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Aims A significant number of chemical events happen every year in Iran, which may require 
admission and management of victims in the hospital. The results of studies have shown 
that Iranian hospitals, like many developing countries, are not sufficiently prepared for 
these events. The aim of this study was to explain the challenges of hospital preparedness in 
chemical events in Iran.
Participants & Methods This qualitative research was conducted with the content analysis 
approach in Tehran. Ten participants were enrolled using purposive sampling. Data collection 
was through in-depth and semi-structured interviews and continued until reaching data 
saturation. The selected interviewees consisted of physicians, nurses, members of the 
Hospital Risk Management Committee, and experts of Health in Emergencies and Disasters, 
who had experience in responding to and treating chemical casualties. All interviews were 
recorded, transcribed, imported into the MAXQDA 10 software, and analyzed using the 
Graneheim and Lundman method. 
Findings The main theme was “Lack of priority of chemical events for policy makers”. Five 
categories and eleven sub-categories were extracted. Categories relating to challenges of 
hospital preparedness in the management of chemical casualties included “Lack of updated 
plans and protocols”, “Ineffective training”, “Organizational challenges”, “Lack of legal and 
financial support”, and “Lack of infrastructure and decontamination equipment”. 
Conclusion Iranian hospitals are facing challenges to acquire and maintain preparedness 
in response to chemical events. Therefore, national standards for hospital response to 
chemical events should be agreed upon by policy makers, and their implementation should 
be evaluated in hospital accreditation.
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Introduction 
Harmful and resulting metabolites due to drug 
interactions and their relationship to 
hepatotoxicity are a source of concern to many 
drug manufacturers because they can cause 
financial drain due to the continuous 
development of drugs. It has been observed that 
Cytochrome P450 (CYP) enzyme systems have 
the ability to produce metabolic reactions 
accompanying the use of some drugs as a 
reaction may lead to liver injury either directly 
or through an immune-related mechanism [1]. 
Carbamazepine (CBZ) is a white crystalline 
powder discovered in 1953 AD and is commonly 
used in the treatment of epilepsy, bipolar 
affective disorder, schizophrenia, trigeminal 
neuralgia, and other specific pain disorders such 
as lingual neuralgia [2]. Carbamazepine is one of 
the antiepileptic drugs which induces 
hypersensitivity syndrome, which has a broad 
spectrum of side effects; however, the 
differentiation from hypersensitivity syndrome 
may be difficult, but it has been related to this 
syndrome affecting the lung, liver, and kidneys in 
severe cases [3]. Although the drug is generally 
well tolerated, only a limited number of patients 
who consumed CBZ develop severe, potentially 
life-threatening private interactions such as liver 
[4]. Hepatic toxicity associated with the CBZ dose 
may be a form of granulomatous hepatitis, as 
well as the failure of some liver functions, or 
acute inflammation associated with hepatic 
cellular necrosis [5].  
Several studies have evaluated carbamazepine-
induced hepatotoxicity by reactive metabolites in 
vitro, and they have suggested that CBZ 2,3-
epoxide and 3-hydroxy(OH) CBZ may play a role 
in CBZ induced special drug interactions via 
covalent linkage with protein or production of 
Reactive Oxygen Species (ROS) [6, 7]. Antioxidants 
of Glutathione (GSH) and microsomal epoxide 
hydrolase are implicated in detoxification [7]. 
However, there are few articles on CBZ-induced 
hepatotoxicity in an in vivo animal model. Free 
radicals result from the metabolism of drugs 
such as CBZ in the liver and kidney. It is well 
known that ROS is involved in drug-induced liver 
damage via mitochondrial dysfunction and 
degeneration and necrosis of the hepatocytes [8]. 
Microsomal epoxide hydrolase and Glutathione 
(GSH) are involved in detoxification [7]. However, 
there is no confirmation of CBZ-induced 
hepatotoxicity in an in vivo animal model. 
The present study aimed to elucidate important 
information about the action mechanisms of 
some drugs, such as CBZ, that induce histological 
damage and acute inflammation. This 
information makes it easier for us to understand 
the mechanical properties of drugs, their action, 

and how they cause histological, physiological, and 
metabolic damage to organs, especially the liver. 
 

Materials and Methods 
Experimental animals  
Twenty-four mature male Balb-C mice (Mus 
musculus) were used for this study. The animals 
were distributed in plastic cages covered with 
metal clamp covers. Water and food were 
available ad labium during the 30-day trial. 
Experimental male mice were divided into three 
groups, each group containing 8 animals: The 
control group (C) was given 1 ml of normal saline 
for 30 days, Group II received 2.85 mg/kg/day of 
CBZ for 30 days, and Group III received 
5.7mg/kg/day of CBZ during 30 days. During the 
30-day experiment, food and water were 
available ad libitum. 
Biochemical analysis  
Alanine Transaminase (ALT) and Aspartate 
Transaminase (AST) in blood serum were 
measured at Basrah General Hospital. Liver 
tissue was prepared as homogenous tissue by 
mixing 0.1 M phosphate buffer by centrifugation 
at 12000 rpm for 20 minutes at pH 7.4, however, 
the enzyme exporter supernatant was kept at 
4°C. GSH levels were evaluated according to the 
study of Mitchell et al. [9]. The level of 
Glutathione Reductase (GR) was tested by 
surveillance of the NADPH oxidation at 340 nm 
according to the method of James et al. [10] so that 
one unit of GR activity was expressed in 1 
nmol/mg protein/min (1 nmol of NADPH 
oxidized to NADP+ by the enzyme during 1 min 
per mg of protein). Glutathione-S-Transferase 
(GST) activity was inspected according to Habig's 
method [11] so that one unit of GSH activity was 
equivalent to 1μm of 1-chloro-2,4-
dinitrobenzene (CDNB) conjugated per min per 
mg protein under the inspect conditions. 
Histological analysis  
Microscopic analysis was done by observing the 
histological changes in the liver. For microscopic 
analysis, at the end of the experiment (30 days), 
all animals were killed and then pieces of liver 
were removed and fixed in a 10% phosphate-
buffered formalin solution. Liver samples were 
dehydrated, cleared, infiltrated, and embedded in 
paraffin wax. The blocks were then cut using a 
rotary microtome. All liver sections were stained 
with hematoxylin and eosin [12]. 
Statistical analysis  
Data were analyzed using one-way Analysis of 
Variance (ANOVA) and LSD test by SPSS 21 
software. P≤0.05 was considered a significant 
level for all tests. 
 

Findings 
Oral administration at the dose of 2.85 mg  
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CBZ/kg/day and 5.7 mg CBZ/kg/day in 
experimental groups significantly increased the 
serum level of AST and ALT compared to the 
control group (p≤0.05). The highest values were 
on days 15 and 30 in the 5.7mg CBZ/kg/day 
group (Tables 1 and 2). 
 
Table 1) Effect of CBZ on serum ALT concentration of 
mature male mice during the experimental period 

Groups 
ALT concentration (IU/L) 

Day 0 Day 7 Day 15 Day 30 

Control 80.6±5.1a 77.9±3.8a 82.4±6.9a 78.70±6.1a 
2.85 mg 
CBZ/kg/day  

78.9±4.2a 101.3±8.1b 137.6±10.7b 144.4±9.5b 

5.7 mg/kg 
CBZ/day  

75.7±5.4a 164.2±10.6c 163.8±13.4c 159.7±12.9b 

a, b, c: significant differences horizontally 

 
Table 2) Effect of CBZ on serum AST concentration of mature 
male mice during the experimental period 

Groups 
AST concentration (IU/L) 

Day 0 Day 7 Day 15 Day 30 

Control 167.0±10.1a 171.5±11.2a 177.8±10.4a 180.4±12.2a 

2.85 mg 
CBZ/kg/day  

168.1±12.3a 200.7±16.9b 233.5±15.8b 240.3±9.75b 

5.7 mg/kg 
CBZ/day  

163.5±8.9a 219.6±15.5b 301.2±16.8c 341.7±17.8c 

a, b, c: significant differences horizontally 

 
A significant decrease in the level of GSH was 
observed in the 2.85 mg CBZ group and the 5.7 mg 
CBZ group after 15 and 30 days compared to the 
control group (p≤0.05; Table 3). 
 
Table 3) Effect of CBZ on serum GSH level of mature male mice 
during the experimental period 

Groups 
GSH level (µmole GSH/g liver) 

Day 0 Day 7 Day 15 Day 30 

Control 5.6±0.1a 6.00±0.3a 5.90±0.29a 5.8±0.31a 

2.85 mg 
CBZ/kg/day  

5.7±0.2a 5.50±0.2a 4.01±0.11b 3.3±0.22b 

5.7 mg/kg 
CBZ/day  

5.9±0.3a 4.98±0.2b 3.24±0.23c 2.9±015b 

a, b, c: significant differences horizontally 

 
The activity of Glutathione Reductase (GR) in the 
2.85 mg CBZ and 5.7 mg CBZ groups showed a 
significant increase compared to the control group 
(p≤0.05). The highest values were recorded on 
day 30 in the 2.85 mg CBZ and 5.7 mg CBZ groups 
(Table 4). 
 
Table 4) Effect of CBZ on GR activity of mature male mice during 
the experimental period 

Groups 

GR activity (nmole NADPH oxidized/mg 
protein/min) 

Day  0 Day 7 Day 15 Day 30 

Control 45.8±3.3a 40.7±2.2a 46.5±4.1a 48.7±4.1a 

2.85 mg 
CBZ/kg/day  

47.4±4.1a 58.9±6.2b 67.9±5.4b 79.2±6.6b 

5.7 mg/kg 
CBZ/day  

45.6±3.9a 65.6±5.2c 77.7±6.0b 93.5±5.4c 

a, b, c: significant differences horizontally 

 

The level of Glutathione-S-Transferase (GST) 
activity significantly decreased in the 2.85 mg CBZ 
and 5.7 mg CBZ groups after 7 and 15 days, but a 
significant increase was observed after 30 days 
compared to the control group (p≤0.05; Table 5).  

 
Table 5) Effect of CBZ on GST activity of mature male mice during 
the experimental period 

Groups 

GST activity ( µM CDNB conjugate/mg 
protein/min) 

Day 0 Day 7 Day 15 Day 30 

Control 3.50±0.10a 3.3±0.02b 3.7±0.02a 3.41±0.07a 

2.85 mg 
CBZ/kg/day  

3.36±0.14a 2.7±0.03b 2.01±0.05b 4.5±0.09b 

5.7 mg/kg 
CBZ/day  

3.19±0.08a 2.1±0.05c 1.8±0.04b 4.8±0.11c 

a, b, c: significant differences horizontally 

 
The histological evaluation in the control group 
showed that normal hepatic cells were arranged 
as radiating cords from the central vein, and clear 
histological organization involved normal hepatic 
cells (Figure 1), while the 2.85 mg CBZ group on 
days 7 and 15 showed hepatocyte degeneration, 
vacuolated hepatocytes, and loss of intercellular 
demarcation in the liver lobule (Figures 2-4).  
In addition, on day 30, the experiment showed the 
presence of Kupffer cells, necrotic hepatocytes, 
hypertrophy of hepatocytes, pyknotic nuclei of 
hepatocytes, and loss of intercellular demarcation 
in liver lobules (Figure 5). Also, sinusoidal 
expansion, acute necrosis, cytoplasm vacillation of 
the hepatocytes, and nodal inflammatory cell 
infiltration were observed (Figures 6 and 7). 
The 5.7 mg group on days 7 and 15 showed more 
acute histopathological differences compared to 
the other groups, including areas of hydropic 
degeneration, hypertrophied nuclei, marked 
complete distortion of the hepatic cell cords, loss 
of hepatocytes around the central vein, highly 
dilated sinusoid and highly congested hepatic 
portal vein, necrosis and damage of hepatocytes, 
acute congestion of the hepatic portal vein, loss of 
hepatocytes cytoplasm, loss of normal radial cords 
regulation of hepatocytes around the hepatic 
portal vein, hypertrophy of hepatocytes and 
aggregation Kupffer cells around portal vein 
(Figures 8-10), While the 5.7 mg group on day 30 
showed marked complete distortion of the hepatic 
cell cords, large areas of hydropic degeneration, 
nodal inflammatory cell infiltration, acute 
cytoplasm vacoulation, prominent fragmented 
pyknotic nuclei, loss of hepatocytes nuclei, highly 
congested hepatic portal vein, hemolysis blood 
cells, increased proliferation in highly elongated 
wall of the bile duct, hypertrophied nuclei, 
congested blood sinusoids and numerous 
hemorrhagic areas, and edema (Figures 11-15). 
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Figure 2) Liver section of the 2.85 mg CBZ group on day 7 
showed degeneration of hepatocytes (D) and cytoplasmic 
vacuolation (V) and loss of intercellular demarcation in 
the hepatic lobules (circle) (H&E 400X). 

 

D 

V 

 
 
Figure 1) Liver section of the control group showed the 
Central Vein (CV) and the normal radiating cord of 
hepatocytes (arrow) (H&E 400X). 

 

CV 

 
 

 
Figure 3) Liver section of the 2.85 mg CBZ group on day 15 
showed hepatocyte degeneration (D) and loss of 
intercellular demarcation of the hepatic lobule. (H&E 400X). 

 

D 

 

 

Figure 4) Liver section of the 2.85 mg CBZ group on day 15 

showed prevalent cytoplasm vacuolation (V) and loss of 

intercellular demarcation of the hepatic lobule (H&E 400X).  

 

V 

V 
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Figure 7) Liver section of the 2.85 mg CBZ group on day 30 showed 

nodal inflammation cell infiltration (circle) (H&E 400X).  

 

 

 

Figure 8) Liver section of the 5.7 mg CBZ group on day 7 

showed hydropic degeneration (arrow), necrosis and damage 

of hepatocytes (ND), and distortion of the hepatic cell cords 

(circle) (H&E400X) 

ND 

   
 

 
 

 

 

Figure 5) Liver section of the 2.85 mg CBZ group on day 30 

showed aggregation of kupffer cells (circle), cytoplasm 

vacuolation (V), necrosis of hepatocytes (N), pyknotic of nuclear 

(arrow), and loss of intercellular demarcation in the hepatic 

lobules (H&E 400X).  

V 

N 

 

 

Figure 6) Liver section of the 2.85 mg CBZ group on day 30 

showed sinusoidal expansion (arrow) and clear hepatocytes 

necrosis (N) (H&E 400X).  

N 
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Figure 9) Liver section of the 5.7 mg CBZ group on day 15 

showed hypertrophied hepatocytes (arrows), acute necrosis 

(N), loss of normal radical cords of hepatocytes (head arrow), 

and loss of hepatocytes cytoplasm (thick arrows) (H&E 400X) 

N 

 

Figure 10) Liver section of the 5.7 mg CBZ group on day 15 

showed highly congestion of hepatocytes portal and hemolysis 

blood vein (Cg), hydropic degeneration (arrows), distortion of 

hepatic cell cords (thick arrows), sinusoidal dilation (head 

arrow), and vacuolation and necrosis of hepatocytes (circle)(H&E 

400X).  

Cg 

 

Figure 11) Liver section of the 5.7 mg CBZ group on day 30 

showed marked complete distortion of the hepatic cell cords, 

highly congested hepatic portal vein (star), hemorrhage areas 

(arrow), hypertrophied hepatocytes (head arrow), congested 

blood of sinusoids (thick arrow) (H&E 400X) 

 

Figure 12) Liver section of the 5.7 mg CBZ group on day 30 

showed prominent fragmented pyknotic nuclei (arrows), 

increased proliferation in a highly elongated wall of the bile duct 

(circle), areas of hydropic degeneration (D), loss of hepatocytes 

nuclei (head arrow), and necrosis of hepatocytes (star) (H&E 

400X) 

D 
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Discussion   
Advances in the acquaintanceship of the 
mechanisms of drug-induced liver ecchymosis were 
hampered by the want of proper animal models. The 
current study was carried out using the mouse 
model to provide novel mechanistic information, 
including aspects of drug metabolism and 
inflammation in the pathogenesis of CBZ-induced 
liver injury.  

In this study, it was observed that ALT and AST 
serum levels significantly increased by oral 
administrations in a dose of 2.85 mg CBZ/kg/day 
and 5.7 mg CBZ/kg/day compared to the control 
group. Mullick and Ishak [13] showed that acute 
hepatic injury with antiepileptic drugs involved 
primarily hepatocytes degeneration, necrosis, or 
other damage, which generally caused abnormal 
serum levels of bilirubin, transaminases, and 
alkaline phosphatase enzymes. O’Hare et al. [14] 
showed that there is a statistically significant 
correlation between the administration duration of 
carbamazepine and ALP elevation, while other 
researchers assigned the effect on hepatic enzymes 
to inducing carbamazepine property, which leads to 
the creation of microsomal enzymes. Friedrich et al. 
[15] recorded that there were no significant effects 
between the therapy duration of CBZ and lowering 
liver enzymes. A transient and asymptomatic 
elevation usually of liver enzymes occurs in 25%-
61% of patients receiving CBZ [16, 17]. Serious CBZ-
associated hepatic toxicity takes the forms of the 
following: granulomatous hepatitis as a 
hypersensitive reaction, which caused abnormal 
hepatocytes functions, or hepatocellular necrosis 
associated with acute hepatitis, which may cause 
from effect of direct drug toxicity [18]. 
The results of the current study showed a significant 
value decrease in GSH levels at 2.85 mg CBZ and 5.7 
mg CBZ groups after days 15 and 30 of the 
experiment compared with control groups. Some 
plasma reactive metabolites, such as 3-OH CBZ and 
2-OH CBZ play an important role in CBZ-induced 

Figure 15) Liver section of the 5.7 mg CBZ group on day 30 

showed hyperpigmented and basophilic inflammatory 

infiltrating cells (circle) (H&E 400X). 

 

Figure 13) Liver section of the 5.7 mg CBZ group on day  30 

showed acute necrosis, prominent fragmented pyknotic nuclei 

(arrow), loss of hepatocytes nuclei (head arrow), and congested 

blood sinusoids and numerous hemorrhagic and edema areas 

(thick arrow)(H&E 400X). 

 

Figure 14) Liver section of the 5.7 mg CBZ group on day 30 showed 

acute cytoplasm vacuolation (V), marked complete distortion of the 

hepatic cell cords, large areas of necrosis and degeneration (circle), 

highly congested hepatic portal vein and hemolysis blood cells (Ch) 

(H&E 400X). 

Ch 

V 
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liver injury. However, the 3- and 2-OH CBZ, as a 
reactive metabolite produced by an assortment of 
CYPs, induced ROS, causing mitochondrial 
dysfunctions, which causes the suppression of GSH 
levels and the alteration of oxidative stress signs. 
CYP3A4 and CYP2B6 are generally liable for the 
arrangement of 3-OH CBZ, and these enzymes are 
initiated by CBZ treatment [19]. Subsequently, the 
repeated overdose administration of CBZ might 
cause the height of the 3-OH CBZ plane in the plasma 
[20]. The cytotoxicity of certain chemical substances 
can be enhanced either by depleting glutathione 
level or by blocking the reduction of the oxidized 
form of Glutathione disulfide (GSSG) to its reduced 
form the glutathione reduction antioxidant (GSH) 
through inhibition of Glutathione-Disulfide 
Reductase (GSR). GSTs of mammalian are divided 
into four groups [21, 22], however, the GSTπ 
considered one of these groups, and its serves as 
biomarkers of hepatic toxicity in the rodent system 
[23]. Our results showed a significant increase in GST 
in the treatment groups after 30 days, unlike the 
control group. It may be because of physiological 
responses and adaptive mechanisms of the 
hepatocytes to enhance the GSH conjugation 
capacity with the toxicity of the metabolites due to 
drugs to reduce their toxicity. However, GSH 
concentration does not directly relate to regulating 
intracellular levels of GST activity [21], which 
agreement with our study results.  
The present study reports the importance of 
understanding the direct relationship between some 
liver enzymes (ALT and AST), in addition to 
antioxidant factor (GSH), also GR enzymes, and GSTs 
isozymes in potential drug toxicity of 
pharmacological metabolites of carbamazepine, as 
bio-indicator of liver toxicity. Our study deals with 
the importance of understanding alterations in GSH 
levels and GSH-related enzymes as biomarkers in 
the assessment, and toxicity of carbamazepine drug 
overdose and other anticonvulsants and 
antiepileptic drug metabolism. 
The histological study of the liver tissue section 
showed that the 2.85 and 5.7 mg CBZ/kg/day groups 
showed histological alterations between 
degeneration, inflammation and necrosis. The cause 
of the histopathological liver disorder can be 
concluded as follows: CBZ is metabolized in 
hepatocytes by Cytochromes P450 (CYPs) enzymes; 
ROS production in macrophages is stimulated by 
reactive receptors produced by CBZ metabolism, 
and then activates macrophage-activated danger 
signals, Toll-Like Receptor 4 (TLR4) and Receptors 
for Advanced Glycation End products (RAGE), which 
activates the secretion of immunoregulatory 
chemokines and cytokines, thereby causing liver 
inflammation and hepatocellular necrosis, secretes 
RAGE and TLR4 ligands, which cause liver 
inflammation. 

Evidence suggests that liver inflammation due to 
CBZ exposure is a hypersensitivity reaction possibly 
mediated by immunological mechanisms [24]. 
Carbamazepine hepatotoxicity is due to the 
immunological response to a metabolically 
produced drug-protein complex and the effect on 
liver, which ranges from mild to severe depending 
on time and dose [5]. Carbamazepine-induced 
hepatitis was confirmed due to an allergic immune 
mechanism with increasing carbamazepine dosage 
[25]. However, carbamazepine-induced hepatocyte 
abnormalities have been reported by several 
researchers [26]. 
 

Conclusion 
Biomarkers can be used as a warning about the pre-
sensitivity of some patients to carbamazepine. Also, 
carbamazepine treatment may change the capacity 
of the liver to detoxify many toxic compounds. 
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