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ABSTRACT

The aim of the current study was to determine the effect of intravenous administration of gliotoxin on oxidative
stress, histopathological and haemato-biochemical features in dromedary camels before injection (Oh) and at 1, 24, 48
and 72 hours post injection. Five healthy adult female camels (8-10 years old having 300-350 kg b.wt.) were injected
intravenously with gliotoxin (0.025pg/kg b.wt.). Blood samples were collected in plain and heparinised vacutainers
at all time points (0, 1, 24, 48 and 72h). The whole blood in heparinised vacutainers was used for estimation of
haematological parameters. Obtained sera stored frozen at -30°C until used for estimation of biochemical and oxidative
stress biomarkers. Liver and heart tissues were collected from one camel died 24 hours post gliotoxin injection and
subjected for histopathological examination. The findings revealed significant increase in the values of ALT, AST,
urea, creatinine and neutrophils along with significant reduction in values of total leucocyte count (TLC), total
erythrocyte count (TEC), hemoglobin (Hb), lymphocytes percentages, glucose, total proteins, albumin and globulin
concentrations in gliotoxin treated camels 1, 24, 48 and 72 hour post gliotoxin injection. Gliotoxin induced significant
increase in malondialdehyde (MDA) concentration accompanied with significant decrease in the activities of superoxide
dismutase (SOD), catalase (CAT), glutathione peroxidase (GPX), glutathione S-transferase (GST) and glutathione
reductase (GR) at all time points post injection. Postmortem examination of the dead camel showed congestion and
oedema in both lungs. Histopathological findings revealed presence of homogenous eosinophilic fluid within alveoli
and congestion of interalveolar capillaries and within the myocardium. In conclusion, the injected dose of gliotoxin
was acutely toxic to camels as reflected on disturbed liver and kidney functions, acceleration of oxidative stress and
inhibition of antioxidants enzyme activities.
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Fungi and their mycotoxins are widely
distributed in the environment. After production,
these are adsorbed onto airborne dusts and caused
major public health problems (Eshetu et al, 2016).
Gliotoxin is one of the most serious mycotoxin, as
low concentration of this toxin is able to induce
adverse effects on animal and human health (Bossou
et al, 2017) and is produced by a number of fungi
including Aspergillus fumigatus (Bauer, 1994; Eichner et
al, 1988). Gliotoxin, a hydrophobic fungal metabolite
of the epipolythiodioxopiperazine (ETP) group with

a quinoid moiety and a disulfide bridge across the
piperazine ring (Waring et al, 1988). Intravenous
injection of gliotoxin (0.2 pg kg™ b.wt.) once killed
all the three camels tested in a pilot study of our
previous work (Shathele, 2009). Therefore, half (0.1
pg kg1 b.wt.) of the fatal dose of gliotoxin was
injected intravenously once in five camels in the
same study (Shathele, 2009). This dose (0.1 pg kg™
b.wt.; Shathele, 2009) did not kill the tested camels
but decreased the serum total protein and glucose
concentrations accompanied with disturbed liver
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and renal function in dromedary camels 2 days
post injection. Furthermore, half dose (0.05 pg kg™
b.wt.) of gliotoxin was used in our previous work
(Shathele, 2009) where it was injected intravenously
for 3 days in five camels (Shathele, 2011). This dose
(0.05 pug kg1 b.wt.; Shathele, 2011) led to significant
reduction in serum total protein, albumin, globulin,
leukocytes, lymphocytes, neutrophils and lysosomal
activity on day 7 post injection. The previous studies
did not focus on the influence of gliotoxin injection
on oxidative stress biomarkers and histopathology.
Therefore, the present study was aimed to investigate
the effect of intravenous administration of half
dose (0.025pg/kg b.wt.) of the last examined dose
of gliotoxin (Shathele, 2011) on oxidative stress,
histopathological and haemato-biochemical
examination before injection (Oh) and at 1, 24, 48 and
72 hours post injection in dromedary camels.

Materials and Methods

Experimental Animals and gliotoxin injection

Five healthy adult female camels (8-10 years
old, 300-350 kg body weight) were used in the
present study. The animals were provided by camel
research centre, King Faisal University, Saudi Arabia,
kept in an open yard with free access to food and
water. Animals were injected intravenously with
Gliotoxin (0.025pg/kg b.wt; Sigma, UK). Blood
samples were collected in plain and heparinised
vacutainers before injection (0h) and at 1, 24, 48
and 72 hours post injection. The whole blood in
heparinised vacutainers were used for estimation
of haematological parameters. After centrifugation
(3000rpm/10 minutes), the obtained sera samples
were stored frozen at -30°C until used for estimation
of biochemical and oxidative stress biomarkers. Liver
and heart tissues were collected from one camel died
24 hours post gliotoxin injection and subjected for
histopathological examination.

Haematological and biochemical analysis

Complete blood picture was determined
by using electronic cell counter (VetScan HM5
Haematology system). Commercial diagnostic
kits (United Diagnostic Industry, Dammam, Saudi
Arabia) were used for determination of serum
glucose (EP37L-660), total proteins (EP56-660) and
albumin (EP03-570), ALT (EP07-500), AST (EP15-
500), BUN (EP20-420), Uric acid (EP61-620) and
Creatinine (EP33K-660) on ELIPSE full automated
chemistry analyser (Rome, Italy). Concentration of the
biochemical constituents were calculated according to
the manufacturer’s instruction.

278 / December 2020

Analysis of oxidative stress biomarkers

The ELISA kits of Cayman Chemical Company,
USA were used for determination of all serum
oxidative stress biomarkers. The concentration of
MDA (catalogue #10010263) and the activities of
total SOD (U/ gram tissue; catalogue #706002), CAT
(nmol/min/gram tissue; catalogue #707002), GPX
(nmol/min/ gram tissue; catalogue #703102), GST
(nmol/min/ gram tissue; catalogue #703302) and GR
(uM; catalogue #703202) were measured in the serum
by using an ELISA reader (Absorbance Microplate
Reader ELx 800TM BioTek®, USA). The results
were calculated according to the manufacturer’s
instruction.

Histopathological analysis

Lung and heart tissues were cut into small
pieces and immersed in neutral buffered formalin for
24 hours. The fixed tissues were processed routinely,
embedded in paraffin, sectioned, deparaffinised and
rehydrated using standard techniques (Bancroft and
Gamble, 2002). The extent of gliotoxin toxicity was
evaluated by assessing the morphological changes in
the lung and sections stained with haematoxylin and
eosin (H&E) using standard techniques (Bancroft and
Gamble, 2002).

Statistical analysis

All data were presented as the mean * standard
error of the mean (SEM) using analysis of variance
(ANOVA). All tests were performed using a statistical
analysis system program (SAS, 2002).

Results and Discussion

The effect of intravenous administration of
Gliotoxin (0.025pg/kg b.wt.) on haematological
parameters before (0 h) and at 1, 24, 48 and
72 hours post injection are presented in table 1.
Total erythrocyte counts, total leucocyte counts,
hemoglobin and haematocrit percentage were
significantly decreased at 1, 24, 48 and 72 hours
post injection as compared to its value before
injection (0 hour). The values of these parameters
at 24 hours post injection and onwards were
significantly lower than that at 1-hour post injection.
The current findings were similar to that observed
earlier in dromedary camels (Shathele, 2011),
rams (Donmez et al, 2012) and broilers (Mohamed
and Mohamed, 2009). The reductions of RBC and
WBC were observed previously (Chattopadhyay
et al, 2013) in all Fusarium mycotoxins treated rats.
Data presented in table 2 showed a significant
decrease in lymphocyte percentage accompanied
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Table 1. Effect of intravenous administration of Gliotoxin (0.025pg/kg b.wt.) on haematological parameters before (0 h) and at 1,

24, 48 and 72 hours post injection.

Variables Oh 1h 24h 48 72
TEC (10'2/L) 8.9+0.32 7.4+0.2b 5.6+ 0.2¢ 5.9+ 0.2¢ 6.0 0.2¢
Hb (g/dl) 11.1+0.32 9.1+03b 7.1+0.4¢ 7.4+04¢ 7.2+ 04¢
Hematocrit (%) 28.4+0.92 25.1+0.5P 21.8£0.3¢ 21.4+0.3¢ 21.6 £0.3¢
TLC (10%/L) 15.6 £0.22 10.6 £0.3P 8.1+0.3¢ 8.3+0.3¢ 8.0 £0.3¢
Neutrophils (%) 66.0+1.12 53.0 + 0.9 49.0+1.1¢ 49.0+1.2¢ 49.0+1.1¢
Lymphocytes (%) 29.1+1.62 421+2.0P 46.1+0.9° 46.1+1.1¢ 46.1+1.1¢
Monocytes (%) 21+1.2 23+12 23+1.2 23+12 23+12
Basophils (%) 0.6+0.1 0.6+0.1 0.6 +0.1 0.6 0.1 0.6 £0.1
Eosinophils (%) 1.5+0.5 2.0£05 21+05 21£05 1.9+05

Values are mean + SEM of 5 camels

a¢Within the same raw with different superscripts differ significantly (P <0.05).
TEC: total erythrocyte count; Hb: hemoglobin; TLC: total leucocyte count.

Table 2. Effect of intravenous administration of gliotoxin (0.025pg/kg b.wt.) on selected serum biochemical parameters before (0

h) and at 1, 24, 48 and 72 hours post injection.

Parameters Oh 1h 24h 48 h 72h
Glucose (mg/dl) 83.33 £1.02 72 +£1.9P 65+2.1¢ 66 + 2.5¢ 68 +2.4¢
Total Protein (g/1) 8.0+0.32 6.0+0.3b 49+0.3¢ 5.0 £0.4¢ 5.1 +0.4¢
Albumin (g/1) 6.0 £0.12 5.5+0.1b 4.7+0.1¢ 48+0.1°¢ 48+0.1¢
Globulin (g/1) 2.0+0.12 1.5+0.0P 0.2£0.0¢ 0.2+0.0¢ 0.2 £0.0¢
ALT (U/1]) 2244 +1.12 347 +1.1b 40.7 +1.1¢ 40.7 £1.0¢ 38.7 £1.0¢
AST (U/1]) 45.21 £2.42 70.70 +3.1P 86.70 £ 2.5¢ 87.70 £1.8¢ 85.70 £ 2.8¢
BUN (mg/dl) 18.70 £1.62 25,5+ 1.4b 35.5 £ 1.6¢ 34.5+1.3¢ 37.5+1.9¢
Creatinine (mg/dl) 1.0+0.12 14+0.1b 1.8+0.1¢ 1.8+0.1¢ 1.8+0.1¢

Values are mean + SEM of 5 camels

a-¢Within the same raw with different superscripts differ significantly (P < 0.05).
ALT: alanine transaminase; AST: aspartate transaminase; BUN: blood urea nitrogen

by significant increase in neutrophil percentage at
1, 24, 48 and 72 hours post injection as compared
to its value before injection (0 hour). The observed
lymphocytopenia and neutrophilia at 24 hours post
injection and onwards were augmented significantly
as compared to their values at 1 hour post injection.
Observed lymphocytopaenia may be attributed to
the toxic effects of gliotoxin on cells in the peripheral
circulation or suppression of bone marrow and
lymphoid organs function as indicated earlier for
aflatoxicosis (Valchev et al, 2018). The mycotoxins
lead to haematopoietic suppression and anaemia
by reduction of red blood cells and hemoglobin
(Reddy and Waliyar, 2012). Reduced haematocrit,
haemoglobin, erythrocytes and lymphocyte
percentage was observed in broiler chickens with
experimental aflatoxicosis, probably due to the
inhibitory effect of aflatoxins on haematopoietic
organs (Mohamed and Mohamed, 2009). This
decrease in red blood parameters may result from
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inhibition of protein biosynthesis (Kubena et al, 1993;
Abdel-Wahhab, et al, 2002) or the faster degradation
of erythrocytes in the spleen (Mokif and Muiz, 2015).
Increase in the neutrophils percentages might indicate
a tendency of the organism to compensate for the
decrease of its resistance (Sova et al, 1991). The effect
of intravenous administration of gliotoxin (0.025pg/
kg b.wt.) on selected biochemical parameters before
(0 h) and at 1, 24, 48 and 72 hours post injection
were presented (Table 2). Total proteins, albumin,
and globulin were decreased significantly at 1,
24, 48 and 72 hours post injection compared to its
value before injection (0 hour). The values of these
parameters at 24 hours and onwards post injection
were significantly lower than that at 1-hour post
injection. The current findings were similar to that
observed earlier in dromedary camels (Shathele, 2009;
2011) and fish (Kaur and Saxena, 2018). This inhibition
in protein biosynthesis (total proteins, albumin and
globulin) supports the reduction of haematological
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Fig 1. Values of serum oxidative stress biomarkers (A) MDA, (B) SOD, (C) CAT, (D) GPX, (E) GST and (F) RG before injection (Oh)
and at 1h, 24h, 48h, and 72 hours post intravenous administration of Gliotoxin (0.025ng/ kg b.wt.) in dromedary camels. MDA;
malonaldhyde; SOD: superoxide dismutase; CAT: catalase; GPX: glutathione peroxidase; GST: glutathione-s-transferase; GR:
glutathione reductase.
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. Images from camels injected with gliotoxin (0.025pg/kg
(B) Loss of normal architecture of the pulmonary tissue as well as perivascular cuffing with lymphocytes (arrow). (C) Severe
congestion of the interalveolar capillaries and homogenous eosinophilic material filing alveoli (asterisk). (D) Congestion of
the capillaries of cardiac myofibres.

parameters of present study. The significant decrease
in globulin supports the immune-depressant effect of
gliotoxin in mice (Hussain et al, 2020). The AST and
ALT are well-known biomarkers of hepatic damage
(Recknagel et al, 1989). In this study, intravenous
administration of gliotoxin (0.025pg/ kg b.wt.) caused
an increase in ALT and AST activities in camel liver
at 1, 24, 48 and 72 hours post injection compared
to its value before injection (0 hour). The values
of these parameters at 24 hours post injection and
onwards were significantly higher than that at 1-hour
post injection. This finding was consistent with the
findings of previous studies (Shathele, 2009, 2011) in
camels intoxicated with gliotoxin (0.05pg/kg b.wt.
and 0.1pg/kg b.wt., respectively). As indicated in
Fig 1A, the intravenous administration of gliotoxin
induced significant elevation in serum MDA levels
at 1, 24, 48 and 72 hours post injection compared
to its value before injection (0 hour). The MDA
values from 24 hours post injection and onwards
were significantly higher than its value at 1-hour
post injection. These findings indicated that injected
camels were subjected to a state of oxidative stress
or lipid peroxidation due to gliotoxin injection. This
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b.wt.)

state of oxidative stress reached its maximum 24
hours post injection. This finding was consistent
with previous studies in the livers of rats (El-Bahr,
2015) intoxicated with AFB1. The superoxide radicals
are converted to HyO, by SOD. Furthermore, either
CAT or GPX converts H>O, to molecular oxygen
and HyO. Moreover, GPX can reduce lipid peroxides
and other organic hydroperoxides that are highly
cytotoxic products (Mujahid et al, 2005; Lu et al,
2010). Thus, SOD, CAT, GPX and GST constitute
the principal components of the antioxidant system
(Ahmad et al, 2012). In the present study, the activities
of antioxidant enzymes such as total SOD (Fig 1B),
CAT (Fig 1C), GPX (Fig 1D), and GST (Fig 1E) and GR
(Fig 1F) in camels intoxicated with gliotoxin decreased
significantly at 1, 24, 48 and 72 hours post injection
compared to its value before injection (0 hour). The
maximum decline of activities of these enzymes
observed at 24, 48 and 72 hours post injection. The
observed increase in lipid peroxidation was followed
by decrease in the activities of enzymatic antioxidants
(SOD, CAT, GPX, GST and GR). Thus, the significant
increase in lipid peroxidation (MDA) could be due to
a significant reduction in the activities of enzymatic
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antioxidants (SOD, CAT, GPX, GST and GR). The
same finding were demonstrated in liver tissue of rats
intoxicated with AFBl-intoxicated (El-Bahr, 2015).
Gross examination of died camel revealed that both
lungs were diffusely congested, oedematous and
oozing foamy exudate in cut section with presence
of large focally extensive area of consolidation in
the cranioventral part. The mucosa of the nasal
passages and trachea were moderately congested.
Small amount of clear straw yellow fluid was
seen within the abdominal and thoracic cavities.
Microscopically, the main histopathologic lesions
were seen in the lungs. The inter-alveolar capillaries
as well as peribronchiolar arterioles were greatly
dilated and filled with blood. Approximately,
75% of the alveoli were filled with homogenous
eosinophilic fluid and some foamy macrophages.
Lymphocytes were noticed infiltrating the lung tissue
and surrounding hyperemic capillaries and arterioles.
Many desquamated and necrotic epithelial cells were
seen within the bronchiolar and alveolar lumen. Some
alveoli were lined with pneumocyte type II. The
cardiac capillaries between myofibers were congested
in association with multifocal area of hemorrhages.
The observed lung histopathological changes were
similar to that observed in lung of mice injected with
gliotoxin (Hussain et al, 2020). In conclusion, the
injected dose of gliotoxin was acutely toxic to camels
as reflected on disturbed liver and kidney function,
acceleration of oxidative stress and inhibition of
antioxidants enzyme activities.
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