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Background & Obijectives: Diabetes is a known chronic disease affecting more than 400 million people and
causing millions of deaths worldwide annually. The World Health Organization predicts that by 2030, diabetes
will become the seventh leading cause of death. In the last decades, numerous chemotherapy approaches have
been used. However, herbal remedies have accounted for more than 70 percent of the total administered
antidiabetic treatments during the last decade. In this study, we aimed to develop a novel natural antidiabetic
therapy with Trigonella foenum-graecum (T. foenum-graecum) L. and Citrullus colocynthis (C. colocynthis)
(L.). Based on past studies, using C. colocynthis singly can cause diarrhea, abdominal pain, and heartburn,
hence in order to reduce these complications, we applied this plant in combination with T. foenum-graecum
based on the recommendations of Persian medicine references.

Materials & Methods: We admitted 34 diabetics aged 30-65 years old to design a double-blind parallel
randomized controlled clinical trial. We prepared therapeutic capsules containing a combination of 40 mg of C.
colocynthis and 350 mg of T. foenum-graecum L. We divided participants into an interventional (n=17) and placebo
(n=17) groups and measured fasting blood sugar (FBS) levels, lipid profile, and liver function tests initially. After
two weeks, all participants returned for a visit, and FBS and blood sugar (BS) were measured. At the end (12" week),
all outcomes were measured and analyzed using an independent t-test and Chi-squared ().

Results: The FBS levels decreased significantly in the intervention group compared to that of the control group
(171.8+54.9 versus 149.6+46.4, p=0.024), but the improvements in the lipid profile and liver function were
not statistically significant.

Conclusion: This study unveiled that combination of T. foenum-graecum L. and C. colocynthis L. at safe levels
significantly decreased the FBS levels among T2DM patients. Further studies are needed to provide more
efficient antidiabetic effects with the low side effects.
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Introduction

Diabetes is a prevalent chronic disease affecting
over 463 million individuals around the world as of
2019. Moreover, the World Health Organization
estimated that diabetes cases would reach around 578
million by 2030 (1). Diabetes patients have
quadrupled in 34 years, with their number increasing
from 108 million in 1980 to 422 million in 2014,
while the incidence of diabetes worldwide among
adults over 18 years of age has increased from 4.7%
in 1980 to 8.5% in 2014 (2). Unfortunately, diabetes
caused 1.5 million deaths in 2012, and subsequent
reports in 2014 revealed approximately 4.9 million
diabetes-linked deaths (3). Previously, the WHO
predicted that by 2030, diabetes would become the
seventh leading cause of death (4). In the last decades,
the number of diabetic cases has grown and resulted
in a great burden on society (5). According to the
International Diabetes Federation (IDF), 8.8% of the
adult population have diabetes, with men having
slightly higher rates (9.6%) than women (9.0%) (6).
In total, different countries worldwide spend more
than 370 billion dollars, and these costs would double
in the next decade (1). The global percentage of end-
stage renal disease (ESRD) patients with diabetes
increased from 19.0% in 2000 to 29.7% in 2015
worldwide, while the percentage of incident ESRD
patients due to diabetes increased from 22.1% to
31.3% (7). Therefore, we require novel promising
therapies to prevent diabetes prevalence and mortality
and decrease the health and economic burdens on
societies (8).

A growing number of studies demonstrate the
considerable efficacy of several herbal treatments
against type Il diabetes mellitus (T2DM) (9—11). The
recent reports suggest that herbal remedies account for
more than 70 percent of the total administered
antidiabetic treatments in the last decade (12—18).

Among several available herbal treatments,
fenugreek (Trigonella foenum graecum) is traditionally
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known as a valuable blood glucose regulator for
patients with T2DM in many regions of Arab origin
(15, 19, 20). Moreover, some studies have reported
the anti-diabetic effects of T. foenum-graecum L. at
different stages (21). Although early in vivo studies on
T. foenum-graecum L. have revealed promising
results in mitigating diabetic complications, there is
no sufficient evidence to prove the anti-diabetic
properties of T. foenum-graecum L. (22).

On the other hand, Citrullus colocynthis (C.
colocynthis) is another therapeutic herb with many
anti-inflammatory effects; however, studies on rodent
models have inferred that high doses of this herbal
medicine result in cardiac impairment and mortality
(23,24). In addition, some studies have deciphered
that diabetics treatment using high doses of this herbal
medicine (300 to 800 mg per day) causes diarrhea,
painful heartburn, abdominal pain, and bloody
diarrhea and heartburn (25,26). Therefore, in order to
reduce the complications, we used this plant in
combination with T. foenum-graecum L. based on
Persian medicine references (27, 28). In this study, we
investigated the positive and negative effects of C.
colocynthis combined with T. foenum-graecum L. on
FBS levels and lipid profile in T2DM cases.

Materials and Methods

This study was a double-blind parallel randomized
controlled clinical trial. Participants were selected
among individuals with diabetes who were referred to
the diabetic clinic. The eligible adult participants (30
to 65 years old) from both genders were recruited into
the study via a face-to-face interview and signed the
informed consent. The inclusion criteria included
having a hemoglobin Alc greater than 6.4%, weight
between 55 and 100 kg and a body mass index (BMI)
between 24 and 35, and lack of experience of alcohol
or drug addiction, medical disorders, such as high
blood pressure, renal, rheumatologic or liver diseases,
not being pregnant and not using herbal drugs.
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All patients were fully aware of their rights to
continue or withdraw from participation during the
trial, and all patients signed the informed consent
form. Moreover, any patient with extremely high FBS
(FBS > 270 mg/dl), the presence of any study-related
side effects, or receiving any kind of corticosteroid
drugs during the study was excluded as well.
Sample Size

Upon several clinical trials on T. foenum-graecum
L. and C. colocynthis, there are a wide range of
sample sizes from 8 to more than 120 in the literature
(29, 30). Initially, we chose 74 (a sample size of 60
plus a probable 14 drop-outs) as the sample size of our
study. However, because of the numerous side effects
that were reported in the first follow-up of the study,
we decided to reduce the sample size to a minimum
of about half of the originally chosen number.
Making drug and placebo capsules

Five samples of T. foenum-graecum L. and C.
colocynthis plants were collected from several
reputable grocery stores in Shiraz. The original
samples were identified and assigned specific
numbers, T. foenum-graecum L. (PM1384) and C.
colocynthis (PM1383) by the traditional pharmacy
department of the Shiraz pharmacy school. For
preparing the required capsules, after removing the
impurities, the T. foenum-graecum L. seeds and
internal parts or pulp of C. colocynthis were powdered
and then encapsulated, each capsule containing 350
mg of powdered T. foenum-graecum L. and 40 mg of
C. colocynthis. The daily dosage of C. colocynthis is
from 120 to 300 mg, and for T. foenum-graecum L., it
is up to 6 g (PDR), 1-6 g 2 to 3 times a day (31). In
Iran, two kinds of T. foenum-graecum L. tablets (220
mg and 335 mg) are available. Because it was the first
time that a combination of these two plants was tested
on humans, we chose the smallest amount of each
plant with a proper safety margin. The same amount
(390£5 mg) of corn flour was filled in similar capsules
as a placebo, and at the end, all the placebo capsules
were flavored with about 200 mg of T. foenum-

graecum L. powder. All drugs were made in the
medicinal plant manufacturing center of the Shiraz
University of Medical Sciences Faculty of Pharmacy.
Randomization and Blinding Method

The participants were consequently recruited into
study groups based on a blocked randomization list.
This list was created using the Excel 2018 software
with a 1:1 allocation and random block sizes of 4.
All capsules had the same size and shape and were
placed in similar boxes, each containing 28 capsules.
Each box was assigned a dedicated letter from A to D.
The study pharmacist was the only person who knew
the contents of the boxes. On the other hand, none of
the physicians and participants involved in the study
were aware of the prescribed drugs.
Intervention

All patients referred to the medical centers of Fasa
University of Medical Sciences had their
demographic and basic information taken. Then, we
took a blood sample from all patients to measure the
baseline level of all outcomes. Afterwards, they were
asked to consume two capsules daily (after breakfast
and dinner) for two weeks. Then, all participants were
revisited to check their condition and monitor
probable side effects. Another blood sample was
taken from every participant to evaluate two
outcomes, FBS and blood sugar (BS), for the second
time. Then, the same drug boxes were given to them
for an additional 10 weeks. At the end of the study
(totally 12 weeks), the participants were revisited, and
all initial laboratory tests were repeated. Meanwhile,
every probable adverse event was recorded during and
at the end of the study.
Measurement of outcomes

All measurements were implemented at the
Noncommunicable Disease Research Center central
laboratory (Fasa, Iran). All evaluations obtained the
protocols of cohort studies by Farjam et al. (32) and
the PERSIAN cohort study by Eghtesad et al. (33). To
evaluate all the following outcomes, we collected a 10
mL venous blood sample from each participant at the

106



http://dx.doi.org/10.18502/jabs.v14i2.15753
https://jabs.fums.ac.ir/article-1-3049-en.html

[ Downloaded from jabs.fums.ac.ir on 2026-05-14 ]

[ DOI: 10.18502/jabs.v14i2.15753 ]

v

Journal of Advanced
Biomedical Sciences

Pezeshki B, et al

beginning and the end of the study (12th week), and a
blood specimen for evaluating the glucose level
during the study (at the 2nd week). Then, we stored
the plasma and serum samples at -20°C and performed
the measurements within 10-12 days after sample
collection. All measurements were carried out by
utilizing PARS AZMUN Kits (34).
Lipid profile

To determine the lipid profile, we carried out
measurements on cholesterol, high-density lipoprotein
(HDL), low-density lipoprotein, and triglyceride (TG).
All these factors were checked one time at the beginning
of the study and the other time at the final checkpoint
(12th week). We utilized enzymatic colorimetric methods
(Boehringer Mannheim, Mannheim, Germany) to
measure the level of serum TG, TC, and HDL. First, we
sedimented apolipoprotein B-100-containing particles by
using dextran sulfate to measure the HDL level. Then, we
used the Friedewald formula to evaluate the LDL level
(TG < 3.5 mmol/L).
Liver function

To determine the condition of liver function during
the intervention, we measured serum glutamic
oxaloacetic transaminase (SGOT), Serum glutamic
pyruvic transaminase (SGPT), and alkaline
phosphatase (ALP). All liver function tests were
performed before and after the intervention (12th
week). We evaluated all liver function factors,
including ALP (1400.002, PARS AZMUN, Iran),
SGPT, and SGOT (1400.019, PARS AZMUN, Iran)
based on photometric methods.
Glucose level

We also measured FBS, BS, and Hemoglobin A1C
(HBAXc) to determine the condition of glucose level
before, during (two weeks after the first
administration), and after the study. As mentioned
before, we evaluated the levels of all glucose-related
factors using PARS AZMUN Kkits. Plasma glucose
was measured using Boehringer Mannheim
reagents on a Hitachi 917 analyzer (Hitachi Ltd,
Tokyo, Japan).
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Statistical Analysis

The data were presented as mean + standard
deviation. The normality of the data was tested by the
Shapiro-Wilk test. Comparison of variables between
the control and intervention groups was done using an
independent t-test and Chi-squared (X2) distribution
based on the variables. Before and after analysis was
done with a paired t-test. A p<0.05 was considered a
significant level. All analyses were performed using
IBM SPSS 24 (IBM SPSS, Chicago, IlI).

Results

Totally, of 418 patients considered to participate in
the study, 34 cases passed the inclusion criteria and
enrolled in the trial. We randomized participants into
case and control groups (17 in each group). In the
process of the trial, four patients withdrew their
participation (two patients at the first follow-up from
the control group and the other two cases at the second
checkpoint from the intervention group). At the end
of the study, the outcomes of the remaining 30
patients were analyzed (Figure 1).

The mean + standard deviation (SD) of age (years),
body mass index (BMI, kg/m?), and the disease duration
(months) of participants included 52.2+7.7, 26.6+2.5,
and 67.0+44.3, respectively. There was no significant
difference among the study groups at the beginning
(Table 1). Furthermore, there was no significant
difference between the intervention and the placebo
groups in terms of gender distribution (70.6% females
in the intervention group compared to 64.6% in the
control group, P=0.99), disease duration (47.6+£11.6
months for the intervention group compared to
42.1+10.2 months for the control group, P=0.817), and
their anti-diabetic drugs (P=0.701). Therefore, all the
assessed variables had a normal distribution.
Outcomes
Primary outcomes

After 12 weeks, FBS significantly decreased in the
intervention group compared to the control group
(171.8+£54.9 versus 149.6+46.4, p=0.024). Analysis
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of other measured outcomes inferred no remarkable that our novel herbal treatment resulted in a
difference between the study groups (Chart 1). The statistically insignificant decrease in the intervention
evaluations of the liver functional agents (SGOT and group (Table 2).

SGPT) and lipid profile (cholesterol and TG) outlined

L Enrollment ]

Assessed for eligibility

Excluded (n=384)

+ Not meeting inclusion criteria (n=379)
+ Declined to participate (n=5)

+ Other reasons (n=0)

Randomized (n=34)

v

h 4

( Allocation ] v

Allocated to intervention (n=17)
+ Received allocated intervention (n=17)
« Did not receive allocated intervention (n=0)

Allocated to Placebo (n=17)
+ Received allocated intervention (n=17)
+ Did not receive allocated intervention (n=0)

( 1**Follow-Up ]

Lost to follow-up: (n=0)

Discontinued intervention: (n=0)

Lost to follow-up: (n=2)
Discontinued intervention: (n=2)
- Abdominal pain and Diarrhea (n=2}

Analysed (n=15)
+ Excluded from analysis (n=0)

8 (2 weeks)
Lost to follow-up: (n=2)
- Not responding (n=1)
- Not following the instruction (1)
2" Follow-Up !
L (12 weeks)
| Lost to follow-up: (n=0)
Discontinued intervention: (n=0)
Analysis ] l

Analysed (n=15)
+ Excluded from analysis (n=0)

Figure 1. CONSORT Flow Diagram
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Table 1. The comparison of demographic and basic outcome measures between two groups at the starting point of the study

Control (n=17) Intervention (n=17)
I R I ) I

Age (Year) 53.2 8.4 51.2 7.0 0.457
BMI (Kg/m?) 26.0 23 27.1 2.7 0.226
FBS (mg/dl) 151.8 25.2 171.8 54.9 0.183
2hpp (mg/dl) 192.7 40.0 225.0 71.8 0.115
Hb ALC (%) 7.8 13 8.4 23 0.358
SGOT (mg/dl) 225 5.7 19.9 7.3 0.254
SGPT (mg/dl) 273 6.5 23.9 9.2 0.236
ALP (mg/dl) 211.7 51.4 222.1 49.9 0.563
Chol (mg/dl) 180.5 50.6 172.8 32.9 0.603
LDL (mg/dl) 87.0 27.1 83.4 337 0.738
HDL (mg/dl) 53.1 135 49.3 14.9 0.438

TG (mg/dl) 155.3 755 153.6 62.9 0.947

SD: Standard deviation, BMI: Body mass index, FBS: Fasting blood sugar, 2hpp: hour Post Prandial, Hb A1C: Hemoglobin A1C,
SGOT: Serum glutamic-oxaloacetic transaminase, SGPT: Serum glutamic-pyruvic transaminase, ALP: Alkaline phosphatase, Chol:
Cholesterol, LDL: Low density lipoprotein, HDL: High density lipoprotein, TG: Triglyceride

24 5 202.1
s —. s
54
150 149.6 153
100
50
o 81 g3

After 12 waaks

= FBS-Intervention FBs-Control 2hpp-mntervention
2hpp-control HbA1C-Intervention m HbA1C-Control

Figure 2. The comparison of the FBS, HbA1c and Bs at the starting point and end of the study (after 12 weeks)
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Table 2. The comparison of the main study outcomes within and between two groups at the starting point and end of the study
(after 12 weeks).

Intervention (n=15) Control (n=15)
Outcomes p-value

FBS! (mg/dl) 171.8+54.9 149.6+46.4 1544251 153+41.5 0.834
P-Value 0.024 0.916
2hpp? (mg/dl) 209.3+60.5 202.1+64.4 192.1+37.1 190.2+69.1 0.539
P-Value 0.784 0.904
HbA1C? (%) 8.3+£2.4 8.1£1.4 7.8£1.3 8.3+2.1 0.714
P-Value 0.671 0.114
SGOT?* (mg/dl) 20.6+7.6 21.3+7.8 22.8+6 24497 0.402
P-Value 0.266 0.689
SGPT® (mg/dl) 23.849.4 25.5£10.6 27.5+£6.8 28.7£13.6 0.469
P-Value 0.352 0.726
Chol.5 (mg/dl) 172.4+29.5 175.1£32.6 184.7£52.5 179.2+44.2 0.778
P-Value 0.725 0.603
TG’ (mg/dl) 154.6£62.9 144+45 162.9+78 147+£53.1 0.671
P-Value 0.468 0.373

FBS: Fasting blood sugar, 2hpp: hour Post Prandial, Hb A1C: Hemoglobin A1C, SGOT: Serum glutamic-oxaloacetic transaminase,
SGPT: Serum glutamic-pyruvic transaminase, Chol: Cholesterol, TG: Triglyceride

The comparison between the last amounts of the outcomes of the study groups
The comparison within each group

Discussion

This study aimed to determine the efficiency and
side effects of a novel combination of T. foenum-
graecum L. and C. colocynthis in diabetic patients.
According to Persian medicine sources, Hanzal (C.
colocynthis) would ameliorate different
complications induced by diabetes (35, 36). More
relevantly, T. foenum-graecum L. seeds improving

. Fasting blood sugar

. 2-hour Post Prandial

. Hemoglobin A1C

. Serum glutamic-oxaloacetic transaminase
. Serum glutamic-pyruvic transaminase

. Cholesterol

~N o o B~ W N

. Triglyceride

effects in the diabetics have been documented (37,
38). We hypothesized that the combination of T.
foenum-graecum L. with C. colocynthis would
substantially restrict the diabetes complications. Our
study had two main results. First, the results revealed
that FBS reduces in the intervention group after 12
weeks of treatments, but the analysis showed no
improvement in other outcomes. Second, this study
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showed that diabetics treated with our novel
complementary therapy face more serious side effects
than the placebo group. We observed a slightly higher
rate of abdominal pain and diarrhea in the intervention
group. Therefore, adding C. colocynthis to T. foenum-
graecum L. with this ratio presents many side effects
that may be difficult for patients to tolerate.

In 2016, Heydari et al. demonstrated that topical
administration of 2 mL C. colocynthis two times a day
for three months diminished diabetes-related pain
with no remarkable adverse effects (39). In a recent
study by Rostami et al., the same regimen for a shorter
period (four weeks) in breast cancer patients
presented no significant complication (40). In 2010,
Rahbar and Nabipour indicated that oral usage of
daily 300 mg C. colocynthis for six weeks would
ameliorate hyperlipidemia in non-diabetic patients
with no mentioned serious adverse effects (41). In an
earlier study by Huseini et al., oral administration of
daily 100 mg C. colocynthis in 25 diabetics unraveled
promising effects on glycemic properties after two
months with the least adverse effects (12% mild
diarrhea). Hence, in comparison to the previous
studies, our patients significantly experienced a
remarkably higher rate of abdominal pain and
diarrhea (more than 50%) (42). However, in Persian
medical sources, side effects such as diarrhea and
cramps have been mentioned for C. colocynthis (35,
36), highlighting that in diabetic patients, this dose of
C. colocynthis would cause more severe side effects.
Accordingly, it is possible that more care is needed in
choosing this plant for diabetics. Based on Qin-Yuan's
study, C. colocynthis is used as a remedy for gastro-
intestinal disorders like indigestion, gastroenteritis,
and intestinal parasites. The plant is also used to treat
diabetes, liver problems, lazy bowel syndrome, and
obstruction, paralytic ileus or gastroparesis (43-46).

From the first observations in 1990, studies have
revealed that consumption of 100 mg T. foenum-
graecum L. daily for 10 days exert promising benefits
in the amelioration of blood sugar and lipid profiles in
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patients with diabetes type 1 (37). The efficiency of T.
foenum-graecum L. seeds to control diabetes
complications has attracted a lot of attention in the last
two decades (29, 47). In one of the first clinical trials
on the antidiabetic effects of T. foenum-graecum L.,
Gupta et al. observed that 1 gr of this herbal therapy a
day provides acceptable improvement in FBS and
lipid profiles in patients with T2DM (38). In a small
study, Najdi et al. demonstrated that oral usage of T.
foenum-graecum L. seeds (2 gr/day) would control
blood sugar in diabetic patients and improve the
effects of glibenclamide, with lower adverse effects
(48). In arecent study on cardiometabolic risk factors,
Rao et al. deciphered that daily administration of 5.45
gr of a combination of T. foenum-graecum L. with
Nigella sativa led to reliable outcomes in HbAlc,
lipid profiles, and other factors with no significant
adverse effects after 12 weeks (44, 45, 49). Based on
recent studies, due to T. foenum-graecum L.
components such as bioactive compounds like
alkaloids, amino acids, and flavonoids, it acts as a
proper antioxidant as well as an anti-inflammatory
agent. Additionally, the clinical applications of T.
foenum-graecum L. are also attributed to its diverse
chemical composition, which makes this plant a
strong candidate to alleviate the dependence on
various synthetic drugs for curing diseases (50).
Although several trials have revealed positive
effects of these herbs on diabetics with low adverse
effects, our study outlined the same efficiency with
limited adverse effects of this combination.
Accordingly, we hypothesize that two conditions may
play the main role in these results. First, the
development of diarrhea in several intervened cases
may decrease the absorption of oral antidiabetic
drugs. On the other hand, the insufficient dose of each
herb would lower the efficiency of interventions.

Limitations
Despite attempting to achieve valuable results, our
study had several limitations. We administered a
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lower dose of C. colocynthis compared to similar
trials, but we still encountered some adverse effects in
almost half of the patients. This limited the study
duration to 12 weeks, preventing us from evaluating
the long-term effects of the treatment. Although this
duration was sufficient to achieve reliable results for
the measured outcomes, a longer study period would
be necessary to assess long-term effects. Due to the
potential side effects, we also limited the sample size.
Therefore, further studies with a larger sample size are
warranted to confirm our findings and assess long-
term effects.

For more effective results, it may be better to
reconsider the dose of both plants, or as mentioned in
Persian medicine, the side effects of C. colocynthis
can be reduced by adding a certain dose of tragacanth.

Conclusion

Our findings indicated that the combination of T.
foenum-graecum L. and C. colocynthis L. decreases
FBS in 12 weeks, with no adverse effects on liver
function. HbAlc and lipid profile did not change
during the treatment period. However, this
combination was associated with a mild increase in
abdominal pain and diarrhea. Therefore, further
studies with a larger sample size are warranted to
explore the potential for improved efficacy and
tolerability through dosage and formulation
adjustments.
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