Original research

» Additional supplemental
material is published online
only. To view, please visit
the journal online (http://dx.
doi.org/10.1136/jim-2021-
001818).

For numbered affiliations see
end of article.

Correspondence to

Dr Behnam Mahdavi,
Chemistry, Hakim Sabzevari
University, 9617976487
Sabzevar, Iran;
b.mahdavi@hsu.ac.ir

Accepted 23 March 2021
Published Online First
12 April 2021

| '.) Check for updates

© American Federation for
Medical Research 2021.
No commercial re-use. See
rights and permissions.
Published by BMJ.

To cite: Mahdavi B,
Hajar T, Ghodsi A,

et al. ] Investig Med
2021:69:1201-1207.

Antidiabetic effect of Sophora pachycarpa seeds
extract in streptozotocin-induced diabetic mice: a

statistical evaluation
Behnam Mahdavi

' Toktam Hajar,? Alireza Ghodsi,’

Majid Mohammadhosseini,* Mohammad Mehmandost,' Elahe Talebi'

Undoubtedly, identification of the chemical
composition of organic extracts or secondary
metabolites of plant materials and evaluation of
their potential bioactivity are among the main
objectives of natural products-based investigations.
In the present study, we report the chemical
composition and antidiabetic activity of Sophora
pachycarpa (Family Fabaceae) seeds extract (SPE) for
the first time. First, the plant seeds were macerated
in ethanol. The extract was subjected to analysis on
a gas chromatography-mass spectrometry (GC-MS)
system to identify the chemical composition. In vivo
assay was run to evaluate the antidiabetic activity
of the extract. Forty mice were divided into four
groups, namely healthy mice, untreated diabetic
mice, diabetic mice treated with metformin and
diabetic mice treated with SPE. The antidiabetic
activity of SPE was analyzed using three statistical
methods, namely analysis of variance, K-means, and
principal component analysis. According to GC-MS
analysis, alkaloids of sophoridine, oleic acid, linoleic
acid, and n-hexadecanoic acid were among the
most abundant constituent components of SPE.

The extract also exhibited a notable antidiabetic
activity and remarkably decreased the levels

of alkaline phosphatase (ALP), serum glutamic
pyruvic transaminase (SGPT), and serum glutamic
oxaloacetic transaminase (SGOT) enzymes. The
statistical analyses revealed there are no significant
differences between the ability of SPE and metformin
in the regulation of fasting blood sugar level and
liver enzymes (ALP, SGPT, and SGOT). A quinolizidine
alkaloid, namely sophoridine, along with fatty

acids, viz oleic, linoleic, and n-hexadecanoic acid,
were characterized as the major compounds in S.
tachycardia seeds extract. The plant extract was also
found as a potent agent to reduce blood glucose
and liver enzymes.

INTRODUCTION

Diabetes is a disease that occurs when the
pancreas does not produce enough insulin or
the body cannot completely use the produced
insulin.'” Nowadays, type 2 diabetes mellitus
has become a global metabolic disease
epidemic.* In patients with diabetes, the level
of blood glucose is highly elevated. It has been
well documented that oxidative stress plays an
important role in the progression of diabetic
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What is already known about this subject?

» Diabetes is one of the fastest growing
health challenges of the 21st century.

» The use of plants and plant extracts to treat
a specific disease and/or disease symptoms
appears to have been part of medical care
as observed for thousands of years.

What are the new findings?

» Botanicals could be proposed to affect the
whole-body metabolism by modulating
adipocyte function and thus regulating
endocrine secretions that play a role in
enhancing the skeletal muscle insulin
action.

» Botanicals may regulate hepatic processes,
that is, hepatic gluconeogenesis, and may
affect whole-body glucose levels.

» The statistical analyses revealed Sophora
pachycarpa extract regulated fasting
blood sugar level and liver enzymes
(alkaline phosphatase, serum glutamic
pyruvic transaminase and serum glutamic
oxaloacetic transaminase) comparable with
metformin.

How might these results change the focus

of research or clinical practice?

» Herbal products such as Sophora
pachycarpa extract are a good alternative
to metformin for clinical trials.

complications.” Free radicals and reactive
oxygen species (ROS) are generated through
an increase in blood glucose level, and cells
can generate and can damage cellular macro-
molecules including protein, lipid, and nucleic
acids.® Aging, obesity, eating habits, and seden-
tary lifestyle are the main factors that lead to
production of ROS, thereby the development
of diabetes.” A variety of chemical drugs are
currently available for treatment of different
types of diabetes, many of which can have
serious side effects and dire consequences in
patients with diabetes. Plants have shown an
increasing trend as an alternative to treatment
of diabetes, with suitable potency and lower
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side effects." Medicinal plants can inhibit many enzymes
involved in diabetes pathways.*'* Therefore, herbal prod-
ucts can be consumed as a functional food for the efficient
treatment of diabetes."'

The genus Sophora belonging to the Fabaceae family is
distributed across the globe, particularly in many parts of
Asia.'? From ancient times, the different parts of Sophora
plants, including roots, stems, seeds, and flowers, have
been extensively used in the traditional medicine of many
countries.'” A brief survey of the literature demonstrates
that a wide spectrum of medicinal uses has been reported
for Sophora plants. Sophora alopecuroides is an effec-
tive agent to treat chronic hepatitis B, cancers, bacterial
infections, and inflammations.'* The plant is known as a
potential sedative, central nervous system depressant, and
an analgesic remedy."” S. flavescens is commonly used to
treat dermatosis, hepatitis, and arrhythmia in traditional
Chinese medicine.’® The plant is also used to treat fever,
bacterial infection, heart disease, rheumatism, and also as
pain reliever.'” '® Furthermore, S. tonkinensis is known as a
potential remedy in the treatment of diarrhea, gastrointes-
tinal hemorrhage, and eczema.'” On the other hand, S. vici-
ifolia and S. davidii are widely used in Chinese traditional
medicine, where different organs of these show some reme-
dial effects such as lowering fever, clearing the pharynx,
cooling the blood, and reducing swelling. Different herbal
species of this genus have also been found to have thera-
peutic properties to treat dysentery, lung heat cough, and
sore throat.” 2° On the other hand, S. moorcroftiana seeds
showed cytotoxicity against the human gastric cancer cell
line,?! whereas the extract of S. pachycarpa, as an annual
plant, shows promising apoptogenic effects on leukemia and
breast cancer cell lines.'”” '’ The consumption of S. pachy-
carpa seeds of patients with diabetes to reduce their blood
glucose level in the plant sampling locality of this research
prompted us to assess the in vivo antidiabetic activity of its
organic extract. The chemical profile of this extract has also
been analyzed using the gas chromatography-mass spec-
trometry (GC-MS) method.

MATERIALS AND METHODS

Plant extract preparation

The seeds of S. pachycarpa were collected in its natural
habitat in Neyshabur, Iran (the Global Positioning System
information is: 36°17'75” N, 58°86’30” E). The plant
species was identified by a botanist at Hakim Sabzevari
University. The voucher specimen, designated HSUH 504,
was deposited at the herbarium of Hakim Sabzevari Univer-
sity. The seeds were dried in the dark at room tempera-
ture and then powdered in a mill. Of the prepared sample
50g was macerated in ethanol:water 80:20 for 72hours
and then gently filtered. In the next step, the extract was
concentrated under low pressure at 45°C using a rotary
evaporator (Buchi Rotavapor R-114). The crude extract
was kept in a cold place before GC-MS analysis and antidi-
abetic evaluation.

GC-MS analysis

To identify individual components, a hexane solution of S.
pachycarpa extract was subjected to analysis on an Agilent
GC-MS system (Agilent GC 6890A equipped with an

Agilent 5973 mass detector) using ZB-5MS capillary column
(30.0m X 0.25 mm internal diameter, 0.25 um film thick-
ness; Zebron). The employed oven temperature program-
ming was as follows: Accordingly, its initial temperature was
adjusted to 50°C for 5 min, then raised to 150°C by a ramp
of 5°C per minute. The oven was set at this temperature for
10 min. Finally, the oven temperature was again increased
to a final temperature of 260°C using a ramp of 5°C per
minute and held at this pressure for 20 min. The injector
temperature was 260°C. Helium was used as a carrier gas
with a flow rate of 1.0mL/min. Samples were injected at
splitless mode. An ionization voltage of 70eV and an ion
source temperature of 200°C over a mass range of 50-500
amu were chosen as the adjusted operational parameters for
the mass detector . Peak area was determined using MSD
ChemStation from Agilent Technology. A library search was
carried out for all peaks using the National Institute of Stan-
dards and Technology Mass Spectral Library software. The
homologous saturated hydrocarbon standards (C,—C,; and
C,,-C,,) were analyzed using the same column and condi-
tions to calculate the retention indices of compounds.”* **
The detection of compounds was based on a comparison of
the measured retention indices and mass spectral patterns
with those available in the literature. All peaks with a match
quality of =90% were considered and their names were
specified.

Animals

In this study, 40 male mice weighing approximately 25-30¢g
were obtained from Hakim Sabzevari University and
kept in standard cages under standard lighting conditions
(12:12 hours light/dark) at 22°C+2°C with food and water
ad libitum.

Induction of diabetes

All mice were weighed before the experiment. Their blood
glucose after 6 hours of fasting was normal (80-130 mg/dL).
Diabetes was induced in the mice with a single-dose intra-
peritoneal injection of 200 mg/kg streptozotocin dissolved
in sodium citrate (pH=4-4.5). Symptoms of diabetes,
including blood glucose levels above 250mg/dL, poly-
dipsia, and polyuria, were observed in the mice from 24
hours to 1week after the injection. The groups were kept
in the laboratory for 15-30 days for stabilization of diabetic
conditions. Then they were randomly assigned to 4 groups
of 10 and treated for 40 days. At the end of the treatment
period, the mice were anesthetized with ketamine/xylazine
after 6hours of fasting. Then blood samples taken from
the heart were poured into glass tubes and kept at room
temperature for an hour. They were then centrifuged at
2000revolutions per minute) for 10min and the serum
was separated. The sera were kept in a vial at —20°C until
glucose, serum glutamic oxaloacetic transaminase (SGOT),
serum glutamic pyruvic transaminase (SGPT) and alkaline
phosphatase (ALP) values were measured. The mice were
randomly assigned to 4 groups of 10 as follows:

» First group (NC group): healthy mice that did not

receive any treatment.
» Second group (PC group): diabetic mice that only
received water by gavage during the treatment period.
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» Third group (DD group): diabetic mice treated with
metformin at 100 mg/kg by gavage.

» Fourth group (DT group): diabetic mice treated with
Sophora methanolic extract at 250 mg/kg by gavage.

Statistical analysis

Data were statistically analyzed and expressed as mean=+SE.
First, Shapiro-Wilk test was done to test the normality of
data. If the difference of variance between the groups was
significant, analysis of variance (ANOVA) and Tukey test
were used; otherwise, an investigation of the variance of the
means Welch and Dunnett test was conducted.

To confirm the results obtained by ANOVA, data were
also analyzed by means of K-means and principal compo-
nent analysis (PCA) approaches. K-means clustering aims
to partition n observations into K clusters, in which each
observation belongs to the cluster with the nearest mean,
while PCA is a classic tool to reduce the dimension of data,
to visualize the similarities between the biological samples.

RESULTS

GC-MS analysis

According to the obtained results for the characterized
chemical profile of S. pachycarpa extract using GC-MS
analysis (see online supplemental file), 10 compounds were
detected in the ethanolic extract of S. pachycarpa, which
was dominated by alkaloid-like sophoridine (54.6%),
followed by the acidic compounds oleic acid (16.8%),
linoleic acid (15.88%), and n-hexadecanoic acid (7.5%).
Sparteine (3.2%) was also identified as another alkaloid in
the plant extract.

Antidiabetic activity analysis

Before evaluation of the antidiabetic activity of S. pachy-
carpa, we examined the different concentrations of S.
pachycarpa seeds extract (SPE) to obtain the extract LD50
(median lethal dose). After treatment of four groups of
mice with 50, 40, 30, and 20 mg/kg of SPE, the value of
30mg/kg was measured for LD50. The results obtained in

the present study showed that the treatment of mice with
SPE 20 mg/kg body weight/day for 40 days (DT group)
caused a significant decrease in fasting blood sugar (FBS),
compared with the diabetic untreated group (PC group)
(p<0.05) (figure 1). This is comparable with the FBS in
diabetic mice treated with metformin (DD group). Further-
more, the results indicated that the level of SGOT, ALP,
and SGPT enzymes in animals administered with both SPE
and metformin decreased significantly compared with the
diabetic untreated mice (PC group) (p<0.05) (figures 2—-4).

The K-means method divided the groups into three clus-
ters. Figure 5 indicates that untreated diabetic mice and
healthy animals (PC and NC groups) are in separate clus-
ters and mice treated with metformin and SPE (DD and DT
groups) are in one cluster, while the PCA method in which
the first two principal components explained 93.8% of the
total variance also separated the healthy mice (NC) and
untreated diabetic (PC) group (see the left and right sides of
figure 5), and animals treated with SPE and metformin (DD
and DT groups) were placed together between NC and PC
groups (figure 6). The results obtained from K-means and
PCA showed that SPE can control blood sugar effectively as
well as metformin as a generic drug to control blood sugar.

DISCUSSION

The consumption of medicinal plants and herbal products
is well known by people around the world as a sufficient
method to control blood glucose levels. So far, many research
groups have studied the antidiabetic activity of different
plants or herbal products. Apigenin and the extracted poly-
saccharides from tea, as herbal products, possess antidia-
betic property. These products normalize blood glucose
and lipid levels.** * Several previous studies have also
reported the antidiabetic activity of various plants. For
instance, Latifi ez a/*® have reported the antidiabetic activity
of Ferula assa-foetida. The plant extract regulates hyper-
glycemia in diabetic mice with elevated insulin secretion.
Punica granatum extract showed a positive effect on blood
glucose levels in alloxan diabetic rats.”” The serum glucose

DD

Group

Errorbars: +/- 1 SE

Figure 1

Sophora pachycarpa extract and metformin decreased fasting blood sugar (FBS) in diabetic mice. NC, PC, DD, and DT indicate

healthy mice, diabetic mice, diabetic mice treated with metformin, and diabetic mice treated with S. pachycarpa extract, respectively. Data
are presented as mean=+SE. *Indicates the difference is statistically significant (p<0.05).
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Figure 2 Sophora pachycarpa extract and metformin decreased serum glutamic oxaloacetic transaminase in diabetic mice. NC, PC, DD,
and DT indicate healthy mice, diabetic mice, diabetic mice treated with metformin, and diabetic mice treated with S. pachycarpa extract,
respectively. Data are presented as mean+SE. *Indicates the difference is statistically significant (p<0.05).

level in diabetic rats reduced after treatment of Eugenia
florida extract.”® The blood glucose level of diabetic mice
significantly decreased after treatment of Datura stramo-
nium extract.”’ Different plants of the Fabaceae family have
been subjected for evaluation of their antidiabetic activity.
For example, Erythrina senegalensis extract improves hypo-
glycemic metabolic disorder. The plant extract significantly
decreases blood glucose and body weight in induced diabetic
mice.>® Abrus precatorius is rich in alkaloid compounds.
The plant has been introduced as a good alternative to treat
diabetes, after the plant extract increasingly reduced hyper-
glycemia in diabetic rats.*' Mimosa pudica extract exhibited
antidiabetic activity in induced diabetic rats.** Pentaclethra
macrophylla extract was able to decrease the blood sugar
level in induced rats.>* S. alopecuroides extract improved
hyperglycemia and insulin resistance in diabetic mice.>* It

is difficult to make a detailed comparison of our findings in
this research with previous studies; however, the results of
this research revealed that the decreased blood sugar level
in diabetic mice after treatment of SPE is higher than the
plants mentioned above. The plants’ secondary metabolites,
such as phenolic compounds, flavonoids, saponins, and
alkaloids, are known as the major agents responsible for the
bioactivity of the plant extracts, such as antioxidant, antimi-
crobial, antiviral, and antidiabetic activity.

Chemical evaluation of different Sophora species exhib-
ited that alkaloids, flavonoids, prenylated flavonoids, and
isoflavonoids are the major and most important classes of
compounds in the genus.* Boozari et al'” have reported
the presence of alopecurones A and B, sophoraflavanone
G, sophoraisoflavanone A, and 3-isoprenylgenistein in S.
pachycarpa roots as main flavonoids. Quinolizidines are

400

300

ALP

200

100

Group

Errorbars: 4. 1 SE

Figure 3  Sophora pachycarpa extract and metformin decreased alkaline phosphatase in diabetic mice. NC, PC, DD, and DT indicate
healthy mice, diabetic mice, diabetic mice treated with metformin, and diabetic mice treated with S. pachycarpa extract, respectively. Data
are presented as mean=SE. *Indicates the difference is statistically significant (p<0.05).
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Figure 4 Sophora pachycarpa extract and metformin decreased serum glutamic pyruvic transaminase in diabetic mice. NC, PC, DD,
and DT indicate healthy mice, diabetic mice, diabetic mice treated with metformin, and diabetic mice treated with S. pachycarpa extract,
respectively. Data are presented as mean=SE. *Indicates the difference is statistically significant (p<0.05).

the major alkaloids in the Sophora genus.*® According to a
previously published report, alkaloids such as 7R-hydrox-
ysophoramine, 12p-hydroxysophocarpine, sophoramine,
14B-hydroxymatrine, matrine, sophoridine, sophocarpine,
adenocarpine, and baptifoline were isolated from the aerial
parts of S. alopecuroides.”® Fruits, flowers, and leaves of S.
viciifolia were rich in alkaloids of oxysophocarpine, oxys-
ophoridine, sophocarpine, oxymatrine, and sophoridine."

It has been reported that Sophora seeds comprise remark-
able alkaloids." Sophoridine, which is identified as the main
compound in the seed extract of S. pachycarpa, is a matrine-
type alkaloid. Previous studies have reported the bioactivity

of matrine-type quinolizidine alkaloids, which are well
known to possess promising antitumor, anti-inflammatory,
antibacterial, and antiviral activities.'®

Matrine exhibits different types of pharmacological
activities, such as anticancer, anti-inflammation, antidia-
betic, and antiviral properties.*® Mahzari et al’’ reported
reduced hepatosteatosis and improved attenuated hyper-
glycemia in matrine-induced type 2 diabetic model. The
plants of the genus Retama are rich in quinolizidine alka-
loids and are well known as potent antidiabetic agents in the
traditional medicine of the Mediterranean.’® The isolated
quinolizidine alkaloids from Lupinus species exhibited
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Figure 5 Healthy and untreated diabetic mice were placed in separate clusters (clusters 2 and 3) and mice treated with metformin and
Sophora pachycarpa extract in another cluster (cluster 1) using the K-means method. NC, PC, DD, and DT indicate healthy mice, diabetic
mice, diabetic mice treated with metformin, and diabetic mice treated with S. pachycarpa extract, respectively.
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Figure 6 Healthy and untreated diabetic mice were placed in separate clusters and mice treated with metformin and Sophora
pachycarpa extract in another cluster using principal component analysis with REGR (regression) factor score . NC, PC, DD, and DT indicate
healthy mice, diabetic mice, diabetic mice treated with metformin, and diabetic mice treated with S. pachycarpa extract, respectively.

antidiabetic properties in Wistar rats through improvement
of insulin secretion.*

The significant antidiabetic effect of S. pachycarpa could
be attributed to the presence of various phytoconstituents.
Some alkaloids and flavonoids have hypoglycemic activity.
On the other hand, the present study showed elevated liver
enzymes that are not uncommon in diabetes and are known
as a risk factor that can be decreased after treatment of S.
pachycarpa extract.*’

Antidiabetic activity is one of the pharmacological prop-
erties of alkaloids. These compounds have a direct effect
on glucose metabolism.*' ** On the other hand, it has
been reported that the plants are rich in fatty acids such
as linoleic acid and exhibited antidiabetic activity.” ** It
could be inferred that the presence of alkaloids and acidic
compounds in S. pachycarpa most probably corresponds to
the antidiabetic activity of the plant extract.

CONCLUSION

The results of this study indicate that Sophora pachycarpa
is rich in sophoridine as a quinolizidine alkaloid and some
fatty acids such as oleic, linoleic, and n-hexadecanoic acid.
An additional in vivo study proved that the plant extract
has potential to exert antidiabetic effects in streptozotocin-
induced diabetic mice. The extract decreased FBS in
plasma and improved liver enzymes including ALP, SGPT,
and SGOT in diabetic mice. Different statistical analyses
including ANOVA, K-means (cluster analysis), and PCA
revealed there are no significant differences in the obtained
results from the animal group treated by S. pachycarpa
extract or metformin. The findings of the present study
provide many pharmacological reasons in favor of S. pachy-
carpa and thus support its pragmatic use to treat metabolic

disorders associated with diabetes. However, more evalua-
tions are needed to study its safety and efficiency in human
clinical trials.
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