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ABSTRACT

This study was aimed to investigate the phytochemical contents, antioxidant, antifungal and
biological activity of leaves and flowers of Phlomis olivieri Benth, which were collected from
Qaradagh at Sulaimanyah province, during May 2021 at flowering stage. The results showed that
the highest content of total phenolic and flavonoid contents, essential oil yield and antioxidant
activity were found in the leaves compared with the flowers .HPLC analysis of phenolic
compounds showed that P.olivieri leaves had the highest concentrations of Gallic acid, Apigenin ,
Rutin, Coumaric acid, Kampferol and Luteolin compared with the flowers and the predominant
compound was Gallic acid in both plant parts .According to the GC analysis of essential oils
indicated that the highest values of (Germacrene D, a-pinene, Myrcene, - selinene, Caryophyllene
, and Llinalool )were in leaves and the major compound was Germacrene D in both plant parts .
Phlomis olivieri leaves ethanolic extract have a protective effect against Aflatoxin B1 (AFB1)
toxicity and ensure cellular protection of hepatic tissues in rats.
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INTRODUCTION phenylethanoids, essential oils, and other
Herbal medicinal plants contain various types components are among the major components
of novel and unique substances to treat of the phytochemical compounds of the genus
infectious and chronic diseases. Therefore, a Phlomis that have been studied (Tarhan et al.,
diet rich in antioxidants is important. Nearly 2022). As many researchers reported, Phlomis
80% of people depend on traditional species have unique aromatic and medicinal
medicines, most of which are of plant origin. properties. Its flower parts are typically
Secondary metabolic products such as tannins, consumed in traditional medicine as herbal
terpenoids, flavonoids and alkaloids, which are teas for a variety of purposes due to their
obtained from plants with a wide variety of antiulcerogenic, antiallergic, antioxidant, anti-
structures, have strong antimicrobial effects inflammatory, antinociceptive, antimicrobial,
(Shafiq et al., 2020). In the family Lamiaceae, and cytotoxic activities. This is according to
the genus Phlomis belongs to the group of information from ethnopharmacological field
medicinal genera. 100 species were used to experiences (Sarikurkcu et al., 2014; Tarhan et
represent it globally (Aghakhani Kaaji and al., 2022). Numerous biological and
Kharazian, 2019). In Iraq, there are about (6-9) phytochemical studies have examined the
species of the genus, especially in the northern various extracts obtained from P. olivieri
regions of the country (Hasson et al., 2020). aerial parts (Mohammadifar et al., 2015). A
Terpenoids, flavonoids, lignans, saponins, review of the literature revealed that
alkaloids, phenylpropanoids, iridoids, sesquiterpene  hydrocarbons,  particularly
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germacrene D, are the primary group of
chemical constituents in some studies on the
essential oil compositions of this species
(Delnavazi et al., 2016). According to a
research, the essential oils of P. persica and P.
olivieri are sesquiterpene-rich essential oils,
especially germacrene D and caryophyllene,
with moderate toxic activity in the BSL test
(Mohammadifar et al., 2015). Contamination
of food and feed by toxigenic fungi is of
serious health concern. These toxigenic fungi
belong to the genera Aspergillus, Fusarium,
Penicillium, Alternaria, ...etc. They produced
mycotoxins have adverse effects on humans
and animals even at low concentrations
(Adekoya et al., 2019; Perincherry et al., 2019;
Venkatesh and Keller, 2019) The aim of this
study is to investigate the phytochemical
constituents and antioxidant activity of
Phlomis olivieri Benth and then choosing the
plant part that contains the higher active
constituents and antioxidant activities for
studying the antifungal and biological activity
of the ethanolic extract against aflatoxicosis
induced by AFB1 in livers of rats.
MATERIALS AND METHODS
Collection,preparation and extraction of
Phlomis olivieri: Phlomis olivieri Benth plants
were  collected from  Qaradagh in
Sulaimaniyah province at an altitude 787m
during May 2021, and the plants were
identified by Botanist, one of the duplicates
was sent to a Botanist in the (National
Herbarium of Iraq, Directorate of Seed Testing
and Certification, Ministry of Agriculture,
Republic of Iraq), the plant parts were washed
then air-dried at room temperature, and the
flowers and leaves of the plants were separated
from the stem and powdered. Then, the
powdered plant was prepared for further
analyses. Samples were prepared from 1 g of
Phlomis olivieri leaves and flowers powder,
dissolved in 15 mL of ethanol solution (80%),
shaking every 15 minutes and placed in a
water bath for about 2 hr. at 38 C and left for
22 hr. at room temperature, at the end, the
solution of the extract was filtered and kept in
the freezer at -18°C wuntil used for
phytochemical analysis.

Estimation of total phenols: Folin-Ciocalteu
used for determined total phenols and this
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method according to the procedure previously
described by Rodrigues et al (2019) with some
modifications. For each ethanolic extract 100
uL was mixed with 4 mL of Folin-Ciocalteu
(10%) reagent, at room temperature for 5
minutes. Then 2 mL of Na,CO3 (20%) was
added, then the mixture in the dark was left for
60 minutes at 38 °C. To detect the absorbance
using an ELISA plate reader at 765 nm. The
quantity was determined concerning the
standard of gallic acid in various
concentrations (0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7,
0.8, 0.9 and 1 mg/mL). The total phenolic
compound content was determined and
expressed as milligrams of gallic acid
equivalent (GAE) per gram of dry sample
weight using a standard curve made with gallic
acid.

Estimation of total flavonoids: By using
aluminium chloride with the help of the
colorimetric method, the total flavonoid
content was obtained (Hassan et al., 2020). In
such a method, about 0.5 mL of Phlomis
olivieri extract was added to a 1.5 mL solution
of ethanol (80%), followed by the addition of
0.1 mL of 10% aluminium chloride (AICl3),
potassium acetate (1M) about 0.1 mL, and 2.8
mL of distilled water, for at least 45 minutes
and left at room temperature, then 0.5 mL of
water was mixed with the same amount of
chemicals in the previous step as a blank. An
ELISA plate reader was used to read the
absorbance at 415 nm. Here, Quantification of
the standard of quercetin was performed at
several concentrations (0.05, 0.1, 0.15, 0.2,
0.25, 0.3, 0.35, 0.4, 0.45 and 0.5 mg/mL).
Quercetin was used to create a standard curve
for the calculation of the total flavonoid
content, which was expressed as milligrams of
Quercetin equivalent per gram of sample dry

weight.
Extraction and isolation of phenolic
compounds by HPLC: The phenolic

compounds from a homogenized plant sample
(3 g) were extracted and using ethanol/water
(70/30) as solvent. Smith-Kline Company's
(USA) Ultrasonic Bath was used for the
extraction procedure, which took place for an
hour at room temperature. The extraction yield
was calculated using 5 mL of liquid extract
after filtration. The solvent was removed using
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a rotary evaporator under vacuum (Devarot,
Elektromedicina, Ljubljana, Slovenia), and
dried at 38°C to constant mass. For protection
against oxidation until analysis, the dry
extracts were stored in glass bottles at 4 °C.
Reversed-phase HPLC analysis with a
SYKAMN, Germany, was used to quantify
individual phenolic compounds. HPLC
chromatographic system with a Zorbax Eclipse
Plus-C18-OSD, 25 cm, 4.6 mm column,
Chemstation, and UV  detector. The
temperature of column was 30 °C, the gradient
elution method, with eluent A (methanol) and
eluent B (1% formic acid in water (v/v)) was
performed as follows: initial 0-4 min, 40% B;
4-10 min, 50% B; and flow-rate of 0.7
mL/min. The autosampler was used to
automatically samples 100 uL of the standard
and 100 pL of the injected volume of samples.
The spectra were obtained in the 280 nm range
(Radovanovi¢ et al., 2015).

Extraction and isolation of essential oils by
GC: The extraction of oils and GC analysis
were performed according to Hcini et al.,
(2013). In the extraction oil, about 20 g of the
dry weight of each plant part was placed in a
2-litre flask containing distilled water (1000
mL). The Clevenger set was placed under
optimal operating conditions for 3 hours. After
collecting the essential oil, and 20 mL of
hexane was added to separate the oil from the
water droplets that had also been collected.
Until the analysis, the oil was gathered and
kept in the fridge. A gas chromatograph (GC),
Model Shimadzu 2010, Japanese origin, was
used to analyses samples of 0.1 mL using
capillary gas chromatography. The GC was
outfitted with a flame ionization detector
(FID), a 30 mx0.25 mm column, and a 0.25
mm film thickness. The injector and the FID
were maintained at 340 and 280 °C,
respectively. Nitrogen was used as carrier gas
at a rate of 100 KPa. while regarding the
temperature of the separation, the column from
100 to 300 °C at a rate of 10 °C/min was done.

Antioxidant Activity: The evaluation of
antioxidant activity was conducted by the
method of (Shimada et al.,1992) with some
modification, after dissolving 2.4 mg of DPPH
in 100 mL methanol (95%), then 10 mL of the
Phlomis extracts were mixed with 3.995 of
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methanolic DPPH, the mixture was shaken and
in a dark place protected at room temperature
for 30 minutes. A blank was prepared by
mixing 5 mL of methanol (95%) with 3.995
mL DPPH. The absorbance in the mixture was
determined by using ELISA at 515 nm. By
applying the following formula to the date of
absorbances, the inhibition percentage of the
samples was calculated: % inhibition
[(Absorbance of control - Absorbance of the
sample) / Absorbance of control] x 100.
Growth of A. flavus MN809141.1: The
toxigenic A. flavus was obtained from
Mycotoxin Research Laboratory, College of
Agricultural Engineering Science, University
of Baghdad. It was re-cultured on Potato
Dextrose Agar (PDA) and incubated for 7 days
at 25+2°C in an incubator (Memmert-
Germany). A. flavus cultures were grown on
PDA slants and stored at 4°C (Gallenkamp-
England) for experimental works.

Growth Inhibition of Aspergillus flavus
MN809141.1: The growth inhibition was
determined on PDA plates supplemented with
different concentrations of Phlomis olivieri
extract (2500, 5000, 7500 and 10000 pg/mL),
and a 5-mm-diameter mycelial plug of the
young culture of 4. flavus MN809141.1 was

transferred aseptically to the center of
supplemental PDA dishes. A PDA dish
without plant extract served as
negative control, while (Voriconazole 10

ng/mL) was used as positive control and
assayed under the same conditions, then
incubated at 25 °C for 5 days. Radial growth
measurements were determined when the
mycelium of negative control reached the edge
of the plate. All treatments were performed in
triplicates in this study (Suékovié, J et al.,
2021). The fungal growth inhibition was
calculated as follows: I=(C-T)/C*100, where I
is the mycelia growth inhibition, T is the
growth of mycelium (mm) in the treatment
plate, and C is the growth of mycelium (mm)
in the negative control plate (Wonglom et al.,
2019).

Biological study: A total of 30 mature male
western albino rats weighing (123-210 g) in a
good physical state were used in this study.
The rats were maintained in plastic cages
bedded with dry wood chips and kept in a
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controlled environment (Temperature of 25+2
°C with 12:12 hrs. photoperiod). Rats were
acclimatized for one week with a control diet
(Stark, 2016) and then rats were divided into 5
groups (n=06) as follows:

Group 1: fed control diet for 30 days with 0.5
mL of 5% dimethyl sulfoxide DMSO and
considered as control.

Group 2: Fed a control diet and received AFB1
(100 pg/kg body weight) dissolved in 0.5 mL
of 5% DMSO as a single daily dose by oral
gavage for 30 days

Group 3: Fed a control diet and received AFB1
(100 pg/kg body weight) dissolved in 0.5 mL
of 5% DMSO with 100 mg/kg body weight of
P. olivieri extract given as a single daily dose
via oral gavage for 30 days

Group 4: Fed a control diet and received AFB1
(100 pg/kg body weight) dissolved in 0.5 mL
of 5% DMSO with 200 mg/kg body weight of
P. olivieri extract given as a single daily dose
via oral gavage for 30 days

Group 5: Fed a control diet and received AFB1
(100 pg/kg body weight) dissolved in 0.5 mL
of 5% DMSO with 100 mg/kg body weight a-
Tocopherol given as a single daily dose via
oral gavage for 30 days

At the end of the study, the rats were fasted for
12 hours, the next morning they were placed in
an anesthesia chamber with isoflurane, then
via cardiac puncture technique, blood samples
were collected, and then serum fractions were
obtained by centrifugation at 3000 xg for 15
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minutes. The obtained serum fraction was
analyzed for alanine aminotransferase enzyme
(ALT) activity according to the instructions of
(Sigma Aldrich assay kit). Then rats were
surgically dissected wherein about (2 cm) of
the hepatic tissue was obtained from each rat
and immersed immediately in a fixative
solution for histological study (Bano and
Najam, 2019).

Statistical data analysis: The XLSTAT
(Version:  2019.2.2) statistical  software
package, was used to perform statistical
analysis, a Completely Randomized Design
(CRD) was conducted for phytochemical
analysis with one factor (plant part) with 5
replications. For biological study Data were
submitted to the analysis of variance simple
CRD (One way-ANOVA). Means were
compared by Duncan’s Multiple Range Test
(P<0.05).

RESULTS AND DISCUSSION

Total phenols and Total flavonoid contents,
essential oils yield and Antioxidant activity
of Phlomis olivieri Benth : The results of the
phytochemical contents of the Phlomis olivieri
are shown in (Figure 1). The highest phenolic
and flavonoid content, essential oil yield and
antioxidant activity were found in the leaf
extract (216.538 mg/g, 51.483 mg/g, 4.880%
and 86.206%), respectively comparing to the
flowers (112.349 mg/g, 15.733 mg/g, 4.057%
and 71.687%), respectively.

a b
A

EQil Antioxidant
4.880 a 86.206a
4,057 b 71.687b

B leaf mflower

Figure 1. Total phenols and flavonoid contents (mg/g of dry sample weight), essential oil yield (%)
and antioxidant activity (%), of Phlomis olivieri leaves and flowers extracts. *Different letters refer
to significant differences between the means according to Duncan’s multiple range test at p<0.05
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HPLC analysis of phenolic compounds of concentration of these compounds were found
Phlomis olivieri Benth.: HPLC analysis was in leaves (33.5, 14.80, 12.53, 6.66, 6.8, 3.3
used to determine the separate phenolic ppm), respectively, compared to flowers (24.9,
compounds in the investigated extracts. Six 10.5, 7.9, 4.8, 4.1 and 2.06 ppm), respectively.
phenolic compounds (Gallic acid, Apigenin, The obtained results showed that the Gallic
Rutin, Coumaric acid, Kaempferol and acid had the highest concentration and
Luteolin) were detected from Phlomis olivieri Luteolin had the least concentration in both
chromatograms and quantified (Figure 2). plant parts.

According to the findings, the highest
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Figure 2. HPLC analysis of Phlomis olivieri.

*Different letters refer to significant differences between the means according to Duncan’s multiple range test at p<0.05

GC analysis of essential oils of Phlomis 12.50, 8.23, 5, 4.1, 4 ppm), respectively

olivieri Benth: The chemical composition of comparing with flowers (29.66, 8.5, 4.8, 2.4,
essential o0il (Germacrene D, ao-Pinene, 34, 2.5 ppm), respectively. The major
Myrcene, [-Selinene, Caryophyllene and compound was Germacrene D in both plant
Linalool) of P. olivieri was presented in parts while the lowest compound was -

(Figure 3). The leaves had the highest Selinene in flowers.
concentrations of these compounds (55.16,
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Figure 3. GC analysis of Phlomis olivieri essential oil
*Different letters refer to significant differences between the means according to Duncan’s multiple range test at p<0.05

The results indicate that the highest content of compound was found in all oils of P. olivieri,
total phenols and total flavonoids was found in also Sarkheyl et al. (2006) reported a similar
Phlomis olivieri leaves. The reason may be compound in their study. While
due that photosynthesis occurs in leaves, and Mohammadifar et al. (2015) demonstrated that
(Shikimic acid) which is the precursor of earlier research on the chemical makeup of
biosynthetic of both phenolic and flavonoid this species from various areas of Iran
are more abundant in leaves than in other discovered that the relative percentages of
organs (Saboonchian et al., 2014). Germacrene germacrene D in plants collected from
D of (55.2 %) as characterized as the main Damavand, Taleghan, Chalus, and Kojour
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were 28.1, 264, 66.1 and 48.0-58.0%,
respectively. However, in the Mohammadifar
et al. (2015) study, the primary compound of
the essential oil of this species was identified
to B-caryophyllene (25.7%), which was found
in aerial parts that were collected in the
Borujen area from west of Iran. In a research
on P. olivieri essential oils, caryophyllene was
found at levels of 4.11% in leaves and 3.4% in
flowers. Moreover, this compound has been
identified as a major component a pinene of P.
olivieri in this present study (8.5% flower),
(12.46% leaves) similar amount in previous
studies Tajbakhsh et al. (2007) was found.
Numerous researchers have noted the high
total antioxidant and free radical scavenging
activities of Phlomis (Amor et al., 2009,
Sarikurkcu et al., 2014; Tarhan et al., 2022).
Delnavazi et al. ( 2016) reported on Phlomis
olivieri from Iran, and presented that P.
olivieri methanol extract demonstrated
antioxidant activity in the DPPH test, the MSP
exhibited a considerable free radical-
scavenging activity with the IC50 value of
504 + 4.6 pg/mL. Additionally, several
Phlomis species from Iran, and they found that
the P. olivieri methanol extract had the highest
antioxidant activity of the tested species (Okur
et al., 2021).

Antifungal activity: The P. olivieri ethanolic
extract effect on 4. flavus growth is shown in
(Table 1). The extract notably reduced
significant (P <0.05) the fungal growth. The
highest dosages 10,000 pg/mL of extract
inhibit the growth of A. flavus on PDA, the
inhibition rate was 83%. While at the lowest
concentration 2500 pg/mL  significant
inhibition was observed 50%. These results
show the strong antifungal potency of P.
olivieri ethanolic extract in decreasing A.
flavus growth. The effects of antifungal
activity may be related to the synergistic effect
of essential oils and phenolic compounds of
the extract (Anzlovar et al., 2020).
Additionally, prior research demonstrated that
Phlomis spp. from various regions display
antimicrobial activity against a variety of
microorganisms at varying susceptibility
ranges (Mohajer et al., 2005). Aboh et al.
(2014) reported that the phytochemical
compounds isolated from plants have been
reported to have anti-fungal properties. Many
cultures around the world have a long tradition
of treating skin problems, including mycosis
infections, with medicinal herbs (Asgarpanah
et al., 2017).

Table 1. Effect of different concentrations of Phlomis olivieri ethanolic extract in inhibiting the
growth of Aspergillus flavus on PDA culture medium

P olivieri leaves 2500 5000 7500 10,000
concentration (ug/mL)
Inhibition% 50 67 73 83
Alanine amino transferase (ALT) when the AFBI treated group in a different

determination in Rats: In (Table 2), group 2
showed a significant increase in serum ALT,
in comparison with the other groups. This
explains the effect of AFBI wupon the
hepatocytes. These results are compatible with
some research; it has been suggested that
measuring serum enzyme activities can help
diagnose toxicity in cases of aflatoxicosis
before the clinical symptoms manifest.
Increased ALT activities is thought to be
extremely sensitive diagnostic indicators for
the diagnosis of hepatitis, dysfunction or
hepatocellular injury, liver lesion or bile duct
obstruction, and as a result, ALT activity
increases as a result of liver injury (Oguz et
al., 2000; Karaca et al., 2021). Additionally,

study was compared with the control group, a
significant rise in plasma ALT activities was
discovered. Liver enzymes activity increases
in plasma are considered to be diagnostic signs
of liver damage. When the liver is injured,
such as when there are hepatocellular lesions
and parenchymal cell necrosis, these enzymes
are released into the bloodstream (Oguz et al.,
2000; Yousef et al., 2003). Group 3 and group
4 showed a reduction in serum ALT but more
in group 4. This finding explains the protective
effect of the Phlomis ethanolic extract. Group
5 also shows a mild (insignificant P < 0.05)
reduction in serum ALT in comparison with
groups 2, this finding gives us an idea that
Phlomis extract is more potent than o-
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TocopheroAl regarding the antioxidant effect.
According to the study by Sarkhail et al.

(2003) the total extracts of P. olivieri
decreased the number of acetic acid-induced
writhes in rats, demonstrating antinociceptive
properties. According to various reports, a
number of physical and chemical agents can
reduce the hepatotoxicity caused by AFBI1 in
varying methods. While some substances
prevent AFBI from being absorbed, bio
transformed, or bound to cellular
macromolecules covalently, others promote
the toxins detoxification through conjugation
or other unique and unidentified mechanisms.

The results indicated that the plant extracts
(Phlomis olivieri) had hepatic-protective
effects on rats by causing a significant
decrease in AFBl-induced serum enzyme
levels. These hepatic housekeeping enzyme
leaks act as a biochemical proxy for
hepatocellular damage. The ability of the plant
extracts to reduce serum enzyme levels
indicates that the protective action may have
actually taken place at a site in the chain of
events leading to cell necrosis as well as at the
activation steps of AFB1 required for hepatic
cell injury (Shyamal et al., 2010).

Table 2. Alanine amino transferase concentration in rats’ serum after (30) days of feeding

Group of rats 1

2

3 4 5

ALT level IU/L 38.380 be

58.340 a

30.200 ¢ 25.00 ¢ 39.20 ab

Different superscript letters (a, b and c) show significant differences between the groups (P < 0.05)

Aflatoxin B1 (AFB1) is the most potent
hepatocarcinogen classified by the
International Agency for Research on Cancer
(IARC, 1993) as a human carcinogen. When
AFs are metabolized and transformed into
extremely toxic forms to cause hepatotoxicity,
the liver is the primary organ targeted. The
liver tissue contained numerous
histopathological findings. The hepatotoxic
effects of AFB1 include growth in the liver,
high levels of necrotic hepatocytes, wilting
and degenerative changes in hydropic
degeneration (Karaca et al, 2021). Early
studies in Kenya and Uganda discovered that
regions with high rates of liver cancer also had
high levels of aflatoxin contamination in food
products, which was in line with AFBI's
hepatocarcinogenic properties in laboratory
tests (Rushing and Selim, 2019). In the studies
shown on rats and other animals, it has been
discovered that AFB1 causes changes in
oxidative stress determinants in biological
materials (Rotimi et al., 2019). Oxidative
stress is the imbalance between protective
systems and free radical production caused by
oxidative stress. The excess of reactive species
can damage cell lipids, proteins, and DNA,
which can lead to loss of function and even
cell death, leading to many diseases such as
neurodegenerative  diseases,  autoimmune
pathologies, viral infections, inflammation,
and digestive system disorders (Tarhan et al.,
2022). One of the reasons for the decline in
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antioxidant enzyme activity brought on by the
oxidative stress caused by AFB1 may be the
inhibition effect of ROS brought on by AFB1
on the enzyme activity. The oxidation of
proteins may result from the ROS binding to
proteins, which changes their structure, this
could be the second explanation. According to
their findings, these modifications can be
directly attributed to AF's production of free
radicals and the consumption of antioxidants
during free radicals' transformation into benign
or less harmful metabolites (Karaca et al.,
2021). Antioxidants are molecules that
neutralize these dangerous free radicals, slow
down oxidation, and shield cells from
oxidative stress (Berrani et al., 2021). The
biochemical findings are compatible with the
histopathology finding of the rat under study.

Histological examination: In this study, the
histological results of the control group were
found to have a normal histological
appearance (Figure 4a), while in a group of
AFB1 administration caused acute and chronic
inflammation = manifested as  abnormal
congested periportal veins and sinuses (Figure
4b). According to  Abdel-Wahhab et al.
(2010), rats treated with AFB1 had livers with
increased bile duct proliferation and
congestion in the portal area, similar to the
case of this study (Figure 4c). Moreover, focal
necrosis and fibrosis were observed in the
livers of rats from the AFB1 group and 100
mg/kg/day of the Phlomis group (Figure 4d).
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Vacuolar degenerative changes in hepatocytes
and hydropic degeneration were observed in
the livers of the rats from the AFB1 group,
these changes were determined to decrease
slightly in the AFB1 and 100 mg Phlomis
groups. While 200 mg/kg/day of Phlomis was
not found to degenerate and showed normal
histological results (Figure 4e). Thus, Phlomis
extract affected to decrease and disappear
AFBI on liver tissue. As a result, groups of

AFB1 with a-Tocopherol and control were
compared (Figure 4f) group 5 shows focal
fibrosis. Phlomis olivieri extracts have been
shown to contain phenolic compounds that are
associated with the antioxidant activity due to
their redox properties, which can be important
in absorbing and neutralizing free radicals,
quenching singlet and triplet oxygen, or
decomposing peroxides. (Miller et al., 2000).

Figure 4. Histological evidence for the protective effect of ethanolic extracts on aflatoxin-induced hepatic
damage in rats. (a) Control group, normal histological appearance. (b) AFB1 receiving group, abnormal
portal, congestion vein and sinuses. (¢) AFB1 with 100 mg/kg of body weight of P. olivieri extract, portal
area congestion and increase bile duct. (d) AFB1 with 100 mg/kg of body weight of P. olivieri extract, focal
fibrosis. () AFBI with 200 mg/kg of body weight of P. olivieri extract, normal histological appearance (f)
AFB1 with a-Tocopherol group with focal fibrosis.
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Antioxidants are substances that, when
present in small amounts compared to an
oxidizable substrate, can significantly slow
down or prevent that substrate from oxidizing.
Polyphenols in particular are known to reduce
oxidative  stress among phytochemical
components.  Phenolic  compounds are
secondary metabolites that are identified to be
responsible for the antioxidant activity of
plants (Lazeeza, 2021). It is well known that
phenolic compounds detoxify free radicals and
donate hydrogen to reduce oxidative damage.
It is hypothesized that these substances help
explain the benefits to health (Radovanovi¢ et
al., 2015). Due to their antioxidant properties,
phenolic compounds inhibit the production of
reactive oxygen and nitrogen species (ROS
and RNS) in living cells by inhibiting the
production of free radicals, radical chain
reactions, certain enzymes, and chelate-
forming metal ions (Mutha et al., 2021);
(Tarhan et al., 2022). According to research
by Abdel-Wahhab et al. (2010), the
administration of AFBI1 resulted in a vacuum
and mononuclear cellular infiltration among
hepatocytes, which in turn reduced protein
reaction in abnormally vacuolated nucleated
hepatocytes and resulted in the loss of the
regular chromatin pattern. Additionally, the
glycogen rosette, endoplasmic profile, and
small fatty droplets were lost. Rats receiving
AFBI1 treatment had livers with periportal
hepatocellular degeneration and significant
biliary proliferation. Furthermore, Karaca et al.
(2021) demonstrated that AFB1 significantly
altered the histopathology of liver tissues. The
structure of phenolic compounds, particularly
the benzene ring and position and the number
of the OH groups, determines their ability or
potency to have an antioxidant function.
Antioxidant molecules are stabilized as a result
of their reaction with free radicals, to the
benzene ring. Gallic acid was found to be the
primary phenolic component of the Phlomis
olivieri extract according to our study. Gallic
acid is a phenolic acid with one carboxylic
acid and three hydroxyls group. However, the
hydroxyl group acts as an antioxidant by
creating gallic acid-free radicals (Rajan and
Muraleedharan, 2017). The findings of the
present study demonstrated that the
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pretreatment of rats with plant extracts (P.
olivieri) resulted in a hepatoprotective effects
against AFB1 toxicity. Vacuolar degenerative
changes of hepatocytes and hydropic
degeneration in addition to focal hepatic
necrosis with fibrosis were observed in the
AFBI1 group, these changes were slightly
decreased in the AFB1 group that were treated
with 100 mg/kg of body weight P. olivieri
extract, while those group that was treated
with 200 mg/kg body weight of P. olivieri
extract exhibit nearly normal histopathological
examination. In consequence, the
histopathological results are totally compatible
with biochemical results.

CONCLUSIONS

Leaves ethanolic extract of Phlomis olivieri
was found to be high in total phenolic and
flavonoid contents, essential oil yield and high
antioxidant activity. The ethanolic extract had
powerful effect on A. flavus growth. The
ethanolic extract have hepatoprotective effects
against AFB1 toxicity in rats.
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