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ABSTRACT: Bufadienolides, cyclopentanophenantrene derivatives that possess similar structures to cardiac
glycosides, have been established to reveal cytotoxicity. Their higher concentrations as anticancer means are expected
to affect the normal function of the heart, liver, and kidney. In this work, we established the mass ratio of bufadienolides
isolated from the venom of Bufo viridis. Arenobufagin, gamabufotalin, telocinobufagin, and marinobufagin were found
as the major compounds in the sum. Their effects on biological parameters, used as indicators of the normal functioning
of organs, were determined in rabbits. The blood samples, taken on the 10th and 30t days following the drug
administration, showed these paramaters reaching the control levels for 30 days in all studied doses: 0.15, 0.45, and 0.6
mg/kg. The 0.15 and 0.6 mg/kg doses were established not to cause significant changes in the activities of alanine
aminotransferase and aspartate aminotransferase, and the quantities of cholesterol and fasting blood sugar in blood
samples. Significant changes were found in quantities of glucose (a reduction) and urea (an increase) on the 10t day of
the administration. But their levels reached the control level for the next 20 days. We observed significant differences in
thromboelastographic parameters in mice on the 10t day after the drug administration in a 0.15 mg/kg dose. In mice,
LDs levels of intravenous, subcutaneous, and oral administrations made 14.5, 110, and 215 mg/kg, respectively. These
results enable the suggestion of optimum concentration that does not cause severe damage to the functions of organs.
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1. INTRODUCTION

Toad venom has a class of compounds named “bufadienolides” of a wide pharmacological spectrum.
These compounds have been widely investigated for their cytotoxic effects. For instance, marinobufagin was
established to possess higher cytotoxicity than doxorubicin, commercially available anticancer agent [1].
Bufadienolides are expected to reveal high cytotoxic effects on cancer cells. However, they reveal various
effects on different cells. Bufalin, another member of this class, for instance showed marked effects on multiple
myeloma whereas no significant changes were observed in lymphocytes.

Different mechanisms of action are expected to be a reason for their cytotoxicity. The effect of bufalin
under normoxic conditions was shown associated with DNA damage and inhibition of HIF-1a was the reason
for its toxicity in hypoxic conditions [2]. In another case, the effect of bufalin on HL-60 cells was linked with
the reduction of topoisomerase II a and II  that lowered to undetectable amounts for 18 h. These changes
were concluded to lead to DNA fragmentation. Suppression of topoisomerase II a was also determined in
ML1 and U937 cells [3]. It was also found to upregulate TNF-a, TNF receptor 1 (TNFR1), and RIPK1 in U-87
and U373 cells when they escape apoptosis [4]. Its loading in PEG was demonstrated to enhance cytotoxicity
to U251; PEGylated liposomes were able to increase the drug dose in plasma [5]. Toad venom extract that
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contains bufadienolides has long been used in Chinese medicine for cancer therapy. Arenobufagin, one of the
well-studied bufadienolides, was found to show potency against cancer cells. In Hela cells, it was found to
change the expression level of proteins leading to pathways. The cytotoxic effect of the compound was linked
to differently expressed levels of proteins: proteasome-, calcium ion binding-, oxidative stress-proteins, and
metabolism-related enzymes. Molecular docking analysis suggested the blockage of the pathway of Na*/K*
cation exchange by arenobufagin [6]. Arenobufagin was also suggested to be potentially useful against
estrogen receptor-positive MCF-7 cancer cells [7]. The compound was found to downregulate the expression
of Cdc25C (cell division cycle 25C), Cyclin B1, and survivin in U87 glioblastoma cells. It also activated the p38
mitogen-activated protein kinase (MAPK) signaling pathway. In animal experiments carried out on mice,
arenobufagin was detected in cerebrospinal fluid [8]. Hepatocellular carcinoma (HCC), one of the deadly
forms of cancer, was determined to be affected by arenobufagin as well. The antineoplastic activity was
explained by the enhanced level of mitochondria-mediated apoptosis in HCC cells. Arenobufagin resulted in
the inhibition of HepG2/ ADM tumor xenograft that was linked with the inhibition of mTOR and cleavage of
poly (ADP-ribose) polymerase [9].

Gamabufotalin, another bufadienolide, was determined as an active adjuvant therapeutic agent with
trivalent sodium arsenite (AsllIl) against glioblastoma. U-87 cells were much more susceptible than U-251 cells
to gamabufotalin alone and in combination with AslIl. The combination of cytotoxic compounds revealed
selectivity in cancer cells. The combined effect led to the downregulation of Cdc25C, Cdc2, survivin, and
Cyclin B1 in U-87 cells [10]. In another trial devoted to studying the effects of gamabufotalin on U-87 cells, the
bufadienolide derivative was determined in cancer cells in a dose-dependent manner but not detected in
primary astrocytes, and major glial cells in CNS. Similarly, gamabufotalin caused the downregulation of
Cdc25C, Cdc2, survivin, Cyclin Bl, and Cdc25A and Aurora B as well. The treatment with gamabufotalin led
to autophagy induction and demonstrated high potency against cancerous glial cells which could be attributed
to selectivity by multiple signaling pathways [11]. The tandem of gamabufotalin and arenobufagin showed a
dose-dependent effect on U-87 and SW1990 pancreatic cancer cells. Their ICs value in peripheral blood
mononuclear cells was 3-5 fold lower compared to those observed in cancer cells. But similar results were not
observed with telocinobufagin and bufalin [12]. Another mechanism of selectivity of gamabufotalin was
linked with cyclooxygenase-2-mediated cases that could be observed in some diseases such as cancer. In this
manner, its biological functions were revealed in apoptosis assays in non-small cell lung carcinoma (NSCLC)
cells [13]. Gamabufotalin was found to inhibit VEGF-triggered proliferation and migration of human umbilical
vein endothelial cells in vitro. It was concluded to inhibit the VEGFR-2 signaling pathway and be a candidate
for angiogenesis-related conditions [14]. Marinobufagin and telocinobufagin showed demonstrated cytotoxic
efficiency against several human cancer cell lines: prostate cancer (PC-3), colorectal carcinoma (HCT-116), and
glioblastoma (SF-295) cells. These bufadienolides and their acetylated derivatives did not cause any hemolysis
of human erythrocytes [15]. In another research, marinobufagin was determined to reveal antiproliferative
action on HL-60 leukemia and meristematic cells. The effects of the compound on DNA damage of HL-60 and
polymorphic blood cells enabled the conclusion that the antiproliferative effect was not necessarily related to
genotoxicity [16].

Besides cancer-related activities, these compounds have been investigated for other pharmacological
properties. Telocinobufagin, for instance, was found to show cytotoxicity against chloroquine-resistant
Plasmodium falciparum [17]. Bufadienolides are also cardiotonic steroids. Computer simulation analysis
demonstrated the affinity of gamabufotalin to ATP-binding sites of VEGFR-2. Inhibited VEGFR-2 kinase
activity and suppressed level of VEGFR-2-mediated signaling cascades were in agreement [14]. Their
cardiotonic effects were linked with functional selectivity. Telocinobufagin, for example, inhibited the
Na*/K*-ATPase activity in pig kidney cells. However, a corresponding proliferative response was not
observed following the treatment with telocinobufagin. The apoptosis resulting from telocinobufagin was
attrributed to an increased level of Bax: Bcl-2 expression ratio and pyknotic nuclei [18].

Our early trials enabled us to isolate the sum of bufadienolides from Bufo viridis toad venom, that
contained arenobufagin, gamabufotalin, telocinobufagin, marinobufagin, bufarenogin, and bufalin [19]. We
further established that the sum of bufadienolides at 0.046-0.093 mg/kg concentration did not reveal
embryotoxic and teratogenic effects in rats [20]. In this work, we studied the effects of this sum of
bufadienolides on biochemical parameters of blood such as alanine aminotransferase, aspartate
aminotransferase, glucose, cholesterol as well as thromboelastographic parameters. Based on obtained results,
we interpreted possible effects of the sum of bufadienolides on normal functioning of organs.
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2. RESULTS AND DiSCUSSION

2.1. Isolation of bufadienolides

The sum of bufadienolides from the Bufo viridis toad venom was obtained by extraction. For this, a 1g
total venom was subjected to extraction with ethanol (200 ml) for seven days in a dark bottle by slowly stirring
at room temperature. After concentrating, the extract was analyzed by HPLC following the conditions that
were developed by us earlier [19]. The compounds were identified by their retention times. The obtained data
showed that the extract consisted of six bufadienolides: arenobufagin, gamabufotalin, telocinobufagin,
marinobufagin, bufarenogin, and bufalin. The results in this work were identical to those obtained in our
earlier trial [19]. The chemical composition of the obtained extract is shown in Figure 1.
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Figure 1. Chemical structure of bufadienolides in the toad venom extract

2.2. Acute toxicity
2.2.1. Intravenous administration

Intravenous administration of the sum of bufadienolides to mice at doses of 5 and 10 mg/kg caused
general weakness, rapid and deep breathing, and anxiety in animals. After 5 minutes, most of the mice calmed
down. Few animals revealed diaphragmatic breathing in the next 10 minutes and the pain sensitivity reduced.
After 30 minutes, the general overall behaviour of the animals returned to normal level. Breathing became
even. The death of mice made 20%, one out of five. An increase in the dose of the drug to 20 mg/kg caused a
deeper poisoning, and three out of 5 mice died in 26 minutes because of shortness in breathing. In 5 minutes
after the administration of 25 mg/kg dose, the animals showed weakness and immobility. By actions they
revealed tonic-clonic seizures. The death rate made 80% (four out of five) because of respiratory arrest. The 30
mg/kg concentration led to even more pronounced intoxication, and 100% death of the animals was observed.
The LD50 for white mice when administered intravenously was 14.5 mg/kg..

2.2.2. Subcutaneous administration

Subcutaneous administration of the bufadienolides sum at doses of 80, 100, 120 and 140 mg/kg caused
muscle weakness, unsteadiness of the “gait”, convulsive breathing, tail reaction in mice. In 60 minutes
following the subcutaneous administration at a dose of 80 mg/kg, the general condition of the animals
returned to normal level. The poisoning was more pronounced at 100 and 120 mg/kg doses, and two and
three animals out of five died, respectively. The drug administration at a dose of 140 mg/kg caused the death
of all (5 out of 5) mice. LDs after a single subcutaneous injection made 110 mg/kg.
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2.2.3. Oral administration

The oral introduction of the drug through a tube at doses of 100, 150, 200, 250, and 300 mg/kg led to the
appearance of hiccups and chewing movements in 3-5 minutes. Further, weakness and general oppression
were observed. The oral drug administration at a dose of 100 mg/kg after 60 minutes, the general overal
behaviour of the mice returned to normal levels, and their behaviour did not differ from intact animals after
180 minutes. There were no deaths of mice. The doses of 150 and 200 mg/kg caused acutely developed
poisoning and resulted in the death of 1 and 2 animals (out of five), respectively. The drug administration at
the 250 mg/kg dose led to the death of 3 mice. Total animal death was observed following the administration
at 300 mg/kg. The oral LDsg for mice made 215 mg/kg.

Thus, the toxicity levels of the bufadienolides sum varied in different modes of administration to
animals. LDs level of intravenous administration (14.5 mg/kg) was several-fold greater compared to
subcutaneous (110 mg/kg) and oral (215 mg/kg) provision which could be attributed to their effects on
blockage of Na*/K* exchange.

2.3. Chronic toxicity

Chronic toxicity effects of bufadienolides were studied on rabbits following the intravenous
administration at doses of 0.15, 0.30 and 0.45 mg/kg. The administered 0.30 and 0.45 mg/kg concentrations
caused muscle weakness, immobility, palpitations in 2 and 3 rabbits, respectively. This condition lasted for 15-
30 minutes. The observed phenomena mainly depended on the susceptibility of individual animals. After such
a short-term “malaise”, the animals began to eat well and further their behaviour did not differ from intact
animals. By the end of the experiment (1 month), the weight gain of the experimental rabbits did not differ
significantly from those in the control group.

2.4. Blood biochemical parameters

Taking the high cardiotropic effects of bufadienolides [21, 22, 23] into consideration, we studied their
effects on general toxicology with the purpose of possible implementation into medical practice as a
cardiotropic drug. Therefore, our upcoming experiments were dedicated to investigating the influence on
some biochemical parameters such as total protein, alanine aminotransferase, aspartate aminotransferase,
cholesterol, glucose, and urea in the blood of rabbits. The obtained results are given in Table 1.

2.4.1. Alanine aminotransferase

Alanine aminotransferase is one of the enzymes used in laboratory assays in clinical practice to detect
liver disease and general overall health. Alanine aminotransferase activity is influenced by many factors
including medications [24]. In the liver, it transfers an amino group from alanine to a-ketoglutarate, thus
forming glutamate and pyruvate [25]. The elevated level of alanine aminotransferase caused an increased level
of coronary artery risk 1.3- and 2.1-fold in men and women, respectively. If the increase in the alanine
aminotransferase continues following the administration of a drug, the medication is to be discontinued [26].
Shortly, alanine aminotransferase is one of the reliable indicators of a healthy condition of an organism. In our
study, bufadienolides did not cause any increase in all three different concentrations. The intermediate 0.30
mg/kg concentration significantly lowered its quantity on the 30t day of the treatment (Table 1).

2.4.2. Aspartate aminotransferase

Aspartate aminotransferase is another transaminase enzyme that plays a significant role in the normal
functioning of the liver. It catalyzes the transamination between the tandems of aspartate-alpha-ketoglutarate
and oxaloacetate-glutamate [27]. Aspartate aminotransferase is found in cerebrospinal fluid, exudates, and
transudates related to cellular damage [28]. By providing the transfer of amino groups, alanine
aminotransferase and aspartate aminotransferase contribute to glucose and amino acid metabolism.
Abnormally higher levels of these two enzymes in the liver might indicate an enhanced level of hepatic
transamination [29]. Similarly, the treatment did not lead to increases in aspartate aminotransferase levels, but
a significant reduction was observed in the II and III groups compared to the control (Table 1).

2.4.3. Cholesterol

In this work, we referred to cholesterol as one of the indicators of the normal functioning of the heart.
A number of researches have indicated interactions between hyperlipidemia and cardioprotective
mechanisms. In one work, a cholesterol diet in rats was established to decrease cardiac ATP and enhance
myocardial oxidative stress [30]. Digoxin and ouabain, cardiac glycosides that possess
cyclopentanophenantrene skeleton, were reported to increase the synthesis of cholesterol in cardiomyocytes
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and reveal no Na*/K*-ATPase independent effects [31]. In our work, we determined that bufadienolides,
cyclopentanophenantrene derivatives, did not cause any significant changes in blood cholesterol levels
following the administration of drugs in three different concentrations (Table 1). Thus, we suggest
bufadienolides do not reveal the effects resulting from cardiac glycosides.

2.4.4. Glucose

We determined significantly lowered blood glucose levels on the 10t day of the treatment in all three
groups. On the 30th day of the treatment, its level reached control. Fasting blood sugar level was mild enough
that the increase was observed on the 30t day in group IV animals, treated with 0.45 mg/per dose. These
results indicate that the sum of bufadienolides used in this work did not seriously impact blood parameters
that are associated with the normal functioning of the liver, kidney, and heart (Table 1).

2.4.5. Urea

Blood urea nitrogen (BUN) is considered one of indicators of damaged liver functioning. Enhanced
levels of BUN were associated with adverse renal outcomes and suggested as an indicator for kidney disease
progression [32]. Besides, BUN was reported as predictive indicator for cardio-vascular diseases [33]. In our
work, significant increases by the administration of bufadienolides were observed only in blood urea.
Concentration-dependent changes explain their possible negative effects on liver functioning by the 10th day
of the drug administration. However, by the 30th day of the treatment, blood urea level lowered to a control
level (Table 1).

Table 1. Effects of the sum of bufadienolides on the biochemical parameters of rabbits (Confidence interval
means standard deviation, calculated from four replicates)

Days of Groups/Doses mg/kg
treatment ~ I-Control 11-0.15 T11-0.30 IV-0.45
Total protein (g/L) 10th day 61+5.4 54+6.0 5245.6 53+5.3
30t day 6245.6 5646.0 60+0.1 56.0+0.2
* Alanine amino- 10hday  045:004 0.40:0.04 05040.04 0.46:0.04
transferase (mmol/L) 30t day 0.42+0.04 0.55+0.03 0.2540.02 0.45+0.02
 Aspartate amino- 10hday 040004 0302003 0.4040.04 0414004
transferase (mmol/L) 30t day 0.35:0.03 0.35+0.03 0.200.02 0.40+0.04
" Cholesterol (mmol/L)  10tday 40804 37+¢04 3804 4204
30t day 3.7+0.4 3.8+0.4 3.9+0.4 4.0+03
" Glucose (mmol/L) 10hday 61406 . 35203 3.0403 - 10204
30t day 6.0+0.6 51405 49405 6.0+0.4
Urea (mmol/L) 10nday 45502 5805 62407 63106
30t day 4.0+0.4 46104 44305 48405

* Significant increases are shown in bold, and significant reductions are italicized (P<0.01 in all cases).
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2.5. Blood coagulation

In our work, we investigated the effects of the sum of bufadienolides on the blood coagulation process.
Many indicators attributing to blood coagulation such as reaction time, clot formation time, and total clotting
time made significantly longer mean values at the administered lowest concentration (0.15 mg/kg) compared
to control (Table 2). The higher prothrombin consumption level in these blood samples that is not consistent
with delayed clotting time can be explained by the thrombin, the main blood coagulation factor, that possibly
was inhibited by bufadienolides. However, no remarkable changes in these indicators were determined at
higher doses (Table 2). These results explain that bufadienolides, used in this work, might cause concentration-
dependent slight hypocoagulation effects. Changes in blood coagulability, namely hypercoagulability, were
reported to result from alternating concentrations of platelets, procoagulants, antithrombin, or other inhibitors
of thrombosis [34]. Based on these results, we suggest no changes in these parameters by the sum of
bufadienolides.

Table 2. Effects of the sum of bufadienolides on blood coagulation and the resistance of rabbit (Confidence
interval means standard deviation, calculated from four replicates)

Thromboelastographic Days of Groups/Doses mg/kg
parameters treatment I-Control II- 0.15 I11-0.45 IV-0.6

Reaction time, R, mm 10th day 22+2.0 60x6.0 22+20 19+£2.0
30th day 22+20 24+£25 24+£25 25+£25

" Clot formation time, K, mm 10t day 1210 25120  14+15 15£16
30th day 12+1.0 13+£1.0 125+£1.0 13+15

" Coagulation constant (R+K),  10bday 34+30 ¢ 8560 36+30 34+20
mm 30th day 34+3.0 36+4.0 36+4.0 38+4.0

" Prothrombin consumption 10hday 184014 24%02  16+015 132014
index, R/K 30t day 1.8+0.14 18402 194018 1.9+02

" Maximum amplitude MA, 1nday 52£50 32430 4x40 39£30
mm 30th day 52+5.0 49+5.0 48+5.0 51+5.0

" Blood clotting constant t, 10hday 1M0+11 4212 10+11 110+11
mm 30th day 110+11 100 £10 100 +10 102 +£10

" Syneresis constant S, mm 10hday 120£12 18816 12312 12312
30th day 120£12 113 +£12 112+11 115+£12

" Total clotting time T, mm 10hday 141+14 22720 146+13 142413
30th day 141+ 14 140 £15 133 +14 140 £14

' Clot elasticity coeff. E, 10hday 108+10 - 47440 7960 6560
(Max100/100-MA) E 30th day 108 + 11 96 +10 92+10 104 +10

~CoagulationindexGi 10hday 15012 0384002 12401 10401
(MA/R+K) 30th day 1.5+0.2 14+0.1 1.3+0.1 14+0.2

* Significant increases are shown in bold, and significant reductions are italicized (P<0.01 in all cases).

Obtained results indicate slight hypocoagulative effects of bufadienolides on blood coagulation only in
group II animals on the 10t day. However, no significant changes in the values of thromboelastographic
parameters on the 30t day were observed following the administration of a 0.15 mg/kg dose. The results
enable us to conclude minor hypocoagulative effects following a single intravenous drug administration at a
dose of 0.15 mg/kg. Further administration of the drug by the 10t day of the experiment led to
hypocoagulation that gradually returned to normal condition by the 30t day of the experiment. The drug
administration at 0.45 and 0.6 mg/kg doses did not reveal significant changes in the blood coagulation process.

3. CONCLUSION

Intravenous injection of the sum of bufadienolides to rabbits (every other day 15 times) at doses of 0.15,
0.30, and 0.45 mg/kg did not cause significant changes in the morphological composition of the blood, after
10 injections. The glucose level decreased by 34-25% and urea in the blood serum increased by 29-40%. After
one month of the experiment, these mean values returned to the control level. No significant changes were
observed in other parameters of blood biochemical indicators including alanine aminotransferase, aspartate
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aminotransferase, total protein, and cholesterol. A single intravenous injection of the sum of bufadienolides
in the studied doses after 30-60 minutes and with repeated injections at doses of 0.30 and 0.45 mg/kg did not
affect the blood coagulation in mice. The injection of 0.15 mg/kg dose led to hypocoagulation by the 10th day
that further attenuated and returned to the control level by the 30t day of the experiment. Pathological macro
- and microscopic screening of organs and tissue of rabbits did not reveal any specific changes due to the action
of the tested substances.

4. MATERIALS AND METHODS
4.1. Chemicals

All the chemicals used in this work were of analytical grade.
4.2, Acute toxicity

General and acute toxicities of the sum of bufadienolides were carried out in 74 white mice weighing
18-20g. The drug was administered once intravenously at doses 5, 10, 15, 20, 25, and 30 mg/kg, and
subcutaneously at doses 80, 100, 120, and 140 mg/kg, and orally through a tube at doses 100, 150, 200, 250 and
300 mg/kg. Five animals were used for each dose.

4.3. Chronic toxicity

The chronic toxicity study was carried out on 16 gray rabbits weighing 2.5-3 kg in four groups. The drug
was administered intravenously, many times (every other day 15 times) in doses of 0.15, 0.45, and 0.6 mg/kg.
The control group of animals was intravenously injected with saline in an equivalent volume. All
manipulations with animals were carried out according to the International Agreement on the Humane
Treatment of Animals (The European Communities Council Directives of 24 November 1986-806/609/EEC).

4.4. Blood sampling

Blood samples for biochemical and hematological analyzes were obtained from the vein of the ear of a
rabbit on the 10t and 30t days of the experiment; for counting the blood cells, samples were taken with the
anticoagulant EDTA (25 pl), biochemical parameters in the blood serum (10 min at 3000 rpm).

4.5. Enzymic activity of alanine aminotransferase and aspartate aminotransferase

The alanine aminotransferase and aspartate aminotransferase activities in obtained blood samples were
determined following the Cypress protocol. The colour intensities of the formed solutions were read in a Semi-
auto chemistry analyzer at 340 nm.

4.6. Quantification of blood biochemicals
4.6.1. Proteins

The quantities of of soluble proteins in blood samples were defined according to Cypress protocol by
using Biuret reagent. The formed colour intensities were read at 546 nm in a Semi-auto chemistry analyzer.

4.6.2. Glucose

The quantities of glucose in samples were studied according to the Cypress protocol at 505 nm in a
Semi-auto chemistry analyzer.

4.6.3. Cholesterol

Cholesterol in blood samples was quantified according to the Cypress diagnostics protocol. The colour
intensity was determined at 510 nm in a Semi-auto chemistry analyzer.

4.6.4 Urea

The amount of urea in samples were determined according to the Cypress diagnostics protocol at 340
nm in a Semi-auto chemistry analyzer.

Acknowledgements: Authors are grateful to The Ministry of Innovative Development of Uzbekistan for the financial
support with the Project F-FA-2021-359 “Investigation of the molecular mechanisms of action of new biologically active

1001

http://dx.doi.org/10.29228/jrp.393
J Res Pharm 2023; 27(3): 995-1003




Mirakhmetova et al. Journal of Research in Pharmac
Effects of toad venom on blood chemical parameters Research Article

substances from reptiles, arachnids and amphibians of Uzbekistan for the treatment of socially significant diseases”.
The work was also financed by Central Asian Drug Discovery and Development Center of Chinese Academy of Sciences
via the Project No CAM 201906 «Investigation of protein and peptide compounds from the venoms of: (a) Central Asian
black spider Latrodectus tredecimguttatus; (b) Central Asian toad Bufo viridis; and (c) Xinjiang toad Bufo gargarizans»

Author contributions: Concept - Sh.Ya.M., M.S.T.,, Sh.LS,; Design - Sh.Ya.M., N.V., Z.Zh.M.; Supervision - Sh.Ya.M.;
Resources - Sh.Ya.M., N.V.; Materials - Sh.Ya.M., Z.Zh.M.; Data Collection and/or Processing - A.M.A. N.V_; Analysis
and/or Interpretation - N.V., ZZh.M., A.Sh.Ya,; Literature Search ~A.M.A., A.Sh.Ya,; Writing - AM.A., N.V,; Critical
Reviews - A.Y.,, H.A.A.

Conflict of interest statement: The authors declared no conflict of interest in the manuscript.

REFERENCES
[1] Filho ES, Pio YPF, Chaves MH, Ferreira PMP, Fonseca MG, Pessoa C, Lima DJB, Aratjo BQ, Vieira GM Jr. Chemical

constituents and cytotoxic activity of Rhinella jimi (Anura: Bufonidae). ] Braz Chem Soc. 2021; 32(5): 1060-1069.
http:/ /doi.org/10.21577 /0103-5053.20210009.4

[2] Fujii E, Isnada Y, Kakoki M, Nishimura N, Endo S, Fujiwara S, Wada N, Kawano Y, Okuno Y, Sugimoto T, Hata H.
Bufalin induces DNA damage response under hypoxic condition in myeloma cells. Oncol Lett. 2018; 15(5): 6443-6449.
http:/ /doi.org/10.3892/01.2018.8091

[3] Hashimoto S, Jing Y, Kawazoe N, Masuda Y, Nakajo S, Yoshida T, Kuroiwa Y, Nakaya K. Bufalin reduces the level
of topoisomerase Il in human leukemia cells and affects the cytotoxicity of anticancer drugs. Leuk Res. 1997; 21(9):
875-83. https:/ /doi.org/10.1016 /S0145-2126(97)00061-1.

[4] LingHu HR, Luo H, Gang L. Bufalin induces glioma cell death by apoptosis or necroptosis. OncoTargets Ther. 2020;
13: 4767-4778. https:/ /doi.org/10.2147 / OTT.5242567.

[5] Yuan ], Zhou X, Cao W, Bi L, Zhang Y, Yang Q, Wang S. Improved antitumor efficacy and pharmacokinetics of
bufalin via PEGylated liposomes. Nanoscale Res Lett. 2017; 12: 585. https:/ /doi.org/10.1186/s11671-017-2346-8.

[6] YueQ, ZhenH, Huang M, Zheng X, Feng L, Jiang B, Yang M, Wu W, Liu X, Guo D. Proteasome inhibition contributed
to the cytotoxicity of Arenobufagin after its binding with Na, K-ATPase in human cervical carcinoma HeLa cells.
PLoS ONE. 2016; 7: €0159034. http://doi.org/10.1371/journal.pone.0159034.

[71 Zhang Y, Yuan B, Bian B, Zhao H, Kiyomi A, Hayashi H, Iwatani Y, Sugiura M, Takagi N. Cytotoxic effects of
Hellebrigenin and Arenobufagin against human breast cancer cells. Front Oncol. 2021; 11: 711220.
https://doi.org/10.3389/fonc.2021.711220.

[8] Han L, Yuan B, Shimada R, Hayashi H, Si N, Zhao HY, Bian B, Takagi N. Cytocidal effects of arenobufagin and
hellebrigenin, two active bufadienolide compounds, against human glioblastoma cell line U-87. Int ] Oncol. 2018;
53(6): 2488-2502. https:/ /doi.org/10.3892/ijo.2018.4567.

[9 ZhangDM, Liu]JS, Deng L], Chen MF, Yiu A, Cao HH, Tian HY, Fung KP, Kurihara H, Pan JX, Ye WC, Arenobufagin,
anatural bufadienolide from toad venom, induces apoptosis and autophagy in human hepatocellular carcinoma cells
through  inhibition = of  PI3K/Akt/mTOR  pathway. Carcinogenesis.  2013;  34(6):  1331-1342.
https://doi.org/10.1093/ carcin/bgt060.

[10] Yuan B, Xu K, Shimada R, Li J, Hayashi H, Okazaki M, Takagi N. Cytotoxic Effects of Arsenite in combination with
Gamabufotalin  against human  glioblastoma cell lines. Front Oncol. 2021; 11: 628914
https:/ /doi.org/10.3389/fonc.2021.628914.

[11] Yuan B, Shimada R, Xu K, Han L, Si N, Zhao H, Bian B, Hayashi H, Okazaki M, Takagi N. Multiple cytotoxic effects
of gamabufotalin against human glioblastoma cell line U-87. Chem Biol Interact. 2019; 314: 108849.
https://doi.org/10.1016/j.cbi.2019.108849.

[12] Yuan B, He ], Kisoh K, Hayashi H, Tanaka S, Si N, Zhao HY, Hirano T, Bian B, Takagi N. Effects of active
bufadienolide compounds on human cancer cells and CD4+CD25+Foxp3+ regulatory T cells in mitogen-activated
human peripheral blood mononuclear cells. Oncol Rep. 2016; 36: 1377-1384. http:/ /doi.org/10.3892/0r.2016.4946.

[13] YuZ, Guo W, Ma X, Zhang B, Dong P, Huang L, Wang X, Wang C, Huo X, Yu W, Yi C, Xiao Y, Yang W, Qin Y, Yuan
Y, Meng S, Liu Q, Deng W. Gamabufotalin, a bufadienolide compound from toad venom, suppresses COX-2
expression through targeting IKKB/NF-xB signaling pathway in lung cancer cells. Mol Cancer. 2014; 13: 203.
https:/ /doi.org/10.1186/1476-4598-13-203.

[14] Tang N, Shi L, Yu Z, Dong P, Wang C, Huo X, Zhang B, Huang S, Deng S, Liu K, Ma T, Wang X, Wu L, Ma XC.
Gamabufotalin, a major derivative of bufadienolide, inhibits VEGF-induced angiogenesis by suppressing VEGFR-2
signaling pathway. Oncotarget. 2016; 7(3): 3533-3547. https:/ /doi.org/10.18632/ oncotarget.6514.

[15] Filho EDSM, Chaves MH, Ferreira PMP, Pessoa C, Lima DJB, Maranhdo SSA, de Jesus Rodrigues D, Vieira Janior
GM. Cytotoxicity potential of chemical constituents isolated and derivatised from Rhinella marina venom. Toxicon.
2021; 194: 37-43. https:/ /doi.org/10.1016/j.toxicon.2021.02.006.

[16] Machado KDC, Sousa LQ, Lima DJB, Soares BM, Cavalcanti BC, Maranhdo SS, Noronha JDC, Rodrigues DJ, Militao
GCG, Chaves MH, Vieira-Janior GM, Pessoa C, Moraes MO, Sousa JMCE, Melo-Cavalcante AAC, Ferreira PMP.
Marinobufagin, a molecule from poisonous frogs, causes biochemical, morphological and cell cycle changes in
human neoplasms and vegetal cells. Toxicol Lett. 2018; 285: 121-131. https://doi.org/10.1016/j.toxlet.2017.12.018.

1002
http://dx.doi.org/10.29228/jrp.393

J Res Pharm 2023; 27(3): 995-1003




Mirakhmetova et al. Journal of Research in Pharmac
Effects of toad venom on blood chemical parameters Research Article

(17]

(18]

(19]

(20]

(21]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

Banfi FF, Guedes K, Andrighetti CR, Aguiar AC, Debiasi BW, Noronha ], Rodrigues D, Janior GM, Sanchez BA.
Antiplasmodial and cytotoxic activities of toad venoms from Southern Amazon, Brazil. Korean J Parasitol. 2016; 54(4):
415-421. https:/ /doi.org/10.3347 /kjp.2016.54.4.415.

Amaral LS, Martins Ferreira J, Predes D, Abreu, JG, Noél, F, Quintas LEM. Telocinobufagin and Marinobufagin
produce different effects in LLC-PK1 Cells: A case of functional selectivity of Bufadienolides. Int ] Mol Sci. 2018; 19(9):
2769. https:/ /doi.org/10.3390/ijms19092769.

Soliev AB, Mirzaakhmedov ShYa, Tashmukhamedov MS, Kamaev FG, Salikhov Shl, Zakirova NI, Abramov AYu,
Usanova IV, Syrov VN, Khushbaktova ZA. Chemical composition and biological activity of total bufadienolides from
the Central Asian Bufo viridis toad venom. Pharm Chem J. 2007; 41: 600-604. https://doi.org/10.1007/s11094-008-
0024-y.

Agzamkhujaeva KhT, Mirzaakhmedov ShYa, Yakubova RA, Tashmukhamedov MS. Study of embryotoxic, teratogen
actions of the drug “Bakagin” from the parotid secretes central asian green toad Bufo Viridis Laur and its effect to
the reproductive function of rats. Eur ] Biomed Life Sci. 2019;3:23-29.

Usanova 1V, Khushbaktova ZA, Syrov VN, Azizov DE, Mirzaakhmedov Shla, Soliev AB, Tashmukhamedov MS,
Salikhov Shl. Kardiotropnaia aktivnost' summy bufadienolidov iz iada sredneaziatskoi zhaby Bufo viridis
[Cardiotropic activity of total bufadienolides from the poison of Central Asian toad Bufo viridis]. Eksp Klin Farmakol.
2002; 65(4): 23-27.

Ladefoged LK, Schigtt B, Fedosova NU. Beneficent and maleficent effects of cations on Bufadienolide binding to
Na*,K*-ATPase. ] Chem Inf Model. 2021; 61(2): 976-986. https:/ /doi.org/10.1021/acs jcim.0c01396.

Silva E, Soares-da-Silva P. New Insights into the Regulation of Na*K*-ATPase by Ouabain, In Ed: Jeon KW,
International Review of Cell and Molecular Biology. Academic Press, 2012; 294: 99-132.
https://doi.org/10.1093/ carcin/bgt060.

Liu Z, Que S, Xu J, Peng T. Alanine aminotransferase-old biomarker and new concept: a review. Int ] Med Sci. 2014;
11(9): 925-935. https:/ /doi.org/10.7150/ijms.8951.

Toney MD. Reaction specificity in pyridoxal phosphate enzymes. Arch Biochem Biophys. 2005; 433(1): 279-287.
https:/ /doi.org/10.1016/j.abb.2004.09.037.

Kim W, Flamm SL, Di Bisceglie AM, Bodenheimer HC. Serum activity of alanine aminotransferase (ALT) as an
indicator of health and disease. Hepatology. 2008; 47(4): 1363-1370. https://doi.org/10.1002/hep.22109.
Washington IM, Hoosier GV. Clinical Biochemistry and Hematology. In: Suckow MA, Stevens KA, Wilson RP. (First
Eds). The Laboratory Rabbit, Guinea Pig, Hamster, and Other Rodents (A volume in American College of Laboratory
Animal Medicine). Academic Press, Elsevier Inc., 2012, pp.57-116 https://doi.org/10.1016/B978-0-12-380920-
9.00003-1.

Evans GO, Animal Clinical Chemistry: A Practical Handbook for Toxicologists and Biomedical Researchers, second
ed., CRC Press, USA 2009. https:/ /doi.org/10.1201 /9781420080124

Sookoian S, Pirola CJ. Alanine and aspartate aminotransferase and glutamine-cycling pathway: their roles in
pathogenesis ~ of  metabolic =~ syndrome. @ World ]  Gastroenterol.  2012;  18(29):  3775-3781.
https:/ /doi.org/10.3748 / wig.v18.i29.3775.

Csonka C, Kupai K, Bencsik P, Gorbe A, Paloczi ], Zvara A, Puskés LG, Csont T, Ferdinandy P. Cholesterol-enriched
diet inhibits cardioprotection by ATP-sensitive K* channel activators cromakalim and diazoxide. Am ] Physiol Heart
Circ Physiol. 2014; 306: H405-413. https:/ /doi.org/10.1152/ajpheart.00257.2013.

Campia I, Sala V, Kopecka J, Leo C, Mitro N, Costamagna C, Caruso D, Pescarmona G, Crepaldi T, Ghigo D, Bosia
A, Riganti C. Digoxin and ouabain induce the efflux of cholesterol via liver X receptor signalling and the synthesis of
ATP in cardiomyocytes. Biochem J. 2012; 447(2): 301-311. https://doi.org/10.1042/B]20120200.

Seki M, Nakayama M, Sakoh T, Yoshitomi R, Fukui A, Katafuchi E, Tsuda S, Nakano T, Tsuruya K, Kitazono T. Blood
urea nitrogen is independently associated with renal outcomes in Japanese patients with stage 3-5 chronic kidney
disease: a prospective observational study. BMC Nephrol. 2019; 20(1): 115. https://doi.org/10.1186/512882-019-
1306-1.

Lan Q, Zheng L, Zhou X, Wu H, Buys N, Liu Z, Sun ], Fan H. The value of blood urea nitrogen in the prediction of
risks of cardiovascular disease in an older population. Front Cardiovasc Med. 2021, 8: 614117.
https://doi.org/10.3389/fcvm.2021.614117.

Robinson WF, Robinson NA. Cardiovascular System. In: Maxie GM. (Sixth Eds). Jubb, Kennedy & Palmer's Pathology
of Domestic Animals. Saunders LTD, USA, 2016, pp.1-101.el. https:/ /doi.org/10.1016/B978-0-7020-5319-1.00012-8.

This is an open access article which is publicly available on our journal’s website under Institutional Repository at http://dspace.marmara.edu.tr.

1003
http://dx.doi.org/10.29228/jrp.393

J Res Pharm 2023; 27(3): 995-1003




