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Gross morphological studies on the effect of cyanide on the developing 
cerebellum of wistar rat (rattus novegicus) 
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S u m m a r y 
The teratogenic effect of maternal cyanide consumption 
on the gross morphology of the post-natal phase of the 
developing rat cerebellum was studied. Twenty pregnant 
female rats weighing between 170g and 190g were sepa-
rated into control and experimental groups. The control 
animals were fed a standard diet of mice cubes, while the 
experimental animals were fed 500 ppm potassium cyanide, 
mixed with the standard diet. The diets were fed to the 
animals and their litters in separate cages and water pro-
vided ad libitum during gestation and to the offspring 
after birth. After birth, the offspring (five per group) of 
days 1,9, 14,21,28 and 50 were weighed, killed by cervical 
dislocation and the gross parameters studied. In the ex-
perimental animals, no significant differences were ob-
served in the studied parameters between the control and 
experimental animals on day 1. A significant reduction in 
body weight was observed on day 14 (P< 0.05). The brain 
weight was significantly reduced on day 9 (P< 0.05). Simi-
larly, the cerebellar weight was significantly reduced on 
days 14,21 and 28 (P<0.05). The maximum vermal length 
was significantly reduced on day 50 (P< 0.05), and the 
maximum side-to-side dimension of the cerebellum was also 
reduced on day 28 (P< 0.05). There was no reduction in the 
thickness (anteroposterior dimension) of the cerebellum 
in the experimental group (P> 0.05). From the result, it is 
inferred that maternal consumption of 500 ppm cyanide 
causes reduction in the cerebellar weight, vermal length 
and side-to-side dimension of the developing cerebellum 
in postnatal life in rats. 

Keywords: Cyanide, development, gross parameters and 
cerebellum 

Resume 
Les effet tcratogeniques dc la consommation du cyanurc 
par la mere sur la morphologic nettc de la phase postnatale 
du cervelet du rat en voie dc developpement a ete etudic. 
Vingt rats feminins enceintes qui pesent entre 170g ct 190g 
sont separes dans des groupes experimcntaux. Les animaux 
du controle ont etc nourris d 'une alimentation standarde 
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dc cubes des souris, pendant que les animaux experimcntaux 
ont etc noutris dc 500 cyanurc du potassium du ppm, melange 
avee I'alimentation standarde. Les alimentations ont ete 
donnees aux animaux alors que leurs petits etaient dans les 
cages separccs et I'cau ctait foumi le libitum pendant la 
gestation ct aux progenitures apres la naissance. Apres la 
naissancc, les progenitures (cinq par groupe) de jours 1,9, 
14,21,28 et 50 ont etc peses, tues par deboitement cervical et 
les parametres ont ete etudies. Parmis les animaux 
experimentaux, aucunes differences considerables n'ont etc 
observees dans les parametres examines les animaux de 
controle et les animaux experimentaux de premier jour. Une 
reduction considerable dans le poids du corps a ete observee 
le 14cme jour (P <0.05). Le poids du cerveau a ete 
considerablement reduit le 9emc jour (P <0.05). De la meme 
fa?on, le poids du cerebellar a etc reduit les 14 eme, 2 leme et 
28eme jours (P <0.05). La longueur maximale a ete reduite 
50eme jour (P <0.05), et la dimension maximale du cote-a-
laterale du cervelet a aussi ete reduite le 28eme jour (P <0.05). 
il n'y avail aucune reduction dans l'epaisseur (dimension de 
('anteroposterior) du cervelet dans le groupe experimental 
(P>0.05). Apartirduresultat,on infere que la consommation 
de la mere de 500ppm cyanure cause une reduction dans le 
poids du cerebellar dans la longueur du vermal et la dimen-
sion du cote lateral d'un cervelet en voie dc developpement 
dans la vie post-natale des rats. 

Introduction 
Nearly two-third of the world's population is undernour-
ished [1]. Hence diseases due to malnutrition especially 
under nutrition arc rife, particularly in the developing coun-
tries. It has been realized that the nervous system is sus-
ceptible to damage from dietary abnormalities [ 1 ]. The ner-
vous system is particularly dependent on energy derived 
from carbohydrates of which it has no immediate store. It 
also has a variety of highly complicated enzyme systems, 
which govern and control the use of this energy [ 1 ] and is 
susceptible to factors that interfere with energy produc-
tion and utilization. 

Apart from dietary deficiencies, dietary toxins 
such as food substances containing cyanogenic glyco-
sides like garri, rice and cassava are now being recognised 
as important factors in the aetiopathogenesis of some dis-
eases of the nervous system [ 1 ]. Cyanide released from 
cyanogenic glycosides, for example, will inhibit cytochrome 
C oxidase and thereby impair aerobic oxidation and energy 
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release for cellular function. It is therefore important to 
determine and identify dietary toxins such as cyanogcnic 
glycosides in common foodstuffs consumed by man, es-
pecially if such toxins may cause pathological effect [I]. 

Cyanide intoxication has long been recognised as an 
important problem in the field of clinical toxicology. Cya-
nide compounds arc salts of very weak hydrocyanic acid 
(HCN). Cyanide has been recognised as a neurotoxicant 
[2], and it has been suggested that increase in the level of 
intrancuronal calcium and lipid peroxidation might be 
mechanisms by which cyanide produces nerve injury [3]. 
Cyanide is present in a wide variety of plants. It can be 
released by enzymatic and non-enzymatic hydrolysis of 
cyanogcnic glycosides present in high concentration in most 
of the plant sources of food consumed in the tropics [4]. 

The central nervous system (CNS) has been 
found by [5], to be the target of harmful toxic environmen-
tal agents, which produce behavioural abnormalities in 
humans without any quantitatively evident neuropatho-
logical changes. This was termed microneuronal hypopla-
sia, which is a retardation of brain development character-
ized by a quantitative reduction in the normal population 
of late generated, short axoned neurons in specific brain 
regions. 

Considering the important function of the cerebellum 
in various motor activities and the neurotoxic effect of 
cyanide arising from the consumption of improperly pro-
cessed food containing cyanogenic glycosides, this study 
was designed to investigate the gross morphological ef-
fect of cyanide consumption of varying duration, on the 
postnatal development of the cerebellum of Wistar rats. 

Materials and methods 
Breeding of animals 
Twenty sexually mature female Wistar albino rats, weigh-
ing between 170g and 190g were obtained from the pre-
clinical animal house of University of lbadan. The rats 
were kept in standard cages and fed with standard rat pel-
let cubes daily (M.O. Ladokun & Sons Ltd, lbadan). The 
rats were mated, and confirmed to be pregnant by the pres-
ence of vaginal plug. The pregnant rats were then sepa-
rated into control and experimental groups (ten animals in 
each group), kept in standard cages (one per cage) and fed 
with either the standard rat pellet cubes, or experimental 
diets: 500 ppm potassium cyanide (Hopkin and Williams), 
mixed with 500g of powdered mice cubes daily respec-
tively during pre and postnatal life. The level of cyanide 
used above was choscn following the observation of (6), 
that deaths of rats occurred when they were fed diets con-
taining 960ppm cyanide. The diets were given to the rats 
in glass containers and water was provided ad libitum. 
After birth, sixty litters were studied - thirty for the control 
and thirty for the experimental group. They were still fed 
with their respective diets and were killed at various stages 
in postnatal life. The cerebellum of the litters of days 1,9, 
14,21,28 and 50 were dissected out, rinsed in normal sa-

line and fixed in 10% formol saline. The fixed t i ssues w e r e 
blotted dry with filter paper and measured dircctly. 

Measurement of gross parameters 
The gross parameters measured and the ins t ruments u s e d 
include: 
i). Weight of the animals before sacrifice us ing a M i c r o -

analytical balance (Microwa 7720 witzerland). 
ii). Weight of the brain using the same instrument a s in ( i ) 

above. 
iii). Weight of the cerebellum using a Microanalyt ical b a l 

ance (Microwa 5540 Switzerland). 
iv). Maximum length of the vermis using Vernier c a l i p e r s 

and measuring on a ruler. 
v). Maximum side-to-side dimension of the c e r e b e l l u m 

using the same instrument as in (iv) above. 
vi). Maximum thickness (anteroposterior d imension) o f t h e 

cerebellum using the same instrument as in ( iv) a b o v e . 

Statistical analysis 
The data obtained were subjected to statistical a n a l y s i s 
using a computer software package (SPSS for W i n d o w ) . 
The mean, standard deviation and level of s i g n i f i c a n c e 
were calculated. 

Results 
In the course of the experiment, it was observed that w h i l e 
the mothers of the control animals were calm, t h o s e o f t h e 
experimental group were aggressive and r e s t l e s s a n d 
tended to bite handlers, and the only mortali ty ( ra t ) r e -
corded occurred on day 49 postpartum among the e x p e r i -
mental group. At the end of the experiment, the f o l l o w i n g 
observations were made. 

Gross observations 
Body Weight: A significantly greater average body w e i g h t 
was recorded for the control group (27.96± 1.43g) than f o r 
the experimental group (26.28± 1.54g) on day 14 pos tpar -
tum (P<0.05) (Table 1). 
Brain weight: A significantly greater average brain w e i g h t 
was observed in the control group (0.73± 0 .055g) a s c o m -
pared with the experimental group (0.59± 0.056g) on d a y 9 
postpartum. (P<0.05) (Table 2). 
Cerebellar weight: The weight of the cerebellum w a s s ig-
nificantly greater in the control group (252 .40±4 .62mg) 
compared with that of the e x p e r i m e n t a l g r o u p 
(237.80± 10.72mg) on day 14 postpartum, (277.80± 5 .12mg) 
for control group and (265.00± 5.34mg) for the e x p e r i m e n -
tal group on day 21 postpartum, and (297.80± 6 . 7 2 m g ) f o r 
the control group and (276.80± 11.37mg) for the e x p e r i -
mental group on day 28 postpartum. These were s i g n i f i -
cantly different (P<0.05) (Table 3). 
Maximum length of the vermis: The vermal length w a s 
longer in the control group (8.62± 0.13mm) than in t h e 
experimental group (8.52± 0.15mm) on day 50 p o s t p a r t u m 
and this was significantly different (P<0.05) (Table 4 ) . 
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Maximum side-to-side dimension of the cerebellar hemi-
sphere: A significant reduction in the sidc-to-sidc dimen-
sion of the cerebellum was observed in the experimental 

g r o u p on day 2 8 pos tpa r tum (P<0.05) , 12.06± 0 .34mm in 
the control g r o u p and 11.84± 0 . 2 6 m m in the exper imental 
g roup (Table 5). 

T a b l e 1: M e a n weight o f an ima l s in g r a m s (g) on days 1, 9,14,21,28 and 50 postpartum. 

Mean weight in g ± SD 

Day 50 
82.78±3.74 
88.28±2.05 

0.051 

Trea tment D a y 1 
Cont ro l 7 . 4 6 ± 0 . 2 6 
C y a n i d e t reated 7 . 2 8 ± 0 . 4 3 
P - va lue 0 . 4 7 6 

Day 9 Day 14 
17.12±0.71 27.9611.43 
17.1810.83 26.2811.54 
0 .795 0.017 

Day 21 Day 28 
43.4013.52 49.4812.18 
42.6012.49 48.5811.12 

0.752 0.384 

T a b l e 2 : M e a n weight o f the brain o f an imals in grams (g) on days 1,9,14,21,28 and 50 postpartum. 

Mean weight in g 1 SD 

T r e a t m e n t Day 1 Day 9 Day 14 Day 21 Day 28 Day 50 
Cont ro l 0 . 1 9 1 0 . 0 2 0 .7310 .06 0.9410.04 1.3710.06 1.5110.06 1.6910.03 
C y a n i d e treated 0 . 2 1 1 0 . 0 3 0 .5910 .06 0.9310.03 1.3410.06 1.4610.05 1.6610.04 
P - v a l u e 0 .399 0 .006 0.587 0.486 0.322 0.135 

T a b l e 3 : Mean weight o f the ce rebe l lum in mil l igrams (mg) on days 1,9,14,21,28 and 50 postpartum. 

Mean weight in mg 1 SD 

T r e a t m e n t Day 1 Day 9 Day 14 Day 21 Day 28 Day 50 
Cont ro l 5 6 . 2 1 1 . 4 8 167.415.81 252.414.62 277.815.12 297.816.72- 312.615.98 
C y a n i d e treated 53 .0+3 .32 166.415.13 237.8110.7 265.015.34 276.8111.4 306.019.06 
P - v a l u e 0 .173 0 .817 0.018 0.046 0.007 0.190 

T a b l e 4: M e a n length of the ve rmis in mil l imetres (mm) on days 1, 9,14,21,28 and 50 postpartum. 

Mean length in m m 1 SD 

T r e a t m e n t Day I Day 9 Day 14 Day 21 Day 28 Day 50 
Control 2 .9210 .13 5 .8010.19 7.4210.034 7.8210.19 8.0410.11 8.6810.13 
C y a n i d e treated 2 .8210.11 5 .6610.34 7.3410.055 7 .7610 .26 7.9210.13 
P _ value 0 .298 0.338 0.242 0.769 0.109 0.035 

T a b l e 5: M e a n side-to-side d imens ion of the cerebellum in m m on days 1,9,14,21,28 and 50 postpartum. 

Mean dimension in m m 1 SD 

Trea tmen t ^ ± 0 25 8 56+0 15 9.98±0.3S H .5010 .38 I2.06±0.34 13.04±0.32 

C y a n i d e treated £Et£ 8 4 6 * 0 , 2 , 7 4 * 0 , 5 , 0 , 6 , 0 , 2 . , . 8 4 * 0 , 6 
v a l u e 0.078 0.631 0 .20, 0.204 0 £ 0 4 0 3 4 2 

Table 6 Mean thickness of the cerebellum in mm on days 1,9,14,21,28 and 50 postpartum. 

Mean thickness in mm ± SD 

Treatment 
Control 
Cyanide treated 
P - value 

Day 1 
3 .7610.17 
3 .8810.11 
0 .208 

Day 9 
5.0610.22 
5.2410.29 

0.121 

Day 14 
5.6610.11 
5.66+0.13 
1.000 

Day 21 
5.7610.15 
5.9010.10 

0.245 

Day 28 
6.16+0.15 
6 .1010.07 
0.468 

Day 50 
6.3410.05 
6.20+0.16 

0.080 
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Maximum thickness of the cerebellum: The anteroposte-
rior dimension of the cerebellum was not significantly dit-
ferent among the groups (P>0.05) (Table 6). 

Discussion 
Anomalies of the developing central nervous system have 
been induced in experimental animals by a variety of ex-
perimental factors such as nutritional deficiency [7], cyto-
toxic agents [8] and X- irradiation [9]. 

The minimum lethal dose of cyanide depends on its 
rate of absorption into the body; the more rapidly the tis-
sue level builds up, the more acute arc the signs and symp-
toms of the poisoning and the smaller is the total absorbed 
dose which is required to produce a given effect. The cell 
membranes of animal tissues have been demonstrated to 
be very permeable to cyanide suggesting that permeabil-
ity may play an important role in cyanide toxicity [10]. In 
this present study, the litter size, body weight, brain weight 
and cerebellar weight, vermal length, side-to-side dimen-
sion and the thickness of the cerebellum were not signifi-
cantly affected at birth. The explanation of this is not com-
pletely clear, but it implies that as cyanide is known not to 
cross the placental barrier effectively [11], consumption of 
cyanide at 500 ppm during gestation did not cause suffi-
cient metabolic disturbances in the mother, to detectably 
affcct intrauterine cerebellar development at the level of 
the present studies. 

A study carried out on feeding trials with gestating 
rats demonstrated that little if any thiocyanate was trans-
ferred to the fetus through the placenta when fresh and 
dried cassava (I73ppm and 92ppm) or diets containing 
potassium cyanide were fed [11]. This probably explains 
our findings, which contrast with those of some workers 
who used other agents. For instance, [ 12] reported that 
trichlorfor (metrifonate) administered to guinea pigs sub-
cutaneously produced teratogenic effects, as there was 
reduction in cerebellar weight. The mechanism behind this 
teratogenic effect is not known, but alkylation of DNA or 
impairment on its repair mechanism is possible explana-
tion. Also alcohol exposure during brain development has 
been reported to produce neuron attrition in multiple ways 
including, disruption of membrane integrity, inhibition of 
protein synthesis, alterations of lipid solubility, or disrup-
tion of cytoskcletal elements leading to reduction in weight 
of almost all the regions of the developing brain [ 13]. 

A reduction in the weight of the cerebellum during 
he late and post weaned phases (3'd and 4,h week after 
irth respectively), and the reduction in the maximum vermal 

length and the maximum side-to-side dimension during the 
post weaned phase could probably be due to gradual cu 

transmitted to their offspring in the growing phase r i l l 
reported that a gestational c a n y overef fec t w a s o b s e w e d 
»n the weight of the liver of the offspring during the post-
natal phase as cyanide fed during gestation 
cant reduction in the weight of the liver in growing rats [11], 

caused a signifi-

However, thiocyanate has been found to be concentrated in 
the milk during the later part of lactation [ 14]. It will be useful 
in future, to determine whether or not a similar carry over 
effect occurs with respect to cerebellar development. 

Cyanide and its detoxif ied products inhibit the meta-
bolic processes of nutr ients such as proteins, vitamins 
and minerals. This raises the question of their possible 
interference with nutrient transportation to the foetus dur-
ing gestation and postnatalIy during breast-feeding. No 
such effect was observed in this study. 

In conclusion therefore, maternal consumption of 
500 ppm K.CN causes mild changes in postnatal cerebellar 
development as evidenced by the reduction in the weight 
of the cerebellum, vermal length and the side-to-side di-
mension of the cerebel lum. 
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