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Popular scientific summary

* Hypoglycemic efficacy of mcIRBP-19-BGE was evaluated in the type 2 diabetic patients.

* mcIRBP-19-BGE could significantly reduce FBG and HbA ¢ in the subjects who failed to respond
to the antidiabetic drugs.

* The results demonstrated that mcIRBP-19-BGE had a hypoglycemic effect and could be an alterna-
tive treatment option for the patients when the antidiabetic drugs were ineffective.

Abstract

Background: The fruits of Momordica charantia L., also named as bitter gourd or bitter melon in popular, is
a common tropical vegetable that is traditionally used to reduce blood glucose. A peptide derived from bitter
gourd, Momordica charantia insulin receptor binding peptid-19 (mcIRBP-19), had been demonstrated to pos-
sess an insulin-like effect in vitro and in the animal studies. However, the benefit of the mcIRBP-19-containing
bitter gourd extracts (mcIRBP-19-BGE) for lowering blood glucose levels in humans is unknown.

Objective: This aim of this study was to evaluate the hypoglycemic efficacy of mcIRBP-19-BGE in subjects
with type 2 diabetes who had taken antidiabetic medications but failed to achieve the treatment goal. Whether
glucose lowering efficacy of mcIRBP-19-BGE could be demonstrated when the antidiabetic medications were
ineffective was also studied.

Design: Subjects were randomly assigned to two groups: mcIRBP-19-BGE treatment group (N = 20) and
placebo group (N = 20), and were orally administered 600 mg/day investigational product or placebo for 3
months. Subjects whose hemoglobin Alc (HbAlc) continued declining before the trial initiation with the an-
tidiabetic drugs were excluded from the subset analysis to further investigate the efficacy for those who failed
to respond to the antidiabetic medications.

Results: The oral administration of mcIRBP-19-BGE decreased with a borderline significance at fasting blood
glucose (FBG; P = 0.057) and HbAlc (P = 0.060). The subgroup analysis (N = 29) showed that mcIRBP-19-
BGE had a significant effect on reducing FBG (from 172.5 + 32.6 mg/dL to 159.4 + 18.3 mg/dL, P = 0.041)
and HbAlc (from 8.0 £ 0.7% to 7.5 £ 0.8%, P = 0.010).

Conclusion: All of these results demonstrate that mcIRBP-19-BGE possesses a hypoglycemic effect, and can
have a significant reduction in FBG and HbA 1c when the antidiabetic drugs are ineffective.
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blood glucose; HbAlc

Received: 20 August 2020; Revised: 24 March 202 1; Accepted: |5 September 202 |; Published: 3 January 2022

Food & Nutrition Research 2022. © 2022 Yi-Sun Yang et al. This is an Open Access article distributed under the terms of the Creative Commons Attribution 4.0 International License (http:// I
creativecommons.org/licenses/by/4.0/), allowing third parties to copy and redistribute the material in any medium or format and to remix, transform, and build upon the material for any purpose,

even commercially, provided the original work is properly cited and states its license. Citation: Food & Nutrition Research 2022, 66: 3685 - http://dx.doi.org/10.292 | 9/fnrv66.3685
(page number not for citation purpose)


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.29219/fnr.v66.3685

Yi-Sun Yang et al.

oday, diabetes mellitus (DM) has become a crit-
I ical issue with about 425 million patients glob-
ally in 2017 within the age group of 20-79 years,
according to the International Diabetes Federation (1).
Currently, the oral hypoglycemic medication is one of
the main treatment options for type 2 diabetes. However,
there are still about two-thirds of the patients who have
failed to achieve the treatment goal, that is, hemoglobin
Alc (HbAlc) < 7.0% (2). According to the treatment
guidelines, it is suggested that patients should take insulin
injection with or without combining oral hypoglycemic
medications when they have failed to well control blood
glucose levels after taking three or more hypoglycemic
medications with different mechanisms (3). Although the
treatment combination of oral metformin and insulin in-
jection for 24 weeks is reported to decrease 2.5% of HbAlc
(4), many type 2 diabetic patients still refused to get initi-
ated into the treatment due to the fear of injection pain,
hypoglycemia, weight gain, and the negative impression
of insulin injection (5, 6). Therefore, a natural ingredient
with a similar effect as insulin, which can be taken orally,
will benefit patients who fail to achieve the treatment goal
with oral medications and refuse to inject insulin.

The fruits of Momordica charantia L., popularly
known as bitter gourd or bitter melon, is a common trop-
ical vegetable that is traditionally being used to reduce
blood glucose (7-9). There are at least 228 ingredients
that have been verified in Momordica charantia, and some
of the phytochemicals and proteins among the ingredi-
ents may have effects in lowering blood glucose levels (9,
10). For example, charantin found in Momordica charan-
tia was demonstrated to be beneficial against diabetes
in animal trials (10), and there are four additional trit-
erpenoid compounds that have been demonstrated to ac-
tivate AMP-activated protein kinase that may be related
to the blood glucose lowering mechanisms in Momordica
charantia (11, 12). More interestingly, proteins in Momor-
dica charantia, such as polypeptide-P, M.Cy protein, and
MC6 protein, were reported to have the effect of lowering
blood glucose levels in animal studies (13-15). In 2013, re-
searchers found that a peptide extracted from Momordica
charantia, mcIRBP (Momordica charantia insulin receptor
binding peptide), had 68 amino acids, with a molecular
weight of 7 KDa, and could bind with the insulin receptor
(16). After further hydrolysis with digestion enzyme, pep-
tides with 19 and nine amino acid sequence peptides were
discovered, and were called mcIRBP-19 (Momordica cha-
rantia insulin receptor binding peptid-19) and mcIRBP-9
(Momordica charantia insulin receptor binding peptid-9),
respectively. Both peptides were able to bind with insulin
receptor, activate the kinase activity and the downstream
molecular communicators, and therefore, had the benefit
of lowering blood glucose levels (17-19). The results re-
vealed that the peptides possessed the insulin-like effect.
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Many animal trials have demonstrated that the extract
of Momordica charantia and its ingredients are beneficial
in lowering blood glucose (10); however, results of the Mo-
mordica charantia extract in human trials are not consistent
(7, 10, 20). For example, two clinical trials reported results
showing no effect on controlling blood glucose. One of the
trials recruited patients with type 2 diabetes and adminis-
tered bitter gourd extract capsules for 3 months (21), and
the other treated the type 2 diabetic patients with pills made
from an entire dried bitter gourd for 1 month (22). In con-
trast, a randomized, double-blind trial reported that the
level of fructosamine in the blood was effectively reduced
among newly diagnosed type 2 diabetes patients who were
administered Momordica charantia fruit extract capsules
(1,000 mg/day) for 1 month (8). Another study showed
that oral bitter gourd extracts (1,000 mg/day) had a sig-
nificant reduction in HbAlc in the type 2 diabetic patients
(23). Although the testing results for bitter gourd extracts
in human studies are not consistent, the investigational
product in this study has been characterized as containing
mcIRBP-19, which may grant the products more opportu-
nity to have a hypoglycemic effect for type 2 diabetes.

In this study, we intended to explore the benefit of the
mcIRBP-19-containing bitter gourd extracts (mcIRBP-
19-BGE) for lowering blood glucose in diabetes. However,
we could not recruit the type 2 diabetic patients without
taking any hypoglycemic medication for ethical consider-
ations. Thus, this human trial was designed to investigate
the efficacy and safety of mcIRBP-19-containing bitter
gourd extracts (mcIRBP-19-BGE) in type 2 diabetic pa-
tients who had failed to achieve the treatment goal under
hypoglycemic medication treatment. We hypothesized
that the investigational product possesses a hypoglycemic
effect when the antidiabetic medications cannot achieve
the treatment goal. Because this study adopted an add-on
treatment design, the hypoglycemic efficacy of mcIRBP-
19-BGE was further assessed in the subset subjects who
showed no medication efficacy. The hypoglycemic effi-
cacy was evaluated by fasting blood glucose (FBG) and
HbA1c. In addition, several indicators of health condi-
tions for the subjects were also evaluated.

Methods

Subjects

This randomized, double-blind, placebo-controlled, par-
allel comparison study was conducted in the Division of
Endocrinology and Metabolism of Chung Shan Med-
ical University Hospital (CSMUH) from May through
November 2017. The protocol and study material were ap-
proved by the CSMUH Institutional Review Board (IRB),
and were registered with the National Institutes of Health,
ClinicalTrials.gov identifier: NCT03151837. The major en-
rollment criterion was that type 2 diabetes patients who had
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been treated with more than one oral medication but did
not achieve the treatment targets (refers to steady dosage
treatment for 3 months but still with FBG levels between
140 and 270 mg/dL and HbAlc 7-10%). Patients who had
serum creatinine >1.8 mg/dL, serum alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), total bili-
rubin, or alkaline phosphatase >2.5 times of normal range,
anemia (hemoglobin [Hb] male < 11 g/dL; female < 10 g/
dL), severe angina, moderate—severe heart failure with left
ventricular hypertrophy, body mass index (BMI) lower
than 18 or greater than 38, sudden and recent changes in
dietary habits (within 1 month) or weight change exceeding
10%, unstable medical condition or life expectancy of less
than 6 months, a known history of allergy to ingredients
in the test product, severe diabetes complications or acute
disease deemed unsuitable for participation judged by the
investigators, being pregnant or breastfeeding, or had been
administered any experimental drugs within 30 days were
excluded from this study. A total of 41 eligible subjects with
written informed consent were randomly assigned to one
of the two groups: mcIRBP-19-BGE capsules (600 mg/
day) (n = 21) and placebo group (starch: 600 mg/day) (n
= 20). All study subjects underwent screening evaluation
up to 7 days prior to administration of the investigational
products. The privacy rights of the subjects have been well
protected. Patients were also advised to take prescribed hy-
poglycemic medication under physicians’ instruction since
the investigational products were not supposed to replace
the regular treatment. In addition, all study subjects were
asked to pay attention for better control of their blood glu-
cose through the education in this study, and to maintain a
stable diet and lifestyle.

Subset subjects

Although the enrollment criteria had prevented patients
with good response to the hypoglycemic medications,
some of the recruited patients still showed a significant re-
sponse to the antidiabetic drugs. Because the diabetic pa-
tients are required to regularly return to the hospital every
3 months for follow up and medications, we could find the
patients’ HbAlc at three and 6 months before the enroll-
ment from the medical records. A subset of the study sub-
jects that excluded those whose HbA 1¢ level continuously
declined before the enrollment (i.e. the patient’s HbAlc
levels at month 3 before treatment were higher than that at
the enrollment) were then used to assess the hypoglycemic
effect of mcIRBP-19-BGE. The subset analysis also could
be used to evaluate the hypoglycemic efficacy of mcIRBP-
19-BGE under the ineffective treatment condition from
the antidiabetic medications.

Investigational products
The investigational product, mcIRBP-19-BGE (with the
brand name of Insumate®; batch number IN161116F01P)
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was obtained from Greenyn Biotechnology Co., Ltd (Tai-
chung, Taiwan). The investigational product was 100%
made from fruits of Momordica charantia L. After wash-
ing and slicing, the fruits of Momordica charantia L. were
extracted with 100% water. After filtration, centrifugation,
concentration, freeze vacuum drying, pulverization, and
sieving of the extracts, mcIRBP-19-BGE was prepared.
The industrial product of mcIRBP-19-BGE contains ap-
proximately 0.17% of mcIRBP-19. The product has also
been tested to contain undetectable levels of heavy met-
als, plasticizers, or pesticides. Both of the products used in
this trial, mcIRBP-19-BGE (300 mg/capsule) and placebo
starch (300 mg/capsule), were identical in appearance
and were manufactured by ISO certified United Biocaps
Corp. (Taichung, Taiwan). The study subjects were sug-
gested to take one capsule before lunch and dinner each
day, and not to take within 30 min of other medications.
The dosage (i.e. 600 mg/day of mcIRBP-19-BGE) was
recommended by the manufacturing company, and it con-
tained approximately 471 nmol of mcIRBP-19 (calculated
from the 0.17% mcIRBP-19 in mcIRBP-19-BGE, and the
molecular weight of mcIRBP-19 is approximately 2,162
g/mol). According to the previous study (18), single-intra-
peritoneal administration with approximately 2.5 nmol/
kg mcIRBP-19 could significantly enhance the clearance
of glucose in diabetic mice. For example, for calculation,
the dosage of 471 nmol/day used for a man of 66.8 kg was
about 2.82 times higher compared with that used in the
animal study (i.e. 167 nmol/66.8 kg per day).

Outcome assessment

After a 1- to 7-day screening period, the study products
were administered orally for 12 weeks. All laboratory sam-
ples were collected after an overnight fasting from all sub-
jects. Laboratory tests, including FBG, HbA 1c, and safety
indicators (i.e. AST, ALT, creatinine, blood urea nitrogen
[BUN], uric acid, and Hb), along with health condition
indicators (i.e. blood pressure, heart rate, weight, BMI,
body fat, waist, arm, and thigh circumference) were mea-
sured and tested at baseline and 3 months after the initi-
ation of study treatment. All laboratory evaluations were
performed by the Department of Laboratory Medicine of
CSMUH.

Compliance rate

Compliance rate was calculated using the formula: ‘the
number of capsules taken by the subjects / the number of
capsules should be taken by the subjects x 100%’.

Subjective evaluations

Subjective self-evaluation of negative effect after the ad-
ministration of the study product was obtained at every
doctor visit or through telephone interview to monitor
the safety of the investigational product. Each patient
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was carefully monitored for the development of adverse
events by the physician.

Statistical analysis

All data of individuals who have completed the study
were entered for efficacy and safety analysis. Data were
presented as mean and standard deviation for continuous
variables, and frequency and percentage were presented
for categorical variables. The Mann—Whitney U test was
performed to compare the change from baseline for study
assessments between the two groups, and the Wilcoxon
signed-rank test was used to compare the values before
and after ingestion for each group. Categorical variables
were compared between the two groups using Fisher’s
exact test, and the changes before and after ingestion
within each group were analyzed using the McNemar test.
All statistical analyses were performed using SPSS version
18.0 for Windows (SPSS Inc., Chicago, IL, USA), and the
level of significance was set at 0.05.

Results

Demographic characteristics and concomitant medication

Among 42 subjects who have been enrolled into the study,
one subject was excluded before randomization due to
the treatment goal being reached during the screening
period, and one subject from mcIRBP-19-BGE group
dropped out because of the occurrence of papule all over
the body (Fig. 1). Of the 40 subjects who completed the
study, 29 patients whose HbA 1¢ did not continuously de-
cline at the enrollment were used for subgroup analysis.
Demographic characteristics and baseline hypoglycemic
medications were compared between the two groups for
all subjects and the subset individuals (Table 1). None of

Subjects screened
(n=42)

4|Screening failure (n=1)

Subjects randomized

(n=41)
I
I |
Group A Group B
mcIRBP-19-BGE Starch placebo
(n=21) (n=20)
Early withdrawal

— due to adverse effect

(n=1)

Subjects completed
(n=20)

Subjects completed
(n=20)

Fig. 1. Disposition of the trial subjects.
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these variables were significantly different between the
two treatment groups.

The oral hypoglycemic drugs were classified as 1) insu-
lin secretagogues (e.g. sulfonylurea [SU] and non-sulfo-
nylurea [non-SU]), 2) insulin sensitizers (e.g. metformin,
thiazolidinedione [TZD]), 3) o-glucosidase inhibitors, 4)
dipeptidyl peptidase-4 (DPP-4) inhibitors, and 5) sodium
glucose cotransporter 2 (SGLT2) inhibitors (24). Almost
all the subjects (90% for the mcIRBP-19-BGE group and
100% for the placebo group) had taken metformin, about
70-75% of the subjects had taken SU and non-SU, fol-
lowed by DPP-4 inhibitor, SGLT2 inhibitor, and TZD
(Table 1).

Baseline assessments and compliance rate

There were no significant differences in the baseline as-
sessments, including glycemic indices, total protein, uric
acid, liver and kidney function, vital signs, body weight,
BMI, body fat, and circumferences of waist, hip, arm,
and thigh between the two groups for both analysis sets
(Table 2). The compliance rates were 94.3 and 93.2% for
all subjects and the subset individuals, respectively.

Before and after treatment comparison

Tables 3 and 4 summarizes the comparison results for pla-
cebo and mcIRBP-19-BGE groups before and after treat-
ment, respectively. For all subject analysis, FBG and HbAlc
decreased with a borderline significance (P = 0.057 and
0.060 for FBG and HbA Ic, respectively) for the mcIR BP-
19-BGE group (Table 4); however, no significant changes
(P > 0.05) were observed for the placebo group (Table 3).
For the subset analysis, FBG and HbA 1¢ significantly de-
creased (from 176.5 + 32.6 to 159.4 £ 18.3, P = 0.041 for
FBG and from 8.0 £ 0.7 to 7.5 £ 0.8, P =0.010 for HbAlc)
for the mcIRBP-19-BGE group (Table 4); however, no sig-
nificant changes (P = 0.776 and 0.608 for FBG and HbA Ic,
respectively) were observed for the placebo group (Table 3).
The results showed a significant reducing effect on FBG
and HbAc in the subset analysis but only with borderline
significance in the analysis of all subjects.

A significant reduction in the circumference of both
arm and thigh (from 31.6 £ 3.8 to 30.4 + 3.7, P = 0.006
for arm and from 48.8 + 6.7 to 47.9 = 6.4, P = 0.030 for
thigh) was observed at month 3 for the placebo group
(Table 3); but only the arm circumference was signifi-
cantly decreased (from 30.4 +4.0t029.8 + 3.7, P =0.044)
for the mcIRBP-19-BGE group (Table 4). As for the sub-
set individuals, the placebo group showed a significant
decrease (from 32.2 £ 3.3t0 31.3 £ 3.3, P =0.025) in arm
circumference (Table 3) but no significant changes (from
30.5£4.1t030.0 4.0, P =0.145) in arm circumferences
for the mcIRBP-19-BGE group (Table 4), which indicated
that mcIRBP-19-BGE might delay the reduction of the
arm or thigh circumference.

Citation: Food & Nutrition Research 2022, 66: 3685 - http://dx.doi.org/10.292 1 9/fnrv66.3685


http://dx.doi.org/10.29219/fnr.v66.3685

Hypoglycemic efficacy of mcIRBP-19-BGE

Table 1. Demographic characteristics and hypoglycemic medication of study subjects

Assessments All subjects Subset subjects
mclRBP-19-BGE Placebo mclRBP-19-BGE Placebo
(n=20) (n=20) (n=14) (n=15)
N % N % N % N %
Gender
Male 6 30.0 5 25.0 4 28.6 4 26.7
Females 14 70.0 15 75.0 10 71.4 I 733
Age (mean % SD) 583+ 127 58.6 £ 13.9 61.1 £9.7 56.8+ 154
Hypoglycemic medication
SU/non-SU 14 70.0 15 75.0 8 57.1 I 78.6
Metformin 18 90.0 20 100.0 12 85.7 15 100.0
TZD 5 25.0 3 15.0 3 21.4 2 14.3
DPP-4 inhibitor 9 45.0 10 50.0 7 50.0 7 50.0
SGLT?2 inhibitor 5 25.0 9 45.0 3 21.4 7 14.0
a-Glucosidase inhibitor | 5.0 0 0.0 | 7.1 0 0.0

No significant differences between the two groups were observed for all variables. The subset subjects mean that those subjects whose HbA | c levels
showed continued decline before the enrollment for 3 months were excluded.

Tuable 2. Baseline assessments

Assessments All subjects Subset subjects
mcIRBP-19-BGE Placebo P mcIRBP-19-BGE Placebo P
(n=20) (n=20) (n=14) (n=15)
Mean SD Mean SD Mean SD Mean SD
Glycemic assessments
Fasting glucose (mg/dL) 172.5 30.9 169.4 27.5 0.655 176.5 32,6 166.5 26.4 0.315
HbAlc (%) 7.8 0.7 79 0.6 0.616 8.0 0.7 8.0 0.7 0.930
Safety assessments
AST (U/L) 26.7 10.9 242 8.6 0.385 29.4 1.9 26.0 9.1 0.335
ALT (U/L) 28.5 14.2 25.1 11.0 0.542 30.7 15.2 27.9 1.3 0.861
BUN (mg/dL) 14.2 3.9 17.7 8.0 0.210 14.6 3.6 18.1 88 0.381
creatinine (mg/dL) 0.8 0.2 0.9 0.3 0.409 0.8 0.2 0.9 0.3 0.662
Uric acid (mg/dL) 5.6 1.5 6.0 1.8 0.533 5.7 1.7 6.3 1.8 0.541
Hb (g/dL) 14.4 1.4 14.0 1.0 0.432 14.4 1.6 14.0 I.1 0.541
Health conditions
Body weight (kg) 67.1 13.9 66.8 13.5 0.968 67.7 14.7 69.6 13.3 0.541
BMI (kg/m?) 26.0 42 26.3 4.5 0.850 26.0 4.5 274 44 0.359
Waist circumference (cm) 92.1 10.9 90.4 9.4 0.534 92.7 12.3 91.9 838 0.727
Hip circumference (cm) 100.0 9.0 99.3 8.8 0.935 100.1 9.6 100.9 83 0.727
Arm circumference (cm) 304 4.0 31.6 38 0.310 30.5 4.1 322 33 0.182
Thigh circumference (cm) 47.3 5.4 48.8 6.7 0.675 48.1 4.9 49.9 7.3 0.600
Body fat (%) 322 5.5 329 5.6 0.685 31.9 49 33.0 5.5 0.600
Total protein (mg/dL) 7.3 0.4 72 0.4 0.540 7.3 0.4 72 0.4 0.510
Systolic blood pressure (SBP) (mmHg) 136.6 17.9 136.7 17.2 0.903 136.3 20.0 138.9 15.1 0.710
Diastolic blood pressure (DBP) (mmHg)  78.6 8.2 77.1 10.5 0.542 78.1 9.8 793 10.7 0.743
Heart rate (bpm) 82.6 10.4 799 8.2 0.481 84.2 10.5 78.5 6.2 0.156

Body mass index = body weight (kg) / height (m)>2.
The subset subjects mean that those subjects whose HbA ¢ levels showed continued decline before the enroliment for 3 months were excluded.
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Table 3. The comparison of assessments before and after study treatment for the placebo group

Assessments All subjects in placebo group Subset subjects in placebo group
(n=20) (n=15)
Before After P Before After P
Mean SD Mean SD Mean SD Mean SD

Fasting glucose (mg/dL) 169.4 275 158.9 328 0.263 166.5 264 159.9 345 0.776
HbAlc (%) 7.9 0.6 8.0 1.0 0.779 8.0 0.7 8.1 I.1 0.608

HbAlc < 7% (n, %) 0,0.0% 2,10.0% 0.500 0,0.0% 2,13.3% 0.500
BMI (kg/m?) 26.3 4.5 26.1 4.5 0.122 274 44 27.1 4.6 0.140
Body weight (kg)

Month | 66.8 13.5 66.8 14.0 0.736 69.6 13.3 69.7 14.0 0.972

Month 3 66.8 13.5 66.3 13.9 0.163 69.6 13.3 69.1 14.1 0.198
Waist circumference (cm) 90.4 9.4 91.3 8.7 0.275 91.9 8.8 92.9 83 0.329
Hip circumference (cm) 99.3 8.8 98.9 8.9 0.493 100.9 83 100.6 8.9 0.562
Arm circumference (cm) 31.6 38 304 37 0.006 322 33 313 33 0.025
Thigh circumference (cm) 48.8 6.7 47.9 6.4 0.030 49.9 7.3 49.0 6.8 0.063
Body fat (%) 329 5.6 327 6.3 0.654 33.0 5.5 328 6.5 0.820
Total protein (mg/dL) 72 0.4 74 0.5 0.012 72 0.4 74 0.4 0.063
SBP (mmHg)

Month | 136.7 17.2 132.9 15.6 0.067 138.9 15.1 1335 13.7 0.068

Month 3 136.7 17.2 132.8 12.9 0.198 138.9 15.1 133.8 12.0 0.124
DBP (mmHg)

Month | 77.1 10.5 74.6 9.5 0.153 793 10.7 76.5 10.3 0.148

Month 3 77.1 10.5 752 1.3 0.190 793 10.7 783 11.2 0.550
Heart rate (bpm)

Month | 79.9 8.2 82.0 10.7 0.276 78.5 6.2 80.7 1.3 0.363

Month 3 79.9 82 80.3 9.3 0.519 78.5 6.2 78.5 83 0.826

P-value by Wilcoxon signed-rank test or McNemar chi-square test when appropriate.The subset subjects mean that those subjects whose HbA I c levels
showed continued decline before the enroliment for 3 months were excluded. P values less than 0.05 significance level are shown in bold.

A significant reduction in heart rate was observed among
the subset individuals after taking the mcIRBP-19-BGE
capsules for 1 month (from 85.4 + 10.2 to 81.9 £ 10.0, P
= 0.044) and continued through 3 months (79.6 £ 10.9,
P = 0.028) (Table 4), while no significant changes were
observed for the placebo group (Table 3). However, such
reduction in heart rate was not observed for either the
placebo or mcIRBP-19-BGE group in the analysis of all
subjects (Tables 3 and 4). The placebo group showed a
significant increase in total protein at the end of the study
(P = 0.012); however, the change was with a borderline
significance for subset individuals (P = 0.063; Table 3).
The mcIRBP-19-BGE subset group showed a significant
decrease in body weight at month 1; however, the signifi-
cant change no longer existed at month 3 (Table 4).
Before and after treatment comparison of the per-
centage of subjects reaching the HbAlc treatment goal
was also performed. The results showed that the percent-
age of the subjects who reached the treatment goal (i.e.
HbA1c < 7) increased from 0.0 to 10.0% (P = 0.500) after
3 months of administration for the placebo group in all
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subjects and from 0.0 to 13.3% (P = 0.500) in the subset,
respectively (Table 3). For the mcIRBP-19-BGE group,
the results revealed from 0.0 to 25.0% (P = 0.063) in all
subjects and from 0.0 to 28.6% (P = 0.125) in the subset,
respectively (Table 4). These results have suggested that
the percentage for the subjects who reached the treatment
goal was not significantly increased by the treatment of
mcIRBP-19-BGE.

The change from baseline evaluations

The change from baseline for most of the evaluations was
not significantly different between the two groups (Sup-
plementary Table 1 in Supplementary Material), except
that after 3 months of administration there was a bor-
derline significant difference at HbAlc between the two
groups for subset individuals (—0.4 + 0.5% for mcIRBP-
19-BGE vs. 0.2 £ 0.8% for placebo, P = 0.051).

Safety and subjective evaluations
All study subjects showed no significant changes

in safety assessments. One of the subjects from the
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Table 4. The comparison of assessments before and after study treatment for mcIRBP-19-BGE group

Assessments All subjects in mcIRBP-19-BGE Subset subjects in mcIRBP-19-BGE
group (n = 20) group (n = 14)
Before After P Before After P
Mean SD Mean SD Mean SD Mean SD

Fasting glucose (mg/dL) 172.5 309 160.0 228 0.057 176.5 326 159.4 18.3 0.041
HbAlc (%) 7.8 0.6 7.6 0.8 0.060 8.0 0.7 7.5 0.8 0.010

HbAlc <7% (n, %) 0,0.0% 5,25.0% 0.063 0,0.0% 4,28.6% 0.125
BMI (kg/m?) 26.0 4.2 25.9 4.2 0.526 26.0 4.5 25.8 4.4 0.272
Body weight (kg)

Month | 67.1 13.9 66.8 13.7 0.219 67.7 14.7 66.9 14.3 0.042

Month 3 67.1 13.9 66.9 13.9 0.538 67.7 14.7 67.2 14.3 0.272
Waist circumference (cm) 92.1 10.9 92.8 1.5 0.367 92.7 12.3 93.1 13.1 0.623
Hip circumference (cm) 100.0 9.0 100.0 8.9 0.680 100.1 9.6 100.5 9.1 0.925
Arm circumference (cm) 30.4 4.0 29.8 37 0.044 305 4.1 30.0 4.0 0.145
Thigh circumference (cm) 47.3 54 47.2 5.6 1.000 48.1 49 47.6 54 0.166
Body fat (%) 322 5.5 324 5.5 0.533 31.9 4.9 32.1 4.8 0.345
Total protein (mg/dL) 7.3 0.4 74 0.4 0.073 7.3 0.4 74 0.4 0.114
SBP (mmHg)

Month | 136.6 17.9 134.1 15.8 0.490 136.3 20.0 134.6 17.5 0.754

Month 3 136.6 17.9 129.7 13.8 0.144 136.3 20.0 128.0 13.5 0.117
DBP (mmHg)

Month | 78.6 82 782 7.6 0.708 78.1 9.8 78.1 6.4 0.925

Month 3 78.6 82 76.3 10.4 0.243 78.1 9.8 75.1 5.7 0.345
Heart rate (bpm)

Month | 82.6 10.4 822 1.1 0.360 854 10.2 81.9 10.0 0.044

Month 3 82.6 10.4 8l1.7 1.4 0.444 85.4 10.2 79.6 10.9 0.028

P-value by Wilcoxon signed-rank test or McNemar chi-square test when appropriate. The subset subjects mean that those whose HbA | c levels showed

continued decline before the enrollment for 3 months were excluded. P values less than 0.05 significance level are shown in bold.

mcIRBP-19-BGE group had papule all over the body and
dropped out of the trial. The condition did not subside
after the cessation of the investigational product treat-
ment, and the physician confirmed that the event was not
caused by the treatment.

Discussion

The purpose of this study was to investigate whether the
mcIRBP-19-BGE had a hypoglycemic effect in type 2 dia-
betic patients who had taken antidiabetic medication but
failed to achieve the treatment goal. This study was also
intended to reveal the hypoglycemic efficacy of mcIRBP-
19-BGE when the antidiabetic medications were ineffec-
tive. Not fully in line with our hypothesis, we found from
the analysis results of all subjects that mcIRBP-19-BGE
for patients with the antidiabetic medications only had
a marginal hypoglycemic efficacy. However, the results
from the subset analysis showed that oral administration
of mcIRBP-19-BGE could significantly reduce FBG and
HbA 1c for those who failed to respond to the antidiabetic
medications. All of these results have demonstrated that
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mcIRBP-19-BGE had a hypoglycemic effect, and could
have a significant reduction in FBG and HbAlc for the
type 2 diabetic patients when the hypoglycemic medica-
tions were ineffective. To the best of our knowledge, this
study is the first reported on studying the hypoglycemic
efficacy of mcIRBP-19-BGE in human subjects.

It had been reported that taking SU for 3-6 months
could cause 1.0-1.5% decrease in HbAlc , 1.0-1.5%
in repaglinide (a non-SU), 0.5-1.0% in nateglinide (a
non-SU), 1.0-1.5% in metformin, 0.5-1.5% in TZD,
0.5-1.5% in a-glucosidase inhibitor, 0.4-1.1% in DPP-4
inhibitor, and 0.39-2.05% in SGLT2 inhibitor (24-26).
The present results showed that oral administration of
mcIRBP-19-BGE capsules (600 mg/day) for 3 months
could decrease HbAlc approximately 0.5% in the sub-
set individuals whose hypoglycemic medications showed
no effects to continuously decrease HbAlc. At such a
condition, subjects of mcIRBP-19-BGE group (com-
bined administration of hypoglycemic medications and
mcIRBP-19-BGE) demonstrated a significant reduction
in both FBG and HbAlc. The result has illustrated that
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the hypoglycemic efficacy was mainly from mcIRBP-19-
BGE for the patients who failed to respond to the anti-
diabetic medication. However, mcIRBP-19 apparently is
only a minor ingredient and other ingredients in the water
extract of Momordica charantia might have also con-
tributed to the beneficial effects observed, as reported in
many literatures.

We wondered whether mcIRBP-19-BGE had a signif-
icant hypoglycemic effect on the type 2 diabetic patients
who had failed to have the drug efficacy by the antidia-
betic medications. According to the results from this
study, mcIRBP-19-BGE at the used dosage (i.e. 600 mg/
kg) could reduce blood glucose only for the subset patients
who could not benefit from the hypoglycemic drugs. How-
ever, mcIRBP-19-BGE at the used dosage did not signifi-
cantly decrease both HbAlc and FBG from the analysis
of all subjects, suggesting that the hypoglycemic efficacy
of mcIRBP-19-BGE was low for all of the type 2 diabetic
patients who had taken antidiabetic medication but failed
to achieve the treatment goal. However, the marginal hy-
poglycemic efficacy of mcIRBP-19-BGE for all subjects
might be attributed to the interference from antidiabetic
drugs. Because some subjects showed a steady decrease in
HbA 1c before the initiation of the study treatment (i.e. the
drugs were still effective for these subjects), the hypogly-
cemic efficacy of mcIRBP-19-BGE may be interfered by
the drug efficacy for both treatment and placebo groups
at this situation. Another possible explanation for the
marginal hypoglycemic efficacy of mcIRBP-19-BGE for
all subjects might be due to the dose used. In this study, a
dose of about 2.82 times that used in the previous animal
study (18) may be insufficient for the human subjects. An-
other clinical trial is warranted to reveal the hypoglycemic
efficacy of mcIRBP-19-BGE at a higher dose for the type
2 diabetic patients with failure in the drug treatment.

Moreover, this study found that the diabetic patients
had a decrease in the circumference of arms and thighs,
which might be related to the increasing risk of sarcopenia
from the diabetes (27). Although the literature is not suf-
ficient, insulin resistance may affect protein metabolism
via affecting carbohydrate metabolism, thereby reducing
protein synthesis, which may result in a loss of lean body
tissue, especially muscle mass and muscle strength, thus
leading to sarcopenia (28). At present, muscle mass can
be estimated by measuring the arm muscle area, which is
calculated by the mid-upper arm circumference and the
triceps skinfold thickness (TSF) (29). Besides, the thigh
circumference can reflect the muscle mass in the body (30).
The results of this study revealed that taking mcIR BP-
19-BGE could delay the reduction of circumferences of
both arms and thighs in the subjects, suggesting that oral
administration of mcIRBP-19-BGE may also benefit type
2 diabetic patients in terms of sarcopenia. In addition,
the results clearly showed that mcIRBP-19-BGE had the
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effect of regulating heart rate in the subset patients. To
the best of our knowledge, there is no study on the func-
tions of Momordica charantia relating to regulating heart
rate in the literature. The regulating heart rate in subset
patients but not in all study subjects implied that the effi-
cacy of mcIRBP-19-BGE to regulate heart rate might be
related to the hypoglycemic medications. The mechanism
associated with the slowing in the heart rate by mcIRBP-
19-BGE still needs further investigations. Moreover, the
mechanism for the significant body weight decrease and
the total protein increase after taking mcIRBP-19-BGE
for 1 month for the subgroup analysis were not clear.

In summary, this study has shown that mcIRBP-19-
BGE can significantly reduce FBG and HbAlc levels
for the patients who failed to respond to the antidiabetic
medications. The hypoglycemic efficacy of mcIRBP-19-
BGE approximately decreased HbAlc by 0.5%, on aver-
age, for a 3-month administration at a dose of 600 mg/day
for the subset patients. All of these results have suggested
that mcIRBP-19-BGE can be an alternative treatment op-
tion for the type 2 diabetic patients when the antidiabetic
drugs are ineffective. The mcIRBP-19-BGE may also have
the effect of preventing the decrease of the arm and thigh
circumferences, and regulating the heart rate of the type 2
diabetic patients. Another clinical trial with a higher dose
of mcIRBP-19-BGE is highly recommended for the fur-
ther investigations.
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