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ABSTRACT

This study was conducted at the Iragi Center for Cancer Research / Al-
Mustansiriya University / Baghdad Governorate, for the period from November

Department of Food
Science,College of
Agriculture,University

of Tikrit, Iraq 2020 to January 2021, to know healthy effects of different fat ratios mixtures of
Omega-3 to Omega-6 in male mice with type 2 diabetes induced by Aloxan at a
KEY WORDS: concentration of 100 mg / kg of weight. 32 mice aged (2-3) months and their

weight (25-30) g were included. Four mice were isolated from them as a
healthy control group and the remaining mice were injected with alloxan.
Infected mice were divided into seven groups, one of which was untreated
group (infected control), while the rest were treated with mixtures of different
proportions of omega 6 and 3 fats. After the 30-day experiment, the biological

omega-3, omega-6,
glucose, Diabetes
Mellitus, Blood lipids.
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study showed that the introduction of experimental diabetes mellitus with
alloxan led to a higher Significant (p>0.01) and (P>0.05) in the concentration of
glucose, total cholesterol (TC), triglycerides (TG), low-density lipoprotein-
cholesterol (LDL-C) and very low-density lipoprotein-cholesterol (VLDL-C)
compared with the proper control group. While it led to a significant decrease
(p>0.01) and (p>0.05) in high-density lipoprotein-cholesterol (HDL-C)
concentrations in the affected control group, but when using mixtures of
different proportions of omega-6 fats: Omega-3 led to a decrease in the
concentration of glucose, total cholesterol (TC), triglycerides (TG), low-density
lipoprotein-cholesterol (LDL-C) and very low-density lipoprotein-cholesterol
(VLDL-C) compared with the infected and untreated control group and an
increase in concentrations of high-density lipoproteins (HDL-C) cholesterol.
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INTRODUCTION

Omega-3 and Omega-6 polyunsaturated fatty acids (PUFA) are important components of
cell membranes, and necessary for the health and normal physiological functioning of the human
body (Kapoor et al., 2021). Not all fatty acids can be produced endogenously due to the absence of
some desaturases enzymes, so they must be taken either from food or from nutritional supplements,
according to the body's need for them (De Souza et al., 2020). The prevalence of type 2 diabetes
mellitus (T2DM) is increasing worldwide. Diabetes increases the risk of cardiovascular disease and
mortality, through various abnormalities in glucose, lipid and lipoprotein metabolism, increased
platelet synthesis, endothelial dysfunction, and increased risk of arrhythmias (Emerging Risk
Factors Collaboration, 2011). Diet can play a role in the prevention of T2DM Polyunsaturated fatty
acids (PUFAS) are of particular interest in the nutritional treatment of diabetes, given their potential
role in many pathophysiological processes related to cardiovascular disease (CVD). Both Omega-3
and Omega-6 fatty acids are beneficial for improving lipids in healthy individuals and among
people with type 2 diabetas, supplementation of Omega-3 fatty acids reduces triglycerides and
VLDL cholesterol, however it may also increase LDL cholesterol ( Jeppesen et al,. 2013). Terpstra
et al. (2000) indicated that polyunsaturated fatty acids can play a major role in lowering cholesterol
by stimulating the secretion of cholesterol from the intestines, and stimulating its oxidation to bile
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acids. Cholesterol is excreted from the body. Another indication is that alpha-linolenic acid may
prevent the conversion of LDL to very low density lipoproteins (Valsta et al. 1995). With regard to
type 2 diabetes (T2DM), there are many studies and research that praised the positive role played by
Omega-3 acids in diabetic patients. Hu et al. (2018) indicated that a diet containing Omega-3 plays
a critical role in the beginning of the progression of T2DM. Consumption of omega-3
polyunsaturated fatty acids is the most common anti-T2DM (Ulven and Christiansen, 2015). And
Kromhout et al. (2010) showed in an analysis restricted to diabetic patients that the fatal CHD rate
was lower among diabetic patients who took EPA-DHA, compared to placebo.

MATERIALS AND METHODS

1- Preparing the mixtures

Fish oil of German origin was purchased as an omega-3 source from a pharmacy in Baghdad, and
pure Iragi sunflower oil was purchased as an omega-6 source from local markets in Baghdad. Palej
etal

. (2020) note that for every 100 grams of sunflower oil it contains 50 grams of omega-6. After
confirming that it is safe and not expired. It was used in the experiment. These oils were mixed well
in different proportions with the prepared feed depending on what was stated in (NRC, 1995) and
kneaded by adding a little filtered water to it, then formed in specialized molds and placed in an
oven at a temperature of (60°C) for no more than (15) minutes. Until dried and made palatable to
animals (Al-Bayati et al., 2017), then placed in nylon bags with the name and treatment number
written on it.

2- Animals used

White laboratory mice (Albino mice) were used, aged (2-3) months, and weighed (25-30) g. 32
males were used in this study. These animals were purchased from the animal house of the Iraqi
Center for Cancer Research / Baghdad, and they were examined from Before using it in the
experiment, a veterinarian specialized in the center ensures that it is safe, healthy, and free of
diseases.

3- Diabetes in animals

28 mice were injected with alloxan at a concentration of 100 mg/kg body weight after 24 h of
starvation Mohammed et al. (2010) by subcutaneous injection as it was dissolved with 1 g of
alloxan in 10 cm of normal saline physiological solution Owoyele et al. (2005). All injected mice
were tested for diabetes by glucose test device and confirmed. And they became ill, as the blood
sugar of the affected mice ranged between (250-270) mg/dL.

4-Experimental Design

The male mice used in the study were divided into eight groups, and each group has its own
proportion that differs from the other in pedigree. The eight groups were left to feed on their allotted
ration, as well as filtered water for 30 days, as we suggested that the proportions be as follows:
Group (A): The control group, which included 4 healthy mice, were fed with normal fodder and
normal water.

Group (B): The control group with alloxan-induced diabetes who was fed a regular diet and normal
water.

Group (C): This group included four diabetic mice, fed on a diet in which the ratio was Omega-3:
omega-6 (1:10).

Group (D): This group included four diabetic mice, fed on a diet in which the ratio was Omega-3:
omega-6 (1:5).

Group (E): This group included four diabetic mice, fed on a diet in which the ratio was Omega-3:
omega-6 (1:3).

Group (F): This group included four diabetic mice, fed on a diet in which the ratio was Omega-3:
omega-6 (3:1).

Group (G): This group included four diabetic mice, fed on a diet in which the ratio was Omega-3:
omega-6 (5:1).

Group (H): This group included four diabetic mice, fed on a diet in which the ratio was Omega-
3:omega-6 (10:1).
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5-Blood samples
After the end of the experiment period, the animals were starved for 12 h, then blood samples were
drawn by stabbing the anesthetized animal’'s heart with a 5 ml plastic syringe, in anticoagulant-free
test tubes and left for a quarter of an hour in water bath at 370 °C, then the serum was obtained by
centrifugation at 3000 rpm for 15 min, and kept at -20 °C in new, clean plastic tubes until
biochemical tests were performed (Al-Samarrai, 2019).
6- Biochemical Analysis
The blood glucose concentration was measured using the AGAPPE glucose test kit from India
(Tietz, 1995), Serum triglyceride concentration was determined using an AGAPPE kit (Trinder,
1969), total serum cholesterol was determined using an AGAPPE Kkit, in which cholesterol was
converted to the pink Quinonimine dye (Allain, 1974), The concentration of high-density
lipoprotein in the blood was determined according to the supplier's instructions (AGAPPE) (Tietz,
1995). LDL-C was determined in the serum of groups according to the following relationship
(Burtis and Ashwood, 1999): LDL-C concentration (mg / dl) = total cholesterol - (HDL-C) -
(VLDL-C). The concentration ratio (VLDL) was determined in serum based on the following
relationship (Burtis and Ashwood, 1999): VLDL concentration (mg/dL) = (triglycerides/5).
7- Statistical analysis
The results were analyzed statistically using (SAS, 2001) program and according to one-way
analysis of variance. Analysis of Varience (ANOVA) of the parameters were tested using the
Duncun multiple ranges test with a significance level of P<0.05 to determine the significant
differences between groups (Duncan and Mahaffey, 1994).
RESULTS AND DISCUSSION
The concentration of glucose in the blood serum

The results of the current study in Table No. (1) showed that the introduction of Aloxan
diabetes mellitus led to a significant increase at the probability level (P < 0.01) in the blood glucose
concentration of untreated diabetic male mice over the course of the experiment compared to the
control group. These results are in agreement with Rahimi-Madiseh et al. (2017). The reason is that
beta cells disintegrate and stop secreting the hormone insulin as a result of alloxan injections into
mice.
Table (1) Effect of different proportion mixtures of omega-3 and omega-6 fats on the level of

glucose in the blood serum of healthy and alloxan —induced diabetes male mice

Groups Transactions Glucose mg/ dl

A control (normal 92.4"

B Diabetic control 262.58 °
C | Omega-3: omega-6 (1:10) 200.28"
D Omega-3: omega-6 (1:5) 187.75°¢
E Omega-3: omega-6 (1:3) 171.13°¢
F Omega-3:0mega-6 (3:1) 152.52 ¢
G Omega-3:0mega-6 (5:1) 128.96
H Omega-3:0mega-6 (10:1) 99.24 9

The number of animals is four in each group, Different letters mean that there is a big difference in
(P<0.05) and (P<0.01)

The results showed that groups C, D and E had a significant decrease (P < 0.01) in blood
sugar compared to the infected control group, and we note the superiority of group E compared to
groups C and D, which led to a decrease in blood sugar. This results are in agreement with Wu et al.
(2017) who indicated that omega-6 improves blood sugar and insulin resistance. The reason for the
decrease in blood glucose level may be due to the effect of omega-6 on insulin receptors, as Kroger
et al. (2015) indicated that incorporation of linoleic acid into phospholipids changes the membrane
fluidity and may modulate the insulin receptor. This results are also consistent with Imamura et al.
(2016) who indicating that dietary PUFAs predominantly linoleic acid improved blood sugar,
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insulin resistance and insulin secretion capacity, compared to carbohydrates and saturated fats. The
results also showed a significant decrease at (P < 0.01) in treatments F, G and H, in blood glucose
compared to the infected control group, and groups C, D, E. We note that the superiority of
treatment H compared to treatment F, G gave the mice of 99.24 mg/dL. This results agree with
Elhabiby et al. (2018) and Komal et al. (2020) that supplementation with Omega-3 PUFAS has
healthy effects on lipid and glucose levels (Komal et al.,2020). They also agreed with Talukdar et
al. (2010). Because omega-3 is a component of the cell membrane and acts as an anti-inflammatory
and antioxidant, it is useful for preventing diabetes.
Effect on total cholesterol

The results of the study in Table No. (2) showed a significant increase (p < 0.01) of total
cholesterol concentration in the affected control group compared to the healthy control group. This
result is in agreement with the findings of Jassim et al. (2017); Mans and Aburjai (2019). The
increase in total cholesterol in the blood may be due to the release of free fatty acids (FFA) from
lipolysis in adipose tissue, where fats are used as an energy source instead of glucose when the body
suffers from diabetes (Al-Safi and Abdel-Latif, 2018). The results showed a significant decrease in
the concentration of cholesterol in the blood (p < 0.01) in groups C, D, and E where the use of
omega-6 was higher than omega-3, and this may be due to the ability of omega-6 to inhibit the
formation of triglycerides and cholesterol in the liver by decreasing the induction of enzyme
secretion [Hepatic 3-hydroxyl-3-Methylglutaryl Coenzyme A (HMG-CoA)]. (The union of two
molecules of acetyl CoA from mevalonate (Lehninger, 1982). This results also showed a significant
decrease in the concentration of cholesterol in the blood (p < 0.01) in the groups F, G, and H in
which the proportion of omega-3 was used higher than that of omega-6, where the arithmetic mean
of the groups was (140.04, 112.78 and 130.17) mg/dL, respectively, compared with the infected
control group (174.66) mg/dL. We note that treatment H recorded the lowest percentage of total
cholesterol (112.78) mg/dL, while treatment C recorded the highest percentage (165.30) mg/dL
compared to the infection control group.
Table (2) Effect of different proportion mixtures of omega-3 and omega-6 fats in (Cholesterol,

T.G, HDL, LDL, and VLDL) the blood serum of healthy male mice and alloxan-induced

diabetes
Grouns Total cholesterol TG HDL LDL VLDL

P (mg/dl) (mg/dl) | (mg/dl) | (mg/dl) | (mg/dl)
A 120.22 g 84.79 ¢ 40.00 b 63.26 ¢ 16.958 f
B 174.66 a 134.04a | 19.89f | 127.96a | 26.809 a
C 165.30 b 125.85b | 21.03f | 119.10b | 25.169b
D 160.15 ¢ 121.28¢c | 25.89e | 110.01c | 24.255¢
E 145.78 d 110.87d | 30.77d 92.84d | 22.175d
F 140.04 e 101.89e | 35.40c 84.26e | 20.378d
G 112.78 h 90.15 f 40.97 b 71.16f | 18.030¢e
H 130.17 f 81.80¢ 45.76 a 50.66 h 16.359 f

The number of animals is four in each group, Different letters mean that there is a big difference in (P<0.05)
and(P<0.01), (A) the control (normal), (B) Diabetic control, (C) Omega-3:0omega-6 (1:10) , (D) Omega-
3:0mega-6 (1:5) , (E) Omega-3:0mega-6 (1:3) , (F) Omega-3:0mega-6 (3:1) , (G) Omega-3:0mega-6 (5:1) ,
(H) Omega-3:0mega-6 (10:1)
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The results showed that the groups F, G, and H containing higher levels of omega-3 had a
significant decrease in total cholesterol compared to the control group. The reason may be the role
of omega-3 in inhibiting the enzymes that form triglycerides and cholesterol (HMG-CoA). These
results are consistent with those of Goh et al. (1997) when examining the effect of omega-3 fatty
acids on plasma lipids, cholesterol, lipoprotein and fatty acid content in NIDDM patients. The
cholesterol-lowering mechanisms of omega-3 fatty acids in mice due to activation of AMP-
activated protein kinase, as this protein plays a role in inhibiting cholesterol synthesis, activating
fatty acid oxidation genes, and suppressing fatty acid synthesis in the liver ( Tillander et al., 2014
Yang et al., 2016).

Effect on the concentration of triglycerides

The current results in Table No. (2) showed that the second group (B) represented by the
diabetes control group experienced a significant increase in the concentration of triglycerides (TG)
in the blood serum compared to the control group. This result agreed with Francis et al. (2018) in
diabetic mice. This increase may be due to the activity of the lipoprotein lipase enzyme due to the
lack of insulin. We also note from the results that the H group (Omega-3:0mega-6 (10:1)) It gave
the lowest arithmetic mean and showed a significant (p>0.01) decrease in triglyceride (TG)
concentration compared to the infection control group. This result agreed with Faselian et al.,
(2021) that omega-3FA supplementation significantly reduces TC and TG levels. Another reason
cited by Leaver et al., (2007) show that omega-3s can reduce TG and LDL levels and increase fatty
acid oxidation in the liver by activating peroxisome proliferator-activated receptor (PPAR)
molecules. Or they are activated by omega-3s, whose main function is regulatory binding factors
that act as regulators of lipid homeostasis. Omega-3 fatty acids also reduce all markers of chronic
inflammation associated with atherosclerosis including diabetes mellitus, thus reducing high-
sensitivity C-reactive protein, oxidized LDL, and lipoprotein-associated phospholipase A2. Thus,
omega-3 fatty acids contribute to reducing high levels of triglycerides (Ferrieres, 2020).

Effect on cholesterol high-density lipoproteins ( HDL-C)

The results in Table (2) show a significant decrease at the probability level (p<0.01) of
HDL-C values in the blood serum of the affected control group compared to the control group.
These results are in agreement with the result of Gao et al.(2020). The decrease in HDL-C in
diabetes may be due to the increased activity of cholesterol transferase, which transfers cholesterol
esters from HDL-C to VLDL-C, leaving HDL-C rich in TG and less affinity for Apo-A. This makes
it free and easy to filter through the kidneys (Al-Jubouri, 2008) We note through the results of the
superiority of the H group and it gave a significant increase in the level of HDL and showed a
statistical difference from the other arithmetic averages, and the average was 45.76 mg / dL
compared to the infected control group of 19.89 mg / dL. While the lowest mean among the treated
groups in group C was 19.89 mg/dL. The increase in HDL cholesterol levels in groups C, D and F
may be due to the positive effect of omega-6, and this finding is consistent with Shearer and
Wallker (2018) who indicated that omega-6 fatty acids reduce the risk of heart disease. It lowers
total cholesterol levels, reduces bad cholesterol, and raises levels of "good" HDL cholesterol.
However, omega-6 is not as effective as omega-3. The results showed that the groups in which the
proportions of omega-3 were higher than omega-6 were superior, and the result was in agreement
with Al-Zubaidi (2012) and Othman (2015) who indicate that omega-3 acids increase the
proportion of protein seborrhoeic; High-density HDL transports cholesterol from the body to the
liver, and lowers the rate of low malignancies. LDL, which transports cholesterol from the liver to
the liver. around the body. This may be due to the multiple roles of omega-3s as anti-inflammatory
and antioxidant and thus reduce free radicals caused by oxidative stress, or through activation of
lipoprotein lipase and TG removal of VLDL and chylomicron molecules (Bays et al., 2008;
Brewery,20004)

Effect on low-density lipoprotein cholesterol ( LDL-C)

The results in Table (2) showed a significant increase (P < 0.01) in the level of low-density
lipoprotein cholesterol in the control group of infected animals compared to the healthy control
group. This result is in agreement with Al-Jafar et al. (2020) on male mice exposed to oxidative

133



Atallah and Hussein / Tikrit Journal for Agricultural Sciences (2021) 21 (4):129-138

stress. The cause may be free radicals from alloxan use and pancreatic B-cell damage, which leads
to an increased level of oxidative stress, leading to a defect in LDL-C receptors in the liver
(Brewery, 20004). We note from the results that the groups C, D, and E whose omega-6 levels were
higher than omega-3 showed less improvement in LDL levels compared to the F, G, and H groups
that had the highest omega-3 levels. These results agreed with Mensink et al. (2003) and also agreed
with Hodson et al. (2001) and Wu et al. (2017) who indicated that unsaturated fatty acids have a
positive effect on blood lipid metabolic pathways, leading to a decrease in total cholesterol and an
increase in good cholesterol. The C, D, and F groups that gave a slight improvement in LDL levels
may be due to the fact that omega-6 promotes oxidative stress, as shown by Harris et al. (2009) that
diets high in LA may increase oxidative susceptibility. Low-density lipoprotein LDL oxidation in
vivo, and can promote oxidized LDL. The results also showed a significant decrease (P < 0.01) in
groups F, G, and H in LDL levels compared to the infected control group and groups C,D and F We
also note the superiority of group H compared to groups G, and f , which gave the mean
Mathematical 50.66 mg//dl. These results are consistent with study of Lee et al. (2013) who show
that combination therapy with 3 omega fatty acids can lead to a significant benefit in terms of LDL
particle size and TG level in dyslipidemic patients with type 2 diabetes.

Effect on very low density lipoprotein cholesterol (VLDL)

The results of Table (2) show a significant increase (P<0.01) in very low-density lipoprotein
cholesterol in the serum of diabetic experimental mice throughout the experiment period (infected
control) compared to the healthy control group. These results are in agreement with those
Mohammed (2016) and Jandal and Naji (2021) in diabetic rats. High very low-density lipoprotein
cholesterol may be caused by adipose tissue damage due to impaired oxidative protective systems
and exacerbation of free radical damage from oxidative stress as a result of injury. Diabetes, leading
to an increase in free fatty acids in VLDL-C synthesis by the liver (Zhang, 2001). We note through
the results of a significant decrease (p < 0.01) in the levels of very low-density lipoprotein
cholesterol in the blood serum of male mice with alloxan-induced diabetes in the groups treated
with unsaturated fatty acids represented by omega 3 and omega 6 compared to the infection control
group. These results agree with Shearer et al,( 2012) that omega-3 reduces the rate of LDL synthesis
in the liver. The reason may be that omega-3 impairs VLDL secretion by inhibiting triglyceride
synthesis. Bays et al. (2008) indicated that omega-3 fatty acids decrease the synthesis and secretion
of very low-density lipoprotein (VLDL) particles, and increase TG clearance of VLDL particles and
chylomicrons by regulating enzymes, such as lipoprotein lipase.

CONCLUSION

Balance of food Omega 6: Omega 3 is very important in maintaining the health and vitality
of the body. We found through the results that the groups that contain the levels of Omega 3 in a
positive relationship with Omega 6 gave a positive improvement as they reduced inflammatory
processes and free radicals, lowered glucose levels, and improved blood glucose levels. Blood lipids
in the affected groups.

REFERENCES

Ahmad, M. Z., Ahmad, J., Zafar, S., Warsi, M. H., Abdel-Wahab, B. A., Akhter,S. and Alam,
M. A. (2020). Omega-3 fatty acids as adjunctive therapeutics: prospective of
nanoparticles in its formulation development. Therapeutic delivery, 11(1), 851-868.

Al Jaafar, S. H and Hussein, F. F. (2020). Use of celery extract, pomegranate juice and
potassium supplementation in the treatment of alloxan-induced diabetic ketoacidosis in
albino male rats. Master Thesis, College of Agriculture, Tikrit University, Irag.

Al-Jubouri, M. K. (2008). Histological changes in the heart, lungs and kidneys induced by
excessive doses of vitamin D3 and calcium in albino mice, Mus musculus, MSc Thesis,
University of Tikrit.

Allain, C. C. (1974). Clinical Chemistray. 20/4, p: 470-475.

Al-Safi, A. H and Abdel Latif, H.A. (2018). Effect of diabetes mellitus on the level of lipids in
pregnant female albino rats. Al-Baher Magazine, 9 (15-16), 17-28.

134



Atallah and Hussein / Tikrit Journal for Agricultural Sciences (2021) 21 (4):129-138

Al-Samarrai, Abeer M. S.(2019). Effect of Ganoderma and Spirulina as dietary supplements on
male mice induced with diabetes and anemia. Master's Thesis, College of Agriculture -
Tikrit University.

Al-Zubaidi, A. K (2012). The effect of feeding with flax and sesame seeds on the distribution
and composition of unsaturated fatty acids in carcasses of Awassi lambs. Master's
thesis, University of Baghdad - College of Agriculture.

Bali¢, A., Vlagi¢, D., Zuzul, K., Marinovi¢, B., and Bukvi¢ Mokos, Z. (2020). Omega-3 versus
omega-6 polyunsaturated fatty acids in the prevention and treatment of inflammatory
skin diseases. International journal of molecular sciences, 21(3), 741.

Bays, H. E., Tighe, A. P., Sadovsky, R., and Davidson, M. H. (2008). Prescription omega-3
fatty acids and their lipid effects: physiologic mechanisms of action and clinical
implications. Expert review of cardiovascular therapy, 6(3), 391-409.

Brewery- H. B. (2004). Focus on high density lipoproteins in reducing cardiovascular risk. Am.
Heart. J; 148: 14-18.

Burtis,C, A. and Ashwood, E. R. (1999). Teitz Text Book of Clinical Chemistry, 3rded., W.B.
Saunders Company, London, UK., pp: 840-843.

De Souza, D. R., da Silva Pieri, B. L., Comim, V. H., de Oliveira Marques, S., Luciano, T. F.,
Rodrigues, M. S., and De Souza, C. T. (2020). Fish oil reduces subclinical
inflammation, insulin resistance, and atherogenic factors in overweight/obese type 2
diabetes mellitus patients: A pre-post pilot study. Journal of Diabetes and its
Complications, 34(5), 107553.

Duncan, P. and Mahaffey, (1994). Erythrocytes. Veterinary Laboratory Medicine, 3rd ed. Ames,

lowa state university press: 21-34

Elhabiby, M. 1., Hillal, K. A., Al-Dahody, N. Z., Al-Eid, A. S., El-Nabaheen, E. M.,
Alsuhaibani, S.A ., ... and Mohieldein, A. H. (2018). Use of Omega-3 Supplements for
the Amelioration of Glucose Levels and Lipid Profile Parameters in Female University:
A Randomized Control Study. Asian Journal of Medicine and Health, 1-8.

Emerging Risk Factors Collaboration. (2011). Diabetes mellitus, fasting glucose, and risk of
cause-specific death. New England Journal of Medicine, 364(9), 829-841.

Fazelian, S., Moradi, F., Agah, S., Hoseini, A., Heydari, H., Morvaridzadeh, M., ... and
Heshmati, J. (2021). Effect of omega-3 fatty acids supplementation on cardio-metabolic
and oxidative stress parameters in patients with chronic kidney disease: a systematic
review and meta-analysis. BMC nephrology, 22(1), 1-13.

Ferriéres, J. (2020). The return of triglycerides and revival of omega-3 fatty acid. Archives of
cardiovascular diseases, 113(6-7), 369-373.

Francis, D., Ani, C., Nworgu, C., Pamela, O., Uzoma, I., Uzoigwe, J., and Daniel, N. (2018).
The Effect of Ethanolic Seed Extract of Citrullus lanatus (Watermelon) on Blood
Glucose Level and Lipid Profile of Diabetic Wistar Rats. European Journal of
Medicinal Plants, 1-6.

Gao, C,, Liu, Y., Gan, Y., Bao, W, Peng, X., Xing, Q., ... and Yang, Y. (2020). Effects of fish
oil supplementation on glucose control and lipid levels among patients with type 2
diabetes mellitus: a meta-analysis of randomized controlled trials. Lipids in health and
disease, 19, 1-10.

Goh, Y. K., Jumpsen, J. A., Ryan, E. A., and Clandinin, M. T. (1997). Effect of w3 fatty acid on
plasma lipids, cholesterol and lipoprotein fatty acid content in NIDDM patients.
Diabetologia, 40(1), 45-52.

Harris, W. S., Mozaffarian, D., Rimm, E., Kris-Etherton, P., Rudel, L. L., Appel, L. J., ... and
Sacks, F. (2009). Omega-6 fatty acids and risk for cardiovascular disease: a science
advisory from the American Heart Association Nutrition Subcommittee of the Council
on Nutrition, Physical Activity, and Metabolism; Council on Cardiovascular Nursing;
and Council on Epidemiology and Prevention. Circulation, 119(6), 902-907.

135



Atallah and Hussein / Tikrit Journal for Agricultural Sciences (2021) 21 (4):129-138

Hodson, L., Skeaff, C. M., and Chisholm, W. A. (2001). The effect of replacing dietary
saturated fat with polyunsaturated or monounsaturated fat on plasma lipids in free-living
young adults. European journal of clinical nutrition, 55(10), 908-915.

Hu, J. L., Nie, S. P, and Xie, M. Y. (2018). Antidiabetic mechanism of dietary polysaccharides
based on their gastrointestinal functions. Journal of agricultural and food chemistry,
66(19), 4781-4786.

Jandal, M. M., and Naji, E. Z. (2021). Study of the effect of Ethanolic extract of pomegranate
peels on some blood serum biochemical parameters in alloxan induced diabetes male
rats. Tikrit Journal for Agricultural Sciences, 21(1), 138-151.

Jassim, M. A., and Ayed, M. A., and Mohamed M. J. (2017). Effect of camel milk on the level
of AST, ALT and ALP enzymes in the liver of rats with induced diabetes. Diyala
Journal of Agricultural Sciences, 9(2): 29-35.

Jeppesen, C., Schiller. k., and Schulze, M. B. (2013). Omega-3 and omega-6 fatty acids and
type 2 diabetes. Current diabetes reports, 13(2), 279-288.

Kapoor, B., Kapoor, D., Gautam, S., Singh, R., & Bhardwaj, S. (2021). Dietary Polyunsaturated
Fatty Acids (PUFASs): Uses and Potential Health Benefits. Current Nutrition Reports, 1-
11.

Komal, F., Khan, M. K., Imran, M., Ahmad, M. H., Anwar, H., Ashfag, U.A ., ... and Nisa, M.
U. (2020). Impact of different omega-3 fatty acid sources on lipid, hormonal, blood
glucose, weight gain and histopathological damages profile in PCOS rat model. Journal
of Translational Medicine, 18(1), 1-11.

Kroger, J., Jacobs, S., Jansen, E. H., Fritsche, A., Boeing,H., and Schulze, M. B. (2015).
Erythrocyte membrane fatty acid fluidity and risk of type 2 diabetes in the EPIC-
Potsdam study. Diabetologia, 58(2), 282-289.

Kromhout, D., Giltay, E. J., and Geleijnse, J. M. (2010). n—-3 Fatty acids and cardiovascular
events after myocardial infarction. New England Journal of Medicine, 363(21), 2015-
2026.

Leaver, M.J.; Ezaz M.T.; Fontagne S.; Tocher D.R.; Boukouvala E. and Krey (2007). Multiple
peroxisome proliferator-activated receptor beta subtypes from Atlantic salmon (Salmo
salar). Journal of Molecular Endocrinology, 38: 391— 400.

Lee, M. W., Park, J. K., Hong, J. W., Kim, K. J., Shin, D. Y., Ahn, C. W., ... and Lee, E. J.
(2013). Beneficial effects of omega-3 fatty acids on low density lipoprotein particle size
in patients with type 2 diabetes already under statin therapy. Diabetes and metabolism
journal, 37(3), 207-211.

Lehninger, L.A. (1982). Principles of Biochemistry. Worth Publishers Inc. P: 607.

Lemya Mohammed Yahia Naway .(2011) . Lipid Profile in Sudanese Diabetic Patients. Degree
of Master. Sudan Academy of Sciences.

Mans, K. and Aburjai, T. (2019). Accessing the hypoglycemic effects of seed extract from
celery (Apium graveolens) in alloxan-induced diabetic rats. Journal of Pharmaceutical
Research International, 1-10.

Mensink, R. P., Zock, P. L., Kester, A. D., and Katan, M. B. (2003). Effects of dietary fatty
acids and carbohydrates on the ratio of serum total to HDL cholesterol and on serum
lipids and apolipoproteins: a meta-analysis of 60 controlled trials. The American journal
of clinical nutrition, 77(5), 1146-1155.

Muhammad, H. Y. (2016). Study of some physiological and biochemical variables in patients
with type 2 diabetes mellitus. PhD thesis, College of Science - University of Baghdad.

Muhammad, M. S., Walid M. S., Dahah J. M. (2010) Effect of effective biomass (EM) on blood
sugar concentration and a number of vital variables in the blood serum of healthy and
diabetic male mice. Al-Rafidain Journal of Science, 22(2),1-15

Othman, I. A. (2015). Effect of flaxseed and fenugreek on some biochemical parameters in
rabbit blood. PhD thesis, Faculty of Veterinary Medicine - University of Hama.

136



Atallah and Hussein / Tikrit Journal for Agricultural Sciences (2021) 21 (4):129-138

NRC, National Research Council. (1995). Nutrient requirements of the mouse. In Nutrient
Requirements of Laboratory Animals: Fourth Revised Edition, 1995. National
Academies Press (US).

Owoyele, V. B., Adeyemi, F. M., and Soladoye, A. O. (2005). Effect of aqueous leaves extract
of ocimum gratissimum (sweet basil) on alloxan induced diabetic rats. Pharmacognosy
Magazine, 1(2), 62.

Rahimi-Madiseh, M., Heidarian, E., Kheiri, S., and Rafieian-Kopaei, M. (2017). Effect of
hydroalcoholic Allium ampeloprasum extract on oxidative stress, diabetes mellitus and
dyslipidemia in alloxan-induced diabetic rats. Biomedicine and pharmacotherapy, 86,
363-367.

Ramadan, M. F. (2013). Healthy blends of high linoleic sunflower oil with selected cold pressed
oils: Functionality, stability and antioxidative characteristics. Industrial Crops and
Products, 43, 65-72.

SAS, (2001). SAS User s guide: Statistical system, Ine. Cary, NC. USA

Shearer, G. C., and Walker, R. E. (2018). An overview of the biologic effects of omega-6
oxylipins in humans. Prostaglandins, Leukotrienes and Essential Fatty Acids, 137, 26-
38.

Shearer, G. C., Pottala, J. V., Hansen, S. N., Brandenburg, V., and Harris, W. S. (2012). Effects
of prescription niacin and omega-3 fatty acids on lipids and vascular function in
metabolic syndrome: a randomized controlled trial. Journal of lipid research, 53(11),
2429-2435.

Talukdar, S., Bae, E. J., Imamura, T., Morinaga, H., Fan, W., Li, P., ... and Olefsky, J. M.
(2010). GPR120 is an omega-3 fatty acid receptor mediating potent anti-inflammatory
and insulin-sensitizing effects. Cell, 142(5), 687-698.

Terpstra, A. H. M., Van den Berg, P., Jansen, H., Beynen, A. C., and Van Tol, A. (2000).
Decreasing dietary fat saturation lowers HDL-cholesterol and increases hepatic HDL
binding in hamsters. British Journal of Nutrition, 83(2), 151-159

Tietz, N., (1995). clinical guide to laboratory tests 3rd. ed., PA: WB Saunders company,
Philadelphia, 266 — 273.

Tillander, V., Bjgrndal, B., Burri, L., Bohov, P., Skorve, J., Berge, R. K., and Alexson, S. E.
(2014). Fish oil and krill oil supplementations differentially regulate lipid catabolic and
synthetic pathways in mice. Nutrition and metabolism, 11(1), 1-17.

Trinder, P. A. (1969). Determination of glucose in blood using glucose oxidase with an
alternative oxygen acceptor. Ann. Clin. Bio chem, 6: 24-33.

Ulven, T., and Christiansen, E. (2015). Dietary fatty acids and their potential for controlling
metabolic diseases through activation of FFA4/GPR120. Annual Review of Nutrition,
35, 239-263.

Valsta, L. M., Jauhiainen, M., Aro, A., Salminen, I., and Mutanen, M. (1995). The effects on
serum lipoprotein levels of the two monounsaturated fat rich diets differing in their
linoleic and alpha-linolenic acid contents.

Wu, J. H., Marklund, M., Imamura, F., Tintle, N., Korat, A. V. A., De Goede, J., ... and for
Heart, C. (2017). Omega-6 fatty acid biomarkers and incident type 2 diabetes: pooled
analysis of individual-level data for 39 740 adults from 20 prospective cohort studies.
The lancet Diabetes and endocrinology, 5(12), 965-974.

Yang, G., Lee, J., Lee, S., Kwak, D., Choe, W., Kang, I., ... and Ha, J. (2016). Krill oil
supplementation improves dyslipidemia and lowers body weight in mice fed a high-fat
diet through activation of AMP-activated protein kinase. Journal of medicinal food,
19(12), 1120-1129.

Zhang, L. (2010). Dyslipidemia, glucose intolerance and cardiovascular disease mortality and
morbidity in Europeans and Asians. Academic dissertation. Publication of Public Health
M205, University of Helsinki, Helsinki, Finland. Pp: 88.

137



Atallah and Hussein / Tikrit Journal for Agricultural Sciences (2021) 21 (4):129-138

Sl o1y Llaall o)) pidl) 5683 3 6 Uisagh ) 3 Lisa gl (pe ABLIAAN () g2 ) cand clalAd Lpaial) ol ALl A o

O IV Cuational)

O (3948 (8 dlae s o

Bl - Sy S s e, LY ke o

Ladal)

/ A patival daalall / o yud) Slad (Bl S all 8 Al jall ey A

DY) & pad ¢ 2021 Sl oS ) 2020 S pi e 8yl ¢ slany Adadlae
bl Gl 583 83 sl (582 16 -buasl (e ol dilide bl dpnal)
&3 0080 e aaS / aale 100 S s Gl VL aaniusall G g 5ill (5 Sl sl
Aay )l e 8 on (30-25) ped sl 5 el (3-2) O o e 75155 8 32 (et
Ol Caand | QLS VL Aidal) of il Ciid Al 5l Ao sana Lgie () 8
Lo ¢ (a5 ko) dallas e de gene culS Walaa) ¢ e sana gils ) dlad)
S Al elgi) a3 5 6 buasl 0580 e caaill Adline iy La) il e
il oSl el Ganind ) La sl ol Al Gl dagy 30 <o
355 G (P>0.05) 5 (p>0.01) N ssime gl Mol glS L
Ofgudls (TGRS Gy yulSll 5 (TC) S Jsyinad S5 (glucose) S s
ha AUSH o)y aall Gl (LDL-C) Jisyied KU AEUH (Lol ial)
oalind) ) ol ey | Aaladl 5kl de sane g 4 lie (VLDL-C)d sl o8I
Js_inaal 5SU ALK Adle Agaal) i gl 380 53 3 (P>0.05) 5 (p>0.01) (553
(e Gl Adlise llald aladiin) die W ¢ Gladll 5kl de sana 8 (HDL-C)
(glucose) ssSsiSl 35S B palaasl )l 3-luash 6-liaesl (san
AN Ll s el (sl 5 (TG) A iy esdSl 5 (TC) S g sinasd S 5
(VLDL-C) Js il sSI lan Z3ESH (ol 5 inall i ol 5 (LDL-C)d s simsd sSU
Gl ) 5815 gl L Aallad)l s 5 dbad) 3okl de gane ae 43 )lEe
(HDL-C) J.s i) sSI 3L dylle dia

138

sAaaliial) cilall)
DS ¢ -lias) ¢ 3-bisa ]
(‘"ﬂ\ B Lﬁ)s-“‘n el



