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INTRODUCTION

Excessive use of pesticides for
purposes, such as agriculture and public to
in adverse health
and environmental complications for both
humans and animalst. Pesticides enhance

health, has resulted

ABSTRACT

Insect control has been accomplished by insecticides many
years ago. Such insecticides can be useful in dealing with
insects in our environment; but when they are used wrongly,
they have hazards to the environment too. The current study
continues to evaluate the potential alleviative effects of
marjoram (Origanum majorana L.) on coragen-induced
alterations in hematological and hormonal parameters, as well
as renal and testicular structure, in male albino rats. Thirty
adult male albino rats (Sprague-Dawely) were randomly
separated into 3 groups (n=10). The first group received orally
1.0 mL distilled water only; the second group was treated orally
with a sublethal dose of coragen suspension (2 g/kg body
weight in 1.0 mL distilled water); and the third one was treated
orally with coragen suspension (2 g/kg body weight in 1.0 mL
distilled water) and marjoram suspension (5 g/kg body weight
in 1.0 mL distilled water) together, three times a week for
30 days. The results revealed that marjoram alleviated
significantly (P<0.05) coragen-induced microcytic anemia,
leukocytosis, thrombocythemia, hyperuricemia, kidney dys-
function, alterations in plasma hormones (sex and thyroid
hormones, as well as aldosterone levels), and histological
changes in kidneys and testes of male rats. In conclusion,
marjoram showed a notable effect against the toxicity of
coragen in male rats.

free radicals that, in turn, may react
with fatty acids (polyunsaturated) leading
lipid peroxidationt). Coragen is an
anthranilic diamide insecticide containing
the active ingredient chlorantraniliprole
(C1gH14BrCI;NsO5); it is  used against

many

the production of reactive oxygen species
(ROS) that sequentially cause oxidative

stress in different tissues. Usually high
oxidative stress reduces the action of
the antioxidant defense system and

sequentially promotes the generation of

a broad range of lepidopteran pests, such as
boll-worms and fruit-worms, but induced
broad side effects on hematological and
biochemical parameters in mammals such
as rats’®?!. Kidneys are dynamic organs that
maintain the body's homeostasis. Commonly,
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many drugs and chemical compounds can
affect their functions™*®. Kidney disease
may be related to pesticide exposure.
Although the mechanism of how pesticides
affect kidney function has yet to be clarified,
researchers believe that the accumulated
amount of pesticides leads to renal failure bY
inducing oxidative stress in the kidneys™.
Exposure to insecticides, such as abamectin,
has led to alterations in reproductive and
endocrine systems in both experimental
and wildlife!®. In addition, abamectin can be
quantified in human reproductive fluids,
including semen and ovarian follicular
fluid, causing male infertility, testicular
dysfunction, abortion, neonatal death, and
congenital defects!®. Abamectin also disrupt
the functions of the thyroid gland and
affect the circulating balance of the thyroid
hormones!®.

The use of natural antioxidants such
as herbal and natural products for
curing  pesticides-induced  hematological
changes®® and renal toxicity/injury!”’ has
been extensively studied. Sweet marjoram
(Origanum majorana L.), family Lamiaceae,
is well known to be an herbaceous and
perennial plant popular in southern Europe,
north Africa, and southwest Asia that have
strong antioxidant activity®®™!. In traditional
remedy, marjoram is used for cramps,
vertigo, gastrointestinal illnesses, depression,
nervous headache, spasmodic coughs, and
as a diuretic and to promote menstruation'®.
Furthermore, natural antioxidants  of
marjoram leaves and their extracts are
generally documented as safe and effective
in preventing lipid peroxidation/cellular
injury®*. Marjoram showed some pharma-
cological influences including hepato-
protective, cardioprotective, and immuno-
stimulating activities®*?. Recently, we

explored some protective effects of
marjoram against coragen-induced liver
injury and dyslipidemia, as well as

histopathological changes of spleen and
lungs, in male albino ratsi*®. The current
study continues to evaluate the potential
alleviative effects of marjoram on coragen-
induced alterations in hematological and

hormonal parameters, as well as renal and
testicular structure, in male albino rats.

MATERIAL AND METHODS
Experimental animals

Thirty healthy adult male albino rats
(Sprague-Dawley) aged 6-8 weeks, weighing
150-200 g, were obtained from the Dokki
Research Laboratory in Egypt. Experimental
rats were given access to a daily diet and
water ad libitum. The rats were left for
2 weeks, as acclimatization time, in plastic
cages in a well-ventilated space before the
start of the experiments.

Tested pesticide

Coragen 20 SC (20% chlorantraniliprole)
was obtained from Agrimatco (Giza, Egypt).
The dosage of coragen (2 g/kg body in
1.0 mL distilled water) was administered
orally, three times a week for 30 days, using
a stainless-steal stomach tube.

Plant material preparation

Marjoram (dried leaves) was bought at
a nearby Egyptian market. First, the dried
leaves of the plant (5 g/kg body weight)
were squashed and then suspended in
1.0 mL distilled water just before using.

Experimental design

Thirty rats were randomly separated into
three groups (n=10 each). The first group
(normal control rats) administered orally
1.0 mL of distilled water three times a week
for 30 days. The second group (coragen-
treated rats) administered orally 2 g/kg body
weight of coragen suspension in 1.0 mL
distilled water three times a week for
30 daysi*®. The third group (coragen
+marjoram-treated rats) administered orally
a mixture of coragen suspension (2 g/kg
body weight in 1.0 mL distilled water)
and marjoram suspension (5 g/kg body
weight in 1.0 mL distilled water) three times
a week for 30 days orally*?.

Sampling of blood

After 30 days of treatment, all animals were
fasted overnight and then Kkilled through
cervical decapitation, after which blood
samples are taken. Samples of whole
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blood were immediately obtained for
hematological analysis using anticoagulant
“EDTA”. Both plasma and serum samples
were prepared from anticoagulated and
coagulated blood, respectively, and kept at
—80°C for subsequent biochemical study.

Estimation of hematological parameters
By using automated hematology analyzer
(Celltac Alpha MEK-6510, Nihon Kohden,
Tokyo, Japan) the hematological parameters
were evaluated in the present study such
as: red blood corpuscles (RBC), while
blood cells (WBC), and platelets counts,
hemoglobin (Hb) content, hematocrit (Hct)
value, and mean corpuscular volume
(MCV).

Estimation of biochemical analysis

Serum uric acid, urea, and creatinine
concentrations were calorimetrically
determined using commercial kits from
ERBA Diagnostics Mannheim  Gmbh
(London, UK), Spectrum Diagnostics
(Cairo, Egypt), and Diamond Diagnostics
(Budapest, Hungary), respectively. Plasma
total and free testosterone, progesterone,
and estradiol concentrations were assayed by
a competitive chemiluminescent enzyme
immunoassay™**®. Plasma tri-iodothyronine
(T3), thyroxine (T4), and thyroid stimulat-
ing hormone (TSH) concentrations were
estimated using a chemiluminescent micro-
particle immunoassay'*’*®!. Plasma aldo-
sterone concentration was estimated using
an enzyme-linked immunosorbent assay'”".

Histological sections preparation

The kidney and the testis samples were
isolated and fixed in 10% formal saline for
a day, handled through a graded ethanol
series, and embedded in paraffin. Then
the paraffin sections were cut into slices
(5 microns thick) and stained with hemato-
xylin (H) and eosin (E) for light microscopy
examination.

Statistical analysis

Data were analyzed wusing statistical
package of social sciences (SPSS) statistics
software for windows, Version 22 (IBM
corp., Armonk, NY, USA). The significance

was calculated via one-way analysis of
variance (ANOVA), followed by Tukey’s
multiple comparison procedure. The results
were stated as the mean <+ standard
deviation, and P<0.05 was considered as
the level of significance.

RESULTS

Marjoram alleviated the changes in
hematological parameters in the coragen-
intoxicated male rats

There was a significant decrease in
hemoglobin content, hematocrit value,
and MCV after coragen administration in
comparison to the control group (P<0.05,
Table 1). Nevertheless, no statistical altera-
tions were detected in RBC counts in the
coragen-treated group compared to the
control group. On the other hand, WBC and
platelet counts were increased significantly
(P<0.05) in the coragen-treated group
compared to the control group. Marjoram
reverted all changes in the hematological
parameters in coragen-treated rats to near
the control values, except for WBC
counts, which was still significantly higher
in the coragen+marjoram-treated group
in comparison with the control group
(P<0.05, Table 1).

Marjoram alleviated
in kidney functions
intoxicated male rats
Uric acid, urea, and creatinine levels
exhibited a significant increase in response
to the insecticide when compared to the
control group (P<0.05, Table 2). Marjoram
modulated significantly (P<0.05) all changes
in uric acid, urea, and creatinine levels in
coragen-treated rats. Uric acid and creatinine
levels were still significantly higher in
the coragen+marjoram-treated group in
comparison with the control group (P<0.05,
Table 2).

Marjoram alleviated alterations in
plasma hormonal levels in the coragen-
intoxicated male rats

Plasma total and free testosterone levels
were significantly decreased in the coragen-
treated group versus the control group

the disturbance
in the coragen-
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Table 1: Effects of marjoram on some hematological parameters in coragen-treated male
albino rats.

Control Coragen Coragen+Marjoram
RBCs (10%/mm°) 8.70 + 0.52 6.61 +0.33 7.66 + 0.44
Hb (g/dL) 13.12+0.57  10.79+0.78"°  12.67 +0.40"
Hct (%) 38.32 + .49 3476 £0.72*  38.11+0.98"
MCV (fL) 49.78+3.85  4505+1.43°  50.90+1.79°
WBC (10°/mm®) 8.45+0.63  13.70+£0.93*  10.33+0.90*"

Platelets (10%mm?) 372.11+22.77 615.70 + 43.95* 461.20 + 41.11°

Data were expressed as mean * standard deviation (n=6). RBCs: red blood cells,
Hb: hemoglobin, Hct: hematocrit, MCV: mean corpuscular volume (MCV), WBCs: white
blood cells. 2P<0.05: significant difference versus the control group, "P<0.05: significant
difference of coragen+marjoram-treated group versus coragen-treated group.

Table 2: Effects of marjoram on serum uric acid (mg/dL), urea (mg/dL), and creatinine
(mg/dL) in coragen-treated male albino rats.

Control Coragen Coragen+Marjoram

Uricacid (mg/dL)  2.17+0.31 572+0.29° 3.60 % 0.83*°
Urea (mg/dL) 33.40 +4.16 43.60+3.94° 37.20 + 3.08"
Creatinine (mg/dL) 1.03+0.13 1.69+0.14* 1.26 +0.29%"

Data were expressed as mean * standard deviation (n=6). *P<0.05: significant difference
versus the control group, °P<0.05: significant difference of coragen+marjoram-treated group
versus coragen-treated group.

(P<0.05, Table 3). However, there was changes in plasma thyroid hormones
an insignificant change (P>0.05) in the levels in coragen-treated rats and reverted
plasma progesterone level after coragen the values to the control values, except for
exposure. In addition, the plasma estradiol T3 level, which was still significantly lower
level exhibited a significant increase in in the coragen+marjoram-treated group in
the coragen-exposed group compared to comparison with the control group (P<0.05,
the control group (P<0.05). Marjoram Table 3).
modulated  significantly  (P<0.05) all In addition, the plasma aldosterone
changes in plasma sex hormones levels level increased significantly (P<0.05) in
in the coragen-treated rats, but they the group treated with coragen compared
were still significantly different (P<0.05) to the control group (Table 3). However,
from that in the control values (Table 3). a significant decrease/increase (P<0.05)
Plasma T3, T4, and TSH levels was distinguished in plasma aldosterone
were significantly affected (P<0.05) in the level in coragen+marjoram-treated groups
coragen-treated rats compared to the in comparison with the coragen-treated
control group (Table 3). Marjoram group and the control group, respectively
modulated  significantly  (P<0.05) all (P<0.05, Table 3).
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Table 3: Effects of marjoram on plasma hormone levels in coragen-treated male albino rats.

Control Coragen Coragen+Marjoram

Testosterone (ng/mL) 3.78 £ 0.07 0.81+0.058  2.79+0.21*°
Free testosterone (ng/mL) 6.33+0.10 2.40+0.17° 5.16 + 0.60*°
Progesterone (ng/mL) 1.12+0.39 1.69+0.12 1.45+0.17
Estradiol (pg/mL) 17.00£0.58  21.40 +0.84° 18.50 + 0.84 *°
Tri-iodothyronine (ng/mL)  49.57 +0.45  46.70+0.67°  48.20 + 0.42*°
Thyroxine (ng/mL) 3.83+0.08 2.66 + 0.29° 3.76 £0.17°
TSH (ng/mL) 0.98 +0.52 3.00+0.21° 2.10+0.13"
Aldosterone (ng/dL) 131.40 £ 0.69 223.59 +10.57* 150.10 + 4.9*"

Data were expressed as mean * standard deviation (n=6). TSH: thyroid stimulating hormone
%P<0.05: significant difference versus the control group, °P<0.05: significant difference of
coragen+marjoram-treated group versus coragen-treated group.

Marjoram alleviated histological altera-
tions in the Kidneys and testes of the
coragen-intoxicated male rats

Examination of histological sections of the
kidneys of the control group revealed normal
structure of the renal glomeruli with normal
Bowman’s capsule and distinct urinary
space; the proximal tubules and the distal
convoluted tubules also showed normal
structure (Figure 1a). Histological examina-
tion of the kidneys of the coragen-treated
group showed marked changes such as a few
shrunken glomeruli, thus more spaces
appeared between Bowman’s capsule and
glomeruli, as well as few glomeruli with
vacuolated cells; the renal tubules showed
degenerative changes and appeared more
elongated with low cuboidal epithelium;
increased vascularity was seen in the form
of dilated and congested blood vessels
engorged with blood; there were also several
foci of inflammatory cells between the
tubules, suggestive of interstitial nephritis,
and necrosis in some areas (Figures 1b
and c). In the coragen+marjoram-treated
group the histological structure of the
kidneys were improved, whereas the distal
and the proximal tubules returned to
normal appearance; glomerulus also returned
to normal size with normal urinary space

and arranged Bowman’s capsule, except
there were some vacuolation in cells of
glomerulus and a few inflammatory cells
between tubules (Figure 1d).

Histological structure of testes from the
control group showed normal structural
organization of the seminiferous tubules,
normal spermatogenic cells, and normal
interstitial tissue with normal Leydig cells
appearance (Figures 2a and b). The testes
of the coragen-treated group showed
disturbances in the normal architecture such
as irregularity of some of the seminiferous
tubules, which were widely separated from
each other and the basement membrane
was focally separated from the overlying
germinal epithelium; widening of the
interstitium with deposition of vacuolated
acidophilic material and dilated congested
blood vessels; some spermatogenic cells
appeared disorganized with wide inter-
cellular spaces and others with deeply
stained nuclei; absence of spermatozoa in
the lumen of some tubules; and many
spermatogonia revealed deeply stained
nuclei (Figures 2c and d). On the other hand,
the testes of the coragen+marjoram-treated
group revealed signs of improvement, where
the seminiferous tubules appeared with
almost regular distribution of spermatogenic
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cells and increased number of sperms between the tubules, as well as some
compared with that of coragen-treated deeply stained nuclei of spermatogonia
group; but slight edema still present (Figures 2e and f).

h
)

b

Figure 1: Photomicrographs of sections of rat kidney stained with hematoxylin and eosin
(x400): (a) control group showing normal structure of renal glomeruli (G), bowman’s capsule
lined by squamous epithelium (arrow), distinct urinary space (S), the proximal tubules (PT)
are lined with cubiodal epithelium, and distal convoluted tubules (DT) are lined with low
cuboidal epithelium; (b) coragen-treated group showing vaculation in cells of glomerulus (G)
and in tubules (TV), increased urinary space (S), dilated blood vessel (V), degenerated
tubules (D), necrosis in some areas (N) and aggregation of inflammatory cells between
tubules (IC); (c) coragen-treated group, showing shrunken glomerulus (G) and elongated
distal tubules with low cuboidal epithelium (DT); (d) coragen+marjoram-treated group
showing improvement in architecture of kidney tissue, where glomerulus (G) return to
normal size with normal urinary space (S) and arranged Bowman’s capsule (arrow), as well
as normal distal tubules (DT) and proximal (PT), except there were some vaculation in cells
of glomerulus and few inflammatory cells between tubules (IC).
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Figure 2: Photomicrographs of sections of rat testis stained with hematoxylin and eosin (a, c,
and e: x100; b, d, and f: x100): (a) control group showing rounded to oval seminiferous
tubules (T) with normal spermatogenic cells and spermatozoa (Sz), in between there is the
interstitial tissue (IT); (b) control group showing parts of adjacent seminiferous tubules lined
by normal spermatogenic cells: spermatogonia (Sg), primary spermatocytes (Sp), spermatids
(Sd), and spermatozoa (Sz). The interstitial tissues between the tubules contained Leydig
cells (L); (c) coragen-treated group showing irregular seminiferous tubules with spermatozoa
(Sz) in some of them and wide intercellular spaces (lines), dilated congested blood
vessel (arrow), and wide interstitium (star). There is also acidophilic material (circle) and
disorganization of spermatogenic cells with no spermatozoa in the lumen; (d) coragen-treated
group showing deeply stained nuclei of spermatogonia (arrow), detached cells from the basal
layer (star), and vacuolated acidophilic material (circle); (e) coragen+marjoram-treated group
showing signs of improvement in the form of increased spermatogenic cell layer (arrow) with
increased spermatozoa bundles in the lumen (Sz). Some tubules are still affected (star) and
slight edema between tubules (O); (f) coragen+marjoram-treated group showing adjacent
seminiferous tubules with signs of regeneration, where the seminiferous tubules (T) appeared
with almost regular distribution of spermatogenic cells (thin arrow) and increased number of
spermatozoa (Sz), but slight edema present between tubules (O), and some deeply stained
nuclei of spermatogonia still present (thick arrows).
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DISCUSSION

In the present study, a decrease in Hb
content, Hct value and MCV values is
indicative of microcytic anemia. Other
studies also reported anemia in rodents
treated with various pesticides such
as dichlorvos and abamectin®??. They
suggested that the resulted anemia may be
related to the excessive destruction of red
blood cells beyond the bone marrow
production capacity and the decline in the
body iron content!**??. In the current study
the RBCs count was not significantly
affected, however the Hct value and MCV
were significantly decreased, indicating that
the problem was due to the decrease in
the size of RBCs, and hence their capacity
to carry Hb. In addition, thrombocytosis
and leukocytosis have also been found in
coragen-treated group. In contrast to our
results, Kumar et al.”! reported that coragen
decreased significantly the WBCs count, as
a result of problems in the development of
the stem cells. In our study, leukocytosis
might be attributable to inflammation-tissue
necrosis. In addition, a stimulation of the
immune defense mechanism of the animal
may be suggested.

Uric acid, urea, and creatinine are
protein catabolism waste products that
need to be excreted by the kidney!".
Therefore, the significant increase in serum
levels of such parameters as noticed after
coragen administration in the present study,
confirmed a disturbance in kidney functions.
Dutta et al.’) suggested that the kidney
dysfunction of coragen-treated rats could
possibly arise as a consequence of oxidative
stress.

Earlier studies have exhibited that
some insecticides were capable of inducing
functional changes and hormonal variations
in the sexual organs'®®l. Administration of
a sublethal dose of coragen adversely
affected the reproductive function of male
rats by a significant decrease in total and
free plasma testosterone levels. Fattahi
et al.l”*l also showed that some insecticides
such as diazinon reduced the levels of total
and free testosterone in male mice, which

may be attributable to a direct impairment
of insecticide on leydig cells which
encompass approximately 17% of the
interstitial tissue in rats besides they are

considered to be the main place of
testicular  androgen.  Meanwhile, our
findings showed an elevation of the

progesterone and estradiol levels in coragen-
treated rats. This elevation of these steroids
hormones could be ascribed to the
occurrence of vacuolation along with the
hypertrophy of the adrenal cortex that
increased the steroidogenic activity™®".
Some insecticides, such as dicofol, showed
a direct effect on the testes or, in other way,
on the hypothalmo-hypophyseal testicular
axis®. Furthermore, the estrogenic activity
may be formed as dicofol raise the
estradiol level through binding to estrogen
receptors or by a direct effect on sertoli
cells, then decreased 3-hydroxy-steroid-
dehydrogenase activity to decrease the
conversion of estradiol to androgen(®*!,

A wide range of insecticides have
been linked to the thyroid hormones
disturbance in rats. These insecticides
alter the levels of thyroid hormones
through affecting the thyroid gland,
otherwise through an elevation of peripheral
elimination of thyroid  hormones??®.
Coragen-exposed rats had significant
lower plasma T3 and T4 levels, as well
as a significantly higher plasma TSH
level when compared to control group.
El-Kashoury et al.*! suggested that
lower T4 level may be attributed to
hypothyroidism, subsequently the thyroid
gland failed to manufacture the T4
because of the iodine deficiency, as well
as increased rate of T4 removal from
the blood due to increased deiodination
and the biliary excretion of the T4
by insecticides. Abou El-Magd et al.l*®
mentioned in their work that the activity
of hepatic type 1 iodothyronin 5"-mono-
deiodinase was decreased, thus converting
of T4 to the more effective T3 was

also decreased with an increase in TSH
level. Moreover, the high TSH level
attributed to an increase in hepatic
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microsomal thyroxine uridine 5'-diphospho-
glucuronosyltransferase activity, which led
to increase glucuronidation and elimination
of the T4*"),

Generally, an aldosterone plays an
essential part in the adjustment of blood
pressure and the stability of electrolytes
and fluids in the blood®. Our present study
showed a significant increase in the plasma
aldosterone level of coragen-treated rats
compared to the control group. Meligi and
Hassan'®! indicated that some insecticides
such as abamectin increased the aldosterone
level (hyperaldosteronism) in male rats,
which may be due to hyperactivity in
an adrenal gland. In addition, there are
several health problems including hyper-
tension and low levels of potassium in the
blood due to hyperaldosteronism!.

In the current study, rats treated with
coragen showed histopathological changes
in the Kidneys. The detected changes
were reduction in the glomeruli size,
accompanied by a widening of the urinary
spaces. The same results were observed
by Rekha et al.®¥ in chlorpyrifos-exposed
experimental animals. Decreased the
glomeruli size may have been due to
nephron-toxicant that leads to renal
vasoconstriction. Moreover, since the renal
tubules are the most common site of the
renal toxicity; it is well known that
xenobiotics have the ability to selectively
accumulate in the renal tubules. After the
xenobiotics administration, the separation of
damaged cells from the basement membrane
of the tubules may be due to the toxicant
effect, which has induced changes in the
membrane solidity, ATP depletion, and
cytoskeleton component®®.  Furthermore,
tubular degeneration, tubular vacuolization,
and necrosis were noticed in the current
study in coragen-treated animals. These

changes may have resulted from the
functional  disorders caused by the
toxicants on the renal cell that made

them unable to transport ion pumpst®®.
Also, our results revealed that administration
of coragen caused leakage of lymphocytes
in the renal interstitial space of rats. This

leakage of such an inflammatory cell
type may be due to hypersensitivity of
interstitial nephritis following administration
of a toxic drug®”. We also noticed that
blood vessels have been dilated, and this
may be an attempt to detoxify the blood.

Our current study showed histo-
pathological changes in the testes of
coragen-treated rats such as irregular
seminiferous tubules, wide intercellular
spaces, dilated congested blood vessels,
and wide interstitium. There were also
acidophilic material and disorganization of
the spermatogenic cells with no spermatozoa
in the lumen, deeply stained nuclei of
spermatogonia, and detached cells from
the basal layer in coragen-treated animals.
In addition, Debnath and Mandal®®!! reported
similar changes by exposing rats to
organochlorine chlordane, which caused
disturbance in the testicular tissues and
decreased the size of seminiferous tubules.
In addition, Sheweita et al.* and Nose!®*®
reported that over-production of oxidizing
substances such as ROS may result in
apoptosis or necrosis. As proposed by
Latchoumycandane and Mathur®!, oxidative
stress may represent a specific mechanism
for certain testicular cells in endocrine
disruptor-mediated dysfunction. Further-
more, Babazade and Najafi® reported that
the toxicity of different insecticides like
chlorpyrifos may lead to the inhibition of
production of mitochondrial ATP during the
uncoupling of oxidative phosphorylation
resulting in production of ROS that lead to
tissue destruction and oxidative stress.
They reported that sperms are the site of
manufacturing ROS; random production of
ROS produced distortions of sperms, decay
of spermatogenic cells, and sterility™. They
also reported that insecticides showed
decomposition effects that may reduce the
epithelium thickness of the seminiferous
tubulest®!.

To a much greater extent, the
hematological indices, kidney functions,
and testicular structure of coragen-treated
animals were improved by marjoram. This
therapeutic role of marjoram regarding the
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hematological parameters may be related to
their phytochemical components that led to
an increase in the Hb synthesis, as seen in
the current study. Shati®® reported that the
administration of the aqueous extract of
marjoram improved kidney functions in
cadmium-treated rats. He suggested that the
water extract of marjoram had a therapeutic
and chelating effect against cadmium-
induced nephrotoxicity™®. Previous study
indicated that marjoram essential oils had
a considerable free radical scavenging
activity, thus protecting the organs of
the body from injury associated with
dietary obesity!®"). The synthetic compounds
or drugs are often tried to overcome
the infertility problems. Some of these
compounds are produced from medicinal
plants or their extracts and are increasingly
used to protect the sexual organs or treat
the hormonal disturbance. In this context,
the administration of marjoram to coragen-
treated rats was functioning in adjusting
the plasma levels of sex hormones to
a considerable degree. El-Wakf et al.l*"!
reported a similar increase in the
testosterone hormone level by marjoram
that could be attributed to the direct
effect of marjoram extracts on the
hypothalamus-pituitary-testis axis. Further-
more, they demonstrated that marjoram is

a rich source of terpenoids, asthymol,
carvacrol, 4-terpineol, y-terpinene, -
terpinene. These terpenoids are natural
products belonging to the chemical

group of terpenes that are the main
active constituents of marjoram essential
oil and have an obvious role in
controlling biosynthesis of the testosterone
hormone and hence normalizing the male
fertility™".

In our current study, the coragen
+marjoram-treated rats had a significantly
higher plasma T3 and T4 levels, as well
as a significantly lower plasma TSH and
aldosterone levels when compared to
coragen-treated group. Ahmed et al.*®
reported a significant increase in thyroid
hormones levels (T3 and T4), while
a significant decrease in TSH level in obese

rats administrated marjoram water extract
when compared to obese-control group.
They concluded that marjoram extract had
a high content of phenolic compounds that
are useful for treating obesity accompanied
by hyperlipidemia due to their direct
effect on lipid metabolism thus improved
the thyroid gland activity™®. Moreover,
Bina and Rahimi®¥ suggested that the
marjoram leaves had a significant
antioxidant properties and hormonal activity
due to their phenolic compounds such as
flavonoids (quercetin, kaempferol, catechin,

luteolin, and apigenin) and glycosides
(kaempferol-3-O-glucoside and quercetin-3-
O-glucoside).

In the present study, most histo-
pathological  alterations  induced by
coragen were markedly amended by

supplementation with marjoram whereas;
kidneys and testes histological sections of
the rats treated with marjoram showed
noticeable development in comparison with
the coragen-treated group. Abdelsalam
et al stated that marjoram had
a renoprotective activity, since the renal
lesions were small and limited to
vacuolization of the renal tubular epithelium
in rats co-administered adenine with
marjoram oil. Marjoram administration
reduced the intensity of histopathological
changes such as the aggregation of focal
inflammatory cells between the renal
tubules®”. This enhancement can be linked
to marjoram's strong antioxidant activity
and high capacity to scavenge ROS,
which play an important role in reducing
lipid peroxidation and inflammation, and
hence tissue injury®* Improvement in
the testicular tissue can be related to the
active constituents of marjoram, mainly
phenolic terpenoids®”. In the herbal or
dietary plants, there are numerous bioactive
terpenoids that modulate the activity of
peroxisome proliferator-activated receptors
(PPARs), which are ligand-dependent
transcription factors belonging to the nuclear
receptorsi®”. In mammals, there have been
identified three subtypes of PPARs, a, 0o,
and vy, which are known to play a multitude
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of essential roles in the ener?y homeostasis
and the reproductive functiont®!.

In conclusion, based on the present
data exposure of rats to the sublethal dose
(2 g/kg body weight) of coragen has altered
some hematological indices, biochemical
parameters, and hormonal profiles, as well
as induced histopathological changes in the
kidneys and the testes. Subsequently,
administration of marjoram (5 g/kg body
weight) induced marked alleviative effects
against coragen's harmful consequences.
Accordingly, marjoram might be one of
the most potent solutions against coragen
toxicity as shown in the current experimental
study.
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