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Evaluation of the Haematological 
Responses to High Nitrate  

Exposure in Rabbits
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ABSTRACT
Introduction: Nitrate is a common pollutant in the drinking 
water of Rajasthan as well as in the rest of India. The maximum 
permissible limit for the nitrate ion in drinking water has been 
set at 50 mg/l by the WHO and at 45 mg/ l by the Bureau of 
Indian Standards. In the body, nitrate is reduced to nitrite and 
the absorption of nitrite leads to methemoglobinaemia. Nitrate 
toxicity has been observed frequently in ruminants which has 
been fed on a variety of plant materials which had high nitrate 
content.

Aim: The present study examined a possible correlation between 
the nitrate concentration in drinking water and the blood profile 
changes in rabbits.

Materials and Methods: Rabbits were selected for the study 
because the pH of their stomachs was similar to that of human 
beings. We included 5 groups of rabbits, with 2 rabbits in each 
group. The groups were named A, B, C, D and E respectively. 

The nitrate concentrations in the drinking water were 45 mg/l, 
100 mg/ l,200 mg / l,400 mg / l and 500 mg/ l in the groups A to E 
respectively. The group A was considered as the control group. 
After 120 days of the ingestion of sodium nitrate in drinking 
water, blood samples were collected from the rabbits of each 
group and were observed.

Results and Conclusion: The maximum haematological para­
meters such as WBC, lymphocytes, MCHC, RBC, Hb and 
basophills showed decreased values in the higher groups as 
compared to the values of the control group. The PCV and MCV 
showed increased values in the higher groups as compared to 
the values of the control group.

The present study indicated that the symptoms of nitrate toxicity 
were associated with the low oxygen carrying capacity of blood 
in the affected animals. Nitrate toxicity is a potential health 
hazard and the scarcity of data on the nitrate toxicity in blood 
created an interest in attempting the present study.
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INTRODUCTION
A major part of the Indian population is exposed to nitrate through 
dietary sources [1]. The maximum permissible limit for the nitrate 
ion in drinking water has been set at 50 mg/l by the WHO and at 45 
mg/l by the Bureau of Indian Standards [2, 3, 4]. In several countries, 
especially in India, the consumption of water which contains high 
nitrate concentrations, sometimes as high as 500 mg/l, is common 
[4-6]. In the human body, nitrate is reduced to nitrites, which cause 
methemoglobinaemia [6]. When nitrate is ingested it is reduced to 
nitrites in the intestinal tract, although some studies suggested that 
this process may start in the oral cavity [6-7]. The nitrite ions are 
absorbed in to the blood stream where they convert haemoglobin 
to the methemoglobin [7]. The health risk from the exposure to 
nitrate is therefore related not only to its concentration in drinking 
water and food, but also to a condition which is conducive to its 
reduction to nitrites [8].

This action may be brought about in one of the following ways [9]: 
By the direct action of the oxidant or by the action of a hydrogen 
donor in the presence of oxygen, or by auto oxidation. In the 
presence of nitrites, the ferrous ion of haemoglobin gets directly 
oxidized to the ferric state. Normally, methemoglobin is formed by 
the following reaction:

Hb+3 +Red.Cyt b5 ----------> Hb+2 + Cyt b5

Reduced cytochrome b5 is generated by the enzyme, cyt.b5 
reductase:
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Oxy cytb5 + NADH ----------> Red cyt b5 + NAD.

Thus, the enzyme, cyt b5 reductase plays a vital role in counter 
acting the effect of nitrate ingestion. 

We chose rabbits for the study because the pH of their stomachs 
is similar to that of human beings [6]. So, it was proposed to study 
the effects of nitrate toxicity in the blood profile of rabbits .

MATERIALS AND METHODS
This study was conducted on five groups of rabbits, with 2 rabbits 
in each group. The rabbits were used for the study because the pH 
of their stomachs was similar to that of infants (pH= 3.0-5.0) [6]. The 
rabbits were three and a half to four months old and their weights 
varied from 1.310 kg to 1.720 kg. The 5 groups were identified as 
A, B, C, D and E. Ad libitum quantity of water which contained 45, 
100, 200, 400 and 500 mg/liter nitrate (in form of NaNO3) and food 
which was soaked in the same water were given to the groups A, 
B, C, D and E respectively. The group which consumed 45mg/
liter of nitrate served as the control group. After the completion of 
the experimental period, the blood samples were collected from 
the rabbits of each group in heparinized vials according to the 
guidelines of ICMR and they were sent to the central lab of Swai 
Man Singh Hospital and Medical College, Jaipur for haematological 
estimation. The results of the blood estimation were recorded and 
shown by using an autoanalyzer [Tables/Fig-3, 4, 5, 6 and 7].
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OBSERVATION AND RESULTS
The values of the blood for all the groups were obtained by using 
an autoanalyzer at the Swai Man Singh Hospital , Jaipur and they 
were compared with the values of the blood of group A (control 
group), separately one by one [Table/Fig-I and 2].

The WBC and MCHC showed increased values in the blood of 
group B only and continuous decreased values in that of group 
C, D and E respectively as compared to the values of the blood 
of group A. 

The lymphocytes and monocytes showed increased values in the 
blood of groups C and D, but in group E, decreased values was 
observed as compared to the values in the blood of group A.

The basophils showed increased values in the blood of groups B 
and C and decreased values in the blood of groups D and E as 
compared to the values of the blood of group A respectively. 

RBC and Hb showed decreased values in the blood of groups B, 
D and E as compared to the values of the control group, but PCV 
showed decreased values in blood of group B only as compared 
to the values of the blood of group A.

MCV showed increased values in the blood of the rabbits of all the 
groups. 

S. no Blood Profile
normal

range of Values
Group a
(45mg/l)

Group B
(100mg/l)

Group C
(200mg/l)

Group D
(400mg/l)

Group e
(500mg/l)

 1 WBC 6-12/cumm 5.40 9.97 4.28 4.96 5.16

 2 N% 17-52  -  -  -  -  -

 3 L% 42-80 35.2  - 44.9 45.0 20.0

 4 M% 5-8 3.3  - 3.5 4.2 2.7

 5 E% 0-3  -  -  -  -  -

 6 B% 0-5 1.1 3.4 1.2 1.0 1.0

 7 RBC 4-7/cumm 5.75 4.35 6.19 5.10 5.52

 8 Hb 8-15 gm 12.8 11.7 12.9 12.6 12.3

 9 PCV 30-50% 33.1 29.7 39.9 37.9 37.5

10 MCV 68µ3 63.3 68.3 64.5 74.3 67.9

11 MCH 24-7 µg 22.3 26.9 20.8 24.7 22.3

12 MCHC 35-0% 33.6 39.4 32.3 33.2 32.8

[Table/Fig-1]: Blood Values as observed in rabbits of all groups.

mg/l = Milligram per liter.

S. no Blood Profile
Group a
(45mg/l)

Group B
(100mg/l)

Group C
(200mg/l)

Group D
(400mg/l)

Group e
(500mg/l)

 1 WBC 5.40/cumm  ↑  ↓  ↓  ↓

 2 N%  -  -  -  -  -

 3 L% 35.2  -  ↑  ↑  ↓

 4 M% 3.3  -  ↑  ↑  ↓ 

 5 E%  -  -  -  -  -

 6 B% 1.1  ↑  ↑  ↓  ↓

 7 RBC 5.75/cumm  ↓  ↑  ↓  ↓

 8 Hb 12.8 gm  ↓  ↑  ↓  ↓

 9 PCV 33.1%  ↓  ↑  ↑  ↑

10 MCV 66.3µ3  ↑  ↑  ↑  ↑

11 MCH 22-3 µg  ↑  ↓  ↑  ↔

12 MCHC 33.6%  ↑  ↓  ↓  ↓

[Table/Fig-2]: Comparison in blood values of rabbits of all groups with control group (Group A).

↑ = Increased value than control group; ↓ = Decreased value than control group; ↔ = same value as observed in control group;
- = No value was obtained; mg/l = Milligram per liter.

[Table/Fig-3]: Conversion of ingested inorganic & organic nitrate to 
nitrite by microflora in the oral cavity and in the gastro-intestinal tract 
by intestinal microflora, these activities result in increased oxidation of 
hemoglobin to methemoglobin and increased production of nitric oxide.

A=Bacterial nitrate reductase; B=Bacterial nitrite reductase; C= Catalase

(Recurrent Diarrhea in children living in Ares with High levels of Nitrate in 
Drinking water. Archives of Environmental Health 56(4):371. August 2001)
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[Table/Fig-4]: Structure of Haemoglobin, Oxyhaemoglobin and Methaem-
oglobin (FARRANT-M, 1945)

[Table/Fig-5]: Aerobic and anaerobic bacteria, body tissues and the 
oxidation – reduction state of nitrogen. Role of Nitrite and Nitrate as a 
redox couple in the rat colon. Gastroenterology, 916; Vol. 94(4), 1988.

[Table/Fig-9]: Laboratory examination of blood in Rabbits of Group - D 
(400 mg/l)

[Table/Fig-8]: Laboratory examination of blood in Rabbits of Group - C 
(200 mg/l)

[Table/Fig-7]: Laboratory examination of blood in Rabbits of Group- B 
(100 mg/l)

[Table/Fig-6]: Laboratory examination of blood in Rabbits of Group - A 
(45 mg/l)

[Table/Fig-10]: Laboratory examination of blood in Rabbits of Group - E 
(500 mg/l)

MCH showed decreased values only in the blood of group C and 
increased values in the blood of groups B and D respectively, but 
group E showed the same value as was observed in the blood of 
group A.

DISCUSSION
The presence of high nitrate concentrations in drinking water 
causes severe methemoglobinaemia and clinical cyanosis in infants 
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and adults. The present study indicates that the excess intake of 
nitrate adversely affects the blood profile in rabbits.

Marshall W et al [9] observed the action of nitrites on blood. The 
interaction of sodium nitrite and blood takes place in three stages:

(a) An induction period 
(b) A reactionary period
(c) A terminal period which is often prolonged, during which the 

products of the reaction, chiefly methemoglobin, pass into 
haematin and other degradation products.

Darling and Roughton [10] described that the action of nitrite on 
haemoglobin was extremely complicated. It varies with the molecular 
ratio of nitrite to haemoglobin, pH, the presence or absence of O2 
and reducing agents and possibly with other factors.

In the present study, Hb showed increased values in the blood 
of group C as compared to the values of the control group. This 
finding was consistent with the findings of Ogur R et al [11] .

The WBC showed decreased values in groups C, D and E (in the 
higher concentration group) as compared to the values of the 
controls. This finding was consistent with the findings of Tepperman 
J et al [12].

RBCs showed decreased values in the higher groups as in the 
groups D and E. These findings were in accordance with the results 
of Bodannsky O et al [13] who also reported that the repeated 
administration of methemoglobin producing agents like nitrate, 
acetanilide ,acetophanetidine, etc. may cause haemolytic anaemia 
but that it may be dose dependant. 

MCV showed continuous increased values in the higher groups as 
in the groups A, B, C, D and E in the present study, which showed 
similarity with the findings of Barry N. Madison et al [14] who studied 
the haematological responses of acute nitrite exposure in fishes. 
They observed that nitrite became more lethal in the presence of 
high bacterial activity due to the waste build up in the body.

Van Loon et al [15] found that the chronic administration of 
acetanilide (up to 36 mg/kg) caused little or no haematological 
changes in dogs, but that larger doses produced haemolytic 
anaemia.

Nitrates are potential health hazards and they have been known to 
cause methemoglobinaemia and other changes in the blood profile 
[16]. The scarcity of data on the nitrate toxicity in blood created 
an interest in attempting the present study, but a more elaborative 
study with larger number of samples is required to establish a 
positive correlation .

ABBREVIATIONS 
 1. Cyt b5 Cytochrome b5 

 2. Hb+2 Ferrous state of hemoglobin
 3. Hb+3 Ferric state of hemoglobin
 4. ICMR Indian Council of Medical Research
 5. Kg Kilogram
 6. mg Milligram
 7. NAD Nicotinamide adenine dinucleotide
 8. NADH Nicotinamide adenine dinucleotide hydrogenase
 9. pH Negative logarithm of hydrogen ion
10. Red cyt b5 Rduced cytochrome b5 

11. Oxy cytb5 Oxidized cytochrome b5

12. WHO World Health Organization
13. WBC White Blood Cells

14. RBC Red Blood Cells
15. Hb Hemoglobin
16. PCV Packed Cell Volume
17. MCV Mean Cell Volume
18. MCH Mean Cell Hemoglobin
19. MCHC Mean Cell Hemoglobin Concentration.
20. N% Neutrophills
21. L% Lymphocytes
22. M% Monocytes
23. B% Basophills
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