Effects of Origanum majorana L. on cadmium induced
hepatotoxicity and nephrotoxicity in albino rats
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Objectives: To evaluate the effect of Origanum

majorana L. (OM) against cadmium (Cd)-induced
hepatotoxicity and nephrotoxicity.

Methods: This study was performed at King Khalid
University, Abha, Kingdom of Saudi Arabia from
September to December 2010. Thirty-six male albino
rats were divided into 6 groups: control, Cd, OM,
OM+Cd, OM pre-treated (received OM extract for
14 days followed by Cd for 14 days), OM post-treated
(received Cd for 14 days followed by OM extract for
14 days). All treatments were orally administered
once a day (Cd: 5 mg/kg by weight [b.w] and OM:
1 g/kg b.w) for 28 days. Changes in liver biochemical
markers namely, alanine transaminase, aspartate
aminotransferase, alkaline phosphatase (ALP) and
gamma-glutamyltransferase (GGT), and levels of
total protein, urea, and creatinine in the serum were
determined. Levels of liver and kidney antioxidants
namely, glutathione, superoxide dismutase and
catalase, and lipid peroxidation (LPO) were estimated.
Differential display using 3 primers: chi 25, 5.8S and
NS3 was performed for liver homogenates.

Results: Exposure to Cd increased the levels of
liver biochemical markers, urea, and creatinine,
and lowered total protein levels. Exposure to Cd
lowered activities of liver and kidney antioxidants,
while it increased LPO levels. Levels of all disrupted
parameters were alleviated by co-administration and
post-administration of OM extract. The NS3 primer
was able to show genetic variability in livers of all
experimental groups.

Conclusion: The OM showed apparent protective
and curative effect on Cd-induced hepatotoxicity and
nephrotoxicity.
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Cadmium (Cd) is an environmental contaminant
that is present in air, soil, water, food, and cigarette
smoke.! The Cd has been considered as a risk factor
for humans, as it accumulates in the body tissues, such
as the liver, lungs, kidneys, bones, and reproductive
organs.” It has been reported that Cd generates reactive
oxygen species (ROS) causing oxidative damage in
various tissues.* It has been shown that exposure to Cd
via different routes causes increased lipid peroxidation
(LPO) in membranes of erythrocytes and tissues, such
as kidney, liver, brain, and testes where thiobarbituric
acid reactive substances (TBARS) and hydroperoxides
are used as indicators of oxidative damage.”” Intake
of Cd results in utilization of glutathione (GSH) and
protein binding sulthydryl groups, and consequently
enhance the levels of free radicals, such as hydrogen
peroxide, hydroxide, and superoxide anions.® The liver
and kidney are considered the most vulnerable organs to
Cd toxicity.”'? An increase on the levels of serum hepatic
marker enzymes, such as aspartate aminotransferase
(AST) and alanine transaminase (ALT) following Cd
exposure, which indicates the damaging effect of Cd on
the liver has been reported in various studies.'>!* It has
also been reported that Cd nephrotoxicity resulted from
generating frees radicals, and by inducing cell necrosis
and apoptosis.'”>'® Moreover, a variety of changes
in liver non-enzymatic antioxidants, such as GSH
and liver enzymatic antioxidants, such as superoxide
dismutase (SOD) and catalase (CAT) associated
with Cd exposure have been reported.'” Herbal and
natural products represent one of the most common
forms of complementary and alternative medicines.'®
They are readily available, and can be obtained from
supermarkets and pharmacies. As these products are
usually used without medical prescription, they must
be safe for human health.” Numerous studies have
reported the antioxidant properties of many natural
products against many toxic materials.**** Some natural
product extracts, such as honeybee solution,’ green tea,*
ginger” and black cumin® have been found to have
a variety of pharmacological and antioxidant effects
on Cd rtoxicity. The O. majorana (OM), a member of
the mint family, Lamiaceae, is a widely used plant in
folk Saudi Arabian medicine. It contains flavonoids,
phenolic terpenoids, phenolic glycosides, tannins,
and sitosterol.”® The antiviral, bactericidal, antiseptic,
and antifungal effects of OM are attributed to ursolic
acid and essential oil, and particularly to thymol and
carvacrol.*?” The antioxidant and antitumor activities
of OM have been reported in various studies.”®3! As
there has been no scientific report on the protective, or
therapeutic effect of OM against Cd induced toxicity on
liver and kidney of intoxicated animals, this study aimed
to evaluate the protective, therapeutic, and/or chelating
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effects of the aqueous extract of OM against hepato- and
nephrotoxicity induced by Cd in male rats.

Methods. Natural product preparation. Whole plant
of OM was purchased from the local market in KSA.
The plant was identified by Department of Biology staff
at King Khalid University, Abha, KSA from September
to December 2010. The plant was washed with distilled
water and then dried. The dried plant was ground to a
powder before being extracted by maceration in distilled
water (200 g/ 1000 ml) for 2 days at 37°C. The extract
was then filtered using a filter funnel, and the excess
water was evaporated under reduced pressure in a rotary
evaporator. Once evaporated, the extract produces a dry
extract (18 g of solid residue). The extract was dissolved
in deionized distilled water to a final stock concentration
of one g/ml for further use. The procedure was repeated
weekly to get fresh extract in this study

Experimental design. Thirty-six male albino rats, 6-8
weeks old, and weighing 150-200 g were obtained from
the Experimental Animal Unit, College of Science,
King Khalid University, Abha, KSA and followed
the international guidelines for the care and use of
laboratory animals. Ethical approval was obtained from
the College of Science Ethical Committee, King Khalid
University, KSA. The rats were maintained in standard
conditions, in well-ventilated cages with raised floors
of wide wire mesh. The temperatures were maintained
at 22°C with a 12-h light/dark cycle, and allowed to
consume standard rat pellet chow and water ad libitum
before treatments. The experiment started after 10 days
of rat adaptation, and procedures were performed in
sterilized conditions.

Acute toxicity tests for OM. This test was carried out
with a modified method of Seth et al.** Rats were divided
into 7 groups. The control group received deionized
water, and the other groups received: Group 2 - 250
mg, Group 3 - 500 mg, Group 4 - 1000 mg, Group 5 -
2000 mg, Group 6 - 4000 mg, and Group 7 - 8000 mg
of the aqueous extract dissolved in deionized distilled
water per kg b. w. Immediately after administration, the
animals were observed for the first 4 hours, and twice
daily for 7 days for signs of any behavioral changes and
mortality.

Sub-acute dose and animal grouping. Rats were
divided into 6 groups of 6 each. These groups were:
Group 1 (control group), rats received isotonic saline
solution; Group 2 (Cd group), rats were administered
daily with 5 mg/kg b.w. cadmium chloride for 28
days by gavage; Group 3 (OM group), rats were orally
administered with the aqueous extract of OM in a daily
dose of 1000 mg/kg b.w. for 28 days; Group 4 (OM+Cd
group), rats were daily co-administered with 5 mg/kg
CdCl, and 1000 mg/kg of the aqueous extract of OM
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for the experiment period; Group 5 (OM pre-treated
group), rats were daily pre-treated with 1000 mg/kg
b.w. of OM extract for the first 14 days and followed
by daily administration of 5 mg/kg b. w. CdCl, for the
remaining 14 days; Group 6 (OM post-treated group)
rats were daily pretreated with CdCl, (5 mg/kg b.w.) for
the first 14 days and followed by daily administration
of OM (1000 mg/kg b.w.) for the other 14 days of the
experiment period.

Serology. At the end of the experimental period rats
were fasted overnight, however distilled water was made
available ad libitum. Blood samples were collected from
the rat tails into plain tubes under ether anesthesia, and
animals were then sacrificed by decapitation. Blood
samples were centrifuged at 3000 revolutions per minute
(rpm) for 5 min to obtain serum. Sera were kept frozen
at -80°C unitil used for later biochemical analysis.

Biochemical analysis. Activities of serum ALT and
AST were spectrophotometrically assayed according
to the method of Reitman and Frankel.® The
alkaline phosphatase (ALP) activity in the serum was
spectrophotometrically measured at 405 nm by the
formation of para-nitrophenol from para-nitrophenol -
phosphate as a substrate using the method of Belfield and
Goldberg.* activity of gamma-glutamyltransferase (GGT)
in the serum was spectrophotometrically measured
using diagnostic kits (Sigma Chemical Co., St. Louis,
MO, USA) according to Szasz.> Serum total protein
levels, documenting the extent of liver dysfunction,
were determined spectrophotometrically according to
the method of Lowry et al.’® using a Sigma Diagnostic
kit (Sigma Chemical Co., St. Louis, MO, USA). Serum
urea was estimated by using the diagnostic kit based on
the method of Fawcett and Scott.’”” Creatinine in the
serum was estimated using the diagnostic kit based on
the methods of Teitz.*®

Preparation of tissue homogenate. Liver and kidney
tissues were quickly removed, washed in ice-cold,
isotonic saline, and blotted individually on ash-free filter
paper. The tissues were then homogenized separately
in 0.IM 2-amino-2-(hydroxymethyl)-1,3-propanediol
hydrochloride buffer, pH 7.4 using a Potter-Elvehjem
homogenizer at 4°C, the crude tissue homogenate was
then centrifuged at a speed of 9000 rpm for 15 min in

cold centrifuge, and the supernatant was kept at -20°C
for estimation of GSH, SOD and CAT activities.

Estimation of reduced GSH, CAT and SOD activities.
Activity of reduced GSH in the liver and kidney was
assayed using GSH Assay Kit (BioVision, Inc., USA)
following the manufacture’s instruction based on the
method of Akerboom and Sies.” The CAT activity in
the liver and kidney was assayed using a commercially
available CAT activity assay Kit (BioVision, Inc., USA)
following manufacture’s instruction based on the
method of Aebi.®* The activity of SOD in the liver and
kidney was assayed using a commercially available SOD
activity assay kit (Randox, Crumlin, UK) following the
manufacture’s instruction based on the method of Misra
and Fridovich.*!

Measurement of LPO. The LPO in the liver and
kidney of control and all treated groups was measured
by the quantification of TBARS and determined by the
method of Buege and Aust.”

Isolation of total ribonucleic acid (RNA) from
liver homogenates, complementary DNA synthesis and
differential display. 100 mcgl of liver homogenate was
subjected to RNA extraction using QIAGEN-QIAamp
RNA blood mini kit according to the manufacturer’s
instructions (QIAGEN, Hilden, Germany). Reverse
transcription reactions were performed using an oligo d T
primer. The 25 mcgl reaction mixture was prepared with
2.5 mcgl of 5x buffer with magnesium chloride (MgCl,),
2.5 mcgl of 2.5 mM deoxynucleotide triphosphates
(dNTPs), 1mcgl of 10 pmol primer, 2.5 mcl RNA and
0.2 mcl reverse transcriptase enzyme (100U/mcgl).
polymerase chain reaction (PCR) amplification was
performed in a thermocycler (Eppendorf) programmed
at 95°C for 5 min, 42°C for 1 h, 72°C for 10 min, and
a soak at 4°C.#

Differential display was performed using 3 different
arbitrary primers (Table 1). The PCR reaction was
performed following the method of Abd El Fattah et al*
briefly, a 25 mcgl reaction mixture was prepared with
2.5 mcl 10x Tag DNA polymerase buffer (10 mM Tris
HCI (pH 8.3), 25 mM potassium chloride (KCI), 2.5
mcl 50mM MgClL, 2 mcl primer (40 pmol/mcl), and
0.25 mcl of Taq polymerase (AmpliTaq, Perkin- Elmer,
5 u/mcgl), 2.5 mcgl from the cDNA, 2.5 mcgl dNTPs
4mM, and 12.75 mcl of distilled water. The PCR

Table 1 - The DNA nucleotide sequences and annealing temperature of the primers used in the
differential display examination.

Primer sequence

Annealing (°C) 523" Primers

56 GAY TTR GAT TGG GAA TAY CC Chi 25

55 CGCTGC GTT CTT CAT CG 5.8S

53 GCA AGT CTG GTG CCA GCC 18S rRNA (NS3)
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reaction was performed in 9700 thermal cycler (Perkin-
Elmer), and the PCR conditions were performed as
follows: initial denaturation at 95°C for 5 min; followed
by 40-cycles (94°C for 1 min); 55, 53, 56°C for 1 min;
72°C for 2 min; and final extension, 72°C for 10 min.
Electrophoresis was performed at 80 volts with 0.5x
tris-borate buffer (TBE) buffer in 1.5% agarose gel was
stained in 0.5 mcg/ml (w/v) ethidium bromide solution
and destained with deionized water. Finally, the gel was
visualized and photographed using a gel documentation
system.

Statisticalanalyseswere performed using the Statistical
Package for Social Sciences for Windows version 10.0

Figure 1 - Differential display for the 6 rat groups using Chi 25 as an
arbitrary primer. Lanes; M - 1kbp DNA marker, 1 - control
group, 2 - Cd group, 3 - OM group, 4 - OM+Cd group,
5 - OM post-treated group, 6 - OM pre-treated group. OM

- Origanum majorana, Cd - cadmium

W
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Figure 2 - Differential display for the 6 rat groups using the primers: a)
5.8S, and b) NS3 as arbitrary primers. Lanes, M - 1kbp DNA
marker, 1 - control group, 2 - Cd group, 3 - OM group, 4
- OM+Cd group, 5 - OM post-treated group, 6 - OM pre-
treated group. Up - up-regulated gene, dn - down-regulated
gene, OM - Origanum majorana, Cd - cadmium, PCR -
polymerase chain reaction
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(SPSS, Chicago, IL, USA). Data are presented as means
tstandard deviations. Statistical evaluation of the data
was performed using one-way ANOVA followed by a
post-hoc least significant difference test. Values were
considered statistically significant at p<0.05.

Results. Liver enzymes in the serum represents
the levels of the hepatic enzymes ALT, AST, ALD, and
GGT in the serum of control and all experimental rat
groups (Table 2). The results showed that Cd induced
a significant increase in the activities of those enzymes
in the Cd group compared to the control group. Oral
administration of OM alone to rats did not affect
the levels of those enzymes indicating the safe use of
this natural product. Compared to the Cd group, the
activities of ALT, AST, ALD, and GGT enzymes were
significantly decreased in those rats co-treated with
Cd and OM, and those post-treated with OM after
exposure to Cd. However, the ameliorative effect of
post-treatment of OM was more pronounced than
that of co-treatment with Cd and OM. The disrupted
liver enzymes, however, were not ameliorated by pre-
treatment of OM before exposure to Cd, as their levels
in OM pre-treated group did not show significant
difference when compared with the Cd group.

Total protein, urea, and creatinine in the serum.
There was a significant decrease in the levels of serum
total protein in the Cd group when compared with the
control group (Table2). However, levels of this compound
in the serum were significantly increased in OM + Cd
group and OM post-treated group when compared
with the Cd group. Levels of urea and creatinine in the
serum of the Cd group were significantly increased when
compared with the control group (Table 2). However,
levels of serum urea and creatinine were significantly
decreased in OM+ Cd group and OM post-treated group
when compared with the Cd group. The ameliorative
effect of post-treatment of OM on the levels of serum
total protein, urea and creatinine was more prominent
than that of co-treatment with Cd and OM (Table 2).
The administration of OM alone to rats did not affect
the levels of all these compounds indicating the safe use
of this extract. However, post treatment with OM after
exposure to Cd did not improve the disrupted levels of
serum total protein, urea and creatinine as there was no
significant difference between their levels in OM pre-
treated group and Cd group.

The GSH, SOD, and CAT in the liver and kidney.
In the Cd group, the levels of liver and kidney GSH and
the activities of SOD, and CAT decreased as a result
of Cd administration when compared with the control
group (Table 3). Compared to the Cd group, activities
of these enzymes were significantly increased in OM+
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Table 2 - Levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), g-glutamyl transpeptidase (g-GT),

total protein, urea and creatinine in the serum of control and experimental groups of rats.

Group parameter Control OM Cd OM-+Cd OM post-treated OM pre-treated
ALT (U/L) 67.01 +2.30 65.25 £ 3.30 80.75 + 6.50* 68.25 + 0.56¢ 66.25 + 0.961 73.0 + 3.55
AST (U/L) 99.5 +5.32 105.3 + 3.30 177 £ 0.50* 120.5 + 3.32° 105 + 1.63 183.3 + 4.57
ALP (U/L) 53.75 £ 1.89 51.5+2.38 73 + 2.45* 53.5 +2.38" 55.5 + 4.237 73 £5.41
y-GT (U/L) 4.05+0.05 3.97 £ 0.46 8.1+0.23* 6.62 £ 0.27° 4.48 £ 0.371 7.8+0.11
Protein (g/dl) 6.8 +0.59 6.22 £+ 0.47 5.57 +0.35* 5.95+0.31 6.87 £ 0.20° 5.55 + 0.65
Urea (mg/dl) 48.1+1.28 46.0 + 1.63 77.5+3.71* 45.75 +3.407 49.5 + 6.501 74.25 + 3.86
Creatinine (mg/dl) 0.43 £ 0.01 0.42 £ 0.02 0.54 + 0.02* 0.44 £ 0.027 0.44 £ 0.02° 0.55 +0.01

Origanum majorana (OM) and cadmium (Cd) values are expressed as mean + standard deviation for groups of 6 animals each. Control group in comparison
with Cd groups *p<0.0001, Cd groups in comparison with OM+Cd, OM post-treated and OM pre-treated groups p<0.0001

Table 3 - Levels of reduced GSH and activities of SOD and CAT and TBARS in the liver and kidney of the control and all experimental groups of rats.

Group (parameter) Control OM Cd OM + Cd OM post-treated ~ OM pre-treated
Liver
GSH (mg/100g tissue) 62.93 +3.72 92.0 £5.230*  35.15+2.52* 58.25 £ 2.63" 62.25 £ 5.621 41.0 +3.65
SOD (U/mg) 8.35+1.18 8.75+1.10 4.77 £0.27* 8.11 + 0.356" 8.42 £ 0.701 5.55+0.52
CAT (U/mg) 75.75 +4.22 77.6 +6.24 52.25 + 5.37* 71.75 + 4.03° 74.0 £ 5.48° 59.25 + 4.3
TBARS (nmol/mg tissue) ~ 27.41 + 2.31 26.91 +3.11 43.1 + 3.62* 31.41 + 2.03" 28.21 + 2.45% 40.1 +2.72
Kidney
GSH (mg/100g tissue) 42.25 +3.20 64.4 + 2.08F 29.25 + 1.25*% 37.25 + 3.86" 46.25 + 2.57 30.25 + 1.89
SOD (U/mg) 6.82+1.18 6.55 +0.574 4.35 +0.39* 6.3 +£0.357° 6.95 + 0.347 4.55+0.9
CAT (U/mg) 80.25 £ 5.51 78.0 +5.34 65.0 +3.57* 74.5 + 1.291 77.0 + 1.141 67.75 + 1.89
TBARS (nmol/mg tissue) 20.53 + 1.81 21.03 +1.32 33.63 + 1.75* 28.22 + 1.671 22.93 + 1.76 32.11+2.21

Origanum majorana (OM) and cadmium (Cd) values are expressed as mean + standard deviation for groups of 6 animals each. Control group in
comparison with Cd groups *p<0.0001, Cd groups in comparison with OM+Cd groups, OM post-treated and OM pre-treated groups "p<0.0001, control
group in comparison with OM groups #<0.0001. GSH - glutathione, SOD - superoxide dismutase, CAT - catalase,

TBARS - thiobarbituric acid reactive substances

Cd group and OM post-treated group. However, the
ameliorative effect of post-treatment of OM was more
pronounced than that of co-treatment with Cd and
OM. However, the disruption in these enzymes was not
ameliorated by pre-treatment of OM before exposure to
Cd as there was no significant difference between their
levels in OM pre-treated group and Cd group. The level
of liver and kidney GSH was significantly increased in
rats administered with OM alone when compared with
the control group (Table 3).

Lipid peroxidation. An increase in LPO in the livers
and kidney homogenates of the Cd group was indicated
by the significant increase in TBARS (Table 3). The levels
of TBARS in the liver and kidney of OM+Cd and OM
post-treated groups were significantly less than that of
the Cd group. However, the effect of OM post-treated
group on the levels of TBARS was more pronounced
than that of OM + Cd group (Table 3). However,
levels of TBARS were not affected by pre-treatment of
OM before exposure to Cd as there was no significant
difference between their levels in OM pre-treated group
and Cd group.

Differential display results. Approximately 78 bands
were obtained when the primer Chi 25 was used (Figure
1). The molecular weights of the obtained bands ranged
from 500 bp to 50 bp. There was fluctuation in the gene
expression in all the amplified genes with the chi 25
primer (Figure 1). Moreover, Chi 25 and 5.8S primers
failed to differentiate between the examined samples.
When 5.8S primer used, approximately 30 bands were
obtained (Figure 2a). The molecular weights of these
bands ranged from 800-200 bp. Primer NS3 succeeded
to differentiate between the examined animals where
approximately 24 bands with molecular weight ranged
from 900-100 bp were obtained, and all those bands were
monomorphic except the band at molecular weight 300
bp, this gene was up-regulated in OM group, OM+Cd
group, and OM pre-treated group where it was down-
regulated in the OM post-treated group (Figure 2b). The
gene at 800 bp was down-regulated only in the OM
post-treated group (Figure 2b).

Discussion. The Cd is known to be one of the most
dangerous occupational and environmental toxins." It
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can be found in water, atmospheric air, and even in food.
Products of vegetable origin are the main carrier of Cd
compounds in food.! Many studies have reported that
the concentration of Cd in different organs of different
fish species collected from different areas in KSA was
high but still within the safety permissible level for
human use.*% However, as smoking is one of the main
sources of CD in the general population.”” Bassiony*
reported that a prevalence range of 2.4-52.3% for
current smoking in Saudi Arabia with a higher rate for
males (13-38%) than females (1-16%). This gives alarm
that exposure of Saudi people to CD is increasing. In
the acute toxicity test in this study, animals treated with
the water extract of OM (up to 8 g/kg body weight)
did not manifest any significant clinical, or macroscopic
signs of toxicity or mortality indicting that this plant
does not have toxic effect. This is in agreement with
previous studies.?**

It has been shown in many studies that Cd induces
oxidative damage by producing ROS,*** and decreasing
the biological activities of some antioxidant enzymes,
such as SOD and CAT;>"** which play an important
role in antioxidant profile, and in scavenging of
free radicals. The Cd has also been reported to cause
damage to lipids, and by that to generate LPO.'*> This
study also showed that exposure to Cd has led to an
increase of LPO indicated by the elevation of TBARS
levels, which associated with a distinct decrease in the
activity of the antioxidants SOD, CAT, and GSH in
the liver and kidney of the animals exposed to Cd. The
SOD, CAT, and GSH are essential parts of cellular
antioxidant defense system, and they play an essential
role in protection against oxidative stress.’® It has been
proposed that Cd induces oxidative stress and LPO
by depleting GSH, or by inhibition of antioxidant
enzymes.”* Moreover, Cd has been shown to exert a
direct inhibitory effect on SOD and CAT activities via
Cd-enzyme interaction with a resultant perturbation of
enzyme topography critical for catalytic activity’**> Our
results showed that there was a marked increase of hepatic
and nephric LPO, which is indicted by the elevation of
the levels of Cd administration. This was consist with
other reports on Cd-intoxicated rats.'>> The significant
decrease in the activities of SOD and CAT in the livers
and kidneys of the Cd groups compared to control
groups may be attributed, in part, to an overwhelming
oxidative modification of enzymatic proteins and
biomembrane lipids by ROS, as evident by heightened
level of LPO.” The ability of OM to prevent liver
dysfunction and alterations of antioxidative parameters
induced by Cd in this study may be due to the fact
that OM possess scavenging free radicals properties as
it has been reported to have antioxidant properties.?*
Therefore, it is possible that the OM aqueous extracts
could have spared the consumption of GSH, SOD,
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and CAT occasioned by Cd-induced oxidative stress.
In addition, the protective effects of this extract may
be related to their ability to chelate/sequester Cd via
formation of Cd-flavonoid complexes®>° as a result of
many conditions including cell necrosis, improved or
increased synthesis, and alterations in the permeability
of enclosing cell membrane.”

As a result of the imbalance among antioxidants/
oxidants ratio in the cells, the levels of hepatic enzymes
(AST, ALT, ALP and GGT) elevate in liver damage
due to tissue necrosis or membrane damage.”” In this
study, a severe hepatic damage noticed by the significant
increase of the hepatic enzymes ALT, AST, ALP and
GGT in the serum of the Cd group when compared
with the control group. These characteristic features of
Cd-induced liver toxicity are similar to those previously
reported by other investigators.”>*® Serum levels of the
measured hepatic enzymes were not affected by oral
administration of the aqueous extract of OM in rats
suggesting a safe use of this plant on liver. In addition,
the disruption in the levels of the hepatic enzymes in Cd
intoxicated rats was ameliorated by both post- and co-
administration with the OM aqueous extract, as there
was a significant decrease in the levels of these enzymes
in rats’ sera when compared to Cd group. However,
this effect was more profound and more effective in
the OM post-treated group, in which the levels of these
enzymes came back to approximately the normal levels.
The decreased levels of these hepatic enzymes in the
OM post-treated group suggests that the OM aqueous
extract possessed a curative and therapeutic effect, and
it is able to cure the hepatocytes from Cd-induced liver
injury and damage and subsequent leakage of enzymes
into the serum. Furthermore, the significant decrease
in the levels of these enzymes in the OM+ Cd group
suggests a chelating effect of this plant against Cd ions.
Moreover, levels of the measured hepatic enzymes in the
Cd group were not ameliorated by pre-treatment with
OM, which gives a very poor evidence that the plant
may have a protective effect against Cd induced hepatic
damage.

Whereas, no studies have examined the effect of
OM on Cd hepatotoxicity, some studies have shown its
ameliorative effects on disrupted liver enzymes of mice
exposed to other toxic elements such as lead.”” Serum
total protein represents a complex mixture containing a
number of components, which differ in properties, and
function. Hypoproteinemia is the deficiency of protein
in the plasma, partly because of dietary insufficiency,
subsequent impairment in protein synthetic machinery,
or excessive excretion.” Total protein levels are one
elementused tomonitortheliverfunction.“Inthepresent
study, there was a significant decrease in serum total
protein levels in the Cd groups compared with control.
This is in agreement with similar studies that reported
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hepatotoxicity in Cd intoxicated rats.®** The decreased
total protein maybe attributed to hepatocellular injury
or hepatic inflammation induced by Cd intoxication
and subsequently disturbed the protein biosynthesis.”
In the current study, a significant increase in serum total
protein levels was observed in OM+Cd group and OM
post-treated Cd group. However, this effect was more
profound and more effective in the post-treated group
indicating that the therapeutic ability of this plant to
stimulate the regeneration of hepatic tissue, and thus
increased protein synthesis in damaged liver cells was
more effective than its chelating effect as proposed by
other studies.®

It has been postulated that increased levels of
serum urea and creatinine is linked to kidney disease.”
Urea is the main nitrogenous end product of protein
catabolism. It represents 90% of the total urinary
nitrogen excretion. In this study, the Cd group showed
a significant increase in serum urea and creatinine that
might suggest the inability of the kidney to excrete these
products, indicating an impairment of kidney functions.
These effects could be attributed to the changes in the
threshold of tubular re-absorption, renal blood flow,
and glomerular filtration rate.* This damaging effect of
Cd on kidneys has been described by other authors.”>®
Some studies have shown increased urea concentrations
in the serum indicating reduced glomerular filtration
rate in Cd-exposed rats.®*®” It has been suggested that
CD-induced tubular damage leads to a certain degree
of interstitial nephritis, which in turn results in a
decreased glomerular filtration rate.®® In addition, it
has also been proposed that Cd exerts a direct toxic
effect on the glomerulus, and this leads to decrease in
urea and creatinine clearance.”” The obtained results
in the current study showed that the water extract of
OM had a therapeutic and chelating effect against Cd
induced kidney damage. This was obvious as there was
a significant decrease in urea and creatinine levels in
the OM post-treated group and OM+Cd group when
compared with the Cd group. This suggests a potent
therapeutic and mild chelating effect of this plant against
Cd nephrotoxicity. However, the oral administration of
the aqueous extract of OM alone to rats did not change
the levels of these parameters suggesting a safe use of
this plant on kidneys.

Many studies have reported that Cd can modulate
gene expression and signal transduction, reduce activities
of proteins involved in antioxidant defenses and
interfered with DNA repair processes.”’® The obtained
molecular results in this study showed that most of the
amplified liver genes with the 3 used arbitrary primers
were monomorphic, and few bands were polymorphic.
Polymorphic bands were observed only with the primers
NS3. There was fluctuation in the gene expression in all

the amplified genes with chi 25 primers, but a uniform
expression was shown with the amplified bands with the
other 2 primers. With the primers NS3, there were 3
up-regulated genes and a down- regulated gene. This
would lead to the fact that NS3 primer could be used as
molecular markers for genetic variability between liver
tissues subjected to different treatments with OM.

There are some limitations to this study. For
example, no histopathological assessment of the liver
and kidney tissues in treated and non-treated rat groups
was performed. In addition, no cloning or sequencing
analysis of the up and down regulated DNA bands
was carried out. This was because this research was
self-funded, and there was no fund obtained from any
source. However, these limitations should be considered
in future research. In addition to the fact that this study
points out the harmful effects of Cd on the liver and
kidney at the physiological and molecular levels, it
should motivate researchers to investigate the positive
roles of natural products other than OM that may
alleviate hepato and nephrotoxicity induced by Cd.

In conclusion, the aqueous extracts of OM exhibited
therapeutic and chelating effects against Cd induced
hepato and nephrotoxicity. However, the therapeutic
effect (post-treatment with the plant extract after Cd
exposure) was more potent than its chelating effect (co-
treatment of the plant extract with Cd). Therefore, it
could be recommended that populations exposed to Cd
can use the aqueous extract of OM.

References

1. Sullivan JB, Krieger GR, editors. Clinical environmental health
and toxic exposures. 2nd ed. USA: Williams & Wilkins; 2001.

2. Thijssen S, Maringwa ], Faes C, Lambrichts I, Van Kerkhove
E. Chronic exposure of mice to environmentally relevant, low
doses of cadmium leads to early renal damage, not predicted
by blood or urine cadmium levels. Toxicology 2007; 229: 145-
156.

3. Alvarez SM, G6émez NN, Scardapane L, Fornés MW, Giménez
MS. Effects of chronic exposure to cadmium on prostate lipids
and morphology. Biometals 2007; 20: 727-241.

4. Liu ], Qian SY, Guo Q, Jiang J, Waalkes MP, Mason RD, et
al. Cadmium generates reactive oxygen- and carbon-centered
radical species in rats: insights from in vivo spin-trapping
studies. Free Radic Biol Med 2008; 45: 475-481.

5. Jahangir T, Khan TH, Prasad L, Sultana S. Alleviation of free
radical mediated oxidative and genotoxic effects of cadmium by
farnesol in Swiss albino mice. Redox Rep 2005; 10: 303-310.

6. EyblV, Kotyzovd D, Leseticky L, Bludovskd M, Koutensky J. The
influence of curcumin and manganese complex of curcumin on
cadmium-induced oxidative damage and trace elements status
in tissues of mice. J Appl Toxicol 2006; 26: 207-212.

7. Swarup D, Naresh R, Varshney VP Balagangatharathilagar
M, Kumar P, Nandi D, et al. Changes in plasma hormones
profile and liver function in cows naturally exposed to lead and
cadmium around different industrial areas. Res Vet Sci 2007;
82: 16-21.

Saudi Med J 2011; Vol. 32 (8) 803

WWW. Smj.org.sa



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

804

Origanum majorana L. induced hepatotoxicity and nephrotoxicity ... Shati

. Valko M, Morris H, Cronin MT. Metals, toxicity and oxidative

stress. Curr Med Chem 2005; 12: 1161-1208.

. Abd-El-Baset M, Abd El-reheem A. The roles of honeybee

solution on the physiological parameters of rats exposed to
cadmium chloride. Australian Journal of Basic and Applied
Sciences 2008; 2: 1438-1453.

Abd-El-Reheem A, Zaahkcuk S. Protective effect of Vitamin C
and selenium against the toxicity induced by lead acetate on
some physiological parameters in blood of male albino rats.
Bulletin of the Physiological Society of Egypt 2007; 27: 59-76.
Asagba SO, Eriyamremu GE, Adaikpoh MA, Ezeoma A. Levels
of lipid peroxidation, superoxide dismutase, and Na+/K+
ATPase in some tissues of rats exposed to a Nigerian-like diet
and cadmium. Biol Trace Elem Res 2004; 100: 75-86.
Ognjanovi¢ BI, Markovi¢ SD, Ethordevi¢ NZ, Trbojevi¢ IS,
Stajn AS, Saici¢ ZS. Cadmium-induced lipid peroxidation and
changes in antioxidant defense system in the rat testes: protective
role of coenzyme Q(10) and vitamin E. Reprod Toxicol 2010;
29:191-197.

Lee JR, Park SJ, Lee HS, Jee SY, Seo J, Kwon YK, et al.
Hepatoprotective Activity of Licorice Water Extract against
Cadmium-induced Toxicity in Rats. Evid Based Complement
Alternat Med 2009; 6: 195-201.

Kowalczyk E, Kopff A, Fijatkowski B, Kopff M, Niedworok ],
Blaszczyk ], et al. Effect of anthocyanins on selected biochemical
parameters in rats exposed to cadmium. Acta Biochim Pol2003;
50: 543-548.

Reyes JL, Lamas M, Martin D, del Carmen Namorado M, Islas
S, Luna J, et al. The renal segmental distribution of claudins
changes with development. Kidney Int 2002; 62: 476-487.
El-Sharaky AS, Newairy AA, Badreldeen MM, Eweda SM,
Sheweita SA. Protective role of selenium against renal toxicity
induced by cadmium in rats. Toxicology 2007; 235: 185-193.
Satarug S, Garrett SH, Sens MA, Sens DA. Cadmium,
environmental exposure, and health outcomes. Environ Health
Perspect 2010; 118: 182-190.

Graham RE, Ahn AC, Davis RB, O’Connor BB, Eisenberg
DM, Phillips RS. Use of complementary and alternative medical
therapies among racial and ethnic minority adults: results from
the 2002 National Health Interview Survey. J Natl Med Assoc
2005; 97: 535-455.

Ernst E. When natural is not harmless. Int J Clin Pract 2006;
60: 380.

Shati AA, Elsaid FG. Effects of water extracts of thyme (Thymus
vulgaris) and ginger (Zingiber officinale Roscoe) on alcohol
abuse. Food Chem Toxicol 2009; 47: 1945-1949.

Shati AA, Alamri SA. Role of saffron (Crocus sativus L.) and
honey syrup on aluminum-induced hepatotoxicity. Saudi Med
J2010; 31: 1106-1113.

Shati AA, Elsaid FG, Hafez EE. Biochemical and molecular
aspects of aluminium chloride-induced neurotoxicity in mice
and the protective role of Crocus sativus L. extraction and
honey syrup. Neuroscience 2011; 175: 66-74.

Hamden K, Carreau S, Ellouz E Masmoudi H, El Feki A.
Improvement effect of green tea on hepatic dysfunction, lipid
peroxidation and antioxidant defence depletion induced by
cadmium. Afr J Biotechnol 2009; 8: 4233-4238.

Egwurugwu JN, Ufearo CS, Abanobi OC, Nwokocha CR,
Duruibe JO, Adeleye GS, et al. Effects of ginger (Zingiber
officinale) on cadmium toxicity. Afr J Biotechnol 2007; 6: 2078-
2082.

Kanter M, Coskun O, Gurel A. Effect of black cumin (Nigella
sativa) on cadmium-induced oxidative stress in the blood of
rats. Biol Trace Elem Res 2005; 107: 277-287.

Saudi Med ] 2010; Vol. 32 (8)

WWW.Smj.org.sa

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.
38.

39.

40.

41.

42.

43.

44.

45.

46.

Roth L, editor. Mosby’s Handbook of Herbs and Natural
Supplements. 2nd ed. St. Louis (MO): A Harcort Health
Sciences Co; 2002.

Wichtl M, editor. Herbal drugs and phytopharmaceuticals: a
handbook for practice on a scientific basis. 3rd ed. Boca Raton
(FL): CRC Press; 2004.

Zeytinoglu H, Incesu Z, Baser KH. Inhibition of DNA synthesis
by carvacrol in mouse myoblast cells bearing a human N-RAS.
Phytomedicine 2003; 10: 292-299.

el-Ashmawy IM, el-Nahas AF, Salama OM. Protective effect
of volatile oil, alcoholic and aqueous extracts of Origanum
majorana on lead acetate toxicity in mice. Basic Clin Pharmacol
Toxicol 2005; 97: 238-243.

Vigi E, Rapavi E, Hadolin M, Vdsdrhelyiné Perédi K, Baldzs A,
Bldzovics A, et al. Phenolic and triterpenoid antioxidants from
Origanum majorana L. herb and extracts obtained with different
solvents. J Agric Food Chem 2005; 53: 17-21.

El-Ghany A, Nanees Y. Effect of marjoram leaves on injured
liver in experimental rats. Report and Opinion 2010; 2: 181-
191.

Seth U, Dadkar N, Kamat U, editors. Selected topics in
experimental pharmacology. First ed. Bombay (India): Kothari
Book Depot; 1972.

Reitman S, Frankel S. A colorimetric method for the
determination of serum glutamic oxalacetic and glutamic
pyruvic transaminases. Am J Clin Pathol 1957; 28: 56-63.
Belfield A, Goldberg DM. Revised assay for serum phenyl
phosphatase activity using 4-amino-antipyrine. Enzyme 1971;
12: 561-573.

Szasz G. A kinetic photometric method for serum gamma-
glutamyl transpeptidase. Clin Chem 1969; 15: 124-136.
Lowry OH, Rosebrough NJ, Farr AL, Randall R]. Protein
measurement with the Folin phenol reagent. J Biol Chem 1951;
193: 265-275.

Fawcett JK, Scott JE. A rapid and precise method for the
determination of urea. J Clin Pathol 1960; 13: 156-159.

Teitz NW, editor. Fundamentals of Clinical Chemistry. 3rd ed.
Philadelphia (PA): WB Saunders Company; 1987.

Akerboom TP, Sies H. Assay of glutathione, glutathione
disulfide, and glutathione mixed disulfides in biological samples.
Methods Enzymol 1981; 77: 373-382.

Aebi H. Catalase in vitro. Methods Enzymol 1984; 105: 121-
126.

Misra HE, Fridovich 1. The role of superoxide anion in the
autoxidation of epinephrine and a simple assay for superoxide
dismutase. J Biol Chem 1972; 247: 3170-3175.

Buege JA, Aust SD. Microsomal lipid peroxidation. Methods
Enzymol 1978; 52: 302-310.

Seufi AM, Ibrahim SS, Elmaghraby TK, Hafez EE. Preventive
effect of the flavonoid, quercetin, on hepatic cancer in rats
via oxidant/antioxidant activity: molecular and histological
evidences. J Exp Clin Cancer Res 2009; 28: 80.

Abd El Fattah Al, Alamri S, Abou-Shanab RAI, Hafez EE.
Fingerprinting of Ustilago Scitaminea (Sydow) in Egypt Using
Differential Display Technique: Chitinase Gene the Main
Marker. Res J Agr Biol Sci 2009; 5: 674-679.

Abdel-Baki AS, Dkhil MA, Al-Quraishy S. Bioaccumulation of
some heavy metals in tilapia fish relevant to their concentration
in water and sediment of Wadi Hanifah, Saudi Arabia. Afr J
Biotechnol 2011; 10: 2541-2547.

Ashraf W, Nazeer Z. Heavy metals burden in kidney and heart
tissues of Scarus ghobban fish from the eastern province of

Saudi Arabia. Bull Chem Soc Ethiopia 2010; 24: 139-134.



47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Origanum majorana L. induced hepatotoxicity and nephrotoxicity ... Shati

World Health Organization. Environmental Health Criteria.
Cadmium International Programme on Chemical Safety (IPCS)
Monograph. Geneva (Switzerland): WHO; 1992.

Bassiony MM. Smoking in Saudi Arabia. Saudi Med J 2009;
30: 876-881.

El-Ashmawy IM, Saleh A, Salama OM. Effects of marjoram
volatile oil and grape seed extract on ethanol toxicity in male
rats. Basic Clin Pharmacol 2007; 101: 320-327.

Chen L, Liu L, Huang S. Cadmium activates the mitogen-
activated protein kinase (MAPK) pathway via induction of
reactive oxygen species and inhibition of protein phosphatases
2A and 5. Free Radic Biol Med 2008; 45: 1035-1044.

Ikediobi CO, Badisa VL, Ayuk-Takem LT, Latinwo LM, West
J. Response of antioxidant enzymes and redox metabolites to
cadmium-induced oxidative stress in CRL-1439 normal rat
liver cells. Int J Mol Med 2004; 14: 87-92.

Uchida M, Teranishi H, Aoshima K, Katoh T, Kasuya M,
Inadera H. Reduction of erythrocyte catalase and superoxide
dismutase activities in male inhabitants of a cadmium-polluted
area in Jinzu river basin, Japan. Toxicol Lett 2004; 151: 451-
457.

Renugadevi J, Prabu SM. Cadmium-induced hepatotoxicity in
rats and the protective effect of naringenin. Exp Toxicol Pathol
2010; 62: 171-181.

Messaoudi I, El Heni J, Hammouda E Said K, Kerkeni A.
Protective effects of selenium, zinc, or their combination on
cadmium-induced oxidative stress in rat kidney. Biol Trace
Elem Res 2009; 130: 152-161.

Casalino E, Calzaretti G, Sblano C, Landriscina C. Molecular
inhibitory mechanisms of antioxidant enzymes in rat liver and
kidney by cadmium. Toxicology 2002; 179: 37-50.
Nedorostova L, Kloucek P, Kokoska L, Stolcova M, Pulkrabek
J. Antimicrobial properties of selected essential oils in vapour
phase against foodborne bacteria. Food control 2009; 20: 157-
160.

Gaskill CL, Miller LM, Mattoon JS, Hoffmann WE, Burton
SA, Gelens HC, et al. Liver histopathology and liver and serum
alanine aminotransferase and alkaline phosphatase activities in
epileptic dogs receiving phenobarbital. Ver Pathol 2005; 42:
147-160.

Obioha UE, Suru SM, Ola-Mudathir KE Faremi TY.
Hepatoprotective potentials of onion and garlic extracts on
cadmium-induced oxidative damage in rats. Biol Trace Elem
Res 2009; 129: 143-156.

59.

60

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Chawla R. Practical Clinical Biochemistry: Methods and
Interpretations. New Delhi (India): Jaypee Brothers Publishers;
2003.

. Milner KL, van der Poorten D, Xu A, Bugianesi E, Kench JG,

Lam KS, et al. Adipocyte fatty acid binding protein levels relate
to inflammation and fibrosis in nonalcoholic fatty liver disease.
Hepatology 2009; 49: 1926-1934.

El-Maraghy SA, Gad MZ, Fahim AT, Hamdy MA. Effect of
cadmium and aluminum intake on the antioxidant status and
lipid peroxidation in rat tissues. J Biochem Mol Toxicol 2001;
15:207-214.

Eybl V, Kotyzovd D, Bludovskd M. The effect of curcumin on
cadmium-induced oxidative damage and trace elements level in
the liver of rats and mice. Toxicol Lett 2004; 151: 79-85.
Salama AE El-Bahr SM. Effect of Curcumin on Cadmium-
Induced Oxidative Testicular Damage in Rats. Journal of
Medical Research Institute 2007; 28: 167-173.

Bishop M, Duben-Engelkirk ], Fody E. Clinical chemistry:
principles, procedures, correlations. 4th ed. Philadelphia (PA):
Lippincott Williams & Wilkins; 2000.

Jurczuk M, Brzéska MM, Moniuszko-Jakoniuk J, Galazyn-
Sidorczuk M, Kulikowska-Karpifiska E. Antioxidant enzymes
activity and lipid peroxidation in liver and kidney of rats
exposed to cadmium and ethanol. Food Chem Toxicol 2004;
42: 429-438.

Satarug S, Moore MR. Adverse health effects of chronic
exposure to low-level cadmium in foodstuffs and cigarette
smoke. Environ Health Persp 2004; 112: 1099-1103.

Noonan CW, Sarasua SM, Campagna D, Kathman S§J,
Lybarger JA, Mueller PW. Effects of exposure to low levels of
environmental cadmium on renal biomarkers. Environ Health
Persp 2002; 110: 151-155.

Jarup L. Cadmium overload and toxicity. Nephrol Dial Transpl
2002; 17: 35-39.

Bertin G, Averbeck D. Cadmium: cellular effects, modifications
of biomolecules, modulation of DNA repair and genotoxic
consequences (a review). Biochimie 2006; 88: 1549-1559.
Schwerdtle T, Ebert E Thuy C, Richter C, Mullenders LH,
Hartwig A. Genotoxicity of soluble and particulate cadmium
compounds: impact on oxidative DNA damage and nucleotide
excision repair. Chem Res Toxicol 2010; 23: 432-442.

Case Reports

preferably not exceeding 15.

Case reports will only be considered for unusual topics that add something new
to the literature. All Case Reports should include at least one figure. Written
informed consent for publication must accompany any photograph in which
the subject can be identified. Figures should be submitted with a 300 dpi
resolution when submitting electronically or printed on high-contrast glossy
paper when submitting print copies. The abstract should be unstructured, and
the introductory section should always include the objective and reason why
the author is presenting this particular case. References should be up to date,

Saudi Med J 2011; Vol. 32 (8) 805

WWW. Smj.org.sa



