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Introduction                                                                

Diabetes mellitus is one of the most common 
disease in the world. It is a metabolic disorder 
characterized by hyperglycemia. It occurred 
due to deficiency of insulin secretion or due to 
impairment of its action. Untreated diabetes 
mellitus causes several complications as 
hyperlipidemia, disorders in liver functions and 
diabetic renal dysfunction [1].

Alloxan is a chemical substance used in 
inducing diabetes in rats by destruction of the 
beta cells in pancreas that produce insulin. This 
destruction caused type 1diabetes as it reduces the 
insulin production. The untreated diabetes mellitus 
causes numerous degenerative effects [2].

Virgin coconut oil is a vegetable origin oil 

VIRGIN coconut oil is known to have beneficial health effects. Although it is rich in saturated 
fatty acids, these saturated fatty acids are easily absorbed and used as energy for metabolism 

and protects the body from disease. So, this study is designed to evaluate the protective effects of 
virgin coconut oil against alloxan induced diabetes.

In this study, forty male Wistar rats were divided into four groups (10 rats per group), control 
group, virgin coconut oil (VCO) group, alloxan group and alloxan treated group. Alloxan was 
administered at 150 mg/kg body weight through a single intraperitoneal injection. After three 
days of induction of diabetes by alloxan, virgin coconut oil was administered orally at 10 ml/kg 
body weight, daily for four weeks. 

Results showed that alloxan caused diabetes as indicated by significant increase in the fasting 
blood glucose level (330±2.8 mg/dl) and oral glucose tolerance test with a significant reduction 
in serum insulin level (0.90±0.05 µiu/ml). Moreover, alloxan induced significant increase in 
total cholesterol (110±2.8 mg/dl), triglycerides (350±7.05 mg/dl) and LDL (33.60±0.98 mg/
dl). Alloxan also induced renal dysfunction as indicated by a significant increase in serum 
creatinine (3.25±0.02 mg/dl) and urea (76.14±0.64 mg/dl). Alloxan caused significant elevations 
in ALT (108.2±1.06 U/L) and AST (118.9±0.76 U/L) with a significant decrease in serum 
albumin (2.36±0.17 g/dl) and total proteins (3.9±0.11 g/dl). However, coconut oil is effective in 
alleviation of alloxan induced disorders.

It is concluded that coconut oil is very effective against deleterious hyperlipidemic, 
hyperglycemic and nephro-toxic effects of alloxan.
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which is well-known for its medicinal and 
nutritional value. It has high levels of saturated 
fatty acids. The two major fatty acids are lauric 
acid and myristic acid. Saturated fats that is rich 
in lauric acid, provide a favorable lipid profile 
and so, coconut oil helps in the prevention of 
cardiovascular atherosclerotic diseases. The 
consumption of coconut oil exhibits anti-
inflammatory, anti-oxidant, anti-bacterial, 
antiviral, antifungal, antipyretic and antidiabetic 
properties, [3]. Antioxidant properties and 
phenolic compounds as tocophenol and 
tocotrienol in virgin coconut oil aid in the 
prevention of many diseases. Virgin coconut oil 
increases high density lipoprotein cholesterol 
and reduces the level of low density lipoprotein 
cholesterol in serum and tissue [2]. Due to 
numerous degenerative effects of untreated 
diabetes mellitus on human health, researches 
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have been done and still ongoing for management 
and treatment of diabetes mellitus.

Therefore, we attempted to study the 
possible protective effect of virgin coconut oil 
supplementation for in vivo alloxan-induced 
diabetes mellitus in rats.

Material and Methods                                             

Experimental animals
Forty male albino rats with average body 

weight 125 gm were used. Rats were obtained 
from the Experimental unit, Faculty of Veterinary 
Medicine, Benha University, Egypt.  Animals were 
housed in separate clean metal cages. Fresh and 
clean drinking water was supplied ad libtium. The 
animals were left for 15 days for acclimatization 
before the beginning of the experiment. Rats were 
kept at constant environmental and nutritional 
condition throughout the period of the experiment.

Alloxan add coconut
Alloxan (Sigma Chemical Co., St. Louis, MO, 

USA). Coconut was purchased from the market. 

Induction of diabetes
After two weeks of acclimatization of 

rats, alloxan monohydrate was injected once, 
intraperitoneally (150 mg/Kg body weight) to 
induce type 1 diabetes at a dose of 150 mg/kg 
body weight intraperitoneally at one dose. After 3 
days of administration, the fasting blood glucose 
level of these rats were measured. Rats with 
fasting blood glucose level above 200 mg/dl were 
considered diabetic.

Preparation of virgin coconut oil
Coconuts were purchased from the market. 

Wet extraction method was used [2]. The dry 
coconuts were broken manually, then its meat 
was scrapped and cut into small pieces. These cut 
pieces were ground in the grinding machine into 
viscous slurry,  then it was squeezed through a 
clean piece of cloth to obtain coconut milk. The 
resultant coconut milk was left for about 24 hours 
to facilitate the separation of the emulsion as the 
crud could harden. Then the crud was scooped out 
leaving the pure virgin oil. The obtained virgin 
oil was collected into a bottle and stored at room 
temperature to be used in the experiment. 

Oral glucose tolerance test (OGTT)
All groups were subjected to oral glucose 

tolerance test (OGTT) at the end of the 4th 
week. The rats were fasted for sixteen hours and 
subsequently challenged with a glucose load of 
2 µg/kg body weight. Blood glucose level were 
determined at 0 hour (before glucose treatment) 
and at 30, 60, 120 and 180 minutes (after glucose 
reference).

Sampling
Blood samples were obtained from the retro-

orbital venous plexus. Blood was collected 
into plain centrifuge tube to separate serum for 
biochemical analysis (insulin, glucose, total 
cholesterol, high density lipoprotein cholesterol, 
triglycerides, urea, creatinine, ALT, AST, total 
proteins, and albumin). 

Determination of serum insulin level
Serum insulin was estimated by Enzyme-

Linked Immunosorbent Assay (ELISA) using 
kit supplied by Diamond Diagnostics, Egypt 
according to manufacturer instructions. 

Determination of serum glucose, ALT, AST, Total 
protein, Albumin, urea and creatinine

Serum ALT, AST, total protein, albumin, 
urea , creatinine, total cholesterol, HDL and 
triglycerides levels were estimated using kits 
supplied by Diamond Diagnostics, Egypt 
according to manufacturer instructions. 

Experimental design
Forty male Wistar rats were randomly 

divided into four groups (10 animals per group). 
The first group is the control group. The second 
group is the alloxan group and it was given 
alloxan intraperitoneally at a single dose of 150 
mg/kg body weight,[1]. The third group (virgin 
coconut oil group) was given coconut oil orally 
10 ml/kg body weight once daily for four weeks 
[2]. The fourth group (alloxan treated group) was 
given alloxan intraperitoneally at a dose of 150 
mg/kg body weight once then after three days, 
virgin coconut oil was given orally 10 ml/kg 
body weight for four weeks. Blood was collected 
for serum samples from the retroorbital venous 
plexus. It was collected from five rats in each 
group at the end of the experiment for evaluation 
of glucose level, insulin level, lipid profile, liver 
function tests and renal function tests.

Statistical analysis
Statistical analysis was performed using the 

statistical software package SPSS for Windows 
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(Version 16.0, SPSS Inc., Chicago, Ill). The 
significance of differences between more than 
two groups was evaluated by one-way analysis 
of variance (ANOVA). If one-way ANOVA 
indicated a significant difference, then differences 
between individual groups were estimated using 
Fisher’s least significant difference (LSD) test. 
Results are expressed as the mean ± standard 
error of the mean (SEM). A P-value of less than 
0.05 was considered significant[4].

Results                                                                                

Initial blood glucose level after 3 days of induction 
of diabetes:

There was a significant increase in 
blood glucose level in alloxan group and 
in alloxan treated group when compared to 
control group and virgin coconut oil group                                                                    
(Table 1).

Oral blood glucose level 
There was a marked increase in blood 

glucose levels in alloxan group after oral glucose 
administration and blood glucose level failed 
to return to normal values after two hours. 

Meanwhile, following the administration of 
glucose, there was a minimal rise in blood 
glucose levels which returned to the normal 
control level after two hours in control group, 
virgin coconut group and alloxan treated group                                                                 
(Fig. 1).

Serum insulin, glucose, cholesterol, triglycerides, 
HDL, VLDL and LDL levels 

Table 2 showed thatalloxan administration 
induced a significant decrease in serum insulin 
levels compared to control group, and this decrease 
was ameliorated in the presence of coconut oil. 
Also, alloxan group showed significant increase 
in the serum glucose, cholesterol, triglycerides, 
LDL and VLDL with significant reduction 
in HDL when compared with control group. 
Coconut oil group showed non-significant change 
in the serum glucose and cholesterol with a 
significant reduction in serum triglycerides, LDL 
and VLDL when compared to control group.HDL 
showed a significant decrease in alloxan group 
when compared to control and coconut groups. 
Meanwhile, there was a significant increase in 
HDL in coconut oil group when compared to 
control group.

TABLE 1. Initial blood glucose level after 3 days of induction of diabetes by Alloxan in Control, Alloxan, Virgin 
coconut oil and Alloxan treated oil groups (Mean± S.E.M) (n = 3-4)

Parameter Control Alloxan VCO Alloxan treated

Initial blood glucose level 
after 3 days of induction of 
diabetes

100.0 ± 0.05a 350.0±0.05b 100.20 ± 0.55a 350.0 ± 0.60b

Means with different superscripts within the same row were significantly different.

Fig.1. Oral blood glucose tolerance test of different experimental groups
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TABLE 2. Insulin, Glucose, Cholesterol, Triglycerides, HDL, VLDL and LDL in Control, Alloxan, Virgin coconut 
oil and Alloxan treated groups (Mean± S.E.M) (n = 3-4)

Parameter Control Alloxan VCO Alloxan treated

Insulin (µiu/ml) 03.40 ± 0.05c 00.90 ± 0.05a 03.20 ± 0.05c 03.00 ± 0.05b

glucose (mg/dL) 100.0 ± 2.80a 330.0 ± 2.80b 97.66 ± 1.40a 105.0 ± 2.80a

Cholesterol (mg/dL) 63.00 ± 1.15a 110.0 ± 2.80c 65.00 ± 0.57ab 70.00 ± 0.57b

Triglcerides(mg/dL) 200.6 ± 1.40c 350.0 ± 7.05d 120.5 ± 2.50a 150.0 ± 4.04b

HDL-c (mg/dL) 11.90 ± 0.28b 06.40 ± 0.40a 39.48 ± 0.35d 14.20 ± 0.51c

VLDL-c (mg/dL) 40.12 ±0.28c 70.00 ± 3.40d 24.10 ± 0.50a 30.00± 0.80b

LDL (mg/dL) 10.98 ± 0.57b 33.60 ± 0.98d 01.41 ± 0.30a 25.80 ± 0.75c

Means with different superscripts with in the same row were significantly different.

Serum ALT, AST, total proteins, albumin, urea and 
creatinine levels

In Table 3, there was a significant increase in 
serum ALT, AST, urea and creatinine levels with 
a significant reduction in serum total proteins and 
albumin levels in alloxan group when compared to 
control group. Moreover, there was non-significant 
changes of serum ALT, AST, urea, creatinine, 
total protein and albumin in coconut group when 
compared to control group. On the other hand, a 
significant reduction of serum ALT, AST, urea 
and creatinine levels with a significant elevation 
in serum total proteins and albumin levels were 
found in alloxan treated group when compared 
with alloxan group. Serum ALT, AST, serum 
total proteins and albumin in alloxan treated group 
showed non-significant changes when compared 
with control and coconut groups.                                                  

Discussion                                                                        

The Cocos nucifera L tree has medicinal and 
nutritional importance. Coconut is the unique source 
of natural substances for medicinal and industrial 
products. There are many products of coconut 
include coconut oil, coconut shell, raw kernel and 
tender coconut water. The tender coconut water 
and raw kernel are antioxidant, hypoglycemic, 
immunostimulant and antibacterial substances [5]. 
Virgin coconut oil is composed mainly of saturated 
fatty acids. The main fatty acids found are lauric, 
myristic and palmitic acids. Most of the fatty acids 
in virgin coconut oil are composed of medium 
chain fatty acids. So, they are directly absorbed 
by intestine and sent to liver to be used as energy 
source [6]. Therefore, virgin coconut oil is not 
stoked in adipose tissue and is not deposited in other 
organs like heart and liver and hence, it prevents 
atherosclerotic changes in the different body organs. 

Furthermore, virgin coconut oil contains very small 
amount of cholesterol [7]. 

In this study, the administration of alloxan in 
rats in a single dose of 150 mg/kg body weight 
intraperitoneallyinduced diabetes. This is evidenced 
by significant increase in serum glucose level and 
significant reduction in serum insulin level than 
control group. It is due to destruction of the beta 
cells of the pancreas. This is due to generation 
of hydrogen peroxide, superoxide radicals and 
hydroxyl radicals. These radicals are responsible 
for death of beta cells resulting in a state of insulin-
dependent alloxan diabetes[8]. This increase in 
serum glucose level and the reduction in serum 
insulin level are matched with the results obtained 
by Szkudelski [9] and Iranloye et al. [2]. On the 
other hand, the administration of virgin coconut oil 
resulted in a significant reduction in alloxan-induced 
elevation of serum glucose levels and a significant 
elevation in serum insulin levels. This revealed 
that virgin coconut oil ameliorates the damaging 
effect of alloxan on the beta cell of pancreas. 
These results matched with Iranloye et al. [2] and 
ensured that virgin coconut oil which contains 
lauric oil possesses insulino-tropic properties. This 
is evidenced by the reduction in the blood glucose 
level and the improvement in oral glucose tolerance 
test[10, 11]. Oral glucose tolerance test is used to 
measure insulin function or the degree of peripheral 
utilization of glucose. results showed that following 
oral glucose administration, there was a minimal rise 
in blood glucose level which returned to the normal 
level after two hours in control, coconut and alloxan 
treated groups. Meanwhile, in alloxan group, there 
was a marked rise of blood glucose levels and it 
failed to return to normal levels after two hours. 
This is due to the insulino-tropic properties of 
coconut oil. results matched with Iranloye et al . [2]. 
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TABLE 3. ALT, AST, Total protein, Albumin, Urea and Creatinine in Control, Alloxan, Virgin coconut oil and 
Alloxan treated groups (Mean± S.E.M)(n = 3-4)

Parameter Control Alloxan VCO Alloxan treated
ALT(U/L) 24.15 ± 0.55a 108.2 ± 1.06b 24.10 ± 0.10a 25.13 ± 0.14a

AST(U/L) 46.03 ± 0.42a 118.9 ± 0.76b 45.66 ± 0.27a 46.26 ± 0.23a

TP (g/dl) 06.80 ± 0.17b 03.90 ± 0.11a 06.50 ± 0.23b 06.40 ± 0.17b

Albumin(g/dL) 03.21 ± 0.06b 02.36 ± 0.17a 03.30 ± 0.11b 03.13 ± 0.03b

Urea (mg/dL) 39.20 ± 0.46a 76.14 ± 0.64c 40.10 ± 0.28a 50.30 ± 1.09b

creatinine(mg/dL) 00.68 ± 0.01a 03.25 ± 0.02c 00.66 ± 0.01a 01.25 ± 0.08b

Means with different superscripts with in the same row were significantly different.

Alloxan administration resulted in 
hyperlipidemia as a secondary complication 
of untreated diabetes. This is evidenced by 
a significant increase in serum cholesterol, 
triglycerides, LDL and VLDL with a significant 
decrease in HDL than the control group. The 
elevation of the levels of serum cholesterol, 
triglycerides, LDL and VLDL after alloxan 
administration is consistent with results of add 
[12, 13, 14] which is due to alloxan mediated free 
radicals that induce lipid peroxidation and damage 
of organs membranes. The increased cholesterol 
levels may be due to the increased activity of 
3-Hydroxy -3- Methyl Glutaryl- Coenzyme A 
reductase which is the rate limiting factor in 
cholesterol biosynthesis [15]. The increase of 
the levels of VLDL is due to high levels of free 
fatty acids and hyperglycemia and also due to the 
reduction in activity of lipoprotein lipase resulted 
in decreased clearance of VLDL and LDL [16].   

On the other hand, virgin coconut 
administration resulted in a significant reduction 
in alloxan-induced elevation of serum cholesterol, 
triglycerides, VLDL and LDL levels and a 
significant elevation in serum HDL levels. This 
revealed that virgin coconut oil ameliorates the 
damaging effect of alloxan on the lipid profile. 
These results matched with Shariq et al. [17].  
Virgin coconut oil contains tocopherols and beta 
carotene. Increased beta carotene increases the 
fecal secretion of bile acids and decreases the 
concentration of lipids [2].  Moreover, virgin 
coconut oil contains high level of phytosterol. This 
phytosterol competitively blocks the absorption 
of cholesterol and increases the fecal excretion 
of bile acids and neutral sterols thus it improves 
the circulating lipid profile [16]. Virgin coconut 
oil decreases the triglycerides levels which may 
be due to its composition of mainly short and 
medium chain fatty acids which are transported 

directly to liver to be excreted [18].   

Table 3 showed that administration of alloxan 
resulted in renal and hepatic injuries which is 
reported by significant elevations in serum ALT, 
AST, urea and creatinine level with a significant 
decrease in total proteins and albumin in alloxan 
group when compared to control group. Meanwhile, 
virgin coconut oil alleviated these injurious effects 
induced by alloxan. This ensured that coconut oil 
removed the liver and renal cell damage. Results 
matched with those who ascertained that virgin 
coconut oil is efficient in alleviation the alloxan 
induced renal dysfunction [1]  

Conclusion                                                                          

This experimental study was designed to assess the 
effect of virgin coconut oil in the alloxan induced 
disorders and it is concluded that virgin coconut 
oil is effective in alleviation hyperglycemia, 
hyperlipidemia, renal and hepatic dysfunctions 
induced by alloxan.
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التأثيرات المضادة لمرض السكرى ومضادات الدهون لزيت جوز الهند البكر في الجرذان

منى عبد الظاهر الشيمي 
قسم الباثولوجيا اإلكلينيكية - كلية الطب البيطري - جامعة بنها - مصر.

الدهنية  أنها غنية باألحماض  الرغم من  آثار صحية مفيدة. وعلى  لها  البكر  الهند  المعروف ان زيت جوز  من 
المشبعة ، إال أنه يتم امتصاص هذه األحماض الدهنية المشبعة بسهولة واستخدامها كطاقة للهضم وتحمي الجسم 
البكر ضد مرض السكري  الهند  الوقائية لزيت جوز  لتقييم اآلثار  الدراسة  لذلك ، تم تصميم هذه  من المرض. 
إلى أربع مجموعات (10  تم تقسيم أربعين من ذكور فئران ويستر  الدراسة ،  المستحث بااللوكسان.  في هذه 
االلوكسان  ومجموعة   (VCO) البكر  الهند  جوز  زيت  ومجموعة  السيطرة  مجموعة  مجموعة).  لكل  جرذان 
150 ملجم / كجم من وزن  المعالجة. أعطى االلوكسان بجرعة مقدارها   Alloxan ومجموعة   (Alloxan)
الجسم من خالل حقنة واحدة فى الغشاء البريتونى . بعد ثالثة أيام من احداث مرض السكري باستخدام ألوكسان ، 
تم إعطاء زيت جوز الهند البكر عن طريق الفم بجرعة مقدارها 10 مللى /كجم من وزن الجسم. يوميا لمدة أربعة 
أسابيع. أوضحت النتائج أن األلوكسان يسبب مرض السكري كما هو مبين في الزيادة الكبيرة في مستوى السكر 
في الدم عند الصيام (330 ± 2.8 ملجم / ديسيلتر) واختبار تحمل الجلوكوز عن طريق الفم مع انخفاض ملحوظ 
في مستوى االنسولين فى السيرم  (µiu / ml 0.05 ± 0.90). عالوة على ذلك ، فقد تسببت مادة ألوكسان في 
زيادة معنوية في إجمالي الكولسترول (110 ± 2.8 ملغم / ديسيلتر) ، والدهون الثالثية (350 ± 7.05 ملغ / 
ديسيلتر) و LDL (33.60 ± 0.98 mg / dl). Alloxan أيضا الخلل الوظيفي الذي يحدث بسبب زيادة كبيرة 
في الكرياتينين في المصل (3.25 ± 0.02 ملغ / ديسيلتر) واليوريا (76.14 ± 0.64 ملغ / ديسيلتر). تسببت  
 AST (118.9 ± 0.76 U / L) و  ALT (108.2 ± 1.06 U / L) في حدوث ارتفاعات كبيرة في Alloxan
مع انخفاض كبير في ألبومين فى السيرم (2.36 ± 0.17 غ / دل) والبروتينات الكلية (3.9 ± 0.11 غ / دل). 
ومع ذلك ، زيت جوز الهند هو فعال في التخفيف من االضطرابات الناجمة عن alloxan المستحث. وقد خلص 
إلى أن زيت جوز الهند فعال جدا ضد تأثيرات هرمون الدم الضار ، فرط سكر الدم وتأثير nephro-toxic من  

alloxan
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