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ABSTRACT 
Despite its widespread use in agriculture, data about cyanamide-induced 

genotoxicity are scanty, and its genotoxic potential was considered equivocal in vitro. 

Hence, the current study was carried out to evaluate the in vivo genotoxic potential of 

hydrogen cyanamide to complement the earlier in vitro research work. Thirty adult 

male rats were randomly assigned into 3 equal groups. Group I rats served as a 

control. Animals of groups II and III received hydrogen cyanamide in a dose of 10 and 

20 mg/kg body weight/day respectively. All animals were treated by oral gavage, once 

daily, for 28 days. As end points, chromosomal aberrations, micronucleated 

polychromatic erythrocytes, mitotic index and polychromatic/normochromatic cell 

ratio in the animals’ bone marrow cells were analyzed. Negative results were obtained 

regarding the presence of chromosome aberrations and micronuclei in each of the low-

dose and high-dose cyanamide-treated rats compared to the controls. Also, cyanamide 

treatment did not reduce the mitotic index or polychromatic/normochromatic cell ratio 

in the exposed animals. This study found that hydrogen cyanamide exposure had no 

genotoxic potential in rat bone marrow cells in the doses used and under the 

conditions of the performed assays. 

Key words: hydrogen cyanamide; genotoxicity; chromosome aberration; 

micronucleus assay. 

 

INTRODUCTION 

Hydrogen cyanamide was patented 

as a plant growth regulator used to 

induce chemical vernalization and 

uniform bud break from dormancy 

(Schep et al., 2009). Despite its 

widespread use in agriculture, the 

effects of human exposure to 

cyanamide have not been sufficiently 

studied (Davanzo et al., 2001; Settimi 

et al., 2007). 

Safety standards consider the 

product as highly toxic with rat oral 

LD50 of 125 mg/kg (Lewis and Sax, 

2004). In laboratory animals cyanamide 

induces adverse effects in the liver, 

thyroid, kidneys, ovaries and testes, 

and it has the potential to cause similar 

effects in humans. These adverse 

effects were identified in sub-chronic 

toxicity, chronic toxicity and 

oncogenicity studies (Grant, 1986; 

Proctor et al., 1996; Sheshadri et al., 

2011). 

Human acute cyanamide exposure 

has been associated with dizziness, 

nausea, vomiting, heartburn, dyspnea, 

tachycardia and severe irritation and 

ulceration of the skin, conjunctiva and 

respiratory tract mucosa (Davanzo et 

al., 2001; Settimi et al., 2007; 

Sheshadri et al., 2011). In alcohol 

abusers it can produce disulfiram-like 

syndrome, characterized by confusion, 
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parasympathetic hyperactivity, 

vomiting, dyspnea, hypotension and 

tachycardia, due to inhibition of 

aldehyde dehydrogenase enzyme (de 

Haro, 2009; Lorenzo de la Pena et 

al., 2006; Proctor et al., 1996).  

Preliminary in vitro (stage 1) 

studies on the genotoxic potential of 

cyanamide reported that it did not 

stimulate unscheduled DNA synthesis 

and was not mutagenic in Ames test 

(Cadena et al., 1984). To develop 

weight of evidence the genotoxicity 

testing should include in vivo (stage 2) 

tests to provide detailed information of 

biological and physiological 

significance. Some agents are 

mutagenic in vivo but not in vitro, and 

so it is prudent to include assays that 

account for toxicokinetic aspects 

(absorption, distribution, metabolism 

and excretion), which are not factors in 

the in vitro tests but are potentially 

relevant to human use (Hsu and 

Wang, 2015). 

Chromosomal aberrations (CA) 

test, being the most sensitive 

genotoxicity end point, is one of the 

best techniques to evaluate genetic 

damage although it is labor intensive. 

On the other hand micronucleus (MN) 

assay is a highly reliable, fast, 

screening technique that can detect a 

range of clastogens and aneugens. 

However, no single biological marker 

can be considered a good indicator of 

exposure to hazardous xenobiotics or a 

good predictor of adverse health 

effects, and only after inclusion of 

appropriate in vivo assays absence of 

significant genotoxic risk can be 

demonstrated (Albertini et al., 2000; 

Baker and Connor, 1996; Bonassi et 

al., 2007; Jenssen and Ramel, 1980). 

Hence, the current study was carried 

out using both the sensitive CA 

technique and the MN assay for 

evaluation of genome damage induced 

by hydrogen cyanamide in the rat bone 

marrow cells to complement the earlier 

in vitro genotoxicity research work.  

 

MATERIALS & METHODS 
Chemicals:  

Hydrogen cyanamide was 

purchased from a local commercial 

source. All other chemicals used in the 

study were of the highest purity 

available, and were obtained from El-

Nasr, Pharmaceutical Chemicals 

Company (Cairo, Egypt). 

Compliance with ethical 

standards:  
The Research Ethics Committee of 

Tanta Faculty of Medicine approved 

the study protocol. The current study 

was carried out on 30 adult male albino 

rats with average body weight of 

200±20 gm. They were housed in 

clean, properly ventilated cages (five 

rats in each cage), under standard 

environmental conditions of lighting 

(12 h light/dark cycles) and 

temperature (23±2 ºC), with free access 

to food and water throughout the 

experiment. They were acclimatized to 

their environment two weeks before 

starting the experiment.  

Experimental design:  

The animals were randomly 

assigned into 3groups (10 rats each). 

Group I animals served as a control. 

Animals of groups II (low-dose group) 

and III (high-dose group) received 

hydrogen cyanamide in a dose of 10 

and 20 mg/kg body weight/day 

respectively. Hydrogen cyanamide was 

dissolved in sterile distilled water. 

Control animals received equivalent 

amounts of the vehicle. All animals 

were treated by oral gavage, once daily, 

for 28 days. The animals were 

examined for clinical manifestations of 

toxicity throughout the study. At the 
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end of the treatment period, the rats 

were sacrificed 24 hours after the last 

dosing, dissected, their femurs removed 

and the bone marrow extracted. 

Chromosomal aberration assay:  
The animals were intraperitoneally 

injected with 4 mg/kg body weight 

colchicine 1 h prior to sacrifice to arrest 

the cells at metaphase. The bone 

marrow from each of these animals was 

eluted in 5 mL Hanks' Solution and 

centrifuged at 1000 rpm for 5 min. The 

pellets were suspended in 10 ml 

aqueous KCl (0.075 M) and incubated 

for 12 min at 37 °C. The cells were 

fixed in glacial acetic acid/methanol 

solution (1:3, v/v), centrifuged, washed 

3 times and suspended in a small 

volume of the fixative. The fixed cells 

were smeared onto clean glass slides 

and air-dried. Slides were washed 3 

times with purified water, stained with 

Giemsa for 15 min, rinsed, air-dried 

and mounted with cover slips. The 

slides were coded before analysis in a 

blind manner. Metaphases containing 

between 40 and 44 chromosomes were 

accepted for scoring. For each animal, 

a total of 100 well-spread metaphases 

were screened for CA. The mitotic 

index (percentage of cells in mitosis) 

was scored in 1000 cells per animal as 

an indicator of cytotoxic activity 

(Kirkland et al., 2015). 

Micronucleus assay:  
The marrow flushed out from the 

bones was collected with 3 ml of fetal 

bovine serum and centrifuged at 

1000 rpm for 5 min. The serum was 

discarded and the pellet was spread 

onto a clean glass slide and air-dried. 

The slides were stained with Giemsa, 

mounted with cover slips and coded 

before analysis in a blind manner. For 

each animal, a total of 2000 

polychromatic erythrocytes (PCE) were 

analyzed for the frequency of 

micronuclei. Toxicity to bone marrow 

was assessed by scoring a total of 1000 

erythrocytes per animal to determine 

the ratio of PCE to normochromatic 

erythrocytes (NCE) (Kirkland et al., 

2015). 

Statistical analysis:  

Statistical analysis was performed 

using the Statistical Package for Social 

Sciences for Windows (SPSS Inc., 

Chicago, IL, USA, Version 16.0). The 

results were recorded as mean and 

standard deviation for each group, and 

then the differences between the treated 

groups and the controls were 

statistically evaluated using one-way 

analysis of variance (ANOVA) test. 

p≤0.05 was considered statistically 

significant. 

 

RESULTS 
No mortalities occurred in the 

control or the cyanamide-treated 

groups, and all animals remained 

healthy until the harvest timepoint. 

Aberrations in the form of gaps, breaks, 

fragments and dicentric chromosomes 

were evident (Figs. 1-3). The 

frequencies of aberrant cells in any of 

the cyanamide-treated groups were not 

significantly different from that of the 

control group. The frequencies of 

micronucleated PCE from both the 

low-dose and high-dose cyanamide-

treated animals did not differ 

significantly from that observed in the 

control group. Also, animal treatment 

with 10 and 20 mg/kg body weight/day 

cyanamide was not cytotoxic to the 

bone marrow, since it had no 

significant effect on mitotic index and 

did not significantly reduce the 

PCE:NCE ratio in exposed animals 

compared to their respective controls 

(Table 1). 

http://www.sciencedirect.com/science/article/pii/S027323001530026X
http://www.sciencedirect.com/science/article/pii/S027323001530026X


El-Ebiary et al.                                                                                                      142 

Egypt J. Forensic Sci. Appli. Toxicol                               Vol 16(2) December 2016 

 
 

Figure (1): A photomicrograph of a 

metaphase spread of rat bone marrow 

cells of group I showing normal 

chromosomal structure. (Giemsa 

stain) (Mic. Mag., X 1000) 

Figure (2): A photomicrograph of a 

metaphase spread of rat bone marrow 

cells of group II showing 

chromosomal break (→). (Giemsa 

stain) (Mic. Mag., X 1000) 

 

 
Figure (3): A photomicrograph of a metaphase spread of rat bone marrow cells of 

group III showing fragment (→). (Giemsa stain) (Mic. Mag., X 1000) 
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Table (1): ANOVA test comparison of the rat bone marrow chromosome aberrations, 

mitotic index and micronuclei data for the control and the cyanamide-treated groups. 

 
Group I 

(Control) 

Group II 

(Low -dose 

cyanamide) 

Group III 

(High - dose 

cyanamide) 

Number of animals 5 5 5 

Total metaphases scored
 a
 500 500 500 

Cells with structural CA (group mean ± SD)
b
 1.4 ± 0.55 1.2 ± 0.84 1.6 ± 0.55 

Gaps (%) 1.0 0.8 1.2 

Breaks (%) 0.4 0.4 0.2 

Fragments (%) 0.2 0.6 0.4 

Dicentric chromosomes (%) - - 0.2 

Mitotic index (group mean ± SD) 11.02 ± 1.08 10.32 ± 1.55 10.48 ± 1.43 

MN/1000 PCE
c
 (group mean ± SD) 2.00 ± 0.61 2.20 ± 1.15 2.30 ± 1.20 

% PCE
d
 (group mean ± SD) 55.04 ± 5.00 54.68 ± 4.42 54.08 ± 4.42 

CA: chromosomal aberration; SD: standard deviation; MN: micronuclei; PCE: 

polychromatic erythrocyte. 
a
For each animal 100 cells were analyzed, to a total of 500 metaphase cells per group. 

b
Some metaphases had more than one aberration. 

c
A total of 2000 PCE per animal were scored. 

d
A total of 1000 erythrocytes per animal were scored.   

 

DISCUSSION 
Hydrogen cyanamide is an active 

ingredient, which was patented as a 

plant growth regulator. It was not 

mutagenic in Ames assay, and it did 

not stimulate unscheduled DNA 

synthesis in vitro (Cadena et al., 1984; 

Schep et al., 2009). However, it 

induced CA in Chinese hamster cells in 

vitro (Ivett 1987, unpublished study). 

Hence, the current study was conducted 

to evaluate the in vivo genotoxic 

potential of hydrogen cyanamide using 

the sensitive CA technique in addition 

to the MN assay, which enables both 

chromosome breakage and loss to be 

measured reliably. 

Actual exposure conditions take 

place either during cyanamide 

production or application to plants or 

during consumption of cyanamide-

contaminated products. These 

conditions arise from exposure to small 

doses for long period. Therefore, in a 

trial to simulate actual exposure 

conditions for consumers of 

cyanamide-contaminated products, 

relatively small doses (10 and 20 

mg/kg body weight/day) were used via 

the oral route for longer duration of 

exposure. Such difference in both dose 

and duration make this work rational as 

well as other comparable studies 

(Menargues et al., 1984). 

The present study found no 

significant increase in the frequencies 

of aberrant cells or micronucleated 

PCE in cyanamide-treated animals 

compared to their respective controls. 

Animals treated with cyanamide did 

not show significant changes in mitotic 

index or the PCE:NCE ratio, reflecting 

the absence of cytotoxic effect on the 

bone marrow. These results indicate 

that under the exposure conditions 

evaluated and for the calculated power 

of the study, cyanamide exposure did 

not result in a significant increase in 

genome damage in the cell population 
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evaluated. It has been reported that the 

frequency of DNA damage may 

decrease with increasing time between 

exposure and sampling, which could be 

explained in light of the continued 

DNA repair processes and loss of 

seriously damaged cells through 

apoptosis. Therefore, in the current 

study the samples were collected 24 

hours after exposure termination. This 

has been considered as the optimal 

sampling time during a long-term 

exposure because induction and repair 

of DNA damage is supposed to be at 

steady state (Albertini et al., 2000). 

Genotoxicity testing on Swiss mice 

that received 2 doses of cyanamide at 

intervals of 24 hours revealed no 

deviation in MN counts in 

polychromatic cells of cyanamide-

treated animals compared to their 

control (Menargues et al., 1984). In 

another study, cyanamide 

administration to mice once orally in a 

dose of 31.4, 157.4 and 330.5 mg/kg 

did not lead to any significant increase 

in the MN rate in polychromatic 

erythrocytes, and cyanamide was thus 

considered as negative under the test 

conditions of this assay (SKW, 1987, 

unpublished study). In accordance with 

these reports, smaller doses and longer 

period of hydrogen cyanamide 

exposure in the present study did not 

show significant differences in MN 

frequency between control and exposed 

animals. According to the best of our 

knowledge, no research work has 

observed the presence of CA in 

cyanamide-treated rats. Hence, it was 

prudent to include CA assay for 

evaluation of genotoxic potential of 

hydrogen cyanamide because of its 

presumed higher sensitivity (Klisesch 

et al. 1981), in addition to the presence 

of experimental and epidemiological 

evidence for the association of 

increased CA frequency with an 

increased overall risk for cancer 

(Bonassi et al., 2008). 
 

CONCLUSIONS 
Evaluation of DNA damage using 

different genotoxicity testing 

techniques has been considered as an 

essential step to understand 

carcinogenesis and assess the risk of 

cancer incidence. The results obtained 

in this study, as well as scanty studies 

by other authors, point to lack of 

clastogenic and aneugenic activity of 

hydrogen cyanamide under the 

conditions of these assays. However, 

research work using longer durations of 

exposure and different species of test 

animals, in addition to assessment of 

exposed individuals, taking into 

consideration the intensity, duration 

and pattern of exposure, are mandatory 

for comprehensive evaluation of 

cyanamide mutagenic potential. 
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 الولخص العربي
 

 السويت الىراثيت باستخذام فحص قذرة سياًاهيذ الهيذروجيي علً إحذاث تقيين

 في ًخاع عظام الجرراى الأًىيت الصغيرةالتشىهاث الكروهىسىهيت و 
 *د. ًجلاء إبراهين سرحاى*,د. أروة أحوذ أبىالفضل*,د. أحوذ عبذالستار الإبياري*

 **، كهٛت انطب، خايؼت طُطاانٓغخٕنٕخٙ ٔ يٍ ألغاو انطب انششػٗ ٔ انغًٕو الإكهُٛٛكٛت*

 

 

بٛاَاث ػٍ انغًٛت انٕساثٛت انُاخًت ػٍ ان ٌفئ انضساػتٔاعغ انُطاق فٙ ّ ػهٗ انشغى يٍ اعخخذاي

فمذ  ٔيٍ ثى ،فٙ انًخخبش يخؼادنتانٕساثٛت انغًٛت حذاد ػهٗ إاػخبشث لذسحّ لذ ٔ ،خذا لهٛهتانغٛاَايٛذ 

فٙ اندغى انحٙ انغًٛت انٕساثٛت  عٛاَايٛذ انٓٛذسٔخٍٛ ػهٗ إحذاد لذسة خمٛٛىنأخشٚج انذساعت انحانٛت 

يدًٕػاث  تثلاث ػشٕائٛا إنٗت انبانغ ركٕس اندشراٌ يٍ ثلاثٍٛ حمغٛىحى  .انغابمت نلأػًال انبحثٛت اعخكًالا

انحٕٛاَاث يٍ انًدًٕػخٍٛ  جحهمٔ ضابطت،انًدًٕػت الأٔنٗ كًدًٕػت خشراٌ  أعخخذيج ،يخغأٚت

ػهٗ  ٛاى يٍ ٔصٌ اندغى ٕٚيدى/كدي 20ٔ  10 لذسْا دشػتب عٛاَايٛذ انٓٛذسٔخٍٛ انثاَٛت ٔانثانثت

حى  ، ٔلذٕٚيا 22نًذة  ٕٚيٛايشة ٔاحذة  انخضلٛى انًؼذ٘حى ػلاج خًٛغ انحٕٛاَاث ػٍ طشٚك انخٕانٙ، ٔ

الإَمغاو يؤشش، انذو راث انُٕٚاث يخؼذدة الأنٕاٌكشاث  ،انكشٔيٕعٕيٛتانخشْٕاث  يٍ كم لٛاط ٔ ححهٛم

. كُماط َٓاٚت فٙ خلاٚا َخاع انؼظاو نهحٕٛاَاث الأنٕاٌ طبٛؼٛت ٌ إنٗالأنٕا ةَغبت انخلاٚا يخؼذد ٔ انًٛخٕصٖ

اندشراٌ  ٔانُٕٚاث فٙ انخشْٕاث انكشٔيٕعٕيٛتعهبٛت فًٛا ٚخؼهك بٕخٕد  ْزِ انذساعت َخائح كاَج

كًا ٔخذ  ،تانضابطاندشراٌ بؼانٛت يٍ انغٛاَايٛذ يماسَت اندشػت انًُخفضت ٔاندشػت انبكم يٍ  انًؼاندت

 إنٗ الأنٕاٌ ةأٔ َغبت انخلاٚا يخؼذد الإَمغاو انًٛخٕصٖانغٛاَايٛذ لا ٚمهم يٍ يؤشش بانؼلاج ٌ أأٚضا 

ٓٛذسٔخٍٛ نغٛاَايٛذ انٔخذث ْزِ انذساعت أٌ انخؼشض ٔلذ  نّ.ؼشضت انًفٙ انحٕٛاَاث  الأنٕاٌ طبٛؼٛت

فٙ اندشػاث انًغخخذيت ٔفما  اندشراٌانغًٛت انٕساثٛت فٙ خلاٚا َخاع ػظاو  لذسة ػهٗ إحذاد نّنٛظ 

 .حى ػًهٓاعاث انخٙ ٛاماننششٔط 
 


