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THE PRECLINICAL EFFECT OF NATURAL DRUGS IN COMBINATION
WITH CYTOSTATICS UPON THE GROWTH OF THE INITIAL AND
DRUG-RESISTANT METASTASIS OF TUMORS

Abstract. The effect of various combinations of herbal preparations and anti-cancer compounds in rats with
drug-resistant models of metastasis of Pliss's lymphosarcoma was studied. Obtained a pronounced antimetastatic
effect alhidin combination with vincristine and alhidin with methotrexate in the experiments with the platform,
resistant to rubomycin (lack of development of metastases in the inguinal lymph nodes, IL 174%). The combination
of the effect of alidina to prospidine (ELE — extended life expectancy -308%) with an increase in immunological
(cellular) indicators from them. Metastases did not develop in rats with metastasis of Pliss's lymphosarcoma resistant
to lamattina from combinations of alhidin+cyclophosphamide, alhidin+sarcolysine and alhidin + prospidin +
cyclophosphamide; ELE — extended life expectancy was 207%. Alhidin on mice with Lewis lung carcinoma as
separately, and in combination with platidiam, cyclophosphamide and S-fluorouracil caused a pronounced anti
allergic effect: metastases did not develop 98% of the rats, ELE — extended life expectancy — 248%.

Key words: Sarcoma 45, Pliss lymphosarcoma, Lewis pulmonary carcinoma, melanoma B-16, drug resistance,
herbal preparations.

As a result of years of research into the physiology and biochemistry of tumor cells, an important
feature discovered for all tumors is the heterogeneity of the cell population. It is the heterogeneity of a
tumor consisting of subpopulations of cells with different degrees of differentiation and growth rate that
underlies progression, metastasis, and the emergence of drug resistance to it [1, 2]. The idea of
heterogeneity of populations of tumor cells is crucial for the development of rational approaches to
chemotherapy. If each tumor, even a highly differentiated one, contains a subpopulation of
undifferentiated, actively dividing cells, then the cure of such a tumor is possible only with the combined
using the anticancer drugs. Consequently, overcoming the emerging drug resistance of metastases can be
expected only from combination therapy using two or more drugs with a different mechanism of action [1,
3, 4].

The emergence of drug resistance in metastases is often one of the main causes of the failure of
modern specific treatment [5, 6, 9]. Taking into account these features, it was necessary to research the
effect of the combination of new herbal preparations with cytostatics in animal experiments with the
variants of drug-resistant metastases of Pliss lymphosarcoma that weaved under the skin of the tail from
metastases developing in the inguinal lymph nodes [4, 7, §].

The use of herbal preparations both individually and in combinations for metastases of Pliss
lymphosarcoma of the original variant did not reveal any marked inhibition of tumor growth in the tail: the
frequency of metastasis in rats decreased by 2.7 times, and the lengthening of the life extension of animals
did not exceed 78%. On metastases of Pliss lymphosarcoma, a resistant variant to rubomycin, an
inhibitory effect was noted against primary tumors in the tail of rats during treatment with alhidin and its
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combination with SRS (80%, P <0.05, up to 128% of ELE — extended life expectancy). This combination
caused a significant inhibition of tumors’ growth and their resorption in 30% of rats with an increase in
ELE to 174%, with no appearance of metastases in the inguinal lymph nodes. The combination of alhidine
with methotrexate increased the ELE of animals with metastases of Pliss lymphosarcoma, a resistant
variant to rubomycin, up to 142%, reducing the frequency of metastasis 7.6 times.

Histological studies of tissues of Pliss lymphosarcoma, a resistant variant for rubomycin, also found
an active effect of this combination on cells.

In the control (Pliss lymphosarcoma), the tumor cells were round, often with soft pink rims of the
cytoplasm, hyperchromic, oval and round, moderately polymorphic nuclei. The tumor cells were located
tightly, forming different sized considerable layers separated by thin layers of connective tissue. When
exposed to a combination of (Alhidin + Methotrexate), tumor cells were strongly scattered. Only a few
retained the appearance of tumor cells, mostly small with pycnotic nuclei.

The same results were obtained in the treatment with sodium salt 1.2-3-keto-18-dehydroglycyrrhetic
acid + Vincristine and sodium salt 1.2-3-keto-18-dehydroglycyrrhetic acid + cyclophosphamide: up to
106% and 123% ELE, respectively) and 7.6 times decrease metastasis frequency. However, a single use of
drugs in these combinations did not increase ELE (80%) and reduced the frequency of metastasis only 3.8
times. Obviously, when applying this combination, therapeutic synergy from the combinants occurs.

A morphological study of metastases of Pliss lymphosarcoma resistant to rubomicin after exposure to
the combination (sodium salt 1.2-3-keto-18-dehydroglycyrrhetic acid + cyclophosphamide) showed an
altered histological picture in comparison with control: cells were located non-compact, without forming
any structures, many different-sized foci. The nuclei of the cells are polychromic, and they were pyknotic
and polygonal. The tumor had small foci of necrosis with moderate perifocal leukocyte reaction.

Natural preparations Alhidin compared with alnusidine, rubomisin and 5-fluorouracil on metastases
of Pliss lymphosarcoma, both initial and resistant variants, caused the development of a primary tumor in
the tail in only 30% of rats (inhibition of tumor growth to 63-75%), reducing 8.0-8.6 times metastasis in
the inguinal limos nodes and an increase in ELE animals up to 95%. Pronounced inhibitory effect was
obtained when exposed alhidin + rubomicin, alhidin + 5-fluorouracil + alhidin platidiam, alhidin + 5-
fluorouracil and methotrexate + alnusidin where inhibition of tumor growth in the tail of rats with
metastasis of Pliss lymphosarcoma, resistant to prospidin, amounted to 98% with the resorption of tumors
(30%) in the absence of metastases in the inguinal lymph nodes and their immunodepressive reaction to
the body with ELE to 308%. The combination of alhidin + cyclophosphamide moderately inhibited the
growth of the primary tumor in the tail (63%, P <0.05) and significantly (8, 6 times) reduced the
development of metastases in the inguinal lymph nodes.

Histological studies of metastases of Pliss lymphosarcoma, a resistant variant against prospidin,
showed an inhibitory effect of these combinations. In the control, the tumor cells were settled scattered
forming mainly around the numerous small vessels of the connective interlayers. In experimental variants
of metastases, cells with polychromic nuclei were presented in the form of different-sized islands
surrounded by foci of necrosis. On the periphery of necrosis, the tumor cells were polymorphic; their
nuclei were in the state of pycnosis, rexis, lysis, often instead of nuclei - small clumps of chromatin.

Under the action of combinations of anticancer drugs (vincristine + cyclophosphamide) or
(methotrexate + platidiam), the ELE of animals in this variant did not exceed 59 and 68%, respectively,
although the incidence of metastasis decreased to 3.3 and 4.3% compared to control. Obviously, in these
combinations, the summation of toxic effects takes place.

Different sensitivity of primary and metastatic tumors to chemotherapeutic effects was noted [2,4,10].
A comparative study of the properties of primary tumors and their metastases in the inguinal lymph nodes
when exposed to combinations of herbal preparations with known antitumor compounds established the
suppression of Pliss lymphosarcoma metastases (resistant variants) with incomplete inhibition of primary
tumors in the tail. These results are coordinated with the data of some works on the higher susceptibility of
metastases to the action of anticancer agents as compared with the primary tumor [2, 11, 12, 13, 14, 15].

In this case, there was revealed an interesting fact of appearance of the collateral sensitivity resistant
to leucoephdin, Pliss lymphosarcoma, intertwined under the skin in the side during sarcolysin treatment
(up to 95% growth inhibition with resorption of tumors in 30% of rats). In comparison with metastasis of
Pliss lymphosarcoma resistant to leucoefdin, sarcolysin inhibited the growth of tumors in the tail (up to
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80%, P <0.001) and reduced the frequency of metastases (up to 8%) of ELE to 126%. Obviously, with
sarcolysin, collateral sensitivity is manifested in primary tumors, but the appearance of metastases in the
inguinal lymph nodes is not completely inhibited. However, the combined effect of alhidin + sarcolysin,
alhidin + cyclophosphamide at a therapeutic dose has a significant inhibitory effect (up to 98%, P <0.002)
on primary tumors of rats with metastasis of Pliss lymphosarcoma resistant to leucoefdin, with resorption
of tumors (60% of rats) and complete inhibition of the development of metastases (with ELE to 207%).
Similar results were obtained by the combination of alhidin + prospidin + cyclophosphamide though using
alhidin + prospidin was less effective.

The activity of herbal preparations and their combinations with cytostatics was also researched in
mice with Lewis pulmonary carcinoma and melanoma B16 [6, 16, 17].

The use of alhidine in parallel with anticancer drugs (cyclophosphamide, platidiam) resulted in
statistically reliable inhibitory growth of the main tumor site (up to 71%, P <0.05), 3.1 times reduced the
number of metastases and 3.3 times the frequency of metastasis. The combinations of alhidin + platidiam
and alhidin + cyclophosphamide led to the manifestation of antitumor (98%, P <0.001) with resorption of
tumors in 60% of rats and antimetastatic effects (with ELE up to 260%). The use of alhidin + vinkristin +
platidiam reduced the number of metastases by 3.9 times and the frequency of metastasis by 10% in the
case of ELE - 139%.

Similar results were obtained when using sapponine, polysaccharides and sucrose monoesters in
double and triple combinations with cytostatics. These vegetable compounds, having a moderate antitumor
effect, are also able to intensify the selectivity of the action of anticancer drugs. A significant inhibitory
effect was obtained from the use of (sucrose monoester + platidiam + alhidin) at half the maximum dose
tolerated in experiments on mice with B-16 melanoma: the absence of metastases and the inhibition of
growth of primary tumors (98%, P <0.001). The use of combinations of alhidin + platidiam, alnusidine +
platidiam and monoester sucrose + platidiam reduced the frequency of metastasis in mice with B-16
melanoma only 3.6-4.5 times. The data obtained show that the herbal preparations (alhidin, alnusidine,
sodium salt of 1.2-3-keto-18-dehydroglycyrrhetic acid, sapponine, polysaccharide, sucrose monoester) in
the three models of recurrent tumors had a more pronounced antimetastatic effect as with isolated use, and
in combination with anticancer drugs while reducing their toxicity. The mechanism of the antitumor action
of herbal polyflavans (alhidin, ellagothannins, alnusidin) is likely to create a deficiency of kinins in the
tumor capillaries, which disrupts the normal blood supply of the last, dilates the blood vessels and
prevents the tumor cells from delay and settling in the capillary network [4, 10, 18, 19, 20].

The authors also proved that the introduction into the body of plant polyphenols, including
flavonoids, which increase the antioxidant activity of animal tissues, increases the resistance of animals to
the action of radiation with a significant increase in life expectancy [4, 10]. The data obtained give
grounds to recommend the studied drugs for using in combined chemotherapy of malignant tumors and
their metastases, especially for drug resistance to them. Herbal preparations have the ability to increase the
selectivity of the action of cytotoxic drugs, enhancing their specific antitumor and, in particular, anti-
metastatic activity against drug-resistant strains, protecting hemopoietic tissue from their toxic effect.

Thus, for the first time, we studied the effect of various variants of the combination of herbal
preparations and antitumor compounds in rats with drug-resistant metastases of Pliss lymphosarcoma. A
pronounced antimetastatic effect of the combination of alhidine with vincristin and alhidine with
methotrexat was obtained in experiments with metastases of Pliss lymphosarcoma resistant to rubomycin:
no development of metastases in the inguinal lymph nodes, ELE up to 174%. The complex effect of
alhidine with rubomitsin, and alhidin with platidiam on the development of lymphosarcoma metastases
resistant to prospidine: ELE to 308% with an increase in immunological (cellular) parameters in them. It
was revealed that when using combinations: alhidine + cyclophosphamide, alhidine + sarkolysin and
alhidin + prospidin + cyclophosphamide metastasis did not develop in rats with metastasis of Pliss
lymphosarcoma resistant to leucoefdin, ELE animals at that was 207%. A pronounced antitumor effect (up
to 98% inhibition of tumor growth) was shown under the action of combinations (sucrose monoester + 5-
fluorouracil, sucrose monoester + adriamycin + saponin) in experiments on mice with Lewis pulmonary
carcinoma and combinations (sucrose monoester + platidiam + alhidin) on animals with B-16 melanoma
(ELE - up to 272%).
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K.A.Paxumos
Kazakcran PecryOnmkachl, AnMaTsl, « ¥JITTHIK MEAUITNHA YHUBEPCUTETI» AK

BACTAIKBI ’KOHE J9PITE TYPAKTbI METACTA3JAPJIbIH OCYIHE
KAHA TABUTY IPENAPATTAPJbIH HUTOCTATUKTEPMEH BIPIKTIPTEH KE3JIEI'T
KIIMHUKAT A JEUIHI'T OCEPI

AHHOTanusi. VHHOBaUMSUIBIK OTaHIBIK OCIMIIK IIpernapaTTapblH JKOHE ICIKKE Kapchl CHHTETHKAJIbIK
KocbutsicTapasl [Tnnce numdocapkoMackIHBIH A9pire TypakThl MeTacTasJapbiHa OipIiKTipill KOJIIaHYyIbl 3€pTTEIiK.
ANXUIVHII BUHKPUCTHHMEH XOHE alIXMAWHJI MeToTpeKcaTneH Oipre KosganraHaa pybomuimare typakrsl [limmce
MG ocapKOMachIHBIH MeTacTa3blHa Kapchl acep KepceTTi (Ian guMmda TyHiHAEpiHAe MeTacTa3IblH 00oJIMaysl, eMip
CYPY Y3aKTHIFB 174%). Anxunuaai pyOOMUIIMHMEH, aIXUIUHII TUTATHANAMMEH Oipre KOJJaHFaHNA MPOCIIHIINHTE
TypakThl [Innce num¢pocapkoMachIHBIH METACTa3blH AaMYBIH TOJIBIFBIMEH TeXeli (eMip cypy y3akTeirbl -308%),
MMMYHOJIOTHSIJIBIK KOPCETKImTepi xorapbeuiaasl. Jlelikoapanare Typakrsl [Tnnce numdocapkoMachHBIH MEeTacTa3blH
anxuauHHUKIohochan,  ATXHAWHTCAPKOIM3UH  JKOHE  AIXHAWH-IpocnuauH+IuKIoGochan  KoJgaHFaHIa
ereyKyMprIKTapa Meracta3 0oiraH sKOK, eMip cypy Y3akTeIFbsl 207%. Anxuaus ekneHiq JIponc kapriHOMacs 6ap
TBHIIKAHJAPFa JKEKeNell >KoHe IaTHIMaMMeH, LukiaodochanMen sxoHe S-dropypamuimMer Oipre KojmaHFaHIa
allKbIH MeTacTa3ra Kapchl acep kepceTTi: 98% ereykyiphiKTapaa Metacta3 00aMabl, oMip Cypy Y3akThirbl 248%.

Tyiiin ce3nep: Capxoma 45, [lmuce aumdocaprkomacsl, Aopire TypakThl MeTacTasaap, JIbrouc kapiuHomacsl, B-
16 MenaHoMachl, KaTrep:i iCiKke Kapchl CHHTETUKAIBIK IIpenaparTap.

K.A.Paxumos
AO «HanmoHansHBII METUIIMHCKAN YHUBEpCUTET», AnMaTsl, Pecrrybmmka Kazaxcran

JOKJIMHUYECKOE JIENCTBUE WHHOBAIIMOHHBIX ITPUPOIHBIX IPEITAPATOB
B KOMBUHAIINN C HUTOCTATUKAMH HA POCT UCXOJHBIX
U JJEKAPCTBEHHO PE3UCTEHTHBIX METACTA30B OITYXOJIEA

AHHoOTanus. l3yuyeHO HEHCTBHE pAa3IUYHBIX BAPHAHTOB KOMOWHAIM WHHOBAIIMOHHBIX OTEYECTBEHHBIX
PACTUTCIILHBIX IpeHapaToB M IMPOTHUBOOITYXOJCBBIX COC)II/IHCHI/Iﬁ Ha KpbICax C JICKAPCTBECHHO PE3UCTCHTHBIMU
MoJelmsiMH  MeTacTa3oB JuMdocapkombl Ilnucca. IlomydeH BbeIpakeHHBIH aHTUMeTacTaTHYecKuil 3ddekT
KOMOMHAIMM JIXHMIMHA C BUHKPUCTHHOM M alIXWIWHA C METOTPEKCATOM B OIBITAX C METAcTa3oM JIMM(OCApKOMBI
ITincea, pe3ucTeHTHOH K pyOOMHIMHY (OTCYTCTBHE Pa3BUTHSI METAcTa3oB B MaxoBbIX JuMpoysmax, YIDK 174%).
Coueranne Bo3zaeiicTBus amxuauHa kK npocruanHy (YIDK-308%) mpuBOINT K MOBBIMICHHIO HMMYHOJIOTHYECKHX
moKazaresieil y Hux. MeracTtassl He pa3BUBAINCH y KPBIC C MeTacTa3oM JuMdocapkoMsl [Imicca, pe3ucTeHTHOH K
NeWKko3(haUHYy OT KOMOWHamumil: anxuAuH+IMKIo(pochaH, aNXUIUHT CAapPKOJM3UH M alXWAWH + IMPOCHUAWH +
nukinopochan; YIDK mpu stom cocraBuno 207%. ANXuIuH Ha MBIMIAX C KapIMHOMOHM Jerkux JIpromc Kak B
OTZAEJIBHOCTH, TaK U B COYETAHUM C IUIATHAMAMOM, IUKIOo(ochaHoM U S-TOPYpanyioM BBI3BIBAIM BBIPAKEHHBIH
NPOTUBOMETAcTaTHYeCKUi 3 deKT: MeTacTasbl He pasBuBaIUCh Y 98% kpbic, YITK — 248%.

KiawueBnie cioBa: capkoma 45, nmumdocapkoma Ilmucca, kapimHoma Jjerkux Jlptonca, menanoma B-16,
JIEKapCTBEHHAs PE3UCTEHTHOCTD, PACTUTENILHBIE MTPENapaThl.
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