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Abstract

Introduction. The genus Lagotis (Plantaginaceae) comprises species traditionally used for treating liver disorders. Lagotis
korolkowii (Regel & Schmalh.) Maxim., despite its potential, remains phytochemically and pharmacologically underexplored,
particularly regarding its safety and hepatoprotective properties.

Aim. This study aimed to evaluate the acute oral toxicity and hepatoprotective efficacy of an extract from Lagotis korolkowii
(Regel & Schmalh.) Maxim. in experimental models.

Materials and methods. Acute toxicity was assessed in albino mice following GOST 32644-2014 and Stefanov's guidelines,
administering single oral doses up to 10,000 mg/kg. Hepatoprotective activity was investigated in male albino rats
with paracetamol-induced acute hepatitis (1000 mg/kg for 2 days). Treatment groups received the plant extract orally
at doses of 50, 100, and 200 mg/kg for 7 consecutive days post-intoxication. Evaluations included observation of general
condition, mortality, hematological analysis (complete blood count), and blood biochemical parameters (ALT, AST, bilirubin,
total protein, etc.).

Results and discussion. The median lethal dose (LD, ) of Lagotis korolkowii (Regel & Schmalh.) Maxim. extract exceeded
10,000 mg/kg, classifying it as practically non-toxic (Class V). In the hepatotoxicity model, the extract dose-dependently
ameliorated paracetamol-induced alterations. The 50 mg/kg dose demonstrated the highest activity, significantly reducing
plasma ALT (by 4 %), AST (by 27 %), and direct bilirubin (by 39 %) levels while increasing total protein (by 17 %) compared
to the intoxicated control group. Positive normalization of erythrocyte, hemoglobin, and leukocyte counts was also observed.
Conclusion. Lagotis korolkowii (Regel & Schmalh.) Maxim. extract possesses a high safety profile and exhibits significant,
dose-dependent hepatoprotective effects against paracetamol-induced liver damage, with the 50 mg/kg dose showing
optimal efficacy. These findings support its potential as a source for developing safe and effective hepatoprotective
phytomedicines.
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Peslome

BBepeHune. Pop Lagotis (Plantaginaceae) BKnioovaeT BWAbl, TPAaAWUMOHHO TMNPUMEHAeMble ANA neyeHUs 3aboneBaHWi
neyeHn. HecmoTpAa Ha cBol noTeHuywman, narotuc KoponbkoBa (Lagotis korolkowii (Regel & Schmalh.) Maxim.) ocTtaetcs
HeloCTaTOYHO M3YUYEHHbIM B GUTOXMMUYECKOM U $apMaKoNOrMyeckom OTHOLLEHUW, OCOBEHHO B YacTh ero 6e30macHOCTU U
renaTonpoTekTOPHbIX CBOWNCTB.

LUenb. OueHKa OCTPOW nepopanbHO TOKCMUYHOCTM M TenaTtonpoTeKTOpHOW 3¢¢deKTMBHOCTM 3KCTpakTa Lagotis korolkowii
(Regel & Schmalh.) Maxim. Ha 3KcneprMeHTaNbHbIX MOZENSX.

Matepuanbl u metoabl. OCTpYl0 TOKCMYHOCTb OLIeHMBanM Ha Mblwax-anbbuHocax B cootBeTcTBUM ¢ FOCT 32644-2014 1
pykoBoacTBom A.B. CredaHoBa, npumeHAA pa3oBble nepopanbHble Jo3bl Ao 10 000 Mr/Kr. [enaTonpoTEKTOPHYI0 akTUBHOCTb
nccnefoBany Ha Kpbicax-camuax ¢ MoAenbio OCTPOro napaleTaMonuHayurpoBaHHoro renatuta (1000 Mr/kr B TeueHune 2 fHeN).
lpynnbl neyeHmA nonyyany 3KCTPAKT pacTeHMA nepopasbHo B fo3ax 50, 100 n 200 Mr/Kr B TeyeHre 7 fHeN nocie UHTOKCUKaLMN.
MpoBoannu oLeHKy o6LEero CoCToAHUSA, NMoKasaTeneli reMaTonormyeckoro (06wmii aHanms Kposu) u 6uoxummnyeckoro (AJT,
ACT, 6ununpy6uH, o6wmin 6enoK 1 ap.) aHann3oB KPOBU.

PesynbraTbl n obcyxpenmne. Cpeanan nertanbHas posa (J14,)) akcTpakTa Lagotis korolkowii (Regel & Schmalh.) Maxim.
npesbicuna 10 000 Mr/Kr, 4To No3BONAET KnaccuduuMpoBaTb ero Kak MpakTUYecku HeTokcuyHoe BewlectBo (V knacc). B
MOZENN TrenaTOTOKCMYHOCTM 3KCTPAKT [10303aBMCMMO YMEHbLUAn Bbi3BaHHble NapaleTamosnioM HapylweHus. [loza 50 mr/kr
NPOAEMOHCTPMpPOBana Hanbonbllylo aKTMBHOCTb, AOCTOBEPHO cHMXaA ypoBHU AJIT (Ha 4 %), ACT (Ha 27 %) U nNpAMOro
6unrpybuHa (Ha 39 %) B Nnasme, a Takke MOBbILWAA YPOBeHb obuiero 6enka (Ha 17 %) No CpaBHEHMIO C rPYNNOM MHTOKCUMKALMM.
Takxe Habnioganacb nonoXuTenbHad AMHAMMKa B HOPManuM3auum KONMyecTBa SPUTPOLUTOB, YPOBHA remornobuHa u
NenKoumnToB.

3aknwueHmne. DKCTpakT Lagotis korolkowii (Regel & Schmalh.) Maxim. o6nagaet BblCOKUM npodunem 6e3onacHOCTM ”
NPOABAAET 3HAaUMTENIbHbIE [0303aBUCMMbIE TENaTonpPOTEKTOPHbIE 3PGEKTbI NPOTUB MOBPEXAEHUA NEUEHU, NHAYLMPOBAHHOIO
napaueTamosiom, Npu 3Tom go3a 50 mr/Kr nokasana onTuMasnbHyo 3¢G$eKTUBHOCTb. [oNlyyeHHble AaHHble NMOATBEPXKAAOT ero
noTeHUMasn B Ka4ecTBe NCTOYHUKA AN pa3paboTKy 6e30MacHbIX 1 3PPEKTMBHBIX renaTonpoTEKTOPHbIX GUTONpPENapaToB.

Kniouesble cnoBa: cpenHas neTanbHasa fosa (J14,), 3puTpouUMT, reMorfiobuH, neiikounT, napaueTamoNvHAYLIMPOBaHHbIN
renatut, GUoXMmmnyeckme MapKepsbl

KoH)NMKT nHTepecoB. ABTOPbI AeKNapupyloT OTCYTCTBUE ABHbIX U MOTEHUMANbHbIX KOHQIUKTOB WHTEPECOB, CBA3aHHbIX C
ny6nnKaumen HacToALLen cTaTby.

Bknap aBTopoB. B. M. HocnpoBa — npea npoBefgeHnA 3KCNepruMeHTa, METOAONOMMA U HayuyHoe pPyKOBOACTBO. B.Y. Xyxaes,
O. Typaunboes — 0630p nuTepaTypHbIX JaHHbIX, COOP MaTepuanos, NpoBeAeHe SKCNePUMEHTOB.
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Introduction Representatives of this genus are notable for their rich
content of biologically active compounds, especially fla-

I he genus Lagotis (Plantaginaceae) comprises \onoids, phenolic compounds, and other secondary me-
approximately' 30 species and is primarily dist- .1 jites [, 2l.

ributed in mountainous regions of Asia, particularly in

) ) . In recent years, several species within the genus
Central Asia, the Himalayas, and parts of China [1-3].

Lagotis have become subjects of comprehensive scien-

' POWO (2024). Plants of the World Online. Facilitated by the tific investigation. For instance, the chemical composi-

Royal Botanic Gardens, Kew. Available at: https://powo.science.  tion and biological activity of species such as Lagotis
kew.org/ Accessed: 06.11.2024. brevituba Maxim., Lagotis integrifolia (Willd.) Schischk.,
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Lagotis yunnanensis W.W.Sm., Lagotis alutacea W.W.Sm.,
Lagotis integra W.W.Sm., Lagotis cashmeriana (Royle ex
Benth.) Rupr, and Lagotis brachystachya Maxim. have
been extensively studied. Numerous compounds have
been isolated from these species, and their antioxidant,
anti-inflammatory, and hepatoprotective properties have
been confirmed [3-6]. Flavonoids and phenolic com-
pounds [7, 8] identified in these species have been re-
ported to play a significant role in protecting liver
cells from oxidative stress and toxic agents [9, 10]. Pre-
clinical studies on certain phytocompositions further
demonstrated antifibrotic activity and safety in animal
models [11].

Despite the remarkable biological activity exhibi-
ted by many representatives of the genus Lagotis, the
chemical composition of Lagotis korolkowii (Regel &
Schmalh.) Maxim. remained largely unexplored for a
long time. To address this gap, we conducted the first
comprehensive investigation into the chemical compo-
sition of Lagotis korolkowii (Regel & Schmalh.) Ma-
xim. [12, 13]. This study confirmed the presence of
biologically active compounds in the plant, demonstra-
ting its pharmacological potential.

The findings on the chemical composition high-
lighted the need for deeper investigation into the
biological activity of Lagotis korolkowii (Regel &
Schmalh.) Maxim. Accordingly, it was decided to pro-
ceed with experimental studies aimed at assessing
the safety of extracts from this plant and determining
its hepatoprotective activity.

Aim. The aim of this study was to evaluate the
acute toxicity and hepatoprotective activity of Lagotis
korolkowii (Regel & Schmalh.) Maxim. extract under expe-
rimental conditions.

Materials and Methods

For the study, we used the dried herb of Lagotis
korolkowii (Regel & Schmalh.) Maxim., which was col-
lected in the Namangan region in 2025 and dried to a
residual moisture content not exceeding 14 %.

The acute toxicity of Lagotis korolkowii (Regel &
Schmalh.) Maxim. plant extract was evaluated accor-
ding to GOST 32644-2014 and the methodological gui-
delines of A.V. Stefanov [14] using male albino mice
with a body weight of 19-22 g. The extract was dissol-
ved in distilled water to prepare 5%, 10 %, and 50 %
solutions. It was administered orally via a metal probe
at doses of 500, 1000, 5000, and 10,000 mg/kg. The ani-
mals were observed closely for the first 3-4 hours,
then over 24 hours, and subsequently once daily for
14 days. During the observation period, the following
parameters were assessed: the condition of the fur,
motor activity, food and water consumption, body
weight, respiration, heart rate, and any observable
mortality.

Assessment of hepatoprotective activity
of Lagotis korolkowii (Regel & Schmalh.) Maxim.
extract in albino rats

Experimental Animals

The study was conducted on 25 adult male albino
rats (Wistar strain) weighing 200-270 g. The animals
were obtained from a certified laboratory animal bree-
ding center. Before the experiment, the animals were
acclimatized for 7 days under standard laboratory con-
ditions.

The rats were housed in polypropylene cages
under controlled environmental conditions: temperature
22 +2 °C, relative humidity 55-60 %, and a 12 h light/
12 h dark cycle. The animals had free access to standard
pelleted diet and drinking water ad libitum.

All experimental procedures were carried out in
accordance with international guidelines for the care
and use of laboratory animals and were approved by
the local bioethics committee [15,16].

Experimental Design

Acute toxic hepatitis was induced by oral administ-
ration of paracetamol at a dose of 1000 mg/kg body
weight for two consecutive days.

After induction of hepatitis, the animals were ran-
domly divided into five groups (n = 5 per group):

Group | (Intact control): healthy animals without
treatment.

Group Il (Negative control): animals with paraceta-
mol-induced hepatitis without treatment.

Group llI: paracetamol + Lagotis korolkowii (Regel &
Schmalh.) Maxim. extract at a dose of 50 mg/kg for 7 days.

Group IV: paracetamol + Lagotis korolkowii (Regel &
Schmalh.) Maxim. extract at a dose of 100 mg/kg for
7 days.

Group V: paracetamol + Lagotis korolkowii (Regel &
Schmalh.) Maxim. extract at a dose of 200 mg/kg for
7 days.

The plant extract was administered orally once daily
for 7 days.

Upon completion of the experiments, the animals
were anesthetized using ether anesthesia. A compara-
tive study of complete blood count and blood bioche-
mical analysis was conducted among the intact, control,
and experimental groups using modern hematological
and biochemical analyzers.

Statistical processing of the obtained data was per-
formed in accordance with statistical tables for the
accelerated quantitative assessment of pharmacological
effect [17].

Results and discussion

The conducted experiments demonstrated that
a single oral administration at doses of 500, 1000, and
5000 mg/kg had virtually no effect on the physical
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and functional state of the experimental animals, nor
on their water and food intake. The condition of the
mice remained active, and no signs of intoxication
were recorded. The animals showed adequate respon-
ses to pain, tactile, and sound stimuli. The heart rate
and respiratory movements remained within normal
limits. At a dose of 10,000 mg/kg, a state of reduced
mobility and weakness was observed 30 minutes to 3-
4 hours after substance administration. Starting from
the second day of the experiment, the general condi-
tion of the animals returned to normal. Food and
water intake was normal, and no signs of intoxication
or mortality were observed throughout the 14-day pe-
riod. It was proven that the median lethal dose (LD,,)
of Lagotis korolkowii (Regel & Schmalh.) Maxim. plant
extract is above 10,000 mg/kg.

It is known that the liver serves as the central bio-
chemical laboratory of the body. It facilitates intensive
metabolic processes, including protein, lipid, and car-
bohydrate metabolism. An increase in white blood cell
count indicates inflammation of liver cells. A decrease
in erythrocyte and hemoglobin levels suggests that li-
ver damage has subsequently affected hematopoie-
sis. Considering that erythrocytes — formed elements of
the blood - are produced and degraded in the liver,
and that bile formation is based on this process, the pre-
vention of anemia formation in toxic hepatitis is of sig-
nificant importance. Taking these factors into account,
the blood samples collected on the final day of the
experiment were analyzed using a hematological ana-
lyzer. In the control group of experimental animals with
induced toxic hepatitis, we observed a decrease in the
count of blood cells — erythrocytes and platelets. This,
in turn, led to a reduction in hemoglobin and hema-
tocrit levels, while causing an increase in leukocyte
count. Based on the obtained results, it is evident that
pathological changes in the formed elements were
observed in albino rats with induced toxic hepatitis.
Upon administering Lagotis korolkowii (Regel & Schmalh.)

Maxim. plant extract at doses of 50, 100, and 200 mg/kg
for 7 days, positive dynamic changes in the main for-
med blood elements were observed. The obtained re-
sults are presented in Table 1.

As can be seen from the table, administration of
the Lagotis korolkowii (Regel & Schmalh.) Maxim. plant
extract orally at doses of 50 and 100 mg/kg resulted
in a positive shift in the pathological changes observed
in the blood cells compared to the control and intact
groups. Subsequent investigations focused on blood
biochemical analysis, evaluating the levels of total pro-
tein, ALT, AST, bilirubin, glucose, urea, and creatinine
in the blood plasma.

In the paracetamol-induced model of toxic hepa-
titis, a decrease in total protein and an increase in ALT,
AST, and bilirubin levels — indicative of intensified cyto-
lysis in liver cells — were identified in the control group.
An increase in direct bilirubin levels in the plasma indi-
cates damage to liver cells.

The Lagotis korolkowii (Regel & Schmalh.) Maxim.
plant extract at a dose of 50 mg/kg was observed to
reduce plasma ALT levels by 4%, AST by 27 %, and
direct bilirubin by 39 9%, while increasing total protein
by 17 % compared to the control group.

At a dose of 100 mg/kg, it was found that plasma
ALT levels decreased by 14 %, AST by 54 %, direct bili-
rubin by 35 %, while total protein increased by 8 %.

At a dose of 200 mg/kg, a reduction in ALT by 3 %,
AST by 319%, and direct bilirubin by 48 % was recor-
ded compared to the control group, with total protein
increasing by 7 %. The obtained results are presented
in Table 2.

Conclusion

The conducted experimental studies demonstrate
that the acute toxicity of the Lagotis korolkowii (Regel
& Schmalh.) Maxim. plant extract, in accordance with
GOST 32644-2014 and the A.V. Stefanov methodology,
classifies it as a practically non-toxic substance (Class V).

Table 1. Results of Complete Blood Count Parameters for the Studied Substances

Groups Parameters Intact Control 50 mg/kg 100 mg/kg 200 mg/kg
Erythrocytes, 10'%/L 7.80£0.61 6.80 £3.24 9.89+1.21* 9.13 £ 0.64* 7.85+0.97*
Hemoglobin, g/L 130.8 £10.45 120.8 +48.95 132.75 £ 4.9*% 145.5 £ 9.3* 136.0 £ 12*
Hematocrit, % 38.8+2.03 34.82 +14.36 37.53£1.16* 41.25+2.7*% 39.25+347
Leukocytes, 10°/L 8.44 = 1.46 10.50 £5.23 9.71 £ 2.16* 9.59 + 3.60*% 8.75 £ 0.62*
Platelets, 10%/L 942 +56.8 822 +93.8 912 + 24.8* 940.5 £ 47.3* 912 £ 45.8*

Note. * p < 0.05 compared to the control group.

The table was provided by the authors
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Table 2. Results of Blood Biochemical Analysis Parameters for the Studied Substances

Groups Parameteres Intact Control 50 mg/kg 100 mg/kg 200 mg/kg
Total Protein, g/L 73.1£8.25 84.26 £9.35 69.74 +£7.7*% 77.5£9.9% 90.6 + 11.55*
ALT, E/L 64.6 £ 6.6 726+7.15 62.6 + 4.95*% 70.2 + 8.8% 704 +7.15*
AST, E/L 164.8 £154 284.8+17.6 132.2 £9.35* 208.4 £ 14.3* 197.6 = 12.65*%
Total bilirubin, umol/L 15.8+2.75 2486 +44 16.68 + 3.85% 16.54 + 3.85% 17.24 £ 4.4*
Direct bilirubin, pmol/L 2.26 £0.55 7411 452 +0.55* 4.8 £ 0.55* 3.84 £ 0.55*%
Indirect bilirubin, umol/L 13.58 £1.65 1746 +£2.2 12.16 = 1.65* 11.74 £ 1.65* 13.36 £ 2.2%
Glucose, mmol/L 538+1.1 3.93+£0.55 4.47 £0.55* 4.66 £ 0.55% 4.3 £0.55*
Creatinine, umol/L 60.2 + 6.6 544 +6.05 524+55 51.6+5.5 53.0+3.85
Urea, mmol/L 456+ 1.1 3.06 £0.55 3.08 £0.55 4.08 £ 0.55 2.78 £0.55

Note. * p < 0.05 — statistically significant difference compared to the control group.

The table was provided by the authors

Its median lethal dose (LD,,) upon oral administration
exceeds 10,000 mg/kg, confirming a high safety profile
for potential therapeutic use.

Analysis of hematological and blood biochemical
parameters revealed a pronounced hepatoprotective
effect of the Lagotis korolkowii (Regel & Schmalh.) Ma-
xim. extract in a paracetamol-induced acute toxic
hepatitis model. The extract, particularly at a dose of
50 mg/kg, significantly reduced key markers of liver cy-
tolysis (ALT, AST, bilirubin) and contributed to the res-
toration of total protein levels, thereby protecting the
functional integrity of hepatocytes.

Thus, the obtained results justify the potential of
the Lagotis korolkowii (Regel & Schmalh.) Maxim. extract
as a promising natural hepatoprotective agent charac-
terized by low toxicity and high biological activity. The
50 mg/kg dose stands out as the most optimal thera-
peutic candidate for subsequent preclinical and clinical
investigations.
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