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Abstract: Chronic liver diseases are common worldwide and are characterized by a progressive evolution from
steatosis to chronic hepatitis, fibrosis, cirrthosis and hepatocellular carcinoma. The aim of the current study was
to evaluate the total phenolic compounds, the antioxidant properties and the hepatorenoprotective potential
of thyme vulgars extract against aflatoxins-induced liver damage. Six groups of male Sprague-Dawley rats were
treated for 6 weeks including the control; the group fed AFs-contaminated diet (2.5mg/kg diet), the groups
treated orally with thyme extract at low (TE1) and high (TE2) doses (500 and 1000 mg/kg b.w) and the groups
treated orally with TE1 and TE2 one week before and during AFs treatment for five weeks. The results showed
that the ethanol extract contained higher phenolic compounds and possessed higher DPPH radical scavenging
activity than the aqueous extract. Animals fed AFs-contaminated diet showed significant disturbances in serum
biochemical parameters, inflammatory cytokines, the histological and histochemical pictures of the liver and
kidney accompanied by a sigmficant mcrease m MDA and a sigmficant decrease in SOD and GPx m liver.
Thyme extract succeeded to improve the biochemical parameters, inflammatory cytokines, decreased the
oxidative stress and improved the histological pictures in the liver and kidney in rats fed AFs-contaminated diet
in a dose dependent manner. Tt could be concluded that thyme wvulgaris extract has potential
hepatorenoprotective effects against aflatoxins due to its antioxidant properties and radical scavenging activity.
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INTRODUCTION Taiwan [3], have further substantiated this

idea.

Aflatoxins (AFs), a group of mycotoxins produced by
the common fungi Aspergillus flavis and Aspergillus
parasiticus, are established human hepatocarcinogens
and well-known hepatocellular carcinoma (HCC) risk
factors when present in foodstuffs [1]. A significant
association between aflatoxin B, (AFB,) contamination of
food and the high frequency of human liver cancer in
many developing countries has been established [2].
Several epidemiological studies m areas of high aflatoxin
exposure, particularly in Africa, Southern China and

Retrospective evaluation of data from Kenya (low
altitude), Thailand and Mozambique shows that the
annual liver cancer rates are 2-4, 0-6 and 4-25/ 100,000,
respectively [1]. In Egypt, there is a growing incidence of
HCC (per 100,000) of 10-120/ 100,000 [4] and HCC 1s
considered the leading cause of death from all other
cancer sites [5]. Hospital based studies from Egypt have
reported an increase in the relative frequency of all liver-
related cancers m Egypt (>95% as HCC), from 4.0% in
1993 to 7.3% m 2003 [6]. Although the maximum
permissible level of AFB, in foodstuffs is 20 pg/kg [7],
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AFB, concentrations several times in excess of this level
have been reported in common staple foods in many
African countries [&].

AFB, 1s classified by the International Agency of
Research on Cancer as Group 1 human carcinogen and
induced hepatocellular carcinoma [9, 10]. The toxic
AFB-8,
biotransformation of AFB, by liver microsomal enzymes.
The toxic effects of aflatoxing mostly arise from the
binding of this particular epoxide derivative to DNA [11].
Moreover, exposwre to AFs may lead to biological

metabolite 9-epoxide  results  from

activities, such as oxidative stress, acute toxicity,
teratogenicity, mutagenicity and carcinogenicity [12-15].

Tt has been well documented that drug-metabolizing
enzymes (phase-I and phase-ll enzymes) and AFB -
adduct formation can be changed by natural constituents
of the diet, nutrients, phytochemicals and xenobiotics [15,
16]. Phenolic phytochemicals are thought to promote
optimal health partly via their antioxidant and free radical
scavenging  effects thereby  protecting
components against free radical induced damage. But due

cellular

to their diverse chemical structures, they are likely to
possess different antioxidant capacities [17].

Thyme has been commonly used in foods mainly for
the flavor, aroma and preservation and also in folk
medicine since the ancient Greeks, HEgyptians and
Romans. The leafy parts of thyme belonging to the
Lamiacea family are often added to meat, fish and food
products and also used as herbal medicinal products [18].
Evidence based research postulate that thyme possesses
numerous biological activities ncluding antispasmodic
[19], antimicrobial [20], antioxidant [21] and antifungal
[22]. Moreover, thyme extract possess antioxidant activity
and inhibits lipid peroxide formation [23]. The aims of the
current study were to determine the total phenolic
content, the radical scavenging activity of the ethanolic
extract of thyme in vitro and to evaluate the protective
effects of the extract against liver damage in rats fed AFs-
contaminated diet.

MATERIALS AND METHODS

Chemicals and Kits: Alamne aminotransferase (ALT),
Aspartate  aminotransferase  (AST),  Glutathione
peroxidase (GPx) and Superoxide dismutase (SOD)
measuring kits were purchased from Randox, (Antrim,
UK). Alkaline phosphatase (ALP), Total protein (TP),
Albumin and Creatinine measuring kits were purchased
from QCA, (AMPOSTA, Spain). Urea was purchased from
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Prodia, (Korbach, Germany). Lipid peroxide formation was
evaluated as malondialdehyde (MDA) and was purchased
from Oxis Research™ Co., (USA). Alpha fetoprotein
(AFP) was purchased from Monobind Inc, (Lake Forest,
USA). Interleukin-1 (IL-1p) and Tumor Necrosis Factor-
alpha (TNF-alpha) were purchased from Orgenium
(Helsinki, Finland). All other chemicals were of the lughest

analytical grade available.

Aflatoxin Preparation: The aflatoxin was produced via
fermentation of rice by Aspergillus parasiticus NRRL
2999, The fermented rice was autoclaved, dried and
ground to a powder and the aflatoxin content was
measured by the use of HPLC [24]. The rice powder was
incorporated into the basal diet to provide the desired
level of 2.5 mg/kg diet. The diet contamning the aflatoxins
was analyzed and the presence of parent aflatoxins was
confirmed and determined as mentioned above.

Plant Material: Thyme (T/hvmus Vilgaris) was purchased
from a local market. The plant was identified by the
Department of Medicinal Plants, National Research Center
and the voucher was kept in the herbarium of NRC.

Preparation of Thyme Extracts: Dried and ground flowers
and leaves of thyme (Thymus Vulgaris) (50 g) were
subjected to extraction with 400 ml of ethanol (95%) or
distilled water for 48 hrs. The extracts were filtered and the
ethanol extract was concentrated under the reduced
pressure of nitrogen and completely evaporated in a
vacuum oven at a temperature not exceeding 40 °C [19]
until constant weights were obtained for the ethanol
extract. The aqueous extract wad dried using Freeze Dryer
system (Dura-Dry Freeze Dryer, Model PAC-TC-V4; FTS
systemn, Inc., Stone Ridge, NY. USA).

The
concentration of phenolics in the extracts was determined
using the method of Jayaprakasha and Rao [25].
Estimation

Determination of Total Phenolic Contents:

of phenolic compounds catechin
equivalents (CE) was carried out using standard curve of

catechein [26].

das

Radical Scavenging Activity (RSA) by 1,1-diphenyl 1-2-
picryl Hydrazyl (DPPH) Assay: Crude extracts was
dissolved in methanol to obtain a concentration of 200
ppm and 0.2 ml of this solution was completed to 4 ml by
MeOH and 1 ml of DPPH {(6.09x10° mol/L) selution in the
same solvent was then added. The absorption was
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monitored after 10 min at 516 nm. The reference sample
(Blank) was 1 ml of DPPH solution and 4 ml MeOH. The
capacity of antioxidants to quench DPPH radical was
determined according to Nogala-Kalucka et af. [27] and
calculated according to the following equation:

RSA % =
absorbance of extract sample) / absorbance of control
sample x 100.

(Absorbance of control sample -

Experimental Animals: Three-month old male Sprague
Dawley rats (100-150 g) were purchased from Animal
House Colony, National Research Centre, Cairo, Egypt.
Animals were maintained on standard lab diet (protein:
160.4; fat: 36.3; fiber: 41 g/kg of metabolizable energy 12.08
MTI) and housed in filter-top polycarbonate cages m a
room free from any source of chemical contamination,
artificially illuminated (12h dark/light cyele) and thermally
controlled (25+ 1°C) at the Amimal House Lab., National
Research Centre. After an acclimatization period of 1
week, the animals were divided into six groups (10
rats/group) and all animals received humane care in
compliance with the guidelines of the Amimal Care and
Use Committee of the National Research Center.

Experimental Design: Animals within different treatment
groups were treated daily for 6 weeks mcluding the
control, the group fed AFs-contaminated diet (2.5 mg/kg
diet), the groups treated orally with the low (TE1) and
high (TE2) dose of thyme extract (500 and 1000 mg/kg b.w)
and the groups pretreated orally with thyme extract at the
two tested doses one week before and during AFs
treatment for another five weeks. At the end of the
treatment period, all animals were fasted for 12 hr and
blood samples were collected from the retro-orbital
venous plexus from each ammal under ether anesthesia.
Blood samples were left to clot and the sera were
separated using cooling centrifugation at 3000 rpm for 15
mun and stored at -20 °C until analysis. The sera were used
for the determmation of ALT emd AST, ALP, total protein,
albumin, urea, creatinine, AFP, TNF-¢ and IL-1p
according to the kits instructions.

After collection of blood samples, all ammals were
killed by cervical dislocation and sample of the liver was
weighed (approximately 0.05-0.1 g) and homogenized in
phosphate buffer (pH 7.4) to give 20 % w/v homogenate.
This homogenate was centrifuged at 1700 rpm at 4 °C for
10 min and the supernatant was stored at -70 °C until
analysis. This supernatant was used for the assessment
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of GPx, MDA and SOD according to the kits instructions.
Another sample of each liver was removed and placed in
10 % of natural formalin for lnstological and listochemical
studies [28].

Statistical Analysis: All data were statistically analyzed
by analysis of variance (ANOVA) using the General
Lmear Model Procedure of the Statistical Analysis System
[28]. The significance of the differences among treatment
groups was determined by Waller-Duncan k-ratio [30]. All
statements of significance were based on probability of
P< 0.05.

RESULTS

Total Phenolic Content and DPPH Scavenging Activity:
The results presented in Table (1) revealed that the yield
and the total phenolic content of ethanolic extract of
thyme were higher than that obtained from the aqueous
extract. Moreover, the DPPH scavenging activity of the
ethanolic extract demonstrated higher radical scavenging
activity than the aqueous extract. Therefore, the ethanolic
extract was used for the biological assay.

The Biological Assay: No animal mortality was observed
in any of the groups treated with thyme extract alone at
the two tested doses or the groups treated with thyme
one week before and during the AFs treatment. The effect
of different treatments on body weight changes was
depicted in fig (1). Animals fed with AFs-contaminated
diet showed a significant decrease of the body weight
whereas, amimals treated with TEl or TE2 were
comparable to the control. Animals fed AFs-contaminated
diet and treated with TE] or TE2 succeeded to normalize
body weight. The results also indicated that amimals fed
AFs-contaminated diet showed a significant decrease in
food intake. treated with TEl
insignificant decrease in food intake however; those
treated with TE2 were comparable to the control. The
administration of TE1 or TE2 one week before and during
AFs treatment resulted in a significant improvement in

Ammals showed

food intake. This improvement was more pronounced in
the group treated with TE2 (Fig. 2).

The effects of different treatments
biochemical parameter were depicted in table (2). The

Ol SCruin

results indicated that animals fed with AFs-contaminated
diet alone showed a significant increase in serum ALT,
AST, ALP, urea, creatimne and AFP accompanied with a
significant decrease in total protein and albumin.
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Table 1: Yield, total phenolic compounds and DPPH radical scavenging activity of the ethanol and aqueous extracts of Thyme vilgaris

Extract Parameter

Ethanolic extract

Adqueous extract

Yield (g/100 g plant) 1949 £ 047 21.85+£0.48
Total phenolic compounds (ug/ g) 41333+3.54 403 +£3.34
DPPH radical scavenging activity (%6) 72.33 51.30

Table 2: Effect of ethanol extract of Thyme on serum biochemical parameters.

Group Parameter Control AFs TE1 TE2 TE1+ AFs TE2+ AFs
AST (Ufml) 246.40+ 2.42¢ 33520537 230.0+12.28 240.60 + 6.42¢ 303.2+ 3.3%° 264.76 = 2.43¢
ALT (U/ml) 7740+ 1.75 129.60 +3.93¢ 72.6+£3.17 75.32+3.75 105.0+ 4.95° 87.64+ 243
ALP (U/L) 103.45+ 5.01* 193.70 £ 6.26° 103.93£4.14* 102.54 £ 4.34 139.91+4.24¢ 113.94+ 3 424
TP (mg/dl) 10.85+ 1.24° 4.64 £ 026 10.13+ 0.66* 10.83+1.23* 8,92+ 0.28 9.98+0.73
Albumin (mg/dl) 3.23+£019% 1.67+0.11° 312+ 0.0 332021 247+ 0.16° 3.12+021*
Urea (mg/dl) 1.47+0.120 2.76+0.35° 1.60+ 0.14° 1.81+£0.22 1.49+ 0.1(¢ 1.42+0.21*
Creatinine (mg/dl) 0.71+£0.11* 2.54£0.11° 0.74 4 0.14% 0.724+0.12¢ 1.94 £ 0.02° 0.93 £ 0.041
AFP (ng/ml) 1.63 £ 0.0 387+£017 1.54 £ 0.05 1.33£0.04 223+ 0.11° 1.53 £0.21*

Within the row, means superscripts with different letters are significantly different atp < 0.05.
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Fig. 1: Effect of the treatment with ethanol extract of thyme vulgaris on body weight of rats fed AFs-contaminated diet
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Fig. 2: Effect of the treatment with ethanol extract of thyme vulgaris on food mtake of rats fed AFs-contaminated diet.

Amimals treated with the TE1 or TE2 were comparable to
the controls in all biochemical parameters except AST
(Group TE1) which was decreased sigmficantly compared
to the control group. Administration with the extract at the
two tested doses one week before and during the AFs
treatment succeeded to induce a sigmficant improvement
in all parameters towards the control values. This
umprovement was more pronounced in the group receiving
TE2.

The cumrent results indicated that animals fed
AFs-contaminated diet showed a significant decrease in
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glutathione peroxidase (GPx) and superoxide dismutase
(SOD) accompanied with a significant increase in MDA
(Table 3). Ammals treated with TE1 or TE2 alone showed
ingignificant increase in SOD while those treated with TE1
displayed a significant increase in GPx accompanied with
a significant decrease in MDA, On the other hand, the
effects of different treatments on inflammatory cytokines;
TNF-¢¢ and IL-1p (Table 4) revealed that TNF- ¢ and
I.-1p were significantly increased in animals fed
Afs-contaminated diet however, ammals treated with
TEl or TE2 were comparable to the control group.
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Table 3: Effect of ethanol extract of Plyme on liver antiozdants and lipid perowm dation

Group Parameter Contral AFg TE1 TE2 TEl+ AFs TEZ + AFs
50D (Uimg liver protein) 298 94 £ 1279 164.23 £ 3.04° 0286 £ 13446 3153221153 234 36 £ 4 .06° 255421093
GPx (Ulmg liver protein) ILTT 24P 1534 £ 1.19" 4266+ 121° 48.65 + 2.32° 3005+ 2410 33.07: 1.21°
MDA (nmolfmg liver protein) 35+ 1.28° 90,29+ 1.52° 2699+ 227 2243 £0.53° 58.68+£4.919 4287 £ 253
Within the row, means superscripts with different letters are significantly different atp < 0.05.

Table 4; Effect of ethanol extract of Thyme on serum inflammatory cytokines

Group Parameter Control AFs T1 T2 T+ 4Fs T2+ Afs
THNF-z (pg/ml) al37x 281 123132610 6107207 6072 £ 1.32* 5485 £ 2.28° J232 £ 1.54¢
IL-1[3 (pafml) 0.63 £ 0.04* 1.93+0.08 065+ 004 DAa0£002> 075£005 Da7£001*

Within the row, means superscript with differentletters are significantly differentatp ¢ 0.05.
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Fig. 3: A photomicrograph in liver section from (A) a control rat showing the central vein and the hepatocytes, (B) a rat
fed AFs-contaminated diet showing the dizorganization and damage in hepatocytes architecture mainly in the
portal area around the portal tracts (D) with normal hepatocytes in the central vein area (N), (C) a rat fed
AFs-contaminated diet showing hepatocytes necrosis (N), apoptosiz (vellow arrows) and fibrosis around the
blood vesszels (F), (D) a rat treated with TE1 or TE2 alone showing hepatocytes with normal architecture in the
central and the portal veins, (E) a rat fed AFs-contaminated diet and freated with TE1 showing the normal
hepatocytes with vesicular nuclei and evident mononuclear cellular infiltration around the central vein and (F)
a rat fed AFs-contaminated diet and treated with TE2 showing marked improvement in hepatocytes architecture
and the nuclei have normal cytoplasm with vesicular nuclei.

The administration of TE1 or TE2 one week before and
during AFs treatment succeeded to induce a significant
improvement in TNF-¢ and IL.-1[ towards the normal level
although TNF-a and IL-1[3 in the group receiving TE1and
TNF-g in the group receiving TE2 were still higher than
the control in the group receiving TE1.

The histological examination of the liver section in
the control rat showed normal central vein and
hepatocytes (Fig. 3A). The liver of animals fed AFs-
contaminated diet showed disorganization and damaged
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hepatocytes architecture mainly in the portal area around
the portal tracts with some normal hepatocytes in the
central vein area (Fig. 3B). Some sections in the same
group showed hepatocytes necrosis, apoptosiz and
fibrosis around the blood wvesszels (Fig. 3C). The
microscopic examination of the liver sections in the
animals treated with TE1 or TE2 alone showed
hepatocytes with normal architecture in the central and
the portal veins (Fig. 3D). The liver sectionsin the animals
freated with TEl one week before and during AFs
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Fig. 4: Photomicrographs in liver sections stained with Periodic-Sheif reagent-stain (PAS) for glycogen demonstration
from (A) control rats showing a strong reaction of PAS, (B) rats fed AFs-contaminated diet showing a weak

reaction in the damaged cell while a strong reaction in intact cells, (C) rats treated with TE1 showing a strong

reaction of PAS stain in hepatocytes, (D) rats treated with TE2 showing a strong reaction around the central vein
and a weak reaction around the portal tracts, (E) rats fed AFs-contaminated diet and treated with TE1 showing
that the hepatocytes are saturated with strong reaction in different areas and (F) rats fed AFs-contaminated diet

and treated with TE2 showing strong reaction in the intact cells. (PAS reaction x 100)

treatment showed the normal hepatocytes with vesicular
nuclei and evident mononuclear cellular infiltration around
the central vein (Fig. 3E). Moreover, animals treated with
TE2 before and during AFs treatment showed marked
improvement in hepatocytes architecture and the nuclei
have normal cytoplasm with vesicular nuclei (Fig. 3F).
The microscopic examination of liver sections stained
with Periodic-Sheif reagent stain (PAS) for glycogen
demonstration revealed that the control liver showed a
strong reaction in the liver section (Fig 4A). The liver of
fed AFs-contaminated diet showed a weak
reaction in the damaged cell while a strong reaction was
noticed in intact cells (Fig 4B). The liver of the animals
treated with TE1 showed a strong PAS reaction in
hepatocytes (Fig. 4C). Moreover, liver sections of rats
treated with TE2 alone showed a strong reaction around

animals

the central vein and a weak reaction around the portal
tracts (Fig. 4D). The liver of the animals fed AFs-
contaminated diet and treated with TE1 showed that the
hepatocytes were saturated with a strong reaction in
different areas (Fig. 4E). However, the liver section of
animals treated with TE2 before and during AFs treatment
showed a strong reaction in the intact cells (Fig. 4F)
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The histological examination of the kidney section of
the control group showed the normal renal tubules and
normal glomeruler capsule with urinary space (Fig. 5A).
The kidney sections in the animals fed AFs-contaminated
diet showed tubular shrunken with lumen obliteration,
tubular epithelial cells and glomeruler cells are vacuolated
with pyknotic nuclei (Fig. 5B). Some proximal and distal
tubules have hyaline casts and cellular debris in their
lumen (Fig 5C). The kidney sections in the animals treated
with TE1 or TE2 showed normal structure in most of
proximal and distal tubules and a renal corpuscle (Fig. 5D).
The examination of the kidney sections in the animals
treated with TE1 before and during AFs treatment showed
increased in interstitial hemorrhages, nearly nommal
tubules and expanded glomeruler cellularity (Fig. SE).
However, animals treated with TE2 before and during AFs
treatment showed marked improvement in renal tubules
and Bowman capsules with normal basement membrane
and urinary space (Fig. 5F).

The histochemical examination of kidney sections
stained with Periodic-Sheif reagent-stain (PAS) for
catbohydrates demonstration manifested by the purple
color showing the differences in the amount of mucin
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Fig. 5: Photomicrographs in a kidney from (A) control rats showing the normal renal tubules and normal glomeruler
capsule with urinary space, (B) rat fed AFs-contaminated diet showing tubular shrunken with lumen
obliteration, tubular epithelial cells and glomeruler cell are vacuolated with pyknotic nuclei (arrow), (C) rats fed
AFs-contaminated diet showing that some proximal and distal tubules have hyaline casts and cellular debris in

their lumen, (D) rats treated with TE1 or TE2 showing the normal structure in most of proximal and distal tubules

anda renal corpuscle, (E) rats fed AFs-contaminated diet and treated with TE1showing the improvement in most

of proximal and distal tubules and glomeruli {(G), few tubules are still exhibiting necrosis in the epithelial cell lining

and (F) rais fed AFs-contaminated diet and treated with TE2 showing marked improvement in renal tubules and

Fig. 6: Photomicrographs of kidney sections stained with Periodic-Sheif reagent-stain (PAS) for carbohydrates
demonstration form (A) control animals showing positive reaction of PAS in the basement membrane of the
tubules and Graffian follicles (G) and tubular brush border (b) and tufts (T), (B) animals fed AFs-contaminated
diet showing positive reaction in some tubules and glomeruli others showing decrease in reaction brush border,
{C) animals treated with T1 showing positive reaction in some tubules and glomeruli, (D) animal s treated with TE2
showing positive reaction in some tubules and glomeruli, (E) animal fed AFs-contaminated diet and treated with
TE1 showing positive reaction in different previous areas, low reaction in some epithelial cells lining tubules and
(F) animal fed AFs-contaminated diet and treated with TE2 showing positive strong reaction in some tubules and
glomeruli. (PAS reaction x 100)
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reaction in tubular basement membrane and brush borders
or n glomeruler basement membrane and tufts m different
groups. The results of PAS stain in the control group
revealed that the kidney showed a positive reaction in the
basement membrane of the tubules and Graffian follicle,
tubuler brush border and tufts (Fig. 6A). Ammals fed
AFs-contaminated diet showed positive reaction in some
tubules and glomeruli, others showed decrease in reaction
brush border (Fig. 6B). The kidney of the animals treated
with TE]1 or TE2 showed positive reaction in some tubules
and glomeruli, others showing decrease in brush border
reaction (Figs. 6C, D). However; the kidney of rats fed
AFs-contaminated diet and treated with TE1 showed
positive reaction n different previous areas, low reaction
in some epithelial cells lining tubules (Fig. 6E). Moreover,
ammals treated with TE2 before and during AFs treatment
showed marked improvement in renal tubules and
Bowman capsules with normal basement membrane and
urinary space (Fig 6F).

DISCUSSION

It 15 well known that the extraction of active
ingredient compounds from plant material depends on the
type of solvent used in the extraction procedure [31]. The
results of the present study revealed that the yield and
total phenols content of ethanolic extract were higher than
that in the aqueous extract. These results are m agreement
with those reported recently [32]. On the other hand, the
ethanolic extract showed a higher DPPH free radical
scavenging activity compared to the aqueous extract of
thyme. These results are in agreement with those reported
by L et al. [33], who reported that the ethanol extract of
thyme vulgaris showed the strongest DPPH free-radical
scavenging activity among forty two of different kinds of
herbs. Conclusively, this study indicates that most of the
active compounds in this plant are insoluble in water and
are predicted to be non-polar, hydrophobic organic
compounds. This implies that essential oil as non-polar
organic compounds could be the main active compounds
in this plant. These results agree with that of the previous
study carried out by Ali-Shtayeh et al. [34] who reported
that the ethanolic extract was the most active extract
compared with ethyl acetate and freeze dried water
extracts.

The current study was also conducted to evaluate
the protective role of ethanol extract of thyme vulgaris
against the oxidative stress and liver damage in rats fed
AFs-contaminated diet. The selective doses of AFs and
thyme extract were literature based [35, 36], respectively.
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The results indicated that animals fed AFs-contaminated
diet showed a significant decrease in body weight and
feed intake compared to the untreated control rats. Similar
decrease in food consumption and body weight i1s
reported in rats treated with AFB, [37].

The reduction in body weight i the animals fed AFs-
contaminated diet alone may be due to the effects of AFs
on the balance between orexigenic and anorexigenic
circuits that regulate the homeostatic loop of body weight
regulation, leading to cachexia [38]. Tt is well documented
that AFs exposure may lead to significant reduction of
leptin [13]. Low leptin concentration accompanied with
high levels of cortisol, 11.-6 and insulin resistance which
together act to influence the feeding response, causing
weight loss in patients with pancreatic cancer [39]. This
correlation may explain the recorded decrease i1 body
weight in animals ingested AFs. Since leptin and its
receptor are the key players m the regulation of energy.
Another mechanism for the reduction of body weight due
to AFs ingestion could be that AFs ingestion alters
various digestive enzymatic activities that give rise to a
malabsorption syndrome, characterized by steatorhea,
hypocarotenoidemy and to lowering of bile, pancreatic
lipase, trypsin and amylase [40]. Moreover, the
biotransformation of AFB, gives rise to various
metabolites; the 89 epoxide, in particular, 15 relevant
because it may covalently bind to DNA and to proteins,
which then alters enzymatic processes,
gluconeogenesis, Krebs cycle or fatty acid synthesis [41].

The results of the current study revealed that AFs
lead to a sigmficant increase of ALT, AST, ALP, urea and
creatinine. The significant increase of ALT, AST and ALP
in AFs-treated animals mdicate changes in the hepatic
tissues and biliary system [42], structural damaging of

such as

liver integrity, because these enzymes are cytoplasmic m
location and released into plasma as a result of cellular
damage [43, 44]. Moreover, increase in urea and creatinine
levels reported mn the current study in AFs-treated group
clearly indicated the harmful and stressful effect on renal
tissue. Taken together, the increased level of urea and the
decreased level of albumin and total protein (TP) indicate
the inhibition of protein synthesis and increase of protein
catabolism and/or renal dysfunction [45, 46]. These
results clearly indicated that AFs had stressful effects on
the hepatic and renal tissues, consistent with those
reported in the literature of aflatoxicosis [47, 48]. On the
other hand, ammals treated with AFs showed a significant
increase in AFP which is considered a specific biomarker
for liver cancer. This increase in AFP may be due to
induction of expression of mRNAs of lLiver alpha-
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fetoprotein [15, 48]. Similar to these observations,
Yang et al. [49] and Sell et al. [50] reported that AFB,
administration resulted in the elevation of serum AFP
level in both duck and rats.

The hepatic antioxidants represent the major defense
agamst toxic liver injury and they act as antiapoptosis.
The current study showed that ammals fed AFs-
contaminated diet suffered from oxidative stress as
indicated by the significant increment of lipid peroxidation
(MDA) and the significant reduction of enzymatic
antioxidants such as superoxide dismutase (SOD) and
glutathione peroxidase (GPx). These results are in
agreement with those reported by Abdel-Wahhab et al.
[15] and Abdel-Aziem et al [16] who suggested that
oxidative stress may be due to direct effect of AFs or by
the metabolites formed and the free radicals generated
during the formation of these metabolites. Moreover, the
reduction of protein synthesis in AFs-treated ammals may
affect certain metal 1ons (1.e. iron and copper), which play
an important role in free radical production and liberation.
Tn normal state, metal ions are bonded to transfer proteins,
such as ceruloplasmin and transferrin [51] and play a
crucial role of SOD, CAT and GPx activities, which
constitute the enzymatic antioxidant defense system of
the cell, displaying bidirectional alterations, either in the
form of increase or decrease, depending on the particular
tissue.

Tumor  necrosis  factor alpha (TNF-¢) and
mterleukin-1 alpha (IL-1 @) produced by
macrophages and they play an important role m tumor
conditions [13, 52]. It has been reported that TNF-¢ 15 an
essential factor in tumor promotion [53]. Furthermore
mterleukin-1 polymorphisms are important mediators in
the inflammatory process [54]. In the current study, the
ingestion of AFs-contaminated diet significantly
increased TNF-¢ and TL-la suggesting that AFs
preferentially affects macrophage functions. In particular,

are

it decouples the close correlations usually observed
between transcriptional and translational controls of
IL-1¢ and TNF-¢ production by these cells [55]. Indeed,
TNF-g plays a causal role in the development of liver
mjury [56]. Furthermore, it has been reported that TNF-¢
plays a major role in modulating mycotoxin-induced
hepatotoxicity [57]. Moreover, TNF-¢ has been proven to
play an important role in inflammation by mediating the
proliferation and differentiation of immune cells and
development of immune response [58]. TNF-¢ is one of
the major inflammatory mediators secreted by activated
macrophage and inveolved in many crucial events for the
imtiation of both acute and chronic inflammation, such as
regulating the production of several cytokines, up-
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regulation of adhesion molecule expression and activation
of leukocyte-specific chemotactic cytokines [59].

The histological results reported in the current study
confirmed the biochemical results and indicated that
aflatoxin mduced severe histological changes in the
hepatic tissues. Similar histological changes in the liver
have been documented previously [12, 15, 60].

There have been great efforts to find safe and potent
natural antioxidants from various plant sources. Phenolic
phytochemicals are thought to promote optimal health
partly via their antioxidant and free radical scavenging
effects thereby protecting cellular components against
free radical induced damage [44]. The current study
revealed that the ethanol extract of thyme 1s rich in
phenolic compounds and showed a strong DPPH free
radicals scavenging activity.

The improved feed intake, body weight, biochemical
parameters, histological and hisochemical picture of the
liver and kidney m animals fed AFs-contaminated diet and
treated with thyme extract revealed the protective role of
the extract against AFs-mediated liver injury in a dose
dependent manner through its antioxidant and free radical
scavenging properties [61]. This antioxidant activity is
mainly due to the presence of phenolic compounds
thymol and carvacrol [21].

On the other hand, TE2 succeeded to restore IL-1J to
normal level and reduced TNF- & in rats treated with AFs.
These results suggested that thyme extract possesses
anti-inflammatory activity due to thymol content which
was found to inhibit human elastase activity [62]. In
addition, caravacol has been described as promoter for
liver regeneration and inhibitor in TNF-¢ and I1.-6 level in
rats undergomg partial hepatectomy [63]. Furthermore,
caravacl could reduce TNF-¢ and TL-1p level in
intoxicated rats through the inhibition of cycloxygensae
(COX) enzymes activity and mRNA expression and its
protein in lipopolysaccharide induced inflammation [64].
Another mechanism by which thyme extract may possess
anti-mflammatory response was suggested that thyme 1s
able to modulate transcription factor of NF-6B mn both in
vitro and in vive [65].

It can be concluded that the ethanolic and aqueous
extracts of thyme vulgaris are rich in the total phenolic
content and have DPPH radical scavenging activity
however; the ethanolic extract showed higher phenolic
content and radical scavenging activity compared to the
agqueous The ethanolic exhibited
hepatorenoprotective properties against aflatoxin-induced
liver and kidney injury in a dose dependent manner due to

extract. extract

its antioxidant, free radical scavenging activities and anti-
inflammatory properties.
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