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  الخلاصة

بمـادة  ) مع العلف (تم تقييم التأثيرات السلوكية العصبية الناتجة عن التجريع المستمر          
 مجموعـة   ،قسمت الجرذان إلى خمـسة مجـاميع متـساوية        . نترات البوتاسيوم في الجرذان   

بينما المجـاميع   ) نخالة،  ذرة،  فول الصويا ،  حنطة،  شعير(  السيطرة غذيت على علف مركز    
 نفس العلف المركز مع إضافة نترات البوتاسيوم إليه وبتركيـز مختلفـة             الأخرى غذيت على  

المجموعة الثالثـة أضـيف لهـا       ،  من نترات البوتاسيوم   %٠,١المجموعة الثانية أضيف لها     (
 المجموعـة   ،حامض الاسكوربيك كمضاد للنتـرات    % ٠,٢من نترات البوتاسيوم مع     % ٠,١

% ٠,٢المجموعة الخامسة أضيف لهـا      ،  م فقط من نترات اليوتاسيو  % ٠,٢الرابعة أضيف لها    
ولمـدة خمـسة    ) من مادة حامض الاسكوربيك كمضاد للنترات     % ٠,٤النترات البوتاسيوم مع    

لم يحدث النترات علامات تسمم واضحة في الجرذان ولكنه قلل معنويا مـن النـشاط               . أسابيع
 ـ           ل اقـل مـستوى     الحركي والوقوف على الأرجل الخلفية داخل الميدان المفتوح حيـث وص

 ليصل إلى مستوى مجموعة السيطرة في نهايـة         تدريجيا الرابع وعاد    عللانخفاض في الأسبو  
 كما أدى النترات إلى إحداث تأخير معنوي في وقت انجاز الاختبـار الأرضـي               ،مدة التجربة 

كمـا  .  الخامس ع درجة وعاد ليصل مستوى مجموعة السيطرة في الأسبو        ٤٥السالب بزاوية   
راسة بان هناك زيادة معنوية في وزن الجسم مقارنة مع قيمة ما قبل العلاج ولـم                أظهرت الد 

بينت هذه الدراسة بان    . يكن هناك تأثرات معنوية على عدد الكرات البرازية واختبار السباحة         
 مقارنـة مـع     اختلف معنوياً %) ٠,٤(حامض الاسكوربيك المضاف إلى المجموعة الخامسة       

 وهذا يعني إن حامض الاسكوربيك يعطـي        ، من حامض الاسكوربيك   المجموعة الرابع الخالية  
تدعم هذه النتائج الملاحظـة     . نتيجة جيدة عندما يستخدم لعلاج التسمم بالنترات في الحيوانات        

القائلة بان في حالة عدم وجود علامات تسمم واضحة يمكن اسـتعمال اختبـارات سـلوكية                
  .ية والمحدثة بواسطة النترات البوتاسيوم السلوكية الجانبالتغيراتعصبية للكشف عن 
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ABSTRACT 
The neurobehavioral effects of continuous dosing (as food 

additive) with potassium nitrate were assessed in albino rats. The rats 
were divided into the five groups, the control group have been fed in a 
concentrated forage (Barley, wheat, soybean, corn, wheatbrane) where as 
the treatment groups were fed with the same concentrated forage with the 
addition of potassium nitrate in different percentages (second group 
added 0.1%, 3rd group added 0.1% with 0.2%ascorbic acid as antidote, 
4th group added 0.2%, 5th group added 0.2%with0.4%ascorbic acid as 
antidote) respectively for 5 weeks. Potassium nitrate did not produce 
overt signs of toxicosis but significantly decreased the open-field activity 
and also decreased the number of rearing during the open-field activity 
test, they reached to minimum level at the 4th week of treatment were 
reported, these decrease were followed gradual elevation to reach that 
values of the control group level at the end of study period. Potassium 
nitrate significant delayed the negative geotaxis at 45° angle and retain to 
reach the control level in 5th week in  .The treated rats also suffered from 
a gradual increase in the body weight in comparison with pretreatment  
values, where as there was no effective significant the number of fecal 
boluses and swimming endurance. In this study the ascorbic acid (as 
antidote) in group 5 (0.4% with 0.2% potassium nitrate) differed 
significantly with group 4 (0.2% potassium nitrate only) that means the 
ascorbic acid give good result when it used for treatment of nitrate 
poisoning in animals. The results support the notion that in the absence of 
overt signs of toxicosis, neurobehavioral tests could be used to detect 
adverse behavioral changes induced by potassium nitrate.     

 
INTRODUCTION 

Nitrate intoxication induce complex and diverse neurobehavioral 
effects in man and different animal species and represent one of medical 
and veterinary problems nowadays (1). The intoxication is being 
diagnosed with increasing frequency as heavy fertilization with 
nitrogenous compounds becoming more widely used (2,3). Various 
neurobehavioral tests are available to detect acute, subacute or subtle 
neurotoxicity of nitrate compounds as well as   other neurotoxicants in 
laboratory animals (4,5,6,7). These tests assess different functional     
aspects of the animals (3,4,5,8,910) Automated motor activity 
measurement and functional observational batters of tests have been 
recently used to evaluate the neurotoxicity of nitrate compounds as well 
as other compounds like cholinesterase inhibitors (10). Rhaymah and Al-
khafaji (6) have adapted several neurobehavioral tests (open-field 
activity, negative geotaxis, ataxia as well as food intake) to evaluate 
behavioral changes induced by nitrite intoxication in rats. In order to 
further expand and support such findings, the present study assessed the 



M. B. Mahmood 

١٨ 

neurobehavioral effects of chronic exposure to non-overtly toxic dose of 
the nitrate compound in rats, and the ascorbic acid can affect them or not.  
 

MATERIALS AND METHODS 
The study was involved 35 rats of both sexes, their body weights 

ranged between (91.7-155.7 g) and their ages between (2-3) months. 
They were divided in to five equal groups each group(n=7); they were 
housed at a room temperature with 10\14 light—dark cycle. Animals of 
the first group were left as a control group and have been fed 
concentrated forage (Barley, wheat, soybean, corn, wheatbrane) where as 
the treated groups were fed the same concentration forage with the 
addition of potassium nitrate (Gerhard Buchman Tuttingeen Germany) in 
different concentrations (2nd group 0.1%, 3rd group a 0.1% with 0.2% 
ascorbic acid as antidote, 4th group 0.2%, 5th group 0.2% with 0.4% 
ascorbic acid as antidote) respectively for five weeks. These doses of 
potassium nitrate did not cause overt signs of toxicosis in rats (6). 

Animal behavior was recorded on the 1st day weekly during the 
experimental period. The general behavior tests included: 3 –minute 
open-field activity (general locomotors activity) including the counting of 
the squares crossed and rearing in a 90x60x30 cm box divided in to 24 
equal squares (11), negative geotaxis test was performed by placing the 
rat in ahead down position on the inclined surface at angle of 45°, and the 
time needed (maximum 60 seconds) to complete 180° turn was measured 
(12). Swimming endurance estimates the movement activity of the 
animal and its  neuromuscular balance (5), the animals was placed on 
abanio of 46 cm diameter 46 cm depth contain water of 22 -24 C°, the 
time of keeping the head under water for a period up to 10 seconds was 
depended in this test. The tests also include measurement of body 
weights were conducted on day 0(pretreatment day –base line value) and 
there after during the treatment period on 1st day weekly for 5 
consecutive weeks. All tests were conducted between 9 - 12 A.M. The 
data were subjected to analysis of variance followed by the least 
significant difference test (13). The number of fecal boluses were 
statistically analyzed by the Mann –Whitney –U – test and the 
measurement of body weight were statistically analyzed by repeated 
measurement analyzed of variance (14), the level of significant was at 
P<0.05. 
 

RESULTS 
Potassium nitrate in concentrations of (o.1% and 0.2%) did not 

produce overt signs of intoxication, but  caused significant decrease in 
number of squares crossed in the concentration group of 0.1% and 0.2% 
at 4th week in comparison with the value of control group (Table 1), and 
the values in 0.2%(4 group) in comparison with the values in 0.1% 
(group 2) and decreased significantly in 2nd, 3rd and 4th weeks comparison 
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with the values at time 0 (table 1), and significantly increased in the 
group 4 in 5th week comparison with values in same group in 2nd, 3rd and 
4th weeks also increased significantly in group 5 in comparison with 
group 4 in 2nd, 3rd and 4th weeks (table1). However, habituation to the 
open-field activity test was noted in group4 (0.2%).                                                               

Potassium nitrate only in a concentration 0.2% (group 4) lead 
significantly decreased of rearing in 2nd, 3rd and 4th weeks in comparison 
with the control value, and also significant decreased comparison with 
time 0 and with dose 0.1%(group 2), also a significant increased of group 
(5) in comparison with group (4) in  2nd, 3rd and 4th weeks and increased 
significantly value of 5th week in comparison with the 3rd and 4th weeks in 
group 4 (Table 2).                                                                                                

The result of the present study showed significant increased of 
negative geotaxis values in 3rd and 4th weeks in group 4 comparison with 
the  control values, also it led to a significant increased in comparison 
with the value of group (5), also in  group 4 caused in 4th week increased 
significantly comparison with pre treatment and 5th week.(table 3)                      

The result of body weight test manifested the potassium nitrate at 
different doses led to a significant increased of values in comparison with 
those of pretreatment values. Also in the dose 0.2% (group 4) it caused 
increase significantly in comparison with the dose 0.2% mixed with 
ascorbic acid 0.4% (group 5) ( table 4).  

The result of present study revealed the potassium nitrate did not 
significantly affected to the fecal boluses and swimming endurance.                                    
 

Table 1: The effect of potassium nitrate on the open –field in rats 
 

Squires Crosse / weeks 

5 4 3 2 1 0 

Concentration 
(%) as food 

additive 

57.5±6.89 57.4±8.60 56.1±2.38 56.5±3.69 56.5±1.49 54.8±3.11 0 

53.4±5.99 + 
44.0±3.11 50.2±3.79 49.7±3.89 52.4±2.39 

 
53.5±2.23 

 
0.1% 

58.8±4.10 a 
59.0±5.24 60.0±3.86 

 
60.2±1.32 

 
58.2±2.85 59.2±3.58 

0.1% with  
ascorbic acid  

0.2% 

c 
56.5±1.55 

* + a 
30.1±6.81 

* + a 
24.2±7.90 

* 
46.4±6.97 

 
54.1±2.73 

 

 
63.0±2.31 

 
0.2% 

59.1±3.98 b 
61.7±3.80 

b 
63.4±6.53 

b 
61.4±1.91 58.4±4.19 59.8±3.27 

0.2% with 
ascorbic acid 

0.4% 

 *        Significant with day (0) P< 0.05  
 +        Significant with concentration 0 (control.) P< 0.05 
 a         Significant with  (0.1%) P< 0.05  
 b         Significant with ( 0.2%)  P< 0.05  
 c         Significant with  week (4)  P< 0.05    
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Table 2: The effect of potassium nitrate on rearing in rats 

  
*         Significant with day (0) P< 0.05 
+         Significant with concentration 0 (control.) P< 0.05  
a          Significant with (0.1%) P< 0.05   
b          Significant with ( 0.2%) P< 0.05    
c          Significant with  week (4) P< 0.05  

  

  
Table 3: The effect of potassium nitrate on negative geotaxis in rats 

  

  
  
  
  
  
  

  

Rearing / week 

5  4 3 2  1 0  

Concentration 
(%) as food 

additive 

13.2±0.99 14.0±1.39  13.8±o.55 14.2±0.74 15.0±1.05 14.85±1.58  
 
0 

 

12.8±0.80 11.4±0.86  10.8±0.63 12.4±0.78  12.8±0.63 14.1±1.26 
 

0.1% 
 

13.0±1.44 12.1±0.50  12.2±1.76 13.8±0.70 13.7±2.38 14.4±0.71 0.1% with  ascorbic 
acid  0.2% 

c 
11.1±0.63 

* + a 
4.14±1.56  

* + a 
4.7±1.20 

+ * 
10.5±0.57 

+ 
11.1±0.55 14.2±0.47 

 
0.2% 

 

13.2±0.52 b 
13.4±1.11 

b 
13.5±1.08 

b 
14.2±1.20 13.2±1.26 14.4±1.37  0.2% with ascorbic 

acid 0.4% 

  

Geotaxis value / weeks 

5 4 3 2 1 0 

Concentration 
(%) as food 

addative 

5.5±1.61 5.0±2.02 4.8±1.14 5.4±1.52  4.8±1.10 
 

5.2±0.99 
 

0 

6.4±1.40 8.4±1.17 6.8±1.76 5.8±1.20 5.1±1.41 5.1±0.55 0.1% 

5.5±0.71 4.7±0.52 4.8±1.34 5.2±2.10  4.8±0.76 5.2±0.61 
0.1% with  

ascorbic acid  
0.2% 

c 
7.4±1.49 

*+ 
11.0±2.6  

+ 
9.4±2.02 7.1±1.79 6.5±2.20 6.1±0.73  

 
0.2% 

 

5.4±1.63 b 
5.2±1.22 

b 
5.1±1.22 

 
5.4±1.25  

 
5.1±1.42 5.1±1.21 

0.2% with 
ascorbic acid 

0.4% 

*           Significant with day (0) P< 0.05 
+          Significant with concentration 0 (control.) P< 0.05 
b          Significant with ( 0.2%) P< 0.05 
 c          Significant with  week (4) P< 0.05 
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Table 4: The effect of potassium nitrate on body weight in rats  

  
 *           Significant with day (0) P< 0.05 
 +          Significant with concentration 0 (control.)  P< 0.05 
 b          Significant with ( 0.2% + ascorbic acid o.4%) P< 0.05 

 
 
 

DISCUSSION 
The main findings of the present study was that the continuous 

dosing (as food additive) with potassium nitrate caused behavioral 
alteration in rats. These effects reflect the general locomotors such as 
open-field activity, emotionality and intestinal transit as fecal boluses, 
neuromotor performance and coordination as negative geotaxis as 
previously reported by (4, 9, 12). These findings further support 
speculation that nitrate compound induce diverse behavioral changes in 
the laboratory animals (6) that could be monitored by a battery of 
neurobehavioral tests assessing different functional aspects of the animals 
(5,6,8,9). Habituation to open-field activity test is expected in rodents 
(10, 15) .However, habituation in the present study was not a determinal 
factor to alter the overall conclusion that nitrate decreases the open-field 
activity and negative geotaxis in rats.  

The neurobehavioral effects of nitrate were manifested clear in  4th 
week of treatment in a concentration 0.2% and gradually retrain in 5th 
week in time 0 value (pretreatment) that mean the animal had habituated 
to nitrate because same level feeding to potassium nitrate during long 
period (16). 

The results of the present study referred that ascorbic acid in 0.4% 
was the best treatment in comparison with 0.2%, furthermore it 
manifested to increase body weights during all periods of study due to 

 
Body weight (gm) / weeks 

  
5 4 3 2  1 0 

Concentration 
(%) as food 

additive 

* 
166.8 ± 5.40 

* 
154.0 ±6.71 

* 
143.8 ± .82 

* 
133.8±7.44  

* 
123.0± .72 

 
101.5±8.16 0  

* 
165.4±  4.38 

* 
154.2 ± 2.97 

* 
141.5  ±3.79 

* 
124.5±  3.87 

*+ 
103.1 ± .77 

 
91.7± 2.91 0.1% 

* 
167.4 ± 7.15 

* 
159.4±  7.92 

* 
145.5 ± 3.51  

* 
138.1±  3.13  

* 
124.7±  .45 92.4 ± 4.17 

0.1% with  
ascorbic acid  

0.2% 

* 
161.1±  8.35  

* 
148.2 ± 9.09 

* 
141.7 ± 6.10 

* 
139.2 ± 7.08 

* 
125.1 ± .96 92.5 ± 5.02 0.2% 

*+ b 
196.1 ±.28 

*+ b 
187.8±  3.66 

*+ b 
181.8  ±4.11 

*+ b 
174.7 ± 7.04 

b + 
163.5±3.48 155.7±  6.58 

0.2% with 
ascorbic acid 

0.4% 
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gave all groups good concentrated forage, In 4th group (0.2%)a 
significant increasment was seen in time 0 value because adding 
nitrogenous compound (nitrate NH3) to forage for along period. The 
result of present study revealed the potassium nitrate did not significantly 
affected to the fecal boluses and swimming endurance. Although the rats 
of the present study did not manifest overt signs of acute nitrate 
intoxicosis, the tests were sensitive enough to detect behavioral changes 
during the course of the exposure for early detection of subtle toxic effect 
of nitrate compounds (the animal appears apparently healthy) (7,8,9).  
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