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ABSTRACT   
Background: Diabetes mellitus (DM) is a metabolic disease characterized by hyperglycaemia 
resulting from defects in insulin secretion, insulin action, or both, and occurs in almost all 
populations of the world a variable prevalence. 
Objectives: The current study assessed the impact of lycopene on adipokines and 
paraoxonase (PON) in stereptozotocin-induced diabetic rabbits. 

Materials and Methods: A total of one hundred of rabbits (Albino Rabbits) of both sexes 
weighing between 1.5-2.1 kg were completely randomized in four groups (G) comprising 25 
rabbits each. Diabetes was induced by a single intraperitoneal injection of streptozotocin (35 
mg/kg body weight) feeding on a high fat regimen. Rabbits in G 3,4 which were administered 
10 and 20 mg/kg respectively of lycopene for 4 weeks. The serum levels of  leptin, 
adiponectin, ghrelin, resistin, and tumour necrosis factor – α (TNF-α)  were measured by 
enzyme-linked immunosorbent assay (ELISA), while serum PON was measured by 
spectrophotometric method. SPSS computer software was used for data analysis. 

Results:Results showed that lycopene administration at both doses significantly reduced the 
leptin, resistin, TNF-α, and glucose levels compared to diabetic control groupG2. Consistent 
significant increases (p < 0.05) were noticed in the level of paraoxonase, adiponectin, and 
ghrelin in diabetic rabbits dealt with lycopene in comparison with diabetic rabbits of control 
group G2.  

Conclusions: The high leptin, resistin, and TNF-α levels and oxidative damage whereas low 
linked with diabetes, were improved with the administration of lycopene.  

  المستخلص
في الدم  نتیجة خلل اما في  الجلوكوزیعد داء السكري أحد الاضطرابات الایضیة  الذي یتمیز بانخفاض  مستوى  المقدمة :

  عمل الانزیم او كلاھما ویحدث داء السكري على مستویات مختلفة في معظم دول العالم.أوافراز الانسولین 
في لباروكسینیز او اجریت ھذه الدراسة لتقییم مدى فاعلیة اللایكوبین على مستویات الأدیبونكتین ,: والمنھجیةالمواد 
 100بتوزوسین. العدد الكلي لحیوانات المختبر كان یالسترعقار التي احدث بھا داء السكري بواسطة (نوع الباینو) الارانب

حیوان لكل  25بواقع  مجموعاتكغم وتم توزیعھم عشوائیا الى اربعة  2.1 -1.5ومن كلا الجنسین تراوحت اوزانھم بین 
عن طریق حقنھم بمادة الستروبتوزوسین 2,3,4 مجموعاتمجموعة. تم استحداث الإصابة بداء السكري في الحیوانات في 

 مجموعاتالأرانب في غم/كغم من وزن الجسم وتم تغذیتھم بغذاء عالي الدھون . 35اخل غشاء البریتون بجرعة مقدارھا د
تم قیاس مستویات مصل أسابیع.  4ملغم / كغم من وزن الجسم لمدة  20و 10فقط تم اضافة لایكوبین الى غذاءھا 4و  3
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, في حین تم قیاس مصل بطریقة الألیزانخر الورم نوع الفاعامل و ، رزیستین اللبتین، ادیبونیكتین، جریلین، 
  ) لتحلیل البیانات.SPSS. وقد استخدم برنامج (طیفیة) بطریقة (PONلباروكسینیزا

تَائجِ  أشارت النتائج الى ان اعطاء لایكوبین  وبتركیزین مختلفین قد قلل وبشكل ملحوظ احصائیا مستویات كل من :الن
نوع الفا  في الدم وكذلك احدث انخفاض واضح وبمغزى احصائي  -و العامل الورمي المسبب للنخر رزیستین و اللبتین

). كما كان المجموعة الضابطة المصابة بداء السكري( 2بالدم مقارنة بعینة الحیوانات في المجموعة رقم  الجلوكوزلمستوى 
في الدم عند الحیوانات المصابة بداء  ادیبونیكتین وجریلینو الباروكسینیزھناك زیادة مطردة ومستمرة في مستویات 

  .2 الضابطة رقم عةموبعینة الحیوانات في المجالسكري مقارنة 
 في الدم  عامل نخر الورم نوع الفاو الرزیستینواللبتینلكل من   النتائج اشارت الى ان المستویات العالیة.الاستنتاجات:

وكذلك تلف الأنسجة والخلایا الحاصل بسبب الأكسدة  والمرتبطین اساسا بشكل ضعیف بالمیكانیكیة المرضیة لداء السكري 
  كلھا قد تحسنت بفعل اعطاء لایكوبین لحیوانات التجربة. 

KEYWORDS: Diabetic rabbits, lycopene, paraoxonase, leptin,resistin and TNF-α. 
 2017 Sudan University of Science and Technology, All rights reserved 

INTRODUCTION   
Diabetes is a metabolic disorder of multiple 
etiologies characterized by hyperglycem-
iaand hyperlipidemia. The patients suffer 
from diabetes experience various complica-
tions,such as atherosclerosis, diabetic 
nephropathy and neuropathy(1). Adipokines 
such as leptin, visfatin, resistin, apelin, 
omentin, sex steroids, and various growth 
factors are cell signaling proteins secreted 
by adipocytes. Adipokinedysregulation 
appears to play a central role in adiposity, 
metabolic syndrome, and obesity (2).  
Lycopene is the red pigment of ripe 
tomatoes, belongs to the family of carotene-
oids, that it is a symmetrical tetraterpene 
assembled from eight isoprene units, and 
consists of carbon and hydrogen. It is one of 
the most powerful antioxidants among 
dietary carotenoids found in foods 
especially tomato. It is transported in the 
blood by lipoproteins and found in most 
tissues. It has gained increased attention for 
its health giving properties (3). 

Aim of the study    
The present study was planned to evaluate 
the effect of lycopene on blood glucose, 
PON, leptin,  adiponectin, ghrelin, resistin 
and TNF-α, in streptozotocin -induced 
diabetic rabbits. 
 

MATERIALS and METHODS   
Experimental animals: 
 The experimental study was carried out on 
100 adult albino rabbits weighing 1.5-2.1 
kg, during the period from June 2015 to 

May 2016. The animals were divided into 4 
groups, each group consists of 25 animals: 

Group 1 (G1): healthy control rabbits.  
Group 2 (G2): diabetic rabbits . 
Group3(G3): diabetic rabbits received 
lycopene 10 mg/kg. 
Group 4 (G4): diabetic rabbits received 
lycopene 20 mg/kg. 
 All administrations were given orally once 
daily for four weeks. 

Induction of diabetes mellitus: 
Diabetes mellitus was induced with a high 
fat diet (HFD) and low-dose of STZ 
treatment as mentioned previously(4). 
Briefly, the rabbits were fed with HFD for a 
period of 2 weeks and then injected with 
low dose of STZ . Seven days after STZ 
injection, the fasting blood glucose levels of 
all the rabbits were estimated; those having 
blood glucose levels ≥ 200 mg/ dl were 
considered diabetic and were selected for 
further experiments. These rabbits were 
continued on HFD until the end of the 
study. 
 
Lycopene preparation 
Tomato oleoresin was mixed with maize oil 
and stored at 48 C° for 24 hours, mixture 
was aroused for 20 min in a water-bath at 
50 C°. Each milliliter of the solution 
contained 5mg of lycopene.  Lycopene was 
stable in the mixture for 9 weeks at 20C° (5). 
Thirty (30) mg lycopene in a gelatine was 
reconstituted in olive oil to appropriate 
working concentration (6) . 
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Chemicals 
Human leptin ELISA Kit, Human Adipone-
ctin  ELISA Kit, ghrelin ELISA Kit, resistin 
ELISA Kit and glucose kit. 
 

Instruments  
ELISA system, Centrifuge ,Spectropho-
tometer,Water bath, Incubator , Hot 
plateVortex maxi-mix,pH meter, Balance, 
Oven, and  Automatic micropipettes.At the 
end of experiment, 5 ml of blood samples 
were collected by ear vein of the rabbits , 
and 1 ml of the sera prepared through 
centrifuging at 2500 rpm for 15 minutes, 
then stored at freeze until assayed. 
Measurement of fasting serum glucose 
concentration was carried out on all the 
samples by the glucose oxidase method to 
make sure that the participating subjects 
were non-diabetic. Quantitative analysis of 
leptin, adiponectin, ghrelin, and resistin 
serum  levels were measured by enzyme-
linked immunosorbent assay (ELISA) with 
a commercially available kit (mediagnost, 
Germany) according to the manufacturer’s 
instruction after the serum samples were 
thawed at room temperature. PON 1 activity 
was determined by spectrophotometric 
assay of Therryet al.(7) in which phenyl 
acetate was used as a substrate.  
STATISTICAL ANALYSIS    
All values are presented as mean ± standard  
deviation. All groups were compared by 
one-way analyses of variance (ANOVA) 
and multiple comparisons were done with 
Duncan test in SPSS (version 20) to 
determine the differences in all parameters.   
 

RESULTES   
The results in figures arranged as 
following:C: healthy control(G1), D.C:dia-
betic control(G2), D-L:diabetic rabbits 
received lycopene(G3): rabbits receive 
lycopene 10mg\kg BW & 20 mg\kg BW. 
Results indicated that STZ administration 
increased glucose level from (100±2.37 
mg/dL) in C to (283.40±7.19a mg/dL) in D. 
C. Treatment of diabetic animals with the 
graded doses of lycopene (10 and 20 mg/kg 
-body weight) decreased the level of blood 
glucose considerably (P < 0.05) in D-L  

progressively to (247.00±5.41b mg/dL), 
(246.00±8.79b mg/dL)respectively, after 
4week compared with (G2) D.C (Figure 1).  
Results showed that the serum leptin levels 
were (10.18±0.52 pg/mL) in normal 
controland increased to (38.04±1.40 pg/mL)  
in the diabetic rabbits following stereptozo-
tocin treatment. Following oral administ-
ration of lycopene(10 and 20 mg/kg body 
weight), the levels of leptin was significan-
tly (P < 0.05) lowered to (30.50±1.72 
pg/mL) and (25.04±0.89 pg/mL) respecti-
vely in diabetic animals when compared to 
G2 (Figure 2).  

The adiponectin level in normal control 
rabbits G1 was (7.90±0.36 µg/mL) and 
significantly lowered in G2 to 
(4.85±0.30µg/mL). On treatment with the 
graded doses of lycopene (10 and 20 mg/kg 
body weight) there was anincrease in 
adiponectin level to (5.24±0.21 µg/mL) and 
(6.03±0.37 µg/mL) when compared with 
diabetic untreated rabbits (Figure 3). 
The resistin level of diabetic rabbits were 
significantly higher(7.94±0.34 ng/ml)(P 
<0.05) than those of the normal control 
rabbits (4.18±0.17 ng/ml). After 4 weeks of 
the lycopene extract treatment with doses of 
10 and 20 mg kg−1 lycopene, resistin level 
were significantly decreased respectively to 
(7.10±0.37 ng/ml) and (6.51±0.42 ng/ml) as 
compared to diabetic control rabbits(Figure 
4). 
The ghrelin level revealed a significantly 
lowered concentration in G2  (8.38±0.38 
mol/L) when compared with normal control 
rabbits that recorded (17.21±0.49 mol/L). 
On treatment with the graded doses of 
lycopene (10 and 20 mg/kg body weight)  
there was increase ghrelin level to 
(12.09±0.52 mol/L) and (11.40±0.49 mol/L) 
when compared with diabetic untreated 
rabbits (Figure 5).  

The TNF-α level of untreated diabetic 
rabbits were significantly higher 
(38.42±0.52, pg/ml) (P <0.05) than those of 
the normal control rabbits (20.08±0.51 
pg/ml). After 4 weeks of the lycopene 
extract treatment with doses of 10 and 20 
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mg kg−1 lycopene, TNF-α level  were 
significantly decreased respectively to 
(32.04±1.08, pg/ml) and (34.03±0.93 pg/ml) 
when compared to diabetic control 
rabbits(Figure 6). 
The mean of serum PON decreased 
significantly (P< 0.05) in streptozotocin-
induced diabetic rabbits 

(151.00±7.49µmol/L) in comparison with 
control healthy group (225.00±4.01 
µmol/L). After oral administration of 
lycopene, the PON level (10 and 20 mg/kg 
body weight) increase (240.00±6.20 
µmol/L) and (228.00±3.99 µmol/L) 
respectively as compared to the diabetic 
control group (Figure 7). 

   

  
 

Figure.1: Effect of Lycopene on serum glucose levels in diabetic rabbits. 
C : healthy control, D.C: diabetic control, D-L: diabetic rabbits received lycopene 

 
 

  
 

Figure.2: Effect of Lycopene on serum leptin levels in diabetic rabbits. 
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Figure.3: Effect of Lycopene on serum adiponectin levels in diabetic rabbits. 
 
 

 
 

Figure.4: Effect of Lycopene on serum resistin levels in diabetic rabbits. 
 
 

  
 

Figure.5: Effect of Lycopene on serum ghrelin levels in diabetic rabbits. 
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Figure.6: Effect of Lycopene on serum TNF-α levels in diabetic rabbits. 

 

  

Figure.7: Effect of Lycopene on serum PON levels in diabetic rabbits.  
 

DISCUSSION    
The administration of streptozotocin 
induced diabetic rabbits which were 
confirmed by elevated glucose levels. This 
finding is in agreement with the report(8-

10)stating that STZ encourages diabetes 
being in the picture of hyperglycaemic non-
ketotic diabetes mellitus in the models of 
animal (11).  
In this study, diabetic rabbits had 
significantly (p < 0.05) increased serum 
leptin and decreased serum adiponectin 
levels as compared to normal control 
rabbits. Lycopene extract treatment was 
able to decrease the circulating levels of 
leptin and increase adiponectin in diabetic 
rabbits. Kusakabeet al (12) observed 
beneficial effects of leptin on glycaemic and 
lipid control in a mouse model of diabetes 
with increased adiposity induced by STZ 
and a high-fat diet. In a study with a rabbit 
model mimicking human diabetes 
(STZ/HFD), authors showed that continuous 

leptin infusion improved lipid and glucose 
metabolism and reduced food intake with 
enhancement of insulin sensitivity, 
accompanied by an increase of alpha-2 
AMPK activity in skeletal muscle, leptin 
also reduced hepatic triacylglycerol content. 
In pair-feeding experiments authors showed 
that the independently of the food intake 
reduction, leptin improved glucose and lipid 
metabolism(12). 

Resistin, a new adipokine belongs to the 
cysteine-rich proteins family, It  increases 
blood glucose and insulin levels and impairs 
hypoglycaemic response to insulin 
infusion(13). The present study has shown 
the ability of lycopene to decrease serum 
resistin,  which consistent with that of 
Kushiyamaet al.(14), which has been shown 
to view anti-inflammatory effects and less 
inflammation in adipose tissue(15,16) by the 
lycopene administration.  
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Ghrelin is a 28 amino acid peptide 
hormone, it motivates growth hormone 
secretion, appetite, food intake, weight gain, 
gastric emptying, and controls the energy 
balance (11,13). Our result showed that 
administration of lycopene can significantly 
increase serum ghrelin level in STZ - 
induced rabbits, the exact mechanism of 
lycopene affecting ghrelin levels remains to 
be determined.  

Tumor necrosis factor–α interferes with 
insulin signaling in a variety of non-insulin 
producing cells, essentially inducing a state 
of insulin resistance (17). In the present 
study, we showed that lycopene extract 
administration was able to reduce serum 
TNF in diabetic rabbits, due to 
immunomodulatory properties of lycopene 
and could be related to their potential anti-
diabetic activity.This result is disagree with 
the report of Pierineet al., and 
Markovits(18,19).  

Paraoxonase level dropped in group 2 in 
STZ induced diabetic rabbits , and elevated 
again by lycopene administration. PON is an 
antioxidant, HDL bound enzyme. It prevents 
low density lipoprotein (LDL) oxidation and 
therefore consumption of lycopene decre-
ases cholesterol and LDL-C concentration. 
There are several mechanisms of adipokines 
influencing PON1 activity, leptin as a 
hydrophobic peptide be linked to HDL and 
inhibit directly the PON1 enzyme, and leptin 
enhances oxidative inflammatory cytokines 
and other acute phase proteins which have 
diminishing effect on hepaticfunction (13).  

Conclusion:It is concluded that using 
lycopene should be considered in the 
treatment of diabetic complications and 
hyperglycemia. Lycopene supplementation 
can be beneficial for humans in order to 
reduce the harmful effects of diabetes, such 
as increased serum leptin, resistin, TNF-α 
and  blood glucose levels. 
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