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ANTITUMOR INHIBITION OF NATURAL DRUGS
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FOR DRUG-RESISTANT TUMORS

Abstract. Drug-resistant Pliss lymphosarcoma strains are resistant to both herbal and cytostatics, and sarcoma
45 is resistant only to synthetic drugs. Manifestation of cross, multiple resistance to both natural and well-known
anticancer drugs in resistant strains of Pliss lymphosarcoma, sarcoma 45, lymphocytic leukemia L 1210 has place.
Collateral sensitivity to known chemotherapy drugs was revealed in drug-resistant variants of Pliss lymphosarcoma
and in new natural preparations in resistant strains of sarcoma 45, L 1210. Induced drug resistance of Pliss lym-
phosarcoma, sarcoma 45 and L 1210 is removed by new herbal compounds or their combinations with antitumor
drugs, changing the dose and number of combinants.

The results of experimental studies for overcoming the emerged drug resistance with natural drugs in 1/2 MTD
in a few (2 and 4) hours before the start of treatment with nitrosomethylurea, platidiam and adriamycin serve as a
criterion for predicting clinical efficacy in patients with drug resistance to these drugs.

Key words: Sarcoma 45, Pliss lymphosarcoma, lymphocytic leukemia L1210, anticancer drugs, collateral
sensitivity.

Drug resistance of tumors to various anticancer agents reduces the effect of treatment of oncological
patients. At the same time, tumor cells may arise not only to a specific drug, but also to other compounds
with different chemical structure and other mechanism of action. This phenomenon is called multiple drug
resistance (MDR). Of undoubted interest to understand the mechanisms of MDR is the research of cross-
resistance (CR). CR circle includes a large number of substances [1]. Therefore, the possibilities of drug
treatment of malignant neoplasms are still very limited [2, 3]. In this regard, the present topical develop-
ment is optimal mode of using drugs, doses and combinations of antineoplastic compositions to enhance
their therapeutic effect and reduce the general toxicity effects on the body [4, 5], the search for potential
antineoplastic drugs, particularly of natural origin [2, 6, 7].

In the experiments, new natural preparations such as alhidin, alnusidine, sodium salt of 1, 2-3-keto-
18-dehydroglycyrrhetic acid (GA), leucoefdine and known compounds: platidiam, cyclophosphamide,
sarcolysin, prospidin, nitrosomethylurea, S5-fluorouracil, 6-mercaptopurine, methotrexate, vincristine,
adriamycin, rubomycin, and their combinations were used. Herbal preparations were administered daily,
intraperitoneally: nitrosomethylurea (NMU) - once, other cytostatics - double with an interval of 96 hours
in different doses. In the event of a change in their regimes and schemes of injection, the references in the
notes of the corresponding figures were cited. To determine the nature of the interaction of drugs (poten-
tiating or summation) [5, 8, 9], when combined, the smaller doses than in monotherapy were used.

The pharmacological effect of the drugs and their combinations on the growth of transplantable
tumors of rats and mice was estimated by the coefficient of their growth inhibition (GI), the average life
expectancy (ALE) and the extension of the life expectancy of animals (ELE). In the study of the general
effect of drugs, the death of animals was taken into account.

A pronounced anticancer pharmacological effect with the resolving of tumors in 80% of rats was
obtained using the combination of alhidin + platidiam + methotrexate in experiments with Pliss lym-
phosarcoma resistant to prospidin and rubomycin.
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As a result, CR to Pliss lymphosarcoma in C 45 resistant to sarcolysin, and in Pliss lymphosarcoma
resistant to rubomycin was overcome, the death of animals was not observed.

In control rats with Pliss lymphosarcoma resistant to rubomycin, the tumor was represented by cells
of various sizes and shapes. The nuclei of cells are hyperchromic, pictures of mitosis are rare. Tumor
tissue is poor in vessels and stroma. With the combined treatment (alhidin + platidiam + methotrexate) of
this substrain, extensive necrosis and dystrophy of cells is observed. While using sarcolysin there was
revealed the collateral sensitiveness in Pliss lymphosarcoma resistant to leucoefdine (with tumor resolving
in 60% of rats). With a combination of sarcolysin and alhidine in half the maximum tolerated doses (> /
MTD), a deep block of DNA synthesis was noted (synthesis suppression by 91.4-97.1%).

This combination, moreover, didn’t reduce peripheral blood counts. While using another combination
with alhidin (alhidin + prospidin + platidiam + cyclophosphamide) there was took away LR with
cyclophosphamide on C 45 resistant to 5- fluorouracil, CR to Pliss lymphosarcoma resistant to prospidin
and rubomycin, CR in platidiam to Pliss lymphosarcoma resistant to leucoefdine (with tumor resolving in
60% of rats).

A similar result for MDR was obtained when the combination (alhidin + platidiam + vincristine +
adriamycin) was applied to LCP and its drug-resistant variants without side effects.

On C 45, resistant to 5-fluorouracil, a potentiating result was noted with the resolving of tumors in
60% of rats from combinations of alhidin + adriamycin; alhidin + vincristine and alhidin + 5-fluorouracil
+ adriamycin.

For this purpose, we used cyclophosphamide and NMU [10, 11] in combination with herbal prepa-
rations. NMUs have a fairly wide spectrum of action on human tumors, and their ability to pass through
the blood-brain barrier is used to treat brain tumors and brain metastases, breast tumors, lung tumors and
melanomas [10, 11]. They are also characterized by the absence of CR to anticancer agents from other
classes. The promising results on the combined use of methyl and chloroethyl N-alkyl nitrosoureas (ANU)
indicate the promise of using NMUs in the combined therapy of tumors [2] with the development of
optimal regimens for the treatment of neoplastic diseases. This requires additional studies in animals with
experimental tumors [4].

In this regard, we studied the effect of NMUs separately and in combination with plant compounds
on drug-resistant C 45 variants and Pliss lymphosarcoma. NMU showed cross-resistance (CR) to all drug-
resistant substrains, except C 45, resistant to prospidin and rubomycin.

The results of the treatment of tumors with a combined effect of half the MTD NMU with alnusidin,
alhidin and MTD, as well as at intervals between the preparations (2, 4 and 24 hours) showed that the first
interval (2 hours) was optimal. At the same time, there arises the overcoming of emerging drug resistance
of C 45 to prospidin, 5-fluorouracil, and Pliss lymphosarcoma to prospidin and rubomycin (with resolving
of tumors in 60% of rats, without side effects). The injection of the first NMU, and then herbal prepa-
rations reduces the antitumor activity and increases toxicity.

A morphological study of sarcoma 45 (spindle-cell sarcoma) resistant to 5-fluorouracil (95-gene-
ration without drug exposure) noted polymorphism of cells with hyperchromic nuclei. Cells form into
bundles, randomly intertwining with each other. It is found in the tumor a lot of mitoses. The stroma is
well developed and envelops cells in the form of thickened collagen fibers.

The histological picture of the cells of this strain during treatment with alhidine and nitrosome-
thylurea (with an interval of 2 hours) in comparison with the control showed a rarer distribution of small,
pycnotic, polymorphic cells in tissue without a clear structure. Cells are non-compact. There are separate
cells with hyperchromic nuclei. The foci of extensive necrosis are noted. There is a significant increase in
connective tissue in the form of cords that enhance the anti-tumor effect of NMU and other chemotherapy
drugs.

Similar data were obtained by us earlier with the combination of alhidin + vincristin + vinblastin with
an interval of 2 hours after the injection of alhidin to animals with K. Guérin and CSU. Apparently,
alnusidin, by increasing the content of thyroid hormones, contributes to enhancing the effectiveness of
chemotherapy for drug-resistant tumors. The mechanism of the therapeutic action of herbal preparations
(alhidin, alnusidin, sodium salt of 1.2-3-keto-18-dehydroglycyrrhetic acid) in case of hypersensitivity
may be due to a certain influence through changes in the immune-hormonal balance of the animal
organism.
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In addition, being antioxidants, they reduce the toxicity of cytostatics and contribute to ELE of
animals [10]. The results obtained are consistent with the research of L.B. Gorbacheva et al. [10, 11].
While studying the combinations of 1-methyl-1-nitrosourea with 1,3-bis- (2-chloroethyl) -1-nitrosourea
along with positive results, they observed an increase in the overall toxic effect of the drugs. In this regard,
they suggested the expediency of searching for compounds among synthetic and natural bioantioxidants
that can reduce toxic effects.

A high inhibitory pharmacological effect was obtained in the treatment of alkydine, alnusidine and
leucoeftin in the combined treatment of the original mouse tumors. Alhidin and alnusidin in MTD have a
significant inhibitory effect on cervical cancer and LL (60 and 73%, respectively, P <0.05). These results
are enhanced by combining them with 1/2 MTD and platidiam, vincristine, adriamycin, 5-fluorouracil. A
moderate antitumor effect on these strains was obtained by the preparation of sodium salt of 1,2-3-keto-
18-dehydroglycyrrite acid, both individually and in combination with the antitumor compounds
mentioned.

In addition, we also studied the effect of herbal preparations (alhidin, alnusidine, sodium salt of
1,2-3-keto-18-dehydroglycyrrhetic acid) and their combinations with known cytostatics on lymphocytic
leukemia P-388, L 1210 and its medicinal resistant options.

When exposed to alhidin, the ELE of animals reaches up to 90% with L 1210 resistant to
nitrosomethylurea. The minimum activity of alhidine is noted on L 1210, the initial (up to 30% ELE) and
its drug-resistant variant to methotrexate (up to 37% UPZH). Vincristine and platidiam moderately
influenced the animals ELE on both the initial and drug resistant variants with L 1210. However, when
exposed to the combination of alhidine with anticancer drugs, the ELE of animals with L 1210 increases:
alhidine + vincristine -114% in experiments with a resistant variant to NMU; alhidin + platidiam in
1/2 MTD on resistant variants to methotrexate (117%), NMU (114%) and 6-mercaptopurine (134%). The
therapeutic effect of the triple combination (alhidin + vincristine + cyclofosfan) at 1/2 MTD (ELE up to
209%) is stronger than double (alhidin + vincristine and alhidin + cyclophosphamide). Combinations of
the four drugs (alhidine + vincristine + cyclophosphamide + platidiam) were less effective than of the
three, apparently due to increased toxicity.

When treating alnusidine, the drug-resistant variants of L 1210 (up to 81% of ELE) in comparison
with the initial (up to 33% of ELE) turned out to be more sensitive to it. The effects of 6-mercaptopurine,
vincristine, platydiam, adriamycin were moderately sensitive to both the initial (up to 55% of ELE) and
drug-resistant variants L1210 (up to 60% of ELE) compared with the effects of NMU (up to 122% of
ELE).

ELE was noted up to 203% with the combination of alhidin + cyclophosphane + methotrexate in
L 1210, resistant to NMU, and up to 152% to 6-mercaptopurine. A similar result was obtained from the
triple combination (alhidin + vincristin + platidiam) on these strains (up to 193% of ELE) compared with
double combinations. However, alnusidine + ELE + methotrexate in animals with the triple combination
of animals in the comparison with the double (alnusidin + NMU) were not found, respectively. L 1210,
resistant option to metrotrexate. However, no special changes in the ELE of animals with the triple
combination alnusidine + HMM + methotrexate in comparison with double (alnusidine + NMU) were not
found, although in both cases a significant (up to 131 and 127%, respectively) animals ELE with L 1210,
resistant option to metrotrexate.

As it is known, vincristine is one of the components of the chemotherapy of hemoblastosis patients.
Its antitumor efficacy is especially high in the treatment of acute lymphoblastic leukemia (ALL). Never-
theless, there are options for ALL, resistant to chemotherapy with vincrastine, and, conversely, variants of
acute myeloblastic leukemia, which can be successfully treated with a combination of drugs, including
vincristine. Despite the widespread clinical use of vinca-alkaloids, the mechanism of their antitumor
action is still not clear. In connection with this, a number of authors have established that tumor cells and
blood (mice and patients with hemablastosis) sensitive to vincristine are associated with a greater amount
of the drug than are resistant to it [7, 12].

On the basis of literature and our own data, it can be assumed that the herbal preparations studied by
us increase the accumulation of vincristine in the cells of the initial and, especially, drug-resistant variants.

The injection of the preparation of sodium salt of 1,2-3-keto-18-dehydroglycyrretic acid in the triple
combination (sodium salt of 1,2-3-keto-18-dehydroglycyrrite acid + vincristine + cyclophosphamide) in
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MTD was expressed by inhibitory effect on both the initial L 1210 (up to 160% ELE) and drug-resistant
variants (up to 167% ELE). Individually, the preparation of sodium salt of 1,2-3-keto-18-dehydrogly-
cyrrite acid is active with respect to only L 1210, resistant to 6-mercaptopurine (up to 77% of ELE),
without toxic manifestations.

The results obtained correspond to the goal of modern chemotherapy of a number of tumor diseases
[7], where there is a need not only to achieve clinical remission, but also to increase life expectancy [2.4].

It has been established that the three main principles of polychemotherapy (the activity of each of the
drugs in a given tumor, the different mechanism of their action and the different nature of toxicity) cannot
explain all the rational combinations, predict the doses of the combined means and the modes of their
injection. To identify the correlation of side and antitumor effects of new drugs and their combinations in
order to reduce toxicity and increase the therapeutic effect and to overcome cross-and multi-drug resis-
tance, special experimental studies are needed.

Cross, multidrug resistance to known and new herbal preparations in experiments on rats with
resistant substrains of Pliss lymphosarcoma and sarcoma 45, and mice with resistant lymphocytic leuke-
mia L 1210 were noted. Collateral (or increased) sensitivity of drug-resistant substrains to the new herbal
medicines is revealed.

Induced drug (acquired) resistance to known chemotherapy drugs is removed when they are
combined with 2-3 plant compounds (alhidin, alnusidine, sodium salt 1.2-3-keto-18-dehydroglycyrrite
acid) when changing the treatment regime and dose of drugs. Often, herbal preparations, without expres-
sing antitumor activity, when combined with chemopreparations, reduce the pharmacotoxic and depres-
sive effects on blood formation and the immune system of cytostatics. At the same time, a sharp suppres-
sion of DNA synthesis, a decrease in the content of SH-groups and some steroid hormones with an
increase in the content of thyroid hormones in drug-resistant tumors.

Thus, cross-drug, multiple drug resistance, collateral or (increased) sensitivity to known anti-tumor
substances in drug-resistant substrains of rats and mice have been established. Induced drug resistance is
removed with the help of combinations of new natural herbal preparations with known antitumor com-
pounds in the optimal variants of the reception regime, their combination, dose and synergy of their
combinants.

K. . PaxumoB
«¥MVY» AK, Anmartel, Kazakcran

TABUTU NPENNAPATTAPJBI HUTOCTATUKTEPMEH BIPIKTIPTEH
KE3IHAETT I9PIT'E TYPAKTbBI KATEPJII ICIKTEPJI TEXEYI

An"oranus. [lnmce mumdocapkoMachkl ©CIMIIK JKOHE IMTOCTATHKTEpre, an capkoma 45 TeK XHMHUOIIpe-
mapaTTapra JOpiTiK TYpaKTBUTBIK KepceTTi. [Imice mumdocapkomackiaga, capkomMa 45, mumdonerikoz L1210 xaHa
TaOWFH [peraparTapblHa JKOHE O€nrii iCiKKe Kapchl Ipermaparrapra aiKacmaibl, KOIDKAKThl TYPaKTBIIBIK
Oaitkananpel. [lmce nmumdocapkomaceiaaa 6enrinmi Gapmakonpenapartapra an capkoma 45, L1210 xaHa Taburu
OCIMIIK TIpemapaTTapblHa JKOFAPFhl KOJUIATEPAIALI CE3IMTANABIK aHBIKTaNAbl. [lmucc muMdocapkoMachiHbIH, cap-
koma 45, L1210 popire TYpakTBUIBIFBIH aHa ©CIMIK KOCBUIBICTAPBIMEH HEMece OJlapAbl ICIKKE KapChl CHHTETH-
KaJIbIK IpernaparrapMeH OipikTipim, OIpiKTipiIreH 3aTTapiblH MeJIIEepiH KOHE CaHbIH ©3repTy apKbUIbl KOIOFa
Oonaznpl. Tabury mpenapaTTapblHa JKOHE OHBIH OEJrili MUTOCTATUKTEPMEH OIpiKTIpiTyiHAE HUTPO30METHIMOUYECBH-
Hara XXoHe 6-MepKaNTOIypHHIe TYPaKThl JIuMponaTsl jetikemus L1210 ce3iMTanpIKk KOpCeTTi.

ToxipuOeik 3epTTeyAiH HOTH)KECIHIE TaOWFHM OTaHJBIK JKaHA TOpUIIK IpenaparrapiblH KeMeriMeH OipHele
carar OypbIH (2 >koHe 4) >KOoFapbl KeTepe ajaThlH (>KaHyapliap) Mesniepie naiaa OoiFaH TOpUTiK TYpPaKTBUIBIKTHI
JKOIO YUIIH HUTPO30METHIMOYEBHHA, IUIATHANAM JKOHE aJApHaMHLMH JOpUIEpiHE TYPaKTBUIBIFBI Oap HayKacTapra
SHTI3YAiH aNIBHAAFEl KIMHAKAIBIK THIMIUTITIH KOcTapiay KpUTEpUiHe KaTa bl

Tyiiin ce3aep: capkoma 45, Ilmiuce mumdocapkomacsl, muMdoneiiko3 L1210, xaTepii icikke Kapchl mpemnapar-
Tap, KoJJIaTepalabl Ce3IMTaNbIK.

— 62 ——
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K. 1. PaxumoB
AO «HauuoHaabHbII MEIUIIMHCKUIA yHUBEpCUTET», AnmMatel, Kazaxcran

IMPOTUBOONIYXOJIEBOE HHTNBUPOBAHUE ITPUPOAHBIX IIPEITAPATOB
B COYETAHUH C HUTOCTATUKAMMU HA JTEKAPCTBEHHO-PE3UCTEHTHBIE OIIYXOJIA

AHHoTanus. JlekapCTBEHHO-PE3UCTEHTHBIE MOAMTaMMBI JIuMpocapkomsl [licca ycToH4nBBI Kak K paCTHTEIBHBIM, TaK U
IIUTOCTATHKaM, a capkoMa 45 — TOJIbKO K CHHTETHYECKHM IpernaparaM. [IposBiisieTcs mepexpecTHasi, MHO)KECTBCHHAsT Pe3UCTEHT-
HOCTB KaK K HOBBIM IIPHPOJHBIM, TaK U H3BECTHBIM IMPOTHBOOITYXOJIEBBIM IIpeNapaTaM y Pe3UCTEHTHBIX MOAIITaMMOB JuMdocap-
koMeI [Tnucca, capkomsrl 45, mumboneiikozy L 1210. Beisiiiena koiuiarepalibHasi 4yBCTBUTEIBHOCTD K M3BECTHBIM XMMHUOIpETIa-
partaMm y JIeKapCTBEHHO-PE3UCTEHTHBIX BapHaHTOB JMMdocapkoMsl [1nucca n K HOBBIM NPUPOAHBIM IIpenaparaM y pe3uCTeHTHBIX
noamraMMoB capkoMsl 45, L 1210. MuxyuupoBanHas JiekapcTBeHHasi pe3UCTEHTHOCTD JinMbocapkombl [Tnucca, capkomsr 45 u
L 1210 cHumaercss HOBBIMH PACTUTEIBHBIMH COCIMHEHUSAMH WM UX KOMOHMHAIMSIMU C IIPOTHBOOILYXOJIEBBIMH IIperapaTaMu,
M3MEHSSI T03bI U KOJIMYECTBO KOMOHMHAHTOB. Pe3ynmbTaThl SKCIIEPMMEHTAIBHBIX HCCICJOBAHUH IO IMPEOIOJICHHUIO BO3HHKIIEH
JIEKApCTBEHHOH PE3UCTEHTHOCTH C MOMOIIBIO MPUPOAHBIX HpemnaparoB B 1/2 MII/] 3a Heckonbko (2 u 4) 4acoB 10 Hayaja Jede-
HUS HUTPO30OMETHJIMOUYEBHHOM, IUIATHANAMOM M aJPHAMUIIMHOM CIIY)KaT KPUTEpHEM IS TPOTHO3MPOBAHUS KIMHHYECKOH 3¢-
(heKTUBHOCTH y OOJBHBIX C JIEKapPCTBEHHON PE3UCTEHTHOCTHIO K JaHHBIM IIpenaparam.

KuaroueBble ciioBa: capkoma 45, mumdocapkoma [Tnucca, mumdoneiikos L1210, npoTHBoOMyXo0JieBbie Mpenaparhl, Kojuia-
TepaibHasi 1yBCTBUTEILHOCTb.
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