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Abstract 
Momordica charantia (MC) a traditional medicine used for the treatment of 
many disorders was fed to streptozotocin (STZ)-induced diabetic male Wistar 
rats at 2, 5 and 10% of the standard diet. Rats were then observed for 12 weeks 
before sacrificed. Immediately, tissues from liver, kidney and pancreas were 
taken for histopathological examination. Serum samples were analyzed to eva-
luate liver, kidney and pancreatic functions. In addition, blood samples were 
collected to analyze hematology parameters. The results of the present study 
indicate that oral doses of MC at 5% and 10% of the daily diet resulted in al-
leviation of the pancreatic, hepatic and renal dysfunction induced by diabetes. 
The improved pancreatic, hepatic and renal functions were judged by histo-
pathological, hematological and serobiochemical parameters. In conclusion, 
the MC fruits may be used as an antidiabetic herbal medicine. 
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1. Introduction 

Diabetes Mellitus (DM) is a major metabolic disorder characterized by chronic 
hyperglycemia as a result of a relative or absolute lack of insulin or its actions [1] 
[2] [3] [4]. Polyuria, polydipsia, polyphagia, weight loss, fatigue, blurred vision, 
hypertension, obesity, nephropathy and cardiovascular disorders are the main 
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symptoms of the disease [2]. Insulin-dependent diabetes mellitus (IDDM) or 
Type 1 is conventionally treated with exogenous insulin while the non-insulin- 
dependent diabetes mellitus (NIDDM) or Type 2 is treated with oral hypogly-
cemic drugs such as sulphonylureas and biguanides [5] [6]. 

It is estimated that in the year 2013 more than 382 million people worldwide 
had DM and 592 million people will subsequently have the disease in 2035 [7]. 
In the Kingdome of Saudi Arabia, the prevalence of diabetes mellitus among 
people is high and represents a major clinical and public health problem [8]. KSA 
is now classified by the International Diabetes Federation (IDF) to be among the 
top 10 countries globally with the highest projected prevalence of diabetes in 2011 
(16.2%) and 2030 (20.8%) [9]. 

It has been shown that the oral hypoglycemic treatment has characteristic 
profiles of side effects [10] [11] [12]. Numerous herbal preparations have been 
shown to affect blood glucose levels through various mechanisms, although they 
are usually limited by toxicity, relative lack of efficacy and standardization of in-
gredients medications [11] [13] [14] [15]. One of the common medicinal plants 
is Momordica charnatia, which has been used in various traditional medicines [16]. 

Momordica charantia (MC) (Figure 1), a member of the Cucurbitaceae family, 
is known as bitter melon, bitter gourd and Karelia. It grows in tropical areas of 
the Amazon, East Africa, Asia, India, South America, and the Caribbean, and is 
used traditionally as both food and medicine. The seeds, fruit, leaves and root of 
the plant have been used in traditional medicine for diabetes mellitus, an-
ti-obesity, antimicrobial infections, anti-inflammatory, anti-hypertensive and as 
cytotoxic agent for certain types of cancer [15] [17] [18] [19]. 

The hypoglycemic effects of MC have been investigated [15] [17] [20] [21] 
[22] [23] [24]. However, more research is needed to explain the hematological, 
serobiochemical and histopathological alterations associated with the use of MC 
as an antidiabetic herbal medicine. 

2. Materials and Methods 
2.1. Plant Material 

Fresh green whole fruits of Momordica charantia (MC) were purchased from 
local markets in Al-Ahssa, Kingdom of Saudi Arabia. The fruits were sliced and 
then oven dried at 60˚C temperature for 24 hours. The dried fruit slices were 
powdered then added to the powdered feed at 2, 5 and 10%. 
 

 
Figure 1. Momordica charantia fruit. 
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2.2. Chemicals 

Streptozotocin (STZ) single dose (85 mg/kg) (Sigma, S0130-USA) freshly dis-
solved in 0.9% normal saline solution was injected intra-peritoneal to induce 
diabetes in all rats [25]. 

2.3. Animals 

Fifty male Wistar albino rats weighing (150 - 200 g) were housed in hygienic fi-
berglass cages. Animals were fedon balanced commercial pellets. All rats were 
given two weeks adaptation period with free access to food and water before 
starting experimental procedures. 

2.4. Experimental Design 

Fifty rats were allotted at random to five groups, 10 rats each: 
Group (0), negative control, given untreated diet and water ad-Libitum. 
Group (1), positive control given STZ only. 
Group (2), given STZ then fed with MC at 2% of the diet. 
Group (3), given STZ then fed with MC at 5% of the diet. 
Group (4), given STZ then fed with MC at 10% of the diet. 
At the end of the experiment (12 weeks) rats from each group were humanly 

sacrificed, blood samples were collected for serobiochemical and hematological 
analysis, gross lesions were recorded and tissue specimens from liver, kidney and 
pancreas were collected and fixed in 10% neutral buffered formalin for histopa-
thological studies. 

2.5. Biochemical Analysis 

Blood samples were collected for biochemical parameters. Serum was separated 
by centrifugation of the clotted blood and stored at −20˚C till used. Samples 
were then analyzed for the activities of aspartate aminotransferase (AST), ala-
nine aminotransferase (ALT), and alkaline phosphatase (ALP), as well as the 
concentration of cholesterol, total protein, albumin, globulin, total biliru-
bin, blood urea nitrogen (BUN), uric acid and creatinine, using Abaxis Vetscan 
VS2—America analyzer. 

2.6. Hematological Analysis 

Blood samples were collected in test tubes containing ETDA (Ethylene diamine 
tetra acetic acid) for determination of hemoglobin concentration (HGB), total 
erythrocyte count (TEC), packed cell volume (PCV), mean corpuscular volume 
(MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin 
concentration (MCHC) and total white blood cells (WBCs) using Abaxis Vets-
can HM5—America analyzer. 

2.7. Histopathological Technique 

Tissue specimens from liver, kidney and pancreas were trimmed and put in the 
vacuum infiltrating tissue processing machine (Tissue-Tik VIP 5Jr. Japan) and 
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embedded in paraffin wax by SLEE MPS/C machine, Germany. Specimens 
waxed blocks were sectioned to 5 μm by LEICA RM 2235 microtome, Germany 
and then stained with Hematoxylin and Eosin (H&E) for histopathological ex-
amination [26]. 

2.8. Statistical Analysis 

Data were statistically evaluated with SPSS 7.5 software. All results were expressed 
as mean ± SD [27]. 

3. Results 
3.1. Clinical Signs 

During the experimental time, group (1) and group (2) showed polyuria, polydip-
sia, polyphagia and weakness. Moreover, the mortality was approximately 50% 
in group (1) and 20% in group (2). 

On the other hand, group (3) and group (4) showed gradual alleviation of po-
lyuria and polyphagia without weakness and death in both groups. However, rats 
of group (0), negative control remained healthy throughout the days of experi-
ment. They showed normal urine excretion, normal water intake and food con-
sumption. 

3.2. Pathological Changes 

3.2.1. Gross Findings 
Renal hypertrophy and liver congestion were common findings in group (1) and 
group (2). 

3.2.2. Microscopic Findings 
1) Hepatic changes 
Liver tissues of the control untreated rats (Group 0) appear normal without 

any histological alterations, (Figure 2(a)). Coagulative necrosis and hepatocy-
tomegaly were seen in rats given intraperitoneal injection (85 mg/kg) of STZ 
(Group 1), characterized by hyper eosinophilic cytoplasm with variable degree of 
nuclear size accompanied by margination of chromatin (Figure 2(b)). Rats 
treated with 2%, 5% and 10% of MC diet showed dose-dependent degree of re-
covery as shown in Figures 2(c)-(e) respectively. 

2) Renal changes 
In group (1), massive vacuolation was seen in cortical and medullar renal tu-

bules, Figure 3(b) and Figure 3(c) respectively. Whereas, Rats treated with 2%, 
5% and 10% of MC diet showed dose-dependent degree of recovery of renal tu-
bules, Figures 3(d)-(f) respectively. However, kidney tissues of the control un-
treated rats (Group 0) showed no any histopathological changes, (Figure 3(a)). 

3) Pancreatic changes 
The pancreatic tissues of the control untreated rats (Group 0), showed normal 

islets cells, (Figure 4(a)). However, prominent histopathological findings in  
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Figure 2. (a) Liver of normal rats (G0); (b) Liver of rats given STZ (G1) 
showing coagulative necrosis (white arrows) and hepatocytomegaly charac-
terized by hyper eosinophilic cytoplasm with variation degree of nuclear size 
(thin arrows) and margination of chromatin (thick arrows); (c) Liver of rats 
given STZ and treated with 2% MC (G2) showing slight recovery of hepatocy-
tomegaly; (d) Liver of rats given STZ and treated with 5% MC (G3) showing 
moderate recovery of hepatocytomegaly and hepatic regeneration characte-
ristic by hepatocy ticbinucleation (arrows); (e) Liver of rats given STZ and 
treated with 10% MC (G4) showing complete recovery of hepatocytomegaly. 
HE ×40. 

 
pancreatic tissue were observed in the islets of Langerhans. Rats in group (1) 
showed necrosis, degeneration and disappearance of islets cells represented by 
empty spaces and few numbers of remaining cells (Figure 4(b)). All these pan-
creatic abnormalities were alleviated gradually in rats treated with 2%, 5% and 
10% of MC diet as shown in Figures 4(c)-(f) respectively. 

3.3. Hematological Changes 

Rats in group (1) showed a significant decrease in the values of total erythrocyte 
count (TEC), hemoglobin concentration (HGB) and packed cell volume (PCV). 
Whereas, all treated rats in groups, (2, 3 and 4) showed a significant gradual, 
dose-dependent increase in the values of Total Erythrocyte Count (TEC), he-
moglobin concentration (HGB) and packed cell volume (PCV). It seems that to-
tal erythrocyte count (TEC), hemoglobin concentration (HGB) and packed cell 
volume (PCV) in rats of groups 3 & 4 were significantly higher than that of 
group 2, (Table 1). 
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Figure 3. (a) Kidney of normal rats (G0); (b) Kidney of rats given STZ (G1) 
showing cortical vacuolation in proximal and distal renal tubules (arrows); (c) 
Kidney of rats given STZ (G1) showing medullar vacuolation in convoluted 
renal tubules and collected ducts (arrows); (d) Kidney of rats given STZ and 
treated with 2% MC (G2) showing mild recovery of cortical vacuolation in 
proximal and distal renal tubules; (e) Kidney of rats given STZ and treated 
with 5% MC (G3) Showing moderate recovery of cortical vacuolation in prox-
imal and distal renal tubules; (f) Kidney of rats given STZ and treated with 
10% MC (G4) showing complete vacuolation recovery and appear to be nor-
mal. HE ×20. 

 
Table 1. Effect of Momordica charantia (MC) on hematological values in STZ-induced diabetic rats. 

Haematological parameters Group (0) Group (1) Group (2) Group (3) Group (4) 

TLC [103/µl] 12.09 ± 0.52a 11.49 ± 0.81a 11.62 ± 0.05a 11.03 ± 0.26a 11.81 ± 0.14a 

LYM [103/µl] 8.32 ± 0.36a 8.58 ± 0.07a 8.71 ± 0.14a 8.68 ± 1.45a 8.54 ± 1.83a 

MON [103/µl] 0.35 ± 0.17a 0.37 ± 0.65a 0.36 ± 0.23a 0.37 ± 0.61a 0.36 ± 0.34a 

NEU [103/µl] 2.79 ± 0.79a 2.21 ± 0.38a 2.46 ± 0.26a 2.40 ± 0.61a 2.80 ± a0.80a 

TEC [106/µl] 8.93 ± 0.25a 4.74 ± 0.22b 6.17 ± 0.87bc 7.73 ± 0.43bd 8.88 ± 0.14a 

HGB [g/dl] 14.34 ± 0.43a 9.43 ± 0.40b 11.25 ± 0.43bc 12.65 ± 0.61ac 15.40 ± 0.36ad 

PCV 49.3 ± 1.35a 26.84 ± 1.39b 42.59 ± 1.48cd 46.91 ± 4.75ad 50.33 ± 0.54a 

MCV [fl] 53.25 ± 1.18a 56.50 ± 2.53ac 69.50 ± 0.65b 59.50 ± 1.69dc 56.60 ± 0.51ac 

MCH [pg] 16.09 ± 0.42a 19.83 ± 0.56bd 18.23 ± 1.52bd 16.38 ± 0.64a 17.34 ± 0.38a 

MCHC [g/dl] 30.38 ± 0.74a 35.80 ± 0.47b 26.15 ± 0.69c 26.75 ± 0.48c 30.56 ± 0.43a 

PLT [103/µl] 521.88 ± 66.18a 577.00 ± 9.06a 587.75 ± 27.86a 547.00 ± 42.01a 547.80 ± 47.45a 

Values are mean ± standard error. Different letters between group means values are significant (p ≤ 0.05). 
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Figure 4. (a) Pancreatic islets cells of normal rats (G0); (b) Pancreatic islets 
cells of rats given STZ (G1) showing necrosis (thin arrow) and degeneration 
(thick arrow); (c) Pancreatic islets cells of rats given STZ treated with 2% MC 
(G2) seen smaller in size and islets cells showing mild recovery with some ne-
crosis (arrows); (d) Islets cells of rats given STZ treated with 5% MC (G3) seen 
bigger in size and showing islets cells aggregation with binucleated (regenera-
tion) (arrows); (e) Islets cells of rats given STZ treated with 10% MC (G4) ap-
pear normal in size and highly cellular (abnormalities recovery). HE ×40. 

3.4. Serobiochemical Changes 

As shown in Table 2, rats in group (1) showed a significant (p ≤ 0.05) increase 
in the concentration of serum ALT, AST, ALP, cholesterol, glucose, BUN, crea-
tinine and uric acid. Whereas, all treated rats in groups, (2, 3 and 4) showed 
gradual recovery represented by decreased values of serum ALT, AST, ALP, 
cholesterol, glucose, BUN, creatinine and uric acid. It has been observed that the 
recovery in all treated groups is related to the level of MC given. In addition, 
there is a significant difference (p ≤ 0.05) in the values of these parmeters be-
tween rats treated with 5% and 10% MC, and rats treated with 2% MC. 

4. Discussion 

In the present study, polyuria, polydipsia, polyphagia, weakness and death were 
the common clinical signs observed in group 1 (given only STZ) and group 2 
(given STZ then treated with 2% MC). However, alleviation of these clinical 
signs was observed in group 3 (given STZ then treated with 5% MC) and group 4  
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Table 2. Effect of Momordica charantia (MC) on serobioche micalvalues in STZ-induced diabetic rats. 

Biochemical parameters Group (0) Group (1) Group (2) Group (3) Group (4) 

ALT [IU/L] 39 ± 1.96a 272 ± 10.75b 180.25 ± 6.87c 88.17 ± 5.65d 86.00 ± 8.70d 

AST [IU/L] 67.54 ± 3.73a 119.75 ± 7.36b 96.63 ± 9.76c 89.17 ± 6.14cd 80.56 ± 2.17ad 

ALP [IU/L] 131.11 ± 6.16a 1003.13 ± 25.83b 803.75 ± 23.20bd 776.50 ± 30.30cd 715.00 ± 23.26cd 

T. Bilirubin [mg/dl] 0.30 ± 0.00a 0.33 ± 0.03a 0.30 ± 0.00a 0.32 ± 0.02a 0.30 ± 0.00a 

Cholesterol [mg/dl] 60.78 ± 3.41a 127.75 ± 8.87b 101.25 ± 6.34c 72.71 ± 5.38a 67.17 ± 4.33a 

Glucose [g/dl] 117.67 ± 3.21a 582.00 ± 18.47b 478.00 ± 15.88c 399.83 ± 10.51d 291.00 ± 13.19e 

T. Protein [g/dl] 7.77 ± 0.15a 7.55 ± 0.49a 7.18 ± 0.09a 7.50 ± 0.23a 7.79 ± 0.23a 

Albumin [g/dl] 4.49 ± 0.07a 3.50 ± 0.13ac 4.05 ± 0.17ac 3.57 ± 0.15ac 3.63 ± 0.40ac 

Globulin [g/dl] 3.30 ± 0.14a 4.05 ± 0.60ac 3.08 ± 0.24ad 3.92 ± 0.21ad 4.19 ± 0.26ac 

BUN [mg/dl] 17.67 ± 0.71a 37.14 ± 3.89b 32.25 ± 0.85c 31.81 ± 2.60c 28.50 ± 3.97d 

Creatinine [mg/dl] 0.40 ± 0.04a 0.85 ± 0.26bc 0.63 ± 0.06ac 0.58 ± 0.03ac 0.51 ± 0.06a 

Uric acid [mg/dl] 5.16 ± 0.26a 15.60 ± 0.85b 13.55 ± 0.52bd 12.20 ± 0.18cd 9.30 ± 0.73ce 

Values are mean ± standard error. Different letters between group means values are significant (p ≤ 0.05). 
 
(given STZ then treated with 10% MC). This finding may indicate that MC has 
promising effects in prevention as well as delay in progression of diabetic com-
plications in rats. These results agree with that obtained by [22] [28] [29] [30]. 

Anemia is the most common blood disorder in diabetes mellitus [31] [32] [33] 
[34]. In the present study, rats in group 1 (given only STZ) showed anemia cha-
racterized by reduction of total erythrocyte count, (TEC), hemoglobin concen-
tration (HGB) and packed cell volume (PCV). Whereas, all treated rats with 2%, 
5% and 10% MC, groups 2, 3 and 4 respectively, showed dose-dependent relief 
of anemia. This relief may be related with the antidiabetic effects of MC [15] [22] 
[25] [30] [35] [36]. 

Rats in group 1 (given only STZ) showed an increase in concentration of 
blood glucose (hyperglycemia). Whereas, all treated rats with 2%, 5% and 10% 
MC, groups 2, 3 and 4 respectively, showed remarkable recovery represented by 
gradual reduction of blood glucose. This finding is consistent with the results 
obtain by [15] [25] [35] [36] [37] [38]. In the present study, rats in group 1 (giv-
en only STZ) showed an increase in concentration of ALT, AST, ALP, cholester-
ol BUN, creatinine and uric acid. The increased levels of some intracellular en-
zymes like ALT, AST and ALP in diabetic animals could be attributed to the 
kidney and liver cell damage [39] [40] [41]. Moreover, the increment of lipid 
peroxidation has been found to be involved in the observed tissue damages in 
diabetic rats [38]. In addition, [42] observed increased levels of serum ALP in 
pathological conditions involving the kidneys. It has been reported that the in-
crease in serum ALP might be derived from injury to the brush border mem-
brane of the renal tubular cells and renal function impairment might also be re-
sponsible for the increased serum ALP [41]. Furthermore, the increased concen-
trations of creatinine, BUN and uric acid may be due to renal tissue injury [43]. 

In the present study, all treated rats with 2%, 5% and 10% MC, groups 2, 3 
and 4 respectively, showed remarkable decrease in the levels of ALT, AST, ALP, 
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cholesterol BUN, creatinine and uric acid. The reduced levels of these intracel-
lular enzymes after administration of MC to rats may be due to the alleviation of 
cell plasma membrane damage produced by diabetes. These findings were paral-
lel with the results obtained by [35] [44] [45] [46]. 

Rats in group 1 (given only STZ) showed hepatocytomegaly and coagulative 
necrosis. These findings agree with the results obtained by [47]. Whereas, all 
treated rats with 2%, 5% and 10% MC, groups 2, 3 and 4 respectively, showed 
dose-dependent alleviation of these hepatic lesions induced by STZ in rats. 
These results are consistent with the results obtained by [35] [48]. 

In diabetic rats, hyperglycemiais the main cause of nephropathy, indicated by 
glomerular hypertrophy [49], thickening of the glomerular basement membrane 
[41] [50] and tubular vacuolation [51]. Renal tubular vacuolation has been at-
tributed to the hyperglycemia causing accumulation of glycogen in cellular cy-
toplasm [52]. In the present study, massive cortical and medullar tubular vacuo-
lation was seen in group 1 (given only STZ). Whereas, all treated rats with 2%, 5% 
and 10% MC, groups 2, 3 and 4 respectively, showed gradual alleviation of these 
kidney lesions. These results are in line with [53] [54] [55]. 

In addition, [56] suggested that there is a correlation between the decrease in 
hyperglycemia, the reduction of oxidativestress, and the histopathological results 
of renal tissues. Hence, hypoglycemic and antioxidant effects of MC could im-
prove kidney injury intreated diabetic rats. 

The islets of Langerhans in group 1 (given only STZ) showed necrosis, dege-
neration and disappearance indicated by empty spaces and few numbers of re-
maining cells. These results are parallel with the results observed by [25] [57] 
[58]. Whereas, all treated rats with 2%, 5% and 10% MC, groups 2, 3 and 4 re-
spectively, showed gradual alleviation of these panceatic lesions represented by 
gradual recovery of islets indicated by increased sizes and regeneration. These 
results agree with the results obtained by [25] [57]. 

In conclusion, Momordica charantia (MC) fruits given at 5% and 10% of the 
daily standard diet for 3 months seem to possess beneficial effects on diabetic 
rats through alleviation of tissue injury and improvement of hematological and 
serobiochemical parameters. However rats given 2% MC showed lower degree of 
improvement in hematological and biochemical parameters compared to the 
groups given 5% and 10% MC. 

One of the limitations of such studies is the use of STZ at (85 mg/kg) to in-
duce diabetes. This dose may cause harmful effects in organs other than the pan-
creas and may affect the serobiochemical findings specially glucose level. There-
fore, the use of MC in animals with naturally occurring diabetes is preferred. 
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