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Abstract. Obesity is one of the globally widespread diseases, accompanied by
hypertension, hyperlipidemia, atherosclerosis, and type Il diabetes. The most effective therapeutic
approach for treating obesity is the inhibition of pancreatic lipase (PL). Eight isolates of
endophytic fungi were obtained from Viola odorata growing in the park areas of Tashkent,
Uzbekistan. Screening of PL inhibiting activity of secondary metabolites produced by isolates in
vitro showed that the isolates expose inhibitory activity varying from 28.8 to 91,5 %. The extract
of VOIR isolates from the root of V.odorata and identified as Aspergillus fisheri revealed the
highest inhibition (91.5%), and a low IC50 value of 20 ug/ml is comparable with Xenical as
standard. Phytochemical analysis showed that the VOIR extract contains alkaloids, terpenoids,
tannins, and flavonoids.
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INTRODUCTION

Inhibitors of pancreatic lipase (PL) that disrupt pancreatic lipase activity are peripheral
drugs that directly reduce fatty acid absorption into the systemic circulation and adipocytes (Drent
& Van der Veen, 1993). Orlistat (Xenical) is currently the only drug approved for the long-term
treatment of obesity (Orlistat Information. 07.08.2015). It is a saturated derivative of lipstatin
isolated from the Gram-positive bacterium Streptomyces toxytricini (Weibel ez al., 1987).
However, long-term use of orlistat appears to be associated with severe undesirable side effects,
including hepatotoxicity, gallstones, kidney stones, and acute pancreatitis.

Plants with significant anti-obesity potential are reviewed for their ability to inhibit
pancreatic lipase. Many studies report new compounds and natural products inhibiting lipase and
having more significant potential than orlistat (Seyedan ez al., 2015). Some plant extracts show a
pronounced effect on fat digestion and consist of compounds from various chemical classes,
including polyphenols, saponins, and terpenes (De la Garza et al., 2011). Although the list of
plants used for treating obesity in traditional medicine is extensive, most species are still collected
from the wild, making it difficult to scale up the production of plant anti-obesity drugs. In this
aspect, endophytic microorganisms are an alternative to plant sources. Endophytes make an
outstanding contribution to drug discovery by producing a variety of new chemical structures and
biological activity (Samantha ef al., 2021; Gupta ef al., 2019). There are more and more reports
of unique properties of endophytic microorganisms, including antimicrobial, antioxidant, enzyme
inhibition, synthesis of growth-stimulating substances, and the ability to withstand environmental
stress (Shurigin ef al., 2022, Mukhammedov ef al., 2022, Kondrasheva et al., 2022). Their vast
potential is determined by chemical innovations and their use in developing pharmaceutical agents
(Gupta et al., 2019).
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Many studies have demonstrated the ability of endophytes to produce compounds with
inhibitory properties against many enzymes (Meshram et al., 2019). According to studies on the
inhibitory properties of endophytes, it was established that endophytic fungi produce compounds
that have inhibitory effects on several enzymes that control the occurrence of diseases in the vast
majority of vital human systems, including diabetes, hypercholesterolemia, Alzheimer's, and
Parkinson's diseases, Inflammatory diseases, malignant degeneration of cells, gout and many
others (Meshram et al., 2019).

The promise of endophytic fungi as possible producers of compounds for treating obesity
was first shown by Gupta et al. (Gupta et al., 2014; Gupta et al., 2015). Screening of culture
filtrates of 70 endophytic fungi isolated from Aegle marmelos revealed the inhibitory potential of
three isolates. The S7TTBBALM isolate assigned to Penicillium showed an IC50 value of 3.69
mg/ml, comparable to the IC50 of Orlistat (2.73mg/ml) as a positive control (Gupta et al., 2014).
Lipase inhibitory activity was also studied in 39 endophytic fungi from medicinal plants in the
Andaman Islands. Patil and Patil confirmed complete inhibition of pancreatic lipase by lemon
endophyte extracts (Patil & Patil, 2019). Thus, when screening extracts of 18 endophytes from 6
local plants using phenol red agar with olive oil, a yellow halo was utterly absent under the CLL-
2 extract. PL was partially inhibited by CLL-1 extract from Citrus lemon (Patil & Patil, 2019).
Seven compounds, including a 13-angeloyloxy-ciclosporin, were isolated from endophytic
Phomopsis sp.0391 cultivated with a histone deacetylase inhibitor. All of these isolates were
evaluated for lipase inhibitory activity. For the first time, the cytosporon B and dothiorelone A
compounds exhibited significant lipase inhibitory activity compared to the positive control
(Orlistat, IC50 = 43 pg/mL) with IC50 values at 115 and 275 pg/mL, respectively (Sheng et al.,
2020).

Thus, although there are few such studies, the available reports strongly suggest that
endophytic fungi can quite effectively suppress the activity of pancreatic lipase and, therefore, can
serve as a potential source of metabolites for the development of new lipase inhibitors for the
treatment of obesity.

One of the good plants in this aspect is Viola odorata (Viola odorata L., Violaceae), a
herbaceous perennial plant common worldwide. This plant contains many chemical compounds,
including phenols, coumarins, alkaloids, flavonoids, saponins, and vitamins (Katoch et al., 2017,
Aslam et al., 2021). In addition, Katoch et al. showed that endophytic fungi possessing anticipated
activity are present in Viola odorata endophytes (Katoch et al., 2017).

Considering that violet plants Viola odorata is widespread in Uzbekistan, both in gardens and the
wild, this work aimed to study the inhibitory potential of endophytic fungi from Viola odorata.

MATERIAL AND METHODS

Isolation and identification of endophytic fungi

Endophytic fungi were isolated according to the standard isolation method from the roots,
stems, leaves, and flowers of violets collected in the Tashkent region of Uzbekistan on Petri dishes
with Czapek-Dox agar medium containing 50 mg/ml chlortetracycline and 250 mg/ml
streptomycin to suppress bacterial growth (Hazalin et al., 2009). The plates were incubated for 7-
14 days at 28°C. Grown fungal isolates were subcultured on Czapek-Dox agar medium without
antibiotics and stored at 2-4°C until use. The isolates were identified to the genus by studying the
morphological features of seven-day-old cultures grown on Czapek-Dox medium in terms of the
shape of colonies, the nature of growth on a nutrient medium, the shape of conidia and spores, and
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colony pigmentation (Litvinov, 1967). Species identification was kindly carried out by specialists
from «Syntol» (Moscow, Russia), using kits for DNA extraction and PCR from this company.

Cultivation of endophytes

For five days, the isolated endophytes were cultivated on a Czapek-Dox medium on an
orbital shaker at 180 rpm, 28°C. The biomass of the cultures was separated by centrifugation at
6000 rpm and stored at -4°C.

Extraction of secondary metabolites

5 g of fungal biomass was homogenized and extracted with 50 ml of ethyl acetate, left for
a day on a shaker at room temperature to obtain secondary metabolites. The mixture was then
filtered (Whatman No. 1), and Na>S 4 was added at a 40 pg/ml rate to remove the aqueous layer.
Next, the mixture evaporated to dryness on a rotary evaporator and dissolved in one ml of dimethyl
sulfoxide. The resulting extract was used as a stock solution and stored at +4°C (Hazalin et al.,
2009).

Lipase inhibition assay using tube method

The analysis was carried out according to Patil and Patil, 2019. First, PL enzyme (Sigma,
100 U/ml) at 10 mg/ml concentration in phosphate buffer (pH 7.4) was preincubated with the same
extract volume. Xenical (Cheplapharm, Germany) was used as a positive control; distilled water
was negative. All samples were incubated at 37°C for 20 minutes. Next, 100 ml of a suspension
of olive oil in distilled water (pH 7.4) was added and again incubated at 37°C for 60 minutes. After
incubation, phenol red was added to each tube (10 ml), and a color change was observed. The tests
were performed in triplicate.

Quantitative PL inhibition assay

Determination of inhibitory PL activity of the fractions. 50 mg of lipase ("Sigma," 60
units/ml) was suspended in 10 ml Tris-HCI buffer containing 2.5 mM Tris and 2.5 mM NaCl, pH
7.4. The solution was shaken vigorously for 15 min and centrifuged at 4,000 rpm for 10 min, and
the supernatant was collected. Initial solutions of the extracts and Xenical standard in DMSO with
linear concentrations in the 2-2000 pg/ml range. The final reaction mixture consisted of 875 pl of
buffer, 100 ul of the enzyme, and 20 pl of extract at various initial concentrations, preincubated
for 5 min at 37 0 C, followed by the addition of 10 pl of the substrate (4-nitrophenyl palmitate in
10 mM in acetonitrile). The amount of DMSO in the final concentration did not exceed 2%. The
optical mixture was measured on a spectrophotometer (UV-Vis model UV-5100) after 5 min at
405 nm. The percentage of inhibition was calculated using the formula:
% inhibition = [(Ae-At)/Ae x100
where Ae is the optical density of the enzyme control (without inhibitor), and it is the difference
between the optical density of the test sample with and without the substrate. IC50 compounds
were calculated by plotting a linear regression curve and compared with Xenical (Bustanji et al.,
2011).

Phytochemical analysis of the secondary metabolites composition

Conventional phytochemical methods determined the qualitative composition of the
compounds in the extracts according to Prabhavathi et al., 2016.

RESULTS AND DISCUSSION

Dietary fats play a central role in developing obesity; therefore, reducing fats available for
metabolism is undoubtedly necessary for weight loss. That is why a real therapeutic target for
obesity is PL, a critical enzyme for deleting dietary fat to free lipids and their absorption.
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Therefore, medicinal plants with ethnopharmacological value are a sound source for isolating
endophytes endowed with bioactive properties related to the host plant. Many endophytic fungi
from different plants have been studied as sources of endophytes with various properties.
However, there are few works on the study of endophytic fungi as possible lipase inhibitors, and
the list of plants used for this purpose is also short (Meshram et al., 2019; Gupta et al., 2014;
Gupta et al., 2015). The inhibitory activity of extracellular metabolites secreted into the culture
medium is mainly considered.

In this study, we screened the bioactivity of intracellular metabolites against obesity in
Viola odorata endophytes growing in Uzbekistan. Only eight isolates of endophytic fungi were
isolated from various organs of Viola odorata growing in the Tashkent region of Uzbekistan (fig.
1(A, B)). Four isolates were obtained from the root and two isolates each from the leaves and
flowers of the plant. According to morphophysiological features, isolates preliminarily identified
as Aspergillus, Penicillium, and Fusarium, with representatives of the genus Aspergillus
dominating.

1-VOI1R; 2-VO2R; 3-VO3R; 4-VO4R; 5-VOS5L; 6-VO6L; 7-VO7F; 8-VOS8F, C-control; S-
standard (Xenical)

Figure 1 Isolation of endophytic fungi from Viola odorata (A — V. odorata, B - pure
cultures of endophytes) and PL Inhibitory activity of the endophytic extracts against Pl in phenol
red tube test (C).

Previously, Katoch et al. isolated 27 endophyte morphotypes belonging to Ascomycota and
Basidiomycota from Viola odorata (Katoch et al., 2017). However, the most remarkable diversity
of endophytic fungi was also observed in roots, leaves, and buds.

During the initial screening of the inhibitory activity of the isolated isolates by the
chromogenic method using a red phenol indicator after incubation with the substrate and
pancreatic lipase, a change in the color of samples was observed in all extracts, but a characteristic
purple color change, comparable to Xenical as a positive control, was observed in the presence of
VOIR; VO2R; VOSL (fig.1 (C)).

At the same time, spectrophotometric measurement of lipase activity showed that biomass
extracts of all eight isolates (VO1R, VO2R, VO3R, VO4R, VOS5L, VO6L, VO7F, VO8F) reduce
enzymatic activity to varying degrees. For example, the lowest inhibition of PL was 25-32.6% in
1solates of VO3R, VO7F, and VOSF isolated from flowers and roots; moderate inhibition of PL
from 37.3 to 43% was observed in VO4R and VO6L from violet leaves; the highest was 54.0 %
in VOSL from leaves and 91.5 % in VO1R from the violet root (fig. 2(A)).
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Figure 2 Quantitative determination of the PL inhibitory activity of extracts(A) and IC50
values of violet endophyte extracts (B).

The VOIR isolate extract with the highest degree of PL inhibition also showed the lowest

IC50 value of 20 pg/mL. Under the same experimental conditions, inhibition of PL by Xenical
was 92%, and IC50 20 pg/ml, comparable to the values of the VO1R isolate (Fig. 2(B)).
Katoch et al. reported that extracts of seven Viola odorata endophytes showed inhibitory activity
with low values (IC50 < 10 ug/mL), and the most active VOLF4 extract (4spergillus sp.) showed
inhibitory activity with an IC50 of 3.8 pg/mL (Katoch et al, 2017). Although the inhibitory
activity of the isolates is lower than mentioned above, this allows us to conclude that violet
endophytes, particularly the VOIR isolate, have sufficient potential as promising sources of
anticipated compounds.

The isolate VO1R was identified as Aspergillus sp. based on morphological characteristics,
and as Aspergillus fisheri VOIR (99.12%) by high throughput sequencing method. The strain was
found first in Uzbekistan.

The A. fisheri VO1R extract, whose metabolites most strongly inhibited PL, was further
tested for phytochemical composition. The phytochemical tests showed that the extracts contain
terpenoids, tannins, flavonoids, and alkaloids. The data obtained are consistent with some reports
indicating the presence of similar substances in plant extracts with high antilipase activity
(Seyedan et al., 2015; De la Garza et al., 2011). Our data also suggest that the high anticipated
activity of the endophytic fungus 4. fisheri VO1R may be due to terpenoids, flavonoids, saponins,
or alkaloids that require further investigation research related to the isolation, identification, and
study of their interaction with PL.

CONCLUSION

Natural substances from endophytic fungi are recognized as good resources for developing
various therapeutic compounds. The presented data on the isolation and screening of endophytic
fungi from V.odorata growing in Uzbekistan have varied inhibitory effects on pancreatic lipase.
The extract of 4. fisheri VOIR containing terpenoids, tannins, flavonoids, and alkaloids reveals
the highest inhibitory activity of 91,5% and IC50 20 mg, comparable with Xenical as standard.
VOIR isolate identified as A. fisheri VO1R was selected as the most active strain and may be
considered the promising source of antilipase compounds.
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