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Introduction

Cancer is one of the leading causes of morbidity 
and mortality worldwide. According to the World 
Health Organization, the number of deaths from 
cancer in 2020 reached 10 million, and the number 
of new cases – 14 million. Annually increases the 
number of lung, liver, stomach, breast, and colon 
cancer cases [1].

At present, despite of wide range of antican-
cer treatment methods (surgical intervention, che-
motherapy, radiotherapy, immunotherapy, hor-
mone-based therapy, etc.), treatment still remains 
unsolved due to accompanying side effects (neuro-, 
hepato-, and cardiotoxicity, superinfections, etc.) 
[2-7].

For these reasons, scientists are actively in-
volved in the development of anticancer drugs and 
methods that will be much more effective, safer, and 
less expensive. In this regard, the natural sources 
such as enzymes, their inhibitors, and biologically 
active compounds obtained from different microor-
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A B S T R A C T

The article presents the influence of biologically active substances NL-51, T1 and K1 (supernatants, isolated from microscopic fungi 
collected from different regions of Georgia) on Ehrlich’s carcinoma growth in mice. Investigations have shown that T1 and K1 samples 
reveal inhibitory activity on proteolytic enzymes that supposedly explains their anticancer effects (increased lifespan of treated carci-
noma-bearing mice compared to control mice).  The opposite effect was observed in case of NL-51 treated mice. NL-51 did not show 
inhibitory properties on proteolytic enzymes and the life span of treated animals was not prolonged compared to the control group 
animals. 
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ganisms, supposedly having antitumor (tumor cell 
growth inhibition and/or destruction) activity, could 
be used against malignant growth [8-13].

Studies have shown that proteases – the repre-
sentatives of the class of hydrolases, play an import-
ant role in vitally important biological processes. In 
particular, they can regulate cell proliferation and 
apoptosis, participate in the synthesis of new bioac-
tive substances, regulation of intercellular signaling 
pathways, etc. [14-16]. However, in addition to a 
positive feature, the variability of their activity may 
dramatically affect the living organism [17].   

According to recent studies, in some types of 
tumors at an early stage of development, the level 
of proteolytic enzymes involved in the processes of 
cancer development (proliferation, angiogenesis, 
metastasis) is sharply increased [18]. Therefore, 
their inhibitors could be considered as one of the 
most powerful anticancer treatment strategies [19].

Most of the studied and known inhibitors are 
proteins, peptides, polysaccharides, polyphenols, 
glycerolipids, triterpenes, and low molecular weight 
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ter of 3 mm were cut and 20 μl samples were added 
(proteolytic enzyme was mixed to the test solutions 
in a ratio of 1:2. PBS and enzyme were taken in the 
same ratio as the control solution). Samples were 
incubated at 37°C for 18 hours. Inhibition can be vi-
sualized by the decrease in the diameter of the clear 
zone compared to the positive control generated di-
ameter.

The Ehrlich ascites carcinoma (EAC) cells were 
provided by the Kavetsky Institute of Experimen-
tal Pathology, Oncology, and Radiobiology of the 
National Academy of Sciences of Ukraine, De-
partment of Experimental Cell Systems, The Cell 
Line Bank (BCL) from Human and Animal Tissues  
(https://iepor.org.ua/www.onconet.kiev.ua).

The antitumor properties of biologically active 
compounds of lysates were tested on albino male 
mice with the weight range 20-25 g,  purchased from 
the vivarium of the Alexander Natishvili Institute of 
Morphology (Tbilisi, Georgia. https://www.tsu.ge/
en).   After being placed in a laboratory (8 per cage) 
the animals were given a 7-day interval for acclima-
tization before the experiment. During this period, 
the animals were kept under constant environmen-
tal conditions with a light-dark cycle of 12/12 at a 
temperature of 23 ± 2 °C. They were fed a standard 
laboratory chow and given free access to water.  

For in vivo modeling of the malignant tumor un-
der brief ether anesthesia, each mouse was inocu-
lated subcutaneously with a fixed number of viable 
cancer cells (2×106 cells/20 g body weight). Cells 
were counted by the hemocytometer. The viability 
of the EAC cells was 98% (by trypan blue exclusion 
assay)  [31, 32].  

For investigation of the effect of intracellular 
lysates on Ehrlich carcinoma growth the control 
group mice were injected with 100 μl of physio-
logical solution, and the experimental groups were 
injected with 100 μl of the test solutions - T1, K1, 
NL-51 (protein concentration 2 mg/ml).  The obser-
vation was carried out for 82 days.

SPSS (version 10.0)  was used for analyzing 
data. Differences between tumor control and treat-
ed animals were determined by using the Indepen-
dent-Samples T-test. The criterion for significance 
was set to p<0.05.

Results and discussion

The protein concentration in the research sam-
ples was calculated from the linear area of the cal-
ibration curve (Table.1).  As part of the study, we 
wanted to determine the total protein amount of in-es). After the gel was solidified, rings with a diame-

was polymerized in 1% agarose gel (in Petri dish- 
skim milk powder was taken as a substrate, which 
of  culture  fluids  on  proteolytic  enzymes  [30].  1% 
tions was used to determine the inhibitory properties 

  The  gel  diffusion  method  with  slight  modifica- 
0.25, 0.5, 1, 2 mg/ml).
tions of bovine serum albumin (0.03, 0.062, 0.125, 
a calibration curve constructed with standard solu- 
blank. The protein concentration was determined on 
using a spectrometer at 578 nm against the reagent 
utes. After incubation, the samples were measured 
for incubation in a thermostat at 250C for 10 min- 
ml of Bradford’s reagent, the samples were placed 
[29]. 100 μl of analytical solutions were added to 1 
lysate  was  determined  using  the  Bradford  method 

  The  amount  of  total  protein  in  the  intracellular 
“Biomed”,  Technical  University  of  Georgia.
chased  from  the  scientific  and  Educational  Center 
obtained through solid-phase fermentation was pur- 
was  used.  Microscopic  fungi’s  intracellular  lysate, 
cial  protease  Chymoral,  produced  by  Gelenikaa.d 
were  of  analytical  grade. As  a  source  of  commer- 
was purchased from LTD Biologica. All chemicals 
Alfa  Chemical  (India).  Skimmed  milk  powder 
KH2PO4,  NaCl,  and  KCl  were  purchased  from 

  Agarose,  salts  for  buffer  solution  Na2HPO4, 

Materials and Methods

growth in lab mice.
tigate their antitumor effects on Ehrlich carcinoma 
fungi  through  solid-phase  fermentation  and  inves- 
stances  (biomass/lysate) isolated from microscopic 
of proteases in intracellular biologically active sub- 
tential. Aim: determine the presence of inhibitors 
croscopic fungi could have anticancer treatment po- 

  Based on the above discussed, we think that, mi- 
mycetes  [25–28].
have also been found in actinomycetes and strepto- 
weight  inhibitors  of  serine  and  cysteine  proteases 
hibitors  have  been  found  in  yeast.  Low  molecular 
are  found  in  basidiomycetes. Aspartic  protease  in- 
iomycetes  [23,  24].  Cysteine  peptidase  inhibitors 
various  representatives  of  ascomycetes  and  basid- 

  Serine  peptidase  inhibitors  have  been  found  in 
derway to determine their antitumor potential [22].
proteases have been discovered and studies are un- 
ly, inhibitors of serine, cysteine, and several aspartic 
from microscopic fungi has increased [21]. Recent- 
the role of inhibitors of proteolytic enzymes isolated 
non-protein compounds [20].  At present interest in 
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tracellular lysates, to standardize injection solutions 
by protein. This was necessary to administer the 
same amount of protein to the test mice.

Research samples Protein concentration 
mg/ml

T1 5± 0.1
K1 7.9± 0.14

NL-51 5.8± 0.11

Detection of protease inhibitors and 
observation of their influence on mice

Since some proteases may have tumor-promot-
ing effects, one of the ways of suppressing malig-
nant growth is the use of substances containing pro-
teases inhibitors. In the study’s framework, the test 
samples’ inhibitory activity was determined by the 
gel-diffusion method. The presence of clear rings on 
agar is an indicator of proteolytic activity and the 
absence of rings indicates the presence of an inhib-
itor. 

After 18 hours of incubation of the samples, the 
diameter of the control ring was compared with the 
rings of the test solutions (Diameter of the trans-
parent circle (cm): Control - 1.3±0.05, T1 - 1±0.03, 
K1 - 0.6±0.01, NL-51 - 1.3±0.05). The presence of 
the inhibitor of proteolytic enzymes was clearly ob-
served on the K1 sample, and weakly on the T1, as 

for the samples - NL-51 the presence of the inhibi-
tor was not observed (Fig. 1). 

 

 

 

 

 

 

Fig. 1 Determination of inhibitors of proteolytic enzymes in research samples by gel diffusion 
method.  
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After the injection of the test solutions in an in vivo model of Ehrlich's carcinoma, 

different results were obtained. As a result of exposure to K1 and T1 solutions, the viability of 

mice increased compared to the control group. The opposite effect was observed in the NL-51 

sample  (Fig. 2). 

 

        Fig. 2    Lifespan of mice with Ehrlich carcinoma after exposure to K1, T1, and NL 51. 
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Fig. 1 Determination of inhibitors of proteolytic 
enzymes in research samples by gel diffusion method.

Lifespan of  Ehrlich’s carcinoma bearing un-
treated and treated with K1,  T1 and  NL 51 mice.

After the injection of the test solutions in an in 
vivo model of Ehrlich’s carcinoma, different results 
were obtained. As a result of exposure to K1 and T1 
solutions, the viability of mice increased compared 
to the control group. The opposite effect was ob-
served in the NL-51 sample  (Fig. 2).

In T1 treated mice the lifespan was prolonged 
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Fig. 2    Lifespan of mice with Ehrlich carcinoma after exposure to K1, T1, and NL 51.

by 11% (p<0.01), in K1 treated mice – by 28%, and 
in NL-51 treated mice, the lifespan was less by 9% 

compared to the control respectively (Fig. 3,4).

Conclusion
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Could be concluded that proteases inhibitors 

effects. The study conducted provides preliminary 
evidence to support this claim. However, it is im-
portant to note that further research is needed to 
confirm the exact mechanism of action of the pro-
tease inhibitors and their potential as a therapeu-
tic agent for cancer treatment. Therefore, it can be 
concluded that while the current study is promis-
ing, further investigation is necessary to fully un-
derstand the potential of protease inhibitors in the 
fight against cancer.

[1] Ferlay, J., M. Ervik, F. Lam, M. Colombet, L. 
Mery, M. Piñeros, A. Znaor, I. Soerjomataram, 
and F. Bray. “Global Cancer Observatory: Can-
cer Today. Lyon: International Agency for Re-

Annals of Agrarian Science 20 (2022) 166-171T. Khobelia

In T1 treated mice the lifespan was prolonged by 11% (p<0.01), in K1 treated mice – by 

28%, and in NL-51 treated mice, the lifespan was less by 9% compared to the control 

respectively (Fig. 3,4). 

 

 

Fig. 3    Lifespan and Percent of Survived mice with Ehrlich carcinoma (control) and after 
exposure to  K1,  T1, and  NL 51. 
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Fig. 3    Lifespan and Percent of Survived mice with Ehrlich carcinoma (control) and after exposure 
to  K1,  T1, and  NL 51.

Fig. 4 (A) mouse with Ehrlich’s carcinoma after treatment with K1 (B) control mouse (untreated, cancer 
bearing) 58th day of Ehrlich carcinoma growth.
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