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Abstract: BackgroundCitrullus colocynthis pulp seedless extract has been demonstrated ® hav
antihyperglycemic and insulinotropic effecB.oblem statement: The mechanism(s) underlying the
antihyperglycemic and insulinotropic effects hawet been investigated to datApproach: The
influence of Citrullus colocynthis pulp extract administered orally was studied iloxan diabetic
white albino rats. Rats were divided into four gysuthe first group was normal non diabetic rats
given normal saline orally and was named controugr the second group was diabetic rats given
normal saline orally and were named normal saliratéd-diabetic rats, the third and fourth group
were diabetic rats treated with the pulp extracglgbenclamide (a positive control) orally. Plasma
glucose, glycosylated hemoglobin and insulin weseednined in all groups. The effect of pulp extract
of this plant on liver and kidney tissues was asalied. The amount of insulin icells of the Islets

of Langerhans in all groups was assessed using imahistochemistry procedurBesults: Treatment

of diabetic rats withCitrullus colocynthis pulp extract (300 mg kg body weight) resulted in a
significant decrease in plasma glucose, glygosgllétbe and increased insulin levels. This significant
increase in insulin may explain the increase in dhsvity of liver hexokinase, with concomitant
decrease of glucose 6-phosphatase and fructosgishBesphatase. Immunohistochemistry
procedure showed that the amount of insulinBinells of the islets of Langerhans is greater in
Citrullus colocynthis treated-diabetic rats in comparison to non-treaiafletic ratsConclusion: The
present study clearly demonstrated that the folklioneal plant Citrullus colocynthis pulp extract
possesses a hypoglycemic effect, through an ineréasinsulin production and the subsequent
increase in activity of glycolytic enzyme and dexge in activity of enzymes of gluconeogenesis.
The present study also showed that the pulp extfatttis plant to may have protective effects om th
liver and kidney.
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INTRODUCTION estimated incidence of DM and projection for year
2010, as given by International Diabetes Federason
Diabetes Mellitus (DM) is a metabolic disorder of 239 miIIior%Z].
multiple  etiologies, characterized by chronic Both acute and late diabetic complications are
hyperglycemia with disturbances of carbohydraté, facommonly encountered. The long-term complications
and protein metabolism resulting from defects sBulm  represented by cardiovascular and cerebro-vascular
secretion, insulin action or bdth Globally, the diseases, nephropathy, retinopathy and neuropathies
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already major causes of morbidity, disability andpooled and concentrated under vacuum at temperature
premature death in countries of the Easternnot exceeding 50°C) and dissolved in freshly prega
Mediterranean regiéh The underlying causes of normal saline to a final concentration of 300 mg L
diabetic complications have been attributed tofor further use.
hyperglycemia which results in oxidative stress,
alterations in enzyme activities, protein glycoigilaand  Experimental animals: Male albino Wistar rats (150-
several structural chand®s 200 g) bred in the Central Animal House, Science
Traditional herbal remedies have been used for th€ollege, King Khalid University, were used in this
treatment of diabetes mellitus in many communitiesstudy. The animals were fed on rat chow and water
especially in Asia and Saudi AraBla There is an ad libitum. The animals were maintained in their
increasing demand by patients to use natural pteducrespective groups for 60 days. All studies were
with antidiabetic activity, because insulin and lora conducted in accordance with the National Institfte
hypoglycemic drugs have undesirable side effécts Health's Guide for the Care and Use of Laboratory
Extracts of various plant materials capable ofAnimald®®.
decreasing blood sugar have been tested in
experimental animal models and their effectsExperimental induction of diabetes: Diabetes was
confirmed”. It has been documented that severainduced in male Wistar albino rats by intraperitane
medicinal plants show their hypoglycemic effectsadministration of alloxan monohydrate (150 mg *kg
associated with a significant alteration in thewistof  body weight)®, dissolved in normal saline. Since
liver hexokinas@] and glucokinaéﬁ. In addition, alloxan is Capable of producing fatal hypoglycemi;ea
Bopannaet al.’®! and Eskandeet al.*” demonstrated result of massive pancreatic insulin release, vatee
that the administration of several herb extractsldo treated with 30% glucose solution orally at differe
restore the changes in the activities of serum @eBy time intervals after 6 h of alloxan induction ané 5
like Alkaline Phosphatase (ALP), Acid Phosphataseglucose solution was kept in bottles in their cafges
(ACP) and transaminases: Aspartate Aminotransferasge next 24 h to prevent hypoglycemia. After 10gjay
(AST) and Alanine Aminotransferase (ALT). rats with diabetes mellitus having glycosuria (aaded
Citrullus colocynthis (Cucurbitaceae), commonly py Benedict's test) and hyperglycemia, with blood

known as "bitter apple”, "colosynth”, "vine-of-Sadb  glycose range of 250-375 mg dLwere used for this
and "tumba” is a tropical plant that grows abunlyant  stydy.

the Arabian countries and widely in other partshef

world. In the traditional medicine, this plant hasen  Experimental design: The rats were divided into four
used to treat COﬂStlpatlBH, Dlabetegzl, edema, fever, groups Comprising six animals in each group (n = 6)
jaundice Iel_Jkemla,] bacterial infections, cancer asetl Al treatments were given orally to experimentalsra
as an abortifacieff!. o . using cavage needle at a single dose 'daphe rats
whether there is any scientific basis for the wide of

this plant in the Arabian countries as a hypoglyicem Group 1: Control rats, given only normal Saline
agent to treat diabetes. The aim of the presedy stuto (1 mL kg

investigate the mechanisms underlying the hypoghjce

effect of the pulp extract o€itrullus colocynthis in Group 2. Non-treated diabetic group, given only
alloxan-induced diabetic rats. normal Saline (1 mL Kg).

MATERIALSAND METHODS Group 3: Diabetic group treated with glibenclamide

=1 —1\[17]
Preparation of Citrullus colocynthis pulp extract: (600 mg kg* body wt day’)™".

Fresh one kilogram o€itrullus colocynthis fruits was ) ) )

collected from Aseer area, southwestern regioneafis ~ Group 4: Diabetic group treated orally with 1 mLKg
Arabia. Mature black seeds were separated manuall§f Citrullus colocynthis pulp extract kg (300 mg kg'
from the pulp of the fruits and then the pulp waied  body weight day).

and grinded with a grinder (Molinex) into a powder

prepared for extraction. The pulp powder was extichc Collection of blood plasma and preparation of

by one liter of water-ethanol mixture (80/20, vfgfy 6  homogenate: At the end of day 30, the rats were
h, this step was repeated three titifesThe filtrate was  subjected to over night fasting and then were edri
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by cervical dislocation and blood samples wereinsulin protein (Zymed 18-0066, Zymed laboratories,
collected directly into heparinized tubes and theme  Inc., South San Francisco, CA, USA) were used at a
centrifuged at 3000 rpm for 10 min to obtain plasmadilution of 1:50. The immunohistochemical procedure
The liver and kidney were then quickly removed,was performed to all sections by the following
washed in ice-cold, isotonic saline and blottedprocedure: First, sections were deparaffinized yteX,
individually on ash-free filter paper. The tissugere dehydrated in a descending ethanol series (10@né0
then homogenized in 0.1 M Tris-HCI buffer, pH 7.4 70%) and then immersed in a retrieval solution (BAK
using a Potter-Elvejham homogenizer at 4°C with a51700, DAKO Diagnostics S.A., Barcelona. Spain) and
diluting factor of 4, the crude tissue homogenats w washed by Phosphate Buffer Saline (PBS) for 5 min.
then centrifuged at a speed of 9000 rpm for 15 atin Activity of endogenous peroxides was inhibited with
room temperature and the supernatant was$ lkdp 3% HO, in absolute methanol for 30 min and then
-20°C for biochemical analysis. The homogenate wasvashed with PBS. Blocking of non-specific binding o
used for the estimations of tissue enzymes a@uiti antibodies was done by incubation the pancreatiesl|
with normal goat serum (DAKO X 909, DAKO
Biochemical assays: Blood glucose, uric acid and Diagnostics SA, Barcelona, Spain) diluted with PBS
creatinine were estimated using a commerciall:4. Pancreatic slides were incubated with monadlon
diagnostic kit (Sigma chemical Co., Louis, MO, USA) mouse antibody against human insulin protein, ddut
Plasma insulin was determined wusing al:400 for 2 h at room temperature then they were
radioimmunoassay kit (Boerhringer Mannheim kit, Washed in PBS three times for 3 min. the slidesewer
Germany). C-peptide was determined using diagnostithen incubated with biotinylated anti-mouse 1gG
kit (Rat C-Peptide | and Il EIA Kit, Alpco diagnass). (DAKO LAB 2 Kit, DAKO Diagnostics SA) followed
Glycosylated hemoglobin was determined by Bio-by Washing in PBS three times for 3 min. all slides
Rad automatic instrument (D10). Urea was determinedvere then Incubated with ABC complex (DAKO LAB
by the method of NatelsBff. The albumin content was 2 Kit, DAKO Diagnostics SA) and Washed in PBS
estimated by the method described by Reirfliildhe  three times for 3 min, Peroxidase detection wasedon
protein content in the plasma was estimated by thesing 3, 3 Diaminobenzidine tetrahydrochloride as a
method of Lowr{’®. The enzymes: Aspartate chromogen (DAB). After that the sections were washe
aminotransferase (AST), Alanine aminotransferasén tap water for 5 min then mounted in DAKO
(ALT) and Alkaline phosphatase (ALP), were assayedaramouunt. Hematoxylin was used as a counterstain.
by the method of King and Armstrofiy and the PBS was used instead of monoclonal antibodies as
enzymey-glutamyl transpeptidaseg-GT) was assayed negative control.
by the method of Rosalki and R&E) Liver
homogenate was used for the estimations oftatistical analysis. Results were expressed as the
hexokinasé®, glucose 6-phosphat&dé and fructose- mean value + SEM. Statistical differences between
1,6-bisphosphata%¥. Measurement of liberated groups were assessed by Student's t test. Values of
inorganic phosphorus was assayed according to Fiske<0.05 were considered significantly different.

and Subbarof#?. All spectrophotometric

measurements were carried out using a Janway UV- RESULTS

visible spectrophotometer (Janway 6405 UV/Vis,

Janway Ltd., UK). Table 1 showed a significant increase in the level

of blood glucose, a decrease in plasma insulin @nd
Tissue characterization procedure: Pancreatic tissues peptide in non-treated diabetic rats when compawed
were taken from the anaesthetized control ratsyThecontrol group. Administration o€itrullus colocynthis
were stained with heamatoxylin and eosin for tissueor glibenclamide to diabetic rats significantly dessed
characterization and organ identification. Histatad) the level of blood glucose and increased plasmalims
specimens were examined under the light microscope. and C-peptide in comparison to non-treated diabetic

group.
Immunohistochemistry  procedure:  Histological Table 1 also showed that the level of protein in
sectiona f pancreases (5 um) were cut from paraffiplasma was found to be reduced in non-treated titabe
blocks with rotary microtome. Immunohistochemistry rats when compared to control group. This lowered
was performed to localize insulin in the pancreaticlevel of protein in non-treated diabetic rats, la@so
tissue by Avidin-Biotin Complex (ABC) technicfg@. increased afteCitrullus colocynthis or glibenclamide
Specific monoclonal mouse antibodies against humatreatment.
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Table 1: Plasma parameters of control and expetahgroups of rats
Parameter Control Non-treated diabetic

Diabetidibegclamide Diabetic + C.c(300 mg Ry

Blood glucose (mg dt) 101.00+5.20 298.00+6.3* 96.40+5.2* 122.50+5.5*

Plasma insulin(U mL™) 18.0040.60 6.30+0.44* 11.40+0.55* 10.90+0.50*
C-peptide (pmol ) 254.20£11.2 132.40+11.1* 222.40+8.8* 210.10%12.1*
Protein (g dCY) 7.00£0.90 4.20+0.60* 7.30+0.78* 6.32+0.50*
Albumin (g dL™) 3.62+0.45 1.63+0.18* 3.43x0.17* 3.10+0.34*
Urea (mg dr*) 22.60+1.60 39.60+2.0* 22.20+1.70* 26.80+1.62*
Uric acid (mg dC?%) 1.00+0.24 2.2040.20* 1.08+0.06* 1.56+0.03*
Creatinine (mg dr*) 0.89+0.06 2.45+0.35* 1.34+0.07* 1.43+0.02*
Glycosylated Hb (mg g of Hb) 0.23+0.02 0.61+0.06* 0.24+0.02* 0.31+0.03*

Values are given as mean * SD for groups of sig eaich. Values are statistically significant* aD®5. Diabetic rats were compared with
control ratsCitrullus colocynthis treated-diabetic rats were compared with diabetts; glibenclamide treated-diabetic rats were cosgpaith
diabetic rats

Table 2: Activities of Aspartate aminotransfera88T), Alanine aminotransferase (ALT), alkaline pbaistase (ALP) and glutamyl transferase
(yGT) in plasma, liver and kidney of control and expental groups of rats

Parameter Control Non-treated diabetic Diabetitibenclamide Diabetic + C.c (300 mgRg
Plasma

AST 79.400+6.22 122.0045.22* 85.20+2.30* 87.50£2.3
ALT 34.200+2.50 67.20+£3.50* 37.20+2.45* 42.00£2:60
ALP 76.000+3.92 143.1045.31* 81.70+5.52* 91.50+3.65
g-GT 12.900+1.30 27.30%2.44* 16.30+£2.57* 16.20+£%.70
Liver

AST 721.000+11.2 980.40+15.3* 734.70+£12.1* 765.0D4%
ALT 922.300+14.2 1311.00+10.4* 933.50+15.0* 978.204*
ALP 0.110+0.04 0.32+0.03* 0.18+0.01* 0.21+0.012*
yTr- 4.000+0.40 6.22+0.60* 4.21+0.40* 4.20+0.30*
Kidney

AST 790.000+13.0 780.50+14.2 790.20+13.1 775.00210.
ALT 860.400+£1580 854.20+21.1 844.70+12.1 832.60%13.
ALP 0.180+0.01 0.52+0.04* 0.27+0.02* 0.30+0.02*
yGI' - 2.651+0.20 5.780+0.46* 3.34+0.14* 3.35+0.14*

Values are given as mean = SD for groups of six egich. Values are statistically significant* aD®5. Diabetic rats were compared with
control ratsCitrullus colocynthis treated-diabetic rats were compared with dialratis; glibenclamide treated diabetic rats were amenb with
diabetic rats. Units of measurementijlfor AST and ALT: umol of pyruvate liberated/horfALP: pmol of phenol liberated/min and fpGT:
mol of p-nitro aniline liberated/min

Table 1 also showed that urea, uric acid andAST and ALT were not altered. Oral administratidn o
creatinine levels were significantly elevated innno Citrullus colocynthis for 30 days resulted in the
treated diabetic rats when compared to control rou decrease of the activities of AST, ALT, ALP ap&T in
Oral administration o€itrullus colocynthis pulp extract  the plasma, liver and kidney of diabetic rats, seffbct
or glibenclamide for 30 days significantly lowergsgir ~ was also noted in glibnclamide treated-diabetis. rat
levels in comparison to non-treated diabetic rats. Table 3 showed that the activity of hepatic

Table 1 also showed that there is a significanhexokinase is significantly decreased while thofe o
increase in glycosylated hemoglobin in non-treatedylucose-6-phosphatase and fructose-1,6-bisphosghata
diabetic rats when compared to control rats. Oralvere significantly elevated in non-treated diabetits
administration ofCitrullus colocynthis or glibenclamide as compared to control group. Administration of
significantly decreased glycosylated hemoglobin inCitrullus colocynthis or glibenclamide increased the
comparison to non-treated diabetic rats. activity of hexokinase and decreased the activitiés

Table 2 showed the activities of Aspartateglucose 6-phosphatase and fructose-1,6- bisphasgghat
aminotransferase (AST), Alanine aminotransferaseas compared to non treated-diabetic rats.

(ALT), Alkaline Phosphatase (ALP) and Gamma Figure 1 shows photomicrographs of pancreatic
Glutamyl Transferasey{GT) in plasma, liver and tissues taken from control group rats and staingd w
kidney. In comparison to control rats, the actastiof = Eosin-Hamatoxylin for characterization. The arrow
these enzymes were found to be significantly irgeda indicates the exocrine component of the pancreashwh

in the plasma and liver of non-treated diabetis.rit  consists of highly packed secretory acini, while th
the kidney of non-treated diabetic rats, the atitisiof = arrowhead represents the endocrine tissue of the
ALP andy-GT were increased, while the activities of pancreas which is known as islets of Langerhans.
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Table 3: Activities of liver tissue enzymes in amhiand experimental groups of rats

Parameter Control Non-treated diabetic Diabetitigenclamide Diabetic + C.c (300 mgKy
Hexokinase:

(Unit a mg* protein) 0.233+0.02 0.0742+0.01* 0.210+0.02* 0.2002*
Glucose-6-phosphatase 0.193+0.01 0.5320+0.02* 580.62* 0.26+0.04*

(Unit b mg* protein)

Fructose 1, 6-biphosphatese 0.432+0.02* 0.7210*0.06 0.397+0.03* 0.478+0.02*

(Unit ¢ mg* protein)

Values are given as mean = SD for groups of six eaich. Values are statistically significant* aD®5. Diabetic rats were compared with
control ratsCitrullus colocynthis treated-diabetic rats were compared with diabretis; glibenclamide treated-diabetic rats were cmenb with
diabetic rats. (a): pmoles of glucose phosphorglatgb): pmoles of pi liberated/min (c): pmolespofiberated/min

'

Fig. 1: A photomicrograph of pancreatic tissue of " ,». '.,'-'; a
Control rats stained with Hematoxylin and %% . | <, % .~
Eosin for tissue characterization. Original -“;ﬁ- oy e f"...'.‘,,:",‘:'
magnification X100. The arrow indicates the ' & #ied"ty &
exocrine component of the pancreas which **™ mz
consists of highly packed secretory acini, while = o
the arrow head represents the endocrine tissue .
of the pancrease (islets of langerhans) Y a5 ¥ Ay Al A

Figure 2b-e showed photomicrographs of

pancreatic tissues processed by immunohistochgmistr p
for detection of insulin in the islets of Langerkaof all “ o
rats groups. Brown coloration indicates positiveulin f Je P
immunoreactivity. The intensity of brown coloration "-,

correlates with amount of insulin present in thesks.
Figure 2a is a photomicrograph of pancreatic tissue

taken from control rats (negative control) staimdth  Fig. 2: Photomicrographs of insulin immunoreacfivit

by
(€)

Eosin and Hematoxyline. However, the primary in pancreatic tissues of all rats groups. Using

antibody in the immunohistochemistry procedure was ABC technique. Counterstained with Eosin and

replaced with normal saline. _ o hematoxylin. Original magnification X100. (a)

. Figure  2bshows ~a highly  positive negative control; (b) control rats; (c) non-

immunoreactivity of insulin (dark brown coloratioim treated diabetic rats; (d) diabetic rats treated

the pancreatic tissues of control rats. . with glibenclamide; (e) diabetic rats treated
In comparison to Fig. 2b (Control group), Fig. 2c with Citrullus colocynthis

shows a highly reduced intensity of brown colonatfio

the islets of Langerhans of non-treated diabetts. ra DISCUSSION

Figure 2d and e were taken from glibenglamide and

Citrullus colocynthis treated rats respectively. They Diabetes Mellitus (DM) is a chronic disease

show a significant increased in the intensity oé th characterized by high blood glucose levels duerno a
brown coloration in the islets of Langerhans asabsolute or relative deficiency of circulating itisu
compared to Fig. 2c (non-treated diabetic rats). levels. Although various types of oral hypoglycemic

157



Am. J. Biochem. & Biotech., 5 (4): 153-161, 2009

agent are currently available along with insulirr fo treated diabetic rats compared to control grouplgra).
treating DM, there is a growing interest in herbalThe activity of this enzyme had increased after one
remedies due to the side-effects associated wigh thmonth of treatment b@itrullus colocynthis, a result that

existing therapeutic hypoglycemic agéiits would be consequent to the increase in insulin
Animal models have extensively been used to studgoncentration.
diabetes mellitd¥”. In the present study diabetes was Glucose-6-phosphatase and fructose-1,6-

introduced in rats using intraperitoneal admintgiraof  diphosphatase are enzymes of gluconeogenesis, whose
alloxan and the hypoglycemic and protective effect activity are repressed by insuffi As expected the
Citrullus colocynthis was investigated. activity of these enzymes is increased in non-¢ekat
Blood sugar level increased (hyperglycemia) indiabetic rats compared to control rats (Table 3)e T
alloxan-treated rats, since alloxan causes a nmssiwactivity of these two enzymes had decreased after o
reduction in insulin release, by the destructiorttld  month of treatment byCitrullus colocynthis, which
beta-cells of the islets of Langerh&fs We have would be consequent to the increase in insulin
observed a significant decrease in blood glucose igoncentration.
Glibinclamide or Citrullus colocynthis-treated- Reduction in plasma total protein and albumin lleve
diabetic rats, when compared with non-treatedwas observed in non-treated diabetic rats and ihis
diabetic rats (Table 1). The possible mechanism otonsistent with the results obtained by Tuvesnal >,
Citrullus colocynthis hypoglycaemic action may be The decrease in protein and albumin may be due to
through potentiation of pancreatic secretion ofulims  microproteinuria and albuminuria, which are
from beta cells of islets, or due to enhanced parts important clinical markers of diabetic nephropé&tfly
of blood glucose to the peripheral tissue. In suppbd and/or may be due to increased protein catabolism i
the former assumption our results showed an inereasdiabete§®. In our study plasma total protein and
in the level of insulin in diabetic rats treatedtiwi albumin levels have increased after one month of
Citrullus colocynthis and also we proved an increase intreatment byCitrullus colocynthis. This increase could
the immunoreactivity of insulin present in the be¢ls  be due to the increase in concentration of inswimich
of the pancreas. The measurement of both C peptids known as anabolic hormone and/or could be due to
and insulin levels have been reported to be a b#ua improvement in renal function. Such improvement of
index of insulin secretion rather than insulin af6h C  serum protein and albumin was previously observed
peptide and insulin are the products of the enzigmat after the oral administration of Balanites aegygi&o
cleavage of proinsulin and secreted into the citioh  experimentally diabetic rdtg.
in equimolar concentrations. In this study, thespia Diabetes mellitus also causes renal damage due to
C-peptide and insulin levels were significantlytregin  abnormal glucose regulation, including elevatecage
the glibnclamide andCitrullus colocynthis treated- and glycosylated protein tissue levels, haemodyoami
diabetic rats in comparison to non-treated diabetis  changes within the kidney tissue and increasedatixil
(Table 1). In this context, a number of other pdamave  stres§”. Plasma urea, uric acid and creatinine levels
also been reported to have hypoglycemic and insulimvere higher in non-treated diabetic rats than introd
release stimulatory effe€. The glycosylated group (Table 1). Damage or loss of glomeruli irbeias
hemoglobin levels in plasma gives an idea abougmize  could lead to such an increase. The level of these
overall glucose levels in the preceding 6-8 weekssubstances had reduced after one month of treatoyent
Glycosylated hemoglobin comprises about 3.4-5.8%Citrullus colocynthis, which may indicate the ability of
total hemoglobin in normal human red cells, buisit this plant pulp extract to enhance renal functibhese
increased in patients of overt diab&téslt is found to  results are in agreement with other previous studie
increase in diabetic patients up to 16 percenttaed the mesocarp extract of Balanites aegyptidca
amount of this increase is directly proportionalthe In transaminase reaction, one amino acid is
long lasting fasting blood sugar level. In our stdde  converted to the corresponding keto acids with
high level of glycosylated hemoglobin had reducedsimultaneous conversion of another keto acid to an
after one month of treatment by Citrullus colocysth amino acid. The aminotransferases (enzymes) indolve
indicating the long lasting effect of this plantlpu in this reaction are: Aspartate aminotransferasg8T(A
extract as a hypoglycemic agent. Associated with thand Alanine aminotransferase (A}  These
changes in plasma concentration of insulin aregémin  enzymes are present in hepatocytes and leak intwl bl
hepatic enzymes activity. Hexokinase is a glycolyti with liver cell damage. In our study, the activity
enzyme, whose activity is induced by insfifin As  theses enzymes in plasma and liver were higheoiin n
expected the activity of this enzyme is reducedian-  treated diabetic rats than in control group (TaBje
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This increase may reflect hepatocelluar damagé. Akpan, H.B., AK. Adefule, F.A. Fakoya and

associated with diabefé® The activity of these

enzymes have reduced after one month of treatment b

Citrullus colocynthis, indicating that this plant pulp
extract could, as well, have the ability to reparer

tissue damage. The enzyme Alkaline Phosphatasg.
(ALP) is present in the canalicular and sinusoidal

membrane of the liver and is also present in mahgro
tissues. In the present study activity of this enayis
raised in plasma, liver and kidney of non-treatidbetic
rats compared to control group (Table 3), thisaase is

often noticed in cholestab®. One month of treatment
with Citrullus colocynthis has led to a reduction in the

activity of this enzyme, a result that could suppmir
earlier deduction that this plant pulp extract nieaye
the ability to repair live and kidney damageglutamyl
transpeptidase is a microsomal enzyme that is prése
many tissues, as well as the [¥8r In cholestasis the

v-GT rises in parallel with ALP as it has a similar

pathway of excretion. The increase yGT seen in
non-treated diabetic rats has also reduced afteorith
of treatment byCitrullus colocynthis, indicating, again,
the healing ability of this plant pulp extract éssties of
liver and kidney.

CONCLUSION

In conclusion, we have demonstrated that the folk

medicinal plant Citrullus colocynthis pulp extract

possesses a hypoglycemic effect, through an inereas
insulin production and the subsequent increase "10
activity of glycolytic enzyme (hexokinase) and the ™
decrease in activity of enzymes of gluconeogenesis
Fructose-1,6-
biphosphatase). The present study also showedhhat
pulp extract of this plant may have the ability to

(Glucose-6-phosphatase and

enhance liver and kidney functions.
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