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Abstract. Gentiana decumbens L.f. had a common status in Mongolia and frequently used in
liver diseases in Mongolian medicine recipes. Our goal is to conduct a basic study to
develop biologically active products for liver disorders. We determined the antioxidant activity,
toxicity, and acute toxicity of the Gentiana decumbens L.f. extract, and evaluated its inhibitory
activity on MDA (malondialdehyde), a peroxidation intermediate formed in the liver by DMF
(dimethylformamide). Toxicity (LCso) was determined using brine shrimp (Artemia nauplii)
using the Clarkson index, acute toxicity in Balb/C mice was assessed using the Sidirov K.K.
(LDso) classification, and MDA levels were assessed in mice livers using the Stalnaya method.
The strong antioxidant activity of 29.95+0.29 pg/ml, non-toxic (1340- 2628.38 pg/ml) by
Clarkson's index, low toxic (0.55+0.24 g/kg) according to Sidirov K.K.'s classification in acute
toxicity that results from Gentiana decumbens extract. Furthermore, when evaluated at different
times (24, 48, and 72 hours), Gentiana decumbens extract shown 1.25-2.57 times stronger
inhibitory action against liver MDA (an enzyme produced during liver inflammation) in mice
when compared to the control group. According to these findings Gentiana decumbens has anti-
inflammatory and anti-liver disease properties. Furthermore, it may be a source of biologically
active products for liver disorders.
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1 Introduction

The genus Gentiana, comprising over 400 species, has been extensively studied for its
phytochemical and pharmacological properties [1]. There are 14 species of Gentiana L.
plants growing widely in Mongolia, of which 8 species (G.aquatica var, G.aquatica L,
G.algida, G.decumbens, G.grandflora, G.macrophylla,G.triflora, G.uniflora) have
been recorded as having medicinal significant properties [2,3]. The primary bioactive
compounds isolated from Gentiana species include iridoids, xanthones, flavonoids, and
triterpenoids [4,5,6]. These compounds contribute to a wide range of therapeutic
applications, including hepatoprotective, gastrointestinal protective, cardiovascular
protective, immunomodulatory, and anti-inflammatory effects [4,6]. Gentiana species
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exhibit significant antioxidant and anti-inflammatory properties due to their rich
phytochemical profiles [7,8]. Extracts from different Gentiana species have
demonstrated strong DPPH and ABTS radical scavenging abilities, as well as reducing
power [7, 9]. Anti-inflammatory effects have been observed through the inhibition of
pro-inflammatory mediators such as NO, IL-6, and TNF-a in Raw 264.7 cells [7].
Additionally, Gentiana extracts have shown antimicrobial and antibiofilm activities
against various pathogens [9]. The bioactive compounds responsible for these
properties include gentiopicroside, swertiamarin, and various flavonoid glycosides [9,
5]. These findings support the traditional medicinal uses of Gentiana species and
highlight their potential as natural sources of antioxidants and anti-inflammatory
agents. Traditional uses of Gentiana species in Tibetan and Iranian medicine include
treating liver disorders, respiratory issues, and joint problems [4,5]. Modern
pharmacological studies have demonstrated the potential of Gentiana extracts in
glucose regulation, antibacterial, antioxidant, anticancer, and antibacterial activities [4].
Particularly, research on animals has not found any appreciable toxicity to natural
compounds from this species, indicating that these compounds may be used effectively
in medical treatments [9]. In all Siberian locations, Gentiana decumbens is a common
plant found in steppe-field meadows [8, 10] and that specie grows in Xinjiang, Asia-
Temperate China, Manchuria Qinghai, Inner Mongolia, and northwest China Gentiana
decumbens has a common status in Mongolia and, distributed (by phytogeographical
region): Khuvsgul, Khentii, Khangai, Mongolian Dagur, Khyangan, Khovd, Mongolian
Altai, Central Khalkh, Eastern Mongolia, Great Lakes Basin, Valley of Many Lakes,
Gobi-Altai, Zuungar Gobi [3]. In 2015, Olennikov et al researched the phytochemical
components of Gentiana decumbens herb including isoorientin (luteolin-6-C-fB-d-
glucoside, lutonarin (isoorientin-7-O-B-d-glucoside, isoorientin-4'-O-f-d-glucoside,
isovitexin (apigenin-6-C-B-d-glucoside, saponarin (isovitexin-7-O-f-d-glucoside,
isosaponarin (isovitexin-4'-O-f3-d-glucoside, and isoscoparin (3'-methoxyluteolin-6-C-
B-d-glucoside). Also three iridoids, loganic acid, loganic acid-6"-O-B-d-glucoside,
swertiamarin, as well as oleanolic acid, were found in Gentiana decumbens [11].
Gentiana decumbens is used to treat fever, bacterial fever, detoxification, inflammation
of the stomach and liver, gallbladder illness, and infectious disorders, all treated with
chronic gastritis, gallbladder inflammation, and nervous exhaustion are all treated with
this plant. It is used to enhance digestion and is the 25th most commonly used medicinal
recipe in Mongolia. Gentiana decumbens the above-ground parts are widely used in
Tibetan medicine to treat nervous exhaustion, gastritis, and bile. A viral or bacterial
fever, detoxification, and inflammation of the stomach and liver have all been treated
with it in Mongolian traditional medicine. It has also been used to enhance digestion in
traditional Chinese medicine [3, 8, 12]. By conducting pharmacological studies on the
biological activity of Gentiana decumbens, a plant native to the Chinese and Mongolian
Plateau, and integrating traditional uses with modern advanced techniques and
technologies, this study aims to provide a foundation for the development of
biologically active products. Utilizing on the traditional knowledge of local
communities regarding plant use and conservation, this research is also considered
significant for creating opportunities to introduce the plant into the economy. This will
contribute to the effective application of genetic resources, the maintenance of
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ecosystem balance, and the achievement of long-term benefits. We aim to conduct basic
research to develop biological activity products for liver diseases. We will identify
antioxidant activity, toxicity, acute toxicity in Gentiana decumbens extract and
evaluated inhibitory activity of MDA (malondialdehyde), an intermediate product of
peroxidation formed in the liver of experimental Balb/C mice by dimethylformamide
(DMF).

2 Materials and methods

The Gentiana decumbens’s aerial parts in collected from in Ulaan- Uul soum, Khuvsgul
province in Mongolia on August 2024. Gentiana decumbens had a common status in
Mongolia and was frequently used in liver diseases in Mongolian medicine recipes. The
plant species were authenticated by botanical experts, and voucher specimens were
collected and deposited at the [Name of Herbarium, e.g., Institute of Botany Herbarium
(UBA)], Mongolian Academy of Sciences. Each specimen was assigned a unique
voucher ID (e.g., UBA-GENT-2023-001), which can be referenced for verification.
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Fig 1. Sample sites in Ulaan-uul soum, Khuvsgul province in Mongolia
Explanation: A. Map of Mongolia, B. Khuvsgul province, C. Study area- sample sites

Extraction

Gentiana decumbens’s aerial parts were dried at room temperature and smashed
manually and these samples were extracted in a 1:10 ratio of 70 % ethanol on a shaker
at 250 ppt for 48 hours. Filter the extracted plant extract through filter paper. The liquid
extract (1:10 ratio) 70°C obtained is then evaporated with a rotary evaporator (Biobase-
RE-2010) in during 3-4 hours. The resulting thick Gentiana decumbens extracts used
for further analysis.
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Antioxidant and toxicity

To some modifications, determination of Sulastri E. et al. 2018, [13] antioxidant
activity was evaluated by 2, 2-diphenyl-1-picrylhydrazyl DPPH (Thermo Science,
USA) method using a spectrophotometer (UV-XX05), and toxicity was determined
using Brine shrimp (Artemia nauplii) and assessed by the Clarkson index (LCso) [6].

Acute toxicity

The previously prepared Gentiana decumbens extract was diluted in 20% ethanol at a
ratio of 1:20 to the required volume for testing, and the acute lethal dose (LDso) was
investigated. The experiment was conducted using a rapid method developed by V.B.
Prozorov (1978) and classified by K.K. Sidorov (1973) on 30 male white mice (Mus
musculus) of the Balb/C strain, weighing 18-22 g. Treatment was administered via tail
vein injection at increasing doses: 0.1 ml (n=4), 0.2 ml (n=6), 0.3 ml (n =6), 0.35 ml
(n=06), and 0.4 ml (n = 6). The surviving test animals were monitored for 24 hours, and
the acute lethal dose (LDso) was determined accordingly [14,15].

Methodology for determining the effect of Gentiana decumbens on MDA in a
dimethylformamide-induced liver disease model in experimental animals

The concentration of Gentiana decumbens on MDA, an intermediate product of
peroxidation induced by DMF (N, N-dimethylformamide), was investigated in
experimental animals. The pharmacological experiments were conducted in accordance
with the ethical standards outlined in the “Biomedical Ethical Guidelines for Animal

Experiments”.
Liver damage caused by N,N-dimethylformamide, DMF
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Balb/c white mice weighing 20-28 g were grouped as follows:

1. Healthy (n=9)

2. Control (n=13) $3 72hours
3. Comparison drug Liv 52 (n=13)

4. Test(Gentiana decumbens extract) (n=13)

Fig 2. Pharmacological experiment’s process in Gentiana decumbens extract.
Explanation: healthy mice- 9, control group mice-13, comparing group (Liver medicine Liv 52)
mice- 13, test group (Gentiana decumbens) mice- 13, DMF- (N, N-dimethylformamide ) liver
damage drugs, The liver MDA levels of experimental mice were determined at 24, 48, and 72
hours.

The Group 1 (healthy) mice received no treatment. Group 2 (control) mice were
administered 0.3 ml of physiological saline twice daily for seven days. Group 3
(comparison drug — Liv 52) mice were given 0.3 ml of 0.6% Liv 52, prepared in 20%
ethanol, twice daily. Group 4 (Gentiana decumbens extract) mice received 0.3 ml of
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0.4% Gentiana decumbens thick extract, diluted in 20% ethanol, twice daily. On the
eighth day of the experiment, all mice in the control, comparison, and experimental
(Gentiana decumbens) groups were orally was given a 30% solution of
dimethylformamide (DMF) at a dose of 2.5 g/kg to induce acute liver inflammation.
Subsequently, the concentration of malondialdehyde (MDA) a biomarker produced
during liver cell damage caused by DMF—was measured at 24, 48, and 72 hours [16].

Determining malondialdehyde (MDA) in liver of mice

Blood was collected from the experimental animals’ livers and stored at a temperature
of 5 to 8°C. To stimulate lipid peroxidation, 0.05 ml of FeSO4-7H-0 and 0.05 ml of
ascorbic acid were added to the sample, followed by shaking for 30 minutes at 37°C.
After incubation, 1.5 ml of the reaction mixture was taken, and 1.5 ml of 0.67%
thiobarbituric acid was added. The mixture was then heated for 15 minutes, cooled to
room temperature, and the malondialdehyde (MDA) level was determined using a
spectrophotometer ((UV-XXO05) at an absorbance of 535 nm, according to the method
described by Stalnaya, [.D. (1977) [17].

Statistical analysis

Experimental data were analyzed using Excel 2013 and SPSS version 13 statistical
software. One-way analysis of variance (ANOVA) was performed to compare the
experimental groups (healthy, control, comparison, and test) in terms of incubation time
and measurement time, in order to determine whether MDA level significantly differed
among the groups.

3 Results

Brine shrimp are the fastest and cost-effective method of determining a plant's toxicity.
The Clarkson's toxicity index is frequently used access the toxicity of Gentiana
decumbens extracts as LCso values. According to Clarkson's toxicity criterion, which is
used to evaluate the toxicity of plant extracts, extracts are classified as non-toxic if their
LCso is greater than 1000 pg/ml, low toxic if their LCsg is between 500 and 1000 pg/ml,
medium toxic if their LCsg is between 100 and 500 pg/ml, and highly toxic if their LCsg
is between 0 and 100 pg/ml [18]. According to the study's results, Gentiana decumbens
(1340- 2628.38 ng/ml) is classified as non-toxic (see table 1).
Table 1. Result of determination toxicity of Gentiana decumbens
extract using brine shrimp (Artemia nauplii)

Concentration No.of Living nauplii Percentage of LCso (ng/ml)
(pg/ml) nauplii taken 1 2 3 Mortality %
Gentiana decumbens
Control --- 30 10 10 10 0 2060.7+£657.6
1 30 10 9 9 6.66
10 30 8 8 9 16.6 None toxic
100 30 7 7 7 30
1000 30 6 7 7 333
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Therefore, it is necessary to further study Gentiana decumbens in detail and determine
the antioxidant activity, which is a biologically active characteristic of the plant [4].
Antioxidant activity is expressed as an IC50 value and is evaluated in different ways
depending on the method used. In this study, the DPPH method was used, so if the ICso
value is less than >50 pg/ml, the plant is considered to be a strong antioxidant [19].
However, the determination of the antioxidant activity of Gentiana decumbens showed
that it has strong antioxidant activity (ICso value 29.62-30.12 pg/ml) (see table 2).
Table 2. Result of determination of antioxidant activity in
Gentiana decumbens extract

Concentration AA % IC s0 (ng/ml)
(ug/ml)
Gentiana decumbens

62.5 4.63£0.04

125 9.5+0.09

250 19.24+0.18 29.95+0.29
500 38.72+0.37

1000 77.67+0.76

Acute toxicity in experimental mice is a critical aspect of pharmacological and
toxicological research, providing insights into the potential harmful effects of
substances following a single or short-term exposure. This is typically quantified using
the Lethal Dose (LDso), which represents the dose required to cause death in 50% of
the test population. According to the test results, the threshold dose of the preparation
was 0.3 ml. The results of the test process and the determination of the threshold dose
are shown in Table 3. When calculating the acute toxicity from this threshold dose, it
was determined that LDso=0.55+0.24 g/kg (0.375 g/kg-0.716 g/kg). The acute toxicity
(LDso) of the aerial part of Gentiana decumbens, diluted in 20% ethanol in a ratio of
1:20, was determined, and according to the above results, according to K.K. Sidorov, it
was classified as low toxic.

Tab 3. Result of determination of acute toxicity in Gentiana decumbens extract T

Ne  Mice Dose Number of Result threshold Lethality
weight (ml) experimental dose (ml) dose
grams, animals LDso( g/kg)

Gentiana decumbens
1 0.1 4 100% live
2 0.2 6 100% live
3 18-22 0.33 6 50% live 0.3 0.5510.24
K Low toxic
4 0.35 6 100% died
5 0.4 6 100% died

The inhibitory activity of Gentiana decumbens against malondialdehyde (MDA), a by
product of lipid peroxidation induced by DMF (The results of the study showed that
after 24 hours of dimethylformamide induction of the liver of experimental animals, no
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significant different (p>0.05) were observed in all experimental groups after 0-minute
incubation.

According to the results of the 30-minute incubation of the experiment, the level of
MDA in the control group (0.18+0.21) increased by 2.8 fold (p<0.05) compared to the
healthy group (0.07+0.01), indicating that acute liver inflammation was caused by the
effect of dimethylformamide (N,N-dimethylformamide,) in the liver of experimental
animals, was investigated and evaluated (see fig 3.) .

The results of the 0-minute incubation 48 hours after the pathological model was
established in the experimental animals' livers with dimethylformamide showed that
the effect of dimethylformamide caused acute liver inflammation, as the MDA level in
the control group (0.11+0.01) was 1.2 fold higher (p<0.05) than in the healthy group
(0.09+0.015).

The results of the 30-minute incubation period showed that the MDA level in the
control group (0.2+0.08) increased 2.15 fold (p<0.05) compared to the healthy group
(0.093+0.02), indicating that acute liver inflammation was induced by
dimethylformamide (see fig 3.).

The results of the 0-minute incubation after 72 hours of dimethylformamide-induced
liver injury showed that the MDA level in the control group (0.246+0.05) increased 2.7
fold (p<0.01) compared to the healthy group (0.09+0.015), and the results of the 30-
minute incubation showed that the MDA level in the control group (0.358+0.1)
increased 4 fold (p<0.01) compared to the healthy group (0.092+0.002), indicating that
acute liver inflammation was further activated after 72 hours due to the effect of
dimethylformamide (see fig 3.).

However, the inhibitory activity of the comparison drug Liv 52 (0.107+0.021) on
MDA level was reduced by 1.7 times compared to the control group (0.177+0.21). Also,
the inhibitory activity of the Gentiana decumbens extract prepared in 20% ethanol of
0.4% of the plant, which is the object of our study, on MDA in experimental animals
(0.07+0.014) showed that it inhibited peroxidation by 2.57 fold compared to the control
group (p>0.05) in 30 minutes incubation of 24 hours.

After 48 hours of incubation, the inhibitory activity of the comparison drug Liv 52
(0.14£0.027) on the MDA level was reduced by 1.4 fold compared to the control group
(0.197+0.08), indicating that the drug is active against liver peroxidation. Also, the
inhibitory activity of the extract prepared in 20% ethanol of 0.4% of the plant, which is
the object of our study, on the MDA level of the experimental animal (0.165+0.03)
inhibited peroxidation by 1.2 fold compared to the control group (p>0.05) in 30 minutes
(see fig 3.).

However, after 72 hours of incubation, the inhibitory activity of the comparison drug
Liv 52 (0.13840.004) on the MDA level was reduced by 2.6 fold (p<0.01) compared to
the control group (0.358+0.1), indicating that the drug is highly active against liver
peroxidation. It was also determined that the inhibitory activity of the extract prepared
in 20% ethanol at 0.4% of the plant, which is the object of our study, on the MDA level
of the experimental animal (0.176+0.009) inhibited peroxidation by 2 fold (p<0.05)
compared to the control group in 30 minutes (see fig 3).
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Fig 3. The effect of Gentiana decumbens on the liver of experimental mice in a
dimethylformamide-induced pathological model was determined by MDA.
Explanation: A-24 hours, B-48 hours, C- 72 hours.
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4 Discussion

Our study assessed the toxicity and antioxidant potential of Gentiana decumbens, a
plant native to the Chinese and Mongolian Plateau.

In comparison, other studies have reported varying toxicity and antioxidant profiles
for different Gentiana species. For instance, a study on Gentiana scabra found an LCso
of 51.41 mg/L in brine shrimp [20], suggesting a higher toxicity than Gentiana
decumbens.

Regarding antioxidant activity, Gentiana depressa exhibited an ICso 0f 39.57 pg/mL
[20] in methanol extracts, which is comparable to our findings for Gentiana decumbens.
Furthermore, an investigation into Gentiana lutea reported an ICso of 23.21 mg/mL for
superoxide scavenging activity [21], indicating higher antioxidant potency compared
to G. decumbens. In our study, the effect of Gentiana decumbens extract on liver
inflammation was evaluated by measuring malondialdehyde (MDA) concentration.

Liver damage caused by DMF involves the formation of toxic intermediates during
hepatic metabolism, oxidative stress, fatty acid oxidation, mitochondrial damage,
glutathione depletion, and most importantly, increased hepatic MDA levels [16].

In experimental animals, MDA—produced via lipid peroxidation during oxidative
stress—shows a multi-faceted role in liver injury. It damages essential proteins and
membranes directly, impairs mitochondrial function, exhausts antioxidant reserves, and
triggers inflammatory and fibrotic pathways. Histological changes support this
mechanism, showing necrosis, fat accumulation, and collagen deposition [22].

The Liv52, which we chose as our comparison drugs, has been shown to have
therapeutic effects on liver disease, and strong preclinical evidence supports that Liv 52
lowers hepatic MDA, indicating reduced oxidative stress across multiple liver injury
models (I/R, ethanol, doxorubicin, t-BHP). This aligns with its known role in preserving
antioxidant systems and protecting liver integrity. Human clinical evidence focuses
more on enzyme normalization (ALT, AST) and general liver function, but the
biochemical groundwork clearly supports MDA reduction in animal and cell studies
[23, 24].

Xu et al. (2021) demonstrated that pretreatment with Gentiana some species (radix
gentianae) extract significantly reduced hepatic MDA levels and restored antioxidant
enzyme activities (SOD, GSH, GSH-PX) in CCls-induced liver injury in rats,
confirming its lipid peroxidation—inhibiting and membrane-protective actions [25].

The results were consistent with Liv 52's ability to reduce liver MDA concentrations.
The discussion was based on the concentration of hepatic MDA, a marker of lipid
peroxidation. When determined after 24 hours, Gentiana decumbens extract (0.4% in
20% ethanol) reduced MDA to 0.07+0.014, 2.57-fold lower than the control group
(0.177£0.021), exceeding the effect of Liv 52 (0.107+0.021). Although not statistically
significant at this stage (p>0.05), the extract showed a stronger inhibitory. After 48
hours, the MDA level in the control group increased (0.197+0.08), while Liv 52 and G.
decumbens reduced MDA to 0.14+0.027 and 0.165+0.03, respectively, indicating
moderate inhibition. The oxidative stress peaked (MDA: 0.358+0.1) at 72 hours, and
was reduced 2.6-fold by Liv 52 (p<0.01), while Gentiana decumbens reduced it 2-fold
(0.176%0.009; p<0.05). In conclusion, the results of this study showed that Gentiana
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decumbens inhibited hepatic MDA to a comparable extent to the hepatoprotective drug
Liv 52, and the effect was stable over time, highlighting its potential as a natural
hepatoprotective agent.

5 Conclusion

Gentiana decumbens has demonstrated strong antioxidant activity, is classified as non-
toxic according to Clarkson’s toxicity index, and exhibits low toxicity based on K.K.
Sidorov’s classification. It also shows significant inhibitory effects on malondialdehyde
(MDA), a key intermediate of lipid peroxidation induced by dimethylformamide (N,N-
dimethylformamide, DMF), in the liver of experimental mice. These findings indicate
its potential therapeutic efficacy against liver injury and inflammation. In the future,
we need to conduct technological research on biological supplements for use in fatty
liver disease based on their properties that reduce liver inflammation.
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