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Hypoglycemia is the process of reducing blood glucose concentration to below 2.5-2.8
mmol/L in men and less than 1.9-2.2 mmol/L in women. Prolonged hyperglycemia can lead to a
range of serious chronic complications such as diabetic nephropathy, diabetic retinopathy,
cardiovascular diseases in diabetes, and so forth, threatening human life, health, and safety.
Scutellaria baicalensis is one of the most commonly used remedies in traditional Chinese
medicine. This plant contains a number of biologically active compounds that contribute to
improving kidney function, insulin resistance, and retinopathy in patients with type 2 diabetes, but
few researchers study the toxic effects of medicinal plant components. Therefore, the aim of this
study was to evaluate the hypoglycemic activity of trans-cinnamic acid isolated from the extract
of hairy rots of Scutellaria baicalensis in in vivo experiments. This study involved intraperitoneal
administration of alloxan at a dose of 150.0 mg/kg and oral administration of trans-cinnamic acid
at doses of 50.0 and 100.0 mg/kg. During the experiment, it was found that trans-cinnamic acid at
the presented doses does not affect the body weight dynamics of experimental animals with
diabetes. Thus, this study demonstrates that trans-cinnamic acid at the presented dosage can be
safely used as an ingredient in the creation of dietary supplements for the prevention of diabetes,

thereby contributing to healthy aging.
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Introduction

The problem of combating diabetes becomes increasingly urgent and in demand from year
to year. Lifestyle characteristics, consumption of high-carbohydrate, salty, fatty foods, synthetic
additives, stressful situations, harmful habits, genetics—all contribute to the development of
diabetes. The ecological situation in the world also influences the development of this pathology.
Today, diabetes is one of the most common non-infectious diseases capable of leading to disability

and death [1].
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Despite the availability of many drugs on the pharmaceutical market for treating diabetes,
active search for new therapeutic possibilities is underway. In many parts of the world, various dietary
supplements (DS) occupy a significant portion of the pharmaceutical market, widely advertised in the
mass media and used indiscriminately by many patients. The danger of the widespread use of DS lies
in the fact that in some cases, patients take such supplements instead of conventional pharmaceuticals,
leading to the development of severe complications in diabetes, including ketoacidosis [2].

Currently, before entering the market, DS do not undergo the established certification
procedure regulated by special authorities. The dietary supplements industry is a self-regulating
area devoid of necessary control [3].

An important issue with the use of dietary supplements is drug interactions. Patients often
take DS indiscriminately, without paying attention to their composition, and freely combine them
with each other and with other pharmaceutical drugs [4]. Therefore, the intake of DS should be
coordinated with a physician who can assess potential drug interactions.

The ideal alternative therapy should have effectiveness similar to commonly accepted
pharmaceuticals and lack their side effects. To achieve this, DS include substances derived from
various plants, as well as vitamins and minerals.

Plants with hypoglycemic properties have been used in traditional medicine for a long time
[5]. Many pharmaceuticals have originally been derived from plants. Specifically, one of the most
widely used drugs for type 2 diabetes, metformin, was isolated from the flowering plant Galega
officinalis (French lilac) [6]. However, in most cases, reliable information regarding the
effectiveness, safety, and appropriateness of using herbs, vitamins, minerals, and other DS
components in the treatment of diabetes is lacking. Considering the increasing prevalence of using
such preparations without a physician's prescription and supervision, it is important to assess the
role of DS in the treatment of diabetes.

A number of plant substances with hypoglycemic effects are described in the literature;
however, the study designs for most of them do not meet the principles of evidence-based
medicine. For a more objective evaluation of the available data, referring to meta-analyses of
database information is justified. Among the most studied plant components are the following:
Coccinia indica (ivy gourd), Panax ginseng (Asian ginseng), Ocimum sanctum (holy basil),
Trigonella foenum-graecum (fenugreek), Ficus carica (fig leaf), Opuntia streptacantha (Mexican
cactus), and others [7, 8].

Scutellaria baicalensis (Baikal skullcap) is a medicinal plant containing a range of
flavonoids (baicalin, baicalein, wogonoside, wogonin, etc.) that contribute to the comprehensive
treatment of diabetes [9,10]. Currently, research on the effective components of Scutellaria
baicalensis mainly focuses on flavonoids, while other components such as essential oil, amino
acids, phenylethanol, and sterols are still insufficiently studied [11]. Presently, there are relatively
few studies specifically dedicated to the toxic effects and pharmacokinetics of the active
components of Scutellaria baicalensis. Therefore, it is necessary to continue large-scale
experiments and further scientific research to fully assess the clinical efficacy and safety of this
medicinal plant. Based on the above, the aim of this study is to evaluate the hypoglycemic activity
of trans-cinnamic acid isolated from the extract of hairy rots Scutellaria baicalensis in in vivo
experiments.

Objects and methods of the study

The object of the study is trans-cinnamic acid, obtained from the aqueous-alcoholic extract
of the root culture in vitro Scutellaria baicalensis.

Trans-cinnamic acid, isolated from the extract of the root culture of Scutellaria baicalensis,
was obtained at earlier stages. The methods of cultivating the root culture of Scutellaria
baicalensis, the extraction process, and the isolation and purification of trans-cinnamic acid are
described in the work by A.M. Fedorova and her colleagues [12]. For the transformation of
seedlings grown for 14-28 days on a nutrient medium with the following composition: macrosalts
B5 —50.00 mg, microsalts B5 — 10.00 mg, Fe-EDTA — 5.00 ml; thiamine — 10.00 mg; pyridoxine
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—1.00 mg; nicotinic acid — 1.00 mg; sucrose — 30.00 g; inositol — 100.00 mg; 6-benzylaminopurine
— 0.05 mg; indoleacetic acid — 1.00 mg; agar — 20.00 g, soil bacteria strains Agrobacterium
rhizogenes 15834 Swiss (Moscow, Russia) were used. For the in vitro root cultures of Scutellaria
baicalensis, the cultivation cycle was 5 weeks. The parameters for obtaining the aqueous-alcoholic
extract of the root culture of Scutellaria baicalensis were 30+0.2% ethanol at a raw
material/extractant ratio of 1:86 at a temperature of 70+0.1°C for 640.1 hours. The scheme for the
isolation and purification of trans-cinnamic acid obtained from the extract of the root culture of
Scutellaria baicalensis is presented in Figure 1. The purity of the isolated trans-cinnamic acid was
at least 95%.

| Ethanol Extract of Baical skullcap (Scutellaria baicalensis) |

| Triple extraction with diethyl ether, combination, and evaporation under vacuum. |

v

Chromatography: On silica gel with a mobile phase gradient of n-hexane-acetone (from 1:0 to
0:1).

v

| Rechromatography: on silica gel with a mobile phase of n-hexane-chloroform. |

| Isolation: Trans-cinnamic acid (purity not less than 95%). |
Figure 1 — Scheme for the purification of trans-cinnamic acid obtained from the root
culture extract of Scutellaria baicalensis.

The in vivo studies were conducted at LLC "Ifar." The use of animals in this study and their
housing conditions during the study were reviewed by the organization's bioethics committee for
compliance with the LLC "Ifar" Policy on Laboratory Animal Use and relevant regulatory
documents governing work with laboratory animals [13—18].

To evaluate hypoglycemic activity, 50 male rats (Rattus sp.) with induced diabetes were
used. Health status: pathogen-free, age at the start of the study — 12 weeks, body weight range at
the start of the study —219-272 g.

Males of this species were chosen because they do not have an estrous cycle, which affects
susceptibility to etiological factors in females. This makes conducting the study on males
preferable [13].

The study of the hypoglycemic activity of trans-cinnamic acid at doses of 50.0 mg/kg and
100.0 mg/kg was carried out on model objects (male rats) with induced diabetes (by administering
an alloxan solution). The design of the study on the hypoglycemic activity of trans-cinnamic acid
is presented in Table 1.

Table 1 — Design of the study on the hypoglycemic activity of trans-cinnamic acid

Group No. Number of animals in the Modeling of diabetes Substance administered,
group dose

1 10 - -

2 10 + Purified water

3 10 + 50,0 mg/kg

4 10 + 100,0 mg/kg

5 10 + GLB, 5,0 mg/kg

GLB — glyburide, antidiabetic substance

The study involved 50 rats, which were divided into 5 groups of 10 animals each [13].
Diabetes was induced in animals from groups 2—5, which had been previously deprived of food
for 16 hours, by a single intraperitoneal injection of an alloxan solution at a dose of 150.0 mg/kg
in a volume of 1.0 ml (conditions were experimentally pre-determined) [19]. The body weight of
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the animals and blood glucose concentration were measured before and 48 hours after the
administration of alloxan to confirm the development of diabetes. Subsequently, the groups were
formed only from animals with a blood glucose concentration of at least 11 mmol/L. To stabilize
the condition of the animals, trans-cinnamic acid administration began 2 weeks later. Trans-
cinnamic acid was given to the rats once daily for 7 days during the last week of the experiment.
The body weight of fasting animals, blood glucose, and total cholesterol concentrations were
assessed once a week for the 21 days of the experiment. Glibenclamide (GLB), a hypoglycemic
agent, was used as a positive control at an effective dose of 5.0 mg/kg [20], administered

intragastrically according to the same schedule as trans-cinnamic acid.

Comparison of feature values in several independent samples was performed according to
SOP OFI-182. Outliers were evaluated according to GOST 16269-4-2017 [21] using Grubbs' test.

Differences were considered statistically significant at p < 0.05.

Results and Discussions

During the study, 17 rats died in the model of diabetes induced by a single intraperitoneal
injection of alloxan solution at a dose of 150.0 mg/kg. As a result of the study, 1 mouse was
removed from the hypercholesterolemia model due to signs of health impairment. The
administration of trans-cinnamic acid at all doses did not cause severe health disturbances or

mortality in the animals.

The average body weight data of rats after intraperitoneal administration of trans-cinnamic

acid at doses of 50.0 and 100.0 mg/kg and GLB at a dose of 5.0 mg/kg are presented in Table 2.

Table 2 - Average body weight data of rats after intraperitoneal administration of trans-

cinnamic acid at doses of 50 and 100 mg/kg and GLB at a dose of 5 mg/kg

Body Weight, g
Time point Intact animals Purified water Trans-coric acid GLB
(control) 50,0 mg/kg | 100,0 mg/kg 5,0 mg/kg
Before 242 + 4 (n=10) 243 + 1 (n=80)
1njections
48 hours after
alloxan 243+4 (n=10) | 246+ 4 (n=10) %ﬁi liof %ﬁifo)s 2(;‘11 1i0§
administration
1 week after
alloxan 247+4 (n=10) | 248 +2 (n=9) 2(4116:;)2 2317:5)4 2(41?:3)5
administration
2 weeks after
alloxan 249 +3 (n=10) | 251 +4 (n=7) fojf 2(4119:2)4 2(41?:75)4
administration
3 weeks after s
alloxan 258 +3 (n=10) | 260 = 4 (n=6) 259£2 2583 237+4
. . (n=6) (n=6) (n=6)
administration

«*» denotes statistically significant differences from intact (p < 0.05).
«#» denotes statistically significant differences from control (p < 0.05).

The body weight dynamics of male rats in the diabetes model after administration of trans-
cinnamic acid at doses of 50.0 and 100.0 mg/kg were comparable to those in the intact and control
groups (p > 0.05). In rats with diabetes, receiving GLB at a dose of 5.0 mg/kg for 7 days, the body
weight was comparable to the dynamics in the intact and control groups (p > 0.05). Thus, a single
intraperitoneal injection of alloxan at a dose of 150.0 mg/kg and oral administration of trans-
cinnamic acid at doses of 50.0 and 100.0 mg/kg did not affect the body weight dynamics of the

experimental animals.
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The average blood biochemistry data of rats after intraperitoneal administration of trans-
cinnamic acid at doses of 50.0 and 100.0 mg/kg and GLB at a dose of 5.0 mg/kg are presented in
Table 2.

Table 2 - Average blood biochemistry parameters of rats after intraperitoneal
administration of trans-cinnamic acid at doses of 50 and 100 mg/kg and GLB at a dose of 5 mg/kg

Time point Intact animals Purified water Trans-coric acid GLB
P (control) 50,0 mg/kg | 100,0 mg/kg 5,0 mg/kg
Glucose, mmol/L
48 hours after 22,618 + 22,872 + 22,625 + 21,475 +
alloxan 4’8%3:1 833 01 0792% 0,733+ 1,280 0,620*
administration (n=10) (n=10) (n=10) (n=10)
1 week after 24,457 + 24,565 £ 24,189+ 25,134+
alloxan 4’33(151:183227 0,700* 0,671* 1,106* 0,579+
administration (n=9) (n=9) (n=8) (n=9)
2 weeks after 23,372 + 24,433 + 22,896 + 22,861 £
alloxan 4’53(131:183285 0,721% 0,806* 0,436* 0319*
administration (n=7) (n=7) (n=6) (n=7)
3 weeks after 20,094 + 20,372 + 20,337 + 13,022 +
alloxan 4’37(1(1:1 83378 0,398%* 0,387* 0,350* 0,584*#
administration (n=6) (n=6) (n=6) (n=6)
Cholesterol, mmol/L

1 week after % 2,514 + 2,581 + 2,583 +
alloxan 1’61(12:1 83063 2’592;1;83090 0,132* 0,099% 0,043+
administration (n=9) (n=8) (n=9)
2 weeks after % 2411+ 2,544 + 2,554 +
alloxan Bt Py | oose 0,089* 0,066*
administration (n=7) (n=6) (n=7)
3 weeks after % 2,499 + 2,532 + 1,927 +
alloxan LS %ﬁ:l 83074 243 7(1;(6)3073 0,090* 0,063* 0,042+
administration (n=6) (n=6) (n=6)

«*» — denotes statistically significant differences from intact (p < 0.05).
«#» — denotes statistically significant differences from control (p < 0.05).

Before the administration of alloxan, the glucose concentration in the serum of intact
animals (5.264 £ 0.374 mmol/L, n=10) and the pool of animals for group formation (5.254 £ 0.163
mmol/L, n=80) corresponded to the norm. The values of these indicators did not differ from each
other (p > 0.05).

Diabetes in rats developed 48 hours after a single intraperitoneal injection of alloxan at a
dose of 150.0 mg/kg (p < 0.05), as evidenced by the increase in glucose and cholesterol
concentrations in the serum of rats compared to the values in intact animals. The effect persisted
in the experimental animals throughout the experiment (p < 0.05).

This allowed forming 10 individuals in each experimental group, however, by the end of
the experiment, each group had 6 rats due to the toxicity of alloxan. The sample size is sufficient
for statistical analysis and does not contradict ethical principles [22].

Oral administration of trans-cinnamic acid at doses of 50.0 and 100.0 mg/kg to
experimental rats for 7 days did not lead to a decrease in glucose and cholesterol concentrations in
the serum (p > 0.05). GLB at a dose of 5.0 mg/kg reduced the concentrations of glucose and
cholesterol in the serum, but not to the level of intact animals (p < 0.05).

Thus, under these experimental conditions, trans-cinnamic acid at doses of 50.0 and 100.0
mg/kg did not exhibit hypoglycemic activity.

Conclusion
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The present study aimed to assess the hypoglycemic activity of trans-cinnamic acid
extracted from the extract of hairy rots Scutellaria baicalensis in in vivo experiments. During the
experiment, it was found that a single intraperitoneal injection of alloxan at a dose of 150.0 mg/kg
and oral administration of trans-cinnamic acid at doses of 50.0 and 100.0 mg/kg did not affect the
body weight dynamics of experimental animals with diabetes. Thus, under these experimental
conditions, trans-cinnamic acid at doses of 50.0 and 100.0 mg/kg does not possess hypoglycemic
activity. Therefore, dietary supplements containing these doses of trans-cinnamic acid are
relatively safe, and their consumption is advisable.
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