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Abstract 

Background: Diabetes is one of the major health concerns . Omega 3 

and Omega 6   balanced ratio is important to maintain good health  . 

Omega 3 and Omega 6 correct imbalances in modern diet that lead  to  

health problems  . The higher  the ratio of  Omega 6|  Omega 3 the  

higher  the health rate from many diseases. The optimum ratio must be 

less than 4: 1 that  was related to less  mortality(70% less). Flaxseed is 

noted one  of the richest  non animal source of Omega 3 fatty  acids . 

Objective: This study aimed to: Investigate the effect of adjusting 

dietary  
Omega 6 : Omega 3 ( 2.17: 1) fatty acids ratio in diabetic  rats  on 

blood glucose, lipids and histopathological parameters with focus on 

pancreas and kidney . 

This ratio is occurred in the experiment diets by adding either flaxseed 

or  flaxseed oil .  

Design: 27 diabetic rats were divided into 3 groups (9 rats each), first 

group was diabetic positive control, the second was flaxseed and the 

third  was flaxseed oil . Nine normal rats were fed basal diet and served 

as negative control group. Blood samples were collected weekly for 

glucose monitoring while blood lipids were measured each two weeks. 

All animals were sacrificed after 6 weeks, organs were weighed and 

specimens from the kidney and pancreas were taken. 

Results: Results  showed that  treatment  with balance ratio of   Omega 

6 : Omega 3 by  flaxseed  and flaxseed oil brought  sugar level  back to 

near  normal  level as negative  control and  had also an  effective  role 

in controlling , the increase  in total cholesterol in  diabetic  rats  

compared with   (PC) group . It also has  great histopathological effect 

through stopping and limiting  damage in  langerhans islet moreover 

can restore pancreas cells as mitosis division was shown in 

histopathology . Marked regression was also found in kidney cells of 

both treated group. 
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Conclusions:A ratio of ( 2.17: 1)  Omega 6 : Omega 3 by  flaxseed  and 

flaxseed oil improve blood sugar in diabetic rats and restore pancreas 

cells. The study recommended that the addition of seeds and flaxseed 

oil to adjust ratio of omega-6: omega-3 (2.17: 1) in diet of diabetic 

patients, to improving the health status  
 

 

Introduction 

Diabetes mellitus became one of the greatest health concerns 

worldwide(Stolar , et al,2008;Kruger,et al,2012). 

Both healthy nutrition and physical activity when included to daily 

program can decrease the prevalence of type 2 diabetic (T2D) by 60% 

(Tuomilehto et al .2001;Knowler et al ,2002) . A new area of promising 

research in therapeutic approaches against obesity and related 

metabolic diseases including insulin resistance , dyslipidemia , 

nonalcoholic fatty liver disease (NAFLD) and hypertension is the use 

of anti-inflammatory nutrients provided through diet.(Browning  and  

Horton 2004 , Staels 2006 ,Weiss et al , 2004 , Lazic et al , 2014 )  

Omega 3 and Omega 6 fatty acids are polyunsaturated fats 

essential for human health because they cannot been made in the body. 

For this reason , people must obtain Omega 3 fatty acids from food 

sources either animal sources as fishor plant sources like nuts and 

flaxseed , while Omega-6 fatty acids is obtained from foods such as 

meat, poultry, and eggs as well as nuts and plant-based oils such as 

canola and sunflower oils. 

By finding a balance between Omega-3 and Omega-6 fatty acids in the 

diet, both substances can work together to promote 

health.(Simopoulos,2006). 

The average western style diet is highly enriched in polyunsaturated 

Omega-6 fatty acids and relatively deficient in Omega -3 fatty acids 

reaching the estimated dietary w6 \ w3 ratio of (10-20 :1) , 

(Simopoulos,2008).Omega6 and Omega 3 fatty acids are functionally 
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distinct and their metabolites often have the opposing physiologic 

functions. While diets rich in W6 are generally proinflammatory and 

promote insulin resistance , the converse is true for W3 enriched diets ,  

the converse is true for Omega 3  fatty acids – enriched  diets. ( Shmitz 

and Ecker 2008). 

 Omega-3 and   Omega-6 fatty acids correct imbalances inأ

modern diets that lead to health problems. Eating foods rich in Omega-

3 and Omega-6  fatty acids can help lower the risk of chronic diseases 

such as heart disease, stroke, cancer , asthma, arthritis, as well as lower 

LDL or ―bad‖ cholesterol. . (Simopoulos,2006). 

Increasing Omega-6/Omega-3 fatty acids ratio is associated with 

increasing the ratio of cardiovascular disease.     (Simopoulos and 

Cleland,2003). 

It was shown that Omega 6 /Omega 3 equal to 4/1 was 

associated with a 70% decrease in total mortality.A ratio of 2.5/1 

reduced rectal cell proliferation in patients with colorectal cancer. The 

lower Omega-6/Omega-3 ratio in women with breast cancer was 

associated with decreased risk. A ratio of 2-3/1 suppressed 

inflammation in patients with rheumatoid arthritis, and a ratio of 5/1 

had a beneficial effect on patients with asthma, whereas a ratio of 10/1 

had adverse consequence (Simopoulos ,2006). 

Flaxseed is alternative to plant source of Omega3 fatty acid.It is one of 

the richest plant source of Omega 3 fatty acid α linolenic(ALA ,C 

18:3n-3).(Soltan 2012). 

Flaxseed have many nutritional values beside its rich content of 

Omega 3 ,it also contain fibers,  lignans ,protein and  

antioxidants)Ivanova et al,2011(;which have potential effect in 

decreasing prevalence of many diseases such as cardiovascular diseases  

, atherosclerosis , cancer , diabetes, arthritis, osteoporosis , autoimmune 

and neurological disorders .  (Goyal  et al , 2014) 
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Flaxseed is considered from the richest plant sources of the Omega 3 

fatty acid i.e. αlinolenic acid (ALA)(Tonon  et al .2011) and 

lignans,phytoestrogens, (Singh et al.2011) 

The percent of αlinoleic acid in flaxseed oil is 39.00 -60.42% 

that make an excellent Omega6:Omega 3 fatty acid ratio of 

0.3:1.(Pellizon , et al .2007). 

High antioxidant content in flaxseed oil like tocopherols and beta-

carotene can not prevent its oil from auto oxidation (Holstun and 

Zetocha1994). 

AimsIn this study we aimed to: Investigate the effect of adjusting 

dietary omega 6 : omega 3 ( 2.17: 1) fatty acids ratio by using flaxseed 

or flaxseed oil on blood glucose and lipids in diabetic rats as well as 

study the effect of adjusting such ratio on histopthological parameters 

with focus on pancreas and kidney inflammation. 

Careful consideration on the design of the diets, so that the ratio 

of omega 6: omega 3 is balanced in the experiment diets, balanced are 

occurred by adding either flaxseed or flaxseed oil. 

Martials and Methods 

Experimental design and diet planning: 

A total number of 40 adults Albino male normal rats, weighing 150- 

180 g, obtained from Agriculture research institute. 
 

Table (1):  composition of positive control (PC) , negative control (NC), flaxseed( 

FS) and  flaxseed oil (FSO) diets ( g /100g): 

Ingredient  PC&NC FS FSO 

Skim milk 36.4 32.99 36.40 

Fiber 1 1 1 

Starch 47.60 47.70 47.60 

Salt mixture 4 4 4 

Vitamin mixture 1 1 1 

Corn oil 10 7.60 7.64 

flaxseed - 5.71 - 

flaxseed oil -  2.36 

All experiments were carried in the Agriculture research institute. 
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Composition of experimental diets are shown in table (1). 

Diets in all experiment groups contain 12% protein, 4%salt mixture, 

1% vitamin mixture and 10%fat. 

In all diet, skim milk was served as the main source of protein. 

Both salt and vitamin mixtures were prepared according to 

A.O.A.C(2000). 

Diets were designed with careful consideration so that 

Omega6:Omega3 ratio was balanced in both experimental diets to a 

ratio of 2.17:1 by adding 5.71 g/100g  flaxseed side to 7.6 g corn oil in 

flaxseed  group and 2.36 g/100g flaxseed oil side to 7.64 g corn oil in 

flaxseed oil group .While in both groups feeding basal diet (NC,PC) 

corn oil served as the only source of fat (10g) so that Omega6:Omega 3 

ratio was (69.10:1). 

Animal studies 

  Rats were fed on basal diet for two weeks as an adaption period. 

Rats were housed under controlled light ( 12: 12 light dar),temperature 

were maintained at 25 °C and humidity at 60%respectively  with 

unlimited access to food and water . Rats weight  were monitored.All 

efforts were made to minimize pain and distress during animal 

husbandry  and  experiments assessments  .Protocol is approved by the 

institutional Animal Care and Use Committee. Cairo University.(CU-

IACUC) approved number(CU II F 32 17). 

Induction of diabetes: 

The  method of Battu et al 2011 , and Sangeetha et al 2011) 

were used to induce diabetic in rats . two grams of crystalline powdered  

alloxan monohydrate was dissolved in 50 ml of normal saline to yield a 

concentration of 40 mg \ ml  . 150 mg \ kg body weight of alloxan per 

rat was administered intraperitoneally  after overnight  fast.  After (72 

hr ) of injection fasting blood glucose level was measured .An 

activation dose  was also given . The animals showing blood glucose 

level more than 200 mg \ dl ) were considered diabetic (Suma, et al . 

2011) 
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Diabetic rats were (27 rats) divided into 3 groups (9 rats each 

group),the first group was diabetic positive control (PC),the second 

group was flaxseed group (FS) and the third one  was flaxseed oil 

group (FSO). Nine normal rats were fed basal diet and served as 

negative control group(NC) .Blood samples were collected weekly for 

glucose monitoring while blood lipids were measured each two weeks. 

At the end of the experiment rats were sacrificed in a matched 

way so that the average length of the feeding period was the same in 

each group. 

Biochemical assay: 

Blood samples were obtained at intervals as mentioned before. 

Before blood sampling, rats were fasted for 16 hours. All blood 

samples were collected by capillary tube from vein pleascus in the eye 

and centrifuged at 3000 r.p.m. to obtain serum that was stored at -20oC 

until assayed for the determination of blood glucose, triglyceride , total 

cholesterol and high density lipoprotein (HDL).  

Blood serum sample were analyzed using an enzymically 

spectrophotometric method as described by Rifai and King (1986). 

The absorbance of sample and the standard were measured at 500 nm 

against the blank using standard solution. 

Histopathological techniques 

All animals were sacrificed after 6 weeks;organs were weighed 

and  specimens from the kidney and pancreas were taken. 

Haematoxylin and eosin stain 

The specimens were fixed in 10% formalin, then processed to obtain 

paraffin blocks. Sections of 4 micron thickness were obtained and 

stained with haematoxylin and eosin stain (H+F) according to the 

methods described by Durary and Walington (1980). Sections were 

examined by light microscopy. The histopathological results of the 

different groups were tabulated and photographed.  
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Statistical analysis: 

Results were statistically analyzed by the L.S.D.(least significant 

differences ) according to Snedecor and Cochran (1980).  

 

 

Results:  

Table (2) showed blood glucose levels for negative control 

(NC), positive control (diabetic) group (PC) and both treated groups 

that had balance ratio of Omega  6 : Omega  3 ( 2.17:1)  with either  

flaxseed (FS) or  flaxseed oil (FSO).From table (2) it could be noticed 

that  there was no significant differences among blood glucose level 

before induction between the four groups . While after alloxan 

induction results showed a significant difference between (NC) and 

each of (PC) and treated groups (FS , FSO) while no significant 

difference was showed  between (PC) , (FS) and (FSO) groups.  A 

gradually decrease occurred in blood glucose level from weak1 for (FS) 

and (FSO)  groups such decrease was 22.46 % and 16.51 % after 3 

weeks respectively, while after 6 weeks (the end of the experiment) a 

marked decrease was shown in glucose level for FS and FSO groups till 

reached 67.8 % for flaxseed and 68.5% for flaxseed oil groups. On the 

other hand positive control group (PC) showed a marked  increase in 

blood glucose level after one week, then, glucose level fluctuated till 

reached 390mg/dl after 6 weeks  (6.8%higher than zero time after 

induction).The great influence of FS and FSO on serum glucose levels 

of diabetic rats could be seen after 6 weeks as no significant difference 

was shown between glucose level after 6 weeks between (NC) and each 

of (FS) and (FSO) groups , while highly significant difference was 

showed between such groups and (PC) group 
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Table 2: The effect of feeding of FS and  FSO on serum glucose of diabetic rats 

(mg/dl).  

time 

 

Treatment 

Gluc. Bef. Gluc. Aft. week1 week2 week3 week4 week5 week6 

NC 
90.7a 

± 2.75 

92.6d 

± 5.4 

94.8d 

± 5.4 

95.2e 

± 7.9 

101.8d 

± 5.9 

98.6d 

± 1.1 

103.2e 

± 3.4 

 

103.0e 

± 2.6 

PC 
90.0a 

± 7.0 

365.0a 

± 2.6 

455.6a 

± 23.8 

430.2a 

± 35.8 

418.8a 

± 38.2 

407.6a 

± 36.9 

393.2a 

± 34.1 

390.0a 

±2.6 

FS 
88.4a 

± 7.5 

369.6a 

± 48.3 
351.8b ±45.6 

343.6b 

±43.8 

286.6bc 

± 23.6 

178.2c 

± 5.7 

129.0c 

± 2.6 

119.0c 

±2,6 

FSO 
84.2ab 

± 3.3 

348.8ab 

± 11.1 
333.4b ±14.6 

310.6bc 

±9.3 

291.2b 

± 9.8 

180.4c 

± 7.8 

119.0d 

± 1.6 

110.0d 

±2.6 

Mean 
88.31a 

± 5.2 

229.1c 

±12.4 

308.9bc 

±19.7 

294.9cd 

±22,4 

274.6c 

±17.8 

216.2b 

± 14.7 

186.1b 

±9,7 

180.5b 

±2.5 
 

NC=negative control  PC=positive controlFS=flaxseed group      FSO=flaxseed oil group 

Mean values in each column having different superscript (a, b, c & d) are significantly 

different at P <0.05 

 

It is worthy to mention that the treatment with a balance ratio (2.17:1 ) 

of Omega  6: 3 by flaxseed and flaxseed oil brought  sugar level back 

to near normal level as negative control (119± 2.6, 110±2.6 and 

103±2.6) in respective order. 

In this respect, Adlercreutz,(2007) declared that Dietary fibers lignans 

and alpha 3 fatty acids, in flaxseed have a role in decreasing  diabetes 

complications.It was found that flaxseed lignin 

secoisolariciresinoldiglucoside (SDG), causeinhabitation in the  

expression of the phosphoenolpyruvatecarboxykinase gene, into the 

enzyme that cause glucose synthesis in the liver (Prasad 2002). 

 Mani et al (2011) mentioned that we can decrease fasting blood 

glucose by 19.7% in type 2 diabetics by daily intake of 10 g of flaxseed 

powder for 1 month. Omega 3 was reported to have a great effect on 

insulin sensitivity and glucose metabolism (Flachs  and  Rossmeisl,  

2014). Many authors have noticed that the benefit  of 6%linolenic acid 
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( LA) in the high fat ( HF) diet in the protectionfrom the development 

of insulin resistance (IR) it also controlled the increase  of adipose 

tissue (Lombardo and Chicco 2016).  Studies on dietary obese mice fed 

corn- oil based HF diet indicate that replacement of 5 to 44% of dietary 

lipids by Omega -3 in the form of either triacylglycerols ( TAG) or 

phospholipids can protect against the development of dyslipidemia 

impaired glucose homeostasis and IR         ( insulin resistance ). 

(Rossmeisl et al, 2012, Janovska et al, 2013). In contrast to that, it was 

found that neither flaxseed intake Dodin et al, (2008) nor flaxseed oil 

(Barre et al,2008) caused decrease in fasting blood glucose or insulin 

levels.                                             

Although some studies noted an effect of each of dietary fiber, lignin 

and Omega 3 on lowering blood glucose level in diabetic, our results 

ensure that proper ratio of Omega 6: Omega 3 had the greatest effect on 

controlling blood glucose level in diabetics rats. 

Table (3) showed Total cholesterol (TC), triglyceride (TG) and high 

density lipoprotein (HDL) in negative control (NC) , positive control 

(PC)  and  both treated groups that had balanced ratio  of Omega  6 : 

Omega  3 (2.17:1)   by flaxseed (FS) and  flaxseed oil (FSO) . From 

these results , it could be noticed that after diabetic induction by aloxan, 

positive control group (PC) and both treatment groups, showed 

significant higher increase in TC compared with negative control group 

as there  was a significant different between such groups and (NC) . 

While TC in negative control (NC) group showed insignificant 

difference between zero time and after 2,4 and 6 weeks . It is important 

to mention that TC values in positive control group (PC) showed 

statistically gradually increase after 2,4 and 6 weeks such increase 

reached 46.6 % at 6 weeks compared with TC after induction .It could 

be noticed from table(3)that no significant differences was noticed 

between TC content in FS and FSO at zero,2,4 weeks ,while there was 

significant difference between FS and FSO after 6 weeks.FS had a 

significant cholesterol lowering action in the serum of diabetic rats. 
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In this respect, previous study demonstrated that Omega 3 fatty acids 

correct imbalances in modern diets that lead to health problems .Eating 

food rich in Omega 3 fatty acids can help lower the risk of chronic 

diseases such as heart disease ,stroke and cancer as well as lowering 

LDL. Alpha linolenic acid (ALA) studies showed that a diet high in 

ALA helps reduce heart disease and stroke by reducing cholesterol and 

TG levels ,enhancing the elasticity of blood vessels and preventing the 

build-up of harmful fat deposits in the arteries. 

(Lazic, et al,2014). 
It is worthy to mention that balance level of Omega6 and Omega 3 by 

addition of flaxseed and flaxseed oil had an effective role in controlling 

the increase in total cholesterol compared with (PC) group that had 

higher Omega  6 and low quantity of Omega 3.   

From results in table (3) it could be noticed that there was no 

significant difference between TG in negative control (NC) at zero time 

and after 2 , 4 and 6 weeks. On the other hand a significant increase in  

TG in positive control (PC) occurred after induction and at weeks 2, 4 

and 6 .Regarding (FS) and (FSO)groups  results showed a gradually 

decrease in TG level from week two , moreover such decrease reached 

19.2and 10.99% after 6 weeks when compared with TG in zero time 

after induction. It is important to mention that (FS) group showed a 

significant higher decrease in TG than (FSO) group. 
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Table 3: Total cholesterol(T.C) , triglyceride(T.G) and high density lipoprotein 

(HDL) for 6w in negative  control(NC) , positive  control(PC), Flaxseed(FS) and 

Flaxseed oil(FSO) groups  
Treatment Time NC PC FS FSO interaction 

 

 

T.C 

Zero 79.2     f  ±3.5 
93.4     e 

± 2.4 

94.8      de 

±3 

95.4      de 

±2.4 

 

 

 

 

3.57 

2 wk 
79.6     f 

±2.3 

107      c 

± 1.6 

96.6       de 

±2.3 

96.8      de 

±1.9 

4wk 
79.2     f 

± 2.8 

135        b 

±3.8 

96.2        de 

±2.4 

98       d 

±1.6 

6wk 
82.2     f 

± 2.9 

175   a 

±4.2 

94.4   e 

±2.1 

97   d 

±1.8 

T.G 

Zero 
63.4        j 

±1.8 

117.4     e 

±7.2 

91.6      efg 

±2.1 

94.6         e 

±3.6 

 

 

 

 

 

5.76 

2 wk 
64.6        j 

±2.1 
125.4c      ±5.9 

88.2        fgh 

±5 

92.8        ef 

±3.1 

4wk 
63.8        j 

±2.3 

135.8      b 

±9.1 

82.6          h 

±4.7 

 

87.0          gh 

±1.9 

6wk 
66.4  j 

±1.8 

144   a 

±10.5 

74              i 

 

±2.9 

84.2          h 

±2.8 

HDL 

Zero 
35.6    ghi 

±2.1 

36.8    fgh 

±1.9 

36.6     fga 

±2.1 

37       fgh 

±1.6 

 

 

 

 

3.38 

2 wk 
40.8      de 

±10.3 

35.4     ghi 

±1.1 

39.2        ef 

±0.8 

41.2       de 

±1.3 

4wk 
38.2  efg 

±1.3 

34          hi 

±1 

43            cd 

±1.4 

45.4        bc 

±1.1 

 

6wk 
39.8 def 

±1.3 

33     i 

±0.7 

49           a 

±1 

47.4        ab 

±1.1 

Mean values in each column having different superscript (a, b, c & d) are significantly 

different at P <0.05 

 

Flach and  Rossmeisl ( 2014) reported the effects of long – chain 

polyunsaturated fatty acids Omega 3 on insulin sensitivity and glucose 

homesthomeostasis which are improved by Omega 3 in many animal 

moderns of metabolic syndrome .They also mentioned that results of a 

majority of clinical trials performed in T2D patient found  that Omega-3 has 
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none or marginal effect on metabolic control, while effectively reduce 

hypertriglyceridemia in these patients.  
With regard to HDL after 6 weeks, results showed that treated diabetic rats 

with flaxseed (FS) and flaxseed oil (FSO) had significant higher level of 

HDL compared with (NC) and (PC) groups. These values were 49± 1 and 

47.4 ± 1.1 mg /dl for flaxseed (FS) and flaxseed oil (FSO) compared with 

39.8 ± 1.3 and 33 ± 0.7 for (NC) and (PC) respectively. It is worthy to 

mention that the greatest effect was shown for flaxseed group (FS) it could be 

concluded that diabetic rats treated with a proper ratio of Omega  6 :Omega 3 

by flaxseed and flaxseed oil led to a marked decrease in TC and TG 

compared with PC. On the other hand diabetic rats treated with flaxseed and 

flaxseed oil led to marked increase in  HDL with respect to PC diabetic rates 

and also NC groups. 

The initial and final body weights of the experimental rats are illustrated in 

table (4). Data showed that initial body weights for all the groups at zero time 

ranged from 157.6 ± 17.2 to 183.4 ± 25.9 without significant differences 

among all groups.  Regarding the final body weight it ranged between 188.2 

± 24.4 in PC group to 234 ± 33.1 in (NC) group. It is important to mention 

that weight gain showed the lowest value in (PC) group (11.9 ± 2.4) and the 

highest value was for NC group(29.7 ± 9.3) while weight gain in both treated 

group fluctuated between (24.4 ± 2.3 in FSO and 19.9 ± 2 in FS groups).  
 

Table 4: Initial , final weight and  weight gain in basal diet control , diabetic  control 

flaxseed and  flaxseed oil groups  
Treatment Initial weight Final  weight Weight gain 

NC 
183.4a 

±25.9 

234 a 

±33.1 

29.7 a 

±9.3 

PC 
168,8a 

±20 

188.2b 

±24.4 

11.9c 

±2.4 

FS 
157.6 a 

±17.2 

189.2 b 

±22.7 

19.9b 

±2.0 

FSO 
172.2 a 

±26.6 

214.4 ab 

±35.3 

24.4ab 

±2.3 

LSD NS 34.11 6.79 

Mean values in each column having different superscript (a, b, c & d) are significantly 

different at P <0.05 
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Data in table (5) showed the effect of different experimental diets on 

weight and relative weight of pancreas, kidney heart, liver and spleen. 

From results in this table, it could be noticed that mean weight of 

pancreas, kidney, liver and spleen didn‘t differ significantly between 

groups, while relative weight of all organs was statically higher in (PC) 

group than other groups.  
 

Table 5 : Organs weight and relative weight in basal diet  control, diabetic control, 

flaxseed   

              and flaxseed oil groups  
 Pancreas Kidney heart Liver spleen 

Treatment Weight relative weight relative weight relative weight relative weight relative 

NC 

0.3 

±0.04 

A 

0.1 

B 

1.3 

±0.12 

A 

0.55 

D 

0.7 

±0.05 

A 

0.28 

B 

6.7 

±1.04 

A 

2.9 

C 

0.8 

±0.09 

A 

0.32 

C 

PC 

0.3 

±0.04 

A 

0.14 

A 

1.5 

±0.21 

A 

0.77 

A 

0.6 

±0.07 

AB 

0.33 

A 

6.9 

±1.02 

A 

3.6 

A 

0.8 

±0.13 

A 

0.42 

A 

FS 

0.2 

±0.05 

A 

0.09 

B 

1.4 

±0.27 

A 

0.67 

C 

0.6 

±0.1 

BC 

0.26 

B 

6.5 

±0.86 

A 

3.1 

BC 

0.8 

±0.13 

A 

0.38 

B 

FSO 

0.2 

±0.04 

A 

0.12 

B 

1.4 

±0.23 

A 

0.72 B 

0.5 

±0.06 

C 

0.26 

B 

6.3 

±0.93 

A 

3.3 

B 

0.7 

±0.1 

A 

0.35 

BC 

Interaction  

LSD 
NS 0.02 NS 0.04 0.09 0.03 NS 0.31 NS 0.04 

Mean values in each column having different superscript (a, b, c & d) are significantly 

different at P <0.05 

 

It is important to mention that no significant difference was 

found in relative heart and pancreas weight between (NC) group and 

both treated groups.  

Relative weight of liver showed no significant difference between (NC) 

and (FS) group , with concern to relative weight of kidney and spleen, a 

significant difference was found between (NC) and (FS) groups. While 

an increase of relative weight was found in (FSO) group in relative 
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weight of these  organs compared with (NC) group but these values 

were statistically lower than (PC).    

It could be noticed from the same table that a significant difference was 

showed between groups in relative kidney. A significant difference was 

showed between PC and each of NC, (FS) and FSO concerning liver 

and spleen relative weight . Moreover insignificant difference was 

showed between (FSO) and NC group in spleen relative  weight.  

Moreover relative liver weight in Flaxseed group showed no significant 

different compared with (NC) group.  

Results on histopathological parameters are shown in figure (1) 

and (2). 

Figure 1 represent histopathological parameters of Pancreas. From this 

figure it could be revealed that negative control rats (NC) showed 

normal islets of langerhans embedded in the exocrine portion (fig. 1a). 

Meanwhile pancreas of alloxan treated group (PC) revealed deleterious 

histopathological alterations varying from cytoplasmic vacuolation and 

necrosis of β cells (fig. 1b) to severe atrophy of langerhans islet and 

massive loss of β cells (fig. 1c). In addition ,to vacuolation of exocrine 

pancreatic acinar cells (fig. 1d). The blood vessels revealed 

hyalinization of arteriolar wall associated with cystic dilatation of 

pancreatic duct (fig. 1e). Pancreatitis with congestion of blood vessels 

and per vascular as well as interacinar mononuclear cell infiltration 

(fig. 1f) was also demonstrated. In other study a morphological change 

in pancreatic tissue of rats after the administration of alloxan 

characterized most pronounced degenerative change in the central 

regions of the islets of langerhans. The number and size of islets umen-

sheny shape them wrong. The number of B-cells in the islets of sharply 

reduced, in most of them marked vacuolization of the cytoplasm, 

reducing the size of the nuclei, Chromatin condensation, in some cells 

kariopik-noz. Presence of a lymphocytic infiltrate along the periphery 

of the islets, interlobular connective tissue edema, congestion of the 

capillaries, Vascular stasis traced. (Gati, 2016) (FSO) group revealed 
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less damaged langerhans islet with mild cytoplasmic vacuolation (fig. 

1g). Marked restoration of langerhans islet with presence of mitotic 

figure (fig. 1h) was characteristically demonstrated in (FSO) group.  In 

this respect it was found that increased dietary intake of fish oil (rich in 

omega 3)restored the activity of insulin receptor tyrosine kinase 

towards control value (Flckova et al, 1994) . Riccillo et al  (2011)  

reported that type 2- diabetics induce markrdly abnormal change in rat 

islets of  pancreas  

Soltan 2012 studied the effect of  varieties  sources of Omega 3 fatty 

acids on diabetics rats and noted  that Omega 3 supplies to had a 

protective  effect  on pancreatic B –cell which  may due to the  

decrease  of  oxidation  stress. 

Results on histopathological parameters of kidney are presented 

in figure (2). From figure (2) it could be noticed that  kidneys of  

negative control (NC) rats showed normal renal parenchyma with 

normal glomeruli and renal tubules (fig. 2a). Whereas those of alloxan 

treated group (PC) revealed severe histopathological alterations in renal 

glomeruli, tubules and interstitial tissue. Glomerular lesions was 

characterized by glomerular hypertrophy associated with congestion 

and thickening of glomerular basement membrane (fig. 2b) and 

mesangial expansion with intraluminal aggregation of protein cast in 

the surrounding renal tubules (fig. 2c) . Extensive vacuolar 

degeneration of renal tubular epithelium associated with mononuclear 

cell infiltration (fig. 2d) was frequently demonstrated. Blood vessels 

revealed medial and adventitial degeneration with mild perivascular 

edema and hemorrhage (fig. 2e)   Group (FSO) revealed marked 

regression of the histopathological lesions compared to alloxan treated 

one and the lesions were confined to glomerular congestion and 

presence of few protein cast in some renal tubular lumina (fig. 2f). 

Group( FS) revealed glomerular congestion and the renal tubules 

appeared normal except for some renal tubules showed cytoplasmic 

vacuolation (fig. 2g). 
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This finding is in agreement with Lazic et al , (2014) who noted that 

diets enriched with Omega   3 have been shown to improve renal 

function in type 2 diabetics. 

From both histopathological steam and blood analysis it could 

be deduced that balanced ratio of Omega 6 : Omega  3 have a great 

effect on the treatment of diabetic and the control of both blood glucose 

and blood lipids in rats treated with alloxan through stopping and 

limiting damage in langerhans islet and restoration of pancreas cells 

which was noted through mitosis division as shown in histopathology . 

Marked regression was also found in kidney cells in both(FS) and 

(FSO) groups with renal tubules that appeared nearly normal as 

negative control  group (NC) compared with (PC) group that showed 

severe histopathological alterations in renal glomeruli ,tubules and 

interstitial tissue in kidney . In this respect , Simopoulos, (2006), 

mentioned that lower ratio of ฬ-6/ฬ-3 fatty acids is desirable as it is 

likely to reduce the risk of many of the chronic diseases of high 

prevalence in western societies, as well as in the developing countries. 

When comparing the above effect with great deterioration in blood and 

histopathological parameters  seen in severe atrophy, necrosis and 

massive loss of β langerhans cells in pancreas and also severe 

histopathological alteration in renal glomeruli, tubules and interstitial 

tissue in kidney in positive control group. It is recommended to adjust 

Omega 6 :Omega 3 in diets for people with diabetics mellitus to stop, 

control and treat deterioration caused by diabetics in organs specially 

pancreas thus controlling sugar and lipid levels in blood thus, 

maintaining normal blood parameters and normal life for diabetic 

patients.  
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Conclusion 

It can be concluded that the consumption of  

1) Omega 3 is very important for the prevention  management of 

coronary disease , hypertension , diabetes and other  inflammatory  

and autoimmune  condition.    

2) As results of revolution  at the last decade Omega 6 consumption 

increase through  the high  intake of some  plant oil  rich in Omega 

6  and  poor in Omega 3  ( saturated oils- corn oil  ). On the other 

hand  consumption of   Omega 3 decrease as consequence of less 

consumed  fish, flaxseed and other sources Of   Omega 3 that lead 

to imbalance  ratio of Omega 6: Omega 3 ( 20 , 30 :1 ) rather than 

(1:1) as was in the past , which caused an  increase and prevalence 

of  many   diseases . 

Our study insure that  balanced can easily and cheaply be achieved  

through  flaxseed and flaxseed oil  and that balanced ratio had a great 

effect not only in adjusting  blood glucose level  in diabetic  but also 

helps repairing renovating  B cells in pancreas showed in mitotic 

division ( Candela et  al , 2011) 

The study recommended the addition of seeds and flaxseed oil to adjust 

ratio of omega-6: omega-3 (2.17: 1) in diet of diabetic patients, to 

improve their health status . 
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(Fig. 1):Pancreas of negative and positive control and bothtreated groups.
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 (Fig. 2 ) :Kidney of negative and positive control and both treatedgroups. 
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 الممخص
زيت و بذور الكتان عمى الدم  باستخدام  0الي اوميجا  3 جاتأثير تعديل نسبة أومي

 .واليستوباثولوجي لمفئران المصابة بداء السكري
 * ىالة محمود ناجي محمدرشا مدحت مراد * سيير فوزي 

كمية الزراعة   جامعة اللااىرة    *مدرس بلاسم ارقتصاد المنزلي )الت ذية وعموم الأطعمة(  
 .مصر

 الصددحيةلمعديددد مددن المشدداكل  المسددببةىددم المخدداوف الصددحية احددد أ ريعددد مددرض السددك
الأنظمدددة ىدددام لمح ددداظ عمدددا صدددحة جيددددة و  1وأوميجدددا  4ا جدددالتدددوازن بدددين أومي إن.و قدددد وجدددد 

بينيمدا ممدا يتسدبب فدي انتشدار العديدد مدن  النسدبةالحدي ة مير السميمو تؤدي رخدتنل   ال ذائية
كممدددا زاد معددددل  1اوميجدددا  عدددن 4المشددداكل الصدددحية حيدددث اندددو  كممدددا ارت عدددت نسدددبة اوميجدددا 

 ارصابو بالعديد من الأمراض.
حيدث ارتبطدت  0م 2الم ما يجب ان تكون أقل مدن   1م اوميجا 4و قد وجد أن نسبو اوميجا  

   .8(51عدل وفيات أقل ) في ك ير من الدراسات  بم النسبةىذه 
 .1و تعد بذور الكتان واحدة من أمنا المصادر مير الحيوانية لمحمض الدىني  اوميجا 

( فدددي فئدددران 0م 4.05) 1م اوميجدددا 4تدددب ير  دددبط نسدددبو اوميجدددا  دراسدددةييددددف البحدددث إلدددا  و 
 ةاليسدددددتوبا ولوجي الحالدددددة عمدددددا جموكدددددوز الددددددم والددددددىون و بمدددددرض السدددددكر التجدددددارب المصدددددابة 

تددم  ددبط  ىددذه النسددبة فددي وجبددات التجربددة عددن طريددا إ ددافة زيددت او بددذور .نكريدداس والكمددالمب
 تددددم ت ددددذيتيا عمددددي العميلاددددو سددددميمةفددددبرم تسددددعة فئددددران  14اجريددددت التجربددددو عمددددي  حيددددث الكتددددان

السددكر و تددم تلاسدديميم  مددرض  إصددابتيمفددبرا  تددم  45ارساسدديو كمجموعددة  ددابطة سددمبية بينمددا 
الإيجابيدة لمدرض  ال دابطةفبر كدل مدنيم( م اول مجموعدو مدنيم  7مجموعات ) 1إلا عشوائيا 

عددن طريددا  1م اوميجددا 4فلاددد تددم  ددبط نسددبو اوميجددا  ال ال ددةال انيددة و  ألمجموعددوالسددكر   امددا 
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تم جمع عيندات مدن الددم أسدبوعيا لمتابعدو الجموكدوز و  بذور او زيت الكتان عمي التوالي. أ افو
 الدم كل أسبوعين.  دىونبينما قياس 

أسددابيع  ددم وزنددت الأع دداء و أخددذت عينددات مددن  4التجربددو بددذب   ال ئددران بعددد  أنييددت
 .الكما والبنكرياس لمتشري  .

بواسددطة بددذور  1م اوميجددا 4أظيددرت النتددائ  أن المعاممددة بنسددب متوازنددة مددن اوميجددا 
ال دابطو  الكتان وزيت بذرة الكتان قدد عدادت بمسدتوى السدكر إلدا مسدتوى قريدب مدن المجموعدو

سددمبية وكددان ليددا دور فعددال فددي السدديطرة عمددا زيددادة الكوليسددترول الكمددي فددي ال ئددران المصددابة ال
الموجبدو. كمدا أن لدو تدب يرا ىسدتوبا ولوجي كبيدر مدن  السكر ملاارنة بالمجموعة ال ابطو مرضب

بندددداء   إعددددادةعددددنوة عمددددا ذلددددك تددددم  زرىددددانجخددددنل التوقددددف والحددددد مددددن الأ ددددرار فددددي جددددزر رن
البنكريدداس حيددث  او دد  ال حددص التشددريحي حدددوث انلاسددام ميتددوزي فددي خنياىددا. كمددا لددوحظ 

 .اي ا تحسن  ممحوظ في خنيا الكما في كل المجموعات المعالجة.
(بواسددطة بدددذور الكتددان وزيددت بدددذور 0م 4.05)  1م اوميجددا 4 ددبط نسدددبة اوميجددا  الخلاصــو:

 السكري ويعيد بناء خنيا البنكرياس الكتان يحسن نسبة السكر في الدم لدى مر ا
  1م اوميجددددا 4نسددددبة اوميجددددا  ل ددددبط بددددذور وزيددددت الكتددددانب ددددرورة إ ددددافة  وتوصــــي الدراســــة

 في وجبات مر ي السكر لما ليا من تب يرات في تحسين الحالة الصحية (0م 4.05)
 

 

 

 


