and 

associated chronic diseases? J. Am. Osteopath. Assoc., 2017; 117: 520-
527. 

38. Ramadhan SJ, khudair KK. Effect of Betaine on Hepatic and Renal 

Functions in Acrylamide Treated Rats. Iraqi J. Vet. Med., 2019; 43(1): 
138–147. 

39. Mortera RR, Bains Y, Gugliucci A. Fructose at the crossroads of the 

metabolic syndrome and obesity epidemics. Frontiers In Bioscience, 
Landmark, 2019; 24: 186-211. 

40. Song A, Astbury S, Hoedl A, Nielsen B, Symonds ME, Bell RC. Lifetime 

exposure to a constant environment amplifies the impact of a fructose 

rich diet on glucose homeostasis during pregnancy. Nutrients. 2017; 
9(4). 

41. Jung TW, Kim ST, Lee JH, Chae SI, Hwang KW, Chung YH, et al. 

Phosphatidylcholine Causes lipolysis and apoptosis in adipocytes 
through the tumor necrosis factor alpha-dependent pathway. 

Pharmacol. 2018; 101(3-4): 111-119. 

42. Jung TW, Park T, Park J, Kim U, Je HD, et al. Phosphatidylcholine 
causes adipocyte-specific lipolysis and apoptosis in adipose and 

muscle tissues. PLOS ONE, 2019; 14(4): e0214760. 

43. Mourad AM, Pincinato EdC, Mazzola PG, Sabha M, Moriel P. Influence 
of soy lecithin administration on hypercholesterolemia. Cholesterol, 

2010: 824813, 4. 

44. Hasanain M, Bhattacharjee A, Pandey P, Ashraf R, Singh N, Sharma S, 

et al. A-solanine induces ROS- mediated autophagy through activation 
of endoplasmic reticulum stress and inhibition of akt/mtor pathway. 

Cell Death Dis., 2015; 6: e1860. 

45. Plaisance V, Brajkovic S, Tenenbaum M, Favre D, Ezanno H, 
Bonnefond A, et al. Endoplasmic reticulum stress links oxidative 

stress to impaired pancreatic β-cell function caused by human 

oxidized ldl. PLoS ONE 2016; 11: e0163046. 



Iraqi J. Vet. Med. 2022, Vol. 46(2): 20-28  28 

SUROUR ET AL. 

46. Malhotra JD, Miao H, Zhang K, Wolfson A, Pennathur S, Pipe SW, et al.  

Antioxidants reduce endoplasmic reticulum stress and improve 
protein secretion. Proc. Natl. Acad. Sci., 2008; 105: 18525–18530. 

47. Balakumar M, Raji L, Prabhu D, Sathishkumar C, Prabu P, Mohan V, 

Balasubramanyam M. High-fructose diet is as detrimental as high-fat 
diet in the induction of insulin resistance and diabetes mediated by 

hepatic/pancreatic endoplasmic reticulum (ER) stress. Mol. Cell. 

Biochem., 2016; 423(1-2): 93–104. 
48. Adibhatla RM, Hatcher J.F. Lipid oxidation and peroxidation in CNS 

health and disease: from molecular mechanisms to therapeutic 

opportunities. Antioxid Redox Signal, 2010; 12(1):125- 169. 

49. Unger RH. Longevity, lipotoxicity and leptin: the adipocyte defense 
against feasting and famine. Biochimie., 2005; 87(1): 57–64. 

50. Chong WC, Shastri MD, Eri R. Endoplasmic Reticulum Stress and 

Oxidative Stress: A Vicious Nexus Implicated in Bowel Disease 
Pathophysiology. Int. J. Mol. Sci., 2017; 18(4):771. 

51. Marchio P, Guerra-Ojeda S, Vila JM, Aldasoro M, Victor VM, Mauricio 

MD. Targeting Early Atherosclerosis: A Focus on Oxidative Stress and 
Inflammation. Oxidative Medicine and Cellular Longevity. 2019; 

Article ID 8563845, 32 pages  

52. Hsia SH, Pan D, Berookim P, Lee ML. A population-based, cross-
sectional comparison of lipid-related indexes for symptoms of 

atherosclerotic disease. Am. J. Cardiol., 2006; 98(8):1047-1052.  

53. Kim JY, Kwon MS, Son J, Kang SW, Song Y. Selective effect of 

phosphatidylcholine on the lysis of adipocytes. PLoS ONE, 2017; 
12(5): e0176722. 

54. Burgess JW, Neville TA, Rouillard P, Harder, Z, Beanlands DS, Sparks 

DL. Phosphatidylinositol increases HDL-C levels in humans. J. Lipid 
Res., 2005; 46(2):350–355. 

55. Cohn JS, Wat E, Kamili A, Tandy S.  Dietary phospholipids, hepatic lipid 

metabolism and cardiovascular disease. Curr. Opin. Lipidol., 2008; 
19:257–62. 

56. Nicolosi RJ, Wilson TA, Lawton C, Handelman, GJ. “Dietary effects on 

cardiovascular disease risk factors: beyond saturated fatty acids and 
cholesterol. J American College Nutr. 2001; 20(5): 421S–427S. 

57. Dawod SMH. The effect of soybean lecithin on lipid profile, glycemic 

index and insulin resistance in hypercholestromic adult male rats. 
MSc. Thesis/ college of veterinary medicine/ University of Baghdad. 

2018. 

58. Diaf M, Khaled MB. Associations between dietary antioxidant intake 
and markers of atherosclerosis in middle-aged women from North-

Western Algeria. Front. Nutr.2018; 5(29). 

59. Lee HS, Yunsung N, Chung YH, Kim HR, Park ES, Chung SJ, Kim JH, 
Sohn UD, Kim HC, Oh KW, Jeong JH. Beneficial effects of 

phosphatidylcholine on high-fat diet-induced obesity, hyperlipidemia 

and fatty liver in mice. Life Sci. 2014; 118(1): 7-14. 

60. Oršolić N, Landeka Jurčević I, Đikić D, Rogić D, Odeh D, Balta V, Perak 
Junaković E, Terzić S, Jutrić D. ‘Effect of Propolis on Diet-Induced 

Hyperlipidemia and Atherogenic Indices in Mice’, Antioxidants, 2019; 

8(6): 156. 
61. Avelar TMT, Storch AS, Castro LA, Azevedo GVM, Ferraz L, Lopes PF. 

Oxidative stress in the pathophysiology of metabolic syndrome: 

which mechanisms are involved. J. Bras. Patol. Med. Lab., 2015; 51(4): 
231-239. 

62. Nicolson GL, Ash, ME. Lipid Replacement Therapy: A natural medicine 

approach to replacing damaged lipids in cellular membranes and 
organelles and restoring function. Biochimica et Biophysica Acta 

(BBA) - Biomembranes, 2014; 1838(6), 1657–1679. 

63. Nicolson GL, Ash ME. Membrane Lipid Replacement for chronic 

illnesses, aging and cancer using oral glycerolphospholipid 
formulations with fructooligosaccharides to restore phospholipid 

function in cellular membranes, organelles, cells and tissues. 

Biochimica et Biophysica Acta (BBA) - Biomembranes, 2017; 
1859(9): 1704–1724. 

64. Ellithorpe RA, Settineri R, Jacques B, Nicolson GL. Lipid Replacement 

Therapy functional food with NT Factor for reducing weight, girth, 
body mass, appetite, cravings for foods and fatigue while improving 

blood lipid profiles, Funct. Food Health Dis. 2012; 2 (1): 11–24. 

 

 

 

 

 

 نسبة لارتفاع المعرضة الجرذان في الشرايين تصلب ومؤشر الدم شحميات عسر على كولين فوسفاتيديل تأثير

 الفركتوز 
 ،٢خضير كاظم خالصة ،٢رمضان جعفر صادق  ،١سرور الرزاق عبد منار

 قبغداد، العرا جامعة،البيطري الطب كلية ،والأدوية الحياتية والكيمياء الفسلجةفرع  ٢كلية الصيدلة، جامعة المشرق، بغداد، العراق،١
 

 لخلاصة ا
.  الفركتوز يسببها التي الغذائي التمثيل بمتلازمة المصابة البالغة الجرذان في الشرايين تصلب ومؤشر البروتين، الدهون، ملف في التغيرات تقليل في كولين للفوسفاتيديل المفيدة الآثار في للنظر  الدراسة هذه صممت

.  بانتظام المقطر  الماء  تلقت  السيطرة  مجموعة: الاولى المجموعة  يوم،( 62) لمدة   التالية العلاجات وأعطيت   G1 ، G2 ، G3 ، G4 مجاميع أربع إلى الجرذان  من أنثى( 36)  وثلاثين ستة  البالغة الحيوانات  تقسيم  تم

 تجريع  تم  الشرب؛  مياه  في  الفركتوز  من٪  25و  فمويا  الفركتوز  من٪  40  بنسبة  الثالثة  المجموعة  في  الحيوانات  تجريع  ثم  ومن  كولين؛  فوسفاتيديل  من  الجسم  وزن  من  كجم/جم  1  بـ  الجرذان  تجريع  تم:  الثانية  المجموعة

مَ  بعد . الفم  طريق  عن  كولين الفوسفاتيديل من الجسم  وزن  من كجم /جم 1  مع الشرب،  مياه في الفركتوز  من ٪ 25و  فمويا الفركتوز من٪  40 بنسبة  أيضًا الرابعة المجموعة في الجرذان    ، (ساعة  12-8)  الحيوانات صَوَّ

  الكثافة،   عالي  الدهني  البروتين  ،(الجلسرين  ثلاثي)  الثلاثية  الدهون  الدم،  في  الكلي   الكوليسترول )  الدم   في  الدهون  معايير  لقياس  الدم   مصل   على   الحصول  وتم   الدراسة،   هذه   نهاية  في  القلب   ثقب  بتقنية  الدم   عينات  جمع  تم

  حدوث  النتائج  أظهرت(. والجلوبيولين الألبومين  الكلي، البروتين) الدم  لبروتينات(  الشرايين تصلب  مؤشر  الكثافة،  عالي  غير الدهني   البروتين  جدا، الكثافة  منخفض  الدهني   البروتين الكثافة، منخفض  الدهني البروتين

 الكثافة   عالي  غير  الدهني  البروتين  تراكيز  زيادة  الكثافة،  منخفض  الدهني  البروتين  كوليسترول  زيادة  ،  الكثافة  منخفض  الدهني  البروتين  في  زيادة  الدم،  في  الجلسرين  ثلاثي  الدم،  كوليسترول  فرط)  الدم  شحميات  عسر

 أن  كذلك  النتائج  أظهرت (.  والجلوبيولين  الكلي  البروتين  مستوى  في   انخفاض)  البروتين  تكوين  في  اضطراب   لوحظ  المعالجة  الحيوانات(.  الكثافة  عالي  الدهني  البروتين  تركيز  وانخفاض   العصيدي   التصلب  ومؤشر

  تصلب   ومؤشر   البروتينات  ومظهر  الدهون،  مستوى   في   التغيرات  تقليل   إلى   الجرذان   في  كولين   الفوسفاتيديل  استخدام   أدى.  أعلاه   المذكورة   المعايير  او  المعلمات  في  التغيرات  من  خفف   كولين  بالفوسفاتيديل  العلاج

 .الغذائي التمثيل متلازمة  حدوث في الفركتوز  تسبب بينما الشرايين

 الكثافة قليل  الدهني البروتين الكثافة،  عالي غير الدهني البروتين الكلي، البروتين الدم، في  الكولسترول زيادة كولين، فوسفاتيديل  الدهون،:  المفتاحية الكلمات


