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Abstract

Introduction: The study aim was to explore a toxicological property and antitumor action of the novel pyridine deriv-
ative LHT-17-19 in cell culture and on experimental models of lung cancer in mice.

Materials and methods: The study was performed on male and female ICR(CD-1), male BALB/c, male BALB/c nu/
nu mice. Pyridine derivative (LHT-17-19) was studied as water-soluble pharmaceutical substance. Acute toxicity was
evaluated in groups of 5 animals, and the results were analyzed by Finney. Antitumor and antimetastatic activity was
studied in syngeneic and xenograft models of lung cancer in mice.

Results and discussion: LHT-17-19 belongs to class 3 of the toxicity classification of chemicals in accordance with
GOST 12.1.007-76. The substance demonstrated an antitumor and antimetastatic property in mice with syngeneic tumor
Lewis lung carcinoma as well as on the heterotopic tumor model of non-small cell lung cancer in humanized animals.

Conclusion: LHT-17-19 belongs to class 3 of the toxicity classification of chemicals in accordance with WHO recom-
mendation. LHT-17-19 exerts antitumor and antimetastatic property on both syngeneic and patient-derived lung cancer
xenograft murine models.
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Introduction

Lung cancer for decades has taken a leading position
among oncological diseases and is the most common
cause of cancer-related death worldwide with five-year
survival being under 20% (Bray et al. 2018; Herbst et al.
2018). Lung adenocarcinoma is the most common histo-
logical subtype of non-small cell lung cancer (NSCLC),
accounting for about 40% of lung neoplasia (Chen et al.
2014). Smoking, long-term exposure to radon, influence
of carcinogens, pollution and genetic susceptibility are at
the top of NSCLC risk factors (Gould et al. 2013). Howe-
ver, in recent years, the number of cases in non-smokers
has also increased, which emphasizes the importance of
identifying risk factors for non-smokers in the develop-
ment of NSCLC (Molina et al. 2008). The results of ge-
netic studies have made it possible to determine the mo-
lecular drivers of NSCLC, among which the ones caused
by somatic mutations in the 7P53, KRAS, KEAP1, STK11,
and EGFR genes (Campbell et al. 2016).

Current treatments for lung cancer include surgery, ra-
diation therapy, chemotherapy, targeted or immunothera-
py, or a combination of these interventions (Herbst et al.
2018). To date, targeted drugs and immunobiological ther-
apy have made significant advances in the fight against
NSCLC. EGFR and BRAF V600E mutation inhibitors,
ALK and ROS1 blockers, and immune checkpoint (PD-
1, PD-L1) antibodies have been approved for precision
treatment of NSCLC (Peters et al. 2018). However, de-
spite relentless progress, there remains a large population
of patients with NSCLC without available targeted ther-
apeutic options, either due to the lack of known genetic
mutations in key oncogenic signaling pathways or due to
the difficulty of targeting oncogenic mutations (Rotow
et al. 2017). In addition, patients with lung cancer may
experience congenital and acquired resistance to targeted
therapy (Herbst et al. 2018). Therefore, the study aim was
to explore a toxicological property and antitumor action
of the novel pyridine derivative LHT-17-19 in cell culture
and on experimental models of lung cancer in mice.

Materials and methods

Animals

The experimental study was performed on 50 ICR (CD-1)
mice of both sexes weighing 18-20 g, 30 male BALB/c
mice and 15 male BALB/c nu/nu mice weighing 18-20 g.
All the animals were obtained from the Pushchino Animals
Breeding Facility and were kept under natural daylight
condition with standard temperature and humidity. The

study conformed to all the requirements of GLP and Euro-
pean Convention for the Protection of Vertebrates Animals
Used for Experimental and Other Scientific Purposes regu-
lations. The study protocols passed an ethical review at the
Local Ethics Committee of Sechenov University (Moscow,
Russia) meeting April 20, 2021 (Reg. No. 199-n/04-2021).
The study was financially supported by the grant of the
President of the Russian Federation NSh-843.2022.3
(agreement No. 075-15-2022-842 dated May 12, 2022).

Substances and drugs

Novel pyridine nucleoside compound (laboratory name
LHT-17-19) was synthesized at the Department of Che-
mistry, Technology of Synthetic Medicines and Analyti-
cal Control of All-Union Research Center for Safety of
Biological Active Substances.

We used Cyclophosphamide in a form of chemical
substance (Merck Sigma-Aldrich, Germany, purity of
98.85%, CAS Number: 91329A) as a reference pharma-
cological agent.

All the studied substances after being dissolved in 0.9%
saline were administered intraperitoneally in a volume
of 1.0 ml. On the model of syngeneic lung carcinoma,
LHT-17-19 and Cyclophosphamide were administered at
a single dose related to 5.0% of LD, index on day 7 after
tumor transplantation. On the model of patient-derived
heterotopic xenograft of non-small cell lung cancer, ex-
perimental animals received the studied intervention and
the comparator drug from day 7 after cancer tissue inocu-
lation for 5 days once daily at two doses corresponding to
2.5 and 5.0% of LD, index.

Acute toxicity determination

Acute toxicity of LHT-17-19 was studied in male and fe-
male ICR (CD-1) mice. Animals were divided into groups
of 5 mice each. LHT-17-19 was dissolved in 0.9% saline
and administered intraperitoneally (IP) in increasing con-
centrations in a volume of 0.5 ml. The survival of animals
was recorded for 14 days onwards. The LD, index was
calculated by Finney method in accordance with the cur-
rent methodological recommendations (Gad 2006).

Tumor models of mice

We used two animal models in our study. To establish
syngeneic murine tumor model, we chose Lewis approach
(LLC). The live tumor was obtained at the Institute of
Experimental Oncology of National Medical Research
Center of Oncology (Moscow, Russia). A suspension of
1x10° tumor cells per 100 pL was prepared using Hanks
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solution (Biolot, Russia). Tumor cells were inoculated
subcutaneously at the region of the left thigh. Antitumor
treatment began on day 7 after transplantation. The anti-
tumor effect of LHT-17-19, as well as its anti-metastatic
property, was evaluated in accordance with the current
guidelines by measuring the size of the primary tumor
node and determining its volume (V), weight (at the end
of the experiment), tumor growth inhibition index (TGII),
and survival analysis (Kiseleva et al. 2022). Animals were
surveyed for 65 days after treatment or till death (whi-
chever occurs first). On day 65, the survived mice were
euthanized under neoflurane anesthesia, and primary tu-
mors and lungs were extirpated for further processing.
The number of lung metastases was counted immediately
after fixing murine lungs in Karnoy’s solution, using a bi-
nocular loupe with a magnification of 8x2.

A tumor tissue of non-small cell lung cancer (histologi-
cally confirmed adenocarcinoma) was obtained during sur-
gery at the Cancer Clinic of Sechenov University from a
53-year-old man who gave voluntary informed consent and
had not previously received chemotherapy treatment. The
tumor model was reproduced by successive three-stage
transplantation of tumor tissue particles in the animals on
the left hind paw subcutaneously according to (Chijiwa et
al. 2015). On day 22 after the cessation of treatment, half
of the animals randomly selected in each group were with-
drawn from the experiment under isoflurane anesthesia.
The antitumor effect of the substance and its antimetastat-
ic activity were evaluated in accordance with the current
recommendations, by measuring the size of the primary
tumor node, its weight (at the end of the experiment) and
calculating the tumor growth inhibition index (TGII). The
number of superficial metastases in the lung was counted
using a binocular microscope with 8%2 magnification. The
remaining animals in each group were followed up to 90
days from the point of tumor transplantation to record sur-
vival and remission rates (Blinova et al. 2018).

Statistical analysis

Statistical analysis of the obtained data was carried out
using STATA version 15.3 (USA). After assessment of
the normality of continuous variable distribution two-tail
t-test or ANOVA with post-hoc Tukay’s parametric crite-
rion was used. For categorical variables, nonparametric
exact Fisher test was applied. The survival Kaplan-Meier
curve as a line indicating the number of the deceased ani-
mals at different time points after cessation of treatment
was analyzed using a log-rank test (Glantz 2012).

Results and discussion
LHT-17-19 Acute toxicity

LHT-17-19 (IP) LD, index for mice was 163+7 mg/kg.
This indicator was 1.5 times less than one of the reference
drugs Cyclophosphamide (Table 1). LHT-17-19 belongs
to class 3 (moderately toxic substances) of the toxicity
classification of chemicals in accordance with WHO re-
commendations (Berezovskaya 2003).

Table 1. Acute toxicity of IP LHT-17-19 as pharmaceutical sub-
stance in ICR (CD-1) mice

Substance (compound) LD, ;, mg/kg, Mean=SD 95% CI
Cyclophosphamide 108+6 [96+120]
LHT-17-19 163+7%* [153+174]

Note: * p = 0.003 when compared with Cyclophosphamide
(two-tail t-test).

Antitumor and antimetastatic effect of the LHT-17-19
on the syngeneic tumor model of Lewis lung carcino-
ma (LLC)

The results of the study of the antitumor effect of the com-
pound on the syngeneic model of Lewis lung carcinoma
are shown in Table 2.

Single intraperitoneal injection of the LHT-17-19
as pharmaceutical substance on day 7 after tumor cells
transplantation decreased the volume of the tumor node
on day 14 of the experiment by 29.6% compared with the
control. Tumor volume inhibition was comparable with
that following the administration of the reference drug
Cyclophosphamide. On day 22, the LHT-17-19 antitumor
effect was maintained, and the TGII coefficient achieved
a rate of 51.7. Tumor growth inhibition index of Cyclo-
phosphamide was 31.9.

For antimetastatic property, it was shown that neither
in the LHT-17-19 group, nor in the group of the refer-
ence drug Cyclophosphamide, superficial lung metastases
were found.

The median survival of the untreated animals with
LLC tumor was 32 days. Single intraperitoneal injec-
tion of Cyclophosphamide led to an increase in survival
by 27.7%, which amounted to 47 days. The median sur-
vival in LHT-17-19 group was 52 days (Fig. 1). Long-
test showed significant difference between survival
time in the control group and both intervention groups
(p=0.01).

Table 2. Antitumor action of IP LHT-17-19 on the model of Lewis lung carcinoma in BALB/c mice (n =5 in each group)

Group, dose (mg/kg/day) Tumor volume (mm>), Mean+SD TGII Number of metastases, Mean+SD MII
Day 14 Day 22 Day 22 Day 22 Day 22
Control 7840+23 14340+123 - 15+4.3
Cyclophosphamide 5520+53* 9760+76* 319 0* 100
(18.0)
LHT-17-19 5670+31%* 6920+42%2 51.7 0* 100
(81.5)

Note: * p < 0.05 when compared with control; * p < 0.05 when compared with Cyclophosphamide (ANOVA, Tukay’s criterion).
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Figure 1. Experimental mice survival curves.

Antitumor and antimetastatic effect of LHT-17-19 on the
heterotopic tumor model of non-small cell lung cancer

Intraperitoneal administration of both doses of LHT-17-19
— 81.5 and 40.75 mg/kg/day — for 5 days from day 7 after
transplantation of tumor tissue was accompanied by statisti-
cally significant differences in the tumor node volume when
compared with the control group and the group of animals
receiving 18.0 mg/kg/day of Cyclophosphamide. Effect
was registered from day 10 of follow-up period (Fig. 2).
Development of the antimetastatic effect was accompanied
by a decrease in the number of visible surface metastases,
both in comparison with the control group, and with the
group of animals receiving the reference drug. A proportio-
nal increase in the metastatic inhibition index was observed.

Discussion

Lung cancer remains to be one of the leading causes of
death worldwide (Bray et al. 2018; Herbst et al. 2018).
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Identification of intracellular signaling pathways invol-
ved in the disease onset and progression along with deve-
loping novel therapeutic approaches drastically changed
the current landscape of treatment options (Herbst et al.
2018). Nevertheless, molecular and genetic variabili-
ty and extreme mutation potency help the tumor escape
from strict pharmacological control (Peters et al. 2018).
All these provide rationale for multitude of experimental
and clinical research studies aiming to cope with the issue
of cancer chemoresistance.

It turned out that one of the possible sources of novel
antitumor medication was pyridine derivatives. Chemical
modification of the nucleotide helps it not only obtain an-
ti-nucleotide property, but also gain other types of phar-
macological actions. Among them, it is worth mentionion
membrane-associated and cytoplasmic macromolecule
inhibitory effects. These findings were exploited by re-
searchers from All-Union Research Center for Safety of
Biological Active Substances to develop a line of novel
molecules, one of the most promising of which was ex-
tensively studied within the present research.

As many other dihydroacridine compounds, LHT-
17-19 is of moderate toxicity when administered in-
traperitoneally to mice, which was predicted earlier
by using special PASSonline software for qualitative
“structure — toxicity” analysis (Shimanovsky et al.
2021). Antitumor efficacy of LHT-17-19 on both synge-
neic and patient-derived lung cancer xenograft murine
models indicates possibility for targeted mode of the
compound action, which is to be rigorously evaluated
in our further studies.

Conclusion

According to the obtained data, the following conclusions
were made:

control

Cyclophosphamide
18.0 mg/'kg/day

Cyclophosphamide
9.0 mg/kg/day

17 18 19 20 21 22

Days

LHT-17-19
81.5 mg/kg/day

——TLHT-17-19
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Figure 2. Growth of primary heterotopic node of patient-derived lung carcinoma in research groups.
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LHT-17-19 belongs to class 3 of the toxicity classifica-
tion of chemicals in accordance with GOST 12.1.007-76.

LHT-17-19 exerts antitumor and anti-metastatic effects
on both syngeneic and patient-derived lung cancer xeno-
graft murine models.
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