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EVALUATION OF ANTITUMOR ACTIVITY OF SOME 4-AMINOPIPERIDINE DERIVATIVES — LOW
MOLECULAR WEIGHT HSP70 INHIBITORS — ON TRANSPLANTABLE MOUSE TUMORS
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Low molecular weight compounds targeting chaperone proteins Hsp90 and Hsp70 have opened up a new avenue in the therapy of neoplasms. In 2020, we
tested 3 Hsp70 inhibitors from the class of 4-aminopiperidine derivatives for their antitumor activity on in vivo models. The list of the tested compounds included
N-(2-chlorobenzyl)-N-ethyl-1-(2-(methylthio)pyrimidin-4-yl)piperidin-4-amine (compound 1), 4-((methyl(1-(2-(methylthio)pyrimidin-4-yl) piperidin-4-yllamino)methyl)
benzonitrile (compound 2) and N-(2,6- dichlorobenzyl)-1-(1-(2-(ethylthio)pyrimidin-4-yl)piperidin-4-yl)-N-methylmethaneamine (compound 3). The aim of this study
was to compare the efficacy of 4-aminopiperidine derivatives in vivo using the models of transplantable murine L1210 lymphocytic leukemia and B16 melanoma.
Compounds 2 and 3 used in combination with cyclophosphamide exhibited high cytotoxic activity (o = 0.05) against L1210 leukemia (an 80-82% increase in survival
time) and B16 melanoma (98-99.7% tumor growth delay). For L1210 lymphocytic leukemia, compounds 2 and 3 used in combination with cyclophosphamide fell
into the low (+) therapeutic potential category. For B16 melanoma, compounds 1, 2 and 3 used in combination with cyclophosphamide fell into either low (+) or
moderate (++) therapeutic potential categories. On the whole, the tested doses of the compounds used in combination with cyclophosphamide hold promise for
the therapy of L1210 leukemia and B16 melanoma in mouse models. Our findings confirm the potential of low molecular weight Hsp70 inhibitors for combination
chemotherapy against cancer.
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OLIEHKA NMPOTMBOOMYXOJIEBOW AKTUBHOCTU PAOA NMPOU3BOAHbLIX 4-AMUHOMNMUMNEPUOVHA,
HU3KOMOJEKYNAPHbIX MUHTMBUTOPOB HSP70, HA MEPEBUBAEMbIX OMYXONAX MbILLEN

B. H. Anpo6aes'™= J1. B. MuxuHa', M. A. MpeseHT?

" Hay4Ho-mccnenoBarensCKUi LIEHTP TOKCUKOMOMW U TUMMEHNYECKON perniaMeHTaLmmn 6uonpenapatos PefepansHOro Meavko-61onornyeckoro areHTeTea, Cepryxos,
Poccus

2 VIHCcTUTYT opraHmnyeckor xumum nmenn H. . SenvHckoro, Mocksa, Poccus

IMpUMEHEHNE HN3KOMOSEKYISIPHBIX areHTOB, MULLIEHBIO KOTOPbIX ABASIOTCA MOSIEKYNSPHbIE LanepoHbl Hsp90 1 Hsp70, cTano 0cHOBOW AN1S LIENIOro HampaeieHuns
B Tepanmm HoBoobpasosaHui. B 2020 r. 6bina nposedeHa CpaBHUTENbHASH OLEHKa MPOTYBOOMYXONEBON akTUBHOCTM Ha MOAENSIX in VivO TPex MpOoM3BOAHBIX
4-ammHonunepuanHa mHrmbutopos Hsp70: N-(2-xnopobeHaun)-N-atun-1-(2-(MeTunTno)nnpuMnanH-4-nn)nunepuanH-4-amvHa (Ne 1); 4-((metmn(1-
(2-(MeTMATVO)MMPUMNAVH-4-MA)IMNEPUAVH-4-unjammHo)MeTn) - 6eHdoHmTpuna (Ne 2);  N-(2,6-gnxnopbeHsun)-1-(1-(2-(aTmamo)impuMnanH-4-nnnunepuann-4-inn)-
N-metunmetaHammHa (Ne 3). Llenbto paboTbl OblI0 MPOBECTN CPaBHUTENbHbIE MCTIbITaHNS 3MEKTUBHOCTY NPOM3BOAHBLIX 4-aMuHONMNepuanHa in vivo Ha
nepeBMBaeMblX OMyXonsaxX Mbllen. [MpOTMBOOMNYXONEBYO aKTUBHOCTb UCCNeayeMbIX BELLLECTB U3y4ann Ha Mofensax numdonaHon nerkemun L1210 n menaHombl
B16. CybetaHumm Ne 2 1 3 NpPOAEMOHCTPUPOBAM BbICOKYKD CTaTUCTUHECKM 3HaqmmMyto (P = 0,05) akTMBHOCTb B Clydae KOMOWHMPOBaHHOW Tepanun C
umknodgochammaom ana nekosa L1210 (yBennyeHne NpopomknTensHOCT »unsHn — 80-82%) n ana menaHombl B16 (TopmOxeHne pocta onyxonm —
98-99,7%). B cnydae L1210 Bewectsa Ne 2 1 3 B KOMOVHALWMN C LMTOCTATUKOM MOManv B HU3LLYIO KaTeropuito NePCneKTUBHOCTY «+» A5 MOAENbHbIX NENko308
>KMBOTHbIX. B cnydae B16 Belectsa Ne 1-3 B KOMOVHALWMN C LMTOCTATUKOM NoMaaan Moo B HASLLYIO KaTEropuko NEPCMNEKTUBHOCTL «+», MO0 B KATETOPWIO «++»
L1151 MOZLENBHBIX COMMAHBIX OMyXOSeR XMBOTHbIX. VICMbITaHHble 4O3MPOBKM CyOCTaHLMIA MPOAEMOHCTPMPOBAIN ODELLaIOLLINE PE3YNBTaThl NIEYEHNSI B KOMOUHALWN
C umknoochamMmaoM Ha nepesBmBaeMblX OMnyxonax numdongHon nenkemun L1210 n menaHomsl B16 mbiwent. [MonydeHHble ahdekTbl NOaTBEPKAAIOT
NepCneKTVBHOCTb MPYMEHEHNSA HU3KOMONEKYNSPHbIX MHIMBUTOPOB Hsp70 B cocTaBe KOMOUHMPOBAHHOM XUMUOTEPANI B OHKOMOT M.

Knto4yeBble cnoBa: 6e/ku TEeNOBOro LWoka, HrMbutops! Hsp70, nepesrBaeMas onyxonb, neikemust L1210, menaHoma B16
®PuHaHcupoBaHue: rocyfapcTeeHHoe 3agaHne PMBA Ne 22.001.18.800.

Bknap aBTopoB: B. H. Ango6aes — HanncaHue ctatbi, 0606LLeHMe pedynsTaToB, obLee nnaHnpoBanie paboT; J1. B. MuxrHa — obecnedeHve aKCrepuMeHToB
Ha XKMBOTHBIX-OMyX0NeHoCUTENsAX, oTpaboTka Mofdener; M. A. MNpeseHT — CuHTe3 CyBCTaHLMA NS CPaBHUTENbHbIX UCTbITaHNIA.

CobniofaeHne aTU4EeCKMX CTaH[apPTOB: VCCefoBaHne ofobpeHo atndecknm kommtetom HYVILL TBIT (BeTeprHapHbivt npotokon Ne 695 0T 12 HosA6psa 2019 r);
YCNOBUSt COAEPXKaHUS 1 yXOf, 3a XXMBOTHbIMW COOTBETCTBOBaNM Hopmatveam Cl1 2.2.1.3218-14 «CaHnTapHO-3aMmMaemMmonornieckimne TpeboBaHnst K yCTPOMCTBY,
060PYAOBAHVIO 1 COAEPXKAHMIO 9KCMEPVMEHTASIBHO-OMONOMMHECKIX KITMHVIK (BUBAPUEB)», a TakxKe YCIIOBUAM, MPUBEAEHHbIM B pykoBoacTee «Guide for Care and
Use of Laboratory Animals» (ILAR publication, 1996, National Academy Press, USA).

<] Ansa koppecnoHgeHumu: Bnagummp Hukonaesny Anpnobaes
yn. JNernHa, o. 102A, noc. bonbLueBrk, MockoBckast obnacTtb, 142283; aldobaev@toxichio.ru

Cratbs nonyyeHa: 13.02.2021 Ctatba npuHATa K nevatu: 12.03.2021 Ony6nnkosaHa oHnaiH: 21.03.2021

DOI: 10.47183/mes.2021.009

EXTREME MEDICINE | 1, 23, 2021 | MES.FMBA PRESS EE




OPUTMHAJIbHOE UCCJIEJOBAHNE | PAPMAKOJIOI NA

Low molecular weight compounds targeting molecular
chaperones like Hsp90 and Hsp70 have opened up a new
avenue in the therapy of neoplasms. Heat shock proteins
Hsp90 and Hsp70 are overexpressed in many tumors, which
explains selective accumulation of Hsp90 inhibitors in tumor
tissue [1]. Inhibited expression and/or reduced functional
activity of heat shock proteins result in the accumulation of
damaged, partially denatured, functionally altered proteins
in the cell. It is hypothesized that Hsp90 and Hsp70 might
enhance the anticancer effect of cytotoxic drugs and help to
overcome drug resistance when used in combination with
chemotherapy agents. Some recent publications [2—4] discuss
the synthesis of Hsp70 inhibitors, the small molecules designed
by means of molecular docking. An article [4] describes the
synthesis of 67 candidate Hsp70 inhibitors from the class of
4-aminopiperidine derivatives [4], whose activity was tested
on cell cultures in vitro. The article provides information on
the kinetic rate constants for each compound measured by
surface plasmon resonance and evaluates the inhibitory effect
of the synthesized compounds on Hsp70 ATPase activity.
Another publication [5] describes an alternative technique for
the synthesis of some of the 4-aminopiperidine derivatives from
[4], including 1-(2-alkylthiopyrimidin-4-yl)piperidin-4-N-alkyl,N-
hetaryl/aryl amines. The proposed technique allowed us to
obtain larger combinatorial libraries for further screening tests
on cell cultures and the subsequent optimization of candidate
cytotoxic drugs.

In 2018-2019, our team synthesized a collection of
4-aminopiperidine derivatives, which partially overlapped
with the collection described in [4] and performed an in vitro
screening test of their cytotoxic activity on cell cultures. Three
4-aminopiperidine derivatives were selected for further in vivo
tests on animal tumor models. The antitumor activity of the
synthesized compounds was studied on transplantable mouse
lymphocytic leukemia (L1210) and solid melanoma tumors
(B16). Cyclophosphamide was used as a positive control
following recommendations in [8] and as a treatment against
induced cancers.

METHODS
Laboratory animals

The tumors were maintained in female C_BI/6 and DBA/2
mice. The specific activity of the synthesized compounds
was assessed in vivo on inoculated female hybrid BDF1 mice
(C,,Bl/6 x DBA/2). At the beginning of the study, the mice
weighted 20 to 30 g. The animals were purchased from the
Research Center for Biomedical Technology, FMBA (the branch
of Stolbovaya breeding nursery, Moscow region). The animals
were housed in a conventional room in the absence of other
animal species.

The mice were kept in 26 x 17 x 12 cm?® polycarbonate
cages (Tecniplast; ltaly) at 6 animals per cage. The cages were
fitted with stainless-steel wire lids and in-built feed hoppers, a
stainless-steel divider to separate the food zone, and label holders.
The cages were arranged on stainless steel racks (Tecniplast; Italy).

Wood chips were used as a bedding (Laboratorkorm;
Russia); the bedding was 5-10 mm thick.

The animals were allowed ad libitum access to a standard
chow diet (Kombikorm PK-120 for laboratory rats, mice and
hamsters by Laboratorkorm; Russia). The food was supplied
via a food hopper.

The animals also had ad libitum access to filtered tap water
supplied in standard drinking bottles with steel caps and sipper

tubes. Water quality satisfied Sanitary Regulations 2.1.4.1074-01
(updated on April 2, 2018). Filtering was necessary to avoid
water contamination that could have affected the results of the
study.

The mice were housed under artificial 12 : 12 light-dark
conditions in a controlled environment at 20-26 °C and 30-70%
air humidity. The temperature and humidity in the room were
maintained by an automated climate control system. The
air exchange rate was 15 air changes per hour. Before the
experiment, the animals were quarantined for 14 days.

Maintenance of transplantable tumors

The antitumor activity of the synthesized compounds was
studied in vivo using the transplantable murine lymphocytic
leukemia (L1210) and solid B16 melanoma models.

Cancer cell lines were provided by Blokhin Cancer
Research Center (Russia), where they had been cryopreserved
in 1 ml ampoules and stored in liquid nitrogen. The cells were
shipped in liquid nitrogen. Protocols used to recover the
cryopreserved cells were the same for both cancer cell lines.
Briefly, the ampoules were retrieved from liquid nitrogen and
left in an incubator at 37 °C for 30 min. After that, 0.5 ml of the
cell suspension was administered to each animal. Lymphocytic
leukemia L1210 was maintained in DBA/2 mice, B16
melanoma was maintained in C_,BI/6 mice. The neoplasms
were maintained by inoculation. To maintain L1210 lymphocytic
leukemia, intact mice were inoculated intraperitoneally with 0.3 ml
of L1210 ascitic fluid derived from hosts on days 5 or 6 and diluted
with normal saline 1 : 60. To keep B16 melanoma viable, intact
mice were subcutaneously inoculated with 0.5 ml of B16
melanoma preparation derived from hosts on day 16-20 (1 g
of the tumor was homogenized in 10 ml of normal saline).

Treatment

Lymphocytic leukemia and solid melanoma cells were
transplanted to female BDF1 mice (C,,BI/6 x DBA/2) using the
same protocol as for tumor maintenance. For inoculations,
we used cells that had undergone at least 2 passages in mice
after thawing. Therapy against L1210 lymphocytic leukemia
was initiated 24 h after inoculation; therapy against B16
melanoma was initiated 48 h after inoculation [6]. As part of the
experiment, we determined effective cyclophosphamide doses
and regimens against the induced murine cancers. The choice
of cyclophosphamide as a positive control for the L1210 model
was dictated by the results of our previous study [7]. With the
melanoma model, the choice of cyclophosphamide was based
on our practical experience. Mice inoculated with L1210 cells
received IM injections of 50 mg/kg cyclophosphamide twice,
24 h and 72 h after inoculation. This treatment regimen allowed
us to prolong survival by an average of 31-43%, as compared
with the negative control group (NC). For mice inoculated with
L1210 lymphocytic leukemia cells, survival times ranged from
2 to 3 weeks.

Mice inoculated with B16 melanoma cells received 3 IM
injections of 80 mg/kg cyclophosphamide on days 2, 5 and
9 after inoculation. This regimen resulted in 62-100% tumor
growth delay during the observation period (1 month) and
prolonged survival by 10-23%, as compared with the NC
group. For mice inoculated with B16 melanoma cells, survival
times ranged from 4 to 5 weeks.

For the experiment, 4-aminopiperidine derivatives
were formulated as water-soluble hydrochlorides. Mice
with lymphocytic leukemia received daily injections of
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Table 1. Primary tests of antitumor activity in the murine L1210 model
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Group Number of animals in the group Treatment Dosage, mg/kg Total number of injections
1 6 No treatment (NC) - -
2 6 Cyclophosphamide (PC) 50 2
3 6 Compound 1 + 200 7

Cyclophosphamide 50 2
4 6 Compound 1 200 7
5 6 Compound 2 + 150 7
Cyclophosphamide 50 2
6 6 Compound 2 150 7
7 6 Compound 3 + 250 7
Cyclophosphamide 50
8 6 Compound 3 250 7

Note: NC — negative control; PC — positive control.

4-aminopiperidine derivatives for 7 days; the first injection was
administered the day after inoculation. Mice with B16 melanoma
received daily intraperitoneal injections of the synthesized
compounds for 10 days; the first injection was administered 48
h after inoculation. The formulations were prepared in a laminar
flow cabinet using a ready-to-use sterile normal saline solution.

Statistical analysis

The efficacy of treatment was evaluated relative to the outcomes
in the NC group (inoculated mice, no treatment received). We
compared the increase in the survival time, tumor growth delay
and a related T/C parameter [6]. The increase in survival time
and tumor growth delay were calculated from the average
tumor volume at a specific point in time after inoculation (for
B16 melanoma) and the survival time within the experiment (for
both cancers). Differences between the studied parameters
were measured using the approach of a function or several
random variables [7]. Mean squared deviations (MSD) were
calculated for the tumor volume at a specific point in time
after inoculation (for B16 melanoma) and survival time within
the observation period (both cancers). Based on mean values,
MSDs and sample sizes (the number of animals in the groups),
mathematical expectations (ME), 95% CI for tumor growth

delay (TGD) and survival time increase (STI) were calculated
using a code written in Mathematica 9 [7].

RESULTS

Efficacy of synthesized 4-aminopiperidine derivatives in
L1210 lymphocytic leukemia model

Prior to evaluating the efficacy of N-(2-chlorobenzyl)-N-ethyl-1-
(2-(methylthio)pyrimidin-4-yl)piperidin-4-amine (compound
1), 4-((methyl(1-(2-(methylthio)pyrimidin-4-yl) piperidin-4-
yllamino)methyl) benzonitrile (compound 2) and N-(2,6-
dichlorobenzyl)-1-(1-(2-(ethylthio)pyrimidin-4-yl)piperidin-4-
yl)-N-methylmethaneamine (compound 3), we conducted a
series of preliminary experiments to determine their maximum
tolerated dose (MTD, single intraperitoneal injection) for BDF1
(C,,BI/6 x DBA/2) hybrid mice. After the injection, the animals
were closely monitored and their weight was measured daily for
7 days. Based on clinical observations and weight dynamics,
MTDs for compounds 1, 2 and 3 were 250 mg/kg, 200 mg/
kg and 300 mg/kg, respectively. At these doses, the tested
compounds increased the heart rate, induced rapid breathing
and provoked clonic or tonic seizures in most experimental
animals. These symptoms resolved within 10-15 min after the

Table 2. Antitumor activity of 3 synthesized compounds administered intraperitoneally to mice with transplantable L1210

STI, % T/C
Group Treatment
I I | | I
1 No treatment (NC) -
31 43 131 | 143
2 CPA™ (PC)
37 137
60 4 160 | 171
3 Compound 1 + CPA
65,5 166
10 17 110 | 117
4 Compound 1
13,5 114
63 80 163 | 180
5 Compound 2 + CPA
71,5 172
s 11 105 | 111
6 Compound 2
108
72 82 172 | 182
7 Compound 3 + CPA
77,0 177
0 5 100 | 105
8 Compound 3
103
Note: * — experiment number; ** — cyclophosphamide; *** — mean value.
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Table 3. Mathematical expectations (ME) for STl and their 95% Cl

Group Treatment ME forI*STI, % ME for”STI, %
[Cl % [Cl] %

1 No treatment (NC) - -

2 CPA™ (PC) [6?(256] [294;360]
3 Compound 1 + CPA [23;6510] [487;198]
4 Compound 1 [—1;;146] [_41;740]
5 Compound 2 + CPA [34;6‘1104] [62;8?00]
6 Compound 2 [_21‘? 40] [_71; 130]
7 Compound 3 + CPA [37;421] [61??06]
8 Compound 3 [—255; 41] [—1(15;1 40]

Note: * — experiment number; ** — cyclophosphamide.

injection. During the first 2—-3 days after the injection, half of the
animals lost 2-8% of their weight. By the end of the observation
period, all animals had gained weight.

Considering the obtained MTDs and the guidelines on
primary antitumor activity testing [8], we selected the following
dosing regimen for the animals inoculated with L1210 cells:
compound 1 — 200 mg/kg, compound 2 — 150 mg/kg,
compound 3 — 250 mg/kg. The compounds were administered
intraperitoneally, daily, for 7 days. The first injection was
administered 24 h after inoculation. The animals were divided
into 8 groups (6 animals per group except for the NC group,
which consisted of 8 animals). The NC group did not receive
any treatment. The positive control (PC) group was treated with
cyclophosphamide (Table 1).

The results generated by a series of 2 experiments
conducted on the L1210 model are provided in Table 2. Ranges
and mean values for STl and T/C were used as repeatability
indicators.

As seen from Table 2, a relatively high increase in the survival
time was achieved only when the tested doses of compounds
1, 2 and 3 were used in combination with cyclophosphamide.

For L1210 lymphocytic leukemia, compounds 2 and 3
used in combination with the cytotoxic drug fall into the low
therapeutic potential category (designated as + ; T/C = 175%) [6].

A potentiating effect was demonstrated by compounds 1, 2
and 3 used in combination with cyclophosphamide.

Table 3 shows mathematical expectations for STl and their
95% Clin the L1210 model.

Table 4. Primary antitumor activity tests conducted on the B16 melanoma model

Considering Cl shown in Table 3, it can be concluded that
differences in STI were significant (o = 0.05) between groups 2
and 5 and between groups 2 and 7 in experiment II.

Efficacy of synthesized 4-aminopiperidine derivatives in
B16 melanoma model

Based on the results of antitumor activity tests conducted on the
L1210 leukemia model, we selected the following dosing regimen
for the B16 melanoma model: compound 1 — 200 mg/kg,
compound 2 — 150 mg/kg, compound 3 — 250 mg/kg. The
compounds were administered intraperitoneally, daily, over
the course of 10 days. The first injection was administered
48 h after inoculation. The animals were divided into 8
groups (6 animals per group except for the NC group, which
consisted of 8 animals). The NC group did not receive any
treatment. The PC group was treated with cyclophosphamide
(Table 4).

The results generated by a series of 2 experiments
conducted on the B16 melanoma model are provided in Table
5. Ranges (STl and TGD) and mean values (TGD) were used as
repeatability indicators.

As seen from Table 5, relatively high TGD levels were
achieved only when the tested doses of compounds 1, 2 and
3 were used in combination with cyclophosphamide.

For solid B16 melanoma, compounds 1, 2 and 3 used in
combination with the cytotoxic drug fall into the low therapeutic
potential category (designated as +; TGD < 51-80%) or the

Group Number of animals in the group Treatment Dose, mg/kg Total number of injections
1 8 No treatment (NC) - -
2 6 Cyclophosphamide (PC) 80 3
3 6 Compound 1 + 200 10

Cyclophosphamide 80 3
4 6 Compound 1 200 10
5 6 Compound 2 + 150 10
Cyclophosphamide 80 3
6 6 Compound 2 150 10
7 6 Compound 3 + 250 10
Cyclophosphamide 80 3
8 6 Compound 3 250 10
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Table 5. Antitumor activity of 3 synthesized compounds administered intraperitoneally to mice with transplantable B16 melanoma measured in a series of

2 experiments

TGD, %
STI, %
Group Treatment Day 13 Day 21 Day 28 Day 33
e | I oo I | I
1 No treatment (NC) - - - -
77 87 62 83 62 | 78 31 | 65
2 CPA* (PC) 18 23
g2+ 72.5 70 48
71| e 67 86 52 | 76 a0 | 66
3 Compound 1 + CPA -
82 76.5 64 53
- 2 | 1 5 | 12
4 Compound 1 _
- 8.5 8.5
89 100 75 98 69 | 82 w6 | s5
5 Compound 2 + CPA 24 30
94.5 86.5 75.5 50.5
_ 17 | 22 8 | 17
6 Compound 2 -
- 19.5 125
82 | 100 67 94 56 | 86 a7 | e9
7 Compound 3 + CPA _
91 80.5 71 68
13 | 21 15 | 28 12 | 18
8 Compound 3 -
17 21,5 15
Note: * — experiment number; ** — cyclophosphamide; *** — mean value.
Table 6. Mathematical expectations (ME) for TGD, STl and their 95% Cls
ME for TGD, % ME for STI, %
[Cl] % [Cl] %
Group Treatment
Day 13 Day 21 Day 28 Day 33
1 No treatment (NC) - - - - _
I* 82 [23; 99] 57 [-51; 115] 59 [16; 83] 24 [-51; 70] 22 [-24; 86]
2 CPA* (PO)
I 85 [55; 95] 80 [47; 94] 76 [50; 91] 63 [29; 82] 29 [-23; 112]
3 Compound 1 + ! 78 [-41; 148] 62 [-14; 92] 49 [-12; 83 35 [-46; 88] -
CPA I 92 [75; 96] 84 [53; 99] 72 [38; 98] 64 [-23; 89] -
| - -5 [-157; 96] -3 [-122; 72] -
4 Compound 1
I - -3 [-97; 58] 5 [-82; 54] -
) Gompound 2 + [ 92 [68; 95] 71 [6; 104] 67 [16; 102] 40 [-19; 77 28 [-13; 89)]
CPA I 99 [95; 104] 98 [94; 99] 79 [57; 95] 51 [-3; 88] 19 [-10; 115]
| - 11 [-108; 87] 0 [-110; 68] -
6 Compound 2
I - 9 [-75; 65] 10 [-77; 63] -
| 86 [43; 96] 62 [-20;99] 55 [4; 84] 42 [17; 77 -
7 Compound 3 +
CPA I 99,7 [95; 104] 93 [82;97] 84 [67; 96] 88 [78; 94] -
| 32 [-189; 95] 9 [-113; 86] 4 [-98; 66] -
8 Compound 3
I 7 [-183; 83] 16 [-72; 78] 11 [-66; 54] -

Note: * — experiment number; ** — cyclophosphamide.

moderate therapeutic potential category (designated as ++;
TGD < 81-90%) on days 13, 21 and 28 after inoculation [6].

In combination with cyclophosphamide, compounds 2 and
3 demonstrated the potentiating effect with respect to TGD on
day 13; compounds 1, 2 and 3, on day 21; compound 3, on
day 33; the additive effect was demonstrated by compound 1
on day 33, compound 2 on days 28 and 33 and compound 3
on day 28.
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A significant increase in the average survival time was
observed only in the groups undergoing therapy with
cyclophosphamide or cyclophosphamide + compound 2.

This, along with the comparable efficacy of compounds 1 and
3 demonstrated on the B16 melanoma model (Table 4) and the
lymphocytic leukemia model (Table 2), allowed us to single out
compound 2 as the most promising candidate for further dose
optimization and development of effective treatment regimens.
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Mathematical expectations for TGD, STl and their 95% Cls
are shown in Table 6.

Considering Cl shown in Table 6, it can be concluded that
differences in TGD were significant (o = 0.05) between groups
2 and 5 and between groups 2 and 7 on day 13; between
groups 2 and 5 on day 21 in experiment II. In all other cases of
combination therapy, TGD trended towards significance.

Based on the increase in TGD and survival time achieved
by applying the combination regimen vs monotherapy with
cyclophosphamide (see Tables 3 and 6), compound 2 was
singled out as the most promising candidate for further research.

DISCUSSION

Hsp70 inhibitors are traditionally classified by their mechanism
of action and structure. As a rule, Hsp70 inhibitors bind to the
nucleotide-binding domain and block the interaction of other
factors with the nucleotide-binding and substrate-binding
Hsp70 domains [9-11]; these agents also inhibit Hsp70
ATPase activity (the mechanisms are not specified) [12-15],
selectively suppress GRP78 [16-18], interact with the EEVD
Hsp70 domain [19], disrupt the interaction between Hsp70 and
BAG3 [20-22], etc. At the same time, Hsp inhibitors can be
grouped into the following classes by their chemical structure:
ATP analogues (Ver-155008) [9, 23], dihydropyridines (MAL3-
101, DMT3132, NSC 630668-R/1) [14, 15, 24], flavonoids
(epigallocatechin-3-gallate, quercetin) [25, 26], imidazoles
(Apoptozole, Az-TPP-0O3) [27, 28], phenylethylsulfonamides
(Pifithrin-p) [29, 30], rhodocyanines and their derivatives (YM-1,
MKT-077, JG-98) [21, 31, 32], methylene blue [33] and some
other compounds.

The compounds described in this article belong to the class
of Hsp70 APTase activity inhibitors, but due to their chemical
structure they have opened up a new avenue in the study
of non-specific low molecular weight Hsp70 inhibitors. This
study is a logical continuation of the study [4], which modeled
chemical structures showing affinity for the ATP binding site
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