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ABSTRACT

Aims: This study was carry out to determine the dose effect of aqueous and hydro-ethanol C.
colocynthis fruit extracts on some properties and serum biochemical parameters in alloxan-induced
diabetic rats.

Study Design: Random trial.

Place and Duration of Study: University of Douala-Cameroon. Faculty of Science. Laboratory of
Biochemistry, between April 2017 and June 2017.

Methodology: Forty two albino male rats (Rattus norvegicus var. albinus), aged 2 to 3 months and
weighing 150- 200 g were used in this study. Animals were randomly distributed into 7
experimental groups of six rats each. One group was used as healthy control and diabetes was

*Corresponding author: E-mail: lengmarso@gmail.com;



Leng et al.; EIMP, 26(2): 1-16, 2018; Article no.EJMP.44792

induced in the 6 others groups by intraperitoneal injection with alloxan monohydrate into tail veins.
Five diabetic groups received oral glibenclamide (3mg/kg), 50 and 100 mg/kg bw of aqueous or
hydro-ethanol fruit extract of Citrullus colocynthis respectively The remaining group was assigned
as diabetic control rats. Body weight and serum biochemical parameters (glucose, lipids,
transaminases and creatinine) were recorded weekly during 3 weeks.

Results: Diabetes induction of with alloxan significantly (p = .05) increases blood glucose,
triglyceride, cholesterol, transaminases (AST, ALT) and creatinine blood level. Treatment of rats
with hydro-ethanol extract (100 mg/kg.bw) steadily reduces (80.44%) glycemia but cause a
significant increase of the liver relative mass, AST (138.38 1U/l) and ALT (152.35 1U/l) blood levels
(p = .05). Administration of 50 mg/kg bw hydro-ethanol and aqueous extracts significantly reduce
the glucose (22-46.44%), triglycerides, total cholesterol, transaminases and creatinine blood levels
(72 to 85 %) (p = .05).

Conclusion: The administration of glibenclamide (3mg/kg), 50 and 100 mg/kg bw aqueous
extracts and 50 mg/kg bw hydro ethanol extracts significantly reversed the damage associated with
Alloxan induced diabetes close to the normal. The dose of 100 mg/kg bw hydro ethanol extracts

should be avoided because of it toxic effects.

Keywords: Diabetes mellitus; Citrillus colocynthis; solvent extraction; toxic effect.

1. INTRODUCTION

Many decades ago, diabetes was not considered
as a public priority in sub-Saharan Africa. But
when the results of epidemiological studies
revealed that diabetes was a huge and growing
threat to health in Africa, actions have been
taken to stem the epidemic for instance, diabetes
education, reduction of the cost of insulin in Type
2 diabetes (85%-95% of cases), promotion of
prescriptions of diabetes drugs in their generic
names [1,2]. Despite all, diabetes treatment
remains expensive resulting in avoidable
complications. Healthcare expenditure often
presents a challenge to the economic
sustainability of household. Therefore, there is an
increase tendency for traditional medicine in a
context that out of pocket (OOP) remains the
main method of healthcare payment in sub-
Saharan Africa [2,3]. There are several reports
regarding the antidiabetic activity of crude
extracts prepared from plants [4,5]. Citrullus
colocynthis (CCT) fruit also known as bitter
cucumber is native to dry areas of North Africa,
the Mediterranean Basin and Asia. It is
distributed among the west coast of northern
Africa, eastward through the sahara, until India
[6]. The fruit is a folk remedy for diabetes,
cancer, inflammatory and infectious diseases in
tropical and subtropical countries. This plant can
induce insulinotropic and mild immunostimulating
effect due mainly to the presence of bioactive
compounds [4,7]. Extraction procedures are an
important step in  processing bioactive
constituents from plant materials using selective
solvents. The solvent extraction has been widely
used to extract compounds from C. colocynthis

fruits. The type of solvent has been the most
studied factor to ensure the efficiency of
extraction [8]. Water, ethanol or the mixture of
both are the most common hydrophilic solvent
used. According to epidemiological studies, there
is a positive association between the type of
solvent, amount of total extractible compounds,
therapeutic property and toxic effect of the plant.
Many studies reported a dose dependent
hypoglycemic and toxic effect of aqueous,
ethanol or hydro-ethanol extracts of C.
colocynthis fruit seed or pulp [9]. Considerable
efforts have been made to extract and identify
bioactive compounds responsible for the
antidiabetic properties of C. colocynthis. The
present study is therefore conducted with the
objective to investigate the influence of aqueous
and hydro-ethanol fruit solvent extracts and the
drug dose on hypoglycemic properties and
serum biochemical parameters in normal and
alloxan-induced diabetic rats using glibenclamide
as reference drug.

2. MATERIALS AND METHODS
2.1 Animals

Forty two albino rats (Rattus norvegicus var.
albinus), aged 2 to 3 months and weighing 150-
200 g were used in this study. They were
purchased from animal house, Department of
Animal Biology, Faculty of Science of the
University of Dschang-Cameroon. The rats were
placed in aerated polyethylene baskets and
transported by road to the Animal Lab Centre of
the Laboratory of Biochemistry, University of



Douala-Cameroon. Animals were randomly
distributed into 7 experimental groups of six rats
each and housed in separate polyethylene cages
(86cm x 25cm), with free access to food and
water for a total of five weeks including two
weeks of adaptation period and three weeks of
testing period. A thick layer of wood chips was
deposited at the bottom of the cages. This chip
was renewed after two days interval. They were
kept at 25°C in an aerated environment on a
12:12 hour light: dark cycle. During this period,
rats received standard balanced chow for
rodents and tap water ad libitum.

2.2 Source of Samples and Preparation of
Extracts

Citrullus colocynthis fruits were collected in April
2017 at Ouaddai region in the Center Est of
Chad; Precisely at 50 km in the North-Est of
Abeché town (E 20°30' - E 20°45' / N 13°45' - N
13°30). Fruits were washed under running tap
water to remove the adhering dirt, cut in small
pieces and dried at 50°C in an oven dryer
(Binder). The dried slices were crushed to course
powder by using mechanical grinder (robot
mixer) and the powder was then sieved to
500um particule size. Fifty grams of powder was
mixed into 500ml of distillated water for aqueous
extraction and 500ml of distillated water: ethanol
solution (50:50v/v) for hydro-ethanol extraction
and then submitted to dynamic maceration for 3
days at room temperature. The extracts were
then filtered with a qualitative cellulose filter
paper (particle retention: 20-25 pm). After
filtration, the hydro-ethanol filtrate was
concentrated by evaporating the solvent under
reduced pressure 300-500 mmHg at 50-60°C
using Rotary evaporator (Buchi). The aqueous
fitrate and the concentrated hydro-ethanol
extract were lyophilised and the dried extracts
stored in an air tight container, keep at - 80°C for
future analysis.

2.3 Preliminary Phytochemical Screening
of Extracts

The preliminary phytochemical screening was
performed by the methods described by Evans
[10] for triterpenes/steroids (Libermann burchard
Test), alkaloids (Dragendroff's Test), flavonoids
(Shinoda test), saponins (foam test), phenol
(Ferric chloride Test) and glycosides (Keller-
killiani test). The color intensity or the precipitate
formation was used as analytical responses to
these tests [10]. The qualitative results were
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expressed as (+) for the presence and (-) for the
absence of phytochemicals.

2.4 Proximate Composition of Extract

Moisture, crude protein, total ashes were
determined in lyophilised extracts flour according
to the AOAC official methods [11]. Moisture was
determined by drying at 103 °C until constant
weight is achieved. Ash was determined by
heating dried sample at 550°C for 24 hours.
Crude protein content of flour has been analysed
according to Kjeldahl method. Total proteins
were calculated by multiplying the evaluated
nitrogen by 6.25. Crude fat content were
quantified according to Bourely et al. method
[12].

2.5 Experimental Induction of Diabetes

Diabetes was induced in 6 of the seven groups
by injection with alloxan monohydrate (Sigma
Chemicals Co., USA ) dissolved in sterile normal
saline at a dose of 150 mg/kg bw
intraperitoneally into tail veins [13]. The
remaining one was used as healthy control
group. After alloxan injection, animal had free
access to food. Glucose solution (5% (w/v)) was
given to rat overnight to avoid hypoglycemic
shock [14]. Only animals with clinical signs of
severe diabetes and fasting glucose = 200mg/dL
in two successive determinations (18 and 24
hours after diabetes induction) were used.

2.6 Intervention

Five of the six diabetic groups were assigned as
intervention group and the other one as diabetic
control rats. Intervention groups received oral
glibenclamide (daonil 3mg/kg) (Sigma Chemicals
Co., USA), 50 and 100 mg/kg bw of aqueous or
hydro-ethanol fruit extract of Citrullus colocynthis
respectively with intragastric tube. The animals
were divided into 7 groups (n=6) as follows:

Group1: HCR: Healthy Control rats;
Group 2: UD: Diabetic control
hypoglycemia treatment;

Group 3: DTD: Diabetic rats given aqueous
solution of glibenclamide;

Group 4: DTAE 50: Diabetic rats given 50mg/kg
bw aqueous extract;

Group 5: DTAE 100: Diabetic
100mg/kg bw aqueous extract;
Group 6: DTHE 50: Diabetic rats given 50mg/kg
bw hydro-ethanol extract;

rats without

rats given



Group 7: DTHE 100: Diabetic
100mgkg /bw hydro-ethanol extract;

rats given

2.7 Clinical Study

Body weight was recorded weekly for 3 weeks.
Blood samples were drawn from the tail vein and
the blood glucose level was determined at 1 and
2 h after administration of test extracts and
glibenclamide for short-term fasting blood
glucose levels determination (mg/dl) and at 7, 14,
21 days interval for long-term fasting blood
glucose determination. Careful considerations
were used to avoid hemolysis during sampling
and transfer. In order to separate the plasma
serum, blood specimens were centrifuged at
3000 rpm for 10 minutes. The serum was then
transferred to test tubes by eppendorf sampler
and blood glucose level was measured by using
glucose oxidase-peroxidase reactive strips and
glucometer (One Touch Ultra). Biochemical
parameters (total cholesterol, triglycerides, AST,
ALT, creatinine) were analysed at the end of
experimentation after sacrifice. Sacrifice was
performed by jugular vein rupture under general
anesthesia using intramuscular  ketamine
(100 mg/kg bw, Ketalar, Sankyo, Tokyo, Japan)
after 14 hours of fasting. Fresh liver, kidney,
lungs and heart were removed after
exsanguinations, washed with NaCl 0.9 % and
weighed using an analytical balance and
recorded. Blood biochemical tests were
performed using commercial kits Triglycerides
were determined after enzymatic hydrolysis by
lipases and cholesterol measured by enzymatic
method (Hospitex Diagnostics). AST, ALT and
creatinine were analysed using commercial kits
(Biolabo SA).

2.8 Statistical Analysis

The results were expressed by the means %
standard deviation. Analyses of clinical and
biochemical variables and fresh organs weights
in experimental groups, were conducted using
analysis of variance in a completely randomized
design, followed by LSD multiple range test for
comparisons. Multivariate analysis (Principal
Component Analysis (PCA) and Hierarchical
Cluster Analysis (HCA)) was done to analyse
variability and classify extracts according to their

blood glucose, lipids, creatinine and
transaminase lowering effect and their impact on
lung, heart, kidney and liver weight.

STATGRAPHICS centurion version XV.lI and
XLSTAT 8.04 were used as software.
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3. RESULTS AND DISCUSSION
3.1 Results

3.1.1 Extraction yield

Results of extraction yield (Table 1) showed that
the amount of crude extract of C. colocynthis fruit
depends upon the solvent nature. It varied from
9.9 to 16.36 % with a descending order of water:
alcohol > water. Extraction with a mixture of
water: alcohol resulted in the highest amount of
total extractable compounds whereas the
extraction yield with water was small. Higher
extraction yield in water: alcohol mixture might be
due to the fact that it easily penetrates the
cellular membrane and extracts the intracellular
ingredients from the plant material. These results
showed that C. colocynthis fruit contains more of
non polar compounds.

3.2.2 Phytochemical screening and
proximate composition of extracts

3.2.2.1 Phytochemical screening

The preliminary phytochemical screening of
aqueous and hydro-ethanol extracts of C.
colocynthis fruit (Table 1) revealed the presence
of various compounds such as phenols, sterols,
terpenoids and glycosides. Hydro-ethanol extract
are abundant in glycosides and terpenoids.
Sterols were detected only in hydro-ethanol
extract. Flavonoids, alkaloids and saponins were
not detected in the extracts.

Table 1. Phytochemical screening of extracts

Extracts

Aqueous hydro-ethanol

extract extract
Extraction yield (%)

9.9 13.6
Compounds
Flavonoids - -
Phenols +++ +++
Alkaloids - -
Sterols - +
Glycosides + +++
Saponins - -
Terpenoids + +++

+ + +: High presence; +: low Presence; - : Absence



3.2.2 2 Some proximate composition of extract

The amount of macronutrients (Table 2) presents
in the extract depends upon the solvent nature.
The aqueous extract contains more water than
hydro-ethanol extracts. In contrary, hydro-ethanol
extract has a lot of proteins (22%), lipids (21%)
and ash (3%). The level of lipids is 2 times higher
in hydro-ethanol extract showing that C
colocynthis fruits contain more non polar
substances easily extracted by the mixture of
water and ethanol solvent.

3.1.2 Clinical study
3.1.2.1 Mortality during experimentation

All the experiment animals became diabetic after
a single injection of alloxan. Mortality was highest
(33%) in rat after administration of 100 mg/kg bw
of hydro-ethanol extract (Table 3) and followed
respectively by those receiving glibenclamide, 50
mg/kg bw hydro-ethanol extract and aqueous
extracts (50 and 100 mg/kg bw). No death was
recorded for diabetic and healthy control rats
after three weeks of experiment. The clinical
results include data only from the survivors after
study period as shown in Table 3.

3.1.2.2 Effect of C. colocynthis extract on the
blood glucose in short-term

Variation of blood glucose level two hours after
administration of glibenclamide or C. Colocynthis
fruit extracts in alloxan-induced diabetic rats are
shown in Table 4. From this table, it appears that
blood glucose levels of rats treated with
glibenclamide "daonil (3mg/kg bw)" and hydro-
ethanol extracts decrease significantly after the
first hour of drug intake. It decreases from 255.50
to 193.40 mg/dl (24.3%) and 270.40 to 194.20
(36.83%) respectively and continues after the
second hour but not significantly (36.2 and
28.18%). Glycemia of rats treated with the
aqueous extracts decreases significantly from
the first hour of feeding (35.49%) and then tends
to increase after the second hour, but not
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significantly (36.83%). This result shows the
effectiveness of daonil and fruit extracts in
reducing blood glucose level in short term (0-2
hours).

3.1.2.3 Effect of C. colocynthis extract on the
blood glucose in long-term

The effect of C. colocynthis extract on long-term
blood glucose level in alloxan-induced diabetic
rats is shown in Table 5. Alloxan injection caused
a significant increase in mean fasting blood
glucose level in all intervention groups in
comparison with healthy controls. The influence
of the treating drugs in reducing blood glucose
level depends upon the type of drug intake. The
chemical drug stabilises blood sugar. The values
range from 222.5 + 58.569 to 232.33 + 33.561
mg/dl. The effect of extracts in reducing blood
glucose level depends upon the dose, the nature
of the solvent used for extraction and the
duration of experimentation. The aqueous extract
(50 mg/kg bw) significantly decreases blood
glucose level (22.43%) only after 21 days of
treatment while 7 days of an administration are
sufficient for 100 mg/kg bw aqueous and 50
mg/kg bw hydro-ethanol extract to significantly
reduce glycemia at 4267 and 46.19%
respectively. The hydro-ethanol extract (100
mg/kg.bw) steadily reduces glycemia all along
the duration of experimentation. This blood
glucose level decreased significantly after 7 days
of administration (58.89%) and then after 14
days (80.44%) to be below the values
recorded for healthy control rats. Normal rats
did not exhibit any significant alterations in
their blood glucose concentration during the
experimentation.

3.1.2.4 Body weight

Body weight of rats group is shown in Table 6.
The body weight of healthy controls rats
increases during the study period showing good
food intake. Change in body weight is not
significant in diabetic rats and in intervention

group.

Table 2. Proximate composition of C. colocynthis fruits

Extracts Eau % Protein % Lipids % Ash %
Aqueous 20%+ 0.1 18.6°+ 0.2 11°+ 0.1 2°+0.12
Hydro-ethanol 10°+0.15 22.2°+0.18 21°+0.1 3°+0.16
P value .0001 .00015 .0009 .0002

Results of n= 4 number of replicate; Mean + S.D values with the same alphabets in a category are not
significantly different
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Table 3. Survival and mortality of rats three weeks after alloxan injection

Total number Number of death Rats alived

of rats at the

beginning
Groups Week1 Week2 Week3 end of experimentation Percentage (%)
Group1: HCR: Healthy Control rats 6 0 0 0 6 100
Group 2: UD: Diabetic control rats without 6 0 0 0 5 100
hypoglycemia treatment
Group 3: DTD: Diabetic rats given aqueous solution of 6 0 1 2 3 50
glibenclamide
Group 4: DTAE 50: Diabetic rats given 50mg/kg bw 6 0 0 3 3 50
aqueous extract
Group 5: DTAE 100: Diabetic rats given 100mg/kg bw 6 0 0 3 2 50
aqueous extract
Group 6: DTHE 50: Diabetic rats given 50mg/kg bw 6 1 2 0 3 50
hydro-ethanol extract
Group 7: DTHE 100: Diabetic rats given 100mgkg /bw 6 2 2 0 2 33.33

hydro-ethanol extract

AE: aqueous extract. HE: hydro-ethanol extract

Table 4. Variation of blood glucose (mg/dl) level in alloxan-induced diabetic rats after drugs administration

Administration

Time (h) Chemical molecule Aqueous extract Hydro ethanol extract
(3 mg/kg bw) (100 mg/kg bw) (100 mg/kg bw)

0 255.50% + 14.978 298.67°+ 18,175 270.40° £ 19,932

1 193.40° + 24.131 188.67° + 16,503 194.20° + 14,464

2 163.0°+ 8.660 192.67° + 28,868 186.00° + 12,247

P value .000 .000 .000

Results of n= 6 number of replicate; Mean + S.D values with the same alphabets in a category are not significantly different
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Table 5. Variation of blood glucose in alloxan-induced diabetic rats after 21 days of different treatment exposures

Groups Number of rats Days P value

0 7 14 21

Blood glucose level (mg/dl)

Group1: HCR: Healthy Control rats 6 81.17°£5,27 79.33°+ 4,46 78°+5,18 80.83°+ 5.57 .001
Group 2: UD: Diabetic control rats 6 322° + 32.44 272.5°+ 38.63 435.2%+ 25.22 - .001
without hypoglycemia treatment
Group 3: DTD: Diabetic rats given 6 222.5 + 58.57 269.33 £ 44.06 232.33 £ 33.56 - .48
aqueous solution of glibenclamide
Group 4: DTAE 50: Diabetic rats 6 266.2° + 23.91 268.33%+29.32 250% + 5.83 206.5°+ 8.89 .002
given 50mg/kg bw agueous extract
Group 5: DTAE 100: Diabetic rats 6 266° £ 53.75 109.75° + 29.95 152.5° + 38.85 - .000
given 100mg/kg bw aqueous extract
Group 6: DTHE 50: Diabetic rats 6 302% + 48.62 149.67°+ 32.95 231.25° + 15.52 162.5° + 8.89 .001
given 50mg/kg bw hydro-ethanol
extract
Group 7: DTHE 100: Diabetic rats 6 317% £ 35.09 186.67°+ 18.45 62°+ 17 - .000
given 100mgkg /bw hydro-ethanol
extract

Results of n= 6 number of replicate; Mean + S.D values with the same alphabets in a category are not significantly different.
- No value recorded because of death
AE: aqueous extract. HE: hydro-ethanol extract
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Table 6. Body weight of alloxan-induced diabetic rats after 21 days of drugs administration

Group of rats Time (days) of experimentation P value
0 7 14 21
Mass (g)
Group1: HCR: Healthy Control rats 172.00° £ 34.7 180.33% £ 40.45 184.67° £ 39.55 185.67°% + 37.75 .97
Group 2: UD: Diabetic control rats without 185.33% £ 30.75 145.67°% £ 13.05 140.67°% £ 18.15 133.67°% £ 24.11 .08
hypoglycemia treatment
Group 3: DTD: Diabetic rats given aqueous  135.67 % + 29.01 139.33% + 24.01 137.33% + 21.01 130.67 % + 19.01 .97
solution of glibenclamide
Group 4: DTAE 50: Diabetic rats given 161.33 %+ 5.51 159.00°% + 7.00 166.33°% + 22.81 154.33% + 35.25 .92
50mg/kg bw aqueous extract;
Group 5: DTAE 100: Diabetic rats given 164.00° + 18.08 163.67° + 12.66 181.00° + 4.36 179.00% + 5.57 .2
100mg/kg bw aqueous extract;
Group 6: DTHE 50: Diabetic rats given 167.33°% + 27.47 138.67 % + 20.01 137.67° + 22.59 133.33%+20.74 .32
50mg/kg bw hydro-ethanol extract;
Group 7: DTHE 100: Diabetic rats given 152.67°% £ 24.44 150.00° + 26.67 136.67 % + 35.56 131.00°% £+ 32.05 .78
100mgkg /bw hydro-ethanol extract;
Results of n= 6 number of replicate; Mean + S.D values with the same alphabets in a category are not significantly different.
AE: aqueous extract. HE: hydro-ethanol extract
Table 7. Body weight of alloxan-induced diabetic rat after 21 days of different treatment exposures (mg/g body weight)
Rats Organ relative mass
Lung Heart Liver Kidney
Group1: HCR: Healthy Control rats 0.010% £ 0.001 0,003%+0.000  0.029°+ 0.003 0.006 % £ 0.000
Group 2: UD: Diabetic control rats without hypoglycemia treatment 0.0112+0.007  0,005°+0.005 0.037*+0.005 0.009%#+0.001
Group 3: DTD: Diabetic rats given aqueous solution of glibenclamide 0.011%+0.003 0.004°+0.001 0.039°°+0.004 0.010%+ 0.000
Group 4: DTAE 50: Diabetic rats given 50mg/kg bw aqueous extract;t 0.013%+0.000 0.003°+0.000 0.032°°+0.002  0.010%+0.003
Group 5: DTAE 100: Diabetic rats given 100mg/kg bw aqueous extract; 0.0112+0.003  0.003°+0.001 0.032°+0.005  0.007 %+ 0.000
Group 6: DTHE 50: Diabetic rats given 50mg/kg bw hydro-ethanol extract; 0.011% £ 0.001 0.004? £ 0.001 0.040°+ 0.001 0.009°% £+ 0.002
Group 7: DTHE 100: Diabetic rats given 100mgkg /bw hydro-ethanol extract; 0.014 % + 0.006 0.004%£0.000  0.043%+0.002 0.008% + 0.001
P value .92 .85 .001 .09

Results of n= 6 number of replicate; Mean + S.D values with the same alphabets in a category are not significantly different.
AE: aqueous extract. HE: hydro-ethanol extract
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Table 8. Effect of different treatment exposures on total cholesterol and triglycerides blood level on alloxan-induced diabetic rats after 21 days

Total cholesterol (g/l) Triglycerides (g/l)

Group1: HCR: Healthy Control rats 1.78°+ 0.035 0.65" + 0.054
Group 2: UD: Diabetic control rats without hypoglycemia treatment 2.28%°+0.117 1.52°+0.142
Group 3: DTD: Diabetic rats given aqueous solution of glibenclamide 0.97°+0.035 0.35%+ 0.034
Group 4: DTAE 50: Diabetic rats given 50mg/kg bw aqueous extract 0.89°+ 0.039 0.41°+0.016
Group 5: DTAE 100: Diabetic rats given 100mg/kg bw aqueous extract 0,79°+ 0.033 0.36°+ 0.047
Group 6: DTHE 50: Diabetic rats given 50mg/kg bw hydro-ethanol extract 1.22°+0.016 0.43°+ 0.021
Group 7: DTHE 100: Diabetic rats given 100mgkg /bw hydro-ethanol extract 1.27°+ 0.061 0.47°+0.046

P value .000 .000

Results of n= 6 number of replicate; Mean t+ S.D values with the same alphabets in a category are not significantly different.
AE: aqueous extract. HE: hydro-ethanol extract

Table 9. Effect of extracts on creatinine and transaminases AST and ALT blood level on alloxan-induced diabetic rats after 21 days

Creatinine (mg/dl)  Aspartame Alanine AST/ ALT

aminotransferase aminotransferase

AST(UI) ALT(UI)
Group1: HCR: Healthy Control rats 6.77+ 0.629 18,139+ 0.766 19.85%+ 6.005 0.98°+0.276
Group 2: UD: Diabetic control rats without hypoglycemia  40.05% + 1.380 69.18°+ 1.750 82.78"+ 2.560 0.84°°+0.012
treatment
Group 3: DTD: Diabetic rats given aqueous solution of 6.9%+ 0.141 28.00°+ 3.950 34.33°+ 6.501 0.82°°+0.048
glibenclamide
Group 4: DTAE 50: Diabetic rats given 50mg/kg bw 7.5+ 0.535 15.70% + 0.535 23.13°+ 0.695 0.68°°+0,040
aqueous extract
Group 5: DTAE 100: Diabetic rats given 100mg/kg bw 6,6"+ 0.469 14.38° + 0.946 34.25°+ 1.500 0.42°£0.041
aqueous extract
Group 6: DTHE 50: Diabetic rats given 50mg/kg bw 10.6°+ 0.410 28.83°+ 1.602 25.50+ 8.240 1.22°+£0.357
hydro-ethanol extract
Group 7: DTHE 100: Diabetic rats given 100mgkg /bw 23°+1.055 138.38%+ 5.023 152.35% + 4.331 0.91°°+0.008
hydro-ethanol extract
P value .000 .000 .000 .000

Results of n= 6 number of replicate; Mean + S.D values with the same alphabets in a category are not significantly different.
AE: aqueous extract. HE: hydro-ethanol extract
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Fig. 1. Overall behavior of diabetic rats' organs and biochemical parameters as affected by
treatments
Asat: Aspartame aminotransferase, Alat Alanine aminotransferase, HCR: Healthy control rats; UD: diabetic rats
without treatment; DTD: diabetic rats treated with Daonil; DTAE 50mg/kg bw: diabetic rats treated with 50mg/kg
bw aqueous extract; DTAE 100mg/kg bw: diabetic rats treated with 100mg/bw aqueous extract. DTHE 50mg/kg
bw: diabetic rats treated with 50mg/kg bw hydro-ethanol extract; DTHE 100mg/kg bw: diabetic rats treated with
100mg/kg bw hydro-ethanol extract

Dendrogramme

80000

70000 +

60000 -

50000 -+

40000

Dissimilarity

30000 -+

20000

10000 +

—

/

ub
DTHE100

[a]
=
o

HCR
DTAES
DTHES
DTAEAQO

Fig. 2. Cluster dendogramme grouping drugs samples in classes

3.1.2.5 Organ’s weight

Organ relative mass (weight/bodyweight ratio) of
all animals used in the study after sacrifice are
shown in Table 7. There were only significant
changes in liver relative mass compared to the
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others organs. Indeed, the relative body weight
of liver in healthy groups is significantly low after
21 days of intervention. In alloxan-induced
diabetic rats, there was a significant increase in
liver weight (0.039 mg/g bw). Treatment of
diabetic rat with glibenclamide did not decrease



the relative mass (0.037 mg/g of bw) of liver
while administration of aqueous extract reduces
significantly the liver weight (0.032 mg/g bw)
towards normal. The treatment of diabetic rats
with the hydro-ethanol extract causes a
significant increase of the liver relative mass thus
suggesting a liver injury.

3.1.2.6 Effect of extracts on blood biochemical
parameters

Effects of extracts on blood lipid parameters:
Blood triglycerides and total cholesterol of rats
group are shown in Table 8. Diabetic rats have
significant increase (Table 8) in blood triglyceride
and total cholesterol levels. Treatment of diabetic
rats with daonil significantly decreased blood
triglyceride (0.97g/l) and total cholesterol levels
(0.35 g/l). The influence of extracts in reducing
triglyceridemia or cholesterolemia depends upon
the concentration of extracts. The dose 50 mg/kg
bw hydro-ethanol extract with the lowest values,
significantly reduce the blood triglycerides (0.79
g/l) and total cholesterol (0.36 g/l) levels. It is
followed by 50 mg/kg bw aqueous extract (0.89
and 0.41 g/l respectively), 100 mg/kg bw
aqueous extract (1.22 and 0.43 g/l respectively)
and hydro-ethanol extract (1.27 and 047
respectively) at a dose of 100 mg/kg bw.

and

Effect of extracts on creatinine

transaminases AST and ALT

Renal dysfunction parameters: Creatinemia:
Creatinine concentrations after sacrifice of rats
are shown in Table 9. Healthy controls rats have
blood creatinine levels (6.7 mg/dl) significantly
low. Diabetes induction with alloxan significantly
increases to 6 times the blood creatinine level
(40.05 mg/dl) and the treatment of diabetic rats
with daonil significantly decreases it close to the
normal (6.7 mg/dl). Treatment of diabetic rats
with 50 mg/kg bw aqueous or hydro-ethanol
extract has similar decreasing effect as Daonil.
The creatinine blood level decreases to 5.3 (7.5
mg/dl) and 6 times (6.6 mg/dl) respectively. At a
dose of 100 mg /kg of bw, aqueous and hydro-
ethanol extract decreases also the blood
creatinine level, but in a lesser extend (4 and 2
times respectively) compared to the chemical
molecule or 50mg /kg of bw extracts. In all cases,
the blood creatinine level of rat receiving 100
mg/kg of bw hydro-ethanol extract is the highest
among the intervention groups (23 mg/dl).

Hepatic dysfunction parameters: AST and
ALT: AST and ALT transaminases levels after
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sacrifice of rats are shown in Table 4. Healthy
controls rats have AST and ALT blood levels
(18.13 and 19.75 U/, respectively) significantly
low. Diabetes induction with alloxan significantly
increases to four times the AST and ALT blood
level (69.1 and 8278 |U/l, respectively).
Treatment of diabetic rats with daonil significantly
reduced to 2.5 times the levels of AST and ALT
(28.00 and 34.33 U/l respectively). Extend of
AST level reduction is more significant when
diabetic rats are treated with 50 mg/kg bw
aqueous (4.4 times) or hydro-ethanol (4.8 times)
extract. Treatment of diabetic rats with 50 mg/kg
bw hydro-ethanol extract has similar blood ALT
decreasing effect as Daonil contrary to aqueous
extract which reduced more (3.6 times) the blood
ALT level of diabetic rats. Administration of 100
mg/kg bw aqueous extracts to diabetic rats
decreases in similar manner as Daonil the blood
AST level. This decreasing effect is even more
significant for blood ALT level. Treatment of
diabetic rats with 100 mg/kg bw hydro-ethanol
extracts significantly increased the AST (138.38
IU/l) and ALT (152.35 IU/I) blood levels. These
values are twice as high as the levels of diabetic
rats. The AST/ALT ratios are less than 1 except
for rat receiving 100 mg/kg bw aqueous extracts
which is above 1 (1.22).The effect of extract on
blood glucose and lipids depends upon the
concentration and the nature of the extract.
Analysis of variability and classification of extract
according to their glucose and lipids lowering
effect and their blood creatinine and
transaminases level pattern and organ relative
weight/mass ratio was done using Principal
Component Analysis (PCA) and Hierarchical
Cluster Analysis (HCA). Representation of
variables and rat groups samples according to
the first two principal components F; and F,
which explain 68.29 % of variance are shown in
Fig. 1. The first Principal Components (PCs)
were able to explain 38.49 % of the total
variance. Renal and hepatic dysfunction
parameters (creatinine, AST, ALT), lung and liver
relative weight/mass ratio are well correlated on
this axis. The second axis F, which explain
29.81% of the total variance is highly correlated
with heart relative weight/mass ratio, glycemia
and lipids parameters (triglyceridemia and total
cholesterolemia). Spatial distribution of samples
well differentiates healthy control rats (on the left
hand of F; axis) from diabetic control rats (on the
positive hand of F, axis) and diabetic control rats
treated with 100 mg/kg bw hydro-ethanol extract
of C. colocynthis (on the right hand of F; axis).
Healthy control rats are characterised by low
blood creatinine, AST and ALT level as well as



lung and liver relative weight/mass ratio. Diabetic
control rats have high blood glucose,
triglycerides and cholesterol level. High blood
creatinine, AST and ALT level as well as lung
and liver relative weight/mass ratio characterised
diabetic control rats treated with 100 mg/kg bw
hydro-ethanol extract of C. colocynthis. Cluster
dendogram which group samples into three
classes according to the degree of similarity in
blood biochemical parameters and relative
weight/mass ratio are shown in Fig. 2. Diabetic
rats treated with glibenclamide, aqueous extract
(50 and 100mg/kg bw), hydro-ethanol extract
(50mg/kg bw) with a similar profile as healthy
control rats (HRC) form a single class
characterise by low blood creatinine, AST and
ALT level as well as lung and liver relative
weight/mass ratio. Their biochemical parameters
and organ relative weight/mass ratio profiles are
different to that of diabetics rats treated with
hydro-ethanol extract at a concentration of 100
mg/kg body weight which form another class.
Diabetic’s untreated rats with high blood glucose,
triglycerides and cholesterol level form the last
class. This result shows the effectiveness of
daonil and fruit extracts of C. colocynthis in
reducing blood glucose level close to the healthy
control rats.

3.2 Discussion

Hydro-ethanol extract of C. colocynthis fruit
contains higher quantity of terpenes and
glycosides than aqueous extract. Alkaloids and
saponin were not detected in any extract. This is
in contradiction with the result obtained by Abdel-
Hossam et al. [15] and Diwan et al. [16] who
identified those compounds in aqueous extract of
C. colocynthis fruit. Many authors attributed the
anti diabetic property of C. colocynthis to the
presence of compounds such as alkaloid,
saponin and glycosidic components [15]. The
hypoglycaemic effect of extracts could be related
to the presence of glycosidic components since
alkaloids and saponin were not detected. Sturm
and Stuppner [17] identified glucosides of
cucurbitacin E, | and L (a class of highly
oxygenated, bitter tasting triterpenes) as the
main constituents in the pulp of C. colocynthis.
He reported that this bitter tasting triterpenes
have shown to be responsible of wide range of
their biological activities. Alloxan is a classic
diabetogenic agent inducing a diabetic state in
rats by intravenous administration. This state is
characterised by an increase in blood glucose or
hyperglycemia, due to its destructive action on
pancreatic beta cells (severe necrotic changes)
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resulting in an absolute or relative deficiency of
insulin production and an increase in blood
glucose level [18]. Analysis of short-term fasting
blood glucose data shows a hypoglycemic effect
of C. colocynthis fruit extracts similar to daonil.
The study of the hypoglycemic effect of fruit
extracts during three weeks of treatment
revealed that blood glucose level reduction
depends upon the extraction solvent nature,
dose of extracts and the duration of
experimentation. At low concentrations (50
mg/kg bw) and regardless of the type of extract,
blood glucose level is gradually decreased along
the three weeks intervals of experimentation.
High concentrations, however, cause significant
drop in the blood glucose level and two weeks
later, the blood glucose level is significantly low.
Hypoglycemia is even recorded two weeks after
administration of 100 mg/kg bw hydro-ethanol
extract to alloxan diabetic rats. This sudden
reduction in blood glucose level seems to be one
of the reason of the early death, after 7 to 14
days of administration of rats receiving 100
mg/kg bw aqueous or hydro-ethanol extracts in
comparison to those receiving low extracts
concentration (50 mg/kg bw) which died later
(after 14 to 21 days of study). The hypoglycemia
property of C. colocynthis fruit extracts confirm
the use of this plant in diabetes treatment as
reported by several ethnobotanical and
ethnopharmacological investigations [4,19,20].
The influence of the dose on anti-hyperglycaemic
effect of C. colocynthis fruit extracts was also
reported by Lamba et al. [21]. Many studies link
the hypoglycemic effect of C. colocynthis to his
action on the beta cells of the pancreatic islets
(regeneration) leading to stimulation of insulin
secretion [17]. It has been reported that alloxan
induced diabetes by selective toxicity action on
the beta cells due to its structural resemblance to
glucose. Its mechanism of action is the
production of free radicals which could, be
deactivated by antioxidant molecules [7]. C.
colocynthis fruit extracts contain antioxidant
molecules such as phenols, terpenes and
glycosides revealed by phytochemical tests and
the antioxidant activity of these molecules could
be responsible for their hypoglycemia properties.
The high hypoglycemic activity of hydro-ethanol
extracts compared to aqueous extracts could be
explained by their high content in glycoside,
terpenes and sterol. Indeed, Tannin-splitz et al.,
[22] demonstrated the antioxidant capacity of
cucurbitacin glucosides present in C. colycinthis
and their potential in the treatment of chronic
degenerative diseases involving free radicals and
oxidative damage. It is known that steroids are



molecules that regulate a variety of biological
processes and possess diverse pharmacological
properties including hypoglycemic effect [23].
Alloxan diabetic rats show weight loss compared
to healthy rats. Similar results have been
reported by Eman G.E. Helal et al. [24].
Treatment with the chemical molecule or extracts
stabilises the body mass. Figueroa-Valverde et
al. [25] reported that glibenclamide had no
significant overall effect on weight gain or
adiposity. Stability in body mass was recorded
for Diabetic + HE (50 or 100mg/kg bw) and
Diabetic + AE (100mg/kg bw) groups. Only rats
receiving 50mg/kg bw of hydro-ethanol extract
show a non significant increase in body mass.
Stability in body mass is usually an advantage in
diabetes management [26]. Alloxan diabetes -

induced is associated with impaired lipid
metabolism with an increase in blood lipid
parameters  including triglyceridemia  and

cholesterolemia since lipolysis in the adipose
tissue is not inhibited in case of insulin deficiency
and this causes hyperlipidemia. These
abnormalities are one of major factor of risk of
cardiovascular diseases [27]. Diabetic rats have
high levels in triglycerides and total serum
cholesterol compared to healthy controls rats.
Similar results have been published by
[28],[29],[30]. These authors stated that the high
abnormal concentration of serum lipids observed
in diabetic subjects is mainly due to an increase
in fatty acids mobilisation from adipose tissue
due to insulin deficiency or insulin resistance.
Insulin deficiency results in higher
cholesterolemia since insulin has a cholesterol-
lowering effect by it inhibitory action on 3-
hydroxy-3-methyl-glutaryl coenzyme A reductase
(HMG-CoA reductase), a key enzyme in the
pathway of cholesterol synthesis [31] or the
activation of LCAT  (Lecithin-Cholesterol
Acyltransferase), enzyme of its degradation.
Glibenclamide significantly reduces
triglyceridemia or cholesterolemia. Indeed, many
studies reported that glibenclamide reduces the
level of triglycerides and blood cholesterol by
normalising the secretion of insulin [32]. The
normalisation of the lipid profile of diabetic rats
treated with extracts is due to their stimulating
effect on the secretion of insulin from pancreatic
beta cells [32]. It may also be due to the
presence of hypolipidaemic constituents in C.
colocynthis fruit as reported by Daradka et al. [9].
The influence of the extracts in reducing blood
triglycerides or total cholesterol levels depends
upon the concentration. Administration of 50
mg/kg bw extracts (aqueous or hydro-ethanol)
significantly reduce triglyceridemia or
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cholesterolemia compare to glibenclamide or
both extracts at high concentration (100 mg/kg
bw). Cholesterol and triglycerides -lowering effect
is an advantage in diabetes treatment. The
possible mechanism of action of lipids alteration
might be cholestatic effect of citrillus colocynthis
in liver, enhanced removal or catabolism of
lipoproteins and/or inhibition of lysosomal lipids
hydrolytic enzymes secreted by the liver [9].
Alloxan induced diabetes causes an increase in
relative liver weight/mass ratio (mg/g body
weight). Similar results have been reported by
Lucchesi et al. [33]. Oryan et al. [18] reported a
degenerative changes in the hepatocytes in a
histological studies of liver of alloxan induced
diabetic rats. The reverse effect of extracts in
lowering liver weight depends upon the dose.
Administration of 50 mg/kg bw extract
significantly decrease (P=.07) the liver weight to
normal compared to higher concentration (100
mg/kg bw) which significantly increased the liver
weight (P=.01). Serum transaminases AST and
ALT are markers of liver and cell damage.
Alloxan diabetes —induced rats have significantly
(P=.000) high blood AST and ALT levels
suggesting hepatocyte or cell damage due to
insulin resistance which induces excessive
synthesis of free fatty acids which are directly
toxic to hepatocytes. Similar results have been
reported by Lucchesi et al., [33]. Kim and Ha [34]
reported that alloxan diabetes induced generally
causes a significant increase in AST and ALT
activity because diabetes alters the liver's normal
ability to synthesise glycogen. The reverse effect
of C. colocynthis fruit extracts in lowering AST
and ALT blood levels is due to these enzymes
activities inhibition. However, the extent depends
upon the nature of the extract and concentration.
Administration of 50 mg/kg bw extracts (aqueous
or hydro-ethanol) and 100 mg/kg bw aqueous
extract reduce significantly (P=.000) AST and
ALT blood levels in contrary to 100 mg/kg bw
hydro-ethanol extract which significantly increase
(P=.000) the level of transaminases suggesting
by this liver toxicity effect of this extract at high
doses. This result confirms the suspected toxicity
noticeable by the significant increase (P=.07) in
liver weight/mass ratio of these rats. Several
authors such as Oryan et al. [18] reported an
influence of the dose on toxic effects of C.
colocynthis at higher concentration. Azzi Rachid
et al. [4] reported that toxicity was due to the
presence of toxic components like saponine and
alkaloids that induce toxicity according with the
dose. Administration of C. colocynthis fruits
extract at high concentration (100 mg/kg bw)
significantly increases (P=.01) the relative liver



weights of the rats. The relative weight /mass
ratio of the rats treated with aqueous or hydro-
ethanol extracts at the concentration of 100
mg/kg bw were significantly increased (P=.01)
but AST and ALT levels were significantly low
(P=.000) in rats treated with 100 mg/kg aqueous
extract. Neither saponin nor alkaloids were
detected in extracts. If the hydro-ethanol extract
exhibits hepatic toxicity unlike the aqueous
extract at the same concentration, one could
think about the high lipid and sterol content of
hydro-ethanol extract. Some authors reported
toxicity effect of sterol at high dose [35]. Indeed,
feeding rats during two weeks with the hydro-
ethanol extract (100mg/kg bw), put them under
hyperlipidaemic and hypersterolemia diet. This
excess of lipid and sterol intake along with
hyperlipidaemic induced by the diabetic state
could have an impact on the hepatocytes
functioning despite of the normalisation of insulin
secretion. The ratio of AST/ALT is of little benefit
in sorting out the cause of liver injury except in
acute alcoholic hepatitis, in which the ratio is
usually greater than 1 [36]. The rats with
elevated AST/ALT ration received 100 mg/kg bw
aqueous but not alcoholic extract and further
investigation may be carry out to understand this
elevated ratio. The nephrotoxic effect of alloxan
is well recognised. Alloxan-induced diabetic rats
have significantly elevated (P=.000) creatinine
levels compared to normal. Creatinine is a
biochemical marker of the state of renal function
[37]. The high creatinine level in diabetic rats is a
result of renal dysfunction. Treatment of rats with
glibenclamide or extracts significantly (P=.000)
improves serum creatinine clearance by the
kidneys. However, the extent depends upon the
concentration of extracts. Diabetic rats treated
with 50 mg/kg bw extracts have significantly
lower (P=.000) creatinine levels compared to rats
treated with 100 mg/kg bw extracts which have
significantly elevated (P=.000) creatinine levels.
This level is even higher when the rats are
treated with 100 mg/kg bw hydro-ethanol extract.
Although the relative kidneys weight of healthy
control rats, diabetic or intervention group does
not differ significantly (P=.09), this result reports
a nephrotoxic effect of hydro-ethanol extracts at
the concentration of 100 mg /kg bw. The
administration of glibenclamide (3mg/kg), 50 and
100 mg/kg bw aqueous extracts and 50 mg/kg
bw hydro ethanol extracts significantly (P<.05)
reversed the damage associated with Alloxan
induced diabetes close to the normal; revealing
the hypoglycemic and hypolipidemic effects of C.
colocynthis fruit at these doses. From the results
obtained, it can be concluded that the dose 50
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and 100 mg/kg bw aqueous extracts and 50
mg/kg bw hydro ethanol extracts are effective in
diabetes healing and 100 mg/kg bw hydro
ethanol extracts should be avoided because of it
toxic effects.

4. CONCLUSION

Glibenclamide and C. colocynthis fruit extracts
has short and long term blood glucose lowering
effect depending of extraction solvent nature,
dose of extracts and duration of treatment. These
extracts significantly reduce lipidemia and
creatinine levels. The administration of
glibenclamide (3mg/kg), 50 and 100 mg/kg bw
aqueous extracts and 50 mg/kg bw hydro ethanol
extracts significantly reversed the damage
associated with Alloxan diabetes induced close
to the normal. The dose 100 mg/kg bw hydro
ethanol extracts should be avoided because of it
toxic effects.
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