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STUDY OF ACUTE AND SUBACUTE TOXICITY SUBSTANCES WITH ANTIFUNGAL ACTION
BASED ON POMYFERIN FROM FRUITS MACLURA AURANTIACA

Actuality. The study of the toxicity and biological activity of pomyferin, a compound derived from the fruits of Maclura aurantiaca,
is crucial for the further development of effective and safe pharmaceuticals. This research also contributes to expanding our knowledge
of potential applications of plant-based compounds in medicine.

Aim. The primary objective of this study was to investigate the pharmacological properties of pomyferin from the fruits of Maclura
aurantiaca, with a focus on evaluating its acute and subacute toxicity.

Materials and methods. The acute toxicity of the pomyferin extract was studied following the guidelines approved by the
Pharmacological Committee of the Republic of Kazakhstan. The experiments involved male and female white mice, each weighing
between 18.0 and 22.0 grams. The mice were kept on a standard diet and housed in a vivarium under controlled conditions. Each
experimental group consisted of six animals.

Results. The results demonstrated no pathological changes in the general health indicators of the mice during the entire study
period. The animals in all groups remained active, and no signs of intoxication or alterations in respiratory, cardiovascular, or central
nervous system functions were observed.

Conclusions. Based on the findings, it was concluded that the animals treated with the pomyferin substance showed no differences
from the control group. The treated animals were active, displayed normal reflexes, and had regular water and food intake, with no
impairment in their natural functions. Therefore, pomyferin is considered a low-toxicity substance (hazard class IV) and holds promise
for further clinical studies.
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BUBYEHHS PEYOBUH OCTPOI TA MIATOCTPOI TOKCUYHOCTI MPOTUTPUBKOBOIT 111
HA OCHOBI HOMI®EPUHY 3 IIJIOAIB MACLURA AURANTIACA

Axmyansnicms. Busuenns moxcuunocmi ma oionoeiunoi akmuenocmi nomigpepuny 3 nnooie Maclura aurantiaca mae 6enuxe 3na-
YeHHs O0JiA NOOANbUIOT PO3POOKU egheKmuUHUX i De3neunux npenapamis, d Maxodc 018 pO3UUPeHHs 3HAHb NPO NOMeHYIliHe 3aCmo-
CY8AHHSA POCTUHHUX CNOTYK Y MEOUYUHI.
maxoi 0ii, Ak cocmpa ma nid2ocmpa MOKCUUHICb.

Mamepianu ma memoou. J{ocniodxcents 20cmpoi moKCUYHOCMI OOCTIONCYBAHO20 eKCMPAKNTY NPOEOOUNU 32I0HO 3 MEMOOUYHUMU
pexomenoayiamu, sameepoxcenumu Papmarxonoziynum komimemom Pecnybnixu Kazaxcman. Y oocnioax suxopucmosysanu aiHiiHux
oinux muweil macoro 18,0-22,0 oouiei cmami ma 8iKy, po30inenux Ha epynu no 6 meapuH, AKi ympumysaiucsa Ha Cmanoapmuii oiemi
8 yMO8ax 8isapiro.
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Pezynomamu pooomu. Jlocniodcenns nokazanu 6ioCymHicmos namono2ivnoco Xapakmepy, 3miH 3a2anbHux NOKA3HUKIE NPOMscom
YCb020 nepiody 0ocniodcens. Teapuru @ YCix epynax 3aiumlanucs aKMuGHUMU, O3HAK THMOKCUKayii ma 3min 3 00Ky OuxanvHol, cepye-

80-CYOUHHOI, YeHMPATbHOI HEPBOBOT cucmeM He 3aIKCOB8AHO.

Bucnosku. 3a pezynbmamamu 00caiodHcenns 6CManos6IeHo, o meaputu, aKi OMpumMysan 00CIioHCYyeany peuosuny, He 6iopisHsi-
JUCS 810 KOHMPONbHUX. Teapunu Oynu akmueHuMU, ix peguexcu — JHeeasuMu, CHONCUBAHHS 600U MA IJICE GYII0 HOPMATILHUM, NPUPOOHT
Gynxyii ne 6ynu nopyuieri. Takum duHom, pedyosuna nomigeput € MalomMoKcuuHow pevosuror (IV kiac nebesnexu) i mooce oymu

PEKOMEHO08AHA 011 KATHIUHUX OOCTIONCCHD.

Knrouogi cnosa: pevosuna, gnyxonason, nomigpepun, Maclura aurantiaca.

Introduction

The World Health Organization (WHO) estimates
that over 80% of the global population, particularly
in developing countries such as Ethiopia, India, and
Rwanda, rely on herbal medicines for primary health-
care. In areas with limited access to modern medical
services, herbal and plant-based remedies play a critical
role in both maintaining health and treating various dis-
eases (De Smet, 2002; WHO, 2004; Onaga, 2001; Ober-
lies, 2004).

People consume natural products they think they are
safe and not have harmful effects (Ha, et al., 2018).

Herbal preparations are also widely utilized in West-
ern medicine. Approximately 30% of all pharmaceuticals
approved for use are derived from plants. These include
both active medicinal compounds and components such
as extracts and oils, which form the basis of numerous
drugs used to treat a range of diseases, including car-
diovascular, neurological, and inflammatory disorders
(Sidorov, 2004; Kuzdenbaeva et al., 2000).

For a long time, plants have been used as a promising
source of therapeutic agents. Currently, many developed
drags, even against cancer, could be derived from nat-
ural products of their chemically modifield derivatives
(Prasad et al., 2014).

Medicinal plants can contain many secondary metab-
olites, some of which are very complecs. Nevertheless,
herbs used to treat certain diseases are generally used
without any scientific knowledge or evidence of toxi-
cological effects (Brondani at al., 2017; Koriem et al.,
2019).

The exact number of medicinal plant species in
Kazakhstan remains uncertain, with the list continually
expanding as new species are discovered and identified
each year (Mombekov et al., 2024).

In recent years, the incidence of fungal diseases has
steadily increased. Contributing factors include an aging
population, with the prevalence of mycosis reaching
50% among the elderly. This group serves as a constant
reservoir for infection, particularly with intrafamilial
transmission, which epidemiological studies indicate
affects 28% of younger and middle-aged individuals.
The rise of dermatophytosis is also linked to an increase
in immunocompromised individuals, whether due to
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congenital or acquired conditions. Additionally, the
worsening environmental and socio-economic condi-
tions in Kazakhstan have contributed to a higher inci-
dence of underlying somatic conditions that predispose
individuals to fungal infections (Rode et al., 2000; Got-
tfredsson et al., 2001).

Various medicinal plants, including Maclura auran-
tiaca, have been used in traditional medicine to treat
fungal diseases. The biological composition of Maclura
aurantiaca makes it a unique natural antifungal agent
with a broad spectrum of activity. The medicinal prop-
erties of Maclura aurantiaca are attributed to its mature
fruit, which contains a variety of flavonoids that help
restore the body's immune defenses, promoting the heal-
ing of fungal infections. Despite its potential, the plant
has not yet been widely utilized by pharmaceutical com-
panies due to limited research (Tsao et al., 2003).

Currently, clinical practice includes a range of anti-
fungal drugs, both systemic and topical. However, the
toxic and side effects associated with many of these
medications often limit their use. For example, the anti-
biotic griseofulvin is known for its high toxicity and ter-
atogenic effects. Similarly, imidazole and triazole deriv-
atives such as fluconazole and clotrimazole can cause
hepatotoxicity and adverse effects on endocrine organs
when used systemically. When used topically, these
substances may provoke allergic reactions. Prolonged
local use can further increase the risk of these reactions
(Kumarasinghe et al., 2000).

Recent studies have shown that certain formulations,
such as gels, exhibit potent antifungal activity, outper-
forming drugs like “Flucytosine” and “Fucis” (Mombe-
kov et al., 2024).

The bioassay-guided fractionation method, com-
monly used to isolate compounds with significant bio-
logical activity, plays a vital role in discovering new
natural products with therapeutic potential. Through
this method, active fractions are tested for various bio-
logical effects, such as antimicrobial, anticancer, or
anti-inflammatory properties, guiding the identification
of substances suitable for further medicinal exploration
(Orazbekov et al., 2018).

In light of these challenges, the search for, develop-
ment of, and implementation of highly active, low-toxic

Ne 1, 2025 185 ==




Bionoria. Papmauin

drugs capable of specifically targeting pathogenic fungi
without adversely affecting the human body is an ongo-
ing and relevant area of research. The acute and sub-
acute toxicity test is a method based on an evaluation
of the harmlessness and safety of chemicals, as well as
an analysis of their mode of action. Acute and subacute
systemic toxicity studies are used for hazard disclosure
and risk management in the context of the production,
handing and use of chemicals (Li et al., 2020).

Aim.The aim of this study is to investigate the phar-
macological action of a substance based on pomyferin
from the fruits of Maclura aurantiaca, focusing on its
acute and subacute toxicity.

Materials and methods. The study of the acute tox-
icity of the extract was conducted following the meth-
odological guidelines approved by the Pharmacological
Committee of the Republic of Kazakhstan (Kuzden-
baeva et al., 2000). The experiments were carried out
using linear white mice, each weighing between 18.0
and 22.0 grams, of the same age and sex, divided into
groups of six animals. The mice were maintained on a
standard diet and housed under vivarium conditions.

The source of the animals and the location of
the study was the vivarium of Asfendiyarov Kazakh
National Medical University, Almaty, Kazakhstan.

To assess acute toxicity, the suspension of the stud-
ied substance was administered orally to the animals in
doses ranging from 5 to 15 mg. In parallel, the acute
toxicity of the pomyferin extract was compared to that of
fluconazole, a substance known for its antifungal prop-
erties. The animals were observed for a period of 7 days.

Subacute toxicity was studied on white mongrel
mice, each weighing between 18.0 and 22.0 grams. The
animals were divided into three groups: a control group
and two experimental groups, each with 10 mice. The
experimental groups received the studied substance or a
comparator substance with their food at a dose of 20 mg
daily for 14 days (Huang et al., 2020).

Throughout the experiment, various parameters were
monitored, including the general condition of the animals,
behavioral characteristics, motor activity, coordination of
movements, response to tactile, pain, light, and sound
stimuli, respiratory rate, heart rate, skin condition, food
and water consumption, body weight changes, and pupil
size. Additionally, pathomorphological manifestations of
toxicity were evaluated macroscopically and microscopi-
cally at the end of the study, after the animals were eutha-
nized (via decapitation under light ether anesthesia).

This study also aimed to evaluate the organoleptic
properties of the plant material, a critical step in preclin-
ical assessment to confirm its suitability for further phar-
macological, toxicological, and analytical investigations
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(State Pharmacopoeia of the Republic of Kazakhstan,
2008; Kantureyeva et al., 2024; Bazaraliyeva et al.,
2024; Turgumbayeva et al., 2023).

Research results and discussion. The experiments
revealed no pathological changes in the general health
indicators of the animals throughout the entire study
period. The animals in all groups remained active, with
no signs of intoxication or alterations in the respira-
tory, cardiovascular, or central nervous systems. The
condition of the fur and mucous membranes remained
unchanged. Food and water consumption was consistent
with baseline levels, and the body weight of the animals
remained stable throughout the experiment. Histologi-
cal examinations showed that the internal organs (liver,
kidneys, and lungs) appeared normal, with no significant
changes detected. Importantly, no deaths were observed
among the animals, so the determination of the LD,
could not be performed.

Macroscopic examination. Upon autopsy of the exper-
imental group animals, the internal organs in the thoracic
and abdominal cavities appeared normal in color, con-
sistency, and anatomical structure. The organs were posi-
tioned correctly, and their sizes and shapes were consistent
with the control group. The heart presented no abnormal
changes; its muscle was dense and brownish in color. The
surface of the lungs was pale pink, and the lungs collapsed
upon opening the chest. The tissue inside also had a uni-
form pale pink color, and the mucous membrane of the
extrapulmonary bronchi was smooth, shiny, and pale pink
with no signs of hemorrhaging.

The mucous membrane of the stomach was also pale
pink, shiny, and folded, without any hemorrhages or
ulcerations. The mucous membranes of the small and
large intestines were smooth, velvety, and free from
hemorrhages or ulcers. The liver was of normal size and
shape, with a thin, transparent capsule. Its tissue had
a brownish color and a moderately dense consistency.
The kidneys appeared normal in size and shape, with a
smooth, uniform surface and a brownish-gray color. The
cortex and medulla were clearly distinguishable upon
sectioning. The spleen had a dark cherry color, smooth
surface, and dense consistency.

Histological examination. Histological analysis of the
lungs from mice in the experimental group that received
the extract, in all dilutions, showed that the alveolar cav-
ities were clear, and the epithelium of the bronchial tree
was intensely stained. Only a few areas of fresh hemor-
rhages, likely resulting from decapitation, were observed.
No signs of circulatory disturbances were found.

Overall, these findings suggest that the studied extract
did not cause any significant toxic effects or alterations
in the general health or internal organs of the animals,
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further supporting the conclusion that the substance is
of low toxicity.

Fig. 1. Lungs of mice from the experimental group

In the Fig. 1, the inflamed lungs of the mice in the
experimental group can be seen within the marked circu-
lar shape. Additionally, the effect of the given substance
on the inflamed lungs can be observed, leading to the
conclusion that the inflammation is resolving.

When examining the kidneys of mice in the experi-
mental group that received the pomyferin substance at
all dilutions (Fig. 2), the tubular epithelium appeared
uniformly stained, with the nuclei clearly absorbing the
dye. The normal histological structure of the kidneys
was preserved, showing no signs of hemorrhages or
edema. These findings further indicate the lack of toxic
effects on renal tissue following administration of the
pomyferin substance.
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Fig. 2. Mouse kidneys from experimental groups

The kidneys of the mice in the experimental group
show changes in the marked areas, with the direction
indicated from left to right, and the level of resolution in
the central part of the circle can be observed.

When examining the liver of mice in the experimen-
tal group (Fig. 3), hepatocytes exhibited intense dye
absorption, with no signs of hemorrhage. The histologi-
cal structure remained intact, and the arrangement of the
hepatic lobules was normal. No circulatory disturbances
were observed, indicating that the pomyferin substance
did not cause any adverse effects on liver tissue.

Fig. 3. Liver of mice from experimental groups

The image shows diffuse changes in the livers of the
mice. The study revealed circularly marked changes in
the liver during inflammation.

Thus, both macroscopic and microscopic examina-
tions of the internal organs revealed that the oral admin-
istration of the studied substance in all dilutions, both
in single and repeated doses over a 4-week period, did
not induce any general pathological or specific destruc-
tive changes in the internal organs of the animals. These
findings suggest the absence of a toxic effect, allowing
the substance to be classified as a practically non-toxic
preparation, belonging to the IV toxicity class.

The acute toxicity studies conducted showed no sig-
nificant differences in the effects between the test sub-
stance and the compared samples (Table 1).

No animal deaths were observed within the studied dose
range, both in the assessment of the test substance and in
the experimental and reference samples. In terms of acute
toxicity, the studied substance showed no significant differ-
ences from the pomyferin sample. Body weight fluctuations
in the mice across all groups did not exceed 10% and were
not statistically significant; likewise, the relative weight of
internal organs remained unchanged. The general condition
and behavior of the animals receiving the test substance were
similar to the control group. The animals were active, exhib-
ited lively reflexes, and maintained normal food and water
intake. Natural bodily functions were not impaired.

Table 1

Study of acute toxicity of the test substance based on pomyferin from fruits Maclura aurantiaca

No. Groups Experiment Animal sgizl:lss’ rat mice Range Collation
1 Control Purified water 18-22 grams 5-10 to 15 mg 1:10,1:20,1:30
2 Research Pomiferin 18-22 grams 5-10to 15 mg 1:10,1:20,1:30
3 Comparison Fluconazole 18-22 grams 5-10to 15 mg 1:10,1:20,1:30
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During the subacute toxicity study, no lethal out-
comes were observed in any of the animal groups
throughout the observation period. All animals remained
active, with no changes recorded in the respiratory, car-
diovascular, or central nervous systems. The condition
of the fur and mucous membranes remained unchanged.
The determination of LD, is presented in Table 2.

Table 2
Determination of LD50 of a substance based
on pomyferin from fruits Maclura aurantiaca

Samples under study
No No. 1 No. 2
Substance under Flucytosine
study substance
1 | Survived 25 28
2 Died 1 0
3 V4 0 0
4 D 1 1
5 Zd 0 0

Z is the average number of mice killed between groups
closest to the doses studied; D is the interval between
doses; Zd is the product of the average number of mice
killed between groups and the interval between doses.

LD _ was calculated using formula (1):

LD ,=LD - (1), where
n — is the number of animals in the experimental
group;

2Dz is the sum of all products of the average number
of mice killed between groups and the interval between
doses;

LD, > No. 1 and No. 2 samples, since no death of
animals was observed when administered in the dose
range from 10 to 50 mg.

Conclusions

Acute and subacute toxicity studies of the sub-
stance based on pomyferin extracted from the fruits
of Maclura aurantiaca (Maclura orange) included a
thorough analysis of changes in the organs and tis-
sues of animals following administration of the test
substance. The results demonstrated that no signif-
icant toxic effects were observed during the experi-
ment, such as acute reactions involving the central
nervous system, respiratory or cardiovascular sys-
tems, or damage to internal organs, indicating the
safety of the test substance.

The absence of clinically evident signs of intoxi-
cation, normal biochemical blood test parameters,
and the lack of morphological changes in the organs
and tissues of the animals allowed the classification of
this substance as low-toxic, belonging to hazard class
IV on the toxicity scale (low-hazard substances).
These findings support the potential for further use
of pomyferin from Maclura aurantiaca in pharmaceu-
tical and biomedical applications, provided that the
recommended doses and administration regimens
are followed.

In conclusion, based on the toxicological studies
conducted, it can be affirmed that the substance has
low toxicity, which opens up promising opportunities
for its use as an active ingredient in the development
of medical products with antimicrobial, antioxidant,
and anti-inflammatory activities.
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