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Background: Hydrogen cyanamide (Dormex®) is used as a fertilizer sprayed on fruits, 
especially grapes to stimulate buds’ opening. It causes oxidative stress leading to hepatic, renal, 
and lung damage. Melatonin is derived primarily from the amino acid tryptophan, produced 
from the pineal gland, and has antioxidant effects. 

This study aimed to examine the effects of acute hydrogen cyanamide (Dormex®) exposure 
on the liver of albino rats and evaluate the biochemical and histological changes caused by 
Dormex® toxicity. Additionally, the study evaluated the potential ameliorative role of melatonin 
in these harmful effects.

Methods: Forty adult male albino rats were divided into four groups; group I: Negative 
control, group II: Melatonin-treated (100 mg/kg/day), group III: Dormex®-treated (100 mg/
kg) as a single dose, and group IV: Receiving melatonin (100 mg/kg/day)+Dormex® (100 mg/
kg). After 24 hours, all animals were evaluated for liver enzymes (alanine aminotransferase, 
aspartate aminotransferase, alkaline phosphatase, and bilirubin), hepatic markers for oxidative 
stress (malondialdehyde (MDA), reduced glutathione (GSH), and superoxide dismutase 
(SOD)) and histopathological examination was done for hepatic tissues.

Results: The Dormex®-treated group showed significantly elevated liver enzymes, elevated 
MDA, and decreased GSH and SOD. Histopathological examination revealed normal structure 
in groups 1 and 2 while group 3 showed several histopathological changes characterized by 
inflammation and hepatic necrosis. Administration of melatonin with Dormex® in group 
4 caused a decrease in liver enzymes and MDA and an increase in GSH and SOD with 
improvement in liver histopathology.

Conclusion: Melatonin showed an ameliorative effect and can be used as a protective agent 
against Dormex®-induced hepatic injury.
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Introduction

ydrogen cyanamide (CH2N2) is utilized 
by certain countries as a nitrogen fertil-
izer in agriculture. Dormex®, which con-
tains hydrogen cyanamide as its main ac-
tive ingredient, is commonly sprayed on 

fruits, especially grapes, to stimulate bud opening and 
hasten the flowering process [1]. 

Dormex® can be exposed through ingestion, cutaneous 
contact, or inhalation. Any route has a quick absorption 
rate [2]. Dermal exposure causes severe inflammation 
as well as burns in the eyes and skin. Numerous experi-
mental studies have revealed the toxic systemic effects 
of Dormex®, including the kidney, liver, blood, and thy-
roid gland [3]. 

The bioavailability of Dormex® can range from 45% 
to 80%, primarily influenced by the dosage adminis-
tered [4]. Within the initial 24-hour period, approxi-
mately 40% of an orally administered dose is eliminated 
through the urine. N-acetylcyanamide is a primary me-
tabolite eliminated in the urine. The remainder is either 
eliminated by stools or is eventually exhaled as carbon 
dioxide [1]. Dormex® is extremely hazardous to rats, 
with an oral LD50 of 300 mg/kg and a cutaneous LD50 of 
1700 mg/kg [5]. 

Dormex®’s precise mode of toxicity is unknown. How-
ever, many studies suggested that Dormex® causes oxi-
dative stress and uncoupling of oxidative phosphoryla-
tion [6]. Oxidative stress has been identified as a factor 
that can cause damage to several organs, including the 
liver, kidney, and lungs, as well as the central nervous 
system, cardiovascular system, and hemopoietic system 
[7]. 

Obvious liver toxicity was observed in many patients 
after acute Dormex® exposure with elevation of liver 
enzymes, prothrombin time, and bilirubin level. Some 
patients with acute hydrogen cyanamide poisoning have 
experienced a significant increase in serum creatinine [3, 
8]. 

Melatonin (MEL), which is primarily derived from the 
amino acid tryptophan, is produced mainly from the pi-
neal gland. It plays a crucial role in the regulation of vari-
ous biological processes, such as the circadian rhythm, 
sleep, reproduction, and immunity [9]. 

Multiple studies have provided evidence of the diverse 
pharmacological actions exhibited by MEL, including 

antioxidant, anticancer, anti-inflammatory, antiapoptot-
ic, and immunomodulatory properties [9, 10].

MEL demonstrates potent antioxidant activity and pos-
sesses protective properties against oxidative stress [11, 
12].

Because of its ability to scavenge free oxygen radicals 
and protect cells and tissues from oxidative damage, 
MEL is the subject of several scientific studies [13]. In 
recent research, significant attention has been directed 
toward understanding the roles of MEL in lipid me-
tabolism, oxidative stress, and its potential therapeutic 
applications. Multiple studies have demonstrated the ef-
fectiveness of melatonin in liver injuries and diseases.

This research aimed to study the hepatotoxic effect of 
acute exposure to hydrogen cyanamide (Dormex®) on 
albino rats and the protective effect of MEL.

Materials and Methods

Experimental animals

Forty adult male albino rats, weighing 200-230 g, were 
obtained from the National Research Center Breeding 
Unit (Giza, Egypt). 

Before the experiment began, they were kept in stan-
dard laboratory rat conditions for one week and given 
free access to water and the recommended diet [14]. 

The rats were housed in clean plastic cages, with each 
cage accommodating five rats. To avoid any mixing, 
the name of the medication and the group number were 
clearly labeled on the outside of each cage. The rats were 
maintained in a clean and well-ventilated environment 
with regulated 12-hour light-dark cycles, a controlled 
temperature range of 21-24°C, and appropriate relative 
humidity levels. 

Before the commencement of the experiment, animals 
underwent a 12-hour fasting period to ensure an emp-
ty stomach (with the allowance of water consumption 
only).

Chemicals

Dormex®

Dormex® (hydrogen cyanamide 50%) was produced 
by Alzchem group AG, Germany, and purchased from 
Trans Fridge International CO., Cairo, Egypt, in the 
form of a suspension of 5 liters.

H
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Melatonin

MEL was produced by Sigma-Aldrich company and 
purchased from International CO., Cairo, Egypt for sci-
entific and medical supplies. 

Study design

The rats were divided into four groups with ten rats al-
located to each group:

Group I: (Negative control group)

The rats were administered only saline.

Group II: (MEL group)

MEL was given at a dose of 100 mg/kg/day [15]. It was 
dissolved in a 1% ethanol solution and further diluted 
with normal saline [16].

Group III: (Hydrogen cyanamide group)

Dormex® was administered at a dosage of 100 mg/kg 
body weight (1/3 LD50) suspended in 1 mL saline as a 
single dose via an oral cannula [5].

Group IV: (Melatonin+hydrogen cyanamide 
group)

Rats were received MEL (100 mg/kg/day) and hydro-
gen cyanamide (100 mg/kg)

Blood sampling & estimation of liver enzymes 

After 24 hours, the animals in the various groups were 
anesthetized using sodium thiopental and euthanized. 
Blood samples were collected via cardiac puncture into 
non-heparinized containers and left to clot. After cen-
trifugation at 1500 rpm for 15 minutes, the serum was 
separated and assessed for liver enzymes to determine 
Alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST) and alkaline phosphatase (ALP) by colori-
metric method using kits (Spectrum diagnostics compa-
ny, Cairo, Egypt) and also serum bilirubin using ELIZA 
kits (BioVision Company, Cairo, Egypt) following the 
manufacturer’s instruction.

Hepatic tissue preparation for histopathological 
examination

Animals were sacrificed by cervical decapitation after 
anesthesia. Laparotomy was carried out, and the livers 
were removed, washed with the ice-cold saline buffer, 

blotted in filter papers, and weighted. Then, the liver 
samples were fixed and stained with hematoxylin & 
eosin for histopathological study using the light micro-
scope.

Estimation of markers of oxidative stress

One gram of hepatic tissue was taken from each rat 
and examined for malondialdehyde (MDA), reduced 
glutathione (GSH), and superoxide dismutase (SOD), by 
colorimetric method using kits (Biodiagnostic company, 
Giza, Egypt) following the manufacturer’s instruction.

Statistical analysis

The collected data were presented as Mean±SD for all 
parameters. A one-way ANOVA was used to compare 
the statistical significance of the studied groups. P≤0.05 
were considered statistically significant. 

Results 

Regarding tissue markers for oxidative stress, there 
was a significant increase in hepatic MDA levels in the 
hydrogen cyanamide-treated group (group III) compared 
to the control group. 

Administration of MEL with hydrogen cyanamide in 
group IV was associated with a significant decrease in 
hepatic MDA levels in relation to group III.

There was a significant decrease in hepatic GSH and 
(SOD levels in the hydrogen cyanamide-treated group 
(group III) compared to the control group. 

Administration of MEL with hydrogen cyanamide in 
group IV was associated with a significant increase in 
hepatic GSH and SOD levels in relation to group III 
(Table 1).

Regarding liver enzymes, there was a significant in-
crease in serum levels of ALT, AST, ALP, and bilirubin 
in the hydrogen cyanamide-treated group (group III) 
compared to the control group. 

Administration of MEL with hydrogen cyanamide in 
group IV showed a significant decrease in serum levels 
of liver enzymes compared to group III (Table 2).

Histopathology

Microscopic examination of the livers from both the 
control and MEL-treated groups (groups I & II) demon-
strated a normal histological structure. The hepatocytes 
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were observed to be well-organized within the typical 
lobular architecture, with central veins and radiating 
hepatic cords. The portal triads exhibited a normal his-
tological appearance, characterized by the presence of 
branches of the hepatic artery, hepatic portal vein, and 
bile duct (Figure 1 and 2).

Meanwhile, the hydrogen cyanamide-treated group 
(group III) showed several histopathological changes 
characterized by multifocal areas of mononuclear in-
flammatory cell infiltration associated with necrotic 
hepatocytes. The portal areas of some affected individu-

als showed numerous infiltrations of inflammatory cells 
accompanied by vacuolar degeneration of the adjacent 
hepatocytes (Figure 3).

Marked improvements were observed in the 
MEL+hydrogen cyanamide group (group IV), which 
showed apparently normal hepatic tissue in several ex-
amined sections, except for a few sections that showed 
fewer inflammatory cell infiltration and mild vacuolation 
of the existing hepatocytes (Figure 4). 

Discussion

Figure 1. Liver tissue in the control group (group 1) 

a and b) Normal histological structure of hepatic lobules (H&E) 

Table 1. MDA, GSH, and SOD levels in the studied groups (n=10)

Variables Group I Group II Group III Group IV Test Results

MDA
(nmol/mg protein) 0.71±0.08 0.53±0.05 4.60±0.51 1.60±0.38 F=340.647

P<0.001

P1 0.606 <0.001 <0.001

P2 <0.001 <0.001

P3 <0.001

GSH 
(mmol/mg protein 4.10±0.30 4.85±0.30 1.28±0.21 2.79±0.25 F=350.322

P<0.001

P1 <0.001 <0.001 <0.001

P2 <0.001 <0.001

P3 <0.001

SOD 
(U/mg protein) 3.33±0.19 3.86±0.29 0.93±0.05 2.05±0.16 F=495.404

P<0.001

P1 <0.001 <0.001 < 0.001

P2 <0.001 <0.001

P3 <0.001

Note: F: One-way ANOVA, Statistically significant: P≤0.05, P1: Significance in relation to group I (control), P2: Significance in 
relation to group II (melatonin), P3: Significance in relation to group III (hydrogen cyanamide), Group I: -ve control, Group II: 
Melatonin, Group III: Hydrogen cyanamide, Group IV: Melatonin+hydrogen cyanamide.
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Around 1-5 million incidents of pesticide poisoning 
are estimated annually among agricultural workers, the 
majority of them happening in developing countries 

[17]. Dormex® is frequently used to control plant growth 
worldwide and in developing nations, like Egypt [7].

Table 2. ALT, AST, bilirubin, and ALP levels in the studied groups (n=10) 

Variables Group I Group II Group III Group IV Test Results

ALT (U/mL) 34.73±0.91 32.90±0.72 93.22±2.86 48.42±1.93 F=887.292
P<0.001

P1 0.133 <0.001 <0.001

P2 <0.001 <0.001

P3 <0.001

AST (U/mL) 48.34±0.37 45.62±0.39 106.69±5.41 60.64±0.63 F=971.620
P<0.001

P1 0.136 <0.001 <0.001

P2 <0.001 <0.001

P3 <0.001

Bilirubin (µg/mL) 9.04±0.49 9.18±0.40 57.38 ±1.26 26.42±0.54 F=923.606
P<0.001

P1 0.973 <0.001 <0.001

P2 <0.001 <0.001

P3 <0.001

ALP (ng/mL) 20.34±0.38 19.38±0.32 71.84±1.60 32.19±0.91 F=689.571
P<0.001

P1 0.131 <0.001 <0.001

P2 <0.001 <0.001

P3 <0.001

Note: F: One-way ANOVA, Statistically significant: P≤0.05, P1: Significance in relation to group I ( control), P2: Significance in 
relation to group II (melatonin), P3: Significance in relation to group III (hydrogen cyanamide), Group I: -ve control, Group II: 
Melatonin, Group III: Hydrogen cyanamide, Group IV: Melatonin+hydrogen cyanamide.

Figure 2. Liver tissue in the melatonin group (group 2)

a) Normal histological structure of hepatic parenchyma (H&E), b) Normal portal area and intact adjacent hepatocytes (H&E)
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Figure 3. Liver tissue in the hydrogen cyanamide group (group 3)

a) Infiltration of focal inflammatory cells with necrosis of the existing hepatocytes (arrow) (H&E), b) Infiltration of focal in-
flammatory cells with necrosis of the existing hepatocytes (arrow) (H&E), c) Portal hepatitis (arrow) with vacuolation of the 
adjacent hepatocytes (star) (H&E), d) Higher power showing portal hepatitis with vacuolation of the adjacent hepatocytes 
(arrow) (H&E)

Figure 4. Liver tissue of the melatonin+hydrogen cyanamide group (group IV) 

a) Mild vacuolation of some hepatocytes (arrow) (H&E), b) Mild vacuolation of some hepatocytes (arrow) with healthy portal 
area (H&E), c) Mild portal inflammation (arrow) (H&E)
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In contrast to how slowly it is absorbed through the 
skin, Dormex® is quickly absorbed from the gastroin-
testinal tract. When exposed, hydrogen cyanamide has 
both systemic and local effects. One of the postulated 
mechanisms of action is catalase enzyme inhibition, re-
sulting in oxidative stress and uncoupling of oxidative 
phosphorylation [3].

The objective of the present study was to examine the 
biochemical and histological consequences of acute 
Dormex® poisoning on the liver, along with evaluating 
the potential protective effects of melatonin.

Regarding tissue markers for oxidative stress, the study 
observed a noteworthy elevation in hepatic MDA lev-
els, indicating increased oxidative damage. Additionally, 
a substantial reduction in hepatic GSH and SOD levels 
in the hydrogen cyanamide-treated group was detected, 
suggesting compromised antioxidant defense mecha-
nisms. 

These results were consistent with a study that stated 
that oxidative stress parameters, like MDA, showed 
a significant increase in laboratory rats, while antioxi-
dants, like glutathione reductase and catalase, were sig-
nificantly reduced [18].

Similar results were observed by studying the effect of 
Dormax on kidneys, which showed a significant increase 
in MDA and a significant decrease in glutathione peroxi-
dase in the group receiving Dormax [19].

The present study reported that the administration of 
MEL with hydrogen cyanamide in group IV was associ-
ated with a significant decrease in hepatic MDA levels 
and also, a significant increase in hepatic GSH and SOD.

These results agree with a study, which discovered that 
treatment with MEL slightly increased the activities of 
antioxidant parameters, like SOD, catalase, and GSH 
when compared with the CCl4-treated animals with 
hepatitis injury [20].

Also, our results are consistent with a previous study 
investigating the impact of MEL on aluminum-induced 
injury, which demonstrated that MEL treatment restored 
the balance between oxidant and antioxidant molecules. 
This was evidenced by a decrease in lipid peroxida-
tion (LPO) and nitric oxide (NO) levels, as well as an 
increase in the activity of antioxidant enzymes and the 
content of GSH in the liver and kidney tissues [21].

MEL is a potent antioxidant and anti-inflammatory 
agent. Specifically, its aromatic indole ring acts as a buf-
fer and scavenger for reactive oxygen and nitrogen spe-
cies. Moreover, MEL has the capability to stimulate the 
production of endogenous antioxidant enzymes, such as 
catalase, SOD, glutathione peroxidase, and GSH. Ad-
ditionally, MEL can inhibit the nuclear factor-kappa B 
(NFkB) transcription, which reduces the expression of 
inflammatory mediators, like cytokines [13, 22].

Regarding the liver function enzymes, the present study 
showed a significant rise in serum levels of ALT, AST, 
ALP, and bilirubin in the hydrogen cyanamide-treated 
group. This result is consistent with the study, which 
found that ALT and AST were significantly elevated 
in groups receiving doses of 100 and 300 mg/kg cy-
anamide [5]. Also, this result agrees with another study, 
which stated that the ingestion of Dormex® resulted in 
a substantial increase in serum levels of liver enzymes, 
including ALT, AST, ALP, and bilirubin in experimental 
rats [18].

ALT and AST enzymes are specific markers of hepatic 
injury. They reside in the cytoplasm of hepatocytes, and 
a spike in their serum activity indicates that they have 
escaped the cell as a result of altered cell membrane per-
meability, which ensures hepatocyte damage [23]. The 
increased total serum ALP is an indicator of hepatobili-
ary dysfunction and intrahepatic biliary cholestasis [24].

The present study noted that after the administration of 
MEL with hydrogen cyanamide, group IV showed a sig-
nificant reduction in serum levels of liver enzymes. This 
result agrees with a study, which reported that ALT activ-
ity was decreased by 33.3% in the CCl4/MEL group in 
comparison with the CCl4 group. The AST activity was 
decreased by 29.5% compared to the CCl4 group [20].

Regarding the histopathology, the hydrogen cyana-
mide-treated group showed several histopathological 
changes characterized by multifocal areas of infiltra-
tion by mononuclear inflammatory cells associated with 
necrotic hepatocytes. The portal areas of some affected 
individuals showed infiltration of numerous inflamma-
tory cells accompanied by vacuolar degeneration of the 
adjacent hepatocytes. This is consistent with the study, 
which noted that there was marked inflammatory cell in-
filtration associated with areas of vascular hemorrhages, 
and also, the central veins and portal vein branches were 
markedly dilated. Hepatocytes showing vacuolated cy-
toplasm were frequently seen in the 100 and 300 mg/
kg cyanamide groups [5]. Also, another study noted that 
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Dormex®-treated groups showed hepatic inflammation, 
degeneration, and apoptosis [18].

The present study demonstrated the marked improve-
ment of the MEL+hydrogen cyanamide group (group 
IV) that showed apparently normal hepatic tissue in 
several examined sections, except for a few sections 
that showed infiltration of fewer inflammatory cells and 
mild vacuolation of the existing hepatocytes. This result 
agreed with a study, which reported that the use of mela-
tonin considerably inhibited aluminum-induced liver 
injury in rats. The study revealed that MEL treatment ef-
fectively restored the hepatic cell and lobular structures 
to a state close to normal. The findings suggest that MEL 
has the potential to prevent or reverse apoptosis, inflam-
mation, and oxidative stress induced by aluminum in the 
liver and kidney tissues of rats [21].

Also, this result is consistent with a study, which ob-
served that when MEL is given before the administra-
tion of thioacetamide (TAA), it caused partial tissue 
improvement, and when given after the application of 
TAA, the damage was greatly lessened. Histologically, 
the therapeutic effects of MEL on the tissue were more 
potent than its protective ones [25].

Upon contact with the cell membrane, MEL attaches to 
the outer surface of the phospholipid layer, intercepting 
free radicals before they reach the membrane and effec-
tively neutralizing them. This mechanism allows MEL 
to protect the nucleus, organelles, and cell membrane 
from potential damage caused by free radicals [26, 27].

Conclusion

Hydrogen cyanamide triggers oxidative stress by an el-
evation in hepatic MDA and reduction in GSH and SOD 
levels also comprises liver enzymes and causes hepatic 
tissue inflammation and necrosis. MEL as an antioxi-
dant has a hepatoprotective effect by counteracting these 
damaging effects.

Recommendations

Studying Dormex®-induced multi-organ toxicity is 
highly advised. 

MEL can be used for the treatment of Dormex®-
intoxicated patients.
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