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Abstract: An evaluation of the possible hepatotoxicity /hepatoprotective effects of a defatted extract
of the above ground parts of Phlomis russeliana was conducted in vitro and in vivo. The extract
was tested in vitro on hepatocytes alone and in a carbon tetrachloride (CCly)-bioactivation model.
The same toxic substance was used for the in vivo evaluation on old Wistar rats. The extract was
standardised via high performance liquid chromatography (HPLC) by the quantification of total
flavonoids and verbascoside. Gallic acid equivalents were used to express the content of total phenolic
compounds. The identification of flavonoids in this species was undertaken for the first time. The
extract was not statistically hepatotoxic in vitro on the isolated rat hepatocytes. In the CCly-induced
hepatotoxicity model, the extract had a hepatoprotective effect, which was concentration-dependant
(the highest at 50 pg/mL). An in vivo study on old rats confirmed the observed antioxidant and
hepatoprotective effects. The histological findings were favourable for the rats, given the extract and
CCly in combination. They had an unchanged organ structure, which is commensurable with these
animals, treated with a combination of CCly and silymarin.

Keywords: hepatoprotection; Phlomis russeliana extract; histopathology; experiments in vitro/in vivo
study; isolated rat hepatocytes; Wistar rat

1. Introduction

More than 15,000 plant species are utilised in traditional medicine; these species
could also be exploited as sources of raw materials to create novel medications [1]. In
industrialised nations, chemical synthesis has supplanted plant synthesis as the primary
source of pharmaceuticals due to advancements in modern medicine and drug research.
However, the majority of people on the planet use plant-based medications because they
cannot afford pharmaceuticals. Due to the possibility of creating novel medicinal products
through the bioactive components of traditional medicinal herbs, there has been a lot of
interest in these plants [1].

The liver is the primary site of biotransformation for the deactivation, bioactiva-
tion, and detoxification of several xenobiotics. To assess this process, various setups of
experiments are available (in vitro and in vivo). Isolated hepatocytes in cell cultures or
suspensions are a common object in experimental pharmacology and toxicology. Following
isolation and in vitro incubation under appropriate circumstances, the hepatocytes main-
tain their primary function, and consequently, their biotransformation capacities, linked
to phases I and II of xenobiotic biotransformation. For a variety of in vitro investigations
on the cytotoxicity, metabolism, as well as other properties of novel, promising drugs of
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both synthetic and natural origin, isolated rat hepatocytes provide a stable system. Two
major criteria accepted and advised by the European Centre for the Validation of Alter-
native Methods (ECVAM) for evaluating the functional metabolic status of hepatocytes
are the trypan blue exclusion (for viability) and lactate dehydrogenase enzyme leakage
(for the disruption of the cell membrane). Changes in the levels of tripeptide glutathione,
one of the most significant naturally occurring variables involved in cell protection, and
malondialdehyde, which is produced by the peroxidation of membrane lipids, can be used
to assess the harmful alterations that occur at different levels in cells due to the bioacti-
vation/biotransformation of the substances under investigation. In a similar manner, the
ingestion of CCly is considered the most valuable model for hepatotoxicity. The conse-
quences are renal failure and encephalopathy, leading to overall organ insufficiency. This
experimental model in rodents has proved its qualities through numerous studies [2].

Phlomis L. is a genus that may also be of interest for the development of new plant-
based pharmaceuticals. Throughout Europe, Asia, and North Africa, there are over
105 species in this genus, which is a member of the Lamiaceae family. They are widely
applied, as the aerial parts are consumed as infusions against intestinal issues and as a
hepatoprotective aid, which involves protecting the kidneys and the cardiovascular system
as well.

There are several Phlomis L. species that are known to have antidiabetic qualities, in-
cluding P. ocymifolia (Burm.f.) and P. aurea Decne. Their capacity to lower oxidative stress in
diabetes or to promote the biosynthesis of enzymes, which are included in the metabolism
of glucose, is considered the primary cause of this action, which shields the pancreas and
liver. The P. anisodonta Boiss. methanol extract was shown to have antihyperglycaemic
effects in a rat model of diabetes produced by streptozotocin [3]. Pancreatic cells are irre-
versibly damaged by streptozotocin, which results in degranulation and decreased insulin
output. Severe weight loss and the prevalence of diabetic comorbidities, including oxida-
tive stress-related cardiac, cardiovascular, gastrointestinal, neurological, renal, and bladder
dysfunction, are hallmarks of streptozotocin-induced diabetes. When the P. anisodonta
Boiss. methanol extract (400 mg/kg) was given to rats treated with streptozotocin for ten
days, there was a considerable glucose level reduction. The insulin amount in the plasma
was increased, and the loss of body weight was reduced. The capacity of the P. anisodonta
Boiss. methanol extract to increase Fe?* levels in the plasma, to decrease the rate of lipid
peroxidation in the liver, and to induce hepatic antioxidant enzymes was the cause for the
antihyperglycaemic effect that was observed. Rats given the P. anisodonta Boiss. methanol
extract showed a substantial increase in enzyme activity (catalase, glutathione peroxi-
dase, and superoxide dismutase) in the liver [3]. Extracts from the above ground parts of
P. fruticosa L. and P. lanata Willd. had antioxidant effects in vitro [4].

Several isolated compounds and/or extracts from Phlomis L. plants (P. nissolii L.,
P. herba-venti L., P. tuberosa L., etc.) have been reported to possess antioxidant activity. Using
different models (iron chelating, reducing ability, inhibition of xanthine oxidase, scavenging
of superoxide radical) and methods (2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2’-azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid (ABTS), etc.), this action was proved in vitro [5].
Verbascoside (acteoside) and forsytoside B are the main phenylethanoid glycosides in the
species from Phlomis L. The compounds were isolated from P. caucasica’s overground parts
and had strong in vitro antioxidant abilities [6]. A previous study on the hepatoprotective
properties of a defatted extract of P. tuberosa L. proved its in vitro/in vivo effectiveness
against CCly toxicity [7]. The results gained provide the basis for further research on the
hepatoprotection topic of other representatives of the genus Phlomis L.

P. russeliana Lag. ex Benth. accumulates some essential oil, with the main components
of sesquiterpene (germacrene D, S-caryophyllene) and aliphatic compounds (hexadecenoic
acid, pentacosane) [8]. A review of this species’ biological action, phytochemistry, as
well as its traditional use was previously published [5]. The plant accumulates mainly
phenolic compounds, such as verbascoside, isoverbascoside, forsythoside B, samioside,
leucosceptosides A and B, etc. [9]. Recent studies have shown that P. russeliana Lag. ex
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Benth. extracts exhibit wound-healing [10], antibacterial, and anticancer activities [11].
The plant’s overground parts have been used in traditional medicine as an infusion for
gastrointestinal discomfort, to stimulate the appetite, to relief indigestion, etc. [12]. There
are, however, no reports on the possible hepatoprotective effect of this species, although
it is widely used for other gastrointestinal ailments. A recent report on the DPPH radical
scavenging capacity of an extract from its aerial parts [10] suggests it could have potential
antioxidant effects as well.

In context with the evidence presented in the literature, the aims here were to obtain a
defatted extract from Phlomis russeliana’s aerial parts, to analyse its content and to study
its potential hepatoprotective and antioxidant properties in in vitro/in vivo models of
hepatotoxicity induced by carbon tetrachloride (CCly).

2. Materials and Methods
2.1. Plant Material

The overground parts of P. russeliana Lag. ex Benth. were harvested from the University
of Sofia’s Botanical Garden (Sofia, Bulgaria) in June 2023. The identity was confirmed by one
of the authors (I. K.) A specimen was kept at the Herbarium of the Faculty of Pharmacy at
Medical University of Sofia (#FF-100). The material was collected as required for herbae [13]
and had a leaves/flowers/stems ratio of 2:2:1.

2.2. Extraction and Isolation of Verbascoside

The plant substance (300 g) was dried, milled, and sieved (3 mm); then, the lipophilic
constituents were removed by percolation with dichloromethane (9 x1.5 L). After this,
the material was aired in the fume cupboard and then percolated exhaustively with 80%
methanol (MeOH) (20 x 1.5 L). The solvent was removed, then the viscous residue was
lyophilised (0.160 mbar, —105 °C, 98 h) and named EPhR. To the obtained verbascoside,
twenty grams of EPhR was used. This was separated over a column filled with Diaion
HP-20 (elutents 100% H,0O, and 50%, 85% and 100% MeOH). Then, the fractions collected
were dried and analysed. The phenolic compounds were in the fraction, which was eluted
with 50% MeOH according to HPLC. It was purified and separated by repetitive column
chromatography (Sephadex LH-20, MeOH) to produce verbascoside (41 mg). The identity
of the compound was confirmed by HPLC and its UV absorbance (see Section 3).

2.3. Phytochemical Analysis

The standard substances (see Table 1), acetonitrile, methanol (both HPLC grade, gradi-
ent), sodium carbonate, ortho-phosphoric acid, the Folin—-Ciocalteu reagent and pyrogallol
were obtained from Sigma Aldrich (Taufkirchen, Germany). A Young Lin 9100 (Hogye-
dong, Anyang, Republic of Korea) HPLC system, including a vacuum degasser (model
9101), a quaternary pump (model 9110), a column thermostat (model 9131), a PDA detector
(model 9160), and a manual injector Rheodyne 7725i, was used. The software for data
acquisition and analysis was Clarity Chromatography Software (v. 2. DataApex, Prague,
Czech Republic). A known European Pharmacopoeia method [14], which uses quercetin as
the reference, was deployed to determine the total flavonoid content of EPhR. After acid
hydrolysis at 100 °C for half an hour, the sample was injected in the chromatograph. The
apparatus, the stationary and mobile phases, as well as the other parameters of the analysis
were as those described in [14]. The analytical wavelength was 370 nm. The results were
calculated as the percentage of flavonol glycosides, with reference to quercetin.

For the identification of flavonoids and for the quantitation of verbascoside, an aliquot
(0.20 g) from EPhR were dissolved and diluted with MeOH in a 10.0 mL volumetric flask.
After centrifugation at 10,000x g and membrane filtration (PVDE, 0.45 um), 20 pL of the
aliquot was injected to the HPLC. Separations were made on a RP-C18 Luna® column
(1001&, 250 x 4.6 mm, 5 pm, Phenomenex, Torrance, CA, USA) with an ODS cartridge
Security Guard® (Phenomenex, Torrance, CA, USA) maintained at 35 °C. The solvents were
(A) HO + 0.1% H3PO4 and (B) acetonitrile (MeCN). Before use, they were filtered through
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a 0.45 um PVDF membrane and sonicated. The flow was 1 mL/min. The wavelength was
set at 330 nm.

Table 1. Compounds identified in EPhR.

Compounds tg, min + SD EPhR
Flavonoids
Rhamnetin 43.260 = 0.18 -
Apigenin 37.830 £ 0.15 -
Luteolin 33.750 = 0.12 -
Naringin 25.823 £ 0.10 +
Saponarin 21.227 £ 0.11 -
Apigenin-7-glucuronide 28.683 £+ 0.13 -
Apigenin-7-glucoside 27.683 £ 0.12 -
Luteolin-7-glucuronide 25.740 £ 0.11 +
Luteolin-3/-glucuronide 28.810 £ 0.10 +
Spiraeoside 28.013 £0.13 -
Kaempferol-3-glucoside 27.210 £0.14 -
Quercetin-3-glucoside 25.157 £ 0.13 +
Vitexin 23.080 £+ 0.12
Phenylethanoids

Verbascoside 24.470 £ 0.12 +

For identification purposes, the gradient was 5% B (initial); 5 min—13 min, 5%—15%
B (linear); 13 min—45 min, 15%—50% B (linear); 45 min—50 min, 50%—95% B (linear);
50 min—55 min, 95% B (isocratic); and 55 min—60 min 95%—5% B (linear). Standard
solutions in MeOH (0.20 mg/mL) of each compound were made. The identification was
performed on the basis of the coincidence of the retention time to that of the chemical
reference substance (CRS). Validation was performed [15]. To support the identification,
the UV-vis spectra of the compounds in the sample, recorded by the DAD detector, were
compared to that of the reference substances [16].

Another gradient was used for the quantification of verbascoside as follows: initial 10%
B; 5 min—25 min, 10%—100% B (linear); 25 min— 28 min, isocratic 100% B; 28 min—30 min,
and 100—10% B (linear). Solutions (0.3, 0.6, 0.9, 1.2, 1.5 and 1.8 mg/mL) of verbascoside
CRS were prepared in MeOH. The method was validated, as described by the International
Conference of Harmonization (ICH 2005) [17].

A spectrophotometric method [18] with the Folin—Ciocalteu reagent (FCR) was applied
to measure the total content of phenolics in EPhR. A solution of EPhR in water (1 mg/mL)
was prepared. The reference substance was pyrogallol (0.1 mg/mL in H,O). In total, 5 mL
of FCR diluted ten-fold was combined with a 1 mL sample solution and 4 mL 7.5% solution
of Na;COj3 in water before being incubated for 30 min (in the dark). The absorbance of the
mixture was recorded at 765 nm (blank H,O). Gallic acid solutions (100, 150, 200, 250, 300,
350, 400, and 450 pg/mL in H,O), treated by the same protocol, were used to construct the
calibration curve. It gave the equation y = 0.0082x + 0.0894 with 72 = 0.9941. The results for
the total phenols were expressed as mg/g gallic acid equivalents (GAE).

Each analysis was repeated three times; the statistical program MedCalc 12.2 (MedCalc
Software, Ostend, Belgium) was used, and the results were presented as the mean + SD.

2.4. Animals

Thirty-five-year-old (2.5 years) male Wistar rats were used. Five rats were used to
isolate hepatocytes, and thirty of them to perform the in vivo experiment. They were pur-
chased from the National Breeding Centre (at Bulgarian Academy of Sciences). Ordinance
No. 17, 2006, was used to determine the minimum requirements for the protection and
humane treatment of experimental animals and the European Ordinance guidelines for
working with experimental animals were strictly followed. The rodents were housed in
Plexiglas cages under conventional conditions, with free access to food and water and a
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12-h light/dark cycle at a temperature of 20-25 °C. The animals were denied food for twelve
hours before the study. The experiment’s commitment was approved by the Medical Uni-
versity of Sofia’s (KENIMUS) Institutional Ethics Committee. In addition, permit No. 301
(until 20 July 2025) was granted for the animal studies by the Ministry of Agriculture and
Foods’ Bulgarian Food Safety Agency.

2.5. In Vitro Experiments on Isolated Rat Hepatocytes

An two step in situ collagenase perfusion [19] with optimisations made by us [20]
was performed to obtain the primary hepatocyte suspension. A pre-incubation with EPhR
or silymarin (5, 10 and 50 pg/mL) for 30 min was performed, followed by incubation in
combination with CCly (1 h). The hepatocytes’ viability was determined [19]. The activity
of lactate dehydrogenase (LDH) was assessed by a kinetic method. Briefly, the hepatocytes
were incubated with the substances for 1.5 h. The enzyme was determined in the super-
natant, which was left after the centrifugation of the hepatocytes at 400x ¢ for 4 min. An
LDH kit (Anticel, USA) was used. The extinction was determined spectrophotometrically
(340 nm) at 30 s, 1, 2, and 3 min. The level of reduced glutathione (GSH) and the production
of malonedialdehyde (MDA) were measured following the procedures in [19].

2.6. In Vivo Experimental Design

Five rats (n = 5) were randomly allocated in six groups, as follows:

First: Control (physiological saline for 14 days, p.o.).

Second: Phlomis russeliana extract (EPhR) (100 mg/kg for 14 days, p.o.) [21].

Third: Silymarin (100 mg/kg for 14 days, p.o.) [22].

Fourth: 10% solution of CCly (once on day 7, 1.25 mL/kg, p.o.) [23].

Fifth: EPhR (100 mg/kg for 14 days, p.o.), with a 10% solution of CCly (given once, on
day 7, 1.25 mL/kg, p.o.).

Sixth: Silymarin (100 mg/kg for 14 days, p.o.), with a 10% solution of CCly (given
once, on day 7, 1.25 mL/kg, p.o.).

At the end, blood was collected from the tail vein, and then the rats were decapitated.
The liver, kidneys and the brain were taken from each animal.

2.6.1. GSH and MDA Determination in Liver Tissue

A small portion of each liver was taken for pathological examination (see Histopatho-
logical examination). The organs were kept refrigerated. They were homogenised with the
appropriate buffers by a tissue homogeniser, Polytron (Kinematica, Malters, Switzerland).
The production of MDA and level of GSH in the liver homogenates were determined
spectrophotometrically (for MDA, 532 nm and for GSH, 412 nm) according to [24].

2.6.2. Assay of Aspartate Aminotransferase (ASAT) and Alanine Aminotransferase (ALAT)
in Blood Serum

A tube with EDTA was used to collect the blood, which was then centrifuged at
10,000x g for 10 min. The activity of ASAT and ALAT was measured in the resulting

serum with the corresponding kits on a BS-120 automatic biochemical analyser (Mindray,
Shenzhen, China).

2.6.3. Histopathological Examination

Ten percent buffered neural formalin was used to fix the histological samples. They
were cut, diaphonised, mounted on microscope slides and stained with Haematoxylin-
Eosin (H&E), as described in [7,25]. The prepared slides were observed, and pictures were
taken with a D740T microscope (Levenhuk, Tampa, FL, USA).

2.7. Statistical Analysis

The statistical program ‘"MEDCALC’ processed the results with the non-parametric
Mann-Whitney method (p < 0.05; p < 0.01 and p < 0.001 significance levels).
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3. Results
3.1. Obtaining EPhR and Chemical Analysis

A defatted extract (31.05 g) from the aerial parts of P. russeliana (EPhR) was obtained.
The main phenolic compound—verbascoside—was isolated by repetitive CC over different
sorbents. It was isolated with 98.7% purity (41 mg). Its retention time and UV-maxima
(recorded on the PDA of the HPLC) coincided with the values for verbascoside CRS. In
order to analyse the phytochemical composition, three HPLC methods were used. The
EPhR was standardised by two parameters—the total flavonoid content and quantity of
verbascoside. The total phenolics were also determined.

3.1.1. Flavonoid Identification in EPhR

A total of 13 reference substances was used for HPLC identification (Figure 1, Table 1).
For the first time naringin, luteolin-3’-glucuronide, luteolin-7-glucuronide and quercetin-
3-glucoside were identified in the plant. As seen from the total flavonoid content, their
quantity was significant.

1 Al
[T T T T

1]

[min.]

Figure 1. HPLC chromatogram of EPhR used to identify the compounds. 1. Verbascoside (24.470 min);
2. Quercetin-3-glucoside (25.157 min); 3. Luetolin-7-glucuronide (25.470 min); 4. Naringin (25.820 min);
and 5. Luteolin-3/-glucuronide (28.810 min).

3.1.2. Assay of Total Flavonoids

EPhR had 5.84% total flavonoids according to the modified European Pharmacopoeia
method.

3.1.3. Quantitation of Verbascoside

The quantity of verbascoside in EPhR was determined and validated according to
the approved ICH Q2 (R1) [26] guidelines and HPLC-UV method. In the conditions used
(see Section 2), verbascoside had a retention time of 13.18 min (Figure 2). During the
method validation procedure, we examined the suitability of the system, the precision, the
linearity, the accuracy, and the selectivity. The system was found to be suitable. No peaks
interfering at tr (verbascoside) with AUC above 0.05% were detected in the blank baseline.
A 0.12% verbascoside solution in MeOH showed a signal-to-noise (S/N) ratio equivalent
to or more than ten. The agreement of this solution was <1.7%. The factor of resolution
(peaks neighbouring) was determined as >1.2. Two injections had a difference of <1.8%.

Specificity. Peaks in a blank (MeOH) with AUC > 0.1% interfering at tg (verbascoside)
were not found. No evidence of co-elution was found after peak purity analysis.

Limits of Detection and Quantitation. These were calculated using the S/N from the
response’s slope and the standard deviation (SD). The limit of detection (LOD) was 0.001
mg/mL, and the limit of quantification (LOQ) was 0.01 mg/mL.

Accuracy and linearity. The linearity of the method was examined from 26% to 151%
of the known concentration. The calibration data were processed by linear regression.
A correlation coefficient (r%) of 0.9933 was calculated after the linear least-square analysis.
This is indicative of the correlation between the concentration and the peaks” AUC in
the interval studied (Figure 3). There was no significant bias, and quantitation could
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be performed, as deduced from the y-intercept (<0.5%) of the 100% level. According to
ICH [26], the developed method for verbascoside was found to be linear/accurate.

0.10+

0.054

Time [min.]

Figure 2. HPLC chromatogram of EPhR used to preform quantitation. 1. Verbascoside (13.180 min).
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Figure 3. Calibration curve of verbascoside.

Precision. At this step, six verbascoside standard solutions (level 100%) were analysed.
The purity was 98.9% (average), and the relative standard deviation was 0.636% (n = 6),
which is in accordance with the requirement of RSD < 2%. The method was found to
be precise.

The validated method was applied for EPhR to identify and quantify verbascoside
(Figure 2) in it. The extract contained 8.08% (w/w) verbascoside.

3.1.4. Total Compounds Content

The quantity of phenolic compounds in EPhR was determined by FCR via a spec-
trophotometric assay. The total phenolic compounds were 388 mg/g, expressed as GAE [18].
The standard 0.11 mg/mL solution of pyrogallol had 333 mg/g GAE.

3.2. Evaluation of the Pharmacological Effects
3.2.1. In Vitro Investigations

Administered alone, EPhR and silymarin had no toxic effect (statistically significant)
on isolated rat hepatocytes. The samples did not change statistically significantly the main
functional metabolic parameters of hepatocytes, including the viability, activity of the LDH
enzyme, GSH level and production of MDA (Table 2).

In the CCly-induced model of metabolic bioactivation, EPhR exhibited a pronounced
statistically significant hepatoprotective and antioxidant effect, comparable to the effect
of silymarin (a proved antioxidant and hepatoprotective agent). Administered alone,
at a concentration of 86 uM, CCly exhibited a statistically significant pronounced pro-
oxidant/cytotoxic action on isolated rat hepatocytes. The viability of the cells and the
level of GSH were reduced (each by 50%), the LDH activity was increased by 217%, and
production of MDA was increased by 262%, relative to the untreated hepatocytes (control)
(Figures 4-7). In this model, EPhR had a hepatoprotective effect on hepatocyte viability
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(concentration-dependent, statistically significant). The highest concentration of 50 pg/mL
had the best activity (Figure 4).

Table 2. Hepatocytes’ viability and levels of LDH, MDA and GSH (administration alone).

Group Hepatocytes’ Viability, %  LDH, umol/min/10° Cells GSH, nmol/10° Cells MDA, nmol/10® Cells
Control 86 £ 3.2 0.111 £ 0.01 20+ 4.1 0.110 £ 0.01
5 ug/mL EPhR 86 £ 3.1 0.115 £+ 0.01 18+44 0.115 £ 0.01
10 pg/mL EPhR 85+ 35 0.117 £0.01 17 +45 0.116 £ 0.01
50 pg/mL EPhR 83 +£3.8 0.118 £ 0.01 17 £ 48 0.118 £ 0.01
5ug/mLS 85+ 3.7 0.114 £ 0.01 19+41 0.113 £0.01
10 pg/mL S 84 +35 0.115 £ 0.01 18 £ 3.9 0.114 £0.01
50 ug/mL S 83 +3.7 0.115 £ 0.01 18 £3.8 0.115 £ 0.01
EPhR—defatted extract of P. russeliana; S—silymarin.
120
100 -
X ++ +
~ ++
= + ++
= 80 +
e}
8
>
g 60 *kk
-
>
3
< 40
o
]
<
20
0
control CcCl4 5ug/ml 10 pg/ml 50 pg/ml  5pug/ml 10 ug/ml 50 pg/ml

EPhR+CCl4 EPhR+CCl4 EPhR+CCI4  S+CCl4 S+CCl4 S+CCl4

Figure 4. Hepatocyte viability changes in a carbon tetrachloride model. *** p < 0.001 vs. con-
trol (untreated hepatocytes); + p < 0.05, ++ p < 0.01, vs. CCly. EPhR—extract from P. russeliana;

S—silymarin.

A5 ug/mL extract preserves the vitality by 40%; 10 pg/mL by 50%; and 50 pg/mL by
60%, compared to the toxic agent. In total, 5 ug/mL of silymarin preserves the vitality by
50%; 10 ug/mL by 60%; and 50 pg/mL by 70%, compared to the toxic agent. The effects of
the extract and silymarin on this indicator were comparable.

Upon the release of the LDH enzyme, in a model of CCls-induced hepatotoxicity,
EPhR showed a concentration-dependent, statistically significant, protective effect again.
The effect was most pronounced at the highest concentration of 50 ug/mL (Figure 5). The
release of LDH was lowered by 54% (from 5 mg/mL EPhR); by 56% (from 10 pg/mL EPhR);
and by 59% (from 50 ug/mL EPhR) vs. CCly. In total, 5 pg/mL of silymarin reduced LDH
release by 56%; 10 ng/mL by 58%; and 50 ug/mL by 59% compared to the toxic agent. The
action of the extract and silymarin on this parameter was commensurable.

The concentration-dependant and statistically significant hepatoprotective effect of
EPhR was observed on the same model (CCly-induced toxicity) on the levels of GSH. The
highest concentration (50 ng/mL) of EPhR had the best activity (Figure 6).
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Figure 5. LDH activity changes in rat hepatocytes in a carbon tetrachloride model. *** p < 0.001
vs. control (untreated hepatocytes); +++ p < 0.001 vs. CCly. EPhR—extract from P. russeliana;

S—silymarin.
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Figure 6. Changes in levels of GSH in rat hepatocytes in a carbon tetrachloride model. *** p < 0.001
vs. control (untreated hepatocytes); +++ p < 0.001 vs. CCly. EPhR—extract from P. russeliana;

S—silymarin.

The levels of GSH were preserved as follows: 60% (from 5 mg/mL EPhR); 70%
(10 pg/mL EPhR); and 90% (50 pg/mL EPhR), vs. CCly. The action of the extract and
silymarin on this parameter was commensurable.
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Figure 7. Changes in levels of MDA in rat hepatocytes in a carbon tetrachloride model. *** p < 0.001
vs. control (untreated hepatocytes); +++ p < 0.001 vs. CCly. EPhR—extract from P. russeliana;
S—silymarin.

The MDA production (a parameter for lipid membrane oxidation) was lowered to a
statistically significant level when EPhR was applied in the same model on hepatocytes.
Again, the best effect was at the highest dose (50 pug/mL) (Figure 7).

The generation of MDA was reduced as follows: 52% (from 5 mg/mL EPhR); 55%
(from 10 mg/mL EPhR); and 61% (from 50 mg/mL EPhR) vs. CCly. In total, 5 pg/mL
of silymarin reduced MDA production by 54%; 10 ug/mL by 57%; and 50 ug/mL by
62% compared to the toxic agent. The antioxidant effects of the extract and silymarin
were comparable.

3.2.2. In Vivo Experiments with Old Wistar Rats

In vivo experiments (14-day treatment) on old rats were also performed to examine
the potential hepatoprotective/antioxidant effects of EPhR and to compare it with the effect
of silymarin in a CClg-induced hepatotoxicity model. There was no mortality in the animals
during treatment, according to the approved experimental model.

The assessment was made on the following liver biochemical parameters: the release
of liver enzymes ALAT and ASAT, as well as levels of GSH and production of MDA.
Administered alone, CCly exhibited a pronounced statistically significant hepatotoxic effect,
increasing ASAT by 100%, ALAT by 150%, and MDA production by 200%, and decreasing
the level of GSH by 50%, relative to the control (untreated rats) (Figure 8).

When administered alone, the extract and silymarin showed no hepatotoxicity (sta-
tistically significant). The studied parameters were not altered (Figure 8). When com-
bined with CCly, the extract exhibited a pronounced statistically significant hepatoprotec-
tive/antioxidant effect, which was comparable to silymarin. Only for the level of GSH
did the extract show a stronger action than silymarin (Figure 8). The extract significantly
reduced CCly-increased levels of ASAT by 60% and silymarin by 65% compared to the toxic
agent. ALAT (elevated by the toxic agent) was reduced statistically significantly by the
extract (by 64%) and by silymarin (by 68%) compared to pure carbon tetrachloride.



Separations 2024, 11, 117 11 of 20

70 - 100
60 90
» 80
o 50 S 70
=) .
2 40 Z 60
5 30 ot et 2 50
B ® 40 +++ +++
S 50 K o T
'<_E 3:: 30
< 10 20
0 10
control EPhR S CCl4  CCI4+EPhR CCl4+S 0
control EPhR S CCl4 CCI4+EPhR CCl4+S
18 35
g 16 I '|' 4+ g 30
2 14 2
2 I 225
g g,
2 10 2
> 3 315
€ g T T +++
< 6 - 10 L T 4+
T <
[%2) 4 o
’ = L
2
O | B I [ I | E—— 0 - - - -
control EPhR S CCl4 CCI4+EPhR CCl4+S

control EPhR S CCl4 CCI4+EPhR  CCl4+S

Figure 8. Changes in the in vivo investigated biochemical parameters. *** p < 0.001 vs. control (non-treated rats); +++ p < 0.001 vs. CCly. EPhR—extract from
P. russeliana; S—silymarin.



Separations 2024, 11, 117

12 of 20

The level of GSH was preserved statistically significantly (by 80%) when EPhR was
applied and after silymarin (by 40%) compared to the toxic agent. This finding is interesting,
considering the well-established action of silymarin as a hepatoprotector and the age of
the animals.

MDA production was reduced statistically significantly by the extract (by 73%) and by
silymarin (by 77%) vs. rats given only CCly.

Following euthanasia, the rats were subjected to pathomorphological evaluation.
A normal anatomical structure was found (without visible alterations) during the gross
pathology investigation of the liver of the control group rats. The organs were located
within the normal topographical range, occupied the central cranial part of the abdominal
cavity and were behind the diaphragm. The red-brown colour of the organs, with a smooth
capsular surface and a well-visible lobar appearance was noted (Figure 9A).

Figure 9. Gross examination of the livers. (A) Control group—normal topographic location and macro-
scopic morphological structure of the liver; (B) a group treated with EPhR—unaltered topographical
location and macroscopic morphological structure of the liver; (C) a group treated with S—normal
topographic location and macroscopic morphological structure of the liver; (D) group treated with
CCly—liver with a brown-yellow colour; (E) group treated with CCl4 and EPhR—unaltered macro-
scopic morphological structure of the liver; and (F) group treated with CCl; and S—normal macro-
scopic structure and pale brown liver colour.

A similar pattern was observed in the groups treated with EPhR and silymarin alone,
as well as in those treated with CCly combined with EPhR (Figure 9B,C,E). Macroscopically,
distinct changes were found in the group treated with CCly alone. The rat livers had a
friable, greasy consistency and a brown-yellow colour (Figure 9D). In animals treated with
CCly in combination with silymarin, a paler colour was found compared to the control
group (Figure 9F).

The microscopic examination of the livers of rats in the control group and those
treated with EPhR and silymarin revealed normal parenchymal architectonics and a lack of
microscopically visible alterations (Figure 10A-C).
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Figure 10. Microscopic investigation of the animals’ livers (H&E staining). (A) Control group
—normal histological structure of the parenchyma (x100); (B) EPhR-treated group—unaltered liver
parenchyma (x100); (C) S-treated group—normal histological structure of the parenchyma (x100);
(D) CCly-treated group—lipid accumulation in the centrilobular areas (arrows) (x100); (E) CCly-
treated group—presence of microvesicular lipid accumulations (thick arrow) and lytic changes in
hepatocytes (thin arrow) (x400); (F) CCly and EPhR-treated group—unaltered histological architec-
ture (x100); (G) CCly- and S-treated group—normal histological structure of the parenchyma (x100);
and (H) CCly and S-treated group—mononuclear aggregations in portal tract area (arrow) (x400).
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Clear changes were found in animals intoxicated with CCly, expressed in microvesicu-
lar lipid accumulations and necrotic-degenerative changes in hepatocytes located in the
central area of the lobules and near the terminal hepatic venules (Figure 10D,E). In rats
treated with CCly combined with EPhR and with CCly combined with silymarin, a pro-
nounced protective effect was found, resulting in a lack of morphological changes in the
liver parenchyma (Figure 10EG). In the CCl4 and silymarin-treated groups, mononuclear
accumulations were found around the portal tracts (Figure 10H).

During the gross examination of the kidneys, no pathological changes were found
in any of the experimental groups. The organs had a normal topographical arrangement.
A well-defined cortex and medulla were observed after incision. Normal histological
architecture was found during the microscopic examination of the kidneys of control group
animals. Unaltered glomerular structures, tubules, interstitium and blood vessels were
observed (Figure 11A).

Figure 11. Microscopic pictures of the animals” kidneys (H&E staining, x100). (A) Untreated control
—normal histological structure of the parenchyma; (B) EPhR-treated group—unaltered microscopic
structure of the parenchyma; (C) S-treated group—unchanged histoarchitecture; (D) CCly-treated
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group—presence of extensive haemorrhage in the interstitial space (arrow); (E) CCly- and EPhR-
treated group—unaltered histological structure; and (F) CCly- and S-treated group—normal micro-
scopic structure.

Histological findings of the kidneys from the EPhR and silymarin treatment groups
were commensurable to the control animals (Figure 11B,C). In CCly-treated rats, the kidneys
had extensive haemorrhages in the interstitium (Figure 11D). In the renal tubules’ epithelial
cells, changes of a degenerative and necrotic nature were found, with the addition of
desquamation and disintegration to some epithelial cells. A histological examination of
kidneys from animals treated with CCl4 and EPhR combined, as well as those CCly and
silymarin, showed an unaltered parenchymal structure (Figure 11E,F).

In the brain tissue, no significant macro- and microscopically visible changes were
found in the animals of all groups, except in those treated alone with CCly, where slight
degenerative changes in the Purkinje cells were detected. In the histopathological examina-
tion of the cerebellums, it was found that EPhR had no neurotoxic properties and did not
lead to morphologically visible changes (Figure 12).

50pm

Figure 12. Cerebellum of an EPhR-treated rat. Histological section through the apical part of a
cerebellar folia. A normal layered structure without visible changes is shown. (H&E; 100 x).

Treated animals had normal grey and white matter microscopic structure. Three
well distinguished layers—molecular, Purkinje and granular—were observed in the cortex
without signs of a toxic effect.

4. Discussion

As a continuation of our efforts to unveil the antioxidant and hepatoprotective activity
of Phlomis L. species distributed in Bulgaria, a purified extract from the aerial parts of
P. russeliana Lag. ex Benth. was prepared, analysed by two HPLC and one spectrophoto-
metric method, and examined in in vitro/in vivo models of hepatic injury.

To our knowledge, there are no previous reports on the flavonoid composition of
P. russeliana Lag. ex Benth. It is known that other species from the genus accumulate mainly
flavone, flavonol, and flavanone glycosides [5]. Previous research reported only iridoids
and phenylethanoids in the plant [5]. Using a qualitative HPLC analysis with authentic
compounds, luteolin-3'-glucuronide, luteolin-7-glucuronide, quercetin-3-glucoside and
naringin are reported in the species. This is in agreement with the data on the flavonoid
content of other representatives. Unlike the study on P. tuberosa L. [7], where the flavonoids
were only confirmed, here we report their presence for the first time. The quantitative
analysis of total flavonoids proves that P. ruselliana’s overground parts are richer in these
compounds compared to the herbs of P. tuberosa L.
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A notable compound found in all Phlomis L. species is verbascoside. As a phenylethanoid
glycoside, it contributes a lot to the effects [27] of various preparations from these plants.
The results of the qualitative and quantitative analyses of P. russeliana Lag. ex Benth. were
consistent with the reports on phenyletanoid glycosides in the overground parts of these
plants [5]. Verbascoside was identified using a reference substance, and its quantity in
EPhR was determined. A previous report quantified verbascoside in the aerial parts of
P. tuberosa L. Here, we find another difference between these two species—the quantity of
verbascoside in P. russeliana Lag. ex Benth. was nearly twice that in P. tuberosa L. aerial parts.
Within the field of toxicology, experimental in vitro models play a crucial part in investigat-
ing the metabolism of compounds and determining the potential mechanism of toxicity and
its potential impacts on an organism. When assessing the harmful or cytoprotective proper-
ties of some intriguing biologically active compounds, whether they are newly synthesised
or have a biological origin, isolated hepatocytes provide an appropriate solution.

Determining the viability of a hepatocyte is one of the most crucial metrics to assess its
metabolic potential. The trypan blue dye method provides a quick response to the physio-
logical state of a cell without the need for specialised equipment. A visual evaluation of cell
damage also takes advantage of nuclear proteins’ capacity to adsorb the dye. Additionally,
even the weakest nucleus staining suggests that a cell membrane is compromised. Because
of membrane-retained trypan blue, undamaged parenchymal cells show a distinct shape
and yellow colour. They can be easily distinguished from dead cells tinted blue [19].

The cell release its soluble enzymes when the plasma membrane is compromised. The
most recognisable examples of the liberated enzymes in a cytotoxic membrane injury are
lactate dehydrogenase and liver transaminases. Therefore, another crucial indicator for
determining the functioning status of the cell membrane is the hepatocytes’ capacity to
release these enzymes. Either the conversion of pyruvic acid to lactic acid or the oxidation
of lactate to pyruvate is the basis for calculating LDH activity [19].

MDA is amongst the primary indicators of membrane lipid oxidation. It is produced
as a result of lipid oxidation, which is achieved through the disintegration of hydroper-
oxides (created when polyunsaturated fatty acids oxidise). The aldehydes that are most
extensively researched during lipid peroxidation include MDA, 4-hydroxynonenal, and
4-hydroxyhexenal. As a highly reactive metabolite, MDA combines with free amino groups
from proteins and amino acids to generate Schiff bases. It is more persistent than free
radicals, diffuses readily, and makes up around 2% of the results of lipid peroxidation [19].

The synthesis of MDA is correlated with the amount of GSH present in the cell. Non-
lipid oxidation can occasionally result in a drop in GSH. On the other hand, when a reactive
metabolite produces a GSH shortfall in the cell, lipid peroxidation and a rise in MDA are
seen [19]. The nucleophile GSH is one of the most significant protective mechanisms, and
aids in the scavenging of reactive electrophilic compounds. GSH can be found in any cell
compartment, and the liver has the highest amount of this antioxidant in all the body [19].
The defatted extract, when applied alone, did not show hepatotoxic effects on any of the
criteria that are indicative of the functioning and the metabolic capacity of hepatocytes.

If we compare the hepatotoxicity of CCly to other harmful xenobiotics, it is arguably
the most extensive. Liver necrosis and centrilobular fatty degeneration are caused by this
hazardous substance. Since it dissolves in fat, it is found all over the body. Chronic use
damages the kidneys and develops liver cirrhosis and tumours. Only fatty degeneration
and cytochrome P450 (CYP) degradation are caused by modest dosages of CCly, and
these effects are primarily seen in the liver’s centrilobular zone [28]. CYP isoforms (1A2,
2E1, 2B1/B2, and 3A) bioactivate CCly. It produces a trichloromethyl radical (CClze) [29],
which can take part in multiple reactions. The endoplasmic reticulum and mitochondria,
two extremely critical organelles for cells, as well as the cell membrane, are destroyed by
this metabolite.

Lipid peroxidation produces some by products that harm cells as well. These products
include conjugated dienes, 4-hydroxynonenal, MDA, and a few additional hydroxyalkenes.
They also block the activities of glucose-6-phosphatase and protein synthesis, and lower
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the level of GSH [29]. In vitro research revealed an increase in membrane permeability.
Following the p.o. application of CCly, the endoplasmic reticulum exhibits the majority of
the alterations. It binds covalently to phospholipids and the protein in microsomes one
minute after delivery. After five minutes, conjugated dienes, which are markers of lipid
peroxidation, can be found. After half an hour, electron imaging revealed reduced protein
synthesis as well as modifications to the ribosomes and endoplasmic reticulum [28]. There is
also less CYP activity and content. Triglycerides build up as globules in hepatocytes one-to-
three hours after CCl4 administration. There is an increase in the endoplasmic reticulum’s
loss of enzyme activity. Increased cytosolic calcium levels, granular endoplasmic reticulum
vacuolisation, and ribosome rupture are observed. The lysosomes are discharged as the
plasma membrane ruptures and distorts [28].

It has been discovered that phenolic compounds inhibit both human 3A4 and 2C9
isoforms of CYPs. Also, the major liver glucuronosyl-transferases are supressed [30]. The
cytoprotective impact of EPhR in the CCly toxic model on isolated hepatocytes is probably
due to a synergistic action that alters the activity of certain CYP isoforms implicated in CCly
activation. Because silymarin possesses antioxidant properties that alter the cholesterol and
phospholipid composition of the hepatocyte cell membrane, it has been proved to shield
the cell’s membrane from the damage caused by CCly [31]. It was established that human
microsomes could break down silybinin (silybin A and B) into a number of metabolites.
Monohydroxy- and dihydroxy-silybinin are the other two metabolites; demethylated sily-
binin is the primary metabolite. Strong anti-inflammatory, cytoprotective, antioxidant, and
anti-carcinogenic properties are exhibited by silymarin [32]. Similar to the mechanism of
silymarin, the hepatoprotective effect of EPhR could be assigned to membrane stabilisation;
the preservation of GSH levels (which is the primary scavenger of reactive oxygen species);
and the potential inhibitory effects on some isoforms of cytochrome that metabolise CCly
(resulting in generating toxic reactive metabolites).

Pathological studies on rat livers confirmed the hepatoprotective effect of EPhR. The
oral administration of CCly is known to induce lipid accumulation in hepatocytes, liver
degeneration, varying degrees of centrilobular necrosis, and less commonly leads to a
marked inflammatory response [33]. This toxic agent has been used by a number of authors
for an in vivo model for the characterisation of the protective properties of biologically
active substances of species of the genus Phlomis L. [34,35]. No gross or microscopic
changes were observed in the experimental rats’ livers in the non-treated control or in
both groups treated alone with EPhR and silymarin, which proved that there is a lack of
toxic effects in the studied extract. In the group treated with CCly alone, a brown-yellow
colour and friable consistency of the organ was grossly detected, which is characteristic of
degenerative processes associated with lipid deposits [36]. Histologically, in the same group,
typical changes in intoxication were found, like disseminated distribution, mainly in the
perivascular areas, of microvesicular, lipid-droplet build-ups in the hepatocytes. The nuclei
showed signs of degeneration and necrosis. Rats treated with CCly and EPhR (combined)
had an unaltered liver histological structure. No microscopically visible changes were
found in their hepatocytes. The histological appearance was comparable to that of the
group treated with the combination of CCly and silymarin.

These findings are consistent with previous research on the P. tuberosa L. defatted ex-
tract [7]. Although the effects were statistically significant in these studies, the experiments
were on young Wistar rats. In the present research, the results obtained in old (2.5 years)
Wistar rats are even better, despite the unfavourable age of the animals. It is known that old
animals have age-related organ changes, which result in biochemical parameters such as
GSH, ASAT, ALAT, etc. [37]. The chemical basis of the observed stronger effect is that the
extract of P. russeliana Lag. ex Benth. had nearly twice the amount of verbascoside and total
flavonoids compared to P. tuberosa L. Another major difference is EPhR’s total phenolic
content. Using a GAE assay, it was noted that this extract has more phenolics compared to
the previously investigated one [7]. Reports on the in vitro radical-scavenging capabilities
of an extract form P. russeilana Lag. ex Benth. are present [10]. The findings of the present
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study complement knowledge on this extracts antioxidant activity. The levels of GSH were
even higher in the old rats treated with EPhR than in those given silymarin, despite the age
of the rodents. Moreover, its levels in CCly, challenged and curatively treated with EPhR
animals, reached 80% of the non-treated group, far exceeding the silymarin group. It is
clear that through the higher phenolic compounds content, P. russeliana Lag. ex Benth. is a
better hepatoprotector than both P. tuberosa L. and silymarin.

During the histopathological studies, a well-expressed nephroprotective effect of the
examined extract was found. The kidney is also a target organ of damage in CCly intoxica-
tion, although less affected than the liver [33]. Intoxication with CCly leads to pronounced
hemodynamic disorders, expressed in hyperaemia and extensive haemorrhages. Signs of
dystrophia and necrosis were visible in the proximal tubules’ epithelial cells. Verbascoside,
contained in the extract, favourably affected renal function and had a clear protective
effect in conditions of intoxication [38]. Others investigated the nephroprotective effect of
plant-derived extracts in the CCly model of kidney damage [39,40]. One of the main criteria
for the degree of kidney damage, are the histological changes in the renal parenchyma. The
microscopic examination of kidneys from the control group and those treated with EPhR
and silymarin alone revealed normal microscopic architectonics. In the animals treated
with CCly, dystrophic-necrotic changes in the epithelium of the proximal cortical tubules
were found, accompanied by the desquamation and disintegration of cells. Extensive haem-
orrhage was observed in the interstitium. Microscopically, groups treated with CCly and
EPhR had normal histological architectonics of the renal parenchyma, with the unaltered
structure of the tubules and interstitium. An accumulation of mononuclear cells in the
interstitial tissue was observed. The histological findings were similar and comparable to
that of kidneys from the CCly- and silymarin-treated groups.

Future studies for elucidating molecular and cellular pathways involved in hepatopro-
tection and the antioxidant activity of these phytochemicals are needed. Nevertheless, the
radical-scavenging potential of phenolics in general (both phenylethanoids and flavonoids)
has been reported. Thus, the most likely mechanism of the observed effects is antioxidation
through radical scavenging [6].

5. Conclusions

A defatted extract from Phlomis russeliana Lag. ex Benth. was analysed via one
qualitative and two quantitative HPLC methods. Authentic reference substances were used
to identify verbascoside and several flavonoids. Two HPLC tests were conducted, one by
total flavonoids and the other utilising verbascoside as a reference substance. The extract
was then tested for hepatotoxicity and hepatoprotection in vitro and in vivo, both on its
own and in a metabolic bio activation model caused by carbon tetrachloride (CCly). It did
not cause concentration-dependent toxicity in hepatocytes when applied alone. In vitro,
the extract demonstrated a protective effect (dose-dependent) when CCly was present.
Old Wistar rats were used in the in vivo experiment of hepatotoxicity induced by CCly.
Biochemical evaluations in liver homogenate (GSH, MDA) and blood plasma (ASAT, ALAT)
demonstrated the statistically significant hepatoprotective effect of the defatted extract.
This impact was verified by a histological examination of the livers, kidneys, and brains
of the experimental animals, and it was more pronounced than the effect of a purified
extract from P. tuberosa. The results were comparable to those of silymarin, which is a
proved hepatoprotector.
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