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Abstract
Mammalian models are frequently used for drug research and delivery systems. However, valid mammalian 
models are expensive, time consuming and not easy to set up and evaluate. Furthermore, they are often linked 
with ethical and legal aspects. Many micro, macro nutrients and other photochemical from food materials 
are found to possess many desirable health benefits. A large number of studies involving animals have 
been carried out to explore these beneficial properties. As an alternative, chick embryo developed through 
incubation of fertile chicken eggs has been used as a novel system to develop suitable models for biochemical 
and neutraceutical research. The in ovo technique is accepted as an alternative to traditional mammalian 
models and this can be suitably used in our routine biochemical tests, wherever the animal trials are not 
feasible. In view of the above, the development and evaluation of certain bioactive components using in ovo 
technique as a diabetic model was carried out in our laboratory. Bixin decreased significantly the plasma 
glucose, triglycerides, cholesterol, urea, creatinine and blood urea nitrogen, while liver glycogen levels in 
treated diabetic chick embryos increased when compared to control diabetic chick embryos.
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Introduction
For the evaluation of novel compounds in new drugs discovery 
and development, mammalian animal models like rats,  mice, 
rabbits and Guinea pigs are frequently used because of its 
suitability for a wide variety of experimental designs, its 
docility and ease of handling and care, its short gestation 
period, wide dietary preferences and availability. However, 
valid mammalian models are expensive, time-consuming, and 
not easy to set up and evaluate. Furthermore, they are often 
linked to administrative burden with respect to ethical and 
legal issues. In ovo model, using chicken embryo as an animal 
model is a way of reducing the usage of mammalian models.

Chick embryo development, which lasts for 21 days before 
hatching, is a well-known animal model, which has been 
extensively studied from Aristotle’s time that opened hen’s 
eggs daily to examine progressive stages of embryogenesis 
until the modern molecular era (Angelica et al. 2007). Diabetes 
model can be created by treatment of streptozotocin (STZ) in 
chick embryos and this model can be used to predict the effect 
of drug (Yuji et al. 2005). The in ovo model forms an alternate 
system for evaluating the novel drugs in screening procedures 
of formulation candidates, thus establishing an intermediate 
step between in vitro cellular tests and preclinical mammalian 
models (Gardner et al. 2004). 
We have developed a diabetic model using chick embryo and 
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evaluated the antidiabetic activity of bioactive compounds 
like curcumin, capsaicin, quercetin and bixin

Materials and Methods

Collection and handling of fertile eggs
Fertile eggs from 32 weeks old Giriraja (meat type multiple 
cross) chicken were collected from the Regional Poultry Farm, 
Mallavalli, Karnataka. Hatching eggs were incubated at 37.5 
± 0.5 ºC and relative humidity of about 60-70%. Turning of 
the eggs was done twice a day for physiological development 
and to avoid the adhering of embryo to the membrane. Eggs 
were kept vertically (broad end up) and a proper temperature 
and humidity was provided for the respiration of embryos.

Chemicals
Streptozotocin was obtained from Sigma Aldrich (USA). 
Curcumin, capsaicin, quercetin and bixin were obtained from 
authorized chemical suppliers. All chemicals used were of the 
highest purity commercially available and of analytical grade.

Development of in ovo diabetic model
On the ninth day of incubation,  eggs were transilluminated 
with a special egg tester (candling) to monitor the fertility rate 
and adequate development. Embryonated eggs were further 
kept under incubation and infertile eggs were discarded. 
Fertile eggs were grouped according to its mean weight into 
six groups. The group I served as control while group II served 
as a diabetic control. For developing the diabetic model, 0.3 
mg of streptozotocin was dissolved in physiological saline 
(0.85%  NaCl) and sterilized through a membrane filter. A 
dosage of 0.2 ml of filtrate  was injected into the albumen 
of each egg on 14th day of incubation through the short end 
of eggs. After checking for the viability and development 
on 17th day of incubation, the eggs in group III to VI were 
injected with 0.1 μl of curcumin at 250 mg/kg of egg weight, 
capsaicin at 50 mg/kg of egg weight, quercetin at 50 mg/kg 
of egg weight and bixin at 10 mg/kg of egg weight in 30% 
ethanol respectively through the air sac of the eggs. Prior to 
injection, the blunt end of the egg was sterilized with 70% 
ethanol. A suitable scalpel was used to create a single hole, 
without penetrating the chorio-allantoic membrane. The hole 
was sealed with an adhesive sticker or wax. Eggs were set in 
an incubator (temperature  : 37 ± 0.5 °C; humidity : 65-75%).
 Drugs like curcumin, capsaicin, quercetin and bixin were 
dissolved in 30% ethanol in distilled water and were sterilized 
through a membrane filter. Each drug (0.1 ml) was injected 
through the air sac to eggs of respective groups and was 
incubated for 6 h. 

          

Collection of samples
Relatively straight courses of major veins were delineated 
by transillumination and marked on the eggshell on the 
17th day of incubation. Then shell membrane was rendered 
transparent with saline water  and a vessel was punctured 

with a thin cannula. Finally, the shell fragment was removed. 
Approximately 300 µl of blood were extracted for the 
evaluation of sample. Blood was collected in 1% EDTA 
through the vessels using a tuberculin syringe. Their organs 
like brain, liver, and heart were removed and rinsed in saline 
water. They were weighed and stored using aluminium foil at 
-70 °C for further studies.

Estimation of glucose in blood 
(Enzymatic method)
The plasma glucose level was measured using commercially 
available spectrophotometric enzymatic assay kits. 

Estimation of liver glycogen
Liver glycogen was estimated by chemical method based on 
the principle that glycogen is hydrolyzed to glucose and the 
glucose thus formed is estimated by the standard method. 

Estimation of plasma cholesterol
The plasma cholesterol was measured by using  FeCl3 – H2 
SO4 method (Albert et al. 1953).

Estimation of triglycerides
The plasma triglyceride levels were estimated by using 
chemical method that involves the extraction and saponification 
of triglycerides, oxidation of glycerol moiety to formaldehyde 
and the conversion of formaldehyde to a yellow-colored 
compound, 3,5 diacetyl-1-4 dihydrolulidine and the intensity 
of which is determined spectrophotometrically (Raghuraman 
et al. 1983). 

Estimation of urea and creatinine
Urea and creatinine were estimated by using diagnostic kit

Histological analysis 
For the diagnosis of tissue damage in heart, brain, liver and 
pancreas, histology was done by sequential process of fixation, 
tissue processing and histological staining (Lillie, 1965). 

Statistical analysis
All the results were subjected to statistical analysis and one 
way analysis of variance was used to determine the statistical 
significance.

Results

Effect of different compounds on plasma    
glucose level
Plasma glucose levels of chick embryo were measured using 
spectrophotometer in normal, diabetic and treated chick 
embryos (Table 1). 
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Table 1. Effect of different compounds
 on plasma glucose levels in chick embryos

Group Compound Plasma glucose (mg/dl)

I Control 114  ± 7.6

II Diabetic 202  ± 9.2

III Curcumin 143  ± 7.9 

IV Capsaicin 138  ± 7.6

V Quercetin 150  ± 8.2

VI Bixin 124  ± 7.5

The plasma glucose concentration in control group which was 
treated with normal saline was 114  ± 7.6 mg/dl on day 0 and  
202  ± 9.2 mg/dl in the diabetic chick embryos  on day 17. The 
bixin showed a better hypoglycemic activity  and the  glucose 
level was 124  ± 7.5 mg/dl compared to normal value of 114  
± 7.6 mg/dl. Curcumin and quercetin showed higher glucose 
values i.e. 143 ± 7.9 mg/dl and 150 ± 8.2 mg/dl respectively 
and in capsaicin treated animals, it was 138 ± 7.6 mg/dl.

Effect of different compounds on liver glycogen 
level
Liver glycogen values are provided in Table 2.  From the 
table, it is evident that liver glycogen content in the diabetic 
chick embryo was 75% of the normal chick embryo. Diabetic 
chick embryos showed a lower glycogen level (18.44 ± 1.5 
mg/dl) compared to control and treated chick embryos. The 
glycogen level in curcumin treated group (23.05 ± 2.1 mg/dl) 
was comparable to control group (24.01±1.8 mg/dl), capsaicin 
group (26.90 ± 1.9 mg/dl),  quercetin group (27.09 ± 2.23 mg/
dl) and bixin  group (24.59 ± 1.9 mg/dl). 

Table 2.  Effect of different compounds on liver lycogen levels 
in chick embryos

Group Compound Liver glycogen (mg\dl)

I ontrol 24.01 ± 1.8

II Diabetic 18.44 ± 1.5

III Curcumin 23.05 ± 2.1

IV Capsaicin 26.90 ± 1.9

V Quercetin 27.09 ± 2.2

VI Bixin 24.59 ± 1.9

Effect of different compounds on plasma 
cholesterol and triglycerides 
The effect of different compounds on plasma cholesterol and 
triglycerides is presented in Table.3. The cholesterol level of 
diabetic chick embryos increased significantly   (276 ± 10.2 
mg/dl) compared to the control group (197 ± 8.6 mg/dl). The 
plasma cholesterol levels were low in chick embryos treated 
with capsaicin (153 ± 7.9 mg/dl)  and bixin (166 ± 7.6 mg/
dl) compared to curcumin (197 ± 8.9 mg/dl)  and quercetin 
(191 ± 8.9 mg/dl).   The plasma triglyceride levels in quercetin  
(320 ± 13.1 mg/dl) and bixin (312 ± 12.2 mg/dl) were 
comparable to control group (300 ± 12.9 mg/dl). However, 

plasma triglyceride levels in diabetic group (560 ± 17.5 mg/
dl), curcumin group (480 ± 14.2 mg/dl) and capsaicin group 
(640 ± 18.6 mg/dl) remained high. 

Table 3. Effect of different compounds on plasma cholesterol 
and triglycerides in chick embryos

Group Compound Cholesterol 
(mg/dl)

Triglyceride 
(mg/dl)

I Control 197 ± 8.6 300 ± 12.9

II Diabetic 276 ± 10.2 560 ± 17.5

III Curcumin 197 ± 8.9 480 ± 14.2

IV Capsaicin 153 ± 7.9 640 ± 18.6

V Quercetin 191 ± 8.9 320 ± 13.1

VI Bixin 166 ± 7.6 312 ± 12.2

Effect of different compounds on urea, creatinine 
and blood urea nitrogen 
Urea and creatinine concentrations in  plasma were measured 
by using commercial kit and the nitrogen level of plasma 
was calculated from urea level by the formula (Table.4). 
The plasma urea level in chick embryos with diabetes was 
significantly high (63.46 ± 3.2 mg/dl) than the normal chick 
embryos (24.56 ± 1.8 mg/dl). The urea levels in treatment 
groups were comparable to control group embryos. The 
blood urea nitrogen values were increased in diabetic and 
reduced in treated groups. There was no difference between 
the plasma creatinine levels in control, diabetic and treated 
chick embryos. The BUN levels were high in diabetic group 
embryos compared to control and other treated groups.

Table 4. Effect of different compounds on urea, creatinine and 
blood urea nitrogen in chick embryos

Group Compound Urea
 (mg/dl)

Creatinine 
(mg/dl)

Blood 
Urea 

Nitrogen 
(mg/dl)

I Control 24.56 ± 
1.8

0.55 ± 
0.11 11.46 ± 0.99

II Diabetic 63.46 ± 
3.2

0.50 ± 
0.06 29.63 ± 2.0

III Curcumin 26.53 ± 
1.9

0.62 ± 
0.08 12.38 ± 0.95

IV Capsaicin 30.08 ± 
2.1

0.53 ± 
0.12 14.04 ± 1.2

V Quercetin 20.76 ± 
1.4

0.54 ± 
0.10 9.69 ± 0.8

VI Bixin 18.46 ± 
1.1

0.66 ± 
0.12 8.62 ± 0.78

Histological analysis 
The organs like liver, pancreas, heart and brain were collected 
and processed for the analysis of histological changes. The 
heart and brain did not show any change in control, diabetic 
and treated groups. The liver of diabetic embryos showed 
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Fig.1 Effects of different compounds on liver of chick embryos

LIVER

CONTROL CURCUMIN CAPSAICIN

DIABETIC QUERCETIN BIXIN
The liver of diabetic chick embryos shows vacuolar regions which is absent in normal liver. Treated 
groups showing a marginal improvement in vacuolar lesions

Fig. 2 : Effects of different compounds on pancreas of chick embryos

PANCREAS

CONTROL CURCUMIN CAPSAICIN

DIABETIC QUERCETIN BIXIN
The beta cells in pancreas of diabetic group shows degenerative changes when compared to control 
and other treated groups.

 In ovo diabetic model, Srinivasan K . 

Vol -1,   Issue - 1,  Jan - Apr 2011 37



vacuolar regions, which was not observed in the normal liver. 
The curcumin treated liver showed a marginal improvement 
in vacuolar lesions. The capsaicin treated animals showed 
minimal vacuolations when compared to diabetic group.  The 
quercetin and bixin showed no vaculations and were almost 
like normal liver (Fig.1).

The pancreas from normal embryos showed alpha and beta 
cells. In diabetic group, the beta cells showed tendency 
towards degeneration of pancreatic cells. In all the treatment 
groups, the pancreas showed no abnormal deviation (Fig. 2).

 Discussion
It is evident from the results that significant reduction in 
plasma glucose levels in all treated group. The bixin showed 
a better hypoglycemic activity than capsaicin. Curcumin and 
quercetin showed a moderate hypoglycemic activity. Present 
findings on chick embryos are in agreement with the earlier 
results on hypoglycemic activity of curcumin in rats (Halim 
and Ali, 2002).

These compounds might enhance glucose utilization because 
it significantly decreased the blood glucose level in diabetic 
chick embryos. It may be due to restoration of insulin 
response. This could be due to potentiation of the insulin 
effect of plasma by increasing the pancreatic secretion of 
insulin from existing β-cells or its release from bound insulin. 
The effect of different compounds on liver glycogen levels 
established a significant role in the alteration of liver glycogen. 
Liver glycogen levels in diabetic group were low compared 
to controls. The treatment of diabetic chick embryos with 
the capsaicin and quercetin resulted in increase in the liver 
glycogen but not significantly compared to control group. 

The administration of bioactive compounds significantly 
decreased the plasma cholesterol and triglycerides in 
diabetic chick embryos. In the present study, diabetic chick 
embryos showed an increased cholesterol level compared to 
controls. Plasma cholesterol levels in curcumin and quercetin 
treated groups were comparable to control group. Other two 
compounds showed a reduced value more or less comparable 
to normal group. In consistence with the present data, other 
workers have also reported reduction of plasma cholesterol 
levels. According to these investigators, the triglyceride 
lowering effect appears to be due to inhibition of fatty acid 
synthesis. The triglyceride level of diabetic group was high 
compared to the normal turmeric (Curcuma longa), as well 
as its active constituent curcumin, inhibits lipid peroxidation. 
Curcumin also decreases serum cholesterol levels in 
hyperlipidaemic rats (Halim and Ali, 2002). Consistent with 
this, the in ovo treatment of these bioactive compounds 
reduced the lipid peroxidation products (Eidi and Eidi, 2006). 
Thus, the triglyceride levels and cholesterol levels reduced 
in treated chick embryos compared to the diabetic chick 
embryos.  

Our data showed that urea levels were increased in diabetic 
chick embryos. This may be due to metabolic disturbance 
in diabetes, reflected in high activities of xanthine oxidase, 
lipid peroxidation and increased triglycerides and cholesterol. 
Our data showed that bioactive compounds decreased the 

plasma urea levels in diabetic chick embryos. The plasma 
urea levels in diabetic group were high compared to control 
group.  Elevation of the plasma urea and creatinine are related 
to renal dysfunction in diabetic hyperglycemia (Eidi and 
Eidi, 2006).  The histological analysis of heart and brain did 
not show any change in control, diabetic and treated groups. 
The liver of diabetic embryos showed vacuolar regions 
and treated groups were almost like control group. The 
pancreas from normal embryos showed alpha and beta cells. 
In diabetic group the beta cells showed tendency towards 
degeneration of pancreatic cells when compared to normal 
and in treatment groups. The present study indicated that 
the bioactive test compounds significantly decreased plasma 
glucose, triglycerides, cholesterol, urea, creatinine and blood 
urea nitrogen, while increased liver glycogen levels in treated 
diabetic chick embryos as compared to control diabetic chick 
embryos.  
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