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Introduction

Abstract

Introduction: The best oral medication for type Il diabetes mellitus (T2DM), metformin, and
other T2DM medications have noticeable side effects. However, herbal medications are
potential emerging treatments. Thus, this clinical study evaluated the efficacy of a combination
of Cinnamomum zeylanicum, Tribulus terrestris, Silybum marianum, and Trigonella foenum-
graecum in treating T2DM.

Methods: This randomized clinical trial was performed on 50 T2DM patients with hemoglobin
Alc (HbA1¢)26.5% and fasting blood sugar (FBS)=126 mg/dL who only used metformin as
T2DM medication in Imam-Reza Hospital, Mashhad, Iran, in 2017. They were randomly divided
into intervention (n=25) and control (n=25) groups. Sealed envelopes were used to blind
patients and researchers. Patients were requested to take one capsule twice a day before lunch
and dinner for a period of two months. Then, serum HbATc, FBS, total cholesterol, low-density
lipoprotein (LDL), high-density lipoprotein (HDL), triglyceride (TG), aspartate transaminase
(AST), alanine transaminase (ALT), blood urea nitrogen (BUN), and creatinine were examined at
the beginning of the study and two months later.

Results: Seven subjects in the control group were lost during the follow-up. Eventually, 43 patients
were evaluated. Twenty-five (58.10%) participants were women, and the mean age of the study
population was 57.56£10.51 years old. In the intervention group, FBS was 175.04 +34.42 mg/
dL before treatment and reached 138.40+26.17 mg/dL after two months (P=0.00). Similarly,
HbA1c, cholesterol, LDL, TG, AST, ALT, and BUN were significantly decreased after the
intervention, while HDL increased (P=0.00). Creatinine, however, demonstrated no significant
change. None of the other measured parameters showed a significant difference in the control
group after two months (P>0.05).

Conclusion: The suggested herbs could successfully control the glycemic and lipid profiles
of T2DM.

Keywords: Type 2 diabetes mellitus, Cinnamomum zeylanicum, Tribulus terrestris, Silybum
marianum, Trigonella foenum-graecum
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Diabetes mellitus (DM) is one of the most serious health
problems worldwide. It is defined as a group of metabolic
disorders in the regulation of blood sugar. This disorder
has two main types. T1IDM is due to insulin secretion
defects, and T2DM is associated with progressive insulin
resistance in the liver and surrounding tissues, decreased
beta cell mass, and insulin secretion defects. According

million people worldwide had DM, and this number will
reach 629 million by 2045. Population aging, economic
development, urbanization, and unhealthy diets are
some of the reasons for this upsurge.! Moreover, DM
leads to macrovascular (e.g., coronary heart disease and
stroke) and microvascular (e.g., end-stage renal disease,
retinopathy, neuropathy, and lower limb amputation)
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complications. With timely treatment, acute and chronic
complications of DM are to some extent preventable, and
the impact of DM on the healthcare system and patients’
quality of life can be reduced.” Currently, metformin
is the most widely used and probably the best oral
medication for T2DM. It improves the body’s metabolic
control by lowering the amount of glucose produced in
the liver while increasing the sensitivity of muscle cells
to insulin, consequently reducing the microvascular
and macrovascular effects of diabetes. In addition to
the benefits of metformin, it has several side effects,
such as digestive problems (e.g., diarrhea, nausea, and
indigestion), a feeling of metallic taste in the mouth, and
reduced absorption of vitamin B12 and folic acid if taken
for a long time.” Other medications for DM have similar
side effects. Furthermore, different medications for DM
decrease blood sugar with a variety of mechanisms,
which become less effective over time. However, herbal
medications for DM are potential treatments with fewer
side effects, more acceptability among patients, and new
mechanisms of lowering blood sugar.* Approximately
800 medicinal plants have been reported as anti-
hyperglycemic, but the efficiency and safety of a small
number of them have been proven.® In this regard,
Cinnamomum zeylanicum,®” Tribulus terrestris, Silybum
marianum, and Trigonella foenum-graecum® are among
the most investigated herbs.

Additionally, it has been shown that the combination
of two herbs, such as C. zeylanicum and T. foenum-
graecum, improves hyperglycemia, and the combination
of several plants, including T. foenum-graecum, T.
terrestris, Terminalia chebula, and Terminalia bellerica,
can synergistically reduce fasting blood sugar (FBS)
and hemoglobin Alc (HbAlc) while improving
hyperglycemia.’

Therefore, this double-blinded, randomized clinical trial
study aims to investigate the effect of the combination of
four well-known herbal medications for the treatment of
T2DM, namely, C. zeylanicum, T. terrestris, S. marianum,
and T. foenum-graecum.

Material and Methods

Preparing Herbal Compound

The C. zeylanicum roots, Tribulus Terrestris fruit, S.
marianum seeds, and T. foenum-graecum seeds were
purchased from Zojaj Darman Toos Company (Mashhad,
Iran) and identified by Mohammad Sadegh Amiri
(Department of Biology, Payame Noor University,
Tehran, Iran). Overall, 300 mg of tribulus fruit, 300 mg of
fenugreek seeds, 300 mg of cinnamomum roots, and 200
mg of silybum seeds were used in this study. These herbal
materials were separately powdered and then equally
mixed to prepare 250 mg capsules.

Standardizing the Herbal Compound
The increasing interest in herbal drugs requires strict
quality control and safety assessments. The disintegration

test was performed based on the <701 > method in USP 40.

Other tests were performed on a diabetes capsules,
such as Loss on drying, which is a common method to
determine the amount of volatile matter inside a chemical
substance, and the validated reversed-phase high-
performance liquid chromatography test, which is the
method to quantify trigonellin, the bioactive compound
of T. foenum-graecum.

Appendices 1 and 2 show the high-performance liquid
chromatogram of the sample after 3 and 6 months,
detected by a photodiode array detector. In addition,
microbial examinations based on USP 43 were evaluated
for diabetes capsules.

Study Design

This double-blind, randomized controlled trial study
was registered in the Iranian Registry of Clinical Trials,
a primary registry in the World Health Organization
registry network (IRCT20090811002330N2).

Ethics Declaration

All patients filled out written informed consent forms.
It should be noted that patients were not charged for the
capsules, visits, and laboratory tests. Further, this study
was approved by the Ethics Committee of Mashhad
University of Medical Sciences [ethical code IRMUMS.
REC.1396.230].

Participants

A total of 50 patients with diagnosed T2DM referred to
Imam Reza Hospital of Mashhad, Iran, were enrolled
in our study. The criteria for diagnosing diabetes were
HbA1lc>6.5% and FBS > 126 mg/dL. Only patients treated
with metformin as a diabetes medication were included in
the investigation. There were no exclusion criteria, except
for allergic reactions to herbal compounds.

The participants were randomly divided into
intervention and control groups using computer-generated
random numbers. Both groups received metformin, while
the intervention group received a herbal compound
in addition to metformin. Moreover, sealed envelopes
with assigned codes were used to blind the patients and
researchers.

Interventions

Patients were instructed to take one capsule twice a day,
one hour before lunch and dinner for two months. The
capsules in the intervention group contained 250 mg
of the dried and several powdered herbs, including C.
zeylanicum, T. terrestris, S. marianum, and T. foenum-
graecum. The control group took placebo capsules in the
same manner. The placebo capsules looked identical but
contained cellulose powder. Both capsules were provided
by Exir Gol Sorkh Company, Mashhad, Iran. Seven
subjects in the control group did not return for the second
evaluation. Thus, 43 patients were ultimately evaluated in
this study.
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Outcomes

Blood samples were obtained at the baseline and two
months after starting the intervention. Next, HbAlc, FBS,
total cholesterol, low-density lipoprotein (LDL), high-
density lipoprotein (HDL), triglyceride (TG), aspartate
transaminase (AST), alanine transaminase (ALT), blood
urea nitrogen (BUN), and creatinine were examined.

Statistical Analysis

The data were analyzed using SPSS software, version
20 (SPSS Inc., Chicago, IL). The Wilcoxon test, Mann-
Whitney U test, and paired T-test were utilized for
analysis, and P-values <0.05 were considered statistically
significant.

Results

Fifty subjects were enrolled in our study. Seven subjects in
the control group were lost during the follow-up and were
excluded accordingly. Eventually, 43 patients underwent
investigation. There was no significant difference in
the case of demographic characteristics between the
two groups (P>0.05, Table 1). Twenty-five (58.10%)
participants were women. In addition, the mean age of
the study population and the mean body mass index of

Table 1. Demographic Characteristics of Participants

Intervention  Control Total

Gender

Male 12 6 18 (41.86)

Female 13 12 25 (58.14)
Family history

Yes 7 7 14 (32.56)

No 18 11 29 (67.44)
Age (year) (mean) 58.64 56.06 57.56
Weight (kg) (mean) 78.80 77.72 78.53
BMI (kg/m?) (mean) 29.00 28.56 28.81
Duration of disease (year) (mean) 3.88 4.16 4.04

Note. BMI: Body mass index.

patients were 57.56+10.51 years old and 28.81+2.44,
respectively. Furthermore, fourteen participants (32.56%)
reported a positive family history of DM.

Serologic Parameters

Table 2 presents the serologic parameters at the beginning
and after 2 months of treatment. In the intervention group,
the mean FBS was 175.04 + 34.42 mg/dL before treatment
and reached 138.40+26.17 mg/dL after two months,
which is significantly different (P=0.00). Similarly,
Hbalc, cholesterol, LDL, TG, AST, ALT, and BUN were
significantly decreased after the intervention while HDL
represented an increase (P=0.00). Creatinine, however,
demonstrated no significant change. In comparison, in
the control group, FBS was 185.28 +70.67 mg/dL before
treatment and reached 184.33+65.198 mg/dL after two
months of treatment (P> 0.05). Likewise, none of the other
measured parameters showed a significant difference in
the control group after two months (P> 0.05). Additionally,
the Mann-Whitney test revealed that changes in FBS
and Hbalc in the intervention group were significantly
different compared to the control group (P=0.00).

Analysis Report

The laboratory analysis report (Figure 1) focuses on a
new diabetes capsule that has shown hopeful results in
disintegration tests and has been proven to be free of
bacterial contamination.

Side Effects

No severe adverse events (e.g., hospitalization) were
reported, though minor side effects (e.g., gastrointestinal
discomfort) were not systematically tracked.

Discussion

Our findings revealed that a combination of C. zeylanicum,
T. terrestris, S. marianum, and T. foenum-graecum could
successfully lower FBS and HbAlc of T2DM patients. It
also controlled the lipid profile and BUN and lowered the

Table 2. The Serologic Parameters at the Beginning and After 2 Months of the Study

Intervention Control
Baseline After 2 Months P Value Baseline After 2 Months P Value
FBS (mg/dL) 175.04 138.40 0.00 185.28 184.33 0.95
Cholesterol (mg/dL) 246.72 201.20 0.00 189.39 194.94 0.50
LDL (mg/dL) 151.84 130.60 0.00 115.28 122.11 0.33
HDL (mg/dL) 50.20 55.64 0.00 45.72 47.22 0.50
Triglyceride (mg/dL) 292.76 237.40 0.00 181.44 165.61 0.44
ALT (U/L) 23.44 19.60 0.00 17.72 19.39 0.15
HbATc (%) 8.00 7.00 0.00 8.00 8.100 0.39
AST (U/L) 23.00 20.00 0.00 18.50 20.00 0.93
BUN 20.00 19.00 0.01 16.50 16.65 0.33
Creatinine 0.96 0.96 0.70 0.92 0.92 0.78

Note. Significance for FBS, cholesterol, LDL, HDL, triglyceride, and ALT (normally distributed variables) was calculated using a paired t-test, and data are
presented as means. Significance for HbATc, AST, BUN, and creatinine (not normally distributed variables) was computed using the Wilcoxon test, and the data

are provided as medians.

Biomed Res Bull 2025;33) | 109



Zojaji et al

| Dt Cf Reeelpt

. ()

& Analysis Report &
S e, Py '
| Certificate Number . ETA-%a ; 1l
! Product Name ) Ciabetes capsule |
| Munufociurer sajajdlarman fons Packaging _Zip kip == |
| Bateh Number - | Request Code 0202-0195 |
| Manufreturing Date G Expi Nate - |
Tempernture 0£2°C | Humid 154 5% |

v Met b Test Referenee Specificathons e Lnit

Teet tame ) e 0 Monih IMonths |6 Months ]
Ay Organoleplic Cupsule Confarm Conform | Conform
Organoleplic Drark Cireen | T

| Date OF Analysis

T/13/2022,1/3/2023, 1/6/2023

Tenl Resulis

Cndos

Orgnnobeptic

Specific odor

Confarm

USP 43

ol Plane Coant |

Laly Experi=

-

raj, Adber Frovinee Inslibe of Medic
Tiel: (2634 7 a0

Averzpe welzhi _Balanee
Tablel Disimegration  TOLUSP 40 195
— pH = pH-meter
Lass On Drying Moisture -’\;I..\T)"-'l'l.' i — 6,06
Trigonelline HPLAC { In-Huisz - FRETTE]
1" aeraginosa USSP 43 Megative Mepative
S eriwens ISP 43 Mepative Megative
Scleorella gpp USP 43 e Mepative
£ coli US43 Negative
B Vet & Mold USP 43 —=I0

Note: Sampling has been conducted by the applicant. The samples are kept@p o one
I ~ [ Technical Respamsible./

HenisFrade

et 1]

T 10 ane maniih,

;-'.;';;2‘;.3 Wsis

I Cente

|, D & Tavakoli
o T

Tiead af Peifessiona

ssiomal O
1. Fax: D2634754

Page laf' |

Figure 1. Laboratory Anal

liver enzymes, AST and ALT.

Whether C. zeylanicum is effective in controlling the
glycemic and lipid profiles of diabetic patients has been
studied for many years. In general, most randomized
controlled trials »'®'" and animal studies '*have confirmed
the positive effect of this plant. The effect of cinnamon
on the lipid profile is not consistent in studies, and some
studies have shown no positive effect of C. zeylanicum
on lipid profile.”® One clinical trial by Blevins et al
demonstrated no difference in glycemic and lipid profiles
after three months of using C. zeylanicum in non-insulin-
dependent type 2 diabetes.”® In this study, the baseline
glycemic profile was lower than in our study and other
similar studies .

Some molecular pathways of the effect of C. zeylanicum
on glycemic control have been investigated. Anderson
et al observed the insulin-like activity of cinnamon in
vitro." In this study, procyanidin type-A polymers were
isolated from C. zeylanicum and characterized by nuclear
magnetic resonance and mass spectroscopy. These
water-soluble polymers increased the insulin-dependent
breakdown of radiolabeled glucose to carbon dioxide by
20-fold. Another study by Qin et al found an enhanced
insulin-signaling pathway in the skeletal muscle of rats
treated with C. zeylanicum.”

In the study by Johnson et al, S. marianum displayed
antioxidant properties in diabetic Wistar rats.'® They
reported a statistically significant decrease in blood glucose
in S. marianum-treated rats as well as in the combined
treatment of S. marianum and vitamin C. In the combined
treatment of S. marianum and vitamin C, the activity
of catalase, superoxide dismutase, and malonaldehyde

ysis Reports of Diabetes Capsule

enzymes significantly decreased compared with controls.

In a randomized controlled trial by Husseini et al,
200 mg silymarin (an active ingredient of S. marianum)
tablet administrated 3 times a day significantly decreased
HbAlc, FBS, total cholesterol, LDL, TG, AST, and ALT
compared to placebo."”

Many animal studies have investigated the effect of T.
terrestris extracts on complications of diabetes, especially
sexual disorders, all confirming the glucose-lowering effect
of these extracts.' For instance, in a study performed by
Ghanbari et al on diabetic male Wistar rats, T. terrestris-
treated rats, showed reduced blood glucose and increased
sperm motility and sperm count. Seminiferous tubule
diameter, percentage of sperms with normal morphology,
level of testosterone, and final body weight, compared
with the control diabetic group.” Similarly, Tag et al
reported reduced oxidative stress levels and improved
histological features in the testis of diabetic male Wistar
rats treated with T. terrestris compared to those treated
with metformin. In addition, they observed improved
serum lipid profiles in these rats.?® Likewise, Amin et al
focused on the antioxidant properties of T. terrestris. In
their study on diabetic male Wistar rats, T. terrestris
extract significantly decreased the levels of serum ALT
and creatinine. It further lowered the malondialdehyde but
increased glutathione in the liver. Moreover, a significant
recovery of the liver was observed in histopathological
examinations.”'

T. foenum-graecum is another well-investigated herb,
and many studies have shown its anti-oxidative and anti-
hyperglycemic effects. A study by Devi et al assessed
the effect of supplementation of fenugreek leaves in

110 Biomed Res Bull 2025;3(3)
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diabetic rats. Fenugreek showed a significant effect on
hyperglycemia, hyperinsulinemia, and glycosylated
hemoglobin. Their results revealed improved body
weight and liver glycogen but a significant decrease in
glucose 6-phosphatase, fructose-1,6-bisphosphatase, and
hexokinase in the liver and kidney of diabetic rats. t at a
dose of 1.0 g/kg was similar to that of glibenclamide.?

In another similar study, fenugreek leaves lowered
serum glucose and the lipid profile in diabetic rats.?

In this regard, Gupta et al conducted small randomized
clinical trials on 25 diabetic patients. Based on their
findings, fenugreek extract decreased FBS and LDL but
increased HDL in the fenugreek extract group compared
to placebo.®

As discussed earlier, a strong body of evidence supports
the favorable effects of studied herbs for diabetic patients.
However, these effects are mainly through lowering blood
sugar, subsequently leading to the normalization of lipid
profile and liver and kidney functions. Some studies
suggest that these herbs might be directly involved in the
improvement of lipid profile and decreasing oxidative
stress . Further studies are needed to elucidate the exact
mechanisms of the active ingredients of these herbs.

It should be noted that our findings may be subject to
some limitations, most importantly the small sample size
of the study. In addition, this study did not evaluate the
use of each herb alone and relied on previous evaluations
of those herbs. Unlike most other studies, this study
used dried herb powders rather than their extracts. Our
patients only used metformin, thereby minimizing the
effect of using different drugs on the results and limiting
the study’s generalizability. Thus, future studies can
address this issue.

Nonetheless, the studied herbs successfully controlled
the glycemic and lipid profile of T2DM. These results
further support the idea of using the studied herbs in the
treatment of diabetic patients. These herbs have shown
remarkable functions in controlling the complications of
diabetes in addition to their anti-hyperglycemic effects,
and this is while no significant side effect was observed in
our study and all studies discussed here.

Although the results are promising, further studies
with larger sample sizes should investigate whether this
compound can be used as an independent treatment
of T2DM.
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Appendix 1. HPLC Chromatogram of the Sample After 3 Months
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Appendix 2. HPLC Chromatogram of the Sample After 6 Months
Note. HPLC: High-performance liquid chromatography
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