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Abstract

Introduction: Satureja montana is a wild growing medicinal plant, part of the Lamiaceae family. This herb is well known as a source of
phenolic compounds, which can vary in a broad range depending on different factors and exert many pharmacological activities.

Aim: The aim of the study was to investigate the composition and chronic toxicity of dry extract of Satureja montana.

Material and methods: The composition was investigated by high-performance liquid chromatographic system with diode-array de-
tector. To establish the chronic toxicity of dry extract of Satureja montana we used 40 eight-week-old male Wistar rats, treated orally
with saline, olive oil (control groups), Satureja montana at a dose of 500 mg/kg bw, carvacrol - 500 mg/kg bw, and rosmarinic acid -
15 mg/kg bw. The animals were sacrificed at the end of the experiment and blood samples and organs for histological examination were
obtained. Statistical analysis was performed with one-way analysis of variance (ANOVA) using IBM SPSS 19.0.

Results: Rosmarinic acid and small quantities of carvacrol were found in the dry extract of Satureja montana. Full blood count and the
biochemical parameters ASAT, ALAT, uric acid, cholesterol, triglycerides, glucose and ionized Ca were in the reference values for 17+
weeks old male Wistar rats. The histological samples showed no signs of organ toxicity.

Conclusions: The main ingredient in the dry extract of Satureja montana is rosmarinic acid. The extract is not toxic after 90-days oral
administration.
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INTRODUCTION ficacy and fewer adverse effects.!!! Herbal remedies are esti-

mated to generate more than 80 billion dollars. The expect-
The prevalent part of the world population prefers using ed growth rate is around 18% per year, reaching incomes
phyto-remedies or alternative medicine because of their ef-  of US$ 550 billion by 2030.12/ However, very few herbal
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species are investigated for the presence of various active
ingredients and therapeutic uses.!

The Lamiaceae family is widely spread in the Mediterra-
nean and sub-Mediterranean zones, Asia, both Americas,
and some countries in Africa.l* Many herbal genera, which
are sources of essential oils rich in phenolic compounds,
belong to this family.’) One of these is the species Sature-
ja montana.l® This aromatic plant is spread in the Balkan
peninsula and in the west regions of Republic of Bulgar-
ia. 78! Satureja montana is rich in polyphenols, terpens and
phenolic acids.[>1%!

The exact chemical composition varies in a broad range
depending on the type of extract and location of the plants’
growth. The essential oils of Satureja montana are rich in
compounds like thymol and carvacrol.l'!] Phenolic acids
similar to rosmarinic, chlorogenic acids and their deriva-
tives are mostly present in alcoholic extracts.[®1112]

The herb is well known in traditional medicine for the
treatment of different conditions, affecting the gastroin-
testinal tract and pulmonary system.”) In support of that,
research shows that Satureja montana has many pharmaco-
logical activities, such as antioxidant, antibacterial, antifun-
gal, anti-proliferative activities, due to the secondary me-
tabolites in its composition.!! Unfortunately, there aren’t
enough studies that examine the in vivo safety of Satureja
montana and its active ingredients following repeated oral
administration.

AIM

Our aim was to investigate the composition and chronic
toxicity of the dry extract of Satureja montana.

MATERIALS AND METHODS

Extraction

Dried leaves of Satureja montana were bought from a herb-
al pharmacy in Plovdiv, Bulgaria. The extract was prepared
by Veselino EOOD, Kazanlak, Bulgaria. Methanol-aque-
ous extraction in the ratio of 70:30 was used to obtain the
extract, which was subsequently dried by a spray dryer at
a temperature of 40°C until complete evaporation of both
solvents.

Composition

The composition of dry extract of Satureja montana was
analyzed in the Department of Bioorganic Chemistry,
Faculty of Pharmacy, at the Medical University of Plovdiv.
High-performance liquid chromatographic system with
diode-array detector was used to identify and detect bio-
logically active compounds in Satureja montana. Accord-
ing to the structure of the substances, a Hitachi C18 AQ
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column (250x4.6 mm, 5 um) and a combination of suitable
solvents were selected so as to ensure optimal separation.
For qualitative and quantitative determination of rosma-
rinic acid, thymol, and carvacrol characteristic for Satureja
montana, a mobile phase water with pH 3 (A) and organ-
ic phase 40 acetonitrile / 60 methanol (B) was used in the
following gradient mode: 0-7 min 50A/50B; 7-14 min -
50A/50B - 20A/80B; 20-23 min 20A/80B - 50A/50B. The
compounds of interest were detected at 275 nm and were
identified by their retention times, as well as by comparing
their absorption spectra with those of standard substanc-
es. They were quantified using a calibration curve. For the
analysis we used Star Chromatography Workstation Ver-
sion 6.30 (build 5).

Preparation of substances

Carvacrol and rosmarinic acid were bought from Sig-
ma-Aldrich. All used substances were prepared as solutions
that were administered orally to the experimental animals.
The volume of the solutions of dry extract of Satureja mon-
tana, the rosmarinic acid and carvacrol, was 1 ml/kg bw
for each animal. The applied volume of olive oil and dis-
tillated water was 1 ml/100 g bw. Carvacrol was prepared
as oil solution via dissolving in olive oil. The dry extract of
Satureja montana and the rosmarinic acid were prepared as
aqueous solutions with distillated water as a solvent.

Animals

All experiments were performed in accordance with pro-
tocol No. 01-2/10.04.2020 of the Ethics Committee of the
Medical University of Plovdiv.

To investigate the chronic toxicity of dry extract of Sa-
tureja montana, we used 40 8-week-old male Wistar rats
randomly divided in 5 groups (n=8). All animals were
housed under standard conditions of 12-hour light/dark
cycle with free access to food and water.

Chronic toxicity

The animals were treated orally for 3 months with saline
and olive oil at a dose of 1 ml/100 g bw (control groups),
dry extract of Satureja montana 500 mg/kg bw, carvac-
rol 500 mg/kg bw, and rosmarinic acid 15 mg/kg bw (test
groups). On day 91 from the beginning of the experiment,
the rats were sacrificed. Blood samples were obtained to an-
alyze the complete blood count and the following biochem-
ical indicators: AST, ALT, glucose, cholesterol, Ca ASX, tri-
glycerides, and uric acid. Liver and kidney samples were
taken for histological examination.

Blood samples

The blood samples were processed in the Department of
Pharmacology and Clinical Pharmacology. Complete
blood count was analyzed with RT-7600Vet hematological
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apparatus immediately after taking the blood samples. Bio-
chemical indicators were analyzed using Chemray 120vet
apparatus and Biomaxima kits.

Histological samples

The histological preparations from liver and kidney were
processed in the Department of Human Anatomy, His-
tology and Embryology, Faculty of Medicine, Medical
University of Plovdiv. Each organ was fixed in 10% neu-
tral buffered formalin and then embedded in paraffin.
The paraffin blocks were cut with microtome into 5-um
thick sections and stained with hematoxylin-eosin. This
staining gives a general idea of the organs’ structure and
possible pathological abnormalities. The histological spec-
imens were examined using an Olympus light microscope.
Microphotographs were taken with the camera of the mi-
croscope.

Statistical analysis
Statistical analysis was performed with one-way analysis of

variance (ANOVA) using IBM SPSS 19.0. Results were ex-
pressed as arithmetic mean and standard error of the mean

Table 1. Parameters related to precision for HPLC method

(mean +SEM). A p value <0.05 was considered statistically
significant.

RESULTS

Composition

An HPLC method was developed to determine the rosma-
rinic acid, carvacrol, and thymol characteristic of Satureja
montana. The parameters of the HPLC method are shown
in Table 1.

The accuracy of the method is determined by the values
of correlation coefficient (r?) in the range from 0.9990 to
0.9998 and the coefficient of variation (RSD) in the range
from 1.20% to 6.56%. The developed method was applied
for quantitative determination of rosmarinic acid, thymol,
and carvacrol in dry extract of Satureja montana. The pres-
ence of these compounds determines the biological activity
of Satureja montana. Rosmarinic acid (44.730+3.500 mg/g)
and carvacrol (0.020+0.001 mg/g) were detected in the
studied dry extract. The presence of a small amount of car-
vacrol and the lack of thymol can be accounted for by our

Concentrations .
Analyte ug/ml RT Regre'ssmn 2 RSD LOD LOQ
nm min  equations % ug/ml ug/ml
S, S & § S

Rosmarinic

id 275 5 10 20 30 40 630  y=2.0692e+005x 0.9990 4.67 0.075 0.248
aci
Thymol 275 2 5 10 15 20 1831 y=1.3755e+005x 0.9998 1.20 0.093 0.279
Carvacrol 275 2 5 10 15 20 1857 y=1.5361e+005x 0.9998 6.56 0.170 0.510

Figure 1. Chromatogram of standard solutions of rosmarinic acid, carvacrol, and thymol.
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Figure 2. Chromatogram of dry extract from Satureja montana.

using dry methanol extract, while other authors determine
carvacrol (from 15.19 to 57%) and thymol (up to 24.69%)
in essential oil. [1314]

Blood samples

The complete blood count (CBC) didn’t show any markers
for hematological toxicity. No significant differences were
found between the number of white blood cells (WBC), red
blood cells (RBC), hemoglobin (HGB), mean hemoglobin
concentration (MCH), and hematocrit (HCT). The CBC
showed a significant difference in the number of platelets
between groups. However, all values were within the refer-
ence ranges. The results are presented in Table 2.

The investigation of biochemical parameters of AST,
ALT, glucose, cholesterol, Ca ASX, triglycerides, and uric
acid also showed no chronic toxicity signs similarly to the
CBC. Significant variations were established for AST, ALT,
and Ca levels, but all of them were within the reference
ranges. No significant differences were found in the levels
of glucose, cholesterol, triglycerides, and uric acid. The re-
sults are shown in Table 3.

Histological analyses

Examination of the histological samples from the liver and
kidney of the animals of all examined groups demonstrated
normal morphology of the organs. No pathological chang-
es were observed. The hepatic lobes had preserved borders
and structure of v. centralis, triads, and cells. No changes
in the microscopic structure of the cortex and medulla
(the glomeruli and all tubular systems) of the kidneys were
found. The results are shown in Table 4.

DISCUSSION

The available literature contains a wealth of information
about Satureja Montana’s chemical make-up. The plant

Composition and Chronic Toxicity of S. Montana

is well known as a rich source of phenolic compounds.!*’
Many phenolic acids, such as rosmarinic acid, caffeic p-cou-
maric acid, ferulic acid, and others, are found in the alcohol-
ic extracts of Satureja montana, which is in accordance with
our results.%) It has also been found that the composition
of the herb varies in a huge range depending on many fac-
tors, such as the climate of the growth region as well as the
solvent, type of extract, and extraction technique.!>!!) This
explains the differences in the composition between the
findings in the available literature and our results.

Carvacrol is found to be one of the main ingredients in
the essential oil from Satureja montana, responsible for its
pharmacological activities.!'! This ingredient is non-polar,
extracted usually with hydrodistillation.’) Although we
used extraction with 70% methanol and 30% water, which
are usually used for extraction of polar substances such as
phenolic acids, we found small quantities of the non-polar
carvacrol in our sample.

Even though there are studies on the cytotoxicity of both
ingredients found in our extract, there is not enough re-
search regarding the systemic toxicity of rosmarinic acid
and carvacrol. Both active ingredients are described to have
organoprotective activities as well as to reduce increased
blood glucose or cholesterol.[1°]

Regardless of the statistically significant differences be-
tween the values of some of the studied blood (PLT) and
biochemical parameters (AST, ALT, Ca), these parameters
remain within the reference range for 17+ week-old male
Wistar rats.[!8] We therefore assume that these differences
are due to individual variations between animals from dif-
ferent groups and do not consider them to be chemotoxic.
In addition, other research teams reported similar platelet
counts in their studies.!*"!

In the animal models of diabetes, where blood glucose
and cholesterol are increased, rosmarinic acid has been
found to lower these two biochemical markers.['®17] The
lack of hypoglycaemic and hypocholesterolaemic effects
in our study is due to the fact that we use healthy native
rats whose glucose and lipid metabolism are not impaired.

Folia Medica | 2023 | Vol. 65| No. 3

485



N. Vilmosh et al.

3893 o0y 3sod Loy, yim 100°0>d YIm proe
srurrewsol pue (dnoid onuoo) sures ym pajean; sdnoid usamiaq punoy sem oUIYIP JuedyIudIs # 9593 20y 3s0d An[nL, ym 100°0>d YIM [o1deared pue (dnoid [013U0d) [10 JAT[O YIIM Pajear)
sdno§ usam1aq punoj sem 2dUIIPIP Juedyrudis ., 593 o0y Isod LN, YIIM 100°0>d YIM [010BATED puE (dnoIS [013U05) [10 JAT[O YIM pajear) sdnoid usamiaq punoy sem dUIPIP juedyrudis ,

e s e o . e o — Mq BY/Sw g1

0T'0F0T°6 08'6TFEEC 9T IT°0FLT'T T0°'T+€89 79’ 1+6C°69 PG 9FL99T1 98'¢F00°'6¢1
PIOR JIULIBWSOY
e . N R . . _— Mmq By/3w 00g

61°0FS6'8 GL0TF00°¢L 70'0¥56°0 90°CFE]'TT 79°LF96°89 C0°0TFL9°¢ST 09 CFLT LET
~OHUN>.HNU
#000°0 — . — . . ) . . S . o . - Mq 8y/3w 005
. 6T°0F0S'S 780 9T'TFO0'9T 6810 90°0%56'0 2000 08°0FL9F% €LT°0 [FSTPTITL 00000  TESTECOST 1280  00°LFO0'EET .
x<000°0 BUBJUOW °§
S s e S . o o Mq3001/[wW 1
6€°0¥799 GO €FLILE 90°'0¥80°'1T L9°0F0S°S 78 ¥+88°89 I18°LFL1°88 G6'SIFEROVI 10 4T[0
e . S o e o o Mq 8001/ T
Y€ 0F€9°¢ YV CFLTGE 60°0FCI'T L9°0FL9°L OV ¥+19°99 OV CTIFE]0¢CT 60°LFSLTT sutes

d WNHSFURN d NHSFUBN d WHSFURN d WHSFURN d WHSFURN d NHSFURN d NHSFURN
/8w p/Sw /8w Tn TP/8w 10 p/8w dnoxp

XSV €D Suy, poeOLn IV e} ISV no

spunodwoo 2y} jo uoryesridde Aep-e 103Je synsa1 A1ysTwaydoIq *€ d|gPL

Ap2anyoadsar <£0070>d pue ¢00°0>d
100°0>d sanea d yym 3833 o0y 3sod qSH 4oy, Sursn sdnoi§ [o1oeared pue pupjuow pf2angpg SUIfes pue PIde SIULIBWSOI YIIM pajea} sdnoid ay) usamiaq punoy sem DUIPIp jueoyrusis |,

o —— . — . S Mmq 3y/Bw g1
S 89F€8°808 L8 T¥0T9¢ ST TIF0L 1T STIFLI'CET 6C0FLI9 0S°0FL19
proe druLIewsoy
R . o o . e mq /8w 005
STIV+L1°9¢CS 6T TFLOTE €9 T+8L°¢C €O eFEYTCET LE°0F0L°S 78°0F9T’S
~OHUN>HNU
. e . o . . ) o ) S ) e Mmq 3y/3w 005
%000 79°09+21°88¥ 1o 88 T1+85°0¢ 00 rI+eL et 09°0 20'8+05°SCI 70 0€°'0F¥¢'S LL°0 LO'TF8L'S .
rURIUOW ‘G
o R R S . o Mq 8 00T/[W
8/ 8% +05°06S VEIFET CE YS1¥C8¥C 19°9F€€°S€T ST O0FISS 8G°0F86°S
[0 24110
oo — . e e e o Mq 8 00T/[W T
68 8CFLT ' LEY 8T TI+SL'6C 66'0F£5°9C 8CCFL99¢T 8T 0F1T'9 7S°0¥859 sures
d NHASFURIN d NASFURIN d NASFURIN d NASFUed]\ d WASFUBIN d WHSFURIN
1/601 % 1/8 1/8 /2101 1/601 dnoxp
L1d LOH HOWN dOH o o9dM

spunodwoo 2y} jo uoryesridde Aep-(e 19338 JuNod pooiq 3e1dwo)) *g 3|gpL

Folia Medica | 2023 | Vol. 65 | No. 3

486



Composition and Chronic Toxicity of S. Montana

Aoupry

Jedagg

uediQ
Mmq Syy/Suw gy mq By/3w 005 Mq By/3w 005 Mq 3 001/1w T Mq 3 01/[w T
PR dSTULIRWISOY [o1deATED) euejuOW BfdIN)RS [10 ATI[O aurpes

dnoan

007X “Surure)s gH sdnoid paysa) Y} WO} S[eWTUE. JO ASUPD PU. JIAIT 4 3|qDL

487

Folia Medica | 2023 | Vol. 65 | No. 3



N. Vilmosh et al.

Treatment with carvacrol for 60 days in another study didn’t
show significant differences in the values of AST, ALT, and
uric acid compared with the control group.?? This indi-
cates that the observed statistically significant differences
are due to individual variations between animals, which in
rodents exist to a great extent and cannot be considered as
hepatotoxic.[8!

The research team of Ana R Madureira has investigat-
ed the organ toxicity of rosmarinic acid, applied together
with solid lipid nanoparticles as a carrier for 14 days. In
this study, no evidence of hepatotoxicity or nephrotoxicity
was found.[”) Similarly, we also didn’t find any changes in
the normal histological structure of the liver and kidneys,
even though in our research we used pure rosmarinic acid
for 90 days.

In another research, the liver and kidney organ samples
taken from experimental animals treated with carvacrol
for 60 days showed no changes in the histological struc-
tures.?% This is in accordance with our results. In our
study, we proved that even prolonged treatment (90 days)
does not lead to histological markers for hepatotoxicity or
nephrotoxicity.

In all mentioned studies, rosmarinic acid or carvacrol
are used on their own. In the available literature, we found
no research on the toxicity of alcoholic or water extract of
Satureja montana. Our findings show that the administra-
tion of the dry extract of Satureja montana for an extended
period of time is also not toxic for the organism similarly to
the single administration of rosmarinic acid and carvacrol.

CONCLUSIONS

The dry extract of Satureja montana prepared from wild
growing Satureja montana in Bulgaria is a rich source of
rosmarinic acid and small quantities of carvacrol. The
presence of a concentration of 44.73 mg/g rosmarinic acid
could be used in the standardization of future medicines
and food supplements based on an alcoholic-aqueous ex-
tract of wild growing Satureja montana.

The results from the histological examination and blood
samples show that oral administration of the extract and
of both active ingredients for 90 days does not cause any
pathological, histological, and hematological changes in
the experimental animals.
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CocTaB N XpOHU4YeCKass TOKCUYHOCTb CYyXOro
MEeTaHOJ/IbHO-BOAHOI0 3KCTpaKTa AuKopacTtyLiei
Satureja Montana

Haranus Bunmorn!, Mapus leopruesa-Koreraposal, Crena [lumurposa?, Mapus 3rypesa?, [lena
K. Aranacosa’, [Terap V. Xpucues?, ViBanka Koctannuosa!

I Kagpedpa papmaxonoeuu u knunuueckoii papmarxonozuu, Meduyurckuil ynusepcumem — Ilnosous, Ilnosous, boneapusi

2 Kagpedpa 6uoopearuueckoii xumuu, Meduyurckuii ynugepcumem — IInoedus, Ilnosdus, boneapus

3 Kagpedpa anamomuu uenosexa, zucmonozuu u ambpuonozuu, Omoenenue eucmonozuu, Meduyurckuil ynusepcumem — IInoedus, Ilnosdus, boneapus
4 Kagpedpa dusuonoeuu, Meduyurckuil ynusepcumem — Ilnosous, Ilnosous, boneapusi

Appec ans koppecnoHfeHumn: Harams Buivor, Kadenpa dapmakonornu 1 knusndeckoit papmaxonoruy, Menuiyackuii yHusepcutet — I110B-
nuB, 6yi1. ,,Bacun Anpunos® Ne 15A, 4002 ITnospus, Bonrapus; E-mail: nat9vilm@gmail.com; Ter.: +359 878 460 196

[Data nonyyenus: 14 mapra 2022 ¢ [lata npuemku: 28 ampens 2022 ¢ [lata ny6nukaumm: 30 nious 2023

O6pasel, uuTmpoBaHus: Vilmosh N, Georgieva-Kotetarova M, Dimitrova S, Zgureva M, Atanassova PK, Hrischev PI, Kostadinova
I. Composition and chronic toxicity of dry methanol-aqueous extract of wild-growing Satureja Montana. Folia Med (Plovdiv)
2023;65(3):482-489. doi: 10.3897/folmed.65.83722.

Pe3tome

BBepeHue: Satureja montana — [UKOpacTyllee TeKapCTBEHHOE PacTeHNe, OTHOCIIIeeCs K CeMeIICTBY IyOOoLBeTHBIX. DTa TpaBa Xo-
pOLIO M3BECTHA KAaK MCTOYHMK (eHONbHBIX COeAMHEHNIT, KOTOpble MOTYT BAPbUPOBATHCS B IIMPOKOM AMAIIA30HE B 3aBUCHMOCTH OT
Ppa3nu4YHbIX GAKTOPOB U MPOSABILATH MHOKECTBO (papMaKOIOIrN4eCKIX AeliCTBIUIL.

Lenb: Llenbio nccnenoBaHns ObUIO U3yUeHMe COCTaBa U XPOHIMYECKOI TOKCUYHOCTY CYXOT0 9KCTPaKTa Satureja montana.

Matepuanbl u MeTofbl: CocTas 1ccIeoBanyu Ha BbICOKO3 (G GEeKTUBHOI XXMIKOCTHON XpoMaTorpaduueckoii yCTaHOBKe C IMOTHO-Ma-
TPUYHBIM JIeTeKTOPOM. JI/I1 yCTaHOBJIEHVS XpPOHNYECKOI TOKCMYHOCTH CYXOTo SKCTpaKTa Satureja montana uctonbsosamy 40 BoCb-
MIHeEeTIbHBIX KPbIC-CaMIIoB MuHMN Wistar, IIoy4aBIINX IIepOpaIbHO (PU3NOIOTMYEeCKIil PaCTBOP, OMBKOBOE MAcC/IO (KOHTPO/IbHbBIE
rpynmsl), Satureja montana B fose 500 mg/kg maccer Tena, kapakpon — 500 mg/kg mMacchl Tema, a pO3MapUHOBYIO KVCIOTY B 103€
15 mg/kg Macchl Tena. B KoHIIe SKCIIepUMeHTa XMBOTHBIX YMEPIUB/IAIN ¥ 6pam 06pasibl KPOBY U OPraHOB IJIsI TUCTOIOTUYECKOTO
nccnegoBanys. CTaTUCTIYECKNIT aHAIN3 IPOBOYIIN C IOMOIIBI0 OfHOpAaKTOpHOro AucnepcuonHoro anamsa (ANOVA) ¢ ucnosns-
3oBaHueM IBM SPSS 19.0.

Pesynbratbl: PosmapuHoBasg KucaoTa M HebOJbIINe KOMMYECTBA KapBaKpona ObUIM OOHAPYXXEHBI B CYXOM 9KCTpakTe Satureja
montana. O61mit aHamms KpoBu u 6uoxumudeckne nmokasarenun ASAT, ALAT, ModyeBast KMC/IOTa, XOJIECTEPVH, TPUIIULIEPUIDI, TTIFOKO-
3a ¥ MOHU3MPOBaHHbIT Ca HAXOAMINCD B pepepeHCHBIX 3HAYEHWSIX /I KpbIc-camiioB Wistar B Bospacte 17+ Hegenb. [ncromornye-
CK1te 06pasiibl He [I0Ka3ajy MPU3HAKOB OPraHHONM TOKCMYHOCTH.

3aknoueHne: OCHOBHBIM MHTPEIMEHTOM CYyXOTO 9KCTPaKTa Satureja montana ABNAETC pO3MapyHOBasA KUCTOTA. DKCTPAKT He TOK-
cudeH nocye 90-THEBHOrO NepOpanbHOro IpuéMa.
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