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Abstract 
 
More than 1000 herbal products have been used by diverse cultures of the world to treat hyperglycemia and 
among them bitter melon (Momordica charantia) is one of the most popular herbal resource. The beneficial 
effects of bitter melon is not limited to hypoglycaemia only, but it also ameliorates diet induced obesity, in- 
sulin resistance and exhibit cardioprotective effects. The present study attempts to investigate the effect of 
bitter melon fruit juice on a newly investigated risk factor, sialic acid in type2 diabetics. A total of 40 type2 
diabetic patients, divided into group A (n = 20) and group B (n = 20) were investigated during the present 
study. The patients of group A were following bitter melon fruit juice treatment along with diet control, 
whereas the patients of group B were on diet control only. Serum sialic acid (SSA) decreased in group A 
from 66.20 ± 2.30 mg/dl to 63.50 ± 2.10 mg/dl (<0.11) but, increased in group B from 66.50 ± 1.70 mg/dl to 
68.20 ± 2.50 mg/dl (<0.12), compared to baseline. Post-treatment between group comparison revealed a sig- 
nificant difference (<0.05). The beneficial effects on fasting plasma glucose (FPG) and glycohemoglobin 
(HbA1-c) were also greater in group A compared to group B as was the case with blood lipids, weight and 
blood pressure. The study provides another mechanism for the cardioprotective effect of bitter melon and 
further strengthens its value in the management of type2 diabetes. 
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1. Introduction 
 
Plant medicines have a long history of use in various 
pathological conditions. Bitter melon (Momordica cha- 
rantia) is traditionally used for treating diabetes in deve- 
loping world including India and Pakistan, which have a 
long history of the use of herbal remedies in diabetes [1]. 

Bitter melon is a traditional plant used by ayurvedic 
doctors of medicines to benefit various conditions inclu- 
ding diabetes [2]. The effect of bitter melon on various 
diabetes associated cardiovascular risk factors like plas- 
ma lipids, obesity and insulin resistance is known [3,4] 
and the present study is designed to determine the effect 
of bitter melon on a recently investigated cardiovascular 
(CV) risk marker/factor, sialic acid. Sialic acid is used to 

be a group name for acetylated derivatives of neuraminic 
acid and the serum level of it is increased in type2 dia- 
betes mellitus [5-8]. The mechanistic aspect of raised le- 
vels of serum sialic acid (SSA) is not very clear, but 
several possibilities have been suggested for elevated 
levels in diabetic patients. There may be generalized en- 
dothelial cell dysfunction or macrovascular disease, eith- 
er through loss of sialic acid containing glycoproteins 
from vascular cells into blood stream or through an acute 
phase response. Circulating sialic acid is mostly cova- 
lently attached to glycoproteins, particularly the acute 
phase group. Type2 diabetes mellitus may be considered 
an acute phase disease, since in type2 diabetes (not type1 
diabetes), even without tissue complications, the serum 
levels of acute phase proteins, C-reactive protein and ha- 
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ptoglobin are elevated [9-13]. 
There may be increased sialylation of serum proteins 

[14] or reduction in desialylation of plasma glycoproteins 
[15]. Alternatively or in addition, declining renal func- 
tion in diabetes may retard the excretion of acute phase 
proteins or other sialic acid containing proteins, leading 
to high SSA levels [16]. Recent studies indicate a posi- 
tive association between SSA and cardiovascular mor- 
tality and has been proposed to be a long term predictor 
of coronary artery disease in adults, particularly women 
[17]. 

The evidence of raised level of SSA as a risk factor for 
cardiovascular disease (CVD) signifies the importance of its 
status in diabetes mellitus. Therefore, the present study was 
carried out to test our hypothesis that bitter melon induced 
reduction in blood glucose and blood lipids are associated 
with changes (reduction) in SSA in type2 diabetics. 

 
2. Materials and Methods 

 
2.1. Study Design 

 
A total of 40 recently diagnosed type2 diabetic patients at-
tending Afghan Dawakhana, Lakki Marwat, were investi-
gated during the present study. They were divided into two 
groups, A and B. The patients in group A (20) were on diet 
control only, whereas, the patients in group B (20) were also 
taking freeze-dried bitter melon juice in a dose of 1 g/d 
along with diet control. The volunteer patients of type2 dia-
betes were explained the research protocol and their written 
informed consents obtained for the study. Participants were 
informed of their right to withdraw from the study at any 
time. The study was conducted for a period of 12 weeks. 
Therapeutic goal was to achieve FPG level <140 mg/dl, 
while observing the changes in SSA. 

 
2.2. Procedures and Measurements 

 
Fasting blood samples were collected after 12 - 14 h 
overnight fast without the use of a tourniquet. Metabolic 
variables were determined at baseline and at the end of 
the study period.  

Sialic acid was determined by using a method pro- 
posed by Shamberger [18]. In brief, sialic acid in the 
sample reacts with Ehrlich’s reagent and this result in the 
formation of a white precipitate. After incubation in wa- 
ter bath the colour of the mixture turned blue from white. 
Sodium chloride was added to the mixture and centrifu- 
ged. The intensity of the colour of supernatant is directly 
proportional to the concentration of sialic acid and is 
read in a spectrophotometer at 525 nm. 

Fasting plasma glucose (FPG), glycohemoglobin (Hb- 
A1-c), total cholesterol (TC), high density lipoprotein 

cholesterol (HDL-c), low density lipoprotein cholesterol 
(LDL-c) and triglyceride (TG) levels were analyzed by 
enzymatic methods, using commercially available kits. 

SSA, HbA1-c and blood lipids were determined at 
start and at the end of the study period whereas FPG was 
determined at start and then after every 2 weeks. 

Standing height and weight were measured with the 
subjects in light clothing and without shoes. Height was 
recorded to the nearest centimetre and weight to the nea- 
rest 0.1 Kg. The weighing scales (Detecto-Medic, NY, 
USA) were standardized on each visit using standard 
weights of 20 and 70 Kg. Body mass index (BMI), defi- 
ned as weight in Kg/height (in meters) squared was cal-
culated, and used as an index for obesity. Obesity was 
defined according to the WHO standards as BMI <30 
[19]. Blood pressure was measured according to a stan- 
dard protocol [20]. Hypertension was defined as systolic 
blood pressure 160 mmHg and/or diastolic blood pres- 
sure 95 mmHg and/or current history of antihypertensive 
medications, according to the WHO criteria [21]. 

 
2.3. Source and Preparation of Bitter Melon 

Fruit Juice 
 

Momordica charantia (family Cucurbitaceae, commonly 
known as Ku gua, bitter melon, karela or bitter gourd) 
was purchased from a local market in Khyber Pukh- 
toonkhwa Province, Pakistan and authenticated by a pha- 
rmacognosy expert before juice preparation. The juice 
was prepared by the method proposed by Chen et al. [22]. 
Unripe bitter melon fresh fruit was washed thoroughly 
with water, cut open and the seeds removed. The juice 
was extracted from the edible portion by crushing the 
fruit in electric juicer (NOVA-Osaka, Japan) and strain- 
ing through a muslin cloth. The yield was 390 ml/Kg. 
The juice was frozen and then completely lyophilized by 
continuous freeze drying operation for 72 h (Dura Bulk 
Tray Dryer, FTS System, Stone Ridge, NY). The yield 
was 7 g powder/Kg of fresh fruit. The powder was filled 
in hard gelatine capsules in a dose of 0.5 g and 1 g.  

Results are expressed as means ± SD. Data were ana- 
lysed using the Statistical Package for Social Sciences, 
SPSS (SPSS Inc., Chicago, IL, USA) and a P ≤ 05 was 
taken as the cut-off level for significance. Because the 
distribution of most variables was not symmetric, we 
used non-parametric statistical methods. The Mann-Wh- 
itney U-test was used for between group comparisons 
and Kruskal-Wallis one-way ANNOVA test was used for 
comparisons involving more than two groups. 

 
3. Results 

 
Table 1 shows baseline characteristics of the study groups. 
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There were no significant differences of metabolic vari- 
ables among the groups. Table 2 shows the post-treat- 
ment values of metabolic variables. Serum sialic acid 
(SSA) showed a trend towards decrease in group A from 
66.20 ± 2.30 mg/dl to 63.50 ± 2.10 mg/dl (<0.11) 
whereas, increased in group B from 66.50 ± 1.70 mg/dl 
to 68.20 ± 2.50 mg/dl (<0.12). Post-treatment between 
group comparisons revealed a significantly high SSA in 
group B (Figure 1).  

Fasting plasma glucose (FPG) decreased to <140 
mg/dl within the first month of study in both group A 
and group B. After that, the level deteriorated (≥140 
mg/dl) more rapidly in group B than group A (Figure 2). 
HbA1-c significantly decreased in both group A and gr- 
oup B, compared with baseline (Table 2). 

 
Table 1. Baseline characteristics of group A and group B. 

Variable Group A Group B 

N 20 20 

Age (y) 52 ± 3.40 52.20 ± 4.70 

Sex (M/F) 8/12 9/11 

BMI (Kg/m2) 26 ± 2.20 26.70 ± 2.80 

Weight (Kg) 77.60 ± 4.30 77 ± 4.40 

SBP (mmHg) 139 ± 6 138 ± 5 

DBP (mmHg) 94 ± 3 95 ± 3 

Smoking (cig/d) 8 10 

SSA (mg/dl) 66.20 ± 2.30 66.50 ± 1.70 

FPG (mg/dl) 151 ± 6.20 148 ± 6.80 

HbA1-c (%) 8.60 ± 0.40 8.70 ± 0.50 

TC (mg/dl) 196.30 ± 6.10 194 ± 5.60 

HDL-c (mg/dl) 49.20 ± 2.90 48.40 ± 1.50 

LDL-c (mg/dl) 150.20 ± 4.20 151.30 ± 3.50 

TG (mg/dl) 172.90 ± 5.10 172.40 ± 3.60 

Data are mean ± SD; SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pres-
sure; SSA: Serum Sialic Acid; FPG: Fasting Plasma Glucose; HbA1-c: Glyco-
hemoglobin; TC: Total Cholesterol; HDL-c: High Density Lipoprotein choles-
terol; LDL-c: Low Density Lipoprotein cholesterol; TG: Triglyceride. 
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Figure 1. Comparison of baseline and post-treatment SSA 
in group A and group B. 
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Figure 2. Changes in FPG overtime. 
 
Table 2. Post-treatment biochemical profile of group A and 
group B. 

 Group A Group B 

Variable
Post-treatment 

value 

Change 
from 

baseline 
P-value 

Post-treatment 
value 

Change 
from 

baseline
P-value

SSA (mg/dl) 63.50 ± 2.10 <0.11 68.20 ± 2.50 <0.12 

FPG (mg/dl) 142 ± 3.10 <0.05 142.70 ± 5.60 ≤0.05 

HbA1-c (%) 7.50 ± 0.30 <0.01 7.50 ± 0.60 <0.02 

TC (mg/dl) 187.30 ± 5.90 <0.05 198.30 ± 8.70 <0.07 

HDL-c 
(mg/dl) 

53 ± 5.30 <0.12 51.30 ± 4.50 <0.18 

LDL-c 
(mg/dl) 

144.10 ± 5.20 <0.05 154.70 ± 7.10 <0.12 

TG (mg/dl) 170.50 ± 8.80 <0.24 171.40 ± 7.50 <0.20 

Weight (Kg) 75.50 ± 4.50 <0.13 77.90 ± 4.30 <0.19 

SBP 
(mmHg)

137 ± 5.10 <0.19 139 ± 6.70 <0.20 

DBP 
(mmHg)

92 ± 6.70 <0.22 97 ± 4.10 <0.21 

 
Changes occurred in blood lipids during the study pe- 

riod are given in Table 2. Total cholesterol (TC) chan- 
ged by −9 mg/dl and +4.30 mg/dl in group A and group B 
respectively. High density lipoprotein cholesterol (HDL-c) 
changed by +3.80 mg/dl and +2.90 mg/dl. Low density 
lipoprotein cholesterol (LDL-c) changed by −6.10 mg/dl 
and +3.40 mg/dl. Triglyceride (TG) changed by −2.40 
mg/dl and −1 mg/dl in group A and group B respectively. 

Weight (Kg) decreased by −2.10 in group A and in-
creased by +0.90 in group B. Both systolic and diastolic 
blood pressure (SBP and DBP) decreased in group A by 
−2 mmHg each, whereas increased by +1 mmHg and +2 
mmHg in group B respectively (Table 2). 

 
4. Discussion 

 
Diabetes is the metabolic syndrome associated with both 
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microvascular and macrovascular complications and am- 
ong these cardiovascular complications is the main cause 
of death in such patients [22]. Therefore modulation of 
the cardiovascular risk factors will definitely prove help- 
ful to reduce the incidence of cardiovascular complica- 
tions in these patients. Results of the present study sug- 
gest that the use of bitter melon in type2 diabetes de- 
creases the SSA level thereby indicating the usefulness 
of bitter melon in protecting against CV complications in 
diabetes. Lindberg et al. [23] have shown that the pre- 
dicting power of sialic acid for coronary heart disease is 
more or of the same magnitude to that of cholesterol. 
Recent studies also indicate sialic acid as an independent 
risk factor for cardiovascular disease [24] and thus any 
positive change (decrease) in SSA may lead to control 
and deceleration of atherosclerotic process. Indeed, a sig- 
nificant decrease in SSA levels in growth hormone defi- 
cient patients after receiving growth hormone therapy 
has been related to the prognostic effect of this hormone 
in groups at risk of cardiovascular disease [25].  

There may be several reasons for beneficial effects of 
bitter melon on SSA including, the inhibitory effect on 
glycation of LDL-c [26], protecting the biological sys- 
tems from potentially harmful effects of free radicals due 
to antioxidant properties [27,28], reduces adiposity and 
exerts antihyperlipidemic effects [29,30]. A positive as-
sociation between SSA, blood lipids and BMI have been 
reported [31]. The role of bitter melon in protecting ag- 
ainst cardiovascular complications of diabetes has been 
reported previously [32,33] and a decrease in SSA shown 
in this study is the novel finding because it is an indica- 
tive of a decrease in the development and progression of 
atherosclerosis. 
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