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Aim: the aim of the research is a pharmacological study of the original extracts of corn silk.

Materials and methods. The object of the study were 4 original extracts of corn silk, obtained by extraction with water
and ethanol of different concentrations, namely: aqueous extract of corn silk (ACSE), extract of corn silk, extracted
with ethanol 30 % (ECSE 30 %) , extract of corn silk, extracted with ethanol 50 % (ECSE 50 %), extract of corn silk,
extracted with ethanol 70 % (ECSE 70 %). A screening study of the antioxidant properties of corn silk extracts was car-
ried out in vitro using models of spontaneous and ascorbate-induced lipid peroxidation (LPO) in rat liver homogenate.
Results. As can be seen from the given data, ECSE 50 % at a dose of 20 mg/kg showed a pronounced protective effect
on the hepatotoxicity of TCM. Its use led to a probable restoration of the bile-forming function of the liver against the
background of tetrachloromethane hepatitis: in response to an increase in the cholesterol content (by 43 %, p<0.05),
the content of bile acids increased 2 times (p<0.05), as a result of which cholate -cholesterol ratio approached the level
of indicators of intact animals, the rate of bile secretion normalized. Based on the analysis of the results of the study, it
can be concluded, that in terms of bile-forming and choleretic activity on the tetrachloromethane hepatitis model, ECSE
50 % was not inferior to silibor and superior to quercetin (p<0.05).

Conclusions. Biologically active substances of corn silk affect not only the diffusion and filtration processes of the liver
parenchyma, but also the biosynthesis and transport of its organic components, that is, they affect the bile-forming
function.
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1. Introduction

Under modern conditions, it is relevant to create
medicinal products based on plant raw materials for the
prevention and treatment of pathological conditions, as-
sociated with an increase in the content of free radicals in
the body under the influence of various stressor agents
[1]. Data from scientific sources indicate that a large
number of stressors, such as emotional stress, poisoning
by xenobiotics, alcohol, intake of essential microele-
ments in quantities exceeding physiological ones, cause a
shift in the balance in the prooxidant-antioxidant system
and the development of oxidative stress [2]. According to
the authors [3], the antioxidant properties of polyphenols
are associated with their ability to serve as a trap for ac-
tive oxygen metabolites, free radicals, bind metal ions
that are inducers of LPO and inhibit the activity of a
number of redox-sensitive transcription factors, in partic-
ular, NFKD (nuclear factor kappa B), AP-1 (activator
protein 1) and pro-oxidant enzymes [4].

The above and the results of the analysis of litera-
ture data regarding the features of the chemical composi-
tion of the investigated extracts of corn silk (the presence
of a significant amount of saikosaponins, polyphenols,
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tannins of the pyrocatechin group (11-13 %), sugars, sil-
ica compounds, fatty oil (1.88-2.55 %), which contains
linoleic and arachidonic acids, volatile oil (0.1-0.2 %), as
well as potassium, magnesium, calcium, sitosterol and
stigmasterol, retinol, thiamine, riboflavin, ascorbic acid,
phylloquinones, a-tocopherol, pantothenic acid) became
the basis for studying their antioxidant and protective
properties in vitro and in vivo [5].

The aim of the research is the pharmacological
study of original extracts of corn silk.

2. Materials and methods

The object of the study were 4 original extracts of
corn silk, obtained by extraction with water and ethanol
of different concentrations, namely: aqueous extract of
corn silk (ACSE), extract of corn silk extracted with eth-
anol 30 % (ECSE 30 %) , extract of corn silk, extracted
with ethanol 50 % (ECSE 50 %), extract of corn silk, ex-
tracted with ethanol 70 % (ECSE 70 %). The investigat-
ed plant extracts were obtained at the Department of
Pharmacy Technology of Medicines of the National
Pharmaceutical University (NPU) under the supervision
of the head of the department, Doctor of Pharmaceutical
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Sciences, Professor Vishnevska L.l. Pharmacological
studies were carried out at the Department of Biological
Chemistry of the National Academy of Sciences under
the supervision of Doctor of Biological Sciences, Profes-
sor Naboka O. I.

A screening study of the antioxidant properties of
corn silk extracts was carried out in vitro using models of
spontaneous and ascorbate-induced lipid peroxidation
(LPO) in rat liver homogenate [6].

Studies of the acute toxicity of plant extracts were
carried out when administered intragastrically to sexually
mature mice in the dose range of 1000-5000 mg/kg. The
route of administration is chosen in accordance with the
intended method of use of the medicinal product in clinical
practice. Mice of the first group were the intact control,
2-5 groups of experimental animals were injected intra-
gastrically with the corresponding studied extracts at a
dose of 1000 mg/kg, 3000 mg/kg and 5000 mg/kg (dose of
class 1V toxicity). The degree of toxicity of plant extracts
was assessed by lethality, changes in the general condition
of animals, influence on the dynamics of animal body
weight and mass coefficients of internal organs.

The study of the toxic properties of the extract of
corn silk, extracted with 50 % ethanol, was carried out
using the Drosophila melanogaster Meig test system. The
toxic effect of the studied extract was evaluated by the
total productivity of Drosophila - the number of adult
offspring. The rate of imago output is integral [7]. At the
embryonic and post-embryonic stages of development,
its components are considered to be the fertility of the
parents and the viability of the offspring. The research
was carried out on the classic object of genetic research —
the fruit fly Drosophila melanogaster Meig, which, ac-
cording to the recommendations of the World Health Or-
ganization (WHO), is effectively used in modern phar-
macological research [8].

In the work, there was used the outbred line of the
wild type Canton-S (C-S) from the collection of the De-
partment of Genetics and Cytology of the Kharkiv Na-
tional University named after V. N. Karazin. Flies were
grown on a standard sugar-yeast medium at a tempera-
ture of 24 + 0.5 °C in a thermostat. Drosophila cultures
were grown in sugar cups with a diameter of
2.0 cm and a height of 10.0 cm. The volume of the nutri-
ent medium was 5.0 ml. ECSE 50 % was added to the
nutrient medium, in which Drosophila larvae developed
in concentrations of 10° mg/ml, 10% mg/ml, 10" mg/ml,
1 mg/ml, 10 mg/ml. Egg laying time is 5 days. The yield
of imago was estimated by taking into account the num-
ber of adult females and males in the period from the be-
ginning to the end of the flight of flies [9]. To account for
recessive, sex-linked lethal mutations, the Meller-5
method was used [10].

The study of the effect of plant extracts on the
bile-forming function was determined on the model of
acute hepatitis in rats, caused by tetrachloromethane
(TCM) [11]. ECSE 50 % was administered intragastrical-
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ly, once a day at a dose of 20 mg/kg for 14 days. As
comparison drugs, silibor and quercetin, which are ana-
logs in terms of pharmacological action, were chosen in a
similar regimen in doses of 100 mg/kg and 50 mg/kg, re-
spectively.

On the 14th day, 1 hour after the last injection
of the studied plant extracts, animals were injected in-
tragastrically with TCM at a dose of 0.8 ml/100 g of
animal weight in the form of a 50 % oil solution. Con-
trols were intact rats and rats with the reproduced pa-
thology, which were injected with water in an equiva-
lent volume [12].

On the 15th day of the experiment, the animals
were anesthetized with a 1 % solution of barbamil, which
does not affect the formation of bile. Bile was collected
in hourly portions for 3 hours. The intensity of bile secre-
tion was assessed by the rate of bile secretion, which was
calculated for 3 hours of observation in ml/100g accord-
ing to the method of Miroshnichenko V.P. et al. [13].
The concentration of bile acids and cholesterol was de-
termined in the bile, the level of which allows assessing
the synthetic function of the liver. After collection of
bile, the animals were removed from the experiment by
decapitation, the liver was removed and weighed. The
LMC was calculated, which allows characterizing the
state of general trophic processes, the degree of swelling
and alteration of the organ [14].

Vitamin E ("Tocopherol” (Vitamin E) capsules,
0.1 g, PJSC "Kyiv Vitamin Plant", Ukraine), quercetin
("Quercetin granules”, 2.0, PJSC "Borshchagivskyi
KhFZ", Ukraine) in a dose of 50 mg/kg, silymarin (Sili-
bor, tablets, 35 mg, FC Zdorovya, Ukraine) in a dose of
100 mg/kg were selected as comparison drugs. The ex-
periments were carried out in accordance with the "Gen-
eral ethical principles of animal experiments" (Kyiv,
2001), which are consistent with the provisions of the
"European Convention for the Protection of Vertebrate
Animals Used for Experimental and Scientific Purposes”
(Strasbourg, 1986 with amendments, 1998) [15]. Exper-
imental data were also processed by parametric (New-
man-Keuls) and non-parametric (Mann-Whitney) meth-
ods of variational statistics, using the Statistica 6.0 statis-
tical software package, differences were considered sta-
tistically significant at p<0.05 [16].

3. Research results and their discussion

In the first series of experiments, the oxidant sta-
tus of rat liver homogenate in vitro against the back-
ground of TCM administration [17] and the effect of the
addition of extracts of corn silk, extracted with water and
ethanol (30 %, 50 %, 70 %) on these indicators were
studied.

According to the research results (Fig. 1), during
the incubation of the liver homogenate in a buffer solu-
tion at a temperature of 37 °C, a significant accumulation
of TBA-reactants (TBA-R) was observed, which indi-
cates an intensive course of LPO processes.
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Fig. 1 Dynamics of TBA-R accumulation during incubation of rat liver homogenate (t 37 °C) with spontaneous and
ascorbate-induced LPO, n=7: A — spontaneous LPO, B — ascorbate-induced LPO; * — the difference is significant
relative to spontaneous LPO, p<0.05; n — the number of samples

At the same time, an increase in the content of
TBA-R was observed during the first 20 minutes of incu-
bation. After 20 minutes, the content of TBA-R did not
change. This fact can be associated with the depletion of
LPO substrates. It should be noted, that the accumulation
of TBA-R was less pronounced when ascorbate, a power-
ful inducer of non-enzymatic LPO, was added to the in-
cubation medium. Thus, the rate of accumulation of
TBA-R with spontaneous LPO in the first 20 minutes of
incubation was 0.54 nmol/l per 1 min, with ascorbate-
induced — 0.46 nmol/l per 1 min.

The obtained data indicate the ability of the stud-
ied plant extracts to block LPO processes already in the
first minutes after the start of incubation. Obviously, this
is due to the presence of a significant amount of poly-
phenols, which are part of the investigated plant extracts.
It is known from literary sources, that polyphenols are
capable of binding active oxygen metabolites, which in
the early stages are inducers of POL [18].

When adding to the medium of incubation the
studied extracts of corn silk (ECSE 50 %, ECSE 30 %,
ECSE, ECSE 70 %), in concentrations of 0.5 mg/g of
liver, the content of TBA-reactants 20 minutes after the
start of incubation was lower in comparison with control
at 3.9; 3.1; 2.1; 2.4 times (p<0.05) respectively (Fig. 2)
for spontaneous LPO and 3.5; 3.1; 2.2; 2.4 times
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(p<0.05) for acorbate-induced LPO (Fig. 3). At the same
time, an increase in the content of TBA-reactants after 5
minutes of incubation was not observed both under the
conditions of spontaneous and ascorbate-induced LPO.

The ability of experimental plant extracts to inhib-
it ascorbate-induced LPO may also be related to the bind-
ing of iron ions by polyphenols, which are necessary for
the induction of LPO by ascorbate [19]. When extracts of
corn silk, extracted with 50 % and 70 % ethanol in con-
centrations of 0.5 mg/g of liver were added to the incuba-
tion medium, a less pronounced accumulation of TBA-R
was recorded (p<0.05) in comparison with the samples,
to which this extract, received with water and ethanol 70
%, was added

When a-tocopherol was added to the incubation
medium at a concentration of 0.5 mg/g of liver, the ac-
cumulation of TBA-R was also less pronounced (p<0.05)
compared to the control group of animals, but more pro-
nounced compared to incubation with the extract, re-
ceived with 50 % ethanol in a concentration of 0.5 mg/g
of liver. Thus, with spontaneous LPO, the content of
TBA-R during the studied time (20 minutes) when a-
tocopherol was added to the incubation medium was on
average 1.3 times higher (p<0.05), and with ascorbate-
induced LPO by 1.5 times higher (p<0.05) in comparison
with the samples, to which 50 % ECCE was added.



Scientific Journal «ScienceRise: Biological Science»

Ned(33)2022

nmol TBA-R/g of tissue

18,00
16,00 15.4 A
14,00 1375 __—
12.15
10,00 89
8 00 N '74 754* 412 & 7 10%*
’ % L12* i:i 6.93* ok ., 1.18% D
<> U.J0 4 649*
6’00 = & M 502 (F;
‘ J.LZT —H—%*‘L’k* i ‘ 485" 494* C
4,00 - “A08** 402%* 3984+ B
3.94*/** )
2,00
0,00
5 min 10 min 15 min 20 min

Fig. 2 Influence of extracts from corn silk and a-tocopherol on the course of spontaneous LPO during incubation of rat
liver homogenate at t 37°C, n=7: A — control pathology, B — ECSE 50 %, C — ECSE 30 %, D — ACSE , F — ECSE 70 %,
G — a-tocopherol); * — the difference is significant relative to the control pathology, p<0.05; ** — the difference is
significant relative to a-tocopherol, p<0.05; n — number of samples
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Fig. 3 Influence of extracts from corn silk and a-tocopherol on the course of ascorbate-induced LPO during incubation
of rat liver homogenate at t 37 °C with the addition of ascorbate, n=7: A — control pathology, B — ECSE 50 %, C —
ECSE 30 %, D — ACSE, F — ECSE 70 %, G — a-tocopherol); * — the difference is significant relative to the control

pathology, p<0.05; ** — the difference is significant relative

Thus, the obtained data indicate that all the
studied extracts are able to block both spontaneous and
ascorbate-induced activation of LPO processes in vitro,
which indicates their antioxidant properties. The most
pronounced antioxidant activity was found in the ex-
tract from corn silk, extracted with 50 % ethanol.

Biological research

to a-tocopherol, p<0.05; n — the number of samples

Taking into account that the safety of poten-
tial medicinal products is one of the most important
characteristics, the acute toxicity of 4 original plant
extracts was studied at the next stage of experi-
ments.

The results of the research are shown in Table 1.
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Table 1

Indicator of acute toxicity after intragastric administration of extracts of corn silk, extracted with water and ethanol to
sexually mature mice (n=7)

Animal group Dose, mg/kg Lors]Lmi)gwrals Survir:/uer?]ggrimals Lethality, %
Intact control - 0 7 0
1000 0 7 0
ACSE 3000 0 7 0
5000 0 7 0
1000 0 7 0
ECSE 30 % 3000 0 7 0
5000 0 7 0
1000 0 7 0
ECSE 50 % 3000 0 7 0
5000 0 7 0
1000 0 7 0
ECSE 70 % 3000 0 7 0
5000 0 7 0

Note. n — number of animals in the group

The results of the research showed that against the
background of 14-day observation of experimental mice,
since the administration of the studied extracts in doses
of 1000 mg/kg, 3000 mg/kg and 5000 mg/kg, not a single
animal died. The general condition and behavior of the
animals of these groups did not differ from the intact
control. Only in the first hours after the introduction of
the studied extracts, the appetite of the animals decreased
slightly compared to the intact control. However, at the
end of the first day, normalization of the general condi-
tion of the experimental animals was recorded: they had
a satisfactory appetite, skin of a normal color. During the
entire period of observation, the animals were tidy, had a
satisfactory appetite, responded adequately to sound and
light stimuli, the processes of urination and defecation
were normal, breathing disorders and convulsions were
not observed, and no signs of intoxication were visually
detected. The skin, motor and reflex excitability were
normal. The results of the acute toxicity study of the con-
sidered plant extracts also indicate that the administration
of a higher dose (>5000 mg/kg) was difficult, making it
impossible to establish an average lethal dose for mice.
According to the generally Accepted classification of
toxicity by K.K. Sydorov, ACSE, ECSE 30 %, ECSE 50
% and ECSE 70 % can be attributed to the V class of tox-
icity [20].

In previous studies on the model of acute tetra-
chloromethane hepatitis in rats, it was established, that
the investigated plant extracts from corn silk show anti-
oxidant properties of varying degrees of severity, sup-
press the course of peroxide destructive processes, re-
duce the severity of cytolytic syndrome, and significantly
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improve the state of the own antioxidant system. In terms
of antioxidant and anticytolytic activity, in conditions of
acute oxidative stress, these extracts are superior to the
reference drugs silibor and quercetin. As part of these
studies, ECSE 50 % was selected, its conditionally effec-
tive dose was determined — 20 mg/kg, which became the
subject of further experimental studies.

Tables 2-3 show data from the experimental stud-
ies of changes in the viability of Drosophila under the in-
fluence of 50 % ECSE.

The obtained data indicate that the magnitude
and direction of changes in the general productivity in-
dicator of Drosophila depend on the type of extraction
and the concentration of 50 % ECSE in the nutrient me-
dium. Thus, it was shown, that all tested concentrations
of the extract did not have a significant toxic effect and
did not have a significant influence on the output of
Drosophila imago. Scientific papers [21] show the de-
pendence of the Drosophila imago output on physical,
chemical, and biological factors. Informative are the da-
ta on the study of 50 % ECSE on the overall productivi-
ty of Drosophila. All studied concentrations of the ex-
tract did not have a toxic effect, and concentrations of
10 and 10" mg/ml showed a pronounced stimulating
effect, which was manifested in an increase in the total
productivity of Drosophila by 22.91 % and 58.25 %, re-
spectively, compared to the control. Based on the ob-
tained data, further preclinical analysis of 50 % ECSE
for mutagenicity is advisable — the ability of the tested
substance and its metabolic products to induce gene
mutations in Drosophila germ cells in accordance with
WHO recommendations [22].
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Table 2

The total productivity of Drosophila when cultivated in the environment, containing an extract from corn silk, extracted
with 50 % ethanol (M+m)

Imago output
50 % ECCE concentration, mg/ml Imago output
Females Males
Control (0 mg/ml) 94.58+5.24 45.40+4.34 48.40+2.81
10° mg/ml 117.25+6.44* 59.25+2.66* 59.50+5.63
10° mg/ml 110.25+12.22 55.50+7.08 52.75+5.86
10" mg/ml 149.67+17.32%* 77.67+10.84% 71.75+6.84*
1 mg/ml 91.25+11.81 48.50+£5.57 41.55+6.58
10 mg/ml 92.00+£11.7 48.50+6.83 43.60+5.19
Note: * — difference from the control (p<0.05)
Table 3

The total productivity of Drosophila when cultivated in the environment, containing an extract from corn silk, extracted
with 50 % ethanol (M+m)

Imago output
ECCE 50 % concentration, mg/ml Imago output
Females
Control (0 mg/ml) 108.4+10.33 55.9+4.28 52.9+7.37
100 mg/ml 93.6+20.13 49.6+15.06 44.20+6.34
250 mg/ml 131.8+£16.17* 73.2+£9.27* 58.30+9.63

Note: * — difference from the control (p<0.05)

One of the stages of the preclinical study of the safe-
ty of the use of new pharmacological agents and auxiliary
components of dosage forms is the study of their mutagenic-
ity. This fragment of research involves the assessment of the
drug's ability to induce various types of mutations. For the
purpose of initial screening of possible mutagenicity of new
pharmacological agents, experiments usually use short-term
tests for gene mutation detection in microorganisms (Ames
test), Drosophila fruit fly (detection of recessive, sex-linked
lethal mutations or somatic mosaicism) or mammalian cell
culture in vitro. If positive results are obtained at the second
stage, the substance is subjected to research using mainly
methods of accounting for mutations on somatic and germ

cells of mammals and humans in order to identify the dose-
effect relationship for the regulation of the studied genotoxi-
cant [23].

A subsequent series of experiments evaluated the po-
tential ability of 50 % ECSE (at a concentration of 250
mg/ml, previously identified as LDsg) and its metabolites to
induce recessive, sex-linked, lethal mutations in Drosophila.

Research results (Table 4) show that using the test
system Drosophila melanogaster Meig. in the test for ac-
counting for recessive, sex-linked lethal mutations
(Meller-5 method), 50 % ECSE, in a semi-lethal dose
(250 mg/ml) and the products of its metabolism do not
induce recessive, sex-linked lethal mutations

Table 4
Accounting for recessive, sex-linked, lethal mutations in Drosophila
50 %ECCE concentration, |Analyzed cultures num- NOﬂ-:]ir:rl]Lee:‘nmeS Recessive lethal mutations Significance
mg/ml ber F, K, Number % level
0 mg/ml 1000 31 8 0.83+0.29
p<0.95
250 mg/ml (LDsy) 1000 13 3 0.30+0.18

The next stage of the work was the study of the ef-
fect of 50 % ECSE on the bile-forming function of the liv-
er in the conditions of tetrachloromethane hepatitis in rats.
The experiment showed that an increase in the liver weight
ratio in the control pathology group indicates the develop-
ment of edema. A violation of the biliary secretory func-

Biological research

tion of the liver was registered, as evidenced by a decrease
in bile secretion by 40 % (p<0.05) and changes in the
chemical composition of bile, in particular, a 2.2-fold in-
crease in cholesterol content (p<0.05). Intrahepatic choles-
tasis is indicated by a 3.2-fold decrease in the cholate-
cholesterol ratio compared to the intact control (Table 5).
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Table 5

The effect of corn silk extract, received with ethanol 50 % (ECSE 50 %) on the bile-forming function of the liver
against the background of TCM-induced hepatitis in rats (M+m), n=7

. ECSE 50 %, 20 | Quercetin, 50 | Silibor, 100
Animals group Intact control Control pathology mag/kg mg/kg mg/kg
LMC, g/100g 3.0+0.1 43402 * 3.5+0.1 ** 4.0£0.3 * 4.1£0.2 *
Bile secretion speed, 1.00+0.07 0.60+0.05* 1.05+0.03%*/q 0.67+0.06%/** | 0.96£0.09%*
ml/min-100
Bile acids in bile 532435 353448 T28+72 *¥ /i 345455% 584481 %%
mg/100g *
Cholesterol in bile, 11.5+1.7 24.8+4.5% 12.343.3%*/q, 16.742.8%* 15.141.9%*
mg/100g
Cholate-cholesterol 5146 1621% 55415 *%/q 29+6* 4]4£7%%
coefficient

Note: * — statistically significant differences relative to the intact control group, p<0.05; ** — statistically significant
differences relative to the control pathology group, p<0.05; #— statistically significant differences relative to the silibor
group, p<0.05; o — statistically significant differences relative to the quercetin group, p<0.05; n — the number of ani-

mals in the group

As can be seen from the given data, ECSE 50 %
at a dose of 20 mg/kg showed a pronounced protective
effect on the hepatotoxicity of TCM. Its use led to a
probable restoration of the bile-forming function of the
liver against the background of tetrachloromethane hepa-
titis: in response to an increase in the cholesterol content
(by 43 %, p<0.05), the content of bile acids increased 2
times (p<0.05), as a result of which cholate -cholesterol
ratio approached the level of indicators of intact animals,
the rate of bile secretion normalized. Based on the analy-
sis of the results of the study, it can be concluded, that in
terms of bile-forming and choleretic activity on the tetra-
chloromethane hepatitis model, ECSE 50 % was not infe-
rior to silibor and superior to quercetin (p<0.05).

Prospects for further research are the creation of a
new drug with hepatoprotective action.

4. Conclusions

1. Plant extracts of corn silk, extracted with water
and ethanol, are able to effectively inhibit both
spontaneous and ascorbate-induced LPO process in vitro,
which indicates their antioxidant activity. The most
pronounced antioxidant activity was found in the extract
of corn silk, extracted with 50 % ethanol.

2. The studies of the acute toxicity of 4 original
plant extracts of corn silk showed that, according to the
generally Accepted toxicological classification of
substances, when administered intragastrically to
sexually mature mice, they belong to the V class of
toxicity — practically harmless substances (LDs;>5000

mg/kg).

3. Cultivation of Drosophila on a medium with
corn silk extract, received with 50 % ethanol did not have
a toxic effect within all studied concentrations (10-37,
10-2% 10-1%, 1, 10, 50, 100 mg/ml ), and in
concentrations of 10-3® mg/ml and 10-1" mg/ml a
pronounced stimulating effect is shown.

4. In the test of accounting for recessive, sex-
linked lethal mutations using the Drosophila melano-
gaster Meig test system, it was established, that the
extract of corn silk, received with 50 % ethanol, in a
semi-lethal dose (250 mg/ml) and the products of its
metabolism do not induce recessive, sex-linked lethal
mutations.

5. Biologically active substances of corn silk
affect not only the diffusion-filtration processes of the
liver parenchyma, but also the biosynthesis and transport
of its organic components, that is, they affect the bile-
forming function.
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