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Background: Gliotoxin (GT) is the prototype of a class of epipolythiodioxopiperazines (ETPs) which are
secondary metabolites made by fungi organisms only e.g., Aspergillus fumigatus, characterized by a disul-
fide bridge across a piperazine ring with lowmolecular weight (326 Da),and its sulphur bridge imparts all
known toxicity of these molecules. Its name was derived from its identification as a metabolite of
Gliocladium fimbriatum as it is previously isolated. It had histopathological effects of human and animals
tissues and thus may alter the immune response.
Objectives: The current study aimed to evaluate the effect of GT on immunological and histological
changes in lung, liver, and kidney in addition to morphological changes in colon using animal models.
Methodology: Mature male BALB/c mice were used in this study, animals were provided by Biotechnology
researches center of Al-Nahrain University. To study the histological changes and expression of
Transforming growth factor beta (TGF-b3) in mice, animals were injected intraperitoneally (i.p.) with
acute dose of both sample and standard gliotoxin with control group (received i.p. one dose of methanol
10%) and the mice of each group were sacrificed at day seven, each mouse was dissected and the organs
lung, liver and kidney were collected then sectioned. Mice of another groups were administrated with
one dose of sample gliotoxin through the lumen of the colon using a vinyl catheter positioned 5 cm from
the anus, and the control group received methanol 10%, the mice were killed on day seven of administra-
tion to study the morphological changes in the colon.
Results: Gross-examination showed clear pathological changes in examined organs of mice treated
intraperitoneally with gliotoxin (i.p.) injection during seven days, lesions were seen in examined organs
with groups of all concentrations of both sample and standard gliotoxin in comparing with control. After
intrarectal administration, many signs for mycotoxicosis were observed, like shivering, redness around
the anus and bristling of hair. Although of the aggressive behavior of mice and loss of activity at the
day 6 of treatment was also reduced. In both sample and standard GT groups, the elevation at the high
concentrations of the gliotoxin gave over TGF-b3 expression in liver, lung, and kidney.
Conclusions: It can be concluded that both of sample and standard gliotoxin showed the same effective-
ness in vivo to induce histopathological changes and the immunohistochemical studies revealed that the
increasing of TGF-b3 expression was in a significant relationship between the immunoreactive cell and its
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intensity with number and size of lesion in the same tissue at probability (P value) < 0.05 level, so further
investigations are required to evaluate the acute and /or chronic effect of gliotoxin on other cytokines and
further histopathological studies of acute and/or chronic effect of gliotoxin on other organs such as mus-
cles, heart, brain, spleen and intestine are required.
� 2018 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Fungi and their mycotoxins are ubiquitous in the environment
and, once produced, these contaminants are adsorbed onto air-
borne dusts, leading to major public health issues (Eshetu et al.,
2016). Gliotoxin can enter into the food chain, leading to adverse
effects on animal and human health at low concentrations
(Bossouet al., 2017). It had many histopathological effects of
human and animals cells and tissues such as brain (Bertossi
et al., 2003), colon (Pan and Harday, 2007) and apoptotic Hepatic
non-parenchymal cells (NPCs) (Nejak-Bowen et al., 2013) and cap-
able of inhibiting function and inducing apoptotic cell death in
macrophages and thus may alter the immune response
(Sondhauss, 2014). Many of previous studies in histopathological
effect of gliotoxin were performed with the producer of this
mycotoxin (Banderet al., 2015). The mold Aspergillus fumigatus
(Al Hizab, 2014; Abdulrahman et al., 2014).

TGF-b was originally named because of its ability to stimulate
fibroblast growth in soft agar; but it can also serve as a potent inhi-
bitor of epithelial cell proliferation and macrophage (Xavier et al.,
2008). TGF-b3 was isolated from a cDNA library of human rhab-
domyosarcoma cell line (Kubiczkova et al., 2012; Al-Tekreeti
et al., 2017); it is virtually secreted by all type of cells and has over-
lapping receptor usage (Massague, 1998). The essential function of
TGF-b3 in normal palate and lung morphogenesis and implicated
in epithelial-mesenchymal interaction and its mRNA is present in
lung adenocarcinoma and kidney carcinoma cell lines
(Dheebet al., 2016). Interestingly umbilical cord expresses the very
high level of TGF-b3 (Kubiczkovaet al., 2012). TGF-b3 signaling
controls a diverse set of functions mainly those related to cell pro-
liferation, development, differentiation, adult hemostasis and dis-
ease (Massague, 1998). TGF-b3 also plays an essential role in
controlling the development of lungs in mammals by regulating
cell adhesion and Extracellular matrix (ECM) formation; Lung tis-
sue is one of the tissues that express TGF-b3 insignificant levels
(Bandyopadhyayet al., 2006). Therefore, this study aimed to evalu-
ate the effect of gliotoxin on histopathological effects in lung, liver,
and kidney and immunological changes using immunohistochem-
istry IHC technique.
2. Methodology

2.1. Gliotoxin preparation

A. Standard gliotoxin
Stock solution of gliotoxin was prepared with concentration

1 mg ml�1 by dissolving 5 mg of the gliotoxin standard (Sigma-
Aldrich, Germany) in 5 ml of absolute methanol, and stored at
�70 �C in the deep freeze (Nouri et al., 2014).

B. Sample gliotoxin

Gliotoxin extraction from its producing Aspergillus fumigatus
isolate was achieved: The isolate of A. fumigatus was grown on
Sabouraud Dextrose Agar slant for 2 days at 37 �C and the conidia
were then harvested with sterile saline with 0.1% polysorbate 80
(Tween� 80), then adjusted to a concentration of 107 conidia/mL
in distilled water based on haemocytometer counts. 2 ml volumes
of this conidial suspension were used to inoculate 100 ml of liquid
medium Yeast Extract Sucrose in 250 ml flasks. The culture was
incubated at 32 �C for 15 days; flask was shaken manually at least
twice a day. After the incubation time, the biomass was extracted
with 50 ml of chloroform and cut up in small pieces with the elec-
tric homogenizer at 3.500 rpm for 10 min. The biomass and the
culture fluid was then filtered by Whatman No.1 filter paper in
separate Buchner funnels and extracted with 50 ml of chloroform,
and filtered through anhydrous Sodium Sulphate. Chloroform frac-
tion was collected and evaporated to dryness in the petri dish at
60 �C in the dark cabinet using the electric dryer. Dried extracts
were dissolved in 500 lL chloroform and stored in tightly wrapped
vial at +4 �C until gliotoxin was analyzed (Hussain et al., 2017).

The detection of sample gliotoxin was performed by High Per-
formance Liquid Chromatography (HPLC) analysis using standard
curve of the pure compound in comparison with standard gliotoxin
which was dissolved in the mobile phase as conducted to deter-
mine retention time RT and relative peak area. A standard curve
of the relationship of peak area quantity (mg) injected was con-
structed and used for sample concentration of gliotoxin (Kupfahl
et al., 2007).
2.2. Animal models

Mature male BALB/c mice, weighted (21.6–22.28) gram were
used in this study. Animals were isolated in a relatively controlled
environment at a temperature of about 25 �C, in the animal house
of Biotechnology researches center of Al-Nahrain University. The
animals were housed and fed with suitable diet to grow
maintenance.
2.3. Experimental design

The concentration of acute toxic effects of the sample and stan-
dard GT were170.5, 341 and 682 mg kg�1 body weight (125, 250
and 500 mg mL�1) of each one according to the determinate median
lethal dose LD50as follows: Thirty six mice were divided into six
groups, each group intraperitoneally injected with different con-
centration of GT as follows: 1000 mg/ml, 900 mg/ml, 750 mg/ml,
600 mg/ml, 500 mg/ml and control group (treated with10%metha-
nol). After 24 hrs, all treated mice were examined to determine
the concentration which killed half of animals and was considered
as median lethal dose (LD50). To Determine LD50 for mice treated
with sample gliotoxin, thirty mice were used and divided to five
groups. However Table 1 show LD50 determination (Makun et al.,
2010).

To study the histopathological and immunological effect of GT
on mice, twenty- one of male albino BALB/c mice were randomly
divided in to seven groups (3 mice for each group); Three groups
received one dose of sample GT intraperitoneally (30 mL) at the var-
ious concentrations of 500, 250 and 125 mg mL�1 (682, 341 and
170.5 mg kg�1 mouse) and three groups received the same dose

http://creativecommons.org/licenses/by-nc-nd/4.0/


Table 1
Determination of median LD50 for male BALB/c mice treated with 30 mL of standard gliotoxin by intraperitoneally injection.

Groups Standard gliotoxin Sample gliotoxin

Concentration
(mgml�1)

No. of mice No. of dead mice
after 24 hrs.

Percentage of death % Concentration
(mg ml�1)

No. of mice No. of dead mice
after 24 hrs.

Percentage of death %

1 1000 6 6 100 1000 6 6 100
2 900 6 5 83.3 900 6 4 66.7
3 750 6 3 50 750 6 3 50
4 600 6 1 16.7 600 6 0 0
5 500 6 0 0 500 6 0 0
Control 0.0 6 0 0 0.0 6 0 0

Table 2
Quantitative Scoring System for TGF-b Immunostaining.

TGF-b Score Intensity Stained cells (%)

Negative 0 No staining <10
Positive 1 Weak 10–30

2 Moderate 31–50
3 Strong >50
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and concentrations of standard gliotoxin. Group seven (control)
receive done dose intraperitoneally of methanol 10% as a solvent
instead of the gliotoxin solution. All mice were sacrificed at the
day seven.

To study the acute effects of gliotoxin on mice colon, three
groups of mice (3 mice per group) were administrated 100 mL of
sample gliotoxin with one dose at various concentrations of 500,
250 and 125 mg mL�1 (682, 341 and 170.5 mg kg�1 mouse) through
the lumen of the colon using a vinyl catheter positioned 5 cm from
the anus. The fourth group (control) received methanol 10%. The
mice were killed on day 7 of administration (Dheeb, 2014).

2.4. Histopathological study

After pulling the blood from anesthetized animals, each mouse
was dissected. Lungs, livers and kidneys were collected and put in
the petri dish containing physiological solution with pH adjusting
to 7(prepared according to Benson (2001) by dissolving 8.5 g of
NaCl in 1000 ml of sterilized distilled water D.W) to remove adi-
pose and connective tissues. The histopathological preparation
was done according to Bancroft and Stevens (1982).

Samples were fixed in 10% formalin for 24 hrs then placed in
70% ethanol overnight and then dehydrated by graded series of
alcohol (70%, 90% and 100% ethanol) for two hrs for each concen-
tration. After that, organs samples were cleared in xylene for 2
hrs, embedded in paraffin (with melting point 58 �C) for 2–3 hrs
at 60–70 �C in the oven and cut into sections by a microtome 3–
4 mm in thickness.

Tissue sections were fixed on slides by using Mayer’s albumin
and left to dry in the oven at 37 �C for 1–2 hrs. Tissue section on
slides was dewaxed by Xylene, and washed shortly in 3 changes
of absolute alcohol, then 95% and 70% alcohol. After washed in
water for 5 min, slides were stained with Hematoxylin and Eosin
for 10–15 sec and washed in water for 2–3 min, dipped in acid
alcohol for 1%. The sections were then dehydrated in (70, 80 and
95%) alcohol, few sec for each and 2 changes of absolute alcohol,
the slides were left to dry. Finally slides were put in xylene 15–
30 min, and cover slipped with Distyrene-Plasticizer-Xylene DPX.
Histological analysis was performed using light microscope
equipped with a digital camera and digital imaging computer
software.

2.5. Estimation of TGF-b3usingthe immunohistochemical technique

For immunohistochemical (IHC) evaluations of affected liver,
kidney and lung, the sections were deparaffinized in the hot air
incubator at 80 �C for 70 min using adhesion microscope positively
charged slides and then rehydrated in graded alcohols. Backed
slides were immersed sequentially at room temperature for the
indicated times in the following solutions: Xylene for 30 min, Fresh
xylene for 30 min, absolute ethanol for 5 min, 90% ethanol for
5 min, 70% ethanol for 5 min, 50% ethanol for 5 min and distilled
water for 5 min. These sections were subjected to IHC evaluations
using polyclonal anti-TGF-b3 antibody (Abcam, 2013). The slides
were cooled for 20 min at room temperature, and then the edges
surrounding the sections were marked by a liquid blocker pap
pen to avoid the distribution of the materials out of the sections
during the run of the IHC staining. Then, the slides were trans-
ferred quickly to the stainer racks to avoid drying of samples.
Enough drops of Hydrogen Peroxide were added and blocked to
cover the sections then incubated for 10 min and washed two
times in the buffer then 20 mL of Protein block was applied and
incubated for 10 min at room temperature to block nonspecific
background staining then washed one time in the buffer 40 lL of
primary antibody (anti-TGF-b3) was placed onto the tissue section
and incubated for 30 min at 37 �C in a humid chamber. The slides
were drained and blotted gently and then transferred to the refrig-
erator for 24 hrs. After 24 hrs, the slides were placed in washing
buffer bath for 5 min, drained and blotted gently, and 20 lL of
the secondary antibody (the complement) was applied onto the
sections, and the slides were placed in a humid chamber and incu-
bated at 37 �C for 10 min, rinsed and placed in washing buffer bath
as before, excess buffer drained and blotted gently. After that,
20 lL of HRP conjugate was placed onto each tissue section and
incubated for 15 min at 37 �C in a humid chamber; the slides were
placed in washing buffer bath for 5 min, drained and blotted
gently.

DAB Chromogen was added to DAB Substrate (one drop to 50
drops) then mixed by swirling, and then applied to the tissue
and incubated for 1–10 min, then rinsed 4 times in buffer. The
slides were immersed in a bath of Mayer’s Hematoxylin for
1 min and washed three times in distilled water, 1 min each; then
drained and blotted gently and dehydrated by placing the prepared
slides in the following solutions: 50% ethanol for 5 min, 70% etha-
nol for 5 min, 90% ethanol for 5 min, absolute ethanol for 5 min,
xylene for 5 min and fresh Xylene for 5 min. Finally, a drop of
DPX was applied to the xylene wet sections and covered with cover
slips gently to remove excess and air bubbles then left to dry over-
night (Abcam, 2013).

2.6. Evaluation of immunostaining for TGF-b expression

The expression of TGF-b protein was measured by counting the
number of positive cells with brown (DAB) cytoplasmic staining
under light microscopy 40X. For the evaluation of TGF-
bexpression, immunostaining was assessed semi quantitatively
using a scoring system for both intensity and the extent of staining
as shown in Table 2 (Hussain, 2010).
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3. Results

Histological examination of the liver section from control mice
showed normal architecture of hepatocytes and central vein
(Fig. 1a). While, histopathological examination of liver from the
mouse treated with 125 mg mL�1 of sample GT showed granuloma-
tous lesion consisting from aggregation of kupffer cells and lym-
phocytes (Fig. 1b), another section shows expression of cells
division with dark chromatin of hepatocytes or disappear of their
nuclei. Necrotic area in their parenchyma was also observed.
While, the animal treated with 125 mg mL�1 of standard GT
expressed proliferation of kupffer cells (Fig. 1c). The main lesions
in the liver treated with 250 mg mL�1 of sample GT consisting of
multiple granuloma (Fig. 1d), other sections showed proliferation
of kupffer cells and necrotic hepatocyte characterized by pyknotic
nuclei. A granulomatous lesion was shown in the liver of animal
treated with 250 mg mL�1 of standard GT (Fig. 1e) and another sec-
tion showed the proliferation of kupffer cells. Using 500 mg mL�1 of
sample GT resulted in aggregation of mononuclear cells in liver
parenchyma and necrosis of hepatocytes (Fig. 1f). Other field
showed divided cell, proliferation of kupffer cells and vacuolar
degeneration (data not shown). The liver of 500 mg mL�1 of stan-
dard GT revealed inflammatory cells infiltration particularly
mononuclear cells in their capsular region (Fig. 1g) In addition,
granulomatous lesion, vacuolar degeneration, mononuclear cells
and megakaryocytes in sinusoids with proliferation of kupffer cells
as well as mild fatty changes were also noted (data not shown). In
lung: Histological examination of the control lung showed the nor-
mal structure of alveoli and normal lung tissue (Fig. 2a).
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Fig. 1. Liver sections of albino mice treated with one dose of methanol 10%(control), sa
control albino mouse shows normal hepatocyte 1 and central vein 2, b: liver section of
consist of aggregation of kupffer cells and lymphocytes c: liver section of mouse treated
section of mouse treated with 250 mg mL�1 of sample shows multiple granulomas, e
granulomatous lesion 1 with proliferation of kupffer cells2, f: liver section of mouse trea
and necrosis 2, g:liver section of mouse treated with 500 mg mL�1 of standard gliotoxin
Histopathological examination of mouse lung treated with
125 mgm L�1 of sample gliotoxin revealed mononuclear cells infil-
tration in the interstitial tissue and in the alveolar spaces
(Fig. 2b). While, treatment with 125 mg mL�1 standard GT showed
the increased thickness of interalveolar septa due to congested
capillaries with mononuclear cells infiltration (Fig. 2c). The lung
of animal treated with 250 mg mL�1 sample GT showed fibrin net-
works, inflammatory cells particularly neutrophils and mononu-
clear cells in alveolar spaces (Fig. 2d), in dilated blood vessels
and in the inter alveolar septa was also observed. In addition to
emphysema (data not shown). While, the main lesions in the lung
of animal treated with 250 mg mL�1 of standard GT showed inflam-
matory cells infiltration in the interalveolar septa and in the alve-
olar spaces (Fig. 2e) with congested blood vessels. The lung of the
mouse treated with 500 mg mL�1 of sample GT expressed inflam-
matory cells in dilated congested blood vessels with mononuclear
cells infiltration in the interalveolar septa (Fig. 2f). While, the
lesions in animal treated with 500 mg mL�1 of standard GT
expressed hemorrhage in the pleura with increasing thickness of
interalveolar septa due to mononuclear cells infiltration (Fig. 2g).

3.1 The effect in Kidney

Kidney section of control mice showed normal renal tubules
and normal glomerulii (Fig. 3a). Histopathological sections of the
kidney in treated mice with 125 mg mL�1 of sample GT revealed
marked cloudy swelling of epithelial cells lead to narrowing or
occlusion of renal tubules lumen (Fig. 3b). While the kidney of
treated animals with 125 mg mL�1 of standard GT showed acute
1

2

c

f

mple gliotoxin and standard gliotoxin for 7 days (H&E stain40X). a: liver section of
mouse treated with 125 mg mL�1 of sample gliotoxin shows granulomatous lesion
with 125 mg mL�1 of standard gliotoxin shows proliferation of kupffer cells, d: liver
: liver section of mouse treated with 250 mg mL�1 of standard gliotoxin shows
ted with 500 mg mL�1of sample gliotoxin shows aggregation of mononuclear cells 1
shows mononuclear cells infiltration in their capsular region.
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Fig. 2. Lung sections of albino mouse treated with one dose of methanol 10% (control), sample gliotoxin and standard gliotoxin for 7 days (H&E stain40X). a: transverse
section of lung control albino mouse shows normal structure of alveoli and the alveoli wall 1 and normal lung tissue2; b: lung section of mouse treated with 125 mg mL�1 of
sample gliotoxin shows mononuclear cells infiltration in the interstitial tissue 1 and in the alveolar spaces 2, c: lung section of mouse treated with 125 mg mL�1 of standard
gliotoxin shows increase thickness of interalveolar septa, d: lung section of mouse treated with 250 mg mL�1 of sample shows neutrophils and mononuclear cells in the
interalveolar septa, e: lung section of mouse treated with 250 mg mL�1 of standard gliotoxin shows neutrophils and mononuclear cells infiltration in the interalveolar septa
and in alveolar spaces, f: lung section of mouse treated with 500 mg mL�1 of sample gliotoxin shows inflammatory cells in dilated congested blood vessels with mononuclear
cells infiltration in the interalveolar septa, g: Section in the lung o lung section of mouse treated with 500 mg mL�1 of standard gliotoxin shows hemorrhage in the pleura with
increase thickness of interalveolar septa.
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cellular degeneration of epithelial lining cells of renal tubules with
hyaline casts in their lumen (Fig. 3c). In mouse treated with
250 mg mL�1 of sample GT, the kidney also expressed marked
cloudy swelling of epithelial cells of renal tubules with hyaline
casts in their lumen (Fig. 3d). While in animal treated with
250 mg mL�1 of standard GT, the kidney expressed marked cloudy
swelling of epithelial cells lead to narrowing or occlusion of renal
tubules with hyaline casts in the lumen of renal tubules (Fig. 3e).

The histopathological section in the kidney of the mouse treated
with 500 mg mL�1 of sample GT showed acute cellular degenera-
tion characterized by vacuolation or sloughing of epithelial cells
of renal tubules (Fig. 3f). Hypercellularity of glomerular tuft with
marked vacuolation of epithelial cells and cystic dilatation of renal
tubules were recorded in the kidney of animal treated with
500 mg mL�1 of standard GT (Fig. 3g).

3.2. Influence of rectal administration dosage of gliotoxin in some
proprieties of mouse colon

After intrarectal administration with one dose of different con-
centrations of sample GT and with10% Methanol alone as control,
many signs for mycotoxicosis were observed, like shivering, red-
ness around the anus and bristling of hair. Mice were killed on
day seventh and the macroscopic analysis was monitored in mouse
colon. The morphological features appeared as the inflammatory
response with congestion at concentration 500 mg/ml as compared
with control (Fig. 4).
3.3 Immunohistopathological study

The histopathological examinations were extended further but
in terms of Immunohistochemical elevation for the expression of
some immunological markers. However, the relationship between
the produced GT by A. fumigatus and these markers are not well
demonstrated in Iraq. In this study, we used immunohistochem-
istry technique which is the best detective tool to determinate
the degree of GT effect in immune response. So we evaluate the
level of TGF-b3 in liver, lung and kidney tissue section after 7 days
of mice treatment with GT. Immunohistochemical signal speci-
ficity was demonstrated by the absence of immunostaining in
the negative control slides and its presence in recommended pos-
itive controls. By applying IHC procedure, the studied parameter
was scored and considered as categorical data thus they presented
as count and percentage. The level of significance was 0.05. Posi-
tive TGF-b3immunostaining was detected as brown staining of
the cell (DAB produce brown staining and counterstained by hema-
toxylin). Positive IHC expression was found in all tissue sections as
illustrated in both sample and standard GT groups, the high con-
centrations of the mycotoxin resulted in over expression of TGF-
b3 in liver. In lung, the expression of TGF-b3decreased at
250 mg mL�1 then increased with the higher GT concentration.
While in kidney highest expression of TGF-b3was at 250 mg mL�1.
The distribution of TGF-b3in the liver of control and mice treated
with 125, 250 and 500 mg mL�1 of sample and standard GT was
shown in Fig. 5. The distribution of TGF-b3 in the lung control
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Fig. 3. Transverse section of kidney of albino mouse treated with one dose of methanol 10% (control), sample gliotoxin and standard gliotoxin for 7 days (H&E stain40X) a:
kidney section of control albino mouse shows normal glomeruli, b: kidney section of mouse treated with 125 mg mL�1 of sample gliotoxin shows marked cloudy swelling of
epithelial cells c: kidney section of mouse treated with 125 mg mL�1 of standard gliotoxin shows acute cellular degeneration of epithelial cells lining of renal tubules 1 with
hyaline casts in their lumen 2, d: Section in the kidney of mouse treated with 250 mg mL�1 of sample shows marked cloudy swelling of epithelial cells of renal tubules with
hyaline casts in their lumen, e: kidney section of mouse treated with 250 mg mL�1 of standard gliotoxin shows marked cloudy swelling of epithelial cells and narrowing or
occlusion of renal tubules, f: kidney section of mouse treated with 500 mg mL�1 of sample gliotoxin shows acute cellular degeneration characterized by vacuolation or
sloughing of epithelial cells of renal tubules, g:kidney section of mouse treated with 500 mg mL�1 of standard gliotoxin shows 1, Hypercellularity of glomerular tuft 2,
vacuolation of epithelial cells and cystic dilatation of renal tubules with necrosis 3.
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and mice treated with 125, 250, 500 mg mL�1 of the sample and
standard GT was shown in Fig. 6.

Mice included in this study were suffering from histopatholog-
ical symptoms caused by GT. Positive IHC expression was found in
all tissues as illustrated, the results showed increased TGF-b3
expression in all three tissues with similar results in both sample
and standard GT (Fig. 7) .
 C 

b

a

d

Fig. 4. Effect of sample gliotoxin on mouse rectum under different concentrations:
a: 500 mg mL�1, b: 250 mg mL�1, c: 125 mg mL�1, d: Control (10% methanol).
4. Discussion

Pathogenicity of GT to animals was shown in many studies; In
rats, Anselmi et al. (2007) studied the effects of GT on Kupffer cells
isolated from the normal liver in vitro and in vivo following its
administration to CCl4–induced cirrhotic animals. They revealed
that GT at 0.3 lM concentration caused apoptosis of cultured Kupf-
fer cells within 1‘hr and longer incubation caused necrosis. This
effect was associated with mitochondrial cytochrome c release,
caspase-3 activation and ATP depletion, The inhibition of
caspase-3 and serine proteases accelerated and augmented
gliotoxin-induced cell death via necrosis. In GT-treated rats with
3000 mg kg�1, mitosis was absent, hepatocyte growth factor
(HGF) was decreased and apoptotic Hepatic non-parenchymal cells
(NPCs) were apparent (Nejak-Bowen et al., 2013; Rassin et al.,
2015).

Many studies resulted in the same symptoms in mice injected
with A. fumigatus conidia (the main producer of the virulence fac-
tor GT); Sugui et al. (2017) found much multifocal bronchopneu-
monia with necrosis, neutrophilic infiltration, airways filled with
necrotic debris and full thickness necrosis of the bronchioles walls
when they injected mice with 20 mL of 5 � 106 A. fumigatus conidia
(Dheebet al., 2014). They showed that these symptoms were
related to proapoptotic events in response to pure GT and this
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Fig. 5. Distribution of TGF-b3 in liver of mice treated for 7 days with one dose of: methanol 10% (A), 125 mg mL�1 of sample gliotoxin (B), 125 mg mL�1 of standard gliotoxin
(C), 250 mg mL�1 of sample gliotoxin (D), 250 mg mL�1 of standard gliotoxin (E), 500 mg mL�1 of sample gliotoxin (F), 5000 mg mL�1 of standard gliotoxin (G), DAB staining
(brown), counter stained by hematoxylin (40X).
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Fig. 6. Distribution of TGF-b3 in lung of mice treated for 7 days with one dose of (A): methanol 10% (A), 125 mg mL�1 of sample gliotoxin (B), 125 mgmL�1 of standard gliotoxin
(C), 250 mg mL�1 of sample gliotoxin (D), 250 mg mL�1 of standard gliotoxin (E), 500 mg mL�1 of sample gliotoxin (F), 5000 mg mL�1 of standard gliotoxin (G), DAB staining
(brown), counter stained by hematoxylin (40X).
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Fig. 7. Distribution of TGF-b3 in kidney of mice treated for 7 days with one dose of: methanol 10% (A), 125 mg mL�1 of sample gliotoxin (B), 125 mg mL�1 of standard gliotoxin
(C), 250 mg mL�1 of sample gliotoxin (D), 250 mg mL�1 of standard gliotoxin (E), 500 mg mL�1 of sample gliotoxin (F), 5000 mg mL�1 of standard gliotoxin (G), DAB staining
(brown), counter stained by hematoxylin (40X).
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effect may similarly occur in the infected host with A. fumigatus.
Shafiq and Al-Joofy (2010)and Dheeb (2014)observed different his-
tological changes in mice after 7 days of intranasal administration
of 20 and 25 lL (107conidia/ml�1) of A. fumigatus conidia in tissues
of lung included necrosis in lung alveoli with inflammatory cells
infiltration severe neutrophil and macrophage infiltrate in the
alveolar space with increasing thickness of intra alveolar septa
and hemorrhage. Sever hyperaemic, large hemorrhagic areas,
homogeneous necrotic areas and granulomatous foci consisted of
a large number of neutrophils were seen in histopathological
examination of dogs, camels and broiler farms lungs infected with
A. fumigatus spores (Cam et al., 2003; Al Hizab, 2014; Abdulrahman
et al., 2014; Rassin et al., 2015). The infected camels showed mas-
sive areas of hemorrhage (Al Hizab, 2014). Our results indicated
that GT production is associated with the ability of A. fumigatus
to invade the lungs of animals and this mycotoxin is the significant
virulence factor in infections caused by this mold (Shafiq and Al-
Joofy, 2010; Dheeb, 2014). Bugli et al. (2014) showed that the pres-
ence of fungal hyphae in clinical specimens of human lung strongly
indicates the in vivo A. fumigatus growth as a biofilm and anti glio-
toxin T antibodies could be a specific and sensitive diagnostic tool
for detecting A. fumigatus biofilm-associated clinical infections.
While Sugui et al. (2017) explained that enrichment of GT in Asper-
gillus infected neutropenic lung correlated with fungal burden and
hyphal length.

Aspergillus fumigatus is known to produce several mycotoxins as
secondary metabolites, including: Fumitremorgin (Yamazaki et al.,
1980), Verruculogen (Dagenais and Keller, 2009), Fumigaclavine
(Latif, 2010) helvolic acid, Fumagillin (Fallon et al., 2011), and the
best characterized mycotoxin being gliotoxin GT (Sondhauss,
2014). found that the concentration of GT in sputum and serum
of A. fumigatus patients was higher than the control group 40-
63lgkg�1 and 33–47 lgkg�1in serum. While the concentration in
sputum and serum of control group was16-23 and 10–21 lgkg�1,
respectively. She revealed that all A. fumigatus isolates (100%)
expressed gliz gene (the gene that expresses for GT production).
The mechanisms by which GT inhibits the respiratory system that
it causes damage to the ciliated respiratory epithelium and inhibits
the oxidative burst of human neutrophils in vitro (Nierman and
Fedorova, 2008) and by targeting the assembly of the NADPH oxi-
dase complex and affecting an essential site (s) for electron trans-
port in the flavocytochrome b558 which is accessible only before
oxidase activation.

The previous studies on animals were concentrated on A. fumi-
gatus conidia infection; as a result hyperaemia and focal hemor-
rhage were determined in the cortex of the kidneys.
Disseminated mononuclear cell infiltrations and large connective
tissue were observed at intertubuler areas in infected dogs
(Dheebet al., 2015). In addition to cystic tubular dilatation, degen-
eration of tubular epithelia and hyaline cylinders in some of the
tubular lumens were also observed. In the medulla, there were
granulomatous foci consisting of neutrophil leucocytes, macro-
phages and residues of chromatin encapsulated by a fibrous tissue
(Cam et al., 2003). While, in infected camels; the symptoms were
represented with hemorrhage in kidney (Al Hizab, 2014). In
histopathological study of brooder pneumonia, necropsies of
chicks which died revealed the presence of white-yellowish case-
ous nodules in the kidney, ranging from pin point to chickpea in
size (Abdulrahmanet al., 2014).

Although of the aggressive behavior of mice, loss of activity at
the day 6 of GT treatment has appeared. All signs mentioned above
have referred to the activity of GT resulted from mycotoxicosis,
Similar morphological changes were observed at the last two
weeks in mice injected (i.p.) by other mycotoxin, Trichothecene
(Dawood, 2006). On the other hand, Jun et al. (2006) demonstrated
that Trinitrobenzene Sulfonic Acid Y induced colitis in mice by
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intrarectal dose with 0.4 mg mL�1 of GT pointed that treated with
GT had almost completely prevented both hyperemia and inflam-
mation in the colons, this confirms that the acute dose of myco-
toxin induce the inflammatory response, because it inactivates
many different enzymes, such as inhibition of Nuclear Factor-jB
leads prevents cytokine release and induction of the inflammatory
response (Dolan et al., 2015).

There was a highly significant difference in the cytokine expres-
sion between treatment and control groups (p < 0.05). In liver, the
histopathological changes noticed in liver can be attributed to the
increased TGF-b3 expression. Aggregation of kupffer cells,
mononuclear cells and lymphocyte released TGF-b in response to
mycotoxicosis and then resulted in more proliferation of kupffer
cells. Tumer Necrosis Factor-alpha (TNF-a) was elevated in mice
during aspergillosis infection and gliotoxin increasing
(Nouriet al., 2015). While, mice administrated intraperitoneally
with 4.5mgkg�1 of Fumonisin (FB1) every day for two weeks
resulted in apoptosis of liver cells and significantly increased
(p < 0.0001) proliferating cell nuclear antigen and Ki-67 expres-
sion. Furthermore, elevation the levels of caspase-8 and TNF-a
mediators(Sozmenet al., 2014).

Lung is one of the tissues that express TGF-b3 insignificant
levels (Bandyopadhyay et al., 2006). The presence of mononuclear
cells in dilated blood vessels and their infiltration in the interalve-
olar septa and alveolar spaces indicated to inflammation and
degeneration of these cells, and this led to the high expression of
this protein in lung (Kubiczkova et al., 2012).

In the kidney, the histopathological changes noted in GT treated
mice are considered an indicator for high expression of this cyto-
kine in renal tissue as it is a profibrotic cytokine found in renal dis-
eases, which initiates and modulates a variety of
pathophysiological processes. It is synthesized by many renal cell
types (Loeffler and Wolf, 2014). TGF-b3 is secreted by all type of
cells and has overlapping receptor usage (Massague, 1998;
Sutton et al., 1995; Ibrahim et al., 2017) demonstrated morpholog-
ical evidence of apoptosis in mice lymphocytes treated with 0.3 mM
GT for 6 hrs. They showed that the typical condensed chromatin of
the nucleus was evident by low-dose GT which can influence cell
division via a reduction in cyclic AMP levels, and that the toxic
properties of high doses of GT may be due to elevation of cAMP,
resulting in apoptosis. Immunohistochemical staining of colonic
mucosa of Trinitrobenzene Sulfonic Acid (TNBS) colitis mice tissue
after intrarectal administration of 100 mg/mouse of GT as a thera-
peutic potential, resulted in that GT induces Heme Oxygenase-1
(HO-1) expression in BALB/c mice colon, especially in crypt epithe-
lium and the smooth muscle layer and that maximal induction was
seen after 24–36 hrs of administration and reduced the expression
of TNF-a, IL-1b, and IL-12 (Jun et al., 2006; El-Hilaliet al., 2016;
Ibrahim et al., 2017). Other studies agreed with our results on GT
effect in proteins expressed in animal tissue; in a study on cerebel-
lum of chicken embryos, the effects of 6-aminonicotinamide (6-
AN) gliotoxin on the cerebellum astroglial cells and microvessel
were analysed on Blood-brain barrier (BBB) which examined by
producing glial degeneration in the cerebellum by applying (6-
AN) GT onto the embryo chorioallantoic membrane (CAM), The
immunostaining for 3CB2 (chick-specific glial marker) and HT7
(chick-specific marker of BBB-provided brain endothelia), resulted
in that vascular expression of the HT7 antigen was intense and uni-
formly distributed everywhere (Bertossi et al., 2003; Ibrahim et al.,
2017; Abdulbaqiet al., 2018).

The present study revealed that. both of sample and standard
gliotoxin showed the same effectiveness in vivo to induce
histopathological changes and the immunohistochemical studies
revealed that the increasing of TGF-b3 expression was in a signifi-
cant relationship between the immunoreactive cell and its inten-
sity with number and size of lesion in the same tissue at P
value < 0.05 level, so further investigations are required to evaluate
the acute and /or chronic effect of gliotoxin on other cytokines and
further histopathological studies of acute and /or chronic effect of
gliotoxin on other organs such as muscles, heart, brain, spleen and
intestine are required.
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