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Abstract

The aim of the present study was to evaluate the effect of ammonia on stress-induced alterations of hematocrit, erythrocyte 
count, leukocyte count and free fatty acids. Twenty male rabbits of the New Zealand White breed at the age of 4 months were 
randomly allocated into two groups: control - reared under low air ammonia levels (1.4-14.6 ppm) and experimental – reared 
under higher ammonia levels (28-57 ppm). The rabbits of both groups were exposed to forced running stress for 15 min on day 
37 of the trial and two weeks later they received i.m. injection of 0.1 mg synthetic adrenocorticotropin (ACTH) per rabbit. Am-
monia prevented ACTH-induced decline of leukocyte count at 2 h after the injection. Hematocrit values in the control rabbits 
increased at 20 (P<0.01) and 60 min (P<0.01) following exposure to forced running without any change in erythrocyte count, 
whereas in the experimental rabbits hematocrit was significantly higher at 2 h following ACTH injection relative to basal level 
(P<0.01). Plasma free fatty acids in the control rabbits declined in response to forced running (P<0.01) and ACTH injection 
(P<0.01). Similar but not significant decline was observed in the experimental rabbits.
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Introduction

Ammonia is a common environmental contaminant which 
affects peripheral macrophages and spleen lymphocyte pro-
duction of cytokines constituting a potent inflammatory re-
sponse (Murata and Hornito, 1999).

Atmospheric ammonia in confinement facilities is a major 
harmful pollutant which affects recovery rate of heterophils 
(Murata and Hornito, 1999). Exposure of nursery pigs to 35 
ppm of ammonia has been shown to double lymphocytes and 
monocytes count (Mitloehner, 2004).

Most of the ammonia-related investigations are focused 
on the deleterious effect of ammonia and the defense mecha-
nisms of the respiratory tract against pathogens (Drummond 
et al., 1981; Al-Mashhadani, 1984; Gustin et al., 1994).

Thus, the aim of the present study was to evaluate the ef-
fect of ammonia on stress-induced alterations of hematocrit, 
erythrocyte count, leukocyte count and free fatty acids.

Materials and Methods

Twenty New Zealand male rabbits (Oryctolagus cuniculus) 
at the age of 4 months and average weight of 3 kg were ran-
domly allocated into two groups (control and experimental) – 
10 rabbits in each group. Rabbits were reared individually in 
wire-floor cages, provided with feeders and nipple drinkers 
– feed and drinking water were supplied ad libitum. Air tem-
perature, relative humidity and CO2 levels were within the 
following limits - 16-24 °C; 40-70% and 480-1260 ppm. The 
rabbits of both groups were reared together from birth until 
the start of the experiment in a room with natural ventilation 
and relatively high air ammonia levels (15-21 ppm). During 
the 51 d long experiment the rabbits of the control group were 
reared under low air ammonia levels (1.4 – 14.6 ppm), whereas 
the experimental rabbits were kept under higher levels of nat-
urally occurring ammonia (28-57 ppm) via window closing. 
Thirty seven days after starting of the experiment all rabbits 
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were exposed to 15 min forced running. Blood samples were 
collected by ear venipuncture before (basal level) and after 
termination of the forced running session (at 20 and 60 min). 
Two weeks later the rabbits of both groups received (i.m.) 0.1 
mg tetracosactide (Adrenocorticotropin, 1-24) in 0.5 ml of sa-
line. Blood was taken before and following adrenocorticotro-
pin (ACTH) injection (at 1 and 2 h). The acute effect of air 
ammonia on adrenal function was assessed by spreading liq-
uid ammonia on the floor, immediately after the end of forced 
running session and ACTH injection which resulted in an in-
crease in air ammonia level as high as 158 ppm. Plasma free 
fatty acids were measured by Rabbit free fatty acids ELISA 
kit manufactured by Cusabio Biotech. CO., LTD. Total eryth-
rocyte and leukocyte counts were determined by manual 
haemacytometer chamber count. Hematocrit was measured 
by the microhaematocrit method. Air ammonia was recorded 
via AeroQual S200 Monitor, equipped with ammonia sen-
sor head (0-100±0.1 ppm). The results of one factor statistical 
analysis are expressed as means ± SEM.

Results and Discussion

Hematocrit level increased in the control rabbits at 20 
min and 1 h after termination of the forced running session 
(Figure 1). The increase of hematocrit level was most proba-
bly due to the exercise-induced shift of plasma water into the 
extracellular space (Mairbäurl, 2013). Increased hematocrit 
value was reported in dog following 20 min trotting (Pic-
cione et al., 2012). Exposure of the experimental rabbits to 

forced running did not have significant effect on hematocrit 
level relative to basal value. This could be due to increased 
deformability of the red blood cells, since ammonia stimu-
lates NO production (Monfort et al., 2002) which on its turn 
increases red blood cells deformability (Starzyk et al., 1999; 
Bateman et al., 2001; Bor-Kucukatay et al., 2003; Kleinbon-
gard et al., 2003) thus affecting the rheological properties 
of blood and the amount of oxygen that can be carried per 
volume of blood (Mairbäurl, 2013). Erythrocyte count in 
the control rabbits was not changed after termination of the 
forced running (Figure 2) and supports our interpretation 
of the observed increase of hematocrit. Adrenocorticotro-
pin administration did not influence hematocrit levels in 
both groups at 1 h following the administration. However, it 
caused significant increase of hematocrit value at 2 h after 
ACTH administration in the experimental group (Figure 1). 
Adrenocorticotropin has been reported to increase hemat-
ocrit in rats (Kenyon et al., 2007). Also, adrenocorticotropin 
was found to decrease erythropoietin level and to increase 
the release of red blood cells from storage sites thus increas-
ing hematocrit and blood hemoglobin (Zhang et al., 2004). 
The observed increase of hematocrit value in the experi-
mental rabbits was not due to increased erythrocyte count 
since erythrocyte count was not changed following ACTH 
administration (Figure 2). We assume that hematocrit ele-
vation in the experimental rabbits after ACTH administra-
tion was due either to increase of erythrocyte volume or to 
reduction of plasma volume because of ammonia-induced 
change in acid-base balance (Roberts, 2001). Exposure to 
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Fig. 1. Effect of ammonia on hematocrit levels in rabbits exposed to forced running and ACTH injection ** P<0.01
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both forced running and ACTH caused significant decline in 
white blood cell (WBC) count except for the experimental 
rabbits at 2 h following ACTH administration (Figure 3.). 
These data are not consistent with the reported increase in 
WBC count following exercise in man (Natale et al., 2003). 
The authors found that each type of exercise (peak aero-

bic exercise, prolonged endurance exercise and a standard 
circuit of resistance exercises) was related with increase of 
different leukocyte subpopulations. In our earlier experi-
ment we found unchanged WBC count in rabbits exposed to 
psychological stress (Dyavolova et al., 2013). Ammonia pre-
vented leukocyte count decline at 2 h following ACTH ad-
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Fig. 2. Effect of ammonia on erythrocyte count in rabbits exposed to forced running and ACTH injection ** P<0.01
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Fig. 3. Effect of ammonia on total leukocyte count in rabbits exposed to forced running and ACTH injection
 * P<0.05      ** P<0.01       *** P<0.001

a – mean value is significantly different from the basal value of the control group
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ministration. Chronic exposure to high ammonia levels did 
not influence basal plasma free fatty acids (FFA). Plasma 
FFA declined insignificantly in both groups at 20 min and 1 
h following exposure to forced running except for the con-
trol rabbits at 1 h where the rate of decline reached level of 
significance (Figure 4). Free fatty acids have been reported 
to decline in healthy young men following 10 min heavy 
work (Jeukendrup et al., 1998). Martin et al. (1993) found  
decreased FFA turnover and oxidation during 90 to 100 
min bout of submaximal exercise, which they attributed to a 
slower rate of FFA release from adipose tissue (Martin et al., 
1993). On the contrary, psychological stress was reported to 
increase plasma FFA level (Apple et al., 1995). Adrenocor-
ticotropin administration caused significant decline of plas-
ma FFA relative to basal level in the control rabbits (P<0.01). 
It is widely recognized that stress causes insulin resistance, 
decreased intake of glucose by tissues and gluconeogenesis. 
Adrenocorticotropin is known to exert direct effect on lipid 
metabolism, independent of glucocorticoid action (Skoog, 
2007). Spirovski et al. (1975) reported increased sensitivity 
of adipose tissue to ACTH in adrenalectomized rats concom-
itant with increased glucose utilization by adipocytes which 
resulted in enhanced reesterification and reduced release of 
FFA by the tissue. This finding could explain at least partly 
the observed decline of FFA. Plasma FFA in the experimen-
tal rabbits declined in response to ACTH but did not reach 
level of significance. This could be due to the lipolytic effect 
of ammonia which was reported to be independent from the 

nerve-controlled secretion of adrenal medullary hormones 
(Wiechetek et al., 1989). Besides, the higher ammonia levels 
may have influenced the rate of lipolysis through ammonia-
induced decrease in plasma T3 and T4 levels (Brüngger et al., 
1997; Fidanci et al., 2010), which in their turn stimulated the 
expression of genes involved in energy metabolism, lipoly-
sis and lipogenesis (Oppenheimer et al., 1991).

Conclusion

Ammonia changed hematocrit and erythrocyte values fol-
lowing exposure to forced running. Adrenocorticotropin-in-
duced dynamics in hematocrit, leukocyte and free fatty acids 
values were compromised by ammonia.
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