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Abstract

This study was performed to investigate the effects of bitter melon extract (BME) on glucose metabolism, insulin resistance,
and various metabolic parameters of participants with prediabetes. A 12-week randomized placebo-controlled clinical study
was conducted with prediabetic patients. A total of 76 participants were randomly assigned to initiate the study. In the final
analysis, 33 and 32 subjects were included in the BME and placebo groups, respectively. Results showed that 75 g oral
glucose tolerance test (OGTT) blood glucose level decreased in BME group after 12 weeks. The glucose level after 30 min
of glucose ingestion decreased significantly. The glucagon level in the BME group after 12 weeks significantly decreased
120 min after 75 g OGTT. These results suggested that bitter melon exhibits glucose-lowering effects through suppression
of glucagon levels in people with prediabetes.

Keywords Bitter melon - Momordica charantia - Glucose - Prediabetes

Introduction

Bitter melon (Momordica charantia L.) is mainly found in
subtropical regions, such as China, India, Thailand, East
Africa, and Latin America. Balsam pear, carilla, cerasee,
cundeamor, goo-fah, and karela are its alternate names. It
is called bitter gourd or bitter melon because of its bitter
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taste (Tahira and Hussain, 2014). Developing countries
such as Brazil, China, Colombia, Cuba, Ghana, and India
has used it traditionally as a treatment for diabetes. It is also
applied to treat local wounds (Raman and Lau, 1996). It
has antibacterial, antiviral, anticancer, and anti-inflamma-
tory effects. It has been also used for gastric ulcer diseases
(Grover et al., 2002; Rathi et al., 2002). Many patients with
diabetes use bitter melon as alternative medicine in Eastern
culture. Many patients in Korea believe that bitter melon has
glucose-lowering effects.

Bitter melon seeds, leaves, berries, and fruit peels (Singh
et al., 2011) has about 228 components. It is rich in vita-
mins A, B1, B2, B9, C, and E and minerals such as calcium,
potassium, zinc, magnesium, phosphorus, and iron. It has
abundant bioactive substances, including anthraquinones,
essential oil, saponin, triterpenes, alkaloids, and momordi-
cine (Joseph and Jini, 2013; Kenny et al., 2013; Liu et al.,
2009). Blood glucose regulation is linked to the following
substances: charantin (a mixture of steroidal saponins), pol-
ypeptide-p, vicine, and momordin analogs (e.g., momordi-
nol, momordicilin, momorcharin, and momordicin). Poly-
peptide-p is an insulin-like protein also called p- insulin or
v-insulin (Oliveira et al., 2018). Their fasting blood glucose
levels decrease (Habicht et al., 2014; Krawinkel and Ked-
ing, 2006) when purified polypeptide-p extracted from bitter
melon is injected subcutaneously in patients with type 1 and
type 2 diabetes. Glucose clearance increases when terpene-
based substances in bitter melon, momodicoside S and
momodicoside T, are parenterally administered to healthy
mice. Another substance in bitter melon, trehal, suppresses
a-glucosidase activities by 40% (Khatib et al., 2017).

Body weight, body fat mass, and plasma lipid levels (cho-
lesterol, insulin, glucagon, and C-peptide) decreased when
administrating bitter melon extract (BME) orally in an ani-
mal model with high-fat diet (HFD)-induced diabetes (Yoon
et al., 2017); SIRT1, AMPK, and PPAR« factors related to
glucose consumption increased, whereas factors associated
with fat accumulation such as SREBP1c decreased signifi-
cantly. It was shown that glucagon secretion significantly
decreased when oral BME administration on HFD/strepto-
zotocin (STZ)-induced diabetes in mice (Kim et al., 2020).
Their blood glucose levels were suppressed 15 min after 75
g OGTT in the BME administration group.

Therefore, we hypothesized that BME can improve in
humans with impaired glucose metabolism at prediabetes.
This study was conducted to investigate blood glucose-low-
ering effects and mechanisms of bitter melon, and to observe
the safety of BME in Korean participants with prediabetes.
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Materials and methods
Study design

This study was designed as a 12-week, randomized clinical
trial. All participants were randomly assigned a sequence,
and double-blinded to the participant and investigator until
the study was completed.

Participants who had prediabetes (100-125 mg/dL fast-
ing blood glucose or 5.6-6.4% in HbA1C) and were aged
18-80 years were enrolled. Informed consent from all par-
ticipants were obtained at Kosin University Hospital (Busan,
Korea). This study was approved by the Kosin University
College of Medicine Institutional Review Board (IRB No.
1040549-201603-BM-004).

The exclusion criteria were as follows: (1) patients suf-
fering from other serious diseases (cancer, cirrhosis, chronic
hepatitis, or kidney disease), exhibiting hepatic GOT/GPT
80 IU/L and serum creatinine higher than 2.0 mg/dL, or
having dialysis, (2) patients with cancer, (3) patients with
type 1 diabetes and patients using steroids within 6 months
or drugs that may affect blood glucose levels, (4) patients
participating in other clinical trials, (5) patients experiencing
a serious adverse reaction or requesting test discontinuation
due to an adverse reaction, and (6) patients showing less than
80% compliance with the test product. The progress of the
study is shown in a flowchart (Fig. 1).

Test supplement

Kolmar BNH (Sejong, Korea) prepared BME supplements, a
product named “SugarKatcher S52.” The dried unripe bitter
gourd was extracted with 70% ethanol at 70 °C, the condi-
tions at which BME showed the highest antioxidant power as
well as a-glucosidase and pancreatic lipase inhibition activi-
ties; subsequently, it was spray-dried for powder preparation.
At this condition, the concentrations of total polyphenol and
total flavonoid were the highest, as represented by gallic
acid (7.66 mg/g) and tannin acid (7.77 mg/g; Moon et al.,
2015); another index component—y-aminobutyric acid
(GABA)—1.08 mg/g (Lee et al., 2018). Cellulose, maltodex-
trin, hydroxypropyl methylcellulose, and a pigment match-
ing the BME dose were the main contents of the placebo
tablets. All participants were instructed to consume two
tablets three times daily (2.4 g/day). The BME and placebo
capsules were packaged in an indistinguishable manner and
marked with numbers assigned to the participant.
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Fig. 1 Research progression flowchart

Measurement of blood glucose parameters

The effectiveness of the BME supplement was evaluated
by measuring the following parameters: fasting glucose,
HbAIC, insulin, glucagon, C-peptide, lipid profiles; total
cholesterol (TC), high-density lipoprotein cholesterol (HDL-
C), low-density lipoprotein cholesterol (LDL-C), and tri-
glyceride (TG) after 12 weeks of administration. OGTT was
performed after 8 h of fasting. Oral ingestion of 75 g of
glucose, fasting glucose, insulin, c-peptide, and glucagon
were measured at baseline, 30 min, 60 min, and 120 min,
respectively.

The hexokinase method was used to analyze blood glu-
cose. The AD2400 (Siemens, Germany) was used to meas-
ure TC, HDL-C, LDL-C, and TG, whereas ADVIA Centaur
XPT (Siemens, Germany) was used to determine insulin and
C-peptide.

Insulin resistance was represented by homeostatic model
assessment for insulin resistance (HOMA-IR), and insulin
secretion was represented by HOMA- (Wallace et al., 2004)
and insulinogenic index (Singh and Saxena, 2010). Insulin
sensitivity also calculated using the Matsuda index (Mat-
suda and DeFronzo, 1999). These were calculated from the
OGTT values.

Statistical analysis

SPSS ver. 19 (IL, USA) was used to analyze data. BME and
placebo groups were comparatively analyzed via Student’s
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t-test. A chi-square test compared the safety events between
the two groups. We used the paired t-test when comparing
the values before and after administration in each group.
Data were expressed as mean standard deviation, and data
with p < 0.05 were considered statistically significant.

Results and discussion
Participants

A total of 58 participants were disqualified out of the 136
that were screened, and a total of 78 were enrolled in this
study. About two participants were lost to follow-up after
being enrolled; the 76 remaining participants were randomly
assigned to the BME group (n = 39) and the placebo group
(n = 37). Among them, four participants dropped out of the
BME group, and four participants withdrawal of the placebo
group. In the BME group, two of the four who dropped out
could not be contacted without any special reason; one was
hospitalized but did not disclose the reason for the hospitaliza-
tion, whereas the other one was discontinued given abandon-
ment of participation. In the placebo group, three out of four
who dropped out could not be contacted without any specific
reason, and one withdrawal due to abandonment of participa-
tion. Only one from the placebo group and two from the BME
group were excluded from the analysis due to lack of compli-
ance at the end of the 12-week study. Finally, 32 placebo and
33 BME participants were analyzed, respectively.
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Table 1 Ba?eline clinical. . Placebo (n=32) Bitter melon (n=33) p value

characteristics of all participants
Sex (M:F) 16:16 10:23 <0.001
Age 53.6+7.6 56.7+11.3 0.290
Height (cm) 164.0+7.6 161.9+7.9 0.306
Weight (kg) 65.1+11.4 63.2+9.1 0.401
Abdominal circumference (cm) 85.6+8.1 85.6+8.3 0.807
Systolic BP (mmHg) 127.3+10.8 126.3+11.9 0.676
Diastolic BP (mmHg) 71.7+8.9 73.1+8.6 0.957
Fasting glucose (mg/dL) 107.1+19.6 101.1+12.3 0.768
HbAlc (%) 59+04 59+0.3 0.720
GOT (IU/L) 25.5+6.9 29.0+11.5 0.138
GTP (IU/L) 239+11.7 244+12.5 0.848
ALP (IU/L) 64.0+32.1 64.0+19.7 0.996
rGTP (IU/L) 40.1+77.4 27.5+233 0.351
Total cholesterol (mg/dL) 185.8+31.3 195.1+36.1 0.267
HDL-C (mg/dL) 52.5+144 58.4+16.2 0.463
LDL-C (mg/dL) 111.6+26.1 117.0+32.5 0.124
Tg (mg/dL) 158.9+201.6 130.6+78.0 0.456

There was no significant difference at the baseline charac-
teristics, and randomization can be confirmed well (Table 1).

Determination of blood glucose levels

Currently used as a diagnostic criterion for diabetes, fasting
blood glucose was created by the American Diabetes Associa-
tion in 1997 to predict the occurrence of retinopathy, a micro-
vascular complication of diabetes. A 2-h glucose level of 75 g
OGTT is one of the diagnostic criteria for diabetes when 200
mg/dL or higher (James et al., 1997). OGTT reveals how insu-
lin regulates blood glucose in the glucose metabolic process
obtained from external sources, such as a meal (Nathan et al.,
2007). Blood glucose levels were measured via a 75 g OGTT
in this study. The blood glucose levels after 12 weeks in the
BME group were lower than before treatment, and the 30 min
time point was significantly lower than baseline (p < 0.05).
The blood glucose levels did not change from the baseline
and 12 weeks after OGTT in the placebo group (Fig. 2A). The
differences between baseline and 12-week glucose levels were
significantly different at the 120 min time point (Table 2).
Unfortunately, we could not observe the fasting blood
glucose change after 12 weeks, because the participants were
not diabetic. Therefore, their baseline fasting blood glucose
levels were not high enough to show the fasting glucose-
lowering effect of the BME supplement for 12 weeks.

Insulin resistance and secretion determination
There was no significant difference in insulin resistance

with HOMA-IR and insulin secretion using HOMA-f, and
insulinogenic index at baseline and 12 weeks. Differences
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between baseline and 12 weeks were not different in both
groups (Table 2).

Determination of insulin levels

Insulin regulates the overall metabolism of the body, and
participates in carbohydrate, fat, and protein metabolism.
Its most important function is reducing glucose levels in the
blood in glucose metabolism. Insulin promotes and inhibits
glycogen synthesis in the liver, promotes glycogen synthe-
sis, increases triglyceride synthesis, and inhibits gluconeo-
genesis. It also accelerates protein synthesis and glycogen
synthesis in muscles. It enhances triglycerides storage, and
reduces blood glucose concentrations in adipose tissues
(Withers and White, 2000).

Fasting insulin and insulin 30 min and 120 min after 75-g
OGTT decreased after 3 months of bitter melon administra-
tion in the BME group, but the baseline changes were not
statistically significant. Insulin also decreased for fasting in
the placebo group, 30 min, and 120 min from baseline after
3 months of placebo. These differences were also not statisti-
cally significant (Fig. 2B).

Determination of C-peptide levels

Insulin is synthesized in the form of proinsulin in the beta
cells of the pancreas, and C-peptide is a connecting pep-
tide that exists between the insulin a- and f-chains. The
C-peptide portion is hydrolyzed and released after proinsu-
lin is transported into secretory vesicles. Insulin is formed
when the separated a- and #-chains are combined; when
insulin is secreted, C-peptide is also secreted. Therefore,
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Table 2 Measurement differences in biomarker values before and after treatment
Placebo (n=32) Bitter melon (n=33) p value
Blood glucose (mg/dL) 0 min —2.53+347 -1.03+1.32 0.684
30 min - 1.59+4.17 —10.30+5.14 0.194
60 min —-0.1+40.3 —74+27.6 0.396
120 min 12.50+8.27 —10.03+6.18 0.032%*
Crax 4.63+5.64 —8.91+4.55 0.070
AUC 286 +3229 - 9562210 0.076
Insulin (pU/mL) 0 min —-0.61+1.17 —-1.39+1.31 0.659
30 min —5.97+9.26 —4.98+5.10 0.925
120 min —7.87+8.86 —-2395+11.32 0.269
Crnax —8.41+10.55 —19.05+10.14 0.470
C-peptide (ng/mL) 0 min 0.149+0.201 —0.021+£0.086 0.435
30 min —0.092+0.289 —0.519+0.207 0.231
120 min 0.130+0.457 —0.205+0.378 0.573
Crnax 0.13+0.40 —0.29+0.36 0.443
Glucagon (pg/mL) 0 min 4571145 —18.17+£11.67 0.170
30 min -9.49+20.28 —92.17+44.70 0.101
120 min 2.59+16.56 — 7548 +£32.75 0.039*
Crnax —-83+18.6 —112.1+45.0 0.039*
HOMA-IR —0.292+1.490 —0.153+1.200 0.865
HOMA-$ —0.393+1.949 —-0.310+£2.023 0.674
Matsuda index 0.33+4.36 —0.03+5.82 0.77
Insulinogenic index —0.106+1.122 —0.281+1.378 0.571

The differences were calculated based on after clinical trial (12 weeks) values minus baseline (0 weeks) values

C,,..x the maximum concentration, AUC area under curve

*p<0.05

endogenous insulin and C-peptide exist in blood at the same
ratio (Kuzuya et al., 1976; Polonsky, 1995).

The C-peptide levels during fasting at 30 min and 120
min after 75 g OGTT decreased after 12 weeks of BME sup-
plementation. The C-peptide level 30 min after 75 g OGTT
was significantly reduced (p < 0.01). This was not attribut-
able to decreased beta cell function, but to a lowered insulin
requirement after 12 weeks following BME administration,
due to a significant decrease in blood glucose at the 30 min-
ute interval. The fasting C-peptide levels increased after the
participants received the placebo in the placebo group, but
this increase was not statistically significant (Fig. 2C).

Determination of glucagon levels

Glucagon and insulin play an important role in maintaining
glucose homeostasis and pre-meal glucose concentrations
in the normal range by producing glucose in the fasting
state. Glucagon secretion is stimulated when blood glucose
decreases, whereas it is inhibited by hyperglycemia and insu-
lin secretion (Gosmanov et al., 2005).

The glucagon level in the BME group decreased after 12
weeks after 75 g OGTT in this study. The glucagon level 120
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min after OGTT was significantly decreased after 12 weeks
compared with baseline (p < 0.05). However, there were no
differences in glucagon levels after 12 weeks compared with
the baseline in the placebo group (Fig. 2D). The maximum
concentration of a serum biomarker is referred to as C,.
The maximal concentration of glucagon level decreased sig-
nificantly (Table 2).

We could observe significant glucose-lowering effects
of BME through the OGTT in this study. However, no sig-
nificant differences in insulin secretion and resistance were
determined. An interesting and unique result revealed in this
study was the change in glucagon levels. The glucagon level
significantly reduced after an oral glucose load was admin-
istered in the BME group.

An altered insulin-to-glucagon ratio has been shown
in previous studies in patients with diabetes (Unger et al.,
1972). Glucose regulation is impaired by an increase in fast-
ing glucagon and suppression of the required glucagon pro-
longation at the prediabetes stage before the onset of diabe-
tes (Kim et al., 2020). Glucagon is stimulated by low glucose
levels, therefore postprandial glucagon is suppressed. This
study showed that postprandial glucagon was not sufficiently
suppressed in prediabetes and BME can lower it.



Efficacy and safety of bitter melon in prediabetes

703

Table 3 Safety events from all participants in this study

Placebo Bitter Melon p value

(n=37) (n=39)
Fatigue 4 11 0.084
Dizziness 0 8 0.005
Reduced pain 1 0 0.487
Vaginitis 0 1 0.194
Periodontitis 0 1 1.000
Colon polyp 1 0 1.000
Weight gain 6 3 0.610
Bronchitis 1 1 0.487
Itching sense 1 5 0.303
Urinary frequency 0 2 1.000
Dyspepsia 4 1 0.201
Dehydration 0 1 0.494
Gastritis 0 1 0.194
Uterine cyst 1 0 1.000
Weight loss 0 2 1.000
Acute hepatitis 0 1 0.487
Anemia 1 0 0.494

Determination of safety of BME

Fatigue, dizziness, and pruritus were the most commonly
reported side effects. Fatigue and pruritus were more com-
mon in the test group. Dizziness was reported only in the test
group. Also, three people in each group experienced cough,
low blood pressure, weight gain, and dyspepsia. There
was one acute hepatitis case in the test group. The disease
was confirmed to have occurred after taking herbal medi-
cine 2 weeks before the last blood sampling during the test
period. Hence, the person was excluded from the analyses.
There were no critical side effects in either group (Table 3).

Although comas and convulsions in children due to
hypoglycemia and paroxysmal atrial fibrillation have been
reported, no toxic side effects have been reported previously
including death. Bitter melon is also contraindicated during
pregnancy because of the high risk of miscarriage (Basch
et al., 2003). Therefore, children and pregnant women
should not take BME.

There are some limitations in this study. First, given that
the participants were not diabetic, their basal blood glucose
was not high enough to observe the effect of 12 weeks of
BME administration. They were healthy, and it was difficult
to identify any difference even after 12 weeks, because the
baseline liver function test levels and lipid profile levels were
all within the normal range. Second, due to the high number
of unexpected dropouts, the number included in the final
analysis was small. Nevertheless, the BME group showed
a significant decrease in blood glucose and significant sup-
pression of glucagon following the OGTT.

In conclusion, Korean participants with prediabetes who
were given BME are expected to improve their postprandial
glucose levels possibly because of glucagon suppression. In
the future, a long-term cohort study should be performed to
confirm the prophylactic effects of bitter melon in diabetes,
especially prediabetes.

Acknowledgements This work was supported by the Cooperative
Research Program for Agriculture Science and Technology Devel-
opment (Project No. PJ00010003022016) of the Rural Development
Administration, Republic of Korea.

Declarations

Conflict of interest Unripe Momordica charantia ethanolic extract
powder and placebo drugs were provided by Kolmar BNH. Unripe
Momordica charantia ethanolic extract powder received individual ap-
proval from the Korea Food and Drug Administration (KFDA) as a
health functional food ingredient in 2021 (No. 2020-14).

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Basch E, Gabardi S, Ulbricht C. Bitter melon (Momordica charantia): a
review of efficacy and safety. American Journal of Health-System
Pharmacy. 60: 356-359 (2003)

Gosmanov NR, Szoke E, Israelian Z, Smith T, Cryer PE, Gerich JE,
Meyer C. Role of the decrement in intraislet insulin for the gluca-
gon response to hypoglycemia in humans. Diabetes Care. 28:
1124-1131 (2005)

Grover JK, Rathi SS, Vats V. Amelioration of experimental diabetic
neuropathy and gastropathy in rats following oral administration
of plant (Eugenia jambolana, Mucuna pruriens and Tinospora
cordifolia) extracts. Indian Journal of Experimental Biology. 40:
273-276 (2002)

Habicht SD, Ludwig C, Yang RY, Krawinkel MB. Momordica char-
antia and type 2 diabetes: from in vitro to human studies. Current
Diabetes Reviews. 10: 48-60 (2014)

James R et al. Report of the expert committee on the diagnosis and
classification of diabetes mellitus. Diabetes Care. 20: 1183-1197
(1997)

Joseph B, Jini D. Antidiabetic effects of Momordica charantia (bitter
melon) and its medicinal potency. Asian Pacific Journal of Tropi-
cal Disease. 3: 93-102 (2013)

Jung CH, Son JW, Kang S, Kim WIJ, Kim HS, Kim HS, Seo M, Shin
HIJ, Lee SS, Jeong SJ, Cho Y, Han SJ, Jang HM, Rho M, Lee S,
Koo M, Yoo B, Moon JW, Lee HY, Yun JS, Kim SY, Kim SR,
Jeong IK, Mok JO, Yoon KH. Diabetes fact sheets in Korea, 2020:
an appraisal of current status. Diabetes & Metabolism Journal.
45:1-10 (2021)

@ Springer


http://creativecommons.org/licenses/by/4.0/

704

B.Kim et al.

Kenny O, Smyth TJ, Hewage CM, Brunton NP. Antioxidant proper-
ties and quantitative UPLC-MS analysis of phenolic compounds
from extracts of fenugreek (Trigonella foenum-graecum) seeds
and bitter melon (Momordica charantia) fruit. Food Chemistry.
141: 4295-4302 (2013)

Khatib A, Perumal V, Ahmed Q, Uzir B, Murugesu S. Low inhibition
of alpha-glucosidase and xanthine oxidase activities of ethanol
extract of Momordica charantia fruit. Journal of Pharmaceutical
Negative Results. 8: 20-24 (2017)

Kim SE, Kim SB, Kim SK, Kim HK, Lee HS. Effect of Momor-
dica charantia on glucagon secretion in high-fat diet(HFD)/
streptozotocin(STZ)-induced diabetic rat. Journal of Environ-
mental Science International. 29: 837-846 (2020)

Krawinkel MB, Keding GB. Bitter gourd (Momordica charantia): a
dietary approach to hyperglycemia. Nutrition Reviews. 64: 331-
337 (2006)

Kuzuya T, Saito T, Yoshida S, Matsuda A. Human C-peptide immu-
noreactivity (CPR) in blood and urine-evaluation of a radioim-
munoassay method and its clinical applications. Diabetologia. 12:
511-518 (1976)

Lee KW, Shim JM, Yao Z, Kim JA, Kim JH. Properties of Kimchi
fermented with GABA-producing lactic acid bacteria as a starter.
Journal of Microbiology and Biotechnology. 28: 534-541 (2018)

Liu JQ, chen JC, Wang CF, Qiu MH. New cucurbitane triterpenoids
and Steroidal glycoside from Momordica charantia. Molecules.
14: 4804-4813 (2009)

Matsuda M, DeFronzo RA. Insulin sensitivity indices obtained from
oral glucose tolerance testing: comparison with the euglycemic
insulin clamp. Diabetes Care. 22:1462-1470 (1999)

Moon JH, Choi EW, Kim SE, Seo MJH, Hong SY, Kim HG, Cho GM,
Song J, Kand SU, Kim KW, Kwon OK. Comparison of biologi-
cal activities of ethanol extracts of unripe fruit of bitter melon
(Momordica charantia L.) cultivated in Hamyang, Korea. Journal
of the Korean Society of Food Science and Nutrition. 44:1637-
1644 (2015)

Nathan D, Turgeon H, Regan S. Relationship between glycated hae-
moglobin levels and mean glucose levels over time. Diabetologia.
50: 2239-2244 (2007)

Oliveira PS, Chaves VC, Soares MSP, Bona NP, Mendonca LT, Car-
valho FB, Gutierres JM, Vasconcellos FA, Vizzotto M, Vieira

@ Springer

A, Spanevello RM, Reginatto FH, Lencina CL, Stefanello FM.
Southern Brazilian native fruit shows neurochemical, metabolic
and behavioral benefits in an animal model of metabolic syn-
drome. Metabolic Brain Disease. 33: 1551-1562 (2018)

Polonsky KS. The p-cell in diabetes: from molecular genetics to clini-
cal research. Diabetes. 44: 705-717 (1995)

Raman A, Lau C. Anti-diabetic properties and phytochemistry of
Momordica charantia L. (Cucurbitaceae). Phytomedicine. 2:
349-362 (1996)

Rathi SS, Grover JK, Vikrant V, Biswas NR. Prevention of experimen-
tal diabetic cataract by Indian Ayurvedic plant extracts. Phyto-
therapy Research. 16: 774-777 (2002)

Singh B, Saxena A. Surrogate markers of insulin resistance: a review.
World Journal of Diabetes. 1: 36-47 (2010)

Singh J, Coming E, Manoharan G, Kalasz H, Adeghate E. Medicinal
chemistry of the anti-diabetic effects of Momordica charantia:
active constituents and modes of actions. The Open Medicinal
Chemistry Journal. 5: 70-77 (2011)

Tahira S, Hussain F. Antidiabetic evaluation of Momordica charantia
L. fruit extracts. The West Indian Medical Journal. 63: 294-299
(2014)

Unger RH, Madison LL, Miiller WA. Abnormal alpha cell function in
diabetics response to insulin. Diabetes. 21: 301-307 (1972)
Wallace TM, Levy JC, Matthews DR. Use and abuse of HOMA mod-

eling. Diabetes Care. 27: 1487-1495 (2004)

Withers DJ, White M. Perspective: the insulin signaling system—a
common link in the pathogenesis of type 2 diabetes. Endocrinol-
ogy. 141: 1917-1921 (2000)

Yoon NA, Park J, Lee J, Jeong JY, Kim HK, Lee HS, Hwang IG, Roh
GS, Kim HJ, Cho GJ, Choi WS, Lee DH, Kang SS. Anti-diabetic
effects of ethanol extract from bitter melon in mice fed a high-fat
diet. Development & Reproduction. 21: 259 (2017)

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	Momordica charantia (bitter melon) efficacy and safety on glucose metabolism in Korean prediabetes participants: a 12-week, randomized clinical study
	Abstract
	Introduction
	Materials and methods
	Study design
	Test supplement
	Measurement of blood glucose parameters
	Statistical analysis

	Results and discussion
	Participants
	Determination of blood glucose levels
	Insulin resistance and secretion determination
	Determination of insulin levels
	Determination of C-peptide levels
	Determination of glucagon levels
	Determination of safety of BME

	Acknowledgements 
	References




