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Abstract Article Info
A feeding experiment was conducted with rats to reevaluate the possible toxic effects Accepted: 28 November 2016
of very low level (tolerance limit) of ochratoxin A (OTA) and attempting to overcome Available Online: 06 December 2016
this ochratoxicosis A via dietary supplementation of some essential oils. The obtained
results revealed that the toxicated as well as garlic-oil groups of rats moisten their mats Kevwords
than the other groups' mats. Garlic-oil group also excreted more wet feces and had the y
lowest daily bodyweight gain as well as the worst feed conversion ratio comparing Garlic oil
with the other groups. Garlic oil containing diets (whether with or without the toxin) Marjoram oil

Ochratoxin A

reflected very low bone mineral density, whereas all toxic diets (with or without garlic h .
Proximate analysis

or marjoram oils) and marjoram oil alone reflected high bone mineral concentration but
the lowest value was obtained with garlic oil alone. Bone area was increased in all
treatments, except garlic oil group. However, the highest area was in marjoram group.
Lean mass was the lowest in the toxic diets with or without garlic oil. Fat mass was at
lowest value in the toxic diet plus marjoram and the highest in the toxic diet plus garlic
oil. OTA and/or the tested essential oils affected also the post-mortem, relative weights
(particularly spleen), the blood profile (particularly Glob, Glu, AST, Cre, alkaline
phosphatase, LDH, testosterone, lymphocytes, monocytes, and granulocytes),
proximate analysis of the biological tissues, and the histological structure of the
internal organs. So, even the very low concentration of OTA (25 ppb, as a dietary
tolerance level in some countries) used in this study, it may be harmful and dietary
essential oils inclusion could not completely overcome its toxic effects. So, it is still a
fact that prevention (of mold growth) is easier, cheaper and more effective and better
than curing of mycotoxicosis.

Introduction (Abdelhamid, 2000). It has biochemical (Zanic-Grubisic

et al., 2000), nephrotoxic (Luhe et al., 2003),
The name "ochratoxin™ originated from the name of the  carcinogenic (Schaaf et al., 2002), immunotoxic (Muller
first fungal species (Aspergillus ochraceus) known to et al., 2003), neurotoxic (Dortant et al., 2001) effects. It
produce this toxin, i.e. the toxin of A. ochraceus affects also fertility (Biro et al., 2003). Ochratoxicoses
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were reported in human (Abdelhamid et al., 1999a) as
well in animals (Abdelhamid and Saleh, 1996). The
medical plants are not only used in the ancient nations as
folkloric drugs but also in the new world as a return to
the nature to avoid the negative side effects of the
chemical drugs. Many attempts were carried out to
utilize from these plants as growth promoters (Abd El-
Hakim, 2008) or whether to substitute one of the
conventional food stuffs in a diet or for their attractive or
immunostimulatory effects for their constituents' effects
(Tawfik et al., 2005).

Herbs and spices (particularly garlic and marjoram) are
one of the most important targets to search for natural
antioxidants from the point of view of safety
(anishlieva et al., 2006). Herbs not only add taste and
texture to food, but are also abundant sources of
antioxidants, vitamins, minerals, and unique medicinal
properties. Herbs have been used since the beginning of
human history as a food source and to cure specific
aliments, increase strength and endurance and to improve
overall health. Ancient people gathered local herbs for
food and discovered that each herb also possessed
specific healing properties. Herbal oils have their own set
of uses and benefits, from food preparation to skin
therapy and other practical uses (Mercola, 2016).
Therefore, the aim of the present study was to investigate
the effects of dietary OTA without or with the dietary
addition of essential oils (mainly garlic and marjoram
oils) on rats' performance, clinical symptoms, post-
mortem  examination, blood hematology and
biochemistry, immunity, muscular biochemistry, and
internal organs' histology.

Materials and methods

The present study aimed to investigate the effects of
dietary OTA without or with the dietary addition of
essential oils (mainly garlic and marjoram oils) on rats'
performance,  clinical ~ symptoms,  post-mortem
examination, blood hematology and biochemistry,
immunity, skeletal deformity, muscular biochemistry,
and internal organs' histology in a feeding trial lasted for
17 days after 5 days adaptation period.

Experimental animals and housing

Forty two laboratory white male rats (Wistar) were
purchased from the local market weighing in average
89.5 + 2.19 g were divided into six treatments, each in a
plastic crate (containing 7 rats) with the dimensions of
37x27x18 cm (length, width, and height, respectively).

Each crate floor was covered with dry-clean-coarse
sawdust which was changed every 4 days. Each crate
was provided with feeder and drinking water bottle. All
crates were kept under similar environmental conditions
in a well aerated room under natural lighting. After the
adaptation period, the sawdust was changed with another
dry one. Animals of each treatment were individually
market at their tails and the experimental crates were
numbered too.

Experimental diets

Commercial pelleted diet (contained 21% crude protein,
3% crude fat, less than 5% crude fiber, and 3190
kcal/kg) was used as a basal (control, 1* treatment, Ty,
which was used also for feeding all rats foe 5 days as
adaptation period) diet (BD). The 2™ diet (T,) was the
T, + OTA at the level of 25 ppb (ng/g diet). The 3" diet
(T3) was the T, + garlic oil (GO) at 1.5 ml/100g diet.
The 4™ (T,) was the T, + marjoram oil (MO) at 1.5
ml/100g diet. The 5" diet was T, + garlic oil at 1.5
ml/100g diet. Whereas the 6™ diet was T; + marjoram
oil at 1.5 ml/100g diet. The experimental diets were
offered once a day at night when rats are active, since
most of food intake takes place during the dark period
(Koolhaas, 2001) and rats are lazy during day light.
Garlic oil and marjoram oil were purchased from the
local market. Each essential oil was in a 30-ml brown
bottle. The crystalline mycotoxin was dissolved and
diluted by chloroform to be sprayed into the toxic diets
, T2, T3, and T4 whereas garlic and marjoram oils
were diluted too by chloroform and sprayed into diets
of T3, T4, T5, and T6, respectively. All diets were air
dried to evaporate the solvent for two hours then kept
individually in plastic containers in refrigerator till be
used for feeding the experimental rat's groups. Eighty
three g of each experimental diet were moisten with
little volume of water and hand pressed then offered to
the perspective group of animals (7 rats/ treatment).
Three hundred ml of tap water were filled into each
drinker for each treatment and offered at the same time
of offering the diet (at night).

Criteria measured

Individual rats within each treatment were tail marked to
follow up their concerning bodyweights for further
statistical analysis of the collected data. Bodyweight
changes, feed intake, and water consumption were
measured periodically; besides bone image, post-
mortem, biological tissues analysis and histological
examination.
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Blood sampling and analytical methods

Two blood samples (one for plasma separation for the
biochemical determinations while the second for the
hematological estimations) had been collected from
each of 3 rats / group at the end of the experiment from
orpotal venous plexus behind the rat's eye. Adequate
amount of whole blood was withdrawn in small plastic
vials containing EDTA (ethylene-diamine-tetra-acetic
acid) as anticoagulant and used to obtain the blood
plasma by centrifuge at 3500 rpm for 15 min. Blood
plasma samples were used for biochemical
determinations using Jenway 6051 British colorimeter
and Human and Spinreact commercial kits for
colorimetric determination of the end point.

Tumors' indicators and hormone determination were
estimated by German Siemens apparatus and Kits.
Globulin level was calculated by subtracting albumin
from total protein. The other samples of blood were
used to determine the complete blood picture using
Mindray = B-C 3000 plus apparatus and German
Mindray commercial Kits.

Bone image

Rats from different experimental groups were subjected
to X-ray photograph using the American NORLAND
XR-46 to evaluate bone image, bone mineral density
(BMD, g/cm® bone mineral content (BMC, g), area
(cm?), lean mass (g), and fat mass (g).

Post-mortem examination

At the end of the feeding period, and after twelve hours
fasting period, three animals per treatment were
narcotized via chloroform then opened from the
abdominal side for gross clinical examine, collecting
samples of the internal organs for histopathological
examination and chemical analysis, and taking muscles'
samples (from back and thigh muscles) for chemical
analysis too.

Proximate analysis

At the end of the experiment, the mats and some
internal organs (liver, spleen, and kidney) and flesh
(from the back and leg muscles) composite samples
from 3-5 rats (randomly) / treatment were assayed to
determine the moisture, crude protein, ether extract and
ash contents using the official methods of analysis
(AOAC, 2000).

Histological examination

The treated animals and their controls were slaughtered,
quickly dissected and their kidney, liver and testis were
removed, sliced and fixed in 10% formalin solution.
After 72 hrs, tissues were rinsed three times in 70%
ethanol, dehydrated using a graded ethanol series and
then embedded in paraffin wax. Paraffin sections were
cut into 5-6 micrometers thick slices, stained with
haematoxylin and eosin and examined under light
microscope.

Statistical analysis

All obtained data were analyzed using one-way analysis
of variance according to statistical analysis system
software (SAS, 2006) for windows. One way analysis of
variance and (Duncan, 1955) multiple range test were
used to compare between the parameters of the different
nutritional group. The differences were significant at
0.05 levels.

Results and discussion

Ochratoxin A (OTA) is found naturally in different
environmental conditions, countries, and commodities at
different concentrations for the outspreading of its
producing fungi (so, it occurs in Egypt). It could
negatively affect both animal and human health
(Abdelhamid, 2005; Abdelhamid and Saleh, 1996; and
Abdelhamid et al., 1996). Ochratoxin A is among
mycotoxins that are causative agents for human
foodborne poisoning under Egyptian conditions
(Abdelhamid et al., 1999a).However, the presence of
chamomile, cinnamon or pepper could act as preservers
against fungal multiplication or fungicides (Abdelhamid
et al., 1985). Moreover, autoclaving may reduce the
concentration of OTA by 11-28% (Abdelhamid et al.,
1998).

Feed intake and water consumption

Although there was no mortality among the experimental
animals; yet, the toxicated as well as garlic-oil groups of
rats moisten their mats, so appeared collective-dark
colored than the other groups' mats. The experimented
rats fed daily restricted amount of food, being 83 g/7
rats, i.e. 11.86 g/rat, since Koolhass (2001) reported the
daily food intake of Wistar rats as 10 g/100 ¢
bodyweight. However, Abdelhamid et al. (2005) and
Abdelhamid and Saleh (2000) mentioned that feeding
animals the mycotoxin contaminated foods decreased
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food intake. The daily water consumption increased by
age advance as well as during the hot climate days.
However, there were no significant (p=>0.05) differences
among treatments concerning daily drinking water
consumption, being 29.0, 27.1, 25.6, 26.2, 27.1, and 27.2
ml/rat for T1, T2, T3, T4, T5, and T6, respectively. In
this respect, Koolhass (2001) reported the daily water
intake of Wistar rats as 10 -15 ml/100 g bodyweight.
However, at the end of the experiment, each crate was
provided with 200 g clean-dry sawdust which was
weighed 2™ to represent the excreted urine from each
treatment, being 92, 78, 77, 80, 120, and 82 ml/7 rats; i.e.
13.1,11.1,11.0, 11.4, 17.1, and 11.7 mi/rat in Ty, T,, T3,
T4, Ts, and T, respectively confirming that Ts (fed garlic
oil alone) moisten the mattress (Fig. 48). The same group
(Ts) also excreted more wet feces as follow 5.29, 4.57,
4,57, 4.29, 6.71, and 5.00 g/rat in Ty, T,, T3, T4, Ts, and
Te, respectively. Moreover, the moisture determination
of the mats and feces revealed that Ts gave the highest
moisture %, (being 25.5 and 38.6, respectively); since
the moisture % were 17.3, 14.6, 17.8, 16.5, 25.5, and
14.0% for the mats and 26.3, 22.9, 17.9, 25.7, 38.6, and
17.0% for the feces of the 6 treatments, respectively. In
this concern, Koolhass (2001) reported the daily urine
and feces excretion of Wistar rats as 10-15 ml/24 h and
9-13 g/24 h, respectively.

Body weight

Body weight of the experimented rats did not
significantly (p>0.05) differ among the different
treatments throughout the three weights (at the start, mid,
and at the end of the experiment). The average initial
body weight was 89.6 + 2.19g/rat, whereas the final body
weight was 87.0 + 13.3,96.3 + 9.93,84.4 £ 3.73,83.4
3.53, 93.9 + 2.30, and 92.4 £ 5.56g/rat for T1, T2, T3,
T4, T5, and T6, respectively (Fig. 1). Moreover, the daily
body weight gain ranged from 3.66, 3.38, 3.38, 3.49,
3.03, to 3.32g for the same six treatments respectively.
Abdelhamid et al. (2005) mentioned that feeding animals
the mycotoxin contaminated foods affects food and water
intake, as well as body weight. Similar to ochratoxin,
another nephritic mycotoxin, i.e. oxalic acid, led to lower
body weight gain of rabbits (Abdelhamid and Saleh,
2000). However, OTA is strong carcinogenic, mutagenic
and cytotoxic factors are also known to evoke a decrease
of food intake and body weight gains (Szkudelska et al.,
2005). Yet, Ali et al. (1984) reported a slight increase in
body weight of pigeons treated with OTA. However,
water thyme extract was better than lemon leaves extract
and chamomile flowers' extract in improving daily
bodyweight gain, feed conversion, water consumption,

nutrients digestibility, and carcass traits of rabbits (Said,
2016). Generally, the differences among studies are due
to the experimental animal species as well as dose, rote
and duration of the toxin application.

Body weight, g

3Series 0
2Series
) 1T
1Series 2T
41 ar

6T T

M 1Series M 2Series W 3Series

Fig. 1. Body weight changes (throughout three intervals) of
the experimented rats fed 6 tested diets.

Food conversion ratio

Food conversion ratio did not differ among treatments,
being 3.24, 3.51, 3.51, 3.40, 3.91, and 3.57 for T1, T2,
T3, T4, T5, and T6, respectively; yet, the best was T1
and the worst was T5. Abdelhamid et al. (1992a) found
that mycotoxin contamination, particularly with OTA,
negatively affect nutrients digestibility. Moreover,
Abdelhamid et al. (2005) reported decreased body
weight gain, food intake and conversion, and nutrients
digestibility. Similar to ochratoxin, another nephritic
mycotoxin; i.e. oxalic acid, led to decrease of food intake
and lower food conversion of rabbits (Abdelhamid and
Saleh,  2000). From the  toxigenic  fungi,
Aspergillusochraceus producing OTA is widespread in
cultivated soils, but has also been documented in
uncultivated  soils, grains, and food products
(Abdelhamid, 2000). Therefore, OTA is frequently
occurred in the Egyptian commodities (Abdelhamid,
1983, 1990, 1993, 2004; Abdelhamid and Saleh, 1996
and Abdelhamid et al., 1996 and 1998). So, ochratoxin A
is a causative agent in human (Abdelhamid et al., 1999a)
and animal (Abdelhamid, 2005 and Abdelhamid et al.,
1999b) food poisoning under Egyptian conditions. Yet,
OTA in an in vitro (rumen fermentation) study did not
alter dry matter and organic matters digestibility, but
even the lower concentration slightly improved these
digestibilities by Berseem hay and wheat straw
(Abdelhamid et al., 1992a). Mycotoxins cause a decrease
in consumption or rejection of feed by animals, reducing
the absorption of nutrients and impaired metabolism
(CAST, 2003). The biological effects of mycotoxins
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depend on the ingested amounts, and time of exposure
and animal sensitivity (Yiannikouris and Jouany, 2002;
Binder, 2006). Phytogenics are essential oils, plant
extracts, botanicals or phytobiotics, i.e. naturally
occurring compounds derived from plants that improve
gut health and overall digestive health and have proven
antioxidant, anti-inflammatory and antimicrobial effects.
Oils are probably of great focus (Broom et al., 2016;
Syriopoulos et al., 2016; Wijma, 2016).

Bone image

The following Tables 1-5 illustrate bone mineral density
(BMD, g/cm?), bone mineral content (BMC, g), bone

area (cm?), lean mass (g), and fat mass (g) of the tested
rats. It is clear from Table 1 that BMD was very low in
the total animal for T; and Ts and in the leg of Ts; yet,
the leg of T4 had high BMD.

BMC was high in all parts of animals from T,, T3 and
T, as well as in the total body of Tg but the lowest
value was obtained from Ts (Table 2). Bone area was
increased in each part as well as in the total body of all
treatments except Ts. However, the highest area was in
Te followed by T3 (Table 3). Lean mass (Table 4) was
the lowest in all parts of T; and in leg of T,. Fat mass
(Table 5) was at lowest value in all parts of T, and the
highest in Ts.

Table 1. Bone mineral density (BMD, g/cm?) of the tested rats at the end of feeding period.

Ochratoxin +

Ochratoxin+

Region Control Ochratoxin B - . Garlic oil Marjoram oil
garlic oil marjoram oil
Leg 0.1056 0.1023 0.1003 0.1128 0.0976 0.1047
Spleen 0.1053 0.1066 0.1030 0.1079 0.1015 0.1025
Head 0.1376 0.1424 0.1289 0.1403 0.1314 0.1285
Total 0.1191 0.1199 0.1130 0.1223 0.1128 0.1138
Table 2. Bone mineral content (BMC, g) of the tested rats at the end of feeding period.
Region Control Ochratoxin Ochrathm * Och!’atoxm-f Garlic oil Marjoram oil
garlic oil marjoram oil
Leg 0.9511 1.028 1.252 1.188 0.7443 1471
Spleen 0.5955 0.8229 0.8293 0.9125 0.5491 0.9056
Head 1.514 1.710 1.710 1.622 1.189 1.898
Total 3.090 3.543 3.664 3.541 2.448 4.209
Table 3. Bone area (cm?) of the tested rats at the end of feeding period.
Region Control Ochratoxin Ochratgxm * Och!’atoxm-l_- Garlic oil Marjoram oil
garlic oil marjoram oil
Leg 9.006 10.04 12.49 10.53 7.624 14.04
Spleen 5.656 7.719 8.049 8.460 5.410 8.837
Head 11.00 12.01 13.27 11.56 9.049 14.77
Total 25.95 29.54 32.43 28.97 21.70 36.98
Table 4. Lean mass (g) of the tested rats at the end of feeding period.
Region Control Ochratoxin Ochratgxm * Och!’atoxm-l_- Garlic oil Marjoram oil
garlic oil marjoram oil
Leg 45.77 38.93 44.15 49.51 47.95 52.16
Spleen 75.80 79.13 53.41 81.97 64.05 72.86
Head 38.13 47.32 40.63 36.60 36.13 41.39
Total 160.7 156.0 131.1 155.1 145.6 159.1
Table 5. Fat mass (g) of the tested rats at the end of feeding period.
Region Control Ochratoxin Och_ratc_)xm * Och_ratoxm-l_- Garlic oil Marjoram oil
garlic oil marjoram oil
Leg 1.546 1.315 4,031 0.6517 2.864 3.115
Spleen 2.561 2.673 4.876 1.079 3.825 4.352
Head 1.288 1.599 3.709 0.5082 2.158 2.472
Total 5.430 5.269 11.97 2.041 8.696 9.499
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Abdelhamid et al. (1990 and 1995a) found that feeding
animals the mycotoxin contaminated foods affects their
bone structure and analysis. Moreover, Abdelhamid et al.
(2002b) noticed that feeding mycotoxin-contaminated diets
reduced the muscles' area in the experimental animals.
Since OTA-induced immunosupression in animals suggests
that it may be related to the inhibitory effect of OTA on
DNA and protein synthesis (Donmez-Altuntas et al., 2003;
Muller et al., 2003). Medical plants (Abd El-Hakim, 2008)
are used whether to substitute one of the conventional food
stuffs in a diet or for their attractive or immunostimulatory
effects on animals. Garlen Allicin was responsible for the
highest CP percentage and the lowest EE and energy
contents in the whole fish body (Abdelhamid et al., 2014).
Recently, Magouz et al. (2016) found that aflatoxin
negatively affected fish chemical composition and muscular
and abdominal areas. Yet, detoxification via chemical
(Filofeed Plus), biological (Cap T2), and spices (black
pepper) means was beneficial in reducing the
mycotoxicosis symptoms.

Postmortem examination

The post-mortem examination revealed that the internal
organs of the control group's rats appeared shining
normal and the blood was normal red reflected strong
toxicity symptoms, i.e. small volume of viscose-dark
colored blood compared with enlarged-dark colored
spleen. All the internal organs reflecting viability of the
control rats were taken in to account. The second group
fed the ochratoxic diet was responsible for pale flesh, not
shining, and friable. That means that the ochratoxic rats
were less viable. The third group (ochratoxic diet plus
garlic oil) showed better PM than the second group
(ochratoxic) concerning the blood velocity, color and
volume as well as the size of each internal organ. The
forth group (ochratoxic diet plus marjoram oil) showed

better PM than the second group (ochratoxic) concerning
the blood velocity, color and volume as well as the size
of each internal organ, except spleen which was slightly
enlarged besides the presence of abdominal fat
deposition. The fifth group's animals (fed the control diet
plus garlic oil) were viable, since the blood volume was
large, bright red colored, and flood. The fat deposition in
the abdominal cavity was absent all internal organs and
flesh was bright and contacted with normal sizes. The
sixth group of the experimental rats fed the control diet
plus marjoram oil showed also normal blood volume,
flood and color and little fat deposition in the abdominal
cavity. All internal organs and flesh were bright and
contacted with normal sizes. Abdelhamid et al. (1990)
found that feeding animals the mycotoxin contaminated
foods led to fat deposition and discoloration in the
internal organs. Moreover, Abdelhamid et al. (1995a)
reported some post-mortem findings by animal
mycotoxicosis, including discoloration, congestion, and
friable muscles and organs. Additionally, Abdelhamid
et al. (1999b) reported post-mortem examination of
acute-ochratoxic-rabbits included haemorragic patches
on the internal organs and dilated kidneys. Concerning
the use of natural medicinal plants, garlic (Biogen®) is
used to detoxify aflatoxic diets of fish (Abdelhamid et
al.,, 2002a). Moreover, medicinal herbs (thyme,
safflower, ginger, black cumin and/or garlic) were used
also attempting to reduce or treat the aflatoxicosis
symptoms by rats (Abdelhamid et al., 2002b).

Internal organs relative weight

There were no significant (p>0.05) differences among
the experimental treatments in liver and kidneys' relative
weights; yet, spleen relative weight was significantly
(p<0.05) higher in T3 reflecting the interaction between
OTA and garlic oil (Table 6).

Table 6. Relative weight (% of live body weight) of some internal organs of the experimental rats as means of five observations +

standard errors.

Treatments No. Liver Spleen Kidneys

1 3.76 £ 0.26 0.60° +0.06 0.86+0.15

2 4.38+0.30 0.64°+ 0.07 1.04 +0.17

3 466 £0.34 1.16%+ 0.15 1.16 *0.15
4 4.91 +0.54 0.88" £0.16 0.91+0.23

5 4.88 + 0.54 0.51° £0.12 1.09 +0.28

6 4.83+0.23 0.70 +0.16 1.13+0.17
a-b: Means in the same column superscripted with different letters differ significantly (p<0.05).

In this concern, Koolhass (2001) reported the relative
weights of liver, spleen and kidneys of Wistar rats as 3.0,
0.2, and 1.0%, respectively. Ali et al. (1984) reported a

slight increase in the weight of pigeons' kidney, liver,
heart and spleen when treated with OTA. Abdelhamid
et al. (1990 and 2005) mentioned that feeding animals
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the mycotoxin contaminated foods increased their
relative weights of liver, kidney, heart, spleen, testes, and
adrenal glands. Similar to ochratoxin, another nephritic
mycotoxin; i.e. oxalic acid, led to increase of relative
weight of either liver and Kkidneys of rabbits
(Abdelhamid and Saleh, 2000). Moreover, Abdelhamid
et al. (2002c) noticed that feeding mycotoin-
contaminated diets increased relative weight of spleen in
the experimental animals. Magouz et al. (2016) found
that aflatoxin negatively affected fish performance, food
utilization, and organs indices. Yet, detoxification via
chemical (Filofeed Plus), biological (Cap T2), and spices
(black pepper) means was beneficial in reducing the
mycotoxicosis symptoms.

Blood picture

Means + standard errors of different biochemical and
hematological parameters measured in the experimental
rats' blood at the end of the feeding period are presented
in Tables 7 and 8. There were no significant (p>0.05)
differences among different experimental treatments in
either of TP, Alb, ALT, UA, CEA, AP, T.PSA, amylase,
WBC, Hg, RBC, Hct, MCV, MCH, MCHC, RDW-CV,

RDW-SD, PIt., MPV, PDW or Pct. Yet, OTA
contaminated diet No. 2 lowered Glob and raised Glu
levels, but not significantly (p>0.05). The OTA alone or
the marjoram-oil diets decreased significantly (p<0.05)
the activity of alkaline phosphatase whereas diet 3
(OTA+garlic oil) significantly (p<0.05) increased its
activity; its lowest activity was given by rat group No. 1
(control). Diet No. 3 (OTA+garlic oil) reflected
significantly (p<0.05) the lowest Gran. % whereas its
highest percentage was obtained with rats fed the toxic
diet+marjoram oil followed by the toxic diet. Garlic oil
raised the globulin concentration significantly (p<0.05)
than on the toxigenic diets. Diet 3 (OTA+garlic oil)
elevated the activity of AST than on all other diets.
Garlic oil alone (diet 5) raised significantly (p<0.05) the
creatinine concentration than of control, toxic diet, and
marjoram oil, the lowest value was obtained by the
control rats. Diet 3 gave the highest Lymph. %, even
than the control, whereas the lowest % was obtained with
diet 4 (toxin+marjoram oil) which was near the other
diets except No. 3. Garlic oil (diet 5) reflected the
highest Mid. %, whereas the other diets did not
significantly (p>0.05) differ between each other.

Table 7. Mean values* of the biochemical parameters (means + standard errors) determined in rats fed the experimental diets for

17 days.
L Experimental groups No.

Criteria 1 > 3 7 5 6
Total protein, TP, g/dl 8.23+0.15 7.53+0.55 7.93+0.44 7.70£0.35 8.8310.29 8.3710.41
Albumin, Alb. g/dl 4.1740.72 4.07+0.43 4.23+0.55 4.4340.62 3.6740.09 3.5740.12
Globulin, Glob, g/dI 4.07abc+0.83 3.47b+0.23 3.70b+0.27 3.27b+0.58 5.17a+ 0.22 4.80ac+0.30
Glucose, Glu, mg/dl 62.0b+ 6.35 78.0ab+ 6.24  70.7b+ 0.88 83.3ab+5.61  72.3b%4.70 89.7a+0.88
AST, U/l 167ab+7.86 136ab+18.3 192a+20.0 119b+10.7 170ab+18.5 117b+11.2
ALT, U/l 56.2+7.72 60.5+4.53 54.046.36 51.0+4.98 59.6+5.46 49.8+4.09
Creatinine, Cre, mg/d| 0.49b+0.06 0.57b+ 0.03 0.64abc+0.11 0.73ac£0.09  0.77a+0.02 0.56b+0.08
Uric Acid, UA., mg/dl 2.07+0.27 1.83+0.20 2.40+0.23 1.63+0.34 2.07+0.09 1.8040.12
Cholesterol, mg/dl 78.9+21.7 97.0+13.8 86.3+28.0 66.8+12.0 74.6+5.01 79.316.70
Triglycerides, mg/dl 75.2+36.1 67.5+18.5 63.8+7.67 75.3+28.6 87.9+17.4 66.9+2.88
HDL, mg/dI 24.3+5.66 31.3+1.35 38.2+16.0 27.4+3.01 25.7+5.39 30.2+0.99
LDL, mg/dl 39.5+9.50 52.2+10.7 35.3+12.7 24.4+6.53 56.5+14.6 35.7+6.89
Alkaline Phosphatase U/l ~ 283b+76.0 483b+43.4 669a+32.2 619ab+116 602ab+122 441b+104
Lactic dehydrogenase, 4626a+254 3190ab+697  4630a+413 2526b+567 5137a+273 2602b+307
LDH, U/I
Amylase, U/l 544+30.4 581+19.9 503+16.6 582+29.9 644+34.8 660+82.8
Testosterone, ng/ml 9.80a+1.91 5.57abc+3.11  1.87b+0.07 1.43bc+0.45 0.47¢+0.17 1.40bc+0.36
AFP, ng/ml 0.30£0.00 0.25+0.05 0.25+0.05 0.35+0.05 0.20£0.00 0.25+0.05
CEA, ng/ml 5.80+0.00 5.80+0.00 5.80+0.00 5.80+0.00 5.80+0.00 5.80+0.00
T. PSA, ng/ml 0.0440.00 0.04+0.00 0.04+0.00 0.06+0.02 0.04+0.00 0.04+0.00

*: Each value is the mean of 3 rats. a-c: Means in the same row superscripted with different letters differ significantly (p<0.05).

AST: Aspartate aminotransferase. ALT: Alanine aminotransferase.

HDL: High density lipoprotein. LDL: Low density

lipoprotein. AFP: Alpha feta protein. CEA: Carcinoid embryonic antigen. T. PSA: Total prostatic specific antigen.
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Marjoram oil (diet 6) increased the globulin
concentration significantly (p<0.05) than in the toxic
diets. Diet 6 also increased significantly (p<0.05) the
glucose level than all other diets. Diets 4 and 6 lowered
the activity of AST comparing with diet 3. Diets 3, 4,
and 5 gave the highest activity of alkaline phosphatase
(diet 3 > 4 > 5). All tested treatments decreased the
testosterone, particularly garlic oil (the worst level),
marjoram oil, toxin+marjoram, then the toxin+garlic.
Diet 4 followed by diet 6 reflected the significantly
(p<0.05) lowest activity of LDH, whereas diet 3 gave in-
significantly (p>0.05) higher activity than diets 1 and 2.
It was clear that ON reduced blood proteins and
lymphocytes count, i.e. reduced the immunity of the
experimented rats. Yet, garlic oil improved the blood
proteins level, particularly in diet 5, i.e. raised the
immunity (globulin and lymphocytes) of the rats. Herbs'
oils, particularly marjoram alone, increased blood sugar
level but reduced AST-activity and WBC; count. All
diets reduced the blood testosterone concentration
comparing with the control, particularly (p<0.05) in the
presence of either oil. Ali et al. (1984) reported a
decrease in the intestinal glucose absorption rate, blood

concentration of glucose and cholesterol, as well as the
amylase activity, but total nitrogen was increased in
pigeons treated with OTA. Uncontrolled storage of foods
damages these foods physically. Moreover, feeding the
animals these spoiled foods led to unappetite, changes in
the blood profile, and suspect of hepatitis and nephritis,
so Abdelhamid et al. (1990, 1992b, 1994 and 1995b and
Mahmoud et al., 1994) found that feeding animals the
mycotoxin contaminated foods affects their blood
picture. In addition, Abdelhamid et al. (1999b) reported
increases in blood concentrations of creatinine, urea, uric
acid, and cholesterol and transaminases activity;
whereas, decrease of blood total protein concentration
was recorded in acute-ochratoxic-rabbits. Similar to
OTA, another nephritic mycotoxin; i.e. oxalic acid, led to
significant increase of blood transaminases activity and
cholesterol creatinine, and uric acid, and decrease in
blood total protein level of rabbits (Abdelhamid and
Saleh, 2000). Moreover, Abdelhamid et al. (2002c)
noticed that feeding mycotoin-contaminated diets
increased the albumin/globulin ratio, transaminases
activity, but reduced blood acid phosphatase activity in
the experimental animals.

Table 8. Mean values* of the hematological parameters (means * standard errors) determined in rats fed the experimental diets for

17 days.

Experimental groups No.

Criteria 1 2 3 4 5 6

WBCs, x 103/ul 6.47+0.78 7.03+2.28 5.90+0.35 6.30+0.92 7.40+1.61 4.37+0.09
Lymph., x 103/ul 47.7ab+4.80 31.7b+5.16 51.0a+4.02 30.2b+4.09 31.6b+0.80 36.0ab+4.78
Mid., x 103/ul 14.0ab+2.25 14.7ab+1.29 11.5b+1.06 15.0ab+2.85 16.6a+0.50 14.2ab+0.38
Gran., x 103/ul 38.3ab+5.15 53.6a+4.22 37.6b+2.99 56.2ab+6.98 51.8a+1.27 49.8ab+4.43
Hb, g/di 12.4+0.77 11.6+0.33 12.6+0.31 10.6+1.11 12.8+0.50 12.2+0.27
RBCs, x 106/ul 6.65+0.48 6.38+0.33 6.63+0.37 5.92+0.71 7.02+0.12 6.69+0.35
Hct, % 37.9+2.91 36.4+0.40 38.8+1.42 36.8+2.15 38.2+1.16 37.9+0.75
MCV, fl 57.0+0.26 59.7+2.30 58.8+1.77 63.5+5.51 54.8+1.17 56.8+2.07
MCH, pg 18.6+0.19 19.0+0.32 19.0+0.86 17.9+0.34 18.1+0.59 18.2+0.63
MCHC, % 32.7+£0.43 32.0+0.81 32.5+0.52 28.6+2.07 33.2+0.38 32.2+0.06
RDW-CV, % 15.2+0.66 16.3+1.77 15.3+0.64 21.9+3.98 14.3+0.75 14.4+0.23
RDW-SD, fl 30.9+0.90 33.9+4.74 30.9+1.77 48.1+10.8 27.3+0.55 27.9+£1.08
PIt., x 103/ul 610+20.6 641+48.9 580+46.0 472+66.2 635+45.3 623+55.0
MPV, fl 6.60+0.21 6.60+0.40 6.23+0.18 6.23+0.33 6.03+0.20 5.97+0.12
PDW 16.7+0.12 16.1+0.15 15.8+0.13 16.2+0.68 16.0+0.18 16.0+0.18
PCT, % 0.40+0.02 0.42+0.04 0.36+0.02 0.30+0.06 0.39+0.04 0.37+0.04

*: Each value is the mean of 3 rats. a-b:Means in the same row superscripted with different letters differed significantly
(p<0.01).WBC: White blood cells. RBC: Red blood cells. Lymph: Lymphocytes. Mid: Monocytes. Gran: Granulocytes. Hb:
Hemoglobin. Hct: Hematovrite. MCV: Mean corbuscular volume. MCH: Mean corbuscular hemoglobin. MCHC: Mean
corbuscular hemoglobin concentration. RDW-CV: Red cells distribution width-standard deviation. RDW-SD: Red cells
distribution width-standard deviation. Plt: Platelets. MPV: Mean platelet volume. PDW: Platelet distribution width. PCT:

Platelet crit.

OTA exposure can lead to increased urine volume (so,
increased the moisture content of the mats, Fig. 47),
blood urea nitrogen (Hatey and Galtier, 1977), urinary

glucose, and proteinuria (Berndt and Hayes, 1979) as
well as to reductions in the activity of enzymes in the
kidney, such as alkaline phosphatase, leucine
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aminopeptidase, and glutamyl transferase (Kane et al.,
1986). Although there was no indicator for
carcinogenicity due to using the very low level of OTA
in the present study, the carcinogenicity of OTA has
been established in rodents, with the kidney being the
principal site and the liver the major secondary site of
tumor formation. Mice fed OTA reflected mortality;
surviving mice had hepatic and renal tumors (Kanisawa
and Suzuki, 1978). Similar findings were reported in
mice by Kanisawa (1984), who found renal cystic
adenomas and hepatic tumors, in mice treated with OTA.
In mice fed OTA, benign and malignant renal tumors
were seen (Bendele et al., 1985). Similar findings have
been reported in rats. The frequency of renal adenomas
increased in a dose-dependent manner in all groups of
male rats treated with OTA (National Toxicology
Program, 1989).

The biochemistry of OTA results from its structural
similarity to the essential amino acid, phenylalanine
(Phe). The effect appears to be inhibition of protein
synthesis (Creppy et al., 1984), although effects such as
inhibition of RNA and DNA synthesis have also been
implicated in its mechanism of action. Applications of
specific feed additives which are able to help negate the
negative effects of different mycotoxins in animals are
highly recommended (Borutova, 2015). On the other
hand, OTA s strong carcinogenic, mutagenic and
cytotoxic factors. OTA decreased insulin-stimulated
lipogenesis. The adipocytes are susceptible to the direct
action of OTA. This susceptibility is, however, rather
weak and is exhibited by a slight restriction of the
lipogenesis (Szkudelska et al., 2005). Most of the
obtained blood values are around the normal values
given by many authors, e.g. Merck (1976), Abdelhamid
(1989 and 1990), Abdelhamid and Saleh (2000),
Abdelhamid et al. (1999b), Sadek (2011), Abdel-Khalek
et al. (2012), Abu El-Hamd et al. (2013) and El-Medany
et al. (2013). Since Merck (1976) gave the normal values
for Wistar rats as ca. 14 g/dl Hg, 873 + 1.6 x
10%plerythrocytes, 15.56 + 2.6 x 10%/plleucocytes, and
77 £13 mg/dlglucose. He added that increased leucocytes
count may be due to acidosis and leucosis, whereas its
rise (leukopenia) may be attributed to toxic process. Yet,
strong effect of OTA on testis (testosterone deficiency
because of hypogonadism) resulted in severe decrease in
testosterone hormone level in all treatments comparing
with control (Kutsky, 1973).

Soliman and Abd ElI Moty (1974) mentioned that
leucopenia (reduced total WBCs) is responsible for
weakness of the defensive mechanism of the body and

indicates an unfavorable prognosis. It may occur in
anemia, starvation, malnutrition and chemical toxicities.
In addition, most of plasma lipids are associated with
globulin and to some extend with albumin. Albumin and
globulins are synthesized in the liver. However, LDH is
rather non-specific. Latner (1975) cited that lower
transaminases activity may occur in hepatic (portal)
cirrhosis, biliary cirrhosis, toxic hepatitis and/or hepatic
malignancy. The enzyme LDH is included in
carbohydrate metabolism (catalyzes the interconversion
of lactate and pyruvate), it is particularly abundant in
kidney, skeletal muscle, liver, and myocardium. The
activity of LDH is smaller to that of AST in case of
myocardial infarction. However, cortisol is a potent
inhibitor of the inflammatory reaction induced by
physical, chemical and/or bacterial agents. In addition,
Varley (1978) mentioned that AST is not specific for
myocardial infarction. Whereas, LDH is especially
plentiful in cardiac and skeletal muscle, liver, kidney and
RBCs. He added that hyperglycemia could be found in
cases of hyperactivity of the thyroid, pituitary, and
adrenal glands as well as in pancreatitis. Moreover,
creatinine is the internal anhydride of creatine, being
formed when water is removed. So, plasma creatinine
increases in renal disease. He added that increase in
globulin occurs in adverse liver disease. Increase of
blood protein is mostly compound by globulin increase.
Moreover, the increase in LDH activity may relate to
kidney disease, tumors of the central nervous system,
and increased AST-activity. However, AST figure is
often lower than that of ALT. Increase of AST is found
in jaundice. In addition, increase in alkaline phosphatase
activity is occurring in certain bone disease
(osteomalacia, osteitisdeformans "Paget's disease”, and
bone tumors) and steatorrheas.

At lower levels, OTA has been shown to affect a number
of parameters of immune function. Thuvander et al.
(1995) reported a reduction in the number of
spleenocytes in mice orally administered 2.6 mg/kg feed,
equivalent to 400 pg/kg body weight per day, for 90
days. Prenatal OTA exposure (200 pnpg/kg feed,
equivalent to 30 ug/kg body weight per day) altered the
absolute and relative numbers of lymphocyte
subpopulations in lymphoid organs of BALB/C mice,
although immune function was not suppressed
(Thuvander et al., 1996a). In contrast, exposure of
suckling pups to OTA via the milk stimulated the
immune response in rats, as shown by the proliferation of
lymphocytes in response to an antigen (Thuvander et al.,
1996b). In chickens, OTA reduced the lymphoid cell
population of immune organs (Dwivedi and Burns,
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1984b), the plasma levels of al-, a2-, B- and y-globulins
(Rupic et al., 1978), and the levels of 1gG, IgA and IgM
in lymphoid tissues and serum (Dwivedi and Burns,
1984a). Donmez-Altuntas et al. (2003) and Muller et al.
(2003) mentioned that the mechanism of OTA-induced
immunosupression in animals may be related to the
inhibitory effect of OTA on DNA and protein synthesis
in lymphocytes, macrophages and other immune system
cell types. Some animal studies have indicated that OTA
may adversely affect the male reproductive system.
Administration of OTA to male rats caused a two-fold
increase in the testicular testosterone levels (Gharbi et
al., 1993).

Biro et al. (2003) investigated the effects of OTA on
spermatogenesis in breeding boars fed OTA. Semen
analysis showed that sperm motility and viability were
significantly reduced, suggesting that OTA may reduce
semen quality. Abdel-Galil (2005) concluded that
ochratoxicosis by rats is associated by increased serum
transaminases (ALT, AST) and alkaline phosphatase and
decreased serum total protein. However, the acute
toxicity (LDsp) of OTA is 20 mg/kg by rats (Kellerman et
al.,, 1990). However, half-lives for OTA after oral
administration have been reported to range 55-230 hours
in rats (Zepnik et al., 2003). The probiotic GarlenAllicin
reflected the best survival rate, haematological and

immunological parameters' values (Abdelhamid et al.,
2013). Also, Algedawy et al. (2011) concluded that the
probiotic Biogen® is superior to the multienzyme mixture
Natuzyme® for improving the cellular and humoral
immune responses. The inhibitory effect of the methanol
extract of Origanummajorana (marjoram) was used as
blood anti-coagulator in Iranian folk medicine. The
methanol extract of O. majorana inhibited platelet
adhesion. These observations provide the basis for the
traditional use of this herb in treatments of
cardiovascular diseases and thrombosis (Yazdanparast
and Shahriyary, 2008).

Chemical analysis

The following Tables present data of the proximate
chemical analysis of some internal organs (liver, spleen,
and kidney) and flesh in pooled samples (because of the
very low weight of the fresh internal organs), each from
3-5 rats/treatment/tissue at the end of the experimental
feeding period. The moisture content (Table 9) was
slightly high in liver of T, spleen of Ts and very high in
flesh of Ty; but the lowest percentage in liver and spleen
was in T,, and kidney of Ts. That means that ochratoxin
A was responsible for the exsiccation of liver, spleen,
and Kkidneys but increased water content of the flesh on
the account of the dry matter.

Table 9. Moisture content (%) of some internal organs and flesh of the tested rats at the end of the feeding period.

Treatments No.

Tissues 1 > 3 7 5 6

Liver 70.2 69.9 70.2 70.7 70.6 71.2
Spleen 72.4 63.0 65.7 72.5 74.0 73.3
Kidney 74.4 71.3 66.3 69.3 64.9 69.0
Flesh 28.4 32.1 28.3 28.0 28.4 29.3

The crude protein content (% DM basis) of the tested
rats' muscles at the end of the feeding period were lower
in all treatments, except in Ts, comparing with the
control, being 64.9, 63.9, 65.7, 90.9, 63.6, and 60.9, in
the six treatments, respectively. The lowest percentage
was in T, (60.9) but the highest was in T5 (65.7). Table
10 shows that all treatments, except Ts, reflected higher
ether extract (EE) contents in the liver than the control,

particularly in T3 T, and Te. On the other hand, spleen of
all treatments, except T,, contained lower EE than the
control. Moreover, kidney of all treatments, without
exceptions, had higher EE than the control, particularly
in Ts, Tg and T,.The rats' flesh of T T, and T, reflected
higher EE than the control. However, Table 11 proved
that all treatments raised the ash percentage of the liver
but reduced it in the flesh

Table 10. Ether extract content (% DM basis) of some internal organs and flesh of the tested rats at the end of the feeding period.

Treatments No.

Tissues

1 2 3 4 5 6
Liver 4.25 5.82 6.34 4.70 2.86 5.50
Spleen 125 15.0 2.86 7.58 1.96 11.9
Kidney 20.4 28.3 25.9 26.2 36.3 28.6
Flesh 24.9 26.4 235 27.8 23.9 28.3
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Table 11. Ash content (% DM basis) of some internal organs and flesh of the tested rats at the end of the feeding period.

Treatments No.

Tissues 1 > 3 7 5 6
Liver 1.20 1.90 1.50 1.90 1.50 1.50
Flesh 4.40 4.10 4.30 3.80 4.20 3.50

Abdelhamid et al. (1990 and 1995b) found that feeding
animals the mycotoxin contaminated foods increased
their liver and muscles' content of water. Moreover,
Abdelhamid et al. (2002b) noticed that feeding
mycotoxin-contaminated diets increased body content
of fat and ash but reduced its dry matter and protein
percentages in the experimental animals. Dietary ginger
inclusion alleviated aflatoxicosis symptoms, since it
improved growth performance and survival rate, food
and protein utilization, internal organs indices, carcass
composition and residues of AFB1 (ppb) in the whole
body of fish and the tested parameters of blood
haematology and biochemistry of the experimented fish
comparing with the worst values of these parameters by
the aflatoixcated fish. Principally, prevention of
ochratoxigenic fungi via medical herbs, spices, organic
acids and salts (Abdelhamid et al., 1985; Romero et al.,
2010) and essential oils (Mohamed et al., 2012) as well
as good agricultural procedures (Abdelhamid, 1992) is
more better than treating (curing) the OTA toxicity
(Abdelhamid, 1993 and 1999).

Generally, Abdelhamid et al. (1998) found that
autoclaving can reduce OTA by 11.3-27.7%.Srour
(2004) proved that Biogen® (including garlic) can
improve the negative effects of OTA on Nile tilapia.
Moreover, Yegani et al. (2005) referred to the good
storage (drying, aeration, moving, sanitation, cleaning,
minimizing mechanical damage, fungicides,
fumigation, insecticides, protection against birds and
rodents) of crops besides separation of contaminated
parts, and using different means (physical, biological,
and chemical) of treating the contaminated commodities
and finally dilution and using adsorbents. Also, Abdel-
Galil (2005) found that dietary addition of garlic or
cabbage meals (5 g/kg) to OTA improved the
biochemical parameters regarding liver and kidney
functions. Moreover, Abde-Wahhab et al. (2005)
proved that melatonin counteracts oxidative stress in
rats fed the OTA contaminated diet.

Histopathological examination
Cross section in the liver of rat in (control, garlic and

marjoram group) showing normal histological structure
of the hepatic lobules, naturally hepatocyte

arrangements (H) with intact blood sinusoids (s) and
normal central hepatic vein (CV). Cross section in liver
of rat treated with ochratoxin showing various
pathological changes, including eruption of the lining
epithelial squamous cells and dilatation of the central
vein, atrophy in hepatocytes, hepatocellular degenerated
(necrosis), abnormal arrangement and dilation of blood
sinusoid. Cross section of liver in rat treated by
ochratoxin with (garlic or marjoram) showing slight
improvement in hepatic injuries and atrophy in some
lining epithelial cells of central vein and hepatocytes
(Fig. 2). The histological examination of portal area of
liver in rat fed (control, garlic and marjoram) diet
showing normal histological structure of the portal vein,
hepatic artery and bile duct. Treating rat diets with
ochratoxin caused some histopathological alterations
including dilation and congestion of portal vein.

Addition of garlic or marjoram to the diet contaminated
with ochratoxin enhanced portal area (Fig. 3). Cross
section in the kidney of rat in (control, garlic and
marjoram) group showing normal architecture of
glomerulus (G) and convoluted renal tubules (T) within
the cortical layer of the kidney. Cross section in the
kidney of rat treated with ochratoxin showing
glomerulus degeneration and atrophy in capillaries of
glomerulus, congestion of blood vessels between the
renal tubules and degeneration in the lining epithelial
cells of renal tubules. Cross section in the kidney of rat
treated with ochratoxin and (garlic or marjoram)
showing reduction of incidence atrophy of glomerulus
and interstitial matrix and necrosis in renal tubules
(Fig. 4). Cross section in the spleen of rat in (control,
garlic and marjoram) group showing normal white pulp
(WP), red pulp (RP) and central arteriole (CA).
Microscopic section in the spleen of rat treated with
ochratoxin showing mild congestion of the red pulp and
blood vessels with increase thickness of the muscular
layer of congested follicles. Histological examination of
spleen in rat treated by ochratoxin with garlic showing
somewhat normal histology, so revealed more expanded
white pulp on the account of red pulp. On the contrary
the spleen in rat treated by ochratoxin with marjoram
showed somewhat normal histology, so revealed more
expanded red pulp on the account of white pulp

(Fig. 5).
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Garlic Marjoram
Fig. 2: Cross section in the liver of rat (H and E 400x).

A. M. Abdelhamid et al. (2016) / Further Study on Toxicity of the Permissible (Very Low) Level of Ochratoxin A with and 75
without Essential Oils on Rats



Int. J. Curr. Res. Biosci. Plant Biol. 2016, 3(12): 64-83

oxin + Garlic

Garlic ‘ ' Marjoram
Fig. 3: Showing the histological examination of portal area of liver in rat (H & E 400x).
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Garlic Marjoram
Fig. 4: Cross section in the kidney of rat (H & E 400x).
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Ochratoxin
T

Garlic
Fig. 5: Cross section in the spleen of rat (H & E 200x%).
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Kidney is the major site of OTA-induced toxicity
(Abdelhamid et al., 1999a and 1999b), where it acts
principally on the middle and terminal segments of the
proximal convoluted tubules (Jung and Endou, 1989).
OTA has been shown to be nephrotoxic in all
monogastric species tested, although there are species
differences in sensitivity to nephrotoxic effects (Krogh et
al., 1974 and 1976). OTA has also been shown to reduce
the glomerular filtration rate (Stoev et al., 2002) and to
affect pH homeostasis in the vasa recta, proximal
tubules, distal tubules and collecting ducts within the
kidney (Kuramochi et al., 1997a and b). Rodents treated
with OTA, karyomegaly, reflected nephrosis and
eosinophilia of the nephron tubules, granular and
vacuolar degeneration of the tubular epithelial cells and
interstitial fibrosis and thickening of the tubular
basement membrane in histopathological examination of
the kidney (Dortant et al., 2001 and Stoev et al., 2002).
In addition to being a nephrotoxin, animal studies
indicate that OTA is a liver toxin, an immune
suppressant, a potent teratogen, and a carcinogen. OTA
is believed to be responsible for a porcine nephropathy
that has been studied intensively in the Scandinavian
countries. There has been speculation that OTA is
involved in a human disease called endemic Balkan
nephropathy. It has also been hypothesized that OTA
might be a risk factor for testicular cancer (Bennett and
Klich, 2003). Abdelhamid et al. (1990 and 1992b) and
Kandil et al. (1991) found that feeding animals the
mycotoxin contaminated foods led to pathological
findings, particularly in liver, heart, kidney, and spleen.
The changes include hepatic round cell infiltration,
irregularities of lobular plats, focal necrosis and
periportal fibrosis.

In addition, Abdelhamid et al. (1999b) reported
histological alterations in liver included congestion of the
central vein, cellular infiltration, and nodular hyperplasia
and vacuolization of the hepatocytes in acute-ochratoxic-
rabbits. Also, the kidneys of these acute-ochratoxic-
rabbits suffered from hyalinization and degeneration of
glomeruli with tubular cell necrosis and degeneration of
the proximal and distal tubules. Similar to OTA, another
nephritic mycotoxin; i.e. oxalic acid, led histological
findings included mild congestion of the portal vein in
the portal tract, whereas the kidneys showed a
degeneration of the glomeruli, polymorphonuclear
leucocytes infiltration, and interstitial nephritis of rabbits
(Abdelhamid and Saleh, 2000). Ascorbic acid content
was reported to be very high in green garlic. Garlic, has
biological activities that can have medically important
effects. Garlic has been used as an excellent carminative,

a nerve tonic and an antiseptic agent. Its properties
include cholesterol lowering, garlic significantly lowers
blood pressure, and garlic has an influence on platelet
aggregation, an important factor in cardiovascular
disease. It also has an effect on blood coagulation and
fibrinolytic activity which are factors in the development
of thrombosis. It reduced risk of stomach cancer as it has
been identified as inhibiting tumor growth. Garlic also
has antioxidant properties which are helpful in
preventing cancer and cardiovascular disease (Rahman
and Lowe, 2006 and Gardner et al., 2007). Marjoram acts
as antioxidant (Potty and Kumar, 2001; EI-Ghorab et al.,
2004). Marjoram is useful for pituitary gland, liver,
colon, and pancreas (lbrahim, 2013).

Conclusion

In conclusion, to completely eliminate the presence of
mycotoxins (MT) in the raw food material is not
possible; therefore, in many countries for the most
studied MT there were legally established Maximum
Permissible Concentration (MPC) of toxins, below which
the raw materials or foods can be used without
restrictions. In animals consuming feeds containing toxin
below the MPC, the last is inactivated by xenobiotic
metabolizing system and, therefore, has no apparent
effect on the organism. Xenobiotics or alien to the body
substances include mycotoxins (Sheweita, 2000; Galtier
et al., 2008). Increasing knowledge will help elucidate
the influence of MT. Yet, the very low ochratoxin A
level is still harmful and essential oils used are not a
treating method to overcome its toxicity symptoms. We
need more research efforts in this field.
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