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 To understand the biological basis of the effect of Momordicacharantia and also 
it’s effectiveness as a mono-therapy for metabolic syndrome. Thirty four adult male Sprague-
Dawley rats weighing were divided into Groups I, II, III and IV having 10, 10, 8 and 6 animals 
respectively. Pellets with 66% fructose were fed to 28 animals [Groups I, II, III] while 6 normal 
control animals [Group IV] were fed with standard rat chow diet for 6 weeks. Later, for next 6 
weeks, animals in Groups I, II and III were treated with M.charantia 300mg/kg/day, and600mg/
kg/day and Standard treatment respectively. Serial measurements of body weight, BMI, fasting 
blood sugar, noninvasive blood pressure, serum lipid profile, LDA, SOD and serum NF-êB were 
assessed at the base line, at the end of 6 weeks of fructose diet and following treatment (12 
weeks). Following induction, there was statistically significant increase in body weight, BMI, 
FBS, serum triglycerides, total cholesterol, LDL, lipid derived aldehydes and serum NF-êB 
while there was reduction in HDL cholesterol and SOD compared to baseline values. Following 
treatment Group II and III shown reversal of the parameters to the level of normalization. 
M.charantia 600mg/kg/day had exclusively matched the therapeutic efficacy of the standard 
therapy given in combination. The biological basis of the effects of M.charantia was by inhibiting 
the inflammatory pathway in metabolic syndrome both at the levels of ROS generation and 
transcription of pro-inflammatory marker NF-êB. 
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 ‘Metabolic syndrome’1 is a constellation 
of metabolic derangements such as, abdominal 
obesity, hypertension, insulin resistance, 
hyperinsulinemia, impaired glucose tolerance, 
dyslipidemia, proinflammatory and prothrombotic 
states as well. It is the disorder reaching epidemic 
proportions worldwide in recent times2. The 
recently anticipated global prevalence of metabolic 
syndrome is approximately 16%.[3] It was also 
found that prevalence as 23.7%4 in United States 
heeding to third National Health and Nutrition 

Examination Survey (NHANES III). The overall 
prevalence of cardio-metabolic syndrome in India 
is estimated to be ranging from 11% to 41%.5

 The annual direct healthcare cost for 
diabetes and its associated diseases worldwide of 
age 20 to 79 years is estimated to be around 286 
billion dollars or even more. And it is predicted 
that this figure would rise to 396 billion dollars by 
2025 accounting 13% - 40% of global health care 
budget due to perpetual inflation of prevalence.6
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 There is no well clear cut-off point in 
treating metabolic syndrome, as of now, individual 
components are treated in addition to the risk 
factors of the patients and moreover, no single drug 
is available to treat all the individual components 
of the syndrome altogether. On the other hand, 
Momordicacharantia(bitter gourd) tends to possess 
anti-diabetic, anti-hypertensive, hypolipidemic and 
anti-inflammatory properties individually as a sole 
agent. 
 With this background, our study aimed to 
study the effectiveness of Momordicacharantia, as 
a mono-therapy for metabolic syndrome. In addition 
our study also aimed at understanding the biological 
basis of the effect of Momordicacharantiain the 
treatment of metabolic syndrome.

MATERIALS AND METHODS

 Institutional Animal Ethics Committee 
(IAEC) approval was obtained, and 34 adult, male 
Sprague-Dawley rats weighing 150-200g aged 3 
months were included in our study. 
Animals were randomly allocated into 4 groups;
• Group I: Treatment group 1 (M.charantia 
extract-300 mg/kg/day) -(10)
• Group II: Treatment group 2 (M.charantia 
extract-600 mg/kg/day)-(10)
• Group III: Standard treatment group (Metformin-
180mg/kg/day + Telmisartan-2.5mg/kg/day + 
Rosuvastatin -2.5mg/kg/day)-(8) 
• Group IV: Normal control-(6)
 The animals were group housed, 4 rats per 
cage at a constant ambient temperature on a 12 - h 
light, 12 - h dark cycle. Pellet diet containing 66% 
fructose177 made from D- fructose [purchased from 
Lobachemie laboratories] was given to 28 animals 
and standard rat chow diet to 6 controls and water 
were provided ad libitum out of 34 for 6 weeks. 
Then serial measurements of body weight, BMI, 
fasting blood sugar were done at the baseline and 
every week thereafter, whereas noninvasive blood 
pressure, serum lipid profile, LDA, SOD and serum 
NF-êBwere assessed at the base line and at the end 
of 6 weeks (i.e., following induction). Then at the 
end of induction, 28 animals of 3 groups, which 
were fed with fructose were provided M.charantia 
extract-300 mg/kg/day, M.charantia extract- 600 
mg/kg/day and standard treatment respectively. 
And those animals were provided with standard 

chow and water ad libitum all through the 6 weeks 
of treatment. Then serial measurements of all the 
parameters were assessed at the end of 6 weeks 
(i.e., following treatment).Finally, at the end of the 
study 2 rats from each of the groups were sacrificed 
for histopathological examination of liver and heart 
to seek for pathological changes developed during 
induction and magnitude of the reversal of changes 
following treatment [Figure 1].
 Tail cut bleeding (tail snip method)7 

was the method of blood collection used in our 
study,BMI8 was determined from body weight 
and body length (nose-to-anus length) using the 
formula; BMI (Body mass index) = body weight 
(g) / length2 (cm2). We followed the method 
of blood glucose estimation with glucometer, 
according to the Institutional animal care and 
use committee (IACUC)9 standard procedure for 
glucose monitoring of blood in rats and mice. LE 
5002, non-invasive blood pressure meter (Panlab-
Harvard apparatus) was used for measuring 
the blood pressure in rats. The lipid parameters 
estimated using GenX lipid parameters estimation 
kit, manufactured by Proton Biologicals India Pvt. 
Ltd (Bangalore) were serum total cholesterol, 
triglycerides and HDL (high density lipoprotein) 
cholesterol. LDL cholesterol was estimated using 
Friedewald’s formula;[10] LDL = TC – HDL – 
[TG/5]2.The principle behind the superoxide 
dismutase estimation done by us was inhibition 
of pyrogallol’s auto-oxidation by superoxide 
dismutase. Then, the superoxide dismutase 
levels are analyzed from the 2 absorbance values 
(A,B)  measured at two minutes interval using 
spectrometric method,

SOD (in Units) = [Absorbance (A-B) X 50/ 
Absorbance A]

 Estimated malondialdehyde from 
the supernatant of the centrifuged samples by 
colorimeter,

Malondehyde (in Units) = [Absorbance at 532nm 
X 105/1.56]

                                                                                               
 Rat nuclear factor-kappa-B (NF-êB) assay 
was a quantitative sandwich enzyme immunoassay 
technique done by ELISA kit [Cusabio,China]. The 
microplate provided was pre-coated with NF-êB 
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specific antibody. NF-êB present on the standards 
and samples when pipetted into the wells would 
bind to antibody that was immobile. After removal 
of the substance that were not bound, a biotin-
conjugated antibody specific for NF-êBwould be 
pipetted into the wells. Subsequently, wells were 
washed and addition of Horseradish Peroxidase 
(HRP) done. An addition of substrate solution to 
the wells would lead on to color development that 
would be in proportion to bound NF-êB, and the 
color intensity was measured.
 The animals to be sacrificed for 
histopathological examination were anaesthetized 
with ether before the procedure. Once the level 
of anaesthesia is certain, the rats were dissected 
and the organs liver and heart were collected 
separately in a promptly labeled sterile container 
with formalin. Those specimens were immediately 
sent for histopathological examination.
 Paraffin blocks were made and 4m thick 
sections were made from the chosen blocks for 
routine haematoxylin and eosin staining. Reagents 
required for this staining were Harris haematoxylin 
and eosin.The analysis done was Paired-t-test for 
analyzing the paired data i.e., parameters before 
and after induction and also for comparing data at 
the end of treatment with that following induction.
One-way ANOVA and post hoc LSD were done to 
analyze the difference between groups.

RESULTS

Body mass index [BMI]
 An increase in BMI was evidenced after 
a period of 6 weeks in animals [N=28] on 66% 
fructose diet in comparison to the normal control 
animals with a mean difference of 0.132 g/cm2. 
 Following treatment for a period of 6 
weeks, when compared with induced animals, 
Group I rats on M.charantia 300 mg/kg/day, Group 
II rats on M.charantia 600 mg/kg/day and Group 
III rats on Standard treatment showed a statistically 
significant reduction [P =0.021,P =0.001 and 
P=0.020 respectively] in BMI (Table 1). In contrast 
to all the treatment groups, the untreated normal 
control animals showed a statistically significant 
increase in BMI [P <0.001].ANOVA (Analysis 
of variance) assessed at baseline there was no 
statistical significant difference in BMI between 
groups. Following induction with 66% fructose all 

the three groups showed a statistically significant 
increase in body mass index compared to normal 
control [P <0.001]. Further, following treatment, 
though all the three groups showed reduction 
in body mass index, there was no statistically 
significant difference when compared to control 
[P=0.441,0.064,0.651 respectively] indicating 
normalization of BMI.
Fasting blood sugar
Change in fasting blood sugar in individual 
groups on induction
 All the 3 groups showed a statistically 
significant increase in fasting blood sugar [P 
<0.001] from the baseline on induction of the 
disease been illustrated in the chart.
 The difference in fasting blood sugar 
between groups was analyzed using ANOVA 
showed that a statistically significant increase 
[P <0.001] in all the 3 groups when compared to 
normal control on induction. Following treatment, 
Group II and III had reduced fasting blood sugar 
to a level similar to normal control [P=0.250,0.457 
respectively], while reduction of the fasting blood 
sugar by M.charantia low dose (Group I) was not 
to the extent of that of normal control.
 While following treatment of the animals 
for a period of 6 weeks all the three groups [Groups 
I,II and III] a paired t test detected a statistically 
significant reduction in fasting blood sugar [P 
<0.001], while the normal control group did not 
show significant change in blood sugar [P =0.610] 
(Table 1).
 The difference in fasting blood sugar 
between groups was analyzed using ANOVA 
showed that a statistically significant increase 
[P <0.001] in all the 3 groups when compared to 
normal control on induction. Following treatment, 
Group II and III had reduced fasting blood sugar 
to a level similar to normal control [P=0.250,0.457 
respectively], while reduction of the fasting blood 
sugar by M.charantia low dose (Group I) was not 
to the extent of that of normal control.
Mean arterial pressure[MAP]
 Change in MAP in individual groups on 
treatment following induction:
 Though all the 3 groups of animals fed 
on 66% fructose diet showed an increase in Mean 
arterial pressure (MAP) from the baseline within6 
weeks, the induction was not homogeneous among 
all the groups with maximum rise in standard 
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treatment group [Figure-5]. 
 A paired-t-test showed a statistically 
significant increase [P=0.006] only in the animals 
assigned to standard treatment group in comparison 
to baseline values. A paired-t-test was done to 
compare the difference in MAP following treatment 
found that the reduction though evident, was 
statistically significant in none of the groups [P 
=0.707, 0.173, 0.065] from the period of induction 
(Table 1).
 The difference in MAP between groups 
was analyzed using ANOVA, at baseline and there 
was no statistical significant difference between 
groups indicating homogeneity of the animals 
while on induction, only Group III animals showed 
a statistically significant increase [P=0.002] 
compared to normal control. Further, on treatment, 
all the 3 groups of animals had demonstrated a 
reduction of MAP to reach the level of normal 
control rats.
Serum triglycerides
Serum triglycerides on induction and treatment 
of metabolic syndrome
 As shown in Table 2, all the 3 groups 
showed a statistically significant increase in 
triglycerides [P <0.001] from the baseline following 
induction of metabolic syndrome with 66% 
fructose diet for a period of 6 weeks [Figure-6].
 Following treatment period for 6 weeks, 
all the 3 groups showed a statistically significant 
reduction in triglycerides [P <0.001] from the 
period of induction when a paired t test was used 
to test significance.
 ANOVA (Analysis of variance) was done 
to assess the significant change in triglycerides 
levels between the 4 groups of animals. At baseline 
there was no statistically significant difference 
in triglycerides between groups indicating 
homogeneity of the animals.  Following induction, 
all the three groups [Group I,II and III] showed a 
statistically significant increase in triglycerides 
compared to normal control [P =0.001,0.33,0.000 
respectively]. Further, following treatment, all the 
three groups showed reduction in triglycerides, 
not statistically significant from that of control, 
[P=0.177,0.355,0.123 respectively] indicative of 
normalization of triglycerides levels.
Total cholesterol levels
 Similar to triglycerides, total cholesterol 
of all the 3 groups showed a statistically significant 

increase [P <0.001] from the baseline following 
induction [Figure-7]. Compared to the normal 
control, Groups II and III on treatment showed a 
statistically significant [P=0.001] reduction in total 
cholesterol, while the reduction in Group I rats 
on M.charantia300 mg/kg/day (low dose) failed 
to demonstrate statistical significance [P=0.085] 
(Table 2).
 ANOVA done to evaluate the significant 
change in total cholesterol between groups showed 
a significant increase in total cholesterol [P <0.001] 
compared to normal control following induction 
and after treatment, all the 3 treatment groups 
showed reduction in total cholesterol, in addition 
to which the mean total cholesterol in Groups II 
and III were not statistically significant compared 
to normal control rats indicating normalization 
of cholesterol level in these groups at the end of 
treatment.[P=0.126, 0.282].
LDL cholesterol levels
Following induction and treatment of metabolic 
syndrome
 As shown in Table 2, all the 3 groups 
showed a statistically significant increase in LDL 
[P <0.001] from the baseline following induction 
of metabolic syndrome with 66% fructose diet 
for a period of 6 weeks [Figure-8]. Following 
treatment period of 6 weeks, Group II and III 
showed a statistically significant reduction in LDL 
[P <0.001] from the period of induction while 
Group I animals did not show significant reduction 
in LDL [P=0.366].
 ANOVA (Analysis of variance) was 
done to assess the significant change in LDL 
levels between the 4 groups of animals at three 
time zones namely baseline, following induction 
and following treatment. At baseline, there was 
no statistical significant difference in LDL levels 
between groups. Following induction all the three 
groups [Group I,II and III] showed a statistically 
significant increase in LDL levels compared to 
normal control [P < 0.001]. 
 Further, following treatment, Group II and 
III, when compared to control showed a statistically 
significant reduction in LDL [P=0.476,0.130 
respectively] indicative of normalization of LDL 
levels while Group I animals on M.charantia low 
dose did not show significant reduction in LDL to 
the level of normal control.
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HDL cholesterol levels
Following induction and treatment of metabolic 
syndrome
 Comparison of serum HDL levels done 
among all the 3 groups showed a statistically 
significant reduction [P <0.001] at the time of 
disease induction to baseline level. 
 A paired-t-test showed a statistically 
significant increase in mean HDL levels [P =0.001, 
0.001, and 0.003 respectively (Table 2)] at the end 
of treatment when compared to the mean following 
the period of induction, while normal control did 
not show statistically significant change in HDL 
levels [P=0.161]. 
 ANOVA done to evaluate the significant 
change in HDL levels between groups showed a 
significant reduction in HDL levels [P <0.001] 
compared to normal control following induction 
and after treatment, there was an increase in HDL 
levels all the 3 treatment groups, despite this 
increase the mean HDL cholesterol in Groups II 
was not statistically significant compared to normal 
control rats indicating normalization of HDL level 
in this group at the end of treatment [P=0.808].
Thio-barbituric acid reactive substance levels
 As shown in Table 3, a paired-t-test had 
shown a statistically significant increase in Thio-
barbituric acid reactive substance, Malondialdehyde 
(MDA) in all the 3 groups [P=0.007,0.001,0.003] 
[Table-3] from the baseline following induction of 
metabolic syndrome with 66% fructose diet over a 
6 weeks period [Figure-10].
 Following treatment period of 6 weeks, 
a paired t test was done to detect the difference 
between groups found that though all the three 
groups had reduced the TBARS levels, it was 
only II and III showed a statistically significant 
reduction of malondialdehyde levels [P=0.024, 
0.001] respectively.While the group I animals on 
low dose M.charantia did not show significant 
reduction [P=0.066] in malondialdehyde in 
comparison to the other groups.
 ANOVA done to assess the significant 
change in MDA levels between groups revealed 
a statistically significant rise in the levels of 
MDA [P =0.002,<0.001, <0.001 respectively] 
compared to normal control following induction. 
Following treatment, the MDA levels in all the 3 
treatment groups, was not statistically significant 
different from that of normal controls indicating 

normalization of MDA level all the groups 
at the end of treatment [P=0.078,0.743,0.454 
respectively].
Superoxide dismutase [SOD]
SOD following induction and treatment of 
metabolic syndrome
 All the 3 groups showed a statistically 
significant reduction in SOD levels [P=0.001, 
0.005, 0.000 respectively] from the baseline 
following induction of metabolic syndrome with 
66% fructose diet [Figure-11] for a period of 6 
weeks when tested using paired-t-test.
 Following treatment period for 6 weeks, 
all the 3 groups though showed a increase in SOD 
levels from the period of induction, but was not 
of statistical significance when a paired t test was 
used to test the significance [P=0.087,0.107,0.214 
respectively (Table 3)].
 When ANOVA was done to evaluate the 
significant change in SOD levels between groups 
following induction, a statistically significant 
reduction in SOD levels [P=0.020, 0.001, 0.000 
respectively] was detected compared to that of 
normal control. After treatment, there was an 
increase in SOD levels in all the 3 treatment groups, 
with the increase in the mean SOD cholesterol in 
Groups I and II not being statistically significant 
compared to normal control rats indicating 
normalization of SOD level in this group at the 
end of treatment.
Nuclear factor kappa-B [NF-êB]
NF-êB following induction and treatment of 
metabolic syndrome
 The mean serum NF-êB levels of the 
normal control animals in our study at baseline was 
established as 22.033±5.657 pg/ml [Figure-12].All 
the 3 groups showed a increase in NF-êB levels, 
but not of statistical significance [P=0.303, 0.270 
and 0.327 respectively] from the baseline following 
induction when a paired-t-test was used (Table 3).
 In comparison to the normal control 
values in their individual groups, all the 3 groups 
showed a statistically significant reduction in 
serum NF-êB levels [P=0.043, 0.001 and 0.027 
respectively]. 
 ANOVA done to analyze the difference 
between groups had found that there was a reduced 
serum NF-êB levels, which is not statistically 
significant when compared to normal control rats 
indicating normalization of serum NF-êB levels 
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in groups I and III at the end of treatment, while 
group III animals showed a statistically significant 
difference with that of normal control indicating 
non-achievement on normalization.
Histopathological examination
Histopathological changes in liver
 On comparing the liver of treated animals 
with that of normal control, all the 3 groups showed 
fatty infiltration [micro &macrovesicular steatosis]. 
Group II and III animals showed fatty changes of 
grade 2+ while the fatty liver was graded as 3+ in 
Group I animals treated with low dose M.charantia 
(Figure 13).
Histopathological changes in heart
 On comparing the histopathology of 
heart of the treatment groups with that of normal 
control, it was evident that all the 3 groups showed 
hypertrophy of heart due to fructose diet. The 
grade of hypertrophy was found to be homogenous 
in Groups I, II and III and did not any show any 
changes related to reversal of the hypertrophied 
heart. But the fatty change that is observed in the 
disease control is not seen in sections of Groups I, 
II and III heart (Figure 14).

DISCUSSION

 The aim of our work was to study the 
biological basis of effects of Momordicacharantiain 
metabolic syndrome by measuring serum NF-êB, 
lipid derived aldehydes and superoxide dismutase 
levels. And we also focused to identify the 
therapeutic advantage, of M.charantiaas a sole 
agent in the treatment of all the entities of metabolic 
syndrome with respect to available standard 
treatment, by ascertaining the changes in body 
mass index, fasting blood sugar, lipid profile and 
blood pressure.
 Body mass index showed a statistically 
significant [P <0.001] increase in all the groups 
of animals after an induction period and also in 
the control animals compared to baseline values. 
The increase in BMI noted in normal control can 
be explained as due to the linear growth that is 
normally observed.[11] Following treatment, all the 
treated groups of animals showed a statistically 
significant reduction. Inspite of not achieving 
statistical significance in body weight reduction 
in the Groups I and III, BMI showed a significant 
reduction and this disparity can be accounted by the 

fact that the length and the thoracic circumference 
would become static at around 4-5 months and thus, 
signifying the advantage of BMI over body weight, 
as diet induced obesity could be easily estimated 
from the BMI in rats in addition to being a predictor 
of dyslipidemia and oxidative stress.12

 Fasting blood sugar was estimated every 
week for a period of 12 weeks showed a statistically 
significant increase in all the groups [P <0.001] 
from the baseline to induction. It is well established 
that the enzyme fructokinase, would phosphorylate 
the surplus fructose absorbed from the intestine. 
And also, the metabolism pertaining to fructose 
is not similar to that of glucose, the difference 
being fructose-1-phosphate that is formed from 
fructose would be converted to several 3-carbon 
molecules, like glyceraldehyde, glyceraldehyde-
3-phosphate and dihydroxyacetone phosphate 
and they are considered as the potential source for 
gluconeogenesis, and thereby raise blood glucose 
levels.13

 Following treatment all the three groups 
[Groups I,II and III] showed a statistically 
significant reduction in fasting blood sugar. A 
study which was done earlier to analyze the anti-
diabetic effect of M.charantia with reference to 
glibenclamide found that all the doses used in the 
study from lower to higher doses [250 mg/kg, 500 
mg/kg, 750 mg/kg] showed a statistical significant 
reduction in blood sugar similar to that resulted 
from our study.14

 On comparison of the mean of treated 
groups to normal age control at the end of treatment, 
it was evident that, though M.charantialow dose 
had reduced the blood sugar significantly but not to 
the extent of normalization. The probable reason for 
this could be due to shorter duration of treatment. 
There are numerous studies demonstrating 
hypoglycemic activity of M.charantia, apart 
from the observation that the active component 
being structurally similar to insulin. Accordingly, 
it is also shown to exhibit insulin secretagogue 
action with additional activity of inhibiting 
two key gluconeogenic enzymes fructose 1, 
6-diphosphatase and glucose-6-phosphatase.15,16

 Our s tudy animals  though have 
demonstrated an increase in Mean arterial pressure 
in response to high fructose diet, the rise was not 
identical in all the groups of animals and there was 
inter and intra group variation with statistically 
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significant [P=0.006] rise in animals grouped for 
standard therapy (Group III). Though studies had 
demonstrated the induction of hypertension by 
fructose diet, contradictorily, there are also studies 
demonstrating inconsistent elevation of blood 
pressure.17,18 A study done in male Sprague-Dawley 
rats with high fructose diet showed a demonstrable 
rise in systolic blood pressure but not mean arterial 
pressure (MAP) which was rationalized by the 
variability between animals and also the scale 
of metabolic dysfunction not being sufficient to 
defer an effect on blood pressure.17 The probable 
reason for the increased MAP response in Group 
III rats unlike the other groups in our study, would 
have been due to the associated rise in serum 
triglycerides. Similar observation was also made 
in a previous study.19

 Subsequently after the treatment period 
of 6 weeks, all the 3 groups of animals [groups 
I, II and III] showed a reduction in mean arterial 
pressure from the period of induction though not 
statistically significant.
 When the difference between groups were 
analyzed at the end of treatment, a constructive 
finding illustrated in our study was that groups 
on high dose M.charantia and standard therapy 
showed a reduction in MAP to the level of 
normalization, while low dose M.charantiain 
contrast showed a rise in blood pressure following 
a fall indicative of its inconsistency in treating 
hypertension.
 There exists an analogous pattern of 
MAP changes in the groups II and III in the line 
chart indicating a potentially similar mechanism 
of BP lowering by M.charantia and telmisartan. 
This could be explained by a recent study 
signifying the existence of a peptide named VY-7 
in M.charantiathat possesses antihypertensive 
property by inhibiting angiotensin converting 
enzyme,20 and in turn reducing aldosterone 
production. In addition, naturally, it has high 
potassium content and both could be contributory 
to increased natriuresis and thereby a fall in blood 
pressure. Telmisartan, an angiotensin receptor 
antagonist, also acts similarly by reducing 
aldosterone production. Yet, another homology that 
exists between telmisartan and M.charantia is that 
both possess PPAR ã agonistic activity. 
 Our study evinced a statistically significant 
increase in triglyceride levels at induction of 

metabolic syndrome as consistent with another 
study. 21 It had been documented earlier with 
studies that mechanism of fructose induced 
gluconeogenesis and hypertriglyceridemia were 
interlinked. The analogy that exists is that 3 carbon 
molecules formed from fructose-1-phosphate could 
be utilized eventually in the formation of fatty acids 
and glycerol, which on esterification would form 
triglycerides. There could be few other mechanistic 
contributions, for instance, either up regulation of 
lipogenic pathway or down regulation of PPAR-á 
activity involved in catabolism of triglycerides.21

 Subsequently after treatment, all the 3 
groups showed a statistically significant reduction 
in triglycerides, it was evident that, M.charantialow, 
high doses and standard treatment had reduced 
the triglycerides to the extent of normalization. 
Yet, another study evaluating the hypolipidemic 
effects of M.charantiashowed a similar reduction 
including low dose of 300 mg/kg as with our 
study.22 The milieu of reduction in triglyceride 
levels caused by bitter melon was due to increased 
expression of PPAR-á activity in the liver. As a 
sequel of increased activity of PPAR-á, the key 
receptor in down regulation of apolipoprotein 
C-III involved in hydrolysis of triglycerides by 
lipoprotein lipase (LPL) contributed to the lipid-
lowering effect of M.charantia.23

 All the 3 groups of animals included in our 
study had attained a statistically significant increase 
in total cholesterol levels following induction 
same as that observed in previous studies with 
high fructose diet induction.[24] The reason behind 
the elevation of total serum cholesterol level by 
fructose as a retort to the increased weight and 
insulin resistance which would lead on to activation 
of the enzymes HMG CoA reductase and fatty acid 
synthase along with increased expression of hepatic 
sterol response element binding protein (SREBP).25

 Compared to the normal control, group 
II and group III animals on showed a statistically 
significant reduction in total cholesterol, and further 
the results of a study done on off springs of rats fed 
with 66% fructose diet showed that bitter melon 
had significantly reduced the total cholesterol as 
seen with our study. 26 On comparing the groups 
with that of normal animals at the end of treatment 
period revealed the reversal of serum cholesterol 
level to the degree of normality in those animals on 
high dose M.charantiaand standard treatment. The 
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Table 1. Illustration of body weight, body mass index, fasting blood sugar 
and mean arterial pressure in three different groups

Parameters Groups Pairs Mean Sd P
     
Body Weight I Baseline-Induction -134.8 33.31 <0.001
  Induction-Treatment 5.81 16.26 0.288
 II Baseline-Induction -147.9 23.53 <0.001
  Induction-Treatment 11.10 10.91 0.011
 III Baseline-Induction - 125.8 11.44 <0.001
  Induction-Treatment 0.50 12.14 0.899
BMI I Baseline-Induction -0.24 0.97 <0.001
  Induction-Treatment 0.07 0.08 0.021
 II Baseline-Induction -0.28 0.59 <0.001
  Induction-Treatment 0.06 0.03 <0.001
 III Baseline-Induction -0.23 0.39 <0.001
  Induction-Treatment 0.04 0.05 0.020
FBS I Baseline-Induction -95.30 16.93 <0.001
  Induction-Treatment 51.37 18.23 <0.001
 II Baseline-Induction -89.60 23.09 <0.001
  Induction-Treatment 73.12 25.19 <0.001
 III Baseline-Induction -93.25 18.20 <0.001
  Induction-Treatment 73.12 25.19 <0.001
MAP I Baseline-Induction -34.63 51.93 0.101
  Induction-Treatment -8.41 60.85 0.707
 II Baseline-Induction -14.25 38.16 0.326
  Induction-Treatment 28.71 53.59 0.173
 III Baseline-Induction -57.50 41.31 0.006
  Induction-Treatment 49.83 64.57 0.065

BMI=Body mass index, FBS=Fasting blood sugar, MAP=Mean arterial pressure, SD= Standard 
deviation

probable mechanism as demonstrated by an earlier 
study is inhibition of the bile acid reabsorption, 
thereby leading on to increased elimination of 
bile acids in feces. In addition, it is also known 
to regulate cholesterol 7á-hydroxylase (CYP7A1) 
by increasing the level of hepatic CYP7A1 mRNA 
expression contributing to increased conversion of 
cholesterol to bile acids.27

 This study also elucidated a statistically 
significant increase in LDL levels in all the 3 
groups from the baseline, and a similar effect 
was produced earlier in another study. The 
perception behind the occurrence of increased 
LDL with fructose is that at large amounts it would 
undergo glycation rather than fructation, which 
is considered to be detrimental to the cellular 
proteins by the production advanced glycation end 
products (AGEs),28 thereby furnishing oxidative 
damage. Once the LDL is glycated, they are poorly 

recognized by the lipoproteins and scavenging 
receptors, which consequentially leads on to 
increased LDL levels.29

 After treatment, Group II and Group 
III animals showed a statistically significant 
reduction in LDL from the period of induction to 
normalization. This action of M.charantiacould be 
justified by its antiglycating activity proven by a 
study that demonstrated the percentage inhibition 
of AGE as 40% at 1 mg/ml concentration by 
AGE fluorescence. 30 Furthermore, Momordin 
(charantin), the active component of bitter melon, 
by promoting PPARä activity decreases LDL, with 
subsidiary action of decreased primary lipoprotein 
of LDL apolipoprotein B (Apo B) production, and 
apolipoprotein C- III expression on VLDL.31

 Comparison of serum HDL levels 
among all the groups at induction, showed a 
statistically significant reduction and this result 
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Table 2. Illustration of triglyceride, total cholesterol, low density 
lipoprotein and high density lipoprotein in three different groups

Parameters Groups Pairs Mean Sd P
     
TGL I Baseline-Induction -158.35 89.83 0.002
  Induction-Treatment 176.16 95.14 0.001
 II Baseline-Induction -125.68 35.45 <0.001
  Induction-Treatment 132.99 29.69 <0.001
 III Baseline-Induction -202.05 73.85 <0.001
  Induction-Treatment 235.78 77.08 <0.001
TC I Baseline-Induction -107.05 42.89 0.001
  Induction-Treatment 25.61 32.87 0.085
 II Baseline-Induction -119.13 24.45 <0.001
  Induction-Treatment 78.77 35.81 0.001
 III Baseline-Induction -108.05 10.13 <0.001
  Induction-Treatment 70.80 28.12 0.001
LDL I Baseline-Induction -104.97 26.43 <0.001
  Induction-Treatment 28.98 78.38 0.366
 II Baseline-Induction -135.78 20.11 <0.001
  Induction-Treatment 80.62 29.74 <0.001
 III Baseline-Induction -113.04 13.82 <0.001
  Induction-Treatment 32.09 9.38 <0.001
HDL I Baseline-Induction 32.03 9.87 <0.001
  Induction-Treatment -10.84 3.25 <0.001
 II Baseline-Induction 41.46 1.83 <0.001
  Induction-Treatment -23.56 10.09 <0.001
 III Baseline-Induction 45.85 4.31 <0.001
  Induction-Treatment -2.29 1.80 0.003

TGL=Triglyceride, TC=Total cholesterol, LDL=Low density lipoprotein, 
HDL=high density lipoprotein, SD= Standard deviation

was homogenous to that of former studies.32 It has 
been well entrenched by studies that caveolins are 
found to be involved in the export of bile salts from 
the liver, and there exists a concordant relationship 
between exportation of bile salts and HDL levels 
i.e., any reduction or increment in the earlier would 
lead on to reduction or increase of the HDL levels 
respectively. Based on this mechanism, ingestion 
of high fructose diet would lower the HDL levels 
by reducing the bile salt export.33

 Following treatment, all the 3 groups 
showed a statistically significant increase as 
observed in earlier study. 34 Revealed that the 
restoration of serum HDL level to the degree 
of normality in those animals on high dose 
M.charantiaonly. In adipocytes, the enzyme 
lipoprotein lipase was responsible for both 
release of fatty acid and conversion of VLDL to 
cholesterol-rich LDL. Normally, macrophages 
embedded in the vessel wall would take up VLDL 

and ox-LDL actively and excess cholesterol would 
then be fluxed out through the HDL pathway. As 
demonstrated by studies that the balance between 
lipid influx and efflux is carried out by PPAR-ã in 
humans and PPAR-ä in lower animals. Any agent 
with the PPAR agonistic activity would increase 
HDL levels by decreasing LDL and M.charantia 
is one such agent with PPAR-ä agonistic activity 
thus reducing HDL levels.31

 The estimated levels of thiobarbituric 
acid reactive substance malondialdehyde (MDA) 
showed a statistically significant rise. It was well 
recognized by studies that the animals fed on high 
fructose diet were known to produce remarkable 
changes in serum triglyceride levels, which in 
turn would increase the activity of fatty-acyl-
coA oxidase leading on to â-oxidation. Further, 
excess usage of non-esterified fatty acid (NEFA) 
for â-oxidation would lead on to the down-
regulation of malonyl-CoA, and the reduced NEFA 
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Table 3. Illustration of thio-barbituric acid reactive substance levels, super oxide 
dismutase and nuclear factor kappa-B in three different groups

Parameters Groups Pairs Mean Sd P
     
TBARS I Baseline-Induction -2.59 1.95 0.007
  Induction-Treatment 1.24 1.62 0.066
 II Baseline-Induction -3.19 1.75 0.001
  Induction-Treatment 2.71 2.67 0.024
 III Baseline-Induction -3.47 2.14 0.003
  Induction-Treatment 2.98 1.49 0.001
SOD I Baseline-Induction 0.70 0.39 0.001
  Induction-Treatment -0.34 0.48 0.087
 II Baseline-Induction 0.52 0.37 0.005
  Induction-Treatment -0.46 0.70 0.107
 III Baseline-Induction 1.24 0.45 <0.001
  Induction-Treatment -0.35 0.73 0.214
NFκB I Baseline-Induction -8.22 19.30 0.303
  Induction-Treatment 16.12 16.70 0.043
 II Baseline-Induction -6.95 15.13 0.270
  Induction-Treatment 22.15 8.76 0.001
 III Baseline-Induction -3.53 8.76 0.327
  Induction-Treatment 14.35 13.02 0.027

TBARS=Thio-barbituric acid reactive substance levels, SOD=Super oxide dismutase
NFκB=Nuclear factor kappa-B, SD= Standard deviation

transport via CPT-1 across mitochondria thereby 
increasing oxidation at endoplasmic reticulum and 
peroxisomes. In addition, oxidation of organelles in 
the cytoplasm releases ROS, which when formed 
in excess, damages the mitochondrial membrane 
rich in polyunsaturated fat thus serving as a 
source for lipid peroxidation derived aldehydes. 
However, the process does not terminate there, as 
those systemically released MDA would inhibit 
the defensive anti-oxidant enzymes SOD and 
catalase.35

 Following treatment Groups II and III 
showed a statistically significant decrease in lipid 
derived aldehydes. Analysis done to scale the 
difference between groups revealed no statistically 
significant difference between the treated groups 
and normal control indicating the normalization 
of lipid peroxidation. Ours is the first study to 
demonstrate the effect of M.charantia on Lipid 
derived aldehydes in metabolic syndrome model 
even though the mechanism contributing to the 
effect has been studied.
 Superoxide dismutase estimation done in 
our study revealed a statistically significant decline 
in their levels during the span of induction with 

fructose. It was recognized that ROS plays a key 
role in regulating various cellular functions but at 
higher concentration are responsible for disruption 
of structural integrity of cells and thereby damage 
the proteins, DNA and lipid. Any condition that 
disrupts this balance could lead on to oxidative 
stress by causing profound reduction in the 
enzyme superoxide dismutase, one such state is 
hyperglycemia induced by high fructose diet.36

 The subsequent determination of enzyme 
levels following the treatment period though 
endowed ascend in their serum levels did not 
achieve statistical significance when compared 
to the values at induction. When we analyzed the 
difference in mean superoxide dismutase levels 
between the treated and age control rats, there was 
no statistically significant difference indicative 
of its acceleration towards normal with both the 
doses of M.charantia. While the standard therapy 
did not favorably usher the free radical scavenger, 
superoxide dismutase towards the expected 
magnitude, the reason could be credibly due to the 
mean reduction in their level was huge at the time 
of induction with respect to other two groups.
 In our study, serum NF-KB levels were 
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Fig. 1. Flow chart of study design

Fig. 2. BMI in individual groups after treatment
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Fig. 3. Change in fasting blood sugar during induction

Fig. 4. Change in fasting blood sugar during treatment

estimated using ELISA kit at the baseline(0 week), 
on induction (6 week) and following treatment 
(12 week). Though there are studies on tissue 
expression of NF-êB, subsequent to infections, 

inflammation and malignancies, there is only 
sparse literature available on serum levels of NF-
êBtill date. A study done in rats with mucositis 
on inflammatory markers including serum NF-
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Fig. 5. Change in MAP during induction and treatment

Fig. 6. Change in triglycerides levels on induction and treatment

êBfound that there is difference between groups 
at baseline as in concordance with our study.37 

The mean serum level at baseline was established 
as 22.033±5.657 pg/ml in our study. All the 3 

groups of animals showed an increase in the levels 
from that of baseline but were not to the level of 
significance. 
 Following treatment all the 3 groups of 
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Fig. 7. Change in total cholesterol following induction and treatment

Fig. 8. Change in LDL levels following induction and treatment

animals revealed a statistically significant reduction 
in serum NF-êBlevels [P=0.043, 0.001, 0.027]. 
As of now, there are only 3 studies done with the 
objective of establishing the role of M.charantiaon 

pro-inflammatory marker NF-êB, one being the 
work done to demonstrate the inhibitory activity 
of M.charantia as one of the tested compounds 
on NF-êBtranscriptional activation in HepG2 
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Fig. 9. Changes in HDL levels following induction and treatment

Fig. 10. TBARS during induction and treatment of metabolic syndrome

cells (human hepato-carcinoma) in Dulbecco’s 
modiûed Eagle’s medium had proven its inhibitory 
effect.38 Another was an m-RNA study on heart 

tissue of the obese Zucker rats demonstrated that 
down-regulation of nuclear factor-êB (NF-êB), 
and interferon-ã by M.charantia.39 The third 
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Fig. 11. Changes in SOD levels on induction and treatment

Fig. 12. Normal serum NF-êB levels [in pg/ml] observed 
in our study

being an electrophoretic mobility shift assay with 
the ethanol extracts and the hot aqueous extracts 
of M.charantiashowing inhibition of NF-êB 
activation.[40] But so far no research is done to 
assess the effect of M.charantiaextract in vivo on 
serum NF-êB levels.
 The histopathological examination of 

the liver and heart was done in our study.  Due 
to liability of ethical concern, we have taken the 
pictures of diseased liver and heart in response to 
fructose intake from standard research articles. 
In comparison to normal control all the liver 
showed fatty infiltration, both microvesicular and 
macrovesicular steatosis that was in ordinance to 

high fructose diet as apparent in prior studies. In 
addition, the changes in histopathology of the liver 
and heart by M.charantiaunlike that of pancreas, 
has not been studied in literature till date.
 In distinction, the fatty change that was 
observed in these groups in comparison to the 
diseased picture revealed a significantly minimal 
change. There also exists a difference in fatty 
changes among groups, HPE of liver of Group I 
showed maximum change of grade 3+ while that 
of Groups II and III were presented with only grade 
2+ changes.
 So far there are no studies dealt on the role 
of M.charantia on the fatty changes precipitated 
on consumption of the fructose. So ours is the first 
work done to learn the changes, and we obtained 
an affirmative result that the changes in both 
M.charantia high dose and standard treatment 
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Fig. 13. Histopathological examination of Liver [H&E, 40X]

Fig. 14. Histopathological examination of Heart [H&E, 40X]

groups were homogenous and the fatty change in 
these groups were of a lower degree in comparison 
to the low dose M.charantia group.
 In comparison to normal control all the 

heart HPE sections showed hypertrophy that was 
in accordance to previous studies with reference to 
high fructose diet. 
 The cardiac hypertrophy was highly 
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evident but observations made in these 3 groups 
were homogenous with no difference among them. 
The reason for this could duly be explained by the 
relatively brief span of treatment was not sufficient 
to bring about the scale of expected changes in the 
hypertrophied myocytes. But the positive finding 
illustrated was that the fatty change observed in 
the picture of disease control was not evident in 
the HPE sections of all three groups of treated 
animals. So, further studies pertaining to this could 
be done in future to assess the effect of Momordica 
on progression of cardiac hypertrophy.

CONCLUSION

 High fructose diet (66%)was affirmatively 
found to be the animal model appropriate for 
inducing metabolic syndrome to study the effect 
of drugs as the model effectively reproduced 
all the metabolic changes [BMI,FBS,BP, Lipid 
parameters]seen in the syndrome. We included 
two different doses of M.charantia, of which 
600mg/kg/day had exclusively matched the 
therapeutic efficacy of the standard therapy given 
in combination. M.charantia’sefficacy in a chronic 
inflammatory disease like metabolic syndrome is 
successfully demonstrated in our study with respect 
to reduction of inflammation and oxidative stress 
evidenced by a decline in serum NF-êB and LDA 
along with increased free radical scavenger, SOD. 
The biological basis of the effects of M.charantia 
by inhibiting the inflammatory pathway in 
metabolic syndrome both at the levels of ROS 
generation and transcription of pro-inflammatory 
marker NF-êB was proven. The histopathological 
examination findings has imparted that metabolic 
syndrome is a multi-organ inflammatory disease 
condition inducing detectable pathological changes 
in various organs like liver and heart and that 
M.charantia is a potentially effective agent to 
reverse such significant changes.
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