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INTRODUCTION. Boraginaceae plants Pulmonaria mollis, Nonea rossica, Onosma simpli-
cissima, and Cynoglossum officinale are widespread over the Russian Federation and are
promising sources of phytomedicines with important pharmacological properties, such
as antimicrobial, antianaemic, anticoagulant etc. Currently, Boraginaceae are not clas-
sified as officinal plants, presumably due to pyrrolizidine alkaloids (PA) that can cause
hepatotoxic effect.

AIM. This study aimed to assess safety using Boraginaceae plants based on acute to-
xicity and content of pyrrolizidine alkaloids.

MATERIALS AND METHODS. The study objects were dried herbs of P. mollis, N. rossica,
O. simplicissima, and C. officinale, collected from flowering plants in Novosibirsk region
over 2023-2024. The composition and amount of alkaloids in alcohol extracts were
determined by high-performance liquid chromatography with diode array and mass-
spectrometry detection with electrospray ionisation. Acute toxicity was tested in vivo
in 102 mature male and female CD-1 mice weighing 24.0+2.0 g, aged 12 weeks, taken
from Conventional Animal Vivarium of Scientific Center of Cytology and Genetics, Si-
berian Branch of the Russian Academy of Sciences. The animals received a single dose
of dried study extracts diluted in distilled water at 5 g/kg.

RESULTS. The absence of PA in P. mollis herb was established, alongside with its trace
amounts (0.01 pg/g) in P. mollis leaves. In other studied plant species, PA were found,
such as enantiomers of intermedine, lycopsamine and their derivatives: O. simplicissima
herb - 1.07+0.03 ug/g, N. rossica herb - 8.25+0.08 ug/g; in C. officinale herb, PA content
was significantly higher - 676.3%7.4 pg/g. Assessed acute toxicity made it possible
to classify dry extracts from P. mollis herbs and leaves, N. rossica herb, and O. simplicis-
sima herb as toxicity class 5, and C. officinale herb as toxicity class 4.

CONCLUSIONS. Study doses of extracts taken from herbs and leaves of P. mollis are
non-toxic. For extracts from O. simplicissima and N. rossica herb, further research is re-
levant to determine toxicity in prolonged use. Extracts from C. officinale herb are toxic
and cannot be used per os.
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IInpponnsnamMHoOBbIE aJIKAJIOUIbI paCTeHUI
cemMmericTBa Boraginaceae i oueHKa
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BBEAEHUE. PacteHuns cemerictBa b6ypauHukosblie (Boraginaceae) Pulmonaria mollis,
Nonea rossica, Onosma simplicissima n Cynoglossum officinale wWMpoko pacnpocTpaHeHsbl
Ha TeppuTopun Poccuiickon Mepepauum nu MOryT SBASTbCS UCTOYHUKAMM NEKAPCTBEHHbIX
cpencts, 061a4aWMX NPOTUBOMUKPOBHbBIMU, MPOTUBOAHEMUYECKUMMU, AHTUKOATYNSHT-
HbIMW CBOMCTBaMMU. B HacTosiLee BpeMs [laHHble pAaCTeHUS He SBASITCS 0ULMHANbHDI-
MU, YTO MOXET BbITb CBA3aHO C COLEPXAaHWEM B HUX MUPPONU3UAMHOBBIX aNKanoULOoB,
CNocobHbIX BbI3bIBATb renatoTokcnyeckne spdexTbl.

LLEJIb. OueHka 6e30macHOCTM NpUMEHEHUs pacTeHuii cemencTea Boraginaceae no kpute-
P10 OCTPOI TOKCMYHOCTU U COAEPXKaHMIO MUPPOU3UAMHOBBIX aiKanonaoB.
MATEPWAJIbl U METOAbI. B kauyectBe 06beKTOB MCCNefOBaHMS UCMONb30BANM Bbl-
CyweHHble Hag3eMHble YacTu pacteHnit Pulmonaria mollis, Nonea rossica, Onosma
simplicissima w Cynoglossum officinale, 3arotoBneHHble B nepuog, useTteHus. Coctas
W copepXKaHue ankanouioB B CMIUPTOBbIX U3BIEYEHUAX ONPEAENsu METOLOM BbICOKO-
3QdEeKTUBHOM XNAKOCTHOM XpomaTorpaduun ¢ AMOAHO-MATPUYHBIM M MACC-CNEKTPO-
MeTPUYECKUM [LeTEKTUPOBAHMEM C MOHU3ALMel anekTpopacnbineHueM. OnpeaeneHune
OCTPOM TOKCMYHOCTM npoBoaunn Ha 102 nonoBo3penbix Mbiwax ob6oero nona CToka
CD-1 Becom 24,0%2,0 r B Bo3pacTe 12 Hep., nonyyeHHbix u3 LK «BuBapwuit KoHBEH-
LMOHaNbHbIX XMNBOTHbIX» PTBHY ®OULL MUK CO PAH. )KMBOTHBIM OAHOKPATHO BHY-
TPUXENYLOYHO BBOAMAM CyXMe IKCTPAKTbl M3y4aeMbIX BULOB Cbipbsl, pAaCTBOPEHHbIE
B AMCTUAIMPOBAHHOM BOAe, B f03€ 5 r/Kr.

PE3YJIbTATbI. YcTaHOBNEHO OTCYTCTBME NMUPPOAM3UAMHOBBLIX ankajiouaoB B Tpage
P. mollis, Hannune nx cneposbix konnuects (0,01 mkr/r) B nuctbax P. mollis. B ppyrux
M3YYEeHHbIX BUAAX PACTEHWUI OBHAPYXEHbI NMUPPONU3ULMHOBbLIE anKanouabl — SHAHTUO-
Mepbl UHTEPMEAMHA M NMKONCAMMHA M UX Npou3BoaHble: B Tpase O. simplicissima —
1,07£0,03 mkr/r, B TpaBe N. rossica — 8,25%0,08 mkr/r, B TpaBe C. officinale —
676,3%7,4 MKr/r. [1o pe3ynbTaTaM OLLEHKM OCTPOM TOKCMYHOCTU CyXmMe 3KCTPaKTbl U3 Tpa-
Bbl M niucTtbeB P. mollis, TpaBbl N. rossica v Tpasbl O. simplicissima oTHeceHbl K 5 knaccy
TOKCMYHOCTU, 3KCTPaKT M3 TpaBbl C. officinale — K 4 Knaccy TOKCUYHOCTM.

BbIBOAbI. 3BneueHns ns Tpaebl U 1UCTbeB P. mollis B uccnepyemMbix 403aX SBASHOTCA
HETOKCUYHbIMU, ANs u3BnedveHunn us Tpasbl O. simplicissima v N. rossica Heobxoaumo
npoBefeHWe AanbHENWNX UCCNefoBaHWI AN ONpeLeneHns TOKCUYMHOCTU NpU ANuUTeNb-
HOM npumeHeHuun. N3neuenunsa m3 Tpasbl C. officinale TOKCUYHBI U HE MOTYT MCMOJb30-
BaTbCs AN BHYTPEHHEro NpUMEHEHUS.
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®uHaHcupoBaHue. PaboTta BbinonHeHa 6e3 CNOHCOPCKOM NOALEPXKKM.
MoTeHuManbHbI KOHPAUKT MHTepecoB. ABTOPbI 3asBNSIOT 06 OTCYTCTBUM KOHDNIMKTA MHTEPECOB.

INTRODUCTION

As reported by Angiosperm Phylogeny Group IV
(APG 1V) [1], Boraginaceae family comprises
about 90 genera and approximately 1,700
plant species globally, mostly distributed
in Europe and Asia. Members of this family
contain bioactive compounds such as naph-
thoquinones, flavonoids, terpenoids, phenyl-
propanoids, etc. [1-3] that exhibit diverse
pharmacological effects, including antibacteri-
al, antiviral, anti-inflammatory, and anti-plate-
let properties [4, 5]. Research on Boraginaceae
species is relevant owing to their potential ap-
plications in pharmacology and cosmetology.

Several tribes of the Boraginaceae family are
native to Western Siberia, providing adequate
raw material supplies [6]. Notably, some wide-
spread representatives are Pulmonaria mollis
Wulfen ex Hornem. and Nonea rossica Steven
from the Boragineae tribe, Onosma simplicis-
sima L. from the Lithospermeae tribe, and Cy-
noglossum officinale L. from the Cynoglossinae
tribe [7, 8]. Pulmonaria is used in the alterna-
tive and evidence-based medicine of various
countries due to their anti-inflammatory and
expectorant properties [9]; Nonea plants exert
anticoagulant [10], anti-inflammatory, antibac-
terial, and antifungal effect and inhibit acetyl-
cholinesterase [11]. Onosma plants have anti-

inflammatory, antibacterial, and antioxidant
potential [12]. C. officinale has been widely
used in traditional medicine: root extracts are
more often applied topically as a hemostatic,
antibacterial, analgetic, and anti-inflammatory
agent; herbal infusions or tinctures are used
in gastrointestinal diseases, cough, blood ex-
pectoration, purulent infections, and muscle
seizures. Homeopathy uses an extract from
the fresh flowers against diarrhea, seizures,
and joint pains [10, 13].

However, Boraginaceae plants typically ac-
cumulate pyrrolizidine alkaloids (PAs), known
for their potential hepatotoxic effects [10].
Chemical classification divides PAs into four
main groups: retronecine (l), heliotridine (l1),
otonecine (lIl), and platynecine (1V). Differ-
ent species exhibit variable compositions and
contents of these alkaloids [14], affecting their
toxicity profiles.

Since alkaloids were found in C. officinale, all
plant parts have been prohibited within food
supplements’. Cases were reported where
agricultural animals died after consuming C.
officinale [15], due to the high content of he-
liotridine PAs in various parts of the plant
[10, 16-18]. However, Borago officinalis L. herb
is cultivated in certain countries as a vegeta-
ble crop and is widely consumed by humans [19].

! Recommendation No. 33 of the Eurasian Economic Commission Board dated November 14, 2023 ‘On the Guidelines for Handling
Laboratory (Experimental) Animals in Preclinical (Non-Clinical) Studies’; Decision No. 81 of the Eurasian Economic Commission’s
Council dated November 3, 2016 ‘On Approval of Good Laboratory Practices of the Eurasian Economic Union Regarding Drug
Circulation’; World Medical Association’s Declaration of Helsinki regarding animal welfare, 1996.
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Although currently not recognised as offici-
nal species in the Russian Federation, phyto-
chemical tests of P. mollis, N. rossica, O. simpli-
cissima, and C. officinale [4, 20] have revealed
biological significance of their metabolites
and defined their pharmacological properties
[5]- Preliminary screening of the chosen plants
suggests their high potential in the develop-
ment of novel phytopharmaceuticals [21].
Nonetheless, prior toxicological assessments
are warranted because of the typical presence
of hepatotoxic PAs [22].

The aim of the study is to assess safety using
Boraginaceae plants based on acute toxicity
and content of pyrrolizidine alkaloids.

MATERIALS AND METHODS
Materials

Raw materials. Dried aerial parts of P. mol-
lis, N. rossica, O. simplicissima, and C. officinale
harvested from flowering and growing plants
in Novosibirsk region (Russia) in 2023-2024
were selected as the study object (Table 1).

Extraction. Extract preparation satisfied the
pre-established process parameters [23, 24].
The raw materials were finely ground (parti-
cle size €3 mm), placed in a flask and mixed
with 70% ethanol (1:20 w/v). The vial with the
reflux condenser was heated in a water bath

Table 1. Herbal raw material sources

at 55 °C for 60 min and subsequently cooled
by stirring for another 60 min before filtration.
The cooled extract was filtered, the solvent
evaporated by convective drying at 30-40 °C.

Reference standards. Reagents supplied by Bio-
Crick Co., Ltd. (China) included: 7-acetyllycops-
amine (catalogue No. BCN200O, purity 298%);
N-oxide of 7-O-acetyllycopsamine (catalogue
No. BCN8935, purity 298%); reagents from Sig-
ma-Aldrich catalogue: lycopsamine (catalogue
No. PHL89726, purity 295%); lycopsamine
N-oxide (catalogue No. PHL83447, purity 290%);
reagents from MedChemExpress (USA) cata-
logue: intermedine (catalogue No. HY-113845,
purity 299.0%); intermedine N-oxide (catalogue
No. HY-W707957, purity 299.0%); reagents from
ChemfFaces (China): viridiflorine N-oxide (cata-
logue No. CFNOOQ337, purity 298.0%); 7-acetyl-
intermedine (catalogue No. CFN00286, purity
298.0%); 7-acetylintermedine N-oxide (cata-
logue No. CFNOOQ518, purity 298.0%).

Experimental animals. Acute toxicity tests were
performed on 102 adult CD-1 mice (males:
25%2 g; females: 23*2 g; 12 weeks old),
sourced from the Conventional Animal Vivari-
um, Institute of Cytology and Genetics, Siberi-
an Branch of the Russian Academy of Sciences
(Novosibirsk). The animals were held under
standardised conditions, with ad libitum access

Place of growth

Herbal raw Date of collection, Coordinates
material phenophase Description
Latitude Longitude
. Novosibirsk region, Vengerovo
Pulrr{onarla 15'05’2.024 district, surroundings of 55°60’ 76°94
mollis herb flowering . :
Kozlovka village, birch grove
. Novosibirsk region, Vengerovo
Pulmpnana 20'07'2(.)24 district, surroundings of 55°60° 76°94°
mollis leaves vegetation - :
Kozlovka village, birch grove
Novosibirsk region, Kolyvan
Nonea rossica 18.07.2923 dlstrlct,surrgundlngs of 55031 82°57"
herb flowering Vorobyevo village,
steppe meadow
Onosma Novosibirsk region, Iskitim
L 28.06.2023 district, 6.5 km to the east of 0 A» o>
simplicissima . ] . 54°34 83°21
herb flowering Lozhok railway station, rocky
slope of the Shipunikha river
Novosibirsk region, Iskitim
Cynoglossum 28.06.2023 district, 6.5 km to the east of 54034 8321’
officinale herb flowering Lozhok railway station, country

roadside
The table was prepared by the authors using their own data
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to food and water. All experimental protocols
complied with the standards defined by cur-
rent guidelines that regulate care and use
of laboratory animals. Protocol No. 162 dated
November 28, 2024 was approved by the Eth-
ics Committee of Novosibirsk State Medical
University.

Methods

Chromatographic analysis. Composition and
content of alkaloids in the extracts were de-
termined using high-performance liquid chro-
matography coupled with mass spectrometry
with electrospray ionization (HPLC-ESI-MS).
Analyses were carried out on a chromato-
graph-mass spectrometer system comprising
an HPLC unit (LC-20 Prominence, Shimadzu,
USA), a triple quadrupole mass spectrometer
(LCMS-8050, Shimadzu, USA), and a column
(ReproSil-Pur 120 C18-AQ, 250%x4.6 mmx5 um,
Dr. Maisch GmbH, Germany).

HPLC conditions: mobile phase, eluent A (wa-
ter) and eluent B (acetonitrile). Gradient pro-
gram: 0-20 min (2-80% B), 20-30 min (80-
100% B), 30-35 min (100% B), 35-40 min
(100-2% B). Injection volume: 1 yL; flow rate:
1 mL/min; column temperature: 30 °C.

ESI-MS conditions: Positive ionization mode,
electrospray; interface temperature: 300 °C;
desolvation line temperature: 250 °C; heat-
ing block temperature: 400 °C; nebulizer gas
(nitrogen) flow rate: 3 L/min; heater gas (air)
flow rate: 10 L/min; collision-induced disso-
ciation gas pressure: 270 kPa; argon flow rate:
0.3 mL/min; capillary voltage: 3 kV; scan range
(m/z): 100-1,900.

Quantitative analysis: Individual compounds
were quantified following previously described
methods [25]. Reference solutions (1-100 ug/
mL) of substances (lycopsamine, lycopsamine
N-oxide, 7-acetyl-lycopsamine, 7-acetyl-
lycopsamine N-oxide, intermedine, interme-
dine N-oxide, 7-acetyl-intermedine, 7-acetyl-
intermedine N-oxide, viridiflorine N-oxide)
were chromatographed three times under the
above conditions. Calibration curves correlat-
ing compound concentrations with peak areas
corresponding to selected ions ([M+H]+) in the
mass spectrum (see Table 2) were plotted us-

ing Advanced Grapher v.2.2 (Alentum Software,
Inc., USA). Data were presented as the mean
of five replicates.

For quantifying 3,7-diacetyl-intermedine
N-oxide and 3,7-diacetyl-lycopsamine N-oxide,
external calibrators (7-acetyl-intermedine
N-oxide and 7-acetyl-lycopsamine N-oxide)
were used, accounting for molecular mass dif-
ferences between PA di- and monoacetates via
a correction factor (k= 1.117)

Acute toxicity. The study objects in the acute
toxicity test included dry extracts from P. mol-
lis leaves and herb, as well as N. rossica, O. sim-
plicissima, and C. officinale herbs.

Laboratory animals were divided into
10 groups (six animals per each group) by age,
sex, body weight, and randomisation; for pro-
bit analysis, seven groups of animals were
formed, six animals per each group. The ex-
tracts were dosed in mg/kg body weight of
the experimental animals. A single dose of the
dry extract was administered intragastrically,
with the maximum possible dose of 5 mg per
kg of animal body weight. The dry extracts
were dissolved in the distilled water to obtain
0.6 g/mL; administration volume was 0.17 mL
per 20 g of animal body weight.

When evaluating acute toxicity of dry extracts
from leaves and herbs of P. mollis, N. rossica,
O. simplicissima, and C. officinale herbs, gen-
eral welfare of animals (behavior, appearance,
motor performance, food and water intake,
response to external stimuli, and weight),
clinical symptoms of intoxication, and pos-
sible death were considered®. Continuous
surveillance for the first signs of toxicity was
performed for 8 h following the administra-
tion. The follow-up was performed daily for
14 days considering normal circadian rhythm
of the animals. Acute toxicity was assessed
by general welfare and appearance of mice,
body weight on Day 14 after administration,
the number of surviving and dead animals,
and life span.

For animal deaths, additional studies were
performed using probit analysis in StatPlus
software; major lethal doses, LD,q, LDsg, LDgy

? Mironov AN. Guidelines for Conducting Preclinical Studies of Drugs. 2012.
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[26], and pathomorphological examinations
of internal organs were performed.

Histopathological examination of liver prepara-
tions from the dead animals was performed
using Nikon Eclipse 200 microscope (Japan)
and Levenhuk 1400M camera (US), with
x10-40 magnification. The preparations were
stained by standard hematoxylin and eosin
method.

Statistical methods. Descriptive statistics
(Mean*Standard Deviation, M*SD) was per-
formed using Statsoft Statistica 10.0.1011
software. Normal distribution of quantitative
data was tested using Shapiro-Wilk test.

RESULTS AND DISCUSSION

Ethanol extracts from N. rossica, O. simplicis-
sima, and C. officinale contained PAs (Table 2)
detected by chromatographic separation. Their
compositions and contents varied significantly

depending on the study object. Reproductive
shoots of P. mollis lacked detectable alkaloids,
although the traces were present in leaf ex-
tracts.

Notably, N. rossica exhibited the greatest diver-
sity of alkaloids, up to 8.25*0.8 ug/g of air-dry
raw materials detected in the herb. N. rossica
aerial parts predominantly contained interme-
dine and lycopsamine enantiomers along with
their derivatives. Alongside with lycopsamine,
the aerial part of O. simplicissima additionally
contained viridiflorine N-oxide, contributing
to a total PA content of 1.07#0.03 ug/g. The
highest PA content was detected in C. officinale
herb (676.3%7.4 pg/g). Chromatography results
of the compounds are described in Table 2.

Lycopsamine shows antitumor effect in lung
cancer; its antiproliferative activity is caused
by its autophagic, apoptotic ability and inhibi-
tion of IL-2 [27]. Given the substantial amount

Table 2. Quantitative composition of pyrrolizidine alkaloids in herbs of certain plants

Content of pyrrolizidine alkaloids, pg/g of air-dried raw material (M£SD)

Compounds [M+H]+ \dentification Pulmonaria mollis Onosma Nonea rossica ~ Cynoglossum
level simplicissima )
herb leaves h herb officinale herb
erb
Intermedine 300 1 - - - 0.34%0.01 35.64%0.70
Lycopsamine 300 1 - - 0.25%0.01 0.19%£0.01 22.83%£0.44
Viridiflorine 302 1 - - 0.07£001 - 3.29+0.07
N-oxide
Intermedine 316 1 - - - 2524005  206.04+4.33
N-oxide
SRl 316 1 - 0.01%0.01 0.74%0.02 220%0.04  285.39%5.73
N-oxide
7*-Acetyl- 342 1 - - - 0.04£0.01 1.6740.03
intermedine
J et 34 1 - - 0.010.01 0.030.01 8.220.17
ycopsamine
7'-Acetyl-
intermedine 358 1 - - - 1.48+0.03 54.67+1.08
N-oxide
7'-Acetyl-
lycopsamine 358 1 - - - 1.45+0.03 55.28+1.14
N-oxide
3,7'-Diacetyl-
intermedine 400 2 - - - <0.01 2.32%0.04
N-oxide
3,7"-Diacetyl-
lycopsamine 400 2 - - - <0.01 0.93%0.02
N-oxide
Total content = 0.01£0.01 1.07+0.03 8.25+0.08 676.3%7.4

The table was prepared by the authors using their own data

Notes. -, not found.

* 1, compound identified after UV analysis and mass spectrometry in comparison with the reference compound spectra registered in the
same conditions; 2, compound identified by comparison of UV and mass spectra with the reference database.
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of lycopsamine derivatives in C. officinale herb,
isolating and evaluating this compound for
antiproliferative potential is warranted.

P. mollis does not accumulate alkaloids in its
reproductive shoots, while the leaves contain
minor content (<0.01 ug/g per 1 g air-dry ma-
terials). This finding supports the hypothesis
of low toxicity for these extracts. To confirm
this hypothesis, subsequent acute toxicity tri-
als were conducted in vivo for all raw materi-
als studied.

Pyrrolizidine alkaloids typically induce hepa-
totoxicity upon chronic exposure and acute
intoxication for high doses [28, 29]. In this
study, animals received extremely high doses
(5,000 mg/kg) intragastrically. Despite this ex-
treme challenge, no deaths occurred among
animals treated with extracts from P. mollis,
O.simplicissima, and N. rossica.

Most PAs develop hepatotoxicity following
their chronic use or acute intoxication fol-

lowing high-dose administration [28, 29]. The
experimental animals were administered the
extracts intragastrically at high doses (5,000
mg/kg). Zero lethality in animals that were
administered P. mollis, O. simplicissima and N.
rossica extracts (Table 3. Change in body weight
of mice (g) after single intragastric aministration
of certain herbs, X¥m is published on the Jour-
nal website®) did not allow determining the
acute toxicity parameters by probit analysis
(LD4g, LDsyg, LDg). The data confirm the safety
of these extracts at the above doses.

Since no deaths were registered at the maxi-
mum allowable dose, LD, for P. mollis, O. sim-
plicissima and N. rossica dry extracts should
be at least 5 g/kg, allowing to classify these
extracts as toxicity class 5 (low toxicity), ac-
cording to current standards®. Further stud-
ies of subchronic toxicity are warranted that
would allow identifying possible dysfunc-
tions of the extract administration.

The photographs were taken by the authors

Fig. 2. Histological examination of the murine liver after a single
intragastric administration of C. officinale extract. a, degeneration
of hepatocytes; b, portal triad of the liver with inflammation; c, liver
of intact animals (control)

* https://doi.org/10.30895/1991-2919-2025-15-6-701-711-table

* GOST 32644-2014. Test methods for the effects of chemical products on the human. Acute oral toxicity — Acute Toxic Class Method.
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All animals receiving C. officinale herbal ex-
tract intragastrically died within the first three
days, followed by autopsy and histological
sampling.

Morphology of the internal organs showed
changes in gastrointestinal tract: flatulent
(distended) stomach; pancreas with the signs
of acute inflammation, dark brown with small
separate necrotic and steatotic foci; liver in-
significantly enlarged, of uneven colour, with
large light- and dark-brown foci, and ambigu-
ous boundaries; other organs without appar-
ent changes.

Histological liver examination (Figure 2) showed
signs of damage: centrilobular hepatopathy with
massive hemorrhages and expanded pletho-
ric liver sinusoids. Structural morphological
changes include hepatic steatosis (Figure 2a)
and mononuclear (inflammatory) infiltration
in the portal triad (Figure 2b). Figure 2c shows
intact liver.

For C. officinale herbal extract, dose range that
resulted in increasing lethality up to the death
of all animals was 2.75 to 4.25 g/kg. Within
this range, the animals were administered the
studied extracts at intervals of 0.25 mg/g to
find out the number of deaths per dose (7a-
ble 4. Animal mortality results after intragastric
admninistration of C. officinale extract is pub-
lished on the Journal website®).

Based on probit analysis, various levels of le-
thal doses were calculated for 70% C. officinale
alcohol extract; the 50% Llethal dose (LDso)
was estimated as 3.51%0.13 g/kg, classifying C.
officinale herbal extract as toxicity Class 4, ac-
cording to current standards.

Overall, toxicity of C. officinale extract is likely
caused by PAs and their derivatives metabo-
lised into the relevant pyrroles [30] that are
highly reactive. The pyrroles break the DNA
replication, resulting in mutations that cause
liver cancer [31, 32].

Some countries monitor and ration PA con-
tents in the products and phytomedicines due

to the increasing risk of chronic liver diseases
[33]. For allowable PA consumption 1 pg/kg
[34], maximum allowable PA dose will reach
70 pg/day.

The findings show that P. mollis herb and
leaves extraction are non-toxic at the study
doses for oral administration. O. simplicis-
sima and N. rossica herbal extracts warrant
further studies to define long-term toxicity,
while C. officinale herbal extracts are toxic and
therefore prohibited for internal use.

CONCLUSIONS

HPLC test has confirmed PA absence in P. mol-
lis herb, with trace amounts (~0.01 pg/qg)
detected only in the leaves. No observable
hepatotoxicity occurred when P. mollis herb
and leaves were administered in mice at high
doses (5 g/kqg).

Conversely, O. simplicissima and N. rossica exhib-
ited 1.07%£0.03 pg/g and 8.25+0.08 ug/g, respec-
tively, whereas C. officinale displayed substan-
tially higher concentrations (676.3%7.4 ug/q).

Different PA compositions and contents trig-
gered the toxic effect after a single intragastric
administration of the study extracts in mice.
Extracts from P. mollis herb and leaves, N. ros-
sica herb and O. simplicissima herb are marked
as toxicity class V (low-toxic substances), C. of-
ficinale herb - as toxicity class 4°.

These findings underscore the heterogene-
ity of PA distribution within the study plants
of the Boraginaceae family, thus suggesting
different treatment prospectives. Specifically,
P. mollis herb and leaves do not cause any
symptoms of acute toxicity following a sin-
gle administration in laboratory animals. Use
of herbal extracts from O. simplicissima and
N. rossica warrants further toxicity studies for
long-term oral administration. Finally, C. offici-
nale herbal preparations are toxic and should
not be used internally.

> https://doi.org/10.30895/1991-2919-2025-15-6-701-711-table

® GOST 32644-2014. Test methods for the effects of chemical products on the human. Acute oral toxicity — Acute Toxic Class Method.
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