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Background: Dormex is a highly toxic fertilizer that causes local tissue irritation in addition to
multiple organ toxicity mainly through oxidative stress. Aim of the study: This study aimed to
investigate nephrotoxic effect of dormex and to evaluate potential protective role of N-acetyl
cysteine (NAC) on kidney of male albino rats. Methods: This study was conducted on forty
mature male albino rats were distributed to; Group I, II: rats were given normal saline and NAC,
respectively. Group IlI: rats received single dose of dormex. Group IV: rats were given the same
dose of dormex plus NAC. Blood urea and serum creatinine were assessed. Oxidative stress
markers as malondialdehyde (MDA), catalase, reduced glutathione and superoxide dismutase
(SOD ) were measured. Renal specimens were studied with hematoxylin and eosin. Results:
Renal indices, urea and creatinine, MDA were significantly increased, while glutathione
reductase, catalase and glutathione peroxidase were lowered significantly in experimental rats
received dormex. Kidney tissue of dormex administered rat’s revealed tubulointerstitial
nephritis, tubular necrosis and obstruction. Treatment with NAC markedly improved oxidative
stress parameters but did not show marked effect on dormex induced histopathological changes.

Conclusions: It can be concluded that dormex triggers oxidative stress causing affection of the
renal function. Although NAC could decrease oxidative stress, it was not able to protect against
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Introduction

ore than 150,000 people die annually from
M pesticide poisoning. Pesticide poisoning may

be self-induced by ingestion, occupational or
accidental exposures. Owing to its availability,
pesticide poisoning commonly reported in rural areas
of low and mid-income countries (Eddleston, 2020).
Although there are many reports on pesticide toxicity,
reports of dormex poisoning are scarce (Inamadar and
Palit, 2007). Hydrogen Cyanamide (Dormex), is a
nitrogen fertilizer specially for grapes in addition to its
herbicidal and fungicidal effects. It is used in
agriculture by spraying to accelerate the buds break
(Sudawan et al., 2016). In some countries of Europe,
Canada and Japan, Cyanamide has been approved to be
used in treatment of chronic alcoholism (Ibrahim et al.,
2015). The usual methods of exposure to dormex occur
through inhalation, dermal contact or ingestion.
Absorption occurs rapidly through all routes (Foti et
al., 2008). There are no reports about conversion of
hydrogen cyanamide to cyanide in vivo (Mertschenk et
al. 1991). The bioavailability of dormex ranges from
(45-80%) depending mainly on the dose (Schep et al.,
2009). Just about 40% of oral dose is excreted in urine
during the first 24 hours. The main metabolite excreted

in the urine is N-acetylcyanamide. While the remaining
either excreted in stool or exhaled finally as carbon
dioxide (Oreby et al., 2015). The U.S. Environmental
Protection Agency (EPA) has placed dormex in
chemicals with highest toxicity category (toxicity
category I) (Cochran et al., 1993). Dormex product is
severely toxic product with rat oral LD 50 of 300mg
/kg and dermal LD50 of 1700mg/kg (El Masry et al.,
2000).

The exact mechanism of toxicity of dormex is
not known (Settimi et al., 2007). Studies suggested that
dormex induces oxidative stress through catalase
inhibition. Inhibition of catalase resulted in oxidative
stress and uncoupling of oxidative phosphorylation (de
Zwart et al., 1999; El Masry et al., 2000) . Oxidative
stress is known to cause hepatic, renal, and lung
damage. Central nervous system, cardiovascular
system, and hemopoietic system are also apparently
affected (Gamaluddin et al., 2012). Dormex also
suggested causing parasympathetic over-activity. In
addition, it inhibits aldehyde dehydrogenase enzyme,
which explains its use in treatment of chronic
alcoholism (E1 Mahdy and Kharoub, 2020).
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Dormex is reported to cause serious clinical
manifestations as headache, hypotension, palpitation,
respiratory distress, vomiting, disulfiram-like reaction
in addition to skin and ocular irritation (Sharif and
Fayed, 2021). Marked hepatotoxic effect of acute
dormex exposure has been reported in many patients
with noticeable elevation of liver enzymes together
with affection of other liver function as PT and
bilirubin level. Considerable elevation of serum
creatinine has been recorded in some patients with
acute hydrogen cyanamide poisoning (Gamaluddin et
al., 2012; El Mahdy and Kharoub, 2020; Sharif and
Fayed, 2021). The main mechanism of nephrotoxicity
of dormex is not yet known. Some research referred
this to either direct toxic effect of dormex or to the
severe hypotension and shock induced by it (Xie et al.,
2010). Previous animal studies have mainly focused
upon hepatotoxicity of dormex, but to our knowledge
there is limited number of research on dormex induced
nephrotoxicity.

N-acetyl cysteine (NAC) is a mucolytic drug
that facilitates clinging mucous secretions and
augments glutathione S-transferase activity. It is known
also with its powerful antioxidant properties. It is
widely used as treatment option for diseases associated
with generation of free radicals (Shahin et al., 2009).
The antioxidant effect of NAC is due to its role as a
glutathione precursor, which is one of the most
essential naturally occurring antioxidants (Elgindy et
al., 2010). The suggested mechanism of dormex
induced organ toxicity is free radical production.
Aim of the Study
Aim of the current Study is to investigate nephrotoxic
effect of dormex and to evaluate potential protective
role of NAC on kidney of male albino rats.

Animals and Methods

Experimental rats:

Forty adult male albino rats, weighing 150-200
g, were obtained from the animal house of the Faculty
of Medicine, Tanta University. They were kept in
standard conditions for laboratory rats for one week in
wire mesh cages and had free access to water and fed
on the standard diet (Reeves et al., 1993). They were
exposed to 12:12 hours light/ dark cycles and room
temperature between 22 and 24 °C. Prior to the
experiment, animals were deprived from food for 24
hours to ensure an empty stomach (only water was
allowed).
Compliance with ethical standards

The study was carried out according to the
guide of care and the use of laboratory animals
approved by the Ethical Committee of Faculty of
Medicine, Tanta University, (approval number:
34464/2/21). The minimum estimated number of
animals to offer valid results was used.
Chemicals, kits, and drugs

Dormex: (Hydrogen cyanamide 50% w/w)

was produced by Ningxia Darong chemicals &
Metallury Co. LTD, China and purchased from Ind.
Consult, Cairo in the form of 5 liters suspension. All
chemicals and kits with high analytical grade were

purchased from Bio-diagnostic Company (Cairo,

Egypt).

Experimental design

Rats were acclimatized wunder standard
laboratory conditions for one week before the
experiment started. Rats were then randomly
distributed into 4 groups (n=10 in each group).

Group I (Control): 10 rats received 1 ml of 0.9% saline

(the same dose was used to dissolve dormex and NAC)

via an oral cannula for 5 consecutive days.

Group II: 10 rats received NAC (150 mg/kg) (Yurumez

et al.,, 2007) by gavage needle for 5 days. NAC was

dissolved in saline immediately before administration.

Group III: 10 rats received a single oral administration

of dormex (100 mg/kg body weight suspended in 1 mL

saline) (1/3 LD50) (Meister, 1994; El Masry et al.,

2000) via an oral cannula at the end of the 4th day.

Dormex is well known to cause local corrosive effect

on tissues it comes in contact with (Sharif and Fayed,

2021). Rats were treated by intra- peritoneal injection

of 25mg/kg of acetaminophen in a volume of 10 mg/ml

(Acetaminophen, Perfalgan®, BMS Pharmaceutical,

Italy) to overcome pain (Im et al., 2012).

Group IV: 10 rats received NAC in the same dose as

group II (for 5 days) plus single oral dose of 100 mg/kg

dormex (1/3 LD50) (Meister, 1994; El Masry et al.,

2000) concomitantly at the 4™ day of the experiment.

These preparations will be given orally by oral cannula.

Rats were treated by intra- peritoneal injection of

25mg/kg of acetaminophen as group III to overcome

pain.

Sample collection:

After the experimental period (after 5™ day of
start of the experiment), the animals in the different
groups were anesthetized (by ether inhalation) and
sacrificed. Blood was collected from the heart by direct
cardiac puncture, and then was centrifuged at 1500 rpm
for 15 minutes at an ambient temperature. The
collected blood was then divided into two different
tubes i.e., one with anticoagulant for plasma separation
and another without anticoagulant to separate serum
and stored at -80 °C until used for biochemical
measurements. The kidneys from all experimental
groups were removed through a median abdominal
incision.

Biochemical Analysis:

e Biochemical determination of the levels of urea and
creatinine was estimated spectrophotometrically
according to the standard procedures using
commercially available diagnostic kits (biodiagnostic
company, Cairo, Egypt.)

e The lipid peroxidation indices, including,
malondialdehyde (MDA) measurement at 534 nm
using the thiobarbituric acid reactive substances
(TBARS) method (Ohkawa et al., 1979). Glutathione
reductase assay was determined by measuring the rate
of oxidation to NADP+, which is associated by a
decline in absorbance at 340 nm using commercial kit
(Goldberg and Spooner, 1983). Catalase activity was
estimated spectrophotometrically at 240 nm by using
Claiborne method (Claiborne , 1985). SOD activity
was estimated spectrophotometrically according to
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the methods of Kakkar et al., (1984). Determination

of glutathione peroxidase (Gpx) activity according to

the methods of Rotruck et al., (1973).
o Tissue preparation:

Dissected kidneys were washed and weighed.

Then each kidney was divided into two parts. The first
portion was weighed and homogenized with a potter-
Elvenhjem tissue homogenizer in phosphate buffer
saline (PBS) 10 mM pH 7.4 and centrifuged. The
supernatant was used for the biochemical analysis for
determination of MDA levels, glutathione reductase
and catalase activities. The second part was specimen
was submerged directly in 10% neutral-buffered
formalin for histopathological examination.

Histopathological examination

Part of kidneys of different groups were
removed and fixed in 10% formalin solution for 24
hours. Specimens were then routinely processed with
dehydration in ascending grades of alcohol followed by
clearing in xylene and paraffin wax embedding.
Sections of 4um thickness were cut, mounted into glass
slides and stained by hematoxylin and eosin (Bancroft
and Gamble, 2008). Sections were examined by two
pathologists blinded of the different groups. The
hematoxylin-eosin sections were then photographed
using Olympus light microscope (Olympus BX5I,
Tokyo, Japan).
Statistical Analysis

Statistical analysis in this study was performed
using SPSS version 23. Basic and clinical variables are
mentioned as mean + SD for the quantitative variables,
and are summarized using frequency (percentage) for
the categorical variables. ANOVA test was applied to
compare variables between 4 groups. All statistical
tests were two-tailed and only a P value <0.05 was
considered statistically significant.

Results

Biochemical results

Effect of dormex and NAC on kidney function markers
(urea and creatinine)

Comparison between the studied groups as regards
studied renal indices revealed that there was
statistically significant increase in values of (Urea,
Creatinine) in group III & IV in comparison to group I
&I1. However, this increase was significantly higher in
group III in comparison to group IV (Table 1).

Effect of dormex and NAC on oxidative stress
parameters and total antioxidants parameters
Malondialdehyde (MDA) was significantly increased
in group III & IV in comparison to group I &II.
However, this increase was significantly higher in
group III in comparison to group IV (P<0.05). There
was significant decrease in (Superoxide dismutase
(SOD), reduced glutathione, catalase and Glutathione
peroxidase (Gpx)) in group III & IV. There was a
statistically significant difference in its values among
all groups (P<0.05). There was insignificant difference
between group I &II. However, there was significant
increase of these antioxidants parameters in group IV
compared to group III (Table 1).

There was statistically significant increase in values of
renal (MDA) in group III & IV in comparison to group
I &II. In addition, this oxidative stress marker was
significantly higher in group III than group IV
(P<0.05). Yet, there was significant decrease in renal
reduced glutathione & catalase in group III & IV with
additional significant difference between both groups
(P< 0.05) and insignificant difference between group I
&II (Table 2).

Histopathology effect of dormex and NAC

Examination of renal tissue sections from the
control group (Group I) and NAC only receiving rats
(Group II) showed unremarkable changes with no
evidence of pathological lesions Figure (1).

While Examination of renal tissue sections from
the rats receiving dormex only (Group III) revealed
generalized vascular congestion besides areas of
interstitial and intratubular hemorrhage was seen.
Moreover, renal tubules and collecting ducts exhibited
features of severe injury including tubular necrosis
with detachment of tubular and collecting duct
epithelium from their basement membrane. Also,
occlusion of tubular lumina by casts and sloughed
necrotic cells was obvious in many tubules.
Perivascular mononuclear cellular infiltrate with
evidence of tubule-interstitial nephritis was also
detected. Besides, some glomeruli exhibited fibrin
microthrombi and ischemic sclerotic changes Figures
(2&3). Sections from kidney tissue of rats receiving
both dormex and NAC revealed no or very mild
improvement of pathological features, with Persistence
of interstitial hemorrhage and tubular necrosis Figures

4.
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Table (1): ANOVA one-way statistical analysis of biochemical Kkidney function parameters and
oxidant/antioxidant biomarkers among the studied groups in blood samples
Groups ANOVA
Parameters Group | Group Il Group I11 Group IV £ |pvalue
(n=10) (n=10) (n=10) (n=10)
Creatinine Mean cd cd abd *
(mo/dl) +3D 0.345+ 0.016 0.367 £ 0.015 0.875 £ 0.036 0.725+.0378 *° 876.59 |<0.001
Urea Mean cd cd abd *
(g/dl) +3D 24.38+0.924 25.86+0.864 64.37+1.11 47.01+1.43 ° 3214.71|<0.001
MDA Mean cd cd abd *
(nmol/ml) +3D 8.72 £0.13 8.67.+0.22 15.68+0.36 12 940,26 ° 738.16 |<0.001
SOD Mean cd cd abd *
(u/ml) +3D 7.22 +0.304 6.932+0.249 3.252+0.188 4.84+0.250 ®° 553.76 |<0.001
Rw“?ﬁ? %'r:ﬁ)a“o”e '\fesag 30.8+1.317% | 38.93+1.267 | 18.20+0.788 ™ 914.44 | <0.001*
9 = 27.80+0.788 **
C("’L‘Jt/?:]"’l‘)se '\f‘;‘g‘ 31.4140.202° | 30.81+0.791 % | 12.161+0.247 ™ | 22.37+0.125 **|2723.53|<0.001*
(S/‘::I) '\fg"g‘ 8.2240.587 % | 8.65:0.369° | 5.01x0.185%" | 7.26+0.323 % | 170.37 |<0.001*

n: number, (MDA): Malondialdehyde, (SOD): Superoxide dismutase, (Gpx): Glutathione peroxidase, SD: standard
deviation, a—d Significant difference between groups at *p < 0.05. a: significance from group I; b: significance from
group II; c: significance from group III; d: significance from group 1V, F: ANOVA one-way statistical analysis.

Table (2): ANOVA one-way statistical analysis of oxidant/antioxidant biomarkers among the studied groups in

renal tissue:
Groups ANOVA
Parameters
Group 1 Group II Group III Group IV F P-value
(n=10) (n=10) (n=10) (n=10)
MDA Mean+SD | 9.65+0.48° | 10.25+0.836% | 19.12+1.399% | 14.88+0.262 | 265.37 | <0.001*
(nmol/gm tissue)
Reduced glutatione |y 0 qp | 42.841.033% | 42140738 | 21.040.817™ | 30.85+1.187™ | 1170.81 | <0.001*
(mg /gm tissue )
Catalase cd cd abd abc
: Mean+SD | 33.70+1.268%¢ | 33.06+0.892 15.76+0.237 25.02+0.239 1121.53 | <0.001*
(u\gm tissue)

n: number, (MDA): Malondialdehyde, (SD: standard deviation, > Significant difference between groups at *p <0.05, a:
significance from group I; b: significance from group II; c: significance from group III; d: significance from group 1V,
F: ANOVA one-way statistical analysis.
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Figure 1: Transverse section of group II rat’s kidney (N acetyl cysteine only) showed near normal closely packed
renal tubules (red arrow) lined by continuous cuboidal and low columnar epithelium (H&E X200)

Figure 2: Transverse section of group III rat’s kidney (dormex group) showed marked tubule-interstitial
nephritis with mononuclear inflammatory infiltrate in between renal tubules (read arrow) (H&E X200)
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Figure 3: Transverse section of group III rat’s kidney (dormex group) showed wide areas of tubular necrosis
(red arrows) (H&E X200)

Figure 4: Transverse section of group IV rat’s kidney (N acetyl cysteine plus dormex) revealed wide areas of
tubular necrosis with areas of interstitial and intratubular hemorrhage (blue arrow). Tubular lumina are
occluded by haemorrhage and detached necrotic epithelial cells (red arrow) (H&EX200)

Discussion

The kidney is an organ susceptible to damaging effects
of drugs or toxicants probably due to larger perfusion
and higher concentration of compounds excreted in
renal tubular cells (Mohamed et al., 2003). The main
objective of the current study is to investigate the
nephrotoxic effect of dormex on adult male albino rats
and to evaluate possible protective role of NAC on
kidney tissue. The result of the study revealed that
acute dormex exposure induce nephrotoxicity in
studied animals, which was evident by significant
increase in urea and creatinine in group III and IV who
received either dormex alone or combination of
dormex and NAC. Yet, mean urea and creatinine level
were significantly lowered in group IV than group III.
This increase in urea and creatinine induced by dormex
comes in accordance with results of El Masry et al.,
(2000) . In previous clinical research on patients
acutely  intoxicated ~ with  dormex,  evident
nephrotoxicity was reported manifested by increase
serum creatinine and blood urea level (Gamaluddin et

al., 2012; Sharif and Fayed, 2021). Makris and Spanou,
(2016) allocated that increased serum creatinine
indicates renal injury and even at certain levels renal
failure. This renal injury may be due to oxidative stress
induced by dormex. Oxidative stress associated with
excessive formation of free radicals and boosted lipid
peroxidation resulting in renal tissue damage (Lobo et
al., 2010). In the current study, parameters of oxidative
stress in group III and IV demonstrated significant
increase of MDA while the opposing antioxidants;
SOD, reduced glutathione, catalase and glutathione
peroxidase were significantly decreased. These results
agree with findings of Elhosary et al., (2018).
Superoxide dismutase is a metalloprotein usually
involved as the first antioxidant enzyme which start
lowering the steady state level of oxygen free radicals
(McCord et al.,, 1971). Catalase is a heme protein
catalyzes hydroperoxide to water and oxygen and
protects the cell from its oxidative damage (Chance et
al., 1952). Glutathione peroxidase catalyzes the
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reaction between hydroperoxide and total glutathione
to form hydroperoxide (Freeman and Crapo, 1982). In
our study, fall in the activities of these enzymes in
dormex-administered rats ascertains that lipid
peroxidation and oxidative stress are provoked by
dormex intoxication. Previous studies concluded that,
cyanamide is activated by catalase enzyme, which
sequentially causes catalase inhibition. Inhibition of
catalase in turn leads to uncoupling of oxidative
phosphorylation together with inhibition of adenosine
nucleotide synthesis. This result in formation of free
radicals and finally increasing oxidative stress (Ibrahim
et al, 2015). There was increase in activity of
superoxide dismutase, catalase and glutathione
peroxidase in group IV. This increase may result from
effect of NAC, scavenging of radicals generated by
dormex induced lipid peroxidation. This led to decrease
in utilization of these antioxidant enzymes in the
oxidative stress induced by dormex. It is therefore
assumed that toxicity of poisons that induce oxidative
stress could be decreased by using antioxidants
(Mukherjee et al., 2013). N-acetyl cysteine act as a
sulthydryl groups donor which the cells use to produce
metabolites capable of stimulating GSH synthesis. IT
also acts as a free radical scavenger and protect against
oxidative stress (Tobwala et al., 2015).

The histopathological observations in dormex
treated rat’s kidneys (group III) revealed injury of renal
tissue evidenced by presence of generalized vascular
congestion with areas of interstitial and intratubular
hemorrhage. Renal tubules and collecting ducts
exhibited features of severe injury including tubular
necrosis with evidence of tubule-interstitial nephritis.
Near similar histopathological results were previously
reported by El Masry et al., (2000). Besides, some
glomeruli exhibited fibrin microthrombi and ischemic
sclerotic changes. This picture is similar to
histopathological changes caused by some poisons as
Viper snakes (Willinger et al., 1995). Unfortunately,
these histopathological changes were not affected by
combined NAC administration in group IV in spite that
El Masry et al, (2000) reported that another
antioxidant (Tocopherol (Vitamin E)) was able to
improve oxidative stress and histopathological changes
caused by dormex. The in ability of NAC to improve
histopathological changes would be explained that
oxidative damage may not be the only mechanism
dormex induce organ toxicity. Ischemic findings and
DIC in the current study may play additional role.
Adding to this, other researchers referred
nephrotoxicity of dormex may be due to either its
direct toxic effect or to severe hypotension and shock
induced by it (Xie et al., 2010).

Conclusion

Cyanamide triggers oxidative stress which causes
affection of the renal function. Although NAC could
decrease oxidative stress, it was not able to protect
against cellular toxicity of dormex.

Recommendations
It’s highly recommended to study multi- organ
toxicity induced by dormex. Suggestion of repetition of

the current study with using either another antioxidants
or medication known for its Reno-protective properties
in a trial to identify new medications that could be used
as an adjuvant therapy in dormex intoxicated patients.
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