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Momordica charantia is used in folk medicine to manage diabetes mellitus. In this study, we investigated
the possible herb-drug interaction between M. charantia fruit extract (MCFE) and glibenclamide (GLB) in
streptozotocin-diabetic rats. Rats were divided into 7 groups. The 1st group received 3% Tween 80. The
2nd–5th groups were diabetic rats received vehicle, GLB (5 mg/kg), MCFE (250 and 500 mg/kg), respec-
tively. The 6th–7th groups administered GLB plus MCFE (250 and 500 mg/kg), respectively. After 8 weeks,
fasting blood glucose (FBG), insulin and glycosylated hemoglobin (HbA1c) levels were assessed.
Histopathological and immunohistochemical examinations of the pancreases were done. Quantitative
RT-PCR was used to analyze hepatic mRNA expression of insulin receptor (INR), glucose transporter 2
(Slc2a2) and peroxisome proliferator-activated receptor a (PPAR-a) genes. All medicaments greatly
reduced FBG in diabetic rats when compared with diabetic control group. GLB plus MCFE combination
was better than GLB alone in improving levels of insulin and HbA1c. All medicaments restored insulin
content of pancreatic b-cells and reduced glucagon and somatostatin of alpha and delta endocrine cells.
Moreover, GLB plus MCFE-500 was the most efficient in restoring INR, Slc2a2 and PPAR-amRNA expres-
sion to their normal levels. In conclusion, MCFE in combination with GLB gives greater glycemic improve-
ment than GLB monotherapy.
� 2019 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Diabetes mellitus (DM) is a chronic condition of metabolic dis-
order characterized by increased blood glucose levels. The disease
has a serious impact on health and quality of life of diabetic
patients. Oral antidiabetic drugs are used to control diabetes. GLB
is one of the oral antidiabetic agents, which acts by blocking
ATP-sensitive potassium channels in b-cells of pancreas. This
blocking induces depolarization of cell membrane, which causes
voltage dependent calcium channels to open and causes an
increase in intracellular Ca++ in the b-cells to stimulate insulin
secretion from the pancreas, thus it is widely used in the treatment
of diabetes (Nalwaya, 2008).

Nowadays, herbal drugs are highly reputable in the manage-
ment of DM. A previous study has reported more than 300 herbal
species, which possess antidiabetic activity (Ur-Rahman and
Zaman, 1989).
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Momordica charantia L. (Cucurbitaceae) is known as bitter
melon in English and karela in Hindi (Grover and Yadav, 2004). It
has attracted great interest for its different pharmacological
effects, such as anti-diabetic, antioxidant, anti-inflammatory,
hypotriglyceridemic and immune stimulating activities (Zhu
et al., 2012). Some reports have shown that leaves and fruits of
the plant had rich phenolics and exhibited potent antioxidant
effect (Kubola and Siriamornpun, 2008). A great number of diabet-
ics turn to self-medication using a combination of an oral antidia-
betic drug and a herb. Although, a great number of reports indicate
that using of oral antidiabetic agents together with a herb with
antidiabetic activity intensifies the development of interactions
(Miller, 1998). The interaction can be valuable or sometimes harm-
ful. A valuable effect can be additive blood sugar lowering effect
but this effect can be harmful also when the sugar level goes down
the normal level. Since there is a potential for the combined use of
GLB and MCFE by diabetic patients, the study is planned to evalu-
ate the effect of MCFE on glycemic regulation achieved by GLB in
STZ induced diabetic rats.
2. Materials and methods

2.1. Plant material and extraction

Fresh fruits of Momordica charantia L. were purchased from the
local market in Al-Kharj city, Saudi Arabia. The identity of the fruits
was confirmed by Dr. Mohammad Atiqur Rahman, taxonomist of
the Medicinal, Aromatic and Poisonous Plants Research Center
(MAPPRC), College of Pharmacy, King Saud University, Riyadh,
Saudi Arabia. The fresh fruits (5000 g) were macerated and
extracted to exhaustion by percolation at room temperature with
90% ethanol (12 L), and the extract was evaporated under reduced
pressure to leave 163.10 g of the total M. charantia extract (MCFE).

2.2. LC-MS study of the extract

ESI-MS in both positive and negative modes was carried out
using XEVO TQD triple quadruple mass spectrometer (Waters Cor-
poration, Milford, MA01757, USA). LC preformed on ACQUITY UPLC
- BEH C18 1.7 mm - 2.1 � 50 mm Column at flow rate of 0.2 mL
\min. Initial mobile phases composed of 90% water containing
0.1% formic acid/10% methanol containing 0.1% formic acid in gra-
dient system ended with 10% water containing 0.1% formic
acid/90% methanol containing 0.1% formic acid. Run time was
32 min. The sample (100 lg/mL) solution was prepared using high
performance liquid chromatography (HPLC) analytical grade MeOH
and volume of 10 lL was injected into the UPLC instrument. The
parameters for analysis were as follows: source temperature
150 �C, cone voltage 30 eV, capillary voltage 3 kV, desolvation tem-
perature 440 �C, cone gas flow 50 L/h, and desolvation gas flow
900 L/h. Mass spectra were detected in the ESI positive and nega-
tive ion mode between m/z 100–1000. The peaks and spectra were
processed using the Maslynx 4.1 software and tentatively identi-
fied by comparing its mass spectrum with reported data for known
components of MCFE.

2.3. Animals

The male Wister rats, aged 4 months (body weight: 260 ± 10 g),
were obtained from the Animal House Colony at the National
Research Centre (NRC), Egypt. The animals were housed under
standard conditions of natural 12 h light and dark cycle and free
access to feed and water. The experimental procedure complied
with the National Institutes of Health Guide for the Care and were
performed according to the protocol approved by the Institutional
Animal Care and Use Committee at Cairo University (approval
number: CU-II-F-14-18) and NRC Ethics Committee (approval
number: MREC-17-142).

2.4. Acute toxicity study

Acute toxicity study for MCFE was carried in adult male Wister
rats (n = 6) according to OECD guidelines (OECD, 2001). Rats were
kept fasting providing only water, after which MCFE was adminis-
tered orally by gastric tube in different gradual doses (1000–
5000 mg/kg). The control rats treated with the vehicle (3% v/v
Tween 80 in distilled water) and kept under the same conditions.
Rats were kept under observation for symptoms of toxicity and/
or mortalities after 0.5 h of extract administration and periodically
during the first 24 h, then daily for a total of 14 days.

2.5. Induction of experimental diabetes

Diabetes was induced in overnight fasted rats following
intraperitoneal injection of STZ (Sigma- Aldrich Corp, St. Louis,
MO, USA) at a dose of 60 mg/kg body weight (Mehenni et al.,
2016), dissolved in 0.1 M citrate buffer, pH 4.5. For vehicle control
rats, only citrate buffer was administered. Three days later, dia-
betes was confirmed by determination of FBG levels in blood sam-
ples collected from the tail vein using a blood glucose meter (Accu-
Check Performa, Roche Diagnostic, Germany). Only rats with blood
glucose level >250 mg/dL were considered diabetic and included in
the study.

2.6. Experimental design

GLB and the tested extract were suspended in 3% Tween 80.
Three days after STZ injection, rats were randomly assigned into
seven groups (n = 6).

1. Normal control group (NC): Non-diabetic rats treated with vehi-
cle (3% Tween 80, 5 mL/kg).

2. Diabetic control group (DC): STZ-diabetic rats treated with
vehicle (3% Tween 80, 5 mL/kg).

3. GLB group: STZ-diabetic rats treated with GLB (5 mg/kg).
4. MCFE-250 group: STZ-diabetic rats treated with MCFE (250 mg/

kg).
5. MCFE-500 group: STZ-diabetic rats treated with MCFE (500 mg/

kg).
6. GLB + MCFE-250 group: STZ-diabetic rats treated with GLB

(5 mg/kg) plus MCFE (250 mg/kg).
7. GLB + MCFE-500 group: STZ-diabetic rats treated with GLB

(5 mg/kg) plus MCFE (500 mg/kg).

Doses of MCFE were selected following Hossain et al (Hossain
et al., 2014). GLB and the tested extract were administered orally,
once daily using oral tube for 8 weeks. Body weights of all the
experimental animals were monitored at the beginning of the
experiment (0-time) and at the ends of the 2nd, 4th and 8th week
of treatments.

2.7. Estimation of biochemical parameters

Blood samples were withdrawn through the retro-orbital
venous plexus under mild ketamine anesthesia from the overnight
fasted animals into sampling tubes at weeks 0, 2, 4 and 8 post-
medication. Blood samples were centrifuged at 5000 rpm for
20 min to separate serum. The FBG levels in serum were estimated
at 0, 2, 4 and 8 weeks post-medication using the commercially
available kits (Spinreact, Spain) while serum insulin levels were



Table 1
Oligonucleotides primers sequences.

Gene Primer sequence Accession

PPAR-a Forward TTCGGAAACTGCAGACCT NM_013196.1
Reverse TTAGGAACTCTCGGGTGAT

INSR Forward TTTGTCATGGATGGAGGCTA XM_006248753.2
Reverse CCTCATCTTGGGGTTGAACT

Slc2a2 Forward TCTGTGCTGCTTGTGGAG XM_006232207.2
Reverse ACTGACGAAGAGGAAGATGG

Β-actin Forward ATGGTGGGTATGGGTCAG NM_031144.3
Reverse CAATGCCGTGTTCAATGG
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determined by using ELISA kits (Cobas, Belgium) according to the
manufacturer’s manual.

At the end of the experiment, blood sample was obtained from
the retro-orbital region of each rat into tubes containing EDTA as
anticoagulant and used for estimation of total hemoglobin (Hb)
and glycosylated hemoglobin (HbA1c) using the commercially
available kits (QCA, Spain). Another blood sample was obtained
to estimate the serum levels of lipid profile such as [triglycerides
(TG), total cholesterol (TC), high density lipoprotein cholesterol
(HDL-C) and low density lipoprotein cholesterol (LDL-C)], markers
of liver injury [(alanine aminotransferase (ALT), aspartate amino-
transferase (AST), alkaline phosphatase (ALP), gamma-glutamyl
transferase (c-GT) and total bilirubin (BRN)] according to the
instructor manual of commercially available kits.

2.8. Tissue collection

Immediately following blood collection at the end of the exper-
imental period, all animals were euthanized with an intraperi-
toneal overdose of pentobarbital sodium. Pancreas of each rat
was separated from the surrounding tissue.

2.9. Oxidative stress and lipid peroxidation markers in the pancreatic
tissues

A portion of pancreas was weighted and washed with ice-cold
saline immediately, and kept at �80 �C until analysis. The pancreas
tissues were homogenized separately in 0.1 M Tris-HCl (pH 7.4).
Pancreas homogenates were centrifuged at 1700 rpm for 10 min
and the supernatants were collected and maintained at �80 �C
until subsequent biochemical analysis. Activities of the antioxidant
enzymes as superoxide dismutase (SOD), glutathione peroxidase
(GPx) and catalase (CAT) and levels of reduced glutathione (GSH)
and malondialdehyde (MDA) in pancreatic homogenates were esti-
mated using the corresponding assay kits purchased from Biodiag-
nostic (Egypt) according to the standard procedures in the
manufacturer’s instructions.

2.10. Histopathological examination of pancreas

Pancreatic tissues from each group were harvested and fixed in
10% neutral buffered formalin and routinely processed for paraffin
embedding to obtain 4 mm sections according to the methods
described by Bancroft and Gamble (Bancroft and Gamble, 2008).

2.11. Immunohistochemical analysis of insulin, glucagon and
somatostatin

The immunohistochemical analysis of the insulin, glucagon and
somatostatin content of the pancreatic islets were performed
according to the methods described by Jevdjovic et al (Jevdjovic
et al., 2005). After deparaffinization, rehydration, blocking of the
endogenous peroxidase activity and antigenic retrieval, the tissue
sections were incubated for 3 h with mouse monoclonal anti-
insulin (18–0066; Zymed, San Francisco, CA) at a dilution of 1:50,
sheep polyclonal anti-glucagon antibody (ab36232; Cambridge,
UK) at a dilution of 1:100 and rabbit polyclonal anti-
somatostatin antibody (ab108456; Cambridge, UK) at a dilution
of 1:50. The tissue sections were incubated with a biotinylated
goat anti rabbit antibody (Thermo scientific, USA) and rabbit
anti-sheep antibody (ab6747; Cambridge, UK) for 10 min. The sec-
tions were incubated finally with Streptavidin peroxidase (Thermo
scientific, USA), 3,30-diaminobenzidine tetrahydrochloride (DAB,
Sigma) and counterstained with haematoxylin. In each field, the
immunopositive areas were analyzed by Lieca Qwin 500 Image
Analyzer (Leica, Cambridge, England) in 10 microscopic fields
under high-power field (X400) microscope. Percentage of positive
stained area (%) was calculated as mean of 10 fields/slide.

2.12. Real time-PCR for gene expression analysis

Total RNA was purified from liver samples using Qiagen Rneasy
Mini Kit following the manufacturer’s protocol. The purified RNA
was reverse transcribed into cDNA and used for PCR with primers
specific for Peroxisome Proliferator-Activated Receptor a (PPAR-a),
Slc2a2 gene (coding glucose transporter 2, GLUT2) and insulin
receptor gene (INR) as shown in Table 1. mRNA expression levels
of the target genes were assessed using real time-PCR standardized
by co-amplification with beta actin as a housekeeping gene, which
served as an internal control. cDNA was added to a SYBR Green
qPCR Master Mix (Qiagen) containing 30 pg/ml of each primer.
The cDNA was amplified by 40 cycles of denaturation at 95 �C for
15 s, annealing at 60 �C for 15 s and extension at 72 �C for 45 s.
During the first cycle, the 95 �C step was extended to 1 min. The
b actin gene was amplified in the same reaction to serve as the ref-
erence gene.

2.13. Statistical analysis

Results were presented as mean ± SEM. Statistical analysis of all
the data obtained was evaluated using one-way ANOVA followed
by Dunnett’s multiple comparison tests (SPSS Program; Version
11.5). A value of p < 0.05 was considered to be statistically
significant.

3. Results

3.1. LC-MS study of the extract

The LC-MS study of the MCFE in the positive and negative
modes; enable the identification of the key phytochemicals and
their semiquantitative estimated concentrations base on the peak
area of each compound. Results are depicted in Fig. 1 and Table 2.

3.2. Acute toxicity study

The rats treated with doses up to 5 g/kg of MCFE did not show
any symptom of toxic reaction or lethality during 14 days of obser-
vation. The obtained findings assure the non-toxic nature of the
extract.

3.3. Effect on body weight

At the end of the 2nd, 4th and 8th week of medication period,
the weights of DC rats were significantly decreased compared with
those of NC rats (Table 3) The diabetic groups that received GLB,
MCFE-250, MCFE-500 and GLB plus MCFE-250 combination did
not show significant weight gain at the end of the 2nd week of



Fig. 1. A: LC-MS spectrum of Momordicin I, B: LC-MS spectrum of Momordicin II in positive mode.

Table 2
Identified compounds in MCFE and their relative percentage obtained from LC-MS.

Name Molecular weight M+ and/or M� Percentage Retention time

Momordicin II 634 657a 1.37 14.43
Momordicin I 472 473 1.73 16.73
Charantin 473 496a 0.51 19.73
Momordicophenoide A 432 431/433 0.6 22.99
Linolenic or a-oleostearic acid 278 279 1.66 25.25
Oleic acid 282 281 4.28 26.76
Stearic acid 284 283 8.34 27.54

a M+ + Na.

Table 3
Effect of GLB, MCFE and their combination on body weights of STZ-diabetic rats.

Treatment groups Body weight (g)

0-time 2 weeks 4 weeks 8 weeks

NC 267.1 ± 11.7 314.5 ± 10.2b 357.9 ± 9.4b 403.7 ± 10.4b

DC (STZ) 261.5 ± 10.4 267.6 ± 11.8a 283.1 ± 12.5a,c 300.9 ± 11.8a,c

GLB 268.6 ± 9.5 300.6 ± 13.5 320.6 ± 10.2a,b 353.7 ± 11.2a,b

MCFE-250 269.5 ± 10.8 298.7 ± 14.3 318.4 ± 9.1a,b 347.1 ± 13.2a,b

MCFE-500 267.2 ± 12.3 303.1 ± 12.5 321.8 ± 10.7a,b 362.9 ± 12.7a,b

GLB + MCFE-250 268.3 ± 11.2 304.8 ± 12.7 326.1 ± 10.2a,b 370.4 ± 10.4a,b

GLB + MCFE-500 269.6 ± 9.5 312.7 ± 13.3b 352.5 ± 10.0b,c 397.2 ± 10.3b,c

Values are expressed as mean ± SE (n = 6).
Multiple group comparisons were performed by analysis of variance (ANOVA) followed by Tukey’s multiple comparison post hoc test at p � 0.05.

a P � 0.05, statistically significant from the normal control (NC) group.
b P � 0.05, statistically significant from the diabetic control (DC) group.
c P � 0.05, statistically significant from GLB group.
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medications compared to DC group. However, the same groups
exhibited marked (P � 0.05) improvement in weight gain after 4
and 8 weeks of medications compared to DC rats. The GLB plus
MCFE-500 combinations showed better effect on body weight of
diabetic rats at the end of the 2nd, 4th and 8th week treatment.
Interestingly, body weights in the diabetic groups received
MCFE-500 were higher than those in rats treated with GLB
monotherapy allover the experimental period. This combination
therapy was able to successfully normalize the body weight of dia-
betic rats after 4 weeks medication (P � 0.05).

3.4. Effect on fasting blood glucose levels

Table 4 illustrates the effects of administration of GLB and MCFE
monotherapies or their combination on FBG levels in STZ-diabetic
rats. After 2, 4 and 8 weeks of medication, the FBG levels were sig-
nificantly lower in the GLB monotherapy group compared to the
values of DC rats at the corresponding time. The antidiabetic effect
of GLB monotherapy was superior to that of MCFE-250. On the
other hand, MCFE-500 monotherapy or the GLB plus MCFE-250
combination were able to reduce the elevated FBG level at the
2nd week (54.09% and 56.61%, respectively), 4th week (58.89%
and 60.24%, respectively) and 8th week (61.49% and 62.54%,
respectively) of treatments in comparison to their day-0 values
but these reduction values were insignificant compared to GLB-
treated group. Importantly, the rats treated with the GLB plus
MCFE-500 combination achieved a more significant reduction in
the FBG level compared with that for the rats that received GLB
monotherapy. This combination brought back the FBG level to nor-
mal value (106.1 ± 6.06 mg/dL) after 2 weeks treatment.

3.5. Effect on fasting blood insulin levels

Table 5 summarizes the levels of insulin in serum of medicated
rats at the end of the two, four and eight-week treatment periods.
At these periods, the serum insulin levels of DC rats were signifi-
cantly lower. The diabetic rats in the GLB monotherapy group
showed significantly (P � 0.05) elevated levels of insulin
(5.6 ± 0.33, 5.9 ± 0.20 and 6.1 ± 0.21 U/L, respectively) compared
to DC rats. The STZ-rats exposed to MCFE-250, MCFE-500 and
GLB plus MCFE-250 combination had markedly (P � 0.05)
increased insulin levels comparable to those induced by GLB
monotherapy. Although the serum insulin level of diabetic rats
exposed to GLB plus MCFE-250 combination did not reach statisti-
cal significance for the comparison with GLB monotherapy, a sta-
tistically significant difference was observed in favor of GLB plus



Table 4
Effect of GLB, MCFE and their combination on serum levels of FBG in STZ-diabetic rats.

Treatment groups FBG (mg/dL)

0-time 2 week 4 weeks 8 weeks

NC 96.3 ± 5.43b,c 95.7 ± 5.57b,c 95.2 ± 5.32b,c 95.3 ± 6.67b,c

DC (STZ) 349.2 ± 7.57a 351.5 ± 18.72a,c 364.8 ± 16.35a,c 365.8 ± 17.71a,c

GLB 339.4 ± 9.87a 166.3 ± 8.15a,b 162.6 ± 8.23a,b 143.5 ± 7.34a,b

MCFE-250 347.1 ± 5.08a 192.7 ± 9.22a,b 189.1 ± 9.08a,b 166.8 ± 8.70a,b

MCFE-500 345.9 ± 7.66a 158.8 ± 9.63a,b 142.2 ± 7.32a,b 133.2 ± 6.72a,b

GLB + MCFE-250 347.8 ± 8.97a 150.9 ± 5.30a,b 138.3 ± 7.57a,b 130.3 ± 6.46a,b

GLB + MCFE-500 358.5 ± 6.98a 119.6 ± 7.15a,b,c 106.1 ± 6.06b,c 100.50 ± 5.89b,c

Values are expressed as mean ± SE (n = 6).
Multiple group comparisons were performed by analysis of variance (ANOVA) followed by Tukey’s multiple comparison post hoc test at p � 0.05.

a P � 0.05, statistically significant from the normal control (NC) group.
b P � 0.05, statistically significant from the diabetic control (DC) group.
c P � 0.05, statistically significant from GLB group.

Table 5
Effect of GLB, MCFE and their combination on serum levels of insulin in STZ-diabetic rats.

Treatment groups Insulin (U/L)

0-time 2 week 4 weeks 8 weeks

NC 8.5 ± 0.15b,c 8.7 ± 0.47b,c 8.6 ± 0.50b,c 8.6 ± 0.59b,c

DC (STZ) 3.3 ± 0.12a 3.2 ± 0.20a,c 3.2 ± 0.26a,c 3.1 ± 0.20a,c

GLB 3.5 ± 0.10a 5.6 ± 0.33a,b 5.9 ± 0.20a,b 6.1 ± 0.21a,b

MCFE-250 3.3 ± 0.13a 5.2 ± 0.37a,b 5.4 ± 0.28a,b 5.5 ± 0.28a,b

MCFE-500 3.3 ± 0.10a 5.8 ± 0.39a,b 6.0 ± 0.30a,b 6.2 ± 0.28a,b

GLB + MCFE-250 3.4 ± 0.11a 6.0 ± 0.30a,b 6.3 ± 0.25a,b 6.5 ± 0.20a,b

GLB + MCFE-500 3.4 ± 0.10a 6.5 ± 0.22a,b,c 7.0 ± 0.49b,c 7.1 ± 0.44b,c

Values are expressed as mean ± SE (n = 6).
Multiple group comparisons were performed by analysis of variance (ANOVA) followed by Tukey’s multiple comparison post hoc test at p � 0.05.

a P � 0.05, statistically significant from the normal control (NC) group.
b P � 0.05, statistically significant from the diabetic control (DC) group.
c P � 0.05, statistically significant from GLB group.

Table 6
Effect of GLB, MCFE and their combination on blood levels of total Hb and HbA1c in
STZ-diabetic rats.

Treatment groups Total hemoglobin (mg/dL) HbA1c (%)

NC 14.3 ± 0.39b,c 7.1 ± 0.18b,c

DC (STZ) 10.7 ± 0.16a,c 13.2 ± 0.27a,c

GLB 12.9 ± 0.33a,b 8.8 ± 0.16a,b

MCFE-250 12.4 ± 0.32a,b 9.2 ± 0.22a,b

MCFE-500 13.0 ± 0.34a,b 8.5 ± 0.34a,b

GLB + MCFE-250 13.2 ± 0.30a,b 8.1 ± 0.35a,b

GLB + MCFE-500 13.9 ± 0.30b,c 7.5 ± 0.28b,c

Values are expressed as mean ± SE (n = 6).
Multiple group comparisons were performed by analysis of variance (ANOVA) fol-
lowed by Tukey’s multiple comparison post hoc test at p � 0.05.

a P � 0.05, statistically significant from the normal control (NC) group.
b P � 0.05, statistically significant from the diabetic control (DC) group.
c P � 0.05, statistically significant from GLB group.
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MCFE-500 combination therapy at the end of the 2nd, 4th and 8th
week of medication. The present results revealed that the highest
percentage elevation in blood insulin level in diabetic rats was
exhibited by GLB plus MCFE-500 combination after 2, 4 and
8 weeks of treatment. At these times, the blood insulin levels of
diabetic rats exposed to this combination (6.5 ± 0.22, 7.0 ± 0.49
and 7.1 ± 0.44 U/L, respectively) are comparable to those of NC rats
(8.7 ± 0.47, 8.6 ± 0.50 and 8.6 ± 0.59 U/L, respectively).

3.6. Effect on total hemoglobin (Hb) and glycosylated hemoglobin
(HbA1c) levels

DC rats showed significant (P � 0.05) reduction in Hb
(10.7 ± 0.16 mg/dL) and increase (P � 0.05) in HbA1c
(13.2 ± 0.27%) levels in blood when compared to normal levels
(14.3 ± 0.39 mg/dL and 7.1 ± 0.18%, respectively). Over the 8-
week treatment period, HbA1c levels improved from 13.2 ± 0.27%
in DC rats to 8.8 ± 0.16% with GLB monotherapy, to 9.2 ± 0.22%
with MCFE-250 monotherapy and to 8.5 ± 0.34% with MCFE-500
monotherapy (Table 6). The end of treatment mean ± SEM of
HbA1c was 8.1 ± 0.35% for GLB plus MCFE-250 combination and
7.5 ± 0.28% for GLB plus MCFE-500 combination. The GLB plus
MCFE-500 combination exhibited improvement in the blood level
of HbA1c, compared to the diabetic control and GLB monotherapy
groups, and nearly normalized the level of both Hb and HbA1c.

3.7. Effect on serum lipid profile

Table 7 shows serum lipid profile in the control and experimen-
tal groups. DC rats showed a significant (P � 0.05) elevation in the
blood concentrations of TG (46.4 ± 3.24 mg/dL), TC
(64.8 ± 3.15 mg/dL) and LDL-C (26.6 ± 0.87 mg/dL) in comparison
with the values of NC rats (28.8 ± 1.12 mg/dL, 42.2 ± 1.27 mg/dL
and 15.8 ± 0.66 mg/dL, respectively). On the other hand, HDL-C
was significantly reduced (14.4 ± 0.58 mg/dL) when compared to
25.5 ± 1.76 mg/dL of NC group. Administration of GLB, MCFE-250
and MCFE-500 monotherapies and the GLB plus MCFE-250 combi-
nation significantly (P � 0.05) decreased the levels of TG, TC and
LDL-C in diabetic rats compared to DC group but levels remained
significantly elevated compared with NC animals. Additionally,
the levels of HDL-C were significantly increased (19.44%, 24.31%,
30.56% and 26.39%, respectively) compared to DC group. Signifi-
cant improvements were also observed in the serum lipid profile
for the GLB plus MCFE-500 combination therapy group. Adminis-
tering this combination to diabetic rats tends to bring serum lipid
profile to normal values.



Table 7
Effect of GLB, MCFE and their combination on lipid profile in blood of STZ-diabetic rats.

Treatment groups TG (mg/dL) TC (mg/dL) HDL-C (mg/dL) LDL-C (mg/dL)

NC 28.8 ± 1.12b,c 42.2 ± 1.27b,c 25.5 ± 1.76b,c 15.8 ± 0.66b,c

DC (STZ) 46.4 ± 3.24a,c 64.8 ± 3.15a,c 14.4 ± 0.58a,c 26.6 ± 0.87a,c

GLB 37.6 ± 2.14a,b 54.2 ± 1.78a,b 17.2 ± 0.65a,b 21.9 ± 0.95a,b

MCFE-250 35.5 ± 2.06a,b 51.8 ± 1.52a,b 17.9 ± 0.46a,b 20.2 ± 0.67a,b

MCFE-500 32.4 ± 1.10a,b 48.6 ± 1.86a,b 18.8 ± 0.49a,b 19.2 ± 0.82a,b

GLB + MCFE-250 34.6 ± 2.02a,b 49.5 ± 1.56a,b 18.2 ± 0.58a,b 19.4 ± 0.75a,b

GLB + MCFE-500 30.7 ± 1.37b,c 45.4 ± 1.74b,c 21.4 ± 0.93b,c 17.5 ± 0.72b,c

Values are expressed as mean ± SE (n = 6).
Multiple group comparisons were performed by analysis of variance (ANOVA) followed by Tukey’s multiple comparison post hoc test at p � 0.05.

a P � 0.05, statistically significant from the normal control (NC) group.
b P � 0.05, statistically significant from the diabetic control (DC) group.
c P � 0.05, statistically significant from GLB group.
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3.8. Effect on liver function biomarkers

Table 8 depicts the levels of liver function biomarkers (ALT, AST,
ALP, c-GT and BRN) in the serum of rats. Significantly (P � 0.05)
elevated levels of ALT (113.0 ± 6.68 U/L), AST (172.7 ± 8.17 U/L),
ALP (342.3 ± 14.42 U/L), c-GT (28.5 ± 1.67 U/L) and BRN
(1.43 ± 0.10 mg/dL) were observed in serum of DC rats compared
to NC group (52.2 ± 3.51 U/L, 68.3 ± 4.74 U/L, 144.5 ± 8.95 U/L,
13.8 ± 0.97 U/L and 0.55 ± 0.03 mg/dL, respectively). After adminis-
tration of GLB, MCFE-250 and MCFE-500 monotherapies, the
enzyme activities and BRN levels in serum were reduced toward
the standard levels but the values still significant in comparison
with those in NC rats. Similarly, the serum levels of ALT, AST,
ALP, c-GT and BRN were significantly (P � 0.05) reduced in the dia-
betic rats exposed to the GLB plus MCFE-250 combination (32.21%,
45.28%, 27.46%, 31.58% and 47.55%, respectively) when compared
to those of DC rats. The GLB plus MCFE-500 combination exhibited
improvements in the liver function biomarkers compared to DC
and GLB monotherapy groups, and nearly normalized the levels
of liver function biomarkers.
3.9. Effect on oxidative stress and lipid peroxidation markers in the
pancreatic tissues

Table 9 illustrates the effect of GLB and MCFE on oxidative
stress and lipid peroxidation markers in the pancreatic homoge-
nates of rats. The pancreatic homogenates of DC rats showed sig-
nificant (P � 0.05) reduction in the levels of SOD, GPx, CAT and
GSH (24.8 ± 1.80 U/mg protein, 1.9 ± 0.12 U/mg protein,
4.8 ± 0.22 U/mg protein and 3.5 ± 0.22 mmol/g tissue, respectively)
along with elevation in the level of MDA (43.1 ± 2.85 nmol/g tis-
sue) as compared to normal control group (52.4 ± 3.18 U/mg pro-
tein, 6.6 ± 0.61 U/mg protein, 11.3 ± 0.92 U/mg protein,
Table 8
Effect of GLB, MCFE and their combination on Liver function biomarkers in blood of STZ-d

Treatment groups ALT (U/L) AST (U/L)

NC 52.2 ± 3.51b,c 68.3 ± 4.74b,c

DC (STZ) 113.0 ± 6.68a,c 172.7 ± 8.17a,c

GLB 88.7 ± 4.79a,b 107.3 ± 6.37a,b

MCFE-250 82.8 ± 4.89a,b 98.5 ± 5.51a,b

MCFE-500 78.5 ± 4.62a,b 97.3 ± 5.66a,b

GLB + MCFE-250 76.6 ± 4.98a,b 94.5 ± 5.16a,b

GLB + MCFE-500 63.5 ± 3.95b,c 84.5 ± 5.95b,c

Values are expressed as mean ± SE (n = 6).
Multiple group comparisons were performed by analysis of variance (ANOVA) followed

a P � 0.05, statistically significant from the normal control (NC) group.
b P � 0.05, statistically significant from the diabetic control (DC) group.
c P � 0.05, statistically significant from GLB group.
9.6 ± 0.71 mMol/g tissue and 25.6 ± 1.15 nmol/g tissue, respec-
tively). As depicted in Table 9, the diabetic groups exposed to
GLB, MCFE-250, MCFE-500 monotherapies or GLB plus MCFE com-
binations showed significantly (P � 0.05) increased levels of SOD,
GPx, CAT and GSH, whereas MDA levels were significantly
(P � 0.05) decreased as compared with DC rats. Interestingly, the
GLB plus MCFE-500 combination exhibited improvements in the
pancreatic levels of SOD, GPx, CAT, GSH and MDA, compared to
DC values, and nearly normalized the levels of SOD, CAT and MDA.
3.10. Histopathological examination of pancreases

The NC group revealed normal pancreatic acini and islets of
Langerhans that is characterized by central core of b-cells with
large mantle of a and d endocrine cells in the peripheral zone
(Fig. 2-A). In DC group, the islets of Langerhans showed massive
reduction in the number of b-cells (Fig. 2-B) with marked increase
in the number of a and d endocrine cells with disruption in the
appearance of the islets. Papillary hyperplasia of the epithelial lin-
ing pancreatic duct was also observed. The groups treated with
MCFE-500, GLB plus MCFE-250, GLB plus MCFE-500 showed mod-
erate to marked improvement in the previously described
histopathological lesions of the pancreatic tissue (Fig. 2-E, F, G).
The groups treated with GLB and MCFE-250 showed the slight to
moderate enhancement in the histopathological lesions induced
by STZ (Fig. 2-C, D).
3.11. Immunohistochemical analysis of insulin, glucagon and
somatostatin protein expression

The NC group showed diffuse distribution of positive anti-
insulin immunostaining all over the pancreatic islets (Fig. 3-A).
Anti-glucagon immunostaining was observed in a-cells located in
iabetic rats.

ALP (U/L) c-GT (U/L) BRN (mg/dL)

144.5 ± 8.95b,c 13.8 ± 0.97b,c 0.55 ± 0.03b,c

342.3 ± 14.42a,c 28.5 ± 1.67a,c 1.43 ± 0.10a,c

286.5 ± 12.57a,b 23.2 ± 1.61a,b 0.92 ± 0.06a,b

274.8 ± 12.53a,b 22.6 ± 1.79a,b 0.84 ± 0.06a,b

259.5 ± 11.42a,b 20.2 ± 1.27a,b 0.78 ± 0.05a,b

248.3 ± 12.09a,b 19.5 ± 1.35a,b 0.75 ± 0.05a,b

172.2 ± 9.39b,c 17.3 ± 1.29b,c 0.67 ± 0.05b,c

by Tukey’s multiple comparison post hoc test at p � 0.05.



Table 9
Effect of GLB, MCFE and their combination on oxidative stress and lipid peroxidation parameters in pancreatic tissues of STZ-diabetic rats.

Treatment groups SOD (U/mg protein) GPx (U/mg protein) CAT (U/mg protein) GSH (mmol/g tissue) MDA (nmol/g tissue)

NC 52.4 ± 3.18b,c 6.6 ± 0.61b,c 11.3 ± 0.92b,c 9.6 ± 0.71b,c 25.6 ± 1.15b,c

DC (STZ) 24.8 ± 1.80a 1.9 ± 0.12a 4.8 ± 0.22a 3.5 ± 0.22a 43.1 ± 2.85a

GLB 29.2 ± 2.84a,b 3.0 ± 0.28a,b 5.7 ± 0.42a,b 5.4 ± 0.29a,b 33.6 ± 2.36a,b

MCFE-250 36.1 ± 1.96a,b 3.1 ± 0.29a,b 6.4 ± 0.33a,b 5.8 ± 0.33a,b 32.4 ± 2.14a,b

MCFE-500 37.5 ± 3.39a,b 3.3 ± 0.38a,b 6.9 ± 0.48a,b 6.0 ± 0.48a,b 31.7 ± 2.11a,b

GLB + MCFE-250 39.0 ± 2.80a,b 3.4 ± 0.39a,b 7.3 ± 0.64a,b 6.1 ± 0.58a,b 30.8 ± 2.00a,b

GLB + MCFE-500 43.8 ± 2.89b,c 3.6 ± 0.47b,c 8.8 ± 0.72b,c 6.5 ± 0.60b,c 26.5 ± 2.01b,c

Values are expressed as mean ± SE (n = 6).
Multiple group comparisons were performed by analysis of variance (ANOVA) followed by Tukey’s multiple comparison post hoc test at p � 0.05.

a P � 0.05, statistically significant from the normal control (NC) group.
b P � 0.05, statistically significant from the diabetic control (DC) group.
c P � 0.05, statistically significant from GLB group.

Fig. 2. Photomicrographs of rats’ pancreas (stained with H&E X 400), (A) normal control showing normal histological architecture of the pancreas with centrally located b-
cells (arrow); (B) diabetic control showing distortion of the islet with marked necrosis (arrow), vacuolation and decrease in number of b-cells; (C) GLB showing marked
elevation in the number of b-cells with Karyopyknosis of some cells (arrow); (D) MCFE-250 and (E) MCFE-500 showing moderate increase in the number of the b-cells with
necrosis of some cells (arrow); (F) GLB plus MCFE-250 and (G) GLB plus MCFE-500 showing marked increase in the centrally located b-cells (arrow) with mild vacuolization of
its cytoplasm.
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Fig. 3. Representive anti-insulin immunohistochemistry in the islets of langerhans in the different experimental groups (X400), (A) normal control showing normal
distribution of the insulin that occupies the center of the islet (arrow); (B) diabetic control showing marked reduction in the insulin content (arrow) of the b-cells in the islets
of langerhans; (C) GLB, (D) MCFE-250 and (E) MCFE-500 showing moderate increase in insulin content of the b-cells (arrow); (F) GLB plus MCFE-250 and (G) GLB plus MCFE-
500 showing marked increase in insulin content of the centrally located b-cells; (H) The bar chart represents anti-insulin immunopositive staining expressed as area %. Values
with different superscripts are significantly different (p � 0.05).
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the peripheral zone of the pancreatic islet (Fig. 4-A). Anti-
somatostatin protein expression localized in d-cells which forming
incomplete ring in the peripherally of the islet of Langerhans
(Fig. 5-A). The DC group revealed marked reduction in the insulin
content of b-cells (Fig. 3-B) with marked elevation of the glucagon
(Fig. 4-B) and somatostatin (Fig. 5-B) contents of the pancreatic
islets with central in addition to peripheral distribution in the pan-
creatic islet. On one hand, the groups treated with GLB, MCFE-500,
GLB plus MCFE-250 and GLB plus MCFE-500, the insulin contents
of the b-cells were significantly increase compared to DC group
(Fig. 3-C, E, F, G). Moreover, the glucagon content (Fig. 4- C, E, F,
G) and the somatostatin content (Fig. 5-C, E, F, G) of their pancre-
atic islets; showed significance reduction when compared to DC
group. On the other hand, the group treated with MCFE-250
showed no significance difference in the insulin content when
compared with DC group (Fig. 3-D), while the glucagon (Fig. 4-D)
and somatostatin contents (Fig. 5-D) of their pancreatic islets
showed significant decrease when compared with DC group.

3.12. Real Time-PCR for gene expression analysis

As shown in Fig. 6, the expression levels of the selected target
genes (INR, Slc2a2, PPAR.) were altered in diabetic rats livers, com-
pared with those in the control group (P � 0.05). INR mRNA
expression was markedly increased in diabetic control group to
about 2.6 fold of its normal expression level. Following the admin-



Fig. 4. Representive anti-glucagon immunohistochemistry in the islets of langerhans in the different experimental groups (X400), (A) normal control showing normal
distribution of gulcagon in peripherally located a-cells of islets (arrow); (B) diabetic control showing marked increase of the glucagon content of the a-cells in both central
(arrow) and peripheral areas (C) GLB and (D) MCFE-250 showing mild elevation in glucagon content of the a-cells (arrow); (E) MCFE-500; (F) GLB plus MCFE-250 and (G) GLB
plus MCFE-500 showing marked reduction in glucagon content of the a-cells in central area (arrow); (H) The bar chart represents anti-glucagon immunopositive staining
expressed as area %. Values with different superscripts are significantly different (p � 0.05).

R.F. Abdel-Rahman et al. / Saudi Pharmaceutical Journal 27 (2019) 803–816 811
istration of MCFE-500 or GLB plus MCFE-250 for 8 weeks, the
expression of INR gene decreased significantly to 1.3 and 1.5 folds
compared with DC group. GLB plus MCFE-500 nearly normalize the
hepatic INR expression (Fig. 6-A). Slc2a2 gene expression
decreased significantly in the STZ-induced diabetic group to about
39% of its normal expression level. Treatment of diabetic rats with
GLB, MCFE-500, GLB plus MCFE-250 or GLB plus MCFE-500 combi-
nations restored Slc2a2 mRNA level to 82%, 92%, 73% and 1.12% of
its normal level, respectively (Fig. 6-B). Results of PPAR-a mRNA
expression indicated that STZ resulted in a significant reduction
in the liver PPAR-a expression (0.47 fold of its normal level). How-
ever, administration of GLB, MCFE-500, or GLB plus MCFE-500
combination enhanced the liver PPAR-a expression (0.68, 0.86
and 1.23, respectively) compared with DC group (Fig. 6-C).
4. Discussion

LC-MS study of MCFE in positive and negative modes allows the
identification of numerous compounds in the extract with their
semiquantitative relative quantities by correlating the peak area
of each component to the total area of the extract. The antidiabetic
effect of M. charantia was correlated to terpenoids and saponins
(Jia et al., 2017). The major saponins; momordicin I and momordi-
cin II could be identified in the MCFE in relative amounts of 1.73
and 1.37%, respectively. The minor saponin momordicophenoide
A was also identified (Jia et al., 2017). Both stearic acid (8.34%)
and oleic acid (4.28%) are the most abundant components in the
MCFE as both bulbs and seeds are rich in fatty components
(Table 2).



Fig. 5. Representive anti-somatostatin immunohistochemistry in the islets of langerhans in different experimental groups (X400). (A) Normal control showing incomplete
ring of somatostatin content of d-cells in the peripheral area of the islet (arrow). (B) Diabetic control showing marked elevation of somatostatin content of d-cells occupying
the peripheral and central area of the islet of langerhans (arrow). (C and D) GLB and MCFE-250, respectively, showing moderate increase in somatostatin content of d-cells
(arrow) in the central area of the islet. (E, F and G) MCFE-500, GLB plus MCFE-250 and GLB plus MCFE-500, respectively, showing mild decrease in somatostatin content of d-
cells (arrow) of the islet, compared with diabetic control group. (H) The bar chart represents anti-somatostatin immunopositive staining expressed as area %. Values with
different superscripts are significantly different (p � 0.05).
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The acute toxicity testing did not show any detectable signs of
toxicity in rats’ administered MCFE at doses up to 5 g/kg. Conse-
quently, it is proposed that oral median lethal dose (LD50) of the
tested extract was higher than 5000 mg/kg b.wt. No mortality
was observed during the test period. Since substances possessing
LD50 higher than 50 mg/kg are non-toxic (Buck et al., 1976), the
tested extracts were considered safe.

M. charantia is one of the most promising plants to treat DM
(Joseph and Jini, 2013). Simultaneous use of herb and drug can
interact with each other and may result in herb drug interaction.
In the current study, the efficacy of combining GLB with MCFE
was assessed to determine if there was any pharmacological ben-
efit over GLB alone.
Diabetic rats gained significantly less weight during the course
of the study as compared to NC rats. Low body weight in diabetes
might be a result of tissue proteins breakdown, severe muscle
degeneration and increased muscle wasting (Singh et al., 2008).
Interestingly, we noted that the GLB plus MCFE-500 combination
was more potent for improving body weight than the GLB
monotherapy in diabetic rats. In this study, DC rats exhibited high
FBG level and low insulin level compared with NC rats. The serum
levels of glucose and insulin reflect the glycemic state of these ani-
mals. Insulin level in diabetic rats in this study, imply that some
insulin secretory b-cells are intact and still have the potential of
insulin synthesis and secretion. Treatment of diabetic rats with
GLB reduced the blood glucose level and increased insulin level



Fig. 6. Effect of GLB, MCFE and their combinations on gene expression in liver tissue
of STZ-diabetic rats. (A) Insulin receptor (INR), (B) (Slc2a2) (coding GLUT2), (C)
PPAR-ɑ. Values are expressed as mean ± SE. aP � 0.05, statistically significant from
the NC group. bP � 0.05, statistically significant from the DC group. cP � 0.05,
statistically significant from the GLB group.
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compared with DC group. However, these levels were not returned
to the normal state. GLB improves hyperglycemia mostly by block-
ing ATP-sensitive potassium channels in b-pancreatic cells, which
results in depolarizing cell membrane, opening voltage-
dependent Ca++ channel. Accordingly, the level of intracellular
Ca++ in the b-pancreatic cells increases and results in stimulation
of insulin release, that is to say, the release of preformed insulin
(Serrano-Martín et al., 2006). Therefore, the GLB requires the pres-
ence of a critical mass of b-cells with insulin secretory capacity in
order to acts. In addition, the serum levels of glucose and insulin
were not significantly different among the GLB, MCFE-250,
MCFE-500 and GLB plus MCFE-250 groups. Further, the efficacy
of MCFE-500 in reducing the blood glucose levels is much higher
than that of the GLB. Several studies have established that M. cha-
rantia has a powerful antidiabetic effect through cell-based assays,
animal models and human clinical trials (Jia et al., 2017). Of the
five diabetic-treatment groups, the GLB plus MCFE-500 combina-
tion was found to be the most effective in decreasing FBG and ele-
vating insulin levels throughout the experimental period. The
blood glucose and insulin levels, which were monitored for
8 weeks after the induction of diabetes, showed more stability
and were within the normal physiological ranges following admin-
istration of GLB plus MCFE-500 combination. Notably, the benefi-
cial effect on glycaemic control observed for GLB plus MCFE-500
combination occurs without an increased risk of hypoglycaemia.
Various mechanisms have been reported in the literature to
explain the possible antidiabetic effects of MCFE. These mecha-
nisms include the recovery of partially destroyed b-cells in the
pancreas (Ahmed et al., 2001) or displaying insulin-like properties
(Chen et al., 2003). Fernandes et al. (2007) proposed that the mech-
anism of M. charantia extracts as an antidiabetic might be owed to
stimulating insulin release by the b-cells of the pancreas, diminsh-
ing glycogenesis in liver tissue, enhancing the utilization of periph-
eral glucose and increasing serum protein levels. Other studies
considered the activation of the AMP-activated protein kinase sys-
tem as another possible mechanism for antidiabetic action of M.
charantia (Cheng et al., 2008). Nevertheless, some studies have also
ascribed the antidiabetic effect of M. charantia to an extra-
pancreatic effect, which includes increased GLUT4 transporter pro-
tein of muscles and increased glucose consumption in both liver
and muscle (Sarkar et al., 1996).

The antihyperglycemic differences between GLB and MCFE may
be due to the bioactive compounds of M. charantia. The major con-
stituents ofM. charantia, which are accountable for the antidiabetic
effect, are glycosides, saponins, alkaloids, triterpenes, steroids and
polyphenolic compounds (Joseph and Jini, 2013). Individually, iso-
lated phytochemicals (charantin, a polypeptide-p, momordin,
oleanolic acid 3-O-monodesmoside, and oleanolic acid 3-O-
glucuronide) of M. charantia have shown glucose lowering activity
(Grover and Yadav, 2004). Pitiphanpong et al. (2007) revealed that
charantin might be used to control DM and can possibly be a
replacing treatment. Several studies have reported that charantin
is more effective than the oral hypoglycemic agent tolbutamide
(Joseph and Jini, 2013). Two compounds were isolated as saponins
from M. charantia; Momordicine II and 3-hydroxycucurbita-5, 24-
dien-19-al-7, 23-di-O-b-glucopyranoside (4). These compounds
revealed marked insulin releasing effect in MIN6 b-cells at two dif-
ferent concentrations 10 and 25 mg/mL (Keller et al., 2011). Another
compound cucurbitanes that was isolated from M. charantia has
also been reported to be responsible for the anti-diabetic activity
(Chen et al., 2005). Fasting blood glucose levels points to an addi-
tive effect of the co-administration of GLB and MCFE-500 since
these levels were not recovered to the normal values by the treat-
ment of GLB or MCFE-500 alone.

In diabetes, high blood glucose levels react with hemoglobin to
form glycated heamoglobin (HbA1c). Consequently, the total Hb
level is diminished in diabetics. The rate of glycosylation is directly
correlated with the blood glucose level. HbA1c is formed exten-
sively and irreversibly over a period of time. Therefore, HbA1c is
considered as an outstanding marker of overall glycemic control.
In our study, untreated diabetic rats showed significant decrease
in Hb and significant increase in HbA1c levels indicating poor gly-
cemic control. According to the glucose-lowering effect, MCFE-250
and MCFE-500 monotherapies and GLB plus MCFE-250 combina-
tion significantly reduced HbA1c levels compared to DC rats but
did not significantly improve the rate of glycosylation compared
with GLB treatment alone. Blood Hb and HbA1c levels were effec-
tively controlled in the rats that received GLB plus MCFE-500 com-
bination more than that seen in animals treated with GLB alone.
Both, Hb and HbA1c levels were reversed to normal range follow-
ing 8 weeks administration of GLB plus MCFE-500 combination.
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The present results reveal that, GLB, MCFE and their combinations
protect against heamoglobin glycation in decreasing order of GLB
+ MCFE-500 > GLB + MCFE-250 > MCFE-500 > GLB > MCFE-250.
This effect might be due to the effective control of hyperglycemia
by GLB plus MCFE-500 combination. This also indicates that the
combination might be very effective for long-term control of DM
and preventing further complications in diabetic individuals.

A well-known fact, that inadequate control of glucose in DM
results in disturbance in the serum lipid profile (Shah and Khan,
2014). Under normal circumstances, insulin leads to lipoprotein
lipase (LPL) activation and hydrolyzes lipoprotein bound TG lead-
ing to free fatty acids production (Ng et al., 1987). In diabetic state
LPL is not initiated because of insulin inadequacy, resulting in
hypertriglyceridemia (Pushparaj et al., 2007). The results of the
current study indicated dyslipidemia in STZ-diabetic rats evi-
denced by elevated serum TG, TC and LDL-C coupled with reduced
level of HDL-C compared to NC group. These findings are consistent
with those obtained by other researchers (Verma et al., 2013). The
increased level of serum TG could contribute to reduced level of
blood insulin. Additionally, the elevated level of LDL-C found in
DC rats may be attributed to cholesterol-mediated down-
regulation of LDL receptors (Mustad et al., 1997). Decreased level
of HDL-C following STZ administration may be owed to the accel-
eration of apoA-I clearance from the plasma due to high cholesterol
levels (Mustad et al., 1997). Good glycemic control could result in
improvement in lipoprotein abnormalities (Mullugeta et al., 2012).
The direct relationship of glycemic control with dyslipidemia has
also been confirmed by Mohammadi et al, (2009), who observed
that the TG, LDL-C, and total serum lipids levels of poorly con-
trolled diabetic children were higher than those of the control
group. In our study, administration of GLB reversed all the changes
in the lipid profile of diabetic rats that might be related to its abil-
ity to reduce sugar level. MCFE-250, MCFE-500 and GLB plus
MCFE-250 treatments not only lowered the levels of TC and LDL-
C, but also reduced TG and enhanced the levels of HDL-C in serum
of diabetic rats. Interestingly the GLB plus MCFE-500 combination
had a superior effect on regulating serum lipid than GLB monother-
apy. Following oral administration of GLB plus MCFE-500 combina-
tion, lipid profile levels reverted back to those seen in normal rats
which may be indicative of the stronger antidiabetic role played by
the combination therapy. This effect might be owed to increased
insulin secretion from pancreatic b-cells that further stimulate
fatty acid synthesis and incorporation of fatty acids into TG in
the liver and adipose tissue as well. Reductions in serum lipids,
particularly of the TG and LDL-C to normal levels are considered
as beneficial for the long-term prognosis of diabetic patients
(Chattopadhyay and Bandyopadhyay, 2005). Since the combination
of MCFE-500 with GLB produced further improvement in the lipid
profile than that produced by GLB or MCFE per se, it is suggested
that MCFE may be acting by some different mechanism than that
of GLB on lipid metabolic pathways. The study of Gadang et al.,
(2011) proposed that M. charantia ameliorates lipid profile and
serum glucose levels by modulating PPAR-c gene expression. Sapo-
nins may possibly be the main active compounds to induce this
contribution (Zhu et al., 2012). In addition, Popovich et al, (2010)
found that M. charantia triterpenoid extract reduces lipid accumu-
lation and adiponectin expression in 3T3-L1 cells.

Hyperglycaemia affects the metabolism of lipids, carbohydrates
and proteins and can lead to liver damage. In the current study, the
activities of the liver marker enzymes (AST, ALT, ALP and c-GT) and
level of BRN in serum were significantly elevated after STZ admin-
istration in comparison with normal controls, denoting hepatic
injury. These results suggested that membrane permeability and
transport function have been altered due to the liver injury, leading
to leakage of these enzymes. The significant changes in liver
enzymes is in agreement with the fact that T2DM is associated
with the elevation of liver marker enzymes (Ghimire et al.,
2018). Ghosh and Suryawanshi (2001) demonstrated that insulin
deficiency during DM, contributes to increased serum levels of
transaminase enzymes because sufficient amounts of amino acids
stimulate the occurrence of gluconeogenesis and ketogenesis. Pro-
tective effects of GLB, MCFE-250, MCFE-500 and GLB plus MCFE-
250 combination against diabetes-associated liver injury were con-
firmed by the decrease in the serum activities of AST, ALT, ALP and
c-GT but their levels still above the normal values. Treatment with
GLB plus MCFE-500 combination significantly reversed the
increased levels of liver marker enzymes and BRN. The activities
of those hepatotoxicity markers in the combination-treated group
remained almost the same as normal, indicating stimulation of
insulin secretion into the circulation and a resulting hepatoprotec-
tive effect.

Abundant clinical evidence demonstrated that diabetes corre-
lated closely with excessive generation of free radicals and oxida-
tive stress (Long et al., 2018). In this respect, tissues have possesses
an antioxidant defense system including enzymatic and non-
enzymatic antioxidants to keep themselves against oxidative
stress. The enzymatic antioxidants such as SOD, GPx and CAT are
crucial components of the antioxidant defense system in the body.
They have been considered as primary enzymes since they were
involved in the direct elimination of reactive oxygen species. GSH
is non-enzymatic antioxidant found in almost all forms of aerobic
life and plays a vital role in maintaining cellular antioxidant capac-
ity. The decreased activities of oxidative stress biomarkers in STZ-
diabetic rats have been reported (Ravi et al., 2004). Similar results
have been obtained in the present study. In the diabetic state,
oxidative stress induction in the pancreas might be due to a
hypoxic state as diabetes results in HbA1c formation that interferes
with oxygen delivery at the pancreas. In this study, Oral adminis-
tration of GLB to STZ-induced diabetic rats resulted in increased
levels of SOD, GPx, CAT and GSH in their pancreatic tissues. This
may be attributed to the antidiabetic effect of GLB. Further, treat-
ment of diabetic rats with MCFE-250 and MCFE-500 resulted in
the elevation of the antioxidant enzymes and GSH levels. The pro-
tective effect of both doses of MCFE and GLB plus MCFE-250 com-
bination against oxidative stress in the pancreatic tissues of
diabetic rats was superior to that seen in the group of rats that
received GLB. Jia et al. (2017) reported that administration M. cha-
rantia alcoholic extract for eight successive weeks exerted antiox-
idant potentials by reversing the oxidant/antioxidant imbalance. In
addition, several studies have demonstrated that M. charantia is a
good natural source of antioxidants. The active compounds mainly
include saponins, polysaccharides and phenolics (Lucas et al.,
2010). In our study, the attenuation of oxidative stress by MCFE
in STZ-diabetic rats might be mediated by MCFE’s antioxidant
properties. The anti-oxidant efficacy of GLB plus MCFE-500 combi-
nation was more beneficial in diabetic rats than treatment with
either GLB or GLB plus MCFE-250 combination. After oral adminis-
tration of GLB plus MCFE-500 combination to diabetic rats, the
altered levels of SOD, GPx, CAT and GSH in their pancreatic tissues
were brought back to normal. These results suggest that GLB and
MCE-500 have a synergistic effect against oxidative stress in STZ
diabetes.

MDA is considered a good biomarker of the lipid peroxidation
process. Results from previous studies showed that MDA levels
in plasma and tissue are elevated in STZ-induced diabetic rats
(Nakhaee et al. 2009). Similarly, the present study showed that
STZ exposure significantly enhanced lipid peroxidation in the pan-
creatic tissues of experimental animals compared to normal group.
The pancreatic levels of MDA were not significantly different
among the GLB, MCFE-250, MCFE-500 and GLB plus MCFE-250
groups. Additionally, eight-week GLB plus MCFE-500 administra-
tion has successfully normalized the disordered level of MDA in



R.F. Abdel-Rahman et al. / Saudi Pharmaceutical Journal 27 (2019) 803–816 815
the pancreas of diabetic rats. These results suggest that GLB and
MCFE-500 have a synergistic effect on reducing lipid peroxidation
in the pancreas of STZ diabetic rats. Improvement in the level of
MDA in the pancreatic tissues may directly or indirectly protects
b-cells against lipid peroxidation.

STZ uptake into the pancreatic b-cells islets induces b-cells tox-
icity by many mechanisms such as nitric oxide donation and free
radicals production resulted in marked reduction of intra cellular
insulin content of these cells (Nugent et al., 2008) and increase
the glucagon and somatostatin content of a- and d-cells located
in the peripheral and central zones of the pancreatic islets. In our
study, the immunohistochemical staining of insulin was dramati-
cally decrease in the diabetic control group that was associated
with vacuolation, apoptosis and necrosis of b-cells but, these
abnormal histopathological lesions were markedly decreased in
the groups with different medicaments specially groups treated
with the combination of GLB plus MCEF. Therefore, the combina-
tion of GLB plus MCEF may protect the b-cells of the islets from
toxicity produced by STZ which appeared in the form of reducing
the hyperglycemia in these groups.

In the current study, liver INR mRNA expression was signifi-
cantly increased in STZ- diabetic rats. Former studies showed that
changes in IR expression partially contribute to the modulation of
insulin binding in the liver of rats with experimental induction of
insulin deficiency (Morakinyo et al., 2018). INR expression was sig-
nificantly reduced by MCFE-500 and combination of GLB + MCFE-
250. Interestingly, INR expression is nearly normalized in GLB plus
MCFE-500 treated group. These results indicated an improved cel-
lular sensitivity to insulin and, consequently, the regulation of glu-
cose uptake and metabolism in liver. In the same context, hepatic
glucose utilization is regulated by Slc2a2 which is a membrane
bound, insulin-independent glucose transporter with a high glu-
cose Michaelis constant (Km), mainly expressed in the liver.
Defects in the Slc2a2-encoding gene potentially alter glucose
homeostasis (Zhou et al, 2016). In line with the results from earlier
studies, DC rats exhibited a significant decrease in the Slc2a2
mRNA level. Slc2a2 expression is corrected to near normal levels
in groups treated with MCFE-500 or GLB plus MCFE-250 (Al-
Shaqha et al., 2015).

PPARa isotype is one of PPARs family members of nuclear
receptors that predominantly expressed in liver and play a central
role in glucose and lipid homeostasis by regulation of their related
genes expression (Berger and Moller, 2002). PPARa controls gluco-
neogenesis, fatty acid oxidation, ketone body biosynthesis and
lipoprotein metabolism. PPARa activation in the liver is efficient
to counteract metabolic hepatic disorders and indirectly alleviates
insulin resistance (Berger and Moller, 2002). Concerted activation
of PPAR subtypes has been proposed as an alternative, synergistic
therapeutic approach in diabetes. Previous studies reported a
down-regulation of the PPAR-a mRNA expression in the liver of
diabetic rats (Kaviarasan and Pugalendi, 2009). A high glucose level
alone is a direct cause of PPARa down-regulation in diabetic condi-
tions (Hu et al., 2013).

In our study, treatment with GLB, MCFE-500, or GLB plus MCFE-
500 combination enhanced the PPAR-a mRNA levels in the liver.
Moreover, PPAR-a upregulation at the transcriptional level in
MCEF-treated rats might be responsible for its influence on lipid
profile. Targeting PPARa may offer a new therapeutic strategy for
diabetes (Kaviarasan and Pugalendi, 2009).
5. Conclusion

In conclusion, these results indicate that combining MCFE with
GLB therapy provided additional benefits in the form of reduced
glycemic load and improvement in the lipid profile. Moreover, cur-
rent study demonstrates that the pathway mediating the synergy
between MCFE with GLB therapy involves up-regulation of hepatic
PPARa expression. These observations suggest that MCFE is an
attractive therapeutic option for the treatment of diabetic patients
who have already undergone treatment with GLB. Further studies
are needed to determine the ingredients of the extract.
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