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A preliminary evaluation of ATPase was performed in an experimental model
of breast cancer. Total and mitochondrial ATPase activities were studied in the
breast and liver of rats with DMBA-induced breast cancer. It has been shown that
during the development of breast cancer in these tissues there is a significant
increase in ATPase activity. At the same time, an increase in ATPase activity is
seen in the liver of rats. In the case of treatment cancer rats with Hypericum
alpestre, there are almost no changes in ATPase activity in rats’ liver homogenate
and mitochondria compared to untreated cancer animals. In the case of combined
treatment with chemical inhibitors and H. alpestre, ATPase activity is significantly
reduced with the use of L-NAME, the values obtained are lower even compared to
healthy animals. However, with the use of nor-NOHA, a further increase in ATPase
activity is observed. The obtained results will allow evaluation of the effectiveness
of the therapeutic model by changing the energy balance, and selecting furthermore
effective doses, to clarify the mechanisms of influence of these combination
models.
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Introduction. In multicellular organisms, metabolic pathways are intercon-
nected and subject to a single regulation. So any pathogenic condition, especially
cancer development, leads to a chain change in the entire metabolic network (link).
From this point of view, it is very important to have a comprehensive knowledge
of the changes in metabolic processes during the development and treatment
of any disease.

Cancer treatment is an ongoing struggle around the world, and research into
its treatment and prevention is constantly evolving. From this point of view, any
research aimed at clarifying the development of cancer and possible treatment
mechanisms is very relevant.

Cancer cell metabolism alters and leads to glucose uptake and enhanced aero-
bic glycolysis. Such changes lead to increased production of ATP and lactic acid n
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the cytosol, even in the presence of oxygen and fully functioning mitochondria
(link). Similar changes also occur in proliferating or developing cells [1].

One main reason for cancer development is that the immune system loses its
ability to effectively eradicate aberrant cells. Tumor cells must generate sufficient
ATP and biosynthetic precursors to maintain cell proliferation requirements.
0. Warburg showed that tumor cells uptake high amounts of glucose producing large
volumes of lactate even in the presence of oxygen, this process is known as “The
Warburg effect or aerobic glycolysis”. As a consequence of such amounts of lactate,
there is acidification of the extracellular pH in the tumor microenvironment, ranging
between 6.0 and 6.5 [2]. High levels of lactate harm the tumor-infiltrating immune
cells. Clinical evidence indicates that lactate restricts immune cell infiltration in renal
cell carcinoma (RCC) and damages the metabolism and cytolytic functions of T cells
in the TME [3]. Thus, lactate and ATP should be thought of as important
oncometabolite in the metabolic reprogramming of cancer.

Enhanced glycolysis compensates for insufficient production of mitochondrial
ATP [4]. It can lead to the production of a sufficient amount of ATP and maintain
the bioenergetic homeostasis of a rapidly growing cancer cell. Thus, the ATP reserve
in the cancer cell replenishes. ATP can be hydrolyzed at a higher intensity, increasing
ATPase activity. As a result, the energy released will meet the energy requirements
of fast-growing cells.

Although there is no evidence for the role of ATP in vivo hydrolysis in the
development of cancer for an osteosarcoma cell model, in which anoxia-like condi-
tions were created, clones in which IF1 is dormant have been shown to hydrolyze
ATP. Measurements of glucose consumption and lactic acid production in these
cells, as well as in liver carcinoma cells, have shown that high levels of glycolytic
metabolism are seen in both cases under hypoxia. ANT2 (the second isoform of
adenine nucleotide translocase) is thought to facilitate the uptake of glycolytic ATP
by mitochondria and its subsequent hydrolysis by the F1 component of ATP
synthase. This suggests that ATP hydrolysis plays an important role in tumor cell
proliferation, or that other studies suggest that ATP synthesis plays a crucial role in
tumor growth. The literature data suggest that in the case of breast cancer, there is
an increase in ATPase activity both in the cytoplasm and in intracellular structures,
such as vacuoles and mitochondria. Thus, in the case of breast cancer, an increase in
the activity of NKP (the ion transporter sodium/potassium (Na*/K*)-ATPase pump)
was registered [5]. In breast cancer cells, the significantly increased ATPase activity
was registered [6]. It has been shown that the V-ATPase is located at the cell surface
in highly metastatic breast cancer cells and its activity at the plasma membrane is
significantly greater in highly metastatic cells [7]. Thus, it has been shown that in
breast cancer cells the activity of different ATPases is significantly increased. So, it
is very relevant to clarify the issue of energy exchange in cancer cells and study the
patterns of ATP synthesis and hydrolysis n case of breast cancer and after treatment
cancer rats with Hypericum alpestre.

Breast cancer is widespread and has a high mortality rate in women in
developed countries [8]. Because modern medicine does not have an effective
treatment for breast cancer, it is necessary to find synthetic and natural potent factors
or their combinations that will effectively fight malignant neoplasms, and any
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research in this area is of great interest. The flora of Armenia is very diverse, but it
has not been sufficiently studied in terms of the discovery of new biologically active
extracts and compounds that may have promising anti-cancer therapeutic value. The
combined effect of plant extracts and synthetic analogs of amino acids targeting
arginase and the NOS family may be of great interest. The obtained data may reveal
the combined anti-tumor therapeutic potential of Armenian herbal extracts, and their
anti-tumor therapeutic potential joint with some synthetic amino acids in a model of
breast cancer.

Our study aimed to investigate the total and mitochondrial ATPase activity in
healthy and DMBA-induced breast cancer rat breast and liver during the develop-
ment of the disease, as well as during the combined treatment with herb H. alpestre
and chemical inhibitors. Nor-NOHA (Nw-hydroxy-nor-L-arginine, arginase inhibitor,
tumor growth dose-dependent inhibitor [9]) and L-NAME (NG-nitro-L-arginine methyl
ester, nitric oxide Ca?* dependent non-selective inhibitor [10]) were used as chemical
inhibitors.

Materials and Methods.

Animals and Tumor Induction. The object of the study was 8-week-old
female 90-120 g wistar rats. By using the protocol, laboratory rats were randomized
into 5 different groups (eight rats in each group) (Tab. 1).

Table 1

Experimental design and treatment
(the effect of inhibitors on healthy rats is presented in our previous work)

Treatment by
Treatment by nor-NOHA
Experimental N“”."ber of 2.5 mg/mL H. alpestre | (3 mg/kg/day) and
Groups desi rats in each oil per rat, .
esign roup 7 12-DMBA 2.4 mg/kg/day in L-NAME
g ' 0.25 mL saline | (30 mg/kg/day)
in 0.25 mL saline
1 Control 8 - - -
’ DMBA 10 on the 60" day, - -
(Breast cancer) a single dose
3 |Normal control + Saline 8 - - -
administered for
8 weeks
th
4 DMBA + H. alpestre 8 on the 60" day, | (after tumorg -
asingle dose | development in
the 8t week,
every 4" day)
DMBA + nor-NOHA + h administered for 8 weeks
on the 60'" day, ) "
5 + H. alpestre 8 - (after tumors development in the 8
a single dose th
week, every 4™ day)
DMBA + L-NAME+ h administered for 8 weeks
on the 60" day, ; th
6 + H. alpestre 8 - (after tumors development in the 8
a single dose th
week, every 4™ day)
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Mammary gland tumors were induced by a single dose of 25 mg of DMBA
diluted in soy oil (1 mL) given injected subcutaneously, 2" and 3" pair of breasts.
All rats in cancer groups received the chemical carcinogen at the age of 60—65 days.
Each group was housed in a cage (3500 cm?) and a well-ventilated room at 25°C.
Animals have been left for one week for acclimatization. Rats were kept at constant
environmental and nutritional conditions with room humidity (50-55%) at 12 h
light/12 h dark cycle and were fed a standard pellet diet and with water ad libitum
(Faculty of Biology, YSU). All surgical and experimental procedures were approved
by the National Center of Bioethics (Armenia) and were by procedures outlined in
the “guide for care and use of laboratory animals” (80-23). The possible effective
anticancer concentration and treatment model (duration and frequency) of plant
extract was chosen based on literature data. Experiments were concluded 200 days
after DMBA administration. At the end of the 200 days (at the 28" week, after 7, 12
DMBA administration), rats in all groups were killed under anesthesia.

Tumour Inhibition Study. The experimental design and treatment scheme has
shown in Tab. 1. The concentrations of plant extract were chosen based on literature
data. The experimental rats were regularly monitored for food and water consump-
tion, the apparent signs of toxicity, weight loss, or mortality and the number and size
of the tumor. All the animals were sacrificed after 190 days (28 weeks after admi-
nistration by DMBA). The organs were separated and stored in a freezer (—84°C).

Treatment of Cancer Rats. Treatment of breast cancer rats with H. alpestre,
as well as with chemical inhibitors (nor-NOHA and L-NAME) was performed by
injecting herbal extracts 2.4 mg/kg/day into experimental animals intra-abdominally,
after 5 weeks of DMBA injection, when the first tumor has hatched. The injection
was given over the next 8 weeks, every 4 days (12 injections) according to The
Laboratory Rat [11].

The Extraction of H. alpestre. The dry matter of H. alpestre was extracted by
crushing using methanol (98%) in a solvent volume/plant mass ratio of 10 : 1. The
working solution of the plant extract was prepared by dissolving the dry extract in
pure dimethyl sulfoxide (DMSO) [12].

Homogenate Obtaining from Rat Liver and Breast Tumour. Homogenates
of breast tumors and livers of rats were obtained by homogenizer HG-15A
(“DAIHAN Scientific Co. Ltd.”, Korea) in 0.05 M Tris-HCI buffer (pH 8.5).

Determining the Protein Amount. The amount of protein was determined by
the Lowry method [13].

Isolation of Mitochondrial Fraction. The mitochondrial fraction from tissue
homogenate was isolated by differential centrifugation [14] at 0.25 M sucrose at 0°C.
The resulting precipitate is the mitochondrial fraction. It was homogenized with a
glass homogenizer in a 0.05 mol Tris-HCI (pH 8.5) buffer to break down the
mitochondrial membranes.

Determination of Atpase Activity. The ATPase activity was determined by
the amount of inorganic phosphorus released [15]. The specific ATPase activity was
determined according to the amount of protein.

Data Processing and Reagents. Each experiment was repeated at least three
times. Statistical data processing was performed by Statistica 10.0 (StatSoft)
software. Standard errors were shown in Tab. Standard errors were calculated using
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the corresponding function of Microsoft Excel 2013. Changes were evaluated by
calculation of Student’s validity criteria (p); differences between experimental data
of different series (healthy and cancer rats) were valid if p<0.05.

The reagents of analytical grade were used in the study.

Results and Discussion. In the first phase of the study, we determined the
ATPase activity in the breast of cancer rats. The results were compared with data for
breast cancer rats treated with H. alpestre. Under influence of herbs, in the body of
cancer rats, regenerative processes take place during the treatment, and their
histological features are closer to those of healthy animals.

The results on ATPase activity related to breast homogenate and its
mitochondria are presented in Tab. 2. The data show that the total ATPase activity
in the breast homogenate of cancer rats is more than 3 times higher than in treated
animals (p<0.05). In the case of DCCD-sensitive ATPase activity, the data obtained
for cancer rats is 1.5 times higher than the value obtained for treated rats (p<0.05).
Such a pattern is observed also in the mitochondria of rats with breast cancer: cancer
rats treated with the H. alpestre show a decrease in total mitochondrial and DCCD-
sensitive ATPase activity compared with animals with breast cancer (p<0.05).

Table 2

The ATPase activity in the breast of rats with cancer and treated with H. alpestre
(mcg P/mg protein, n=3, p<0.05)

Homogenate Mitochondria
? Total ATPase DCCD-sensitive Total ATPase DCCD-sensitive
activity ATPase activity activity ATPase activity
Cancer rats 8.26 £0.70 1.48 £0.10 650 £ 50 150+ 15
Treated rats with | 56, () 59 0.94 +0.08 4375 +4.10 247+22
H. alpestre

Alteration of ATPase Activity in the Liver of Rats with Breast Cancer. Data
on ATPase activity in the liver homogenates and mitochondria of rats with breast
cancer are presented in Tab. 3. According to the obtained data, the ATPase activity
in the liver homogenate of rats with breast cancer is 20% higher than in the case of
healthy animals, and the DCCD-sensitive ATPase activity is approximately 5%
higher (p<0.05).

Mitochondrial ATPase activity in the liver of rats with breast cancer is 15%
higher than in healthy animals (p<0.05), and the DCCD-sensitive ATPase activity is
almost doubled.

In addition, DCCD-sensitive ATPase activity in liver homogenate of healthy
rats was 70% lower than total ATPase activity in healthy rats, and in the case of
breast cancer rats that difference is 74.14% (p<0.05).

In the liver homogenate and mitochondria of rats treated with H. alpestre, a
further increase in ATPase activity was observed compared to breast cancer rats.
In the liver homogenate of treated animals, ATPase activity increased by 2.5%
compared to cancer rats (p<0.05), and in the case of DCCD-sensitive ATPase
activity, the difference was 35% (p<0.05). In comparison with healthy animals, these
differences are more pronounced: the total ATPase activity in liver homogenate of
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cancer rats was higher by 21.6%, and the DCCD-sensitive ATPase activity — by

38.5% (p<0.05).

Table 3

The ATPase activity in the liver of rats with breast cancer (ug P/mg protein, n=3, p<0.05)

Homogenate Mitochondria
Total ATPase | DCCD-sensitive Total ATPase | DCCD-sensitive
activity ATPase activity activity ATPase activity
Healthy rats 3.51+0.21 1.07 £0.09 180.62 + 15.03 87.83 £6.22
Rats with 437 £0.32 1.13+0.11 212.54 + 20.04 173.41 £15.09
breast cancer
2 H. alpestre 4.48 £0.42 1.74+0.12 24251 +19.22 153.51 £12.52
= | H.alpestre +
=}
g L-NAME 2.57+0.17 0.65 +0.05 116.04 £10.14 68.02 +5.81
2 | H.alpestre +
= +L-NOHA 10.76 £ 0.82 2.28+0.12 384.63 +£35.21 88.76 £ 7.90

The total ATPase activity in the liver mitochondria of treated animals is
approximately 12% higher than that of cancer animals. This pattern is not observed
only for DCCD-sensitive ATPase activity of the mitochondria of treated animals;
a decrease in the ATPase activity of 11.5% is observed in comparison with cancer
rats. At the same time, the DCCD-sensitive ATPase activity of mitochondria of
treated animals is increased by 43% in comparison with healthy rats (p<0.05). Thus,
the values of ATPase activity in the liver homogenate and mitochondria of rats
treated with H. alpestre are close to those obtained for animals with breast cancer.

Interesting data have been obtained in the case of combination therapy with
the chemical inhibitors and H. alpestre. Recently, herbal products in anti-cancer
therapy have increased significantly and simultaneously with conventional
chemotherapeutic treatment. Natural products contain a multitude of constituents
that can act on a variety of targets in the body to induce pharmacodynamic responses.
Acting together these compounds may culminate in an additive or synergistic
therapeutic effect. Herbal extracts or isolated compounds, in combination with
chemotherapeutic drugs, could represent a novel and exciting anti-cancer therapeutic
approach.

In combination treatment of H. alpestre with L-NAME, there is a sharp
decrease in ATPase activity, and significantly lower ATPase activity is observed
even in comparison with healthy animals. In contrast, in the case of combination
therapy with H. alpestre + nor-NOHA, the ATPase activity in both the liver
homogenate and the mitochondria of the treated rats increases sharply, significantly
exceeding the values obtained for healthy animals as well as for breast cancer.

The development of cancer in the body is accompanied by the reconstruction
of the functioning of all organ systems, first of all, by their disruption. In addition,
the development of any type of cancer in the body can increase the risk of cancer in
other organ systems. Therefore, it is important to clarify the biochemical status of
other organ systems in the development of cancer. Anti-cancer chemotherapeutic
drugs are currently used to treat cancer, which has a non-selective cytostatic effect
and causes side effects in all tissue cells of the body. Among these tissues, liver cells
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are the most affected. The liver is the largest gland in the body’s digestive system
and plays a very important role in metabolism regulation. Liver cells neutralize
toxins that enter the liver through the bloodstream. In addition, the liver is considered
a secondary target organ for the spread of breast cancer. Therefore, it is very
important to assess the risk of developing various cancers of the liver during the
treatment of cancer, as well as the ability to prevent those injuries.

During the development of cancer in the affected tissue of rats, i.e. in the
breast, there is a significant change in the ATPase activity, due to changes in the
energy requirements of cells. Thus, the level of ATPase activity is significantly
higher in breast cancer cells than in the H. alpestre-treated rats. Moreover, this
tendency is observed both in cell homogenates and in mitochondria. Such an increase
in ATPase activity probably provides the cancer cells with the energy they need to
grow and vital activity.

At the same time, ATP hydrolysis is a potential source of phosphate in the
cell, which may be involved in regulating the activity of enzymes in various
metabolic pathways such as protein kinases. In this way, the activity of some
enzymes can be increased, other enzymes can be inhibited, thus the hydrolysis of
ATP can alter the work of different metabolic pathways. Therefore, an increase in
ATPase activity is a potential indicator of the development of cancer, which directly
affects the metabolism and cell signaling pathways.

The significant differences in ATPase activity are seen in other tissues of the
cancer animal, particularly in the liver, which is not yet affected. Changes in the liver
tissue of rats with breast cancer are not overcome by treatment with H. alpestre, so
ATPase activity is maintained at almost the same level as in cancer animals.
Concomitant use of H. alpestre with chemical inhibitors for therapeutic use
significantly reduces ATPase activity in the case of using L-NAME, which may be
considered a possible approach to prevent liver disease during the development of
breast cancer. As for H. alpestre, the data obtained suggest that H. alpestre alone in
the dose used is not appropriate to prevent liver disease during the development
of breast cancer. In contrast, in the case of combination therapy with H. alpestre +
nor-NOHA, the ATPase activity in both the liver homogenate and the mitochondria
of the treated rats increases sharply. In the case of both inhibitors, our preliminary
studies have shown that there is a reduction in the number and sizes of cancers
(results are not given). Thus, the data obtained from us show that the recovery
process in the case of the use of different inhibitors is carried out by completely
different mechanisms.

Conclusion. In conclusion we can say that a preliminary evaluation of ATPase
was performed in an experimental model of breast cancer. The obtained results will
allow evaluation of the effectiveness of the therapeutic model by changing the
energy balance, and selecting furthermore effective doses, to clarify the mechanisms
of influence of these combination models.
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ULoLUGENIQR Bd L3UNrYr LVAUGNRD BY,
UbSNLNVHPAFUUSHEL UGD-UQ2USHhL UuShdNF(E8UL
ONONNFE3NFLL UMrOLUGENQD LUIBUELNY. <P UL
unuvtsverh UNS

Yuunupyh) £ UEdb-wgh twpubwljub guwhwwnnid Ypdpwglinéh pungltinh
thnpawpupuluit Unnbnid: Cunhwbnip L thunpninphnidughtt §6db-wquyjht
wljnhynipinLul ntuntdbwuhpyty kAU LUy hwipniggwd Ypodpwgtinéh pung-
tinny hhguitin wntitimbtiph pdpwugtindnid b pupnnid: 8nyg L mipybg, np wyu
hmiujwoptitipnid Ypopwgtingh pungltinh qupqugdwb pipugpnid dljumynid
E UGdb-wquyhlt mmpynipjui qquih wé: Uhiingb dudwbwy, UbH-wmquyht
wlunhynipjub wé L ajuunynmyd wnbbtmbbph jupnnd: Lwngltinny hhjwbin
wnbtimbtiphtt  Hypericum  alpestre-ny  pnidtijhu  wnbtwnbtph  pupnh
hningtmunnd bt dhunpninphnittipnid §6dH-wquyhtt wiumpynipyjub dby
gnbpel thnthnpunipynibbtip s6b nhnynd” huitidwmwd punginuyht Yhbnwbh-
ttiph htinm: Lhdhwlut hthhphunpiitipny and H. alpestre-ny hudwijgywd pniddiwh
dudwbiu Usd-wquyhtt wmjuhynipyniin qqujhnpkt ijugnid . L-NAME-h
Yhpuniwd nhypnid, pn npnid unwgywd wipdbipbitinl wbkjh guop ko waqud
wnnn Yhinuihttiph hunttiduwn: nor-NOHA-jh Jhpuwndwih nhwypnid dljunynid
L QU GD-wquyhtt mympynipjui hbtmwqu wé: Unwugywd wipnynibpbtpp pnyy)
Juuwl qbhwhwwnt] phpuwbnhl dnnbh wpynibwgtmnipyniip”  thnputing
Lutipgbnhy hwpdtphep L pnpng wdtih wpynibwydbn swhwpudhobtp!
wupqupwithint wyn hwdwlgywd innkjbiph wgntignipyub dthuwmbhqibtipn:

C. B. MAPVYTIH, I'. A.TIETPOCSH, A. P. MYPAJISIH, JI. A. MAPVYTSIH,
C. A.MAPVTIH, H. B. ABTAHAWJISIH

W3MEHEHME OBILENH M MUTOXOH/IPUAJIbHOM AT®A3HOM
AKTUBHOCTU B MOJIOYHOH XKEJIE3E U IEYEHU KPbIC,
BOJIBHBIX PAKOM MOJIOYHOI JKEJIE3bI

IIpenBaputensuyro onenky ATda3pl mpoBOaWIN Ha SKCIEPUMEHTAIBHON
MOJENM paKa MOJIOUHOW emne3pl. M3yuanmum oOHIyl0 W MHUTOXOHIPHAIBHYIO
AT®a3Hyl0 aKTHBHOCTb B MOJIOYHOM Xkene3e W meueHH Kpeic ¢ JMBA-
MHyLIUPOBaHHBIM PAKOM MOJIOUHOH jkeje3bl. [loka3zaHo, YTO Mpu pa3BUTHU pakKa
MOJIOYHOM JKeje3bl B 3TUX TKAHAX IPOUCXOMUT 3HAYMTEIBHOE IIOBBIIICHUE
aktuBHOCTH AT®a3pl. B TO e Bpems B MeueHU KPhIC HAOIIOASTCS MOBBIIICHNE
aktuBHOCTH AT®a3pl. Ilpu yedeHnun Kpwic, OOTBHBIX PAaKOM MOJIOYHOM KENE3Hl,
JeKapcTBeHHBIM pacteHueM Hypericum alpestre usmenenus aktuBHocTH AT®da3b1
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B TOMOTCHATE ICYCHU M MHUTOXOHAPHUAX KPBIC IMPAKTHIECKH OTCYTCTBYIOT II0
CpaBHEHHUIO C HEJICYCHHBIMH OOJIBHBIMU JKUBOTHBIMH. lIpwm KOMOWMHUPOBaHHOM
JeUCHUH XHUMHUeCKMMK wuHrubuTopamu u H. alpestre axkrtusHocTs ATdazml
3HAYUTEILHO CHWXaeTcs npu ucnonb3zoBannu L-NAME — nonydyeHHbIe 3HaUCHUS
HIUKE Jake IO CPaBHEHUIO CO 3J0POBBIMH JKUBOTHbIMU. OpHako mnpu
ucnons3oBanrud nor-NOHA naOmromaercs JajbHEMNIEe MOBBIIMIEHNE aKTUBHOCTH
AT®azp1. [lomydeHHBIE pe3yAbTAaTHI TO3BOJIAIOT OIECHHUTH A(P(HEKTHBHOCTD
TEpPaNeBTUICCKON MOJENH IO W3MCHCHHMIO DHEPTreTHYECKOTO OanaHca, a TaKkKe
noxo0path 3((EKTUBHBIC 03Bl W YTOYHHTh MEXAHHM3Mbl BO3JCUCTBUSA ITHUX
KOMOMHHUPOBAHHBIX MOJIEIICH.
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