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Abstract

This study was conducted to identify the bioactive phytochemicals in Salvia officinalis essential oil, to determine the polyphenols
in the aqueous extract (SOE), and to evaluate their protective role against cadmium (Cd)-induced oxidative damage and
genotoxicity in rats. Six groups of female rats were treated orally for 2 weeks including the control group, CdCl,-treated group,
SOE-treated groups at low or high dose (100 and 200 mg/kg b.w), and CdCl, plus SOE-treated groups at the two doses. The GC-
MS analysis identified 39 compounds; the main compounds were 9-octadecenamide, eucalyptol, palmitic acid, and oleic acid.
However, the HPLC analysis showed 12 polyphenolic compounds and the majority were coumaric acid, chlorogenic acid,
coffeic acid, catechin, vanillin, gallic acid, ellagic acid, and rutin. In the biological study, rats received CdCl, displayed severe
disturbances in liver and kidney indices alanine aminotransferase (ALT), aspartate aminotransferase (AST), albumin (Alb),
total protein (TP), total bilirubin (T. Bil), direct bilirubin (D. Bil), creatinine, uric acid, and urea, lipid profile, tumor necrosis
factor-alpha (TNF-x), alpha-fetoprotein (AFP) and CEA), glutathione (GSH), glutathione peroxidase (GPx), superoxide dis-
mutase (SOD) and catalase (CAT), malondialdehyde (MDA), nitric oxide (NO), gene expressions, DNA fragmentation, and
histological alterations in the liver and kidney tissue. SOE showed a potent antioxidant and mitigated these alterations in serum
and tissue. Moreover, the high dose succeeded to normalize most of the tested parameters and histological features. It could be
concluded that S. officinalis is a promising source for bioactive compounds with therapeutic benefits against environmental
toxicants.
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Introduction

Cadmium (Cd) is known to induce direct health hazards to
humans in different forms. The concentration of Cd in the
environment increases because of industrial activities, soil dis-
ruption, and volcanic activity (Godt et al. 2006). Cd induces
severe damage to different organs such as the lung, kidney,
liver, testes, placenta, and bones (Pari and Murugavel 2007).
After ingestion, Cd transports to the bloodstream through the

Zoology Department, Faculty of Science, Al-Arish University, North albumin and erythrocytes and accumulates in the kidneys

Responsible Editor: Mohamed M. Abdel-Daim

><J Mosaad A. Abdel-Wahhab
mosaad_abdelwahhab @yahoo.com; ma.abdelwahab @nrc.sci.eg

Sinai, Al-Arish, Egypt (Satarug 2018), gut, and liver (Tinkov et al. 2018a). The ex-
2 Food Toxicology & Contaminants Department, National Research cretion of Cd from the body is very slow, and it occurs mainly
Centre, Dokki, Cairo, Egypt through the kidneys via urine, milk during lactation, and sali-
3 Cell Biology Department, National Research Centre, Dokki, va. The International Agency for Research on Cancer (IARC)
Cairo, Egypt classified Cd as a carcinogenic agent (WHO 1992). The risk
4 Pathology Department, National Research Centre, Dokki, of Cd in humans includes hepatic and renal dysfunction, tes-
Cairo, Egypt ticular damage, pulmonary edema, adrenal hematopoietic

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s11356-021-15407-y&domain=pdf
http://orcid.org/0000-0002-7174-3341
mailto:mosaad_abdelwahhab@yahoo.com
mailto:ma.abdelwahab@nrc.sci.eg

Environ Sci Pollut Res (2021) 28:68498-68512

68499

system damage, and osteomalacia (Tinkov et al. 2018b). Thiol
groups (-SH) of the amino acid cysteine found the protein is
the critical target of Cd. The inactivation of enzyme sulthydryl
groups induces several deficits in the function of nuclei, mi-
tochondria, and endoplasmic reticulum (Genchi et al. 2020).
Cd toxicity is primarily attributed to its role in blocking the
chain of mitochondrial electron transport through impairing of
electron flow via the complex III (e.g., cytochrome ¢ oxido-
reductase, cytochrome bcl complex, and ubiquinone).
Moreover, Cd suppresses the uncoupler-stimulated respira-
tion, inhibits ADP, and increases the permeability of ions in
the inner mitochondrial membrane by making an opening of
the mitochondrial permeability transition pore (Belyaeva et al.
2008). Furthermore, Cd inhibits the production of lactate de-
hydrogenase, ATPase, SOD, and GPx activities and enhances
the peroxidation of lipids and the generation of ROS (Cannino
et al. 2009). Additionally, it is involved in Fenton reactions;
although it does not have any catalytic effect in Fenton reac-
tions, it can increase the release of free redox-active metals
through the production of ROS and the indirect displacing of
the endogenous Fenton metals such as Fe** from the proteins
(Cuypers et al. 2010). Cd-induced ROS production led to the
accumulation of these free radicals which in turn influence the
membrane of mitochondria resulting in sequences of events
such as apoptosis (Chatterjee et al. 2008). It was also reported
that Cd induces its carcinogenicity through different mecha-
nisms including the production of ROS, oxidative damage,
induction of inflammatory processes, attenuation of apoptosis,
epigenetics, DNA damage, decreased repair capacity of DNA,
modification in the gene expression, aberrant DNA methyla-
tion, and cell proliferation (Buha et al. 2018; Pizzino et al.
2014; Zhou et al. 2013).

Salvia genus is represented by about 900 species distribut-
ed all over the world (Fu et al. 2013), and it is a very important
genus in the Lamiaceae family. Different species of Salvia are
used as spices or flavoring agents in food besides their eco-
nomic importance in cosmetics and perfumery (Abu-Darwish
et al. 2013; Senatore et al. 2004, 2006). Different Salvia spe-
cies are used in folk medicine for the remediation of about
sixty various ailments such as aches, hemorrhage, cold, tuber-
culosis, bronchitis, menstrual disorders, and epilepsy
(Kamatou et al. 2008; Topcu 2006). Additionally, several spe-
cies of Salvia showed antioxidant, antitumor, anti-inflamma-
tory, antimicrobial, antifungal, anticholinesterase, estrogenic,
and antiplasmodial properties besides their effective role in
treating psoriasis and eczema (Fu et al. 2013; Moghaddam
et al. 1998). Therefore, different species of Salvia were sub-
jected for comprehensive studies for the isolation and charac-
terization of different phytochemicals and pharmacognostic of
their bioactive secondary metabolomics (Al-Qudah et al.
2020; Hasan et al. 2016; Lehbili et al. 2018) and to evaluate
their pharmacological activities (Giizela et al. 2019; Khare
et al. 2019; Marcinek and Krejpcio 2017). However, the

bioactive compounds in a plant are different due to the variety
and other environmental factors (Russo et al. 2013).
Therefore, this study was conducted to identify the bioactive
secondary metabolomics of Salvia officinalis grown in Egypt
and to evaluate their protective role against Cd-induced oxi-
dative stress, genotoxicity, and pathological alterations in the
liver and kidney in rats.

Materials and methods
Chemicals and kits

The following chemicals and kits were used in the current
study: cadmium chloride (CdCl,) (sigma, St. Louis, Mo,
USA); transaminase (ALT, AST) kits (Spectrum Diagnostics
Co., Cairo, Egypt); alkaline phosphatase (ALP), creatinine,
uric acid, urea, total bilirubin (TB), direct bilirubin (DB), nitric
oxide (NO), lipid peroxidase (MDA), superoxide dismutase
(SOD), catalase (CAT), glutathione peroxidase (GPx), triglyc-
erides (TG), cholesterol (Cho), and high- and low-density li-
poprotein (HDL, LDL) kits (Eagle Diagnostics, Dallas, TX,
USA); and alpha-fetoprotein (AFP), carcinoembryonic anti-
gen (CEA), and tumor necrosis factor-alpha (TNF-a) kits
(Orgenium, Helsinki, Finland). All other reagents and
chemicals used were of the highest purity commercially
available.

Plant materials, extract, and essential oil preparation

The dried plants (aerial parts) of S. officinalis were purchased
from an herbalist in El-Arish City, North Sinai, Egypt. The
plant was authenticated by a plant taxonomist at the
Department of Botany, Faculty of Science, Al-Arish
University, and a voucher specimen was kept in the
Department Herbarium. Twenty-five g of dry powder was
steeped in 250 ml of sterilized boiling water for 20 min with
incessant moving. The crude mixture was filtrated and kept in
sterile dark bottles at 4 °C until used. The essential oil (EO)
was extracted from the plant material by the Clevenger distill-
er apparatus according to Mohamed and Mustafa (2019). In
brief, the sample was covered by distilled water and the tem-
perature was adjusted at 66 °C. The condenser was attached
and the extraction time was 3 h. The obtained mixture was
separated and oil was collected, treated with sodium sulfate
anhydrous to remove the water, and then stored at 4 °C in a
refrigerator until used

Gas chromatography-mass spectrometry (GC-MS)
analysis

The identification of bioactive constituents of EO was carried
out using a GC-MS system (Agilent Technologies) equipped
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with the gas chromatograph (7890B) and mass spectrometer
detector (5977A) as described in our previous work (Abdel-
Wahhab et al. 2020a). The bioactive constituents were identi-
fied by comparing the spectrum fragmentation pattern with
those stored in Wiley and NIST Mass Spectral Library data.

Polyphenols determination by HPLC

Polyphenols were detected using an Agilent HPLC 1260 se-
ries according to our previous work (Gheraibia et al. 2020). In
brief, Agilent 1260 series HPLC was used for the analysis of
polyphenols. C18 column (4.6 mm X 250 mm i.d., 5 pm) was
used for the separation and the mobile phase consisted of
water (A) and 0.02% trifluoroacetic acid in acetonitrile (B)
and the flow rate was 1 ml/min. The mobile phase was pro-
grammed consecutively in a linear gradient as follows: 0-5
min (80% A); 5-8 min (40% A); 8—12 min (50% A); and 12—
16 min (80% A). The multi-wavelength detector was moni-
tored at 280 nm, the injection volume was 10 ul for each
sample solution, and the column temperature was maintained
at 35 °C.

Animals

Forty-two adult female Albino rats (180-200 g) were obtained
from the Faculty of Science, Al-Arish University, North Sinai,
Egypt. The animals were housed in solid-bottom cages with
free access to food and water in an air-conditioned room (20—
24 °C and 12-h/12-h dark/light cycle) in the Faculty of
Science, Al-Arish University. All animals were kept for 1
week as an adaptation period before the start of the experi-
ment. All animals received humane care in compliance with
the guidelines of the Animal Care and Use Committee of the
Faculty of Science, Al-Arish University, North Sinai, Egypt,
and the National Institutes of Health (NIH publication 86-23
revised 1985).

Experimental protocol

After the adaptation period, animals were separated into 6
groups (7 rats/group) and treated orally using a stomach tube
for 14 days as follows: groups 1, untreated control received
distilled water; group 2, rats received CdCl, (2 mg/kg b.w);
groups 3 and 4 received S. officinalis extract (SOE) at low
(LD, 150 mg/kg b.w) or high (HD, 300 mg/kg b.w) dose;
and groups 5 and 6 received CdCl, plus SOE (LD) or SOE
(HD). Body weight was recorded daily throughout the exper-
imental period. After 24 h of the last treatment (day 15), blood
samples were taken from all animals within different treatment
groups from the retro-orbital venous plexus under isoflurane
anesthesia (1-4 %). The blood samples were left to cool at
room temperature then centrifuged for 15 min at 3000 rpm and
4 °C. Sera were stored at — 20 °C until use for the
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determination of the biochemical parameters using a spectro-
photometer according to the kit instructions.

After the collection of blood samples, all animals were
euthanized and liver and kidney samples of all animals were
dissected. Samples of each organ were fixed in natural forma-
lin, hydrated in ascending grades of ethanol, cleared in xylene,
and embedded in paraffin. Sections (5-pum thick) were cut and
stained with hematoxylin and eosin (H&E) for histological
examination (Bancroft et al. 1996). Other samples were col-
lected, weighed, and homogenized in phosphate buffer (pH
7.4), centrifuged at 1700 rpm and 4 °C for 10 min. The super-
natants were used for MDA, GPx, CAT, GSH, and SOD
determination according to Lin et al. (1998) and Abdel-
Wahhab et al. (2021). Another sample from the liver of each
animal was collected and stored at — 80 °C for cytogenetic
analysis.

Cytogenetic analysis
Gene expression assay

One hundred milligrams of the frozen liver samples was used
for total RNA extraction by Trizol reagent (Invitrogen) and
the complementary deoxyribonucleic acid (cDNA) was syn-
thesized as described by Abdel-Wahhab et al. (2020b). Real-
time PCR was used to evaluate the quantitative expression of
mRNA for GPx, SOD, CAT, Bax, Bcl-2, and
glyceraldehyde3-phosphate dehydrogenase (GAPDH) as the
control. The selected primers were designed from published
GenBank sequences. Sequences of GPx, SOD, CAT, Bax,
Bcl-2, and GAPDH primers and annealing temperature used
for real-time PCR are shown in Table 1. Melting curve anal-
ysis was conducted following each real-time PCR. Gene ex-
pression data were normalized to GAPDH and analyzed using
the 2722 method (Livak and Schmittgen 2001; Abdel-
Wahhab et al. 2020b).

DNA fragmentation assay

The hepatic DNA content was detected calorimetrically ac-
cording to Burton (1956) and modified by Perandones et al.
(1993). The percentage of DNA fragmentation was calculated
according to the following formula:

%DNA fragmentation

B O.D.of Supernatant « 100
~ 0.D.of supernatant + O.D.of pellet

Moreover, DNA fragmentation was also detected by aga-
rose gel electrophoresis following the method of Kuo et al.
(2005), and the DNA bands were observed and photographed
under a UV trans-illuminator.



Environ Sci Pollut Res (2021) 28:68498-68512

68501

Table 1 Primer sequences used for real-time PCR
Gene Nucleotide sequence 5-3" Accessionno.  Product  Annealing (°C)  Reference
size (bp)
Glutathione peroxidase =~ CTCTCCGCGGTGGCACAGT NM_030826.4 288 bp 61 Limaye et al. (2003)
1 (Gpx1) CCACCACCGGGTCGGACATAC
Superoxide dismutase GCAGAAGGCAAGCGGTGAAC NM_017050.1 447 bp 60 Hassan et al. 2019
1 (SOD) TAGCAGGACAGCAGATGAGT
Catalase (CAT) GCGAATGGAGAGGCAGTGTAC NM 0125202 652 bp 61 Gandhi et al. (2013)
GAGTGACGTTGTCTTCATTAGCACTG
GAPDH CAAGGTCATCCATGACAACTTTG NM_017008.4 496 bp 58 Abdel-Wahhab et al. 2020
GTCCACCACCCTGTTGCTGTAG
Bax AGGATGATTGCTGATGTGGATAC NM 017059.2 300 60 Aboshanab et al. 2020
CACAAAGATGGTCACTGTCTGC
Bel-2 GCTACGAGTGGGATACTGGAGA NM _016993.2 446 59 Hassan et al. 2019

AGTCATCCACAGAGCGATGTT

Statistical analysis

Data were stated as mean + SE and were analyzed statistically
by one-way ANOVA followed by Duncan-test as a post hoc
using SPSS for Windows (Version 21; SPSS Inc., Chicago,
IL, USA). The statistical significances for DNA fragmentation
were analyzed by using a 7 test. All statements of significance
were based on a probability of P < 0.05.

Results

The GC-MS analysis of the essential oil of S. officinalis aque-
ous showed the presence of 39 compounds (Table 2). The
main compounds were 9-octadecenamide, (Z)-(55.80%), eu-
calyptol (4.81), palmitic acid, TMS derivative (3.96%), oleic
acid, (Z)-, TMS derivative (3.11%), 1,6-bis(2-propyl-1-
yloxy)hexane (2.39%), myristic acid, TMS derivative
(2.23%), eicosane-1,2-diol, isopropylidene derivative
(2.1%), dodecane, 2,6,10-trimethyl (2.05%), stearic acid,
TBDMS derivative (2.02%), hexane, 3,3-dimethyl (1.5%),
tetracosane (1.47%), docosane-1,2-diol, isopropylidene deriv-
ative (1.41%), nonadecane, 2-methyl (1.35%), hexadecane,
2,6,11,15-tetramethyl (1.2%), decane, 2,3,5,8-tetramethyl
(1.1%), and 2-methyltetracosane (1.05%) besides other detect-
able compounds. These compounds are belonging to different
classes such as fatty amides, monoterpenoid, fatty acids,
isopropylidene derivative, and alkanes. However, the HPLC
analysis of SEO identified 12 polyphenols (Table 3) and the
paramount compounds based on their concentrations order
were coumaric acid, chlorogenic acid, coffeic acid, catechin,
vanillin, gallic acid, ellagic acid, and rutin.

The in vivo results revealed that animals administrated
SOE (LD( or SOE (HD) gained weight, whereas a significant
reduction in body weight was found in the rats that received
CdCl, along the experimental period compared with the

negative control group. Animals treated with CdCl, plus
SOE (LD) or SOE (HD) showed a significant improvement
in body weight compared to CdCl, alone (Fig. 1). It is worthy
to mention that the sharp decrease in body weight of animals
in the CdCl,-alone group was started on day 3 of the treatment
and continued until the end of the treatment period

The biochemical results presented in Table 4 revealed that
animals that received CdCl, exhibited a significant elevation
in ALT, AST, TB, DB, creatinine, urea, and uric acid and a
significant reduction in Alb and TP compared with the control
groups. Treatment with SOE alone at both doses did not sig-
nificantly affect the biochemical parameters except TP which
increased significantly and NO which was decreased than the
negative control group. Co-administration of CdCl, plus SOE
alleviated the elevation of these biochemical parameters re-
sulted from CdCl, in a dose-dependent manner (Table 4).

The effect of different treatments on lipid profile (Table 5)
showed that CdCl, increased in cholesterol, triglycerides, and
LDL-Ch and decreased HDL-Ch significantly compared with
the control. A significant augmentation in HDL-Ch was no-
ticed in the rats who received SOE (LD), while the animals
who received SOE (HD) showed a considerable increase in
HDL-Ch and LDL-Ch and a significant decrease in cholester-
ol and triglycerides compared with the untreated control rats.
The combined treatment with CdCl, plus SOE (LD) or SOE
(HD) showed a significant decrease in cholesterol, triglycer-
ides, and LDL-Ch and a significant increase in HDL-Ch com-
pared with those received CdCl, alone.

The effect of different treatments on liver and kidney GSH,
GPx, GST, SOD, and MDA (Table 6) revealed a significant
increase in the antioxidant markers in rats who received SOE
at both doses. However, the hepatic MDA did not significant-
ly affect by both doses but renal MDA level was significantly
decreased in animals that received the high dose of SOE.
Animals that received CdCl, plus SOE (LD or HD) exhibited
a notable increase in SOD, CAT, and GPx and a significant
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Table2 The GC-MS analysis of S. officinalis essential oil (Accession No.KP317994.1)

Peak RT Compound Formula Area Area  Class
Sum %
8.937  Eucalyptol CoH150 289682.58 4.81 Monoterpenoid
9.241  2-Ethyl-oxetane CsH;,0 4324456 0.72 Heterocyclic compound

with one oxygen atom

3 9.899  Pentane, 2,2,3,4-tetramethyl CoHy 26216.31 0.44 Branched alkane

4 10.68  2,6,6-Trimethyl-bicyclo[3.1.1]hept-3-ylamine CioHoN 19680.18 0.33 Aliphatic amine

5 12.184 2-Nitrohept-2-en-1-ol C;H3NO; 21018 0.35 Nitro-enol (nitro alkenol)

6 124 Decane, 2,3,5,8-tetramethyl C4Hzg 66164.67 1.1 Branched alkane

7 13.012 1-lodo-2-methylundecane CoHpsl 52902.2 0.88 Todoalkane

8 13.134 1-lodo-2-methylnonane CioHp I 24127.07 04 Todoalkane

9 13.466 1-Propanol, 2,2-dimethyl-, acetate C;H,40, 21907.75 0.36 Branched ester

10 1423 Oxirane (3,3-dimethylbutyl) CgH;cO 20280.51 0.34 Epoxide

11 14.714 Hexane, 3,3-dimethyl CgHig 90403.09 1.5 Isomer of octane

12 15.133 Dodecane, 2,6,10-trimethyl C;sHs3, 123318.42 2.05 Terpenes

13 15.407 Phenol, 3,5-bis(1,1-dimethylethyl) C14H,0 29174.04 048 Phenol

14 15.477 Silane, trichlorodocosyl CyHysCi3Si 25675.16  0.43 Inorganic compound

15 15.658 Hexadecane, 2,6,11,15-tetramethyl- CsoHyo 72309.89 1.2 Isoprenoid hydrocarbon

16 15.792 1-Nonene, 4,6,8-trimethyl- CioHoy 28978.94 0.48 Alkene

17 16.416 4-Hydroxytetradec-2-ynal Ci4Hy40, 247645 041 Alkyne

18 17.442 Sulfurous acid, hexyl pentadecyl ester Cy1HysO3S  51946.65 0.86 Ester

19 17.552 Tetracosane Cy4Hsg 88762.14 147 Alkane hydrocarbon

20 18.001 Pentatriacontane Cs5H7, 39803.07 0.66 Alkane

21 18.164 Oxalic acid, allyloctadecyl ester Cy3H4p04 3118245 0.52 Dicarboxylic organic acid

22 18.502 Oxalic acid, allylpentadecyl ester CyoH3604 28056.47 047 Dicarboxylic organic acid

23 18.974 Myristic acid C7H360,Si  134090.84 2.23 Saturated fatty acid

24 19.388 2-Bromotetradecane C4HBr 29834.67 0.5 Alkane

25 19.645 Octane, 2,4,6-trimethyl Ci1Hpy 20963.6  0.35 Alkane

26 19.726 Nonadecane, 2-methyl CsoHyo 81125.65 1.35 Alkane

27 20.129 Tridecane Ci3Hog 4724526 0.78 Alkane

28 20.851 Palmitic acid Ci9H400,Si  238216.95 3.96 Saturated fatty acid

29 21.586 Oxirane, tetradecyl C6H3,0 30679.44 0.51 Cyclic ether

30 21.691 2-Methyltetracosane C,5Hs, 63325.76  1.05 Branched hydrocarbons

31 22.373 Oleic acid, (Z)- C,1Hy40,Si 187101.37 3.11 Unsaturated fatty acid

32 22.431 Eicosane-1,2-diol Cy3Hy60, 126409.35 2.1 Glycol (branched alkane)

33 22.582 Stearic acid Cy4Hs500,Si 121397.47 2.02 Saturated long-chain fatty
acid

34 23.754 9-Octadecenamide, (Z)- CigH3sNO  3362163.8 55.80  fatty acid derivative

35 24.005 Docosane-1,2-diol Cy5Hs500, 84758.16 141 Isopropylidene derivative

36 25.532 1,6-Bis(2-propyn-1-yloxy)hexane C,H;50, 144029.07 2.39 Branched alkane

37  26.872 Erucylamide CyHysNO - 5116556 0.85 Unsaturated fatty acid
amide

38 31.209 Silane, diethyldecyloxypentadecyloxy CyoHgr0,Si  44777.67 0.74 Organosilicon

39 33.033 3,6-Bis(2-methylphenyl)-2,5-dihydropyrrolo[3,4-c]pyrrole-1,4-dione  C,oH;cN,O, 35706.52  0.59 Heterocyclic aromatic
compound

Constituents presented in ascending order based on their RT

RT retention time, M.W. molecular weight

decrease in MDA in the hepatic and renal tissue compared TNF-«, AFP, and CEA increased significantly in animals
with those in CdCl,-alone group. treated by CdCl, alone as compared with the negative control
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Table 3 Total polyphenols of the aqueous SOE (Salvia officinalis
extract)

Polyphenol Area Conc. (ug/g)
Gallic acid 175.98 17.67
Chlorogenic acid 483.42 37.36
Catechin 113.64 25.50
Coffeic acid 859.17 28.84

Rutin 54.57 6.69

Ellagic acid 277.17 19.52
Coumaric acid 2174.77 42.33
Vanillin 921.69 24.86
Ferulic acid 99.56 295
Naringenin 216.63 11.71
Taxifolin 9.64 1.10
Kaempferol 19.34 1.09

(Table 7). Animals who received SOE alone (LD or HD)
exhibited a significant reduction in TNF- and AFP; however,
CEA showed a significant increase. Meanwhile, animals that
received CdCl, plus the extract displayed significant improve-
ment in these parameters towards the control levels and the
HD could normalize TNF-oc and AFP.

To confirm the disturbances in the activity of the antioxi-
dant enzyme, the profiles of corresponding gene expression
were examined in the hepatic tissue by RT-qPCR. As illus-
trated in Fig. (2), the relative mRNA expression levels of
GPx1 (2A), SOD (2B), and CAT (2C) were markedly
down-regulated by 30, 30, and 20 %, respectively, in the
CdCl,-intoxicated animals when compared with those in the
control group. The levels of expression transcript of the target
genes were highly significantly up-regulated in SOE-alone-
treated rats compared with the control animals and were addi-
tionally significantly up-regulated in the groups that received
CdCl, plus SOE (LD or HD) compared with the CdCl,-treated

Fig. 1 Changes in body weight 30 1
gain during experimental period
25 A
20 A

o0 15 4

10 A

group. Despite this increase, the mRNA expression levels in
CdCl, plus SOE-treated rats did not reach those of the un-
treated control animals. Additionally, the alterations in the
activities of these antioxidant enzymes and the relative expres-
sion of their genes are commonly in a positive correlation.

The qPCR assay was further utilized for mRNA expression
of Bax and Bcl-2 (the apoptotic genes) in hepatic tissue. Our
results showed that exposure to CdCl, pronouncedly altered
mRNA expression of both Bax and Bcl-2, where the expres-
sion of Bax was up-regulated (Fig. 3A), and the expression of
Bcl-2 was down-regulated (Fig. 3B) compared with the con-
trol group. However, these alterations were pronouncedly at-
tenuated by SOE even at the low dose. Additionally, the effect
of different treatments on DNA fragmentation (Table 8)
showed a significant increase in DNA fragmentation percent-
age in animals that received CdCl,. However, DNA fragmen-
tation percentage in animals administrated with SEO was
comparable to the untreated control group. Co-
administration of CdCl, and SOE significantly reduced the
percentage of DNA fragmentation compared with the group
that received CdCl, alone and the inhibition percent reached
37.97 and 43.04% in the groups that received SOE (LD) and
SOE (HD), respectively. The agarose gel electrophoresis of
the DNA (Fig. 4) confirmed the colorimetric assays of DNA
fragmentation and endorsed the change in the gene transcript
levels. The liver samples of CdCl,-intoxicated rats showed a
smear (a hallmark of necrosis) DNA fragmentation with no
ladder formation which indicated a random DNA degradation
when compared with the control or SOE-treated groups.
Treatment of CdCl, plus SOE (LD) or SOE (HD) markedly
suppressed the fragmentation of DNA, where DNA was still
localized at the starting point. Moreover, the DNA electropho-
retic patterns in animals treated with SOE were comparable to
the control groups.

The pathological examination of the untreated control liver
sections showed normal histology with normal central vein

Day 1

Day 3

Day 6 Day 9 Day 12 Day 15

—— Control = CdC —— SOE (LD) =— SOE (HD) —— CdCI2 + SOE (LD) —— CdCL2 + SOE (HD) |
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Fig.2 Effect of SOE on relative expression of A GPx, B SOD, and C CAT gene expression in the liver of rats treated with CdCl,. Data are the mean + SE
of three different liver samples in the same group. Column superscripts with different letter are significantly different at P < 0.05

and normal hepatic lobule (Fig. 5A). The liver sections of  cords, normal vesicular nuclei, and eosinophilic cytoplasm.

animals that received SOE (LD) of SOE (HD) (Fig. 5B and  The liver of animals that received CdCl, showed necrosis
C) showed normal central vein surrounded by the hepatocyte ~ and shrunken hepatocytes with chromatin condensation,

Table 4  Effects of SOE on serum biochemical parameters in rats treated with CdCl,

Groups Control CdClL, SOE (LD) SOE (HD) CdCL, + SOE (LD) CdCL, + SOE (HD)
Parameter

ALT 31.03 £ 1.24° 4847 £1.57° 30.07 £ 1.41° 34.03 +2.89° 36.47 £222¢ 33.77 £ 0.69
(U/L)

AST 129.43 + 0.96 185.80 + 8.04° 131.90 + 5.49* 136.50 + 4.30° 145.80 + 9.02¢ 143.53 +3.20°
(U/L)

Alb 3.73+0.16° 1.65 +0.16° 3.17+0.10° 3.64 +0.20° 3.81+031% 3.43 +0.29°
(mg/dl)

TP 6.36 +0.43% 3.71 £0.28° 7.49 +0.24° 7.16 +0.34° 8.14 +0.22¢ 7.05+0.33°
(g/dh

T.BIL 0.05 +0.001 0.09 + 0.001° 0.06 + 0.001° 0.05 + 0.001° 0.06 +0.01* 0.05+0.01*
(mg/dl)

D.BIL 0.017 £ 0.004% 0.092 + 0.003° 0.018 £ 0.004* 0.018 + 0.003* 0.033 + 0.007¢ 0.028 + 0.004°
(mg/dl)

Creatinine 0.75 + 0.02° 0.94 +0.01° 0.77 £ 0.02° 0.71 +0.02¢ 0.82 +0.02° 0.81 +0.06°
(mg/dl)

Urea 52.36 +4.13° 7437 +3.82° 4747 £2.49° 52.50 + 2.89° 56.27 +2.18¢ 54.33 + 0.54¢
(mg/dl)

Uric acid 1.23 +0.09° 3.64 £0.14° 124 +0.10° 1.25 +0.04° 2.31+0.15¢ 1.64 +0.14¢
(mg/dl)

NO 17.80 £ 0.21° 31.90 +2.05° 15.50 + 0.35° 16.73 + 0.90% 19.60 + 3.26¢ 20.23 +2.85¢
(umol/L)

SOE (LD) S. officinalis extract low dose; SOE (HD) S. officinalis extract high dose

Data are presented as mean =+ standard error mean (n = 10 rats/treatment). Statistical comparison was performed using one-way ANOVA followed by
Duncan’s post hoc tests for all pair-wise multiple comparisons. Within each row, means superscripts with different letters are significantly different (P <
0.05)
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Table 5 Effects of SOE on lipid

profile parameters in rats treated Parameter Cholesterol Tri G HDL LDL

with CdCl, Groups (mg/dl) (mg/dl) (mg/dl) (mg/dl)
Control 40.00 + 0.58° 50.67 + 4.10° 23.67 +2.49° 16.33 + 1.45°
CdCl, 55.67 +1.45° 81.33 +2.85° 14.93 +0.37° 27.63 +0.84°
SOE (LD) 39.33 +1.45° 51.67 +1.20° 34.47 +1.79° 17.33 £ 0.96°
SOE (HD) 3333 +1.33¢ 44.00 £3.21° 40.27 +3.12¢ 23.67 +2.30°
CdCl, + SOE (LD) 34.00 +2.8° 63.33 +1.33¢ 2553 +1.82° 19.93 +0.15¢
CdCl, + SOE (HD) 42.00 +2.08¢ 62.33 +£0.67¢ 26.33 +£3.53° 15.20 +0.91°

SOE (LD) S. officinalis extract low dose; SOE (HD) S. officinalis extract high dose

Data are presented as mean + standard error mean (n = 10 rats/treatment). Statistical comparison was performed
using one-way ANOVA followed by Duncan’s post hoc tests for all pair-wise multiple comparisons. Within each
column, means superscripts with different letters are significantly different (P < 0.05)

markedly dilated congested central vein, and fibrous tissues
(Fig. 5D). The liver sections of animals that received SOE (LD
or HD) plus CdCl, showed normal liver architecture (Figs. SE,
F).

The examination of the untreated control kidney showed
normal glomerular and tubular structure and distal and prox-
imal convoluted tubules (Fig. 6A). The kidney sections of the
rats treated with SOE (LD) or SOE (HD) showed normal renal
tissue with a normal tubular and glomerular picture of both
glomerular and tubular (Figs. 6B, 5C). The kidney sections of
rats in the CdCl,-alone group showed disruption of the normal
renal architecture accompanied by a shrinkage of glomerular
tufts, interstitial hemorrhages, and few distorted tubules with
vacuolated cytoplasm and pyknotic nuclei (Fig 6D). The kid-
ney sections of SOE (LD) plus CdCly—treated rats showed
normal glomerular architecture with normal tubular histology
(Fig. 6E). However, the kidney of CdCl, plus SOE (HD)-

treated rats showed a normal histological picture of both glo-
merular and tubular tissue with interstitial hemorrhage (Fig.
6F).

Discussion

The results of GC-MS identified 39 compounds and the major
compounds were 9-octadecenamide, (Z)- which is belonging
to amide compounds, and eucalyptol which is belonging to
monoterpenoid. In this concern, Baj et al. (2013) isolated 37
compounds from the essential oil from sage leaves grown in
Poland, most of them belonging to monoterpenoids.
Moreover, Mohamed and Mustafa (2019) in Sudan identified
42 compounds and the main compound was «-terpineol
followed by camphor, o-pinene, camphene, and (3-cymen.
Additionally, Abu-Darwish et al. (2013) isolated 25

Table 6  Effect of SOE on antioxidant enzyme activity and MDA in liver and kidney of rats treated withCdCl,

Parameter Liver Kidney
Groups
GSH GPx SOD CAT MDA GSH GPx SOD CAT MDA
Ulg) (Ulg) Ulg) Ulg) (nmol/g) (Ulg) Ulg) Ulg) Ulg) (nmol/g)
Control 1.08 + 30.00 + 1.88 + 17.85 + 0.68+0.01* 130+ 24.65 + 1.70 + 12371+ 0.52+0.03*
0.03* 0.07% 0.04* 039* 0.04° 0.54* 0.03* 027°
CdCl, 1.29 + 2097 + 0.20 + 08.45 + 255+0.01° 042+ 16.48 + 0.38 + 732+0.23° 0.96+0.02°
0.06° 0.25° 0.11° 0.34° 0.03° 0.34° 0.02°
SOE (LD) 1.67 + 3477 + 1.93 + 22.75 + 0.67 £0.03* 1.64+ 31.00 + 1.57 + 17.34 + 0.46 + 0.02°
0.04° 0.87° 0.15° 1.26° 0.08° 0.44° 0.07° 0.24°
SOE (HD) 1.83 + 31.07 + 1.98 + 2328 + 0.64 +0.08* 1.96+ 26.93 + 1.84 + 18.20 + 0.23 + 0.02¢
0.02¢ 0.47% 0.03* 0.224 0.03¢ 0.45% 0.014 0.14°
CdCL + SOE  0.54 + 26.98 + 0.65 + 14.83 + 1.32+£0.06° 0.54+ 22,11+ 122+ 17.19 = 0.63 + 0.05°
(LD) 0.08¢ 0.55¢ 0.02¢ 0.50° 0.04° 0914 0.03¢ 0.20°
CdCL + SOE  0.77 + 3226 + 0.68 + 17.37 + 0.67 £0.33* 0.90 + 28.55 + 1.54 + 18.79 + 0.54 + 0.05*
(HD) 0.04° 0.73% 0.03¢ 0.50° 0.04° 0.57° 0.03¢ 0.43°

SOE (LD) S. officinalis extract low dose; SOE (HD) S. officinalis extract high dose

Data are presented as mean + standard error mean (n = 10 rats/treatment). Statistical comparison was performed using one-way ANOVA followed by
Duncan’s post hoc tests for all pair-wise multiple comparisons. Within each column, means superscripts with different letters are significantly different (P

<0.05)
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Table 7  Effects of SOE on serum cytokines in rats treated with CdCl,

Parameter TNF-« AFP CEA
Groups (ng/ml) (ng/ml) (ng/ml)
Control 033+0.001° 1.07+0.18  098+0.2%
cdcl, 0.91+0.03° 327+£020°  5.15+03°
SOE (LD) 0.24 +0.01° 0.50£0.10°  1.09+0.11°
SOE (HD) 0.26 +0.01¢ 030+0.14°  1.09+0.11°

CdClL, + SOE (LD) 044 +0.01°  095+026° 13+0.1°
CdCL + SOE (HD)  034£0.001°  070+0.05  1.92+02¢

SOE (LD) S. officinalis extract low dose; SOE (HD) S. officinalis extract
high dose

Data are presented as mean + standard error mean (z = 10 rats/treatment).
Statistical comparison was performed using one-way ANOVA followed
by Duncan’s post hoc tests for all pair-wise multiple comparisons. Within
each row, means superscripts with different letters are significantly dif-
ferent (P < 0.05)

compounds. The major compounds were oxygen-containing
monoterpenes including 1,8-cineole and camphor. The HPLC
analysis of the water extract of S. officinalis revealed that this
plant is rich in polyphenols, and the majorities were coumaric,
chlorogenic, coffeic, gallic, and ellagic acids, catechin, vanil-
lin, and rutin. It was reported that the major phytochemicals in
S. officinalis are alkaloids, fatty acids, carbohydrate, glycosid-
ic derivatives such as flavonoid glycosides, saponins, and car-
diac glycosides as well as phenolic compounds such as tan-
nins and coumarins, steroids, polyacetylenes, terpenes, and
terpenoids such as sesquiterpenoids, terpenoids (mono-, di-,
and tri-) and some waxes (Badiee et al. 2012; El Hadri et al.
2010). Moreover, these phytochemicals were mainly isolated
from the essential oil, aqueous, and methanolic extracts
(Ghorbani and Esmacilizadeh 2017). The differences in the
chemical composition between the current results and the pre-
vious data may be due to several environmental factors such
as water availability, climate, and altitude (Russo et al. 2013).

Cd as an environmental pollutant can enter the food chain
via different routes and induces severe adverse health effects

to the vital organs in humans (Bernhoft 2013). International
organizations such as WHO and ATSDR have grouped Cd as
the most hazardous chemicals (Andjelkovic et al. 2019) which
harm the liver and kidney (Andjelkovic et al. 2019; Rani et al.
2014; Sanjeev et al. 2019). Additionally, S. officinalis is well-
documented in traditional medicine around the globe for its
beneficial effects. Its bioactive ingredients have been exten-
sively studied and reviewed by various extraction techniques
(Jakovljevi¢ et al. 2019). Nowadays, many research studies
have been conducted to find new biological effects for this
plant. In this study, we evaluated the role and the mecha-
nism(s) of action of SOE against Cd intoxication in a rat mod-
el. The selected doses of Cd and the extract were literature-
based (El-Kady et al. 2009; Arabi et al. 2014, respectively).
Our results showed that Cd alone administration induced a
loss of body weight and a significant elevation in liver and
kidney indices, NO, cholesterol, triglycerides, LDL, serum
cytokines, hepatic and renal MDA, mRNA expression of
Bax accompanied by a significant decrease in HDL, hepatic
and renal antioxidant enzymes, and their mRNA gene expres-
sion. The decrease in body weight and the elevation of ALT
and AST in intoxicated rats reported herein is similar to that
reported previously and indicated that the reduction of body
weight is mainly owing to the detrimental effect on liver func-
tion (Padilla et al. 2010). The serum ALT and AST are in-
volved in the catabolism of the amino acids and the production
of bile, so these enzymes act as critical biomarkers of liver
function. The increase in these transaminases in the serum
indicated the leakage of these enzymes into the bloodstream
due to the severe damage of the membrane of the hepatocyte
(Hall and Cash 2012; Kang et al. 2013). Moreover, the de-
crease in Alb and TP indicated the increase in excretion of
high molecular mass protein (Genchi et al. 2020). The eleva-
tion of creatinine, uric acid, and urea reported in our study
agreed with Borges et al. (2008). Although the increase of
urea is considered the first marker in kidney dysfunction, cre-
atinine is the most trustable marker and it rises if the kidneys
suffer any damaging insult. In this concern, Hussein et al.

Table 8 DNA fragmentation in

rat liver cells after treatment with Treatment DNA fragmentation Mean DNA fragmentation inhibition (%)
SOE alone or in combination with (% +S.E.)
CdCl,

Control 3.2+0.05"

CdCl, 7.9 +0.35°

SOE (LD) 3+£0.17%

SOE (HD) 32+0.12*

CdCl, + SOE (LD) 49+0.17° 3797

CdCl, + SOE (HD) 454029 43.04

SOE (LD) S. officinalis extract low dose; SOE (HD) S. officinalis extract high dose

Data are presented as mean + standard error mean (n = 10 rats/treatment). Statistical comparison was performed
using one-way ANOVA followed by ¢ test for all pair-wise multiple comparisons. Within each column, mean
superscripts with different letters are significantly different (P < 0.05)
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Fig. 3 Effect of SOE on relative gene expression of A Bax and B Bcl-2 in the liver of rats treated with CdCl,. Data are the mean + SE of three different
liver samples in the same group. Column superscripts with different letters are significantly different at P < 0.05

(2014) reported that the pathological changes in the renal tis-
sue include significant increases in serum urea and creatinine
in rats exposed to Cd. The disturbances in lipid profile in Cd-
treated rats suggested that this element generates oxidative
stress which disturbs the balance between antioxidant and
pro-oxidant resulting in the damage of cell function and unfa-
vorable biological reactions leading to dyslipidemia
(Olisekodiaka et al. 2012). Similar outcomes were reported
by several authors and indicated an increase in cholesterol,
triglycerides, and LDL levels in rats exposed to Cd (Badisa
et al. 2007; Genchi et al. 2020; Murugavel and Pari 2007).
Several reports indicated that the hepatotoxicity of Cd at-
tributed mainly ROS generation, protein, lipid peroxidation,
and inflammation since the main mode of action of this metal
is the generation of ROS and the diminish of the antioxidant
defense system (SOD, CAT, GSH, and GPx) (Andjelkovic
et al. 2019; Rahimzadeh et al. 2017). The generation of ROS
including hydroxyl, hydrogen peroxide, and superoxide radi-
cals modulates different components in the cell components
mainly protein, lipids, and carbohydrates leading to the dis-
crepancy of the metabolic dysfunction and cell integrity (Kaur
et al. 2020). Moreover, MDA is a well-known player of lipid
peroxide, whose malignant activities lead to injury to

Fig. 4 Agarose gel
electrophoresis of extracted DNA
from liver of rats; results of the
DNA fragmentation assay
confirm that treatment with SOE
attenuates CdCl,-induced DNA
damage in the liver of rats. Lane
M, DNA ladder; lanes 1-2,
untreated control group; lanes 3—
4, CdCl,-treated group; lanes 5-6,
SOE (LD)-treated group; lanes 7—
8 SOE (HD) and lanes 9-10,
CdCl, plus SOE (LD)treated
group; and lanes 11-12, CdCL,
plus SOE (HD)—treated group

parenchymal cells (Andjelkovic et al. 2019) and its forms
interfere with many biomolecules such as DNA, acetaldehyde,
and the advanced glycation end products that comprise cell
integrity (Li et al. 2015). Taken together, the elevation of liver
and kidney indices and the oxidative markers (NO and MDA)
along with the diminution of the hepatic and renal antioxidant
enzymes suggesting that Cd exposure promotes the early ox-
idative damage leading to the development of consequential
pathological conditions owing to its prolonged retention in
different tissues (Abdel-Aziem et al. 2011; Renugadevi and
Prabu 2010; Winiarska-Mieczan 2018).

The elevation of serum cytokine levels in rats treated with
Cd in our study is in agreement with previous reports
(Bonaventura et al. 2017; Markiewicz-Gorka et al. 2019).
These results suggested that exposure to Cd stimulates the
cytokines production leading to cellular immune response dis-
orders and all of these disturbances are consequences of the
oxidative damage of Cd (Bonaventura et al. 2017; Turley et al.
2019). These results also confirmed that Cd affects the mac-
rophages M1-type which is accountable for the inflammatory
response via the releasing of the pro-inflammatory cytokines
(Saqib et al. 2018). Furthermore, TNF-« is a cytokine pro-
duced by activated macrophages in response to pathogens and
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X 300

Fig. 5 Photomicrographs of liver sections of A control showing normal
histology with normal central vein and normal hepatic lobule; B and C
rats treated with the low dose or high dose of SOE alone, respectively,
showing normal liver tissue formed of central vein surrounded by cords of
hepatocytes (arrows) with normal vesicular nuclei and eosinophilic cyto-
plasm; D the liver section of rats treated with CdCl, showing necrosis and

X 300 X 300

shrunken hepatocytes (arrows) with chromatin condensation (N), mark-
edly dilated congested central vein (cong) and fibrous tissues. E and F
Liver of rats treated with low or higher dose of SOE plus CdCl, showing
normal liver tissue formed of central vein surrounded by cords of hepa-
tocytes with normal vesicular nuclei and eosinophilic cytoplasm (H&E
stain)

Fig. 6 Photomicrographs of kidney sections of A control group showing
normal glomerular (G) and tubular structure, distal and proximal convo-
luted tubules (T); B kidney section of rats treated with CdCl, showing
disruption of the normal renal architecture accompanied with a shrinkage
of glomerular tufts, interstitial hemorrhages and few distorted tubules
with vacuolated cytoplasm (T) and pyknotic nuclei; C kidney section of
rats treated with the low dose of SOE showing normal renal tissue with
normal tubular (T) and glomerular picture (G); D kidney section of rats

@ Springer

treated with the high dose of SOE showing the normal histological picture
of both glomerular (G) and tubular (T) sections; E kidney section of rats
treated with the low dose of SOE plus CdCl, showing normal glomerular
architecture (G) with normal tubular histology (T); F kidney section of
rats treated with the high dose of SOE plus CdCl, showing normal his-
tological picture of both glomerular (G) and tubular (T) tissue with inter-
stitial hemorrhage (H&E stain)
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other harmful stimuli and is a necessary factor for local and
systemic inflammation (Kany et al. 2019). In addition, TNF-«
amplifies and prolongs the inflammatory reactions by trigger-
ing other cells to release cytokines such as IL-13 and media
such as NO and ROS, all of which promote further inflamma-
tion and tissue damage (Elkhadragy and Abdel-Moneim
2017; Alghasham et al. 2013).

Additionally, the disturbances in mRNA expression of the
pro-apoptotic gene (Bax), anti-apoptotic gene (Bcl-2), and the
antioxidant enzymes (CAT, GPx, and SOD) along with the
elevation of DNA fragmentation confirmed the hypothesis
that the mechanism of Cd induces its toxicity via oxidative
damage as suggested previously (Abdeen et al. 2019; Abdel-
Aziem et al. 2011; Zhu et al. 2020; Mgzynska et al. 2018;
Genchi et al. 2020). The pathological changes in the liver
and kidney reported herein were also in accordance with the
previous reports who indicated that Cd exposure induces se-
vere histological alterations in these organs and others and all
of these changes resulted from the oxidative damage of this
element (El-Kady et al. 2009; Satarug 2018; Zhu et al. 2020).

In current results, administration of SOE alleviated and/or
prevent the hazards of Cd. Animals who received SOE alone
did not significantly affect the biochemical parameters, gene ex-
pression, or histology of the liver and kidney. The protective role
of SOE is primarily due to the antioxidant and radical savaging
propetties of the bioactive constitutes in the extract. The highest
content of these bioactive compounds and polyphenols gave this
extract a great advantage in the therapy of several diseases result-
ed from several environmental toxins which have oxidative dam-
age to living organisms. Natural antioxidants are well known to
protect cells against the overproduction of ROS, consequently,
counteract oxidative stress—mediated cells and tissue damage.

Previous reports indicated that SOE has a potent antioxi-
dant activity and increases the resistance of the liver against
oxidative damage (Horvathova et al. 2016; Kolac et al. 2017,
Poulios et al. 2020). It protects against oxidative and DNA
damage through the elevation of glutathione peroxidase activ-
ity (Kozics et al. 2013). In our study, we found that SO essen-
tial oil is rich in 9-octadecenamide and other fatty acids which
were reported to have strong antioxidant activity (Aktumsek
et al. 2013; Olaoluwa et al. 2018; Nengroo and Rauf 2019;
Karimi et al. 2015). Moreover, the extract is rich in polyphe-
nols mainly coumaric, chlorogenic, catechin, ellagic, and gal-
lic acids, vanillin, naringenin, and rutin which are well-known
antioxidants. Godarzi et al. (2020) reported that coumaric acid
protects the kidneys against ischemia-reperfusion (I/R) injury
through its antioxidants and anti-inflammatory effects and ex-
hibited hepatoprotective efficiency via the inhibition of lipid
peroxidation, the generation of intracellular ROS, and the up-
regulation of the detoxifying enzymes (Shen et al. 2019).
Chlorogenic and coffeic acids also were reported to possess
antioxidants and prevent ROS-induced DNA damage (Tomac
et al. 2020).

Additionally, it was reported that catechins exert antioxi-
dant activity via different direct and indirect mechanisms in-
cluding chelating metal ions, scavenging ROS, enhancing the
antioxidant enzymes, suppressing the pro-oxidant enzymes,
and inducing the enzymes of phase II detoxification and the
antioxidant enzymes (Ping-Hsiao et al. 2007; Bernatoniene
and Kopustinskiene 2018). Vanillin also was reported to ex-
hibit stronger antioxidant effects than Trolox and modulates
the intracellular antioxidant activity such as SOD, CAT, and
GSH-Px (Zhao et al. 2017). The high concentration of ellagic
and gallic acids reported herein in SOE supports the previous
findings of Jasicka-Misiak et al. (2018) and Zhang et al.
(2014) who reported that SOE possesses a potent antioxidant
activity because of its high content of ellagic and gallic acids.
In the same concern, naringenin and rutin exert a potential
antioxidant effect through the control of the effectors’ mech-
anisms of ROS generation (Nishimura et al. 2013). Taken
together, antioxidant and radical scavenging activities of
SOE are due to the high content of bioactive compounds
and polyphenols which were able to counteract the oxidative
damage of Cd and protect DNA, protein, and lipid damage in
rats. Moreover, the high dose was more effective against Cd-
induced oxidative damage and genotoxicity than the low dose
due to the higher content of these bioactive constitutes.

Conclusion

The current results showed that S. officinalis grown in Egypt is
rich in bioactive compounds including polyphenols. The GC-
MS identified 39 compounds, most of them belonging to poly-
unsaturated fatty acids; moreover, the HPLC identified 12
polyphenols. The results also showed that Cd induced severe
biochemical and cytokines alterations, oxidative damage lead-
ing to genotoxicity, DNA damage, and histological abnormal-
ities in the liver and kidney tissues. S. officials extract could
prevent these effects in a dose-dependent manner. This effect
may be due to the synergistic antioxidant and radical savaging
effects of the bioactive compounds.
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