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ABSTRACT

We examined in stallions the impact of castration on total differential count of leukocytes and the
classical pathway of complement activation (CPCA), blood vitamins A and E levels. The stallions
were castrated with an emasculator, while in standing position, using the open technique. The number
of leukocytes was counted in the Burker chamber, and the leukogram on blood smear. The
neutrophil/lymphocyte ratio (N/L) was counted; CPCA was shown with Mayer’s method adapted for
horses. Vitamins E and A concentrations were determined spectrophotometrically. The castration led
to an increase in neutrophil bands number 3 hours later and on days 3 and 7; monocytes band number
increased also 3 hours post castration. The N/L ratio increased on the 24™ hour. The CPCA was
reduced on the 0 hour, and the amount of vitamin E - on the 24™ hour. The applied castration caused
temporary and quantitative changes in the examined parameters of innate defence by suppressing its
humoral component — complement (0 hour) and caused an increase of the cell elements — neutrophils-

band and monocytes and the N/L ratio. It led to E hypovitaminosis.
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INTRODUCTION

Surgical impact and post-operational pain are
stress factors which demand neuroendocrine
and tissue answers; The latter induce changes
in the immune defence (1, 2), in metabolism,
cardiovascular and inflammatory mechanisms
3).

Castration in horses, viewed as
common and routine surgical procedure
involves a high degree risk of complications
(4). The first barrier of defence, initiated by
this surgical trauma includes the elements of
natural resistance — complement, phagocytes,
acute phase proteins, cytokines and others.
After castration Fisher et al. (5) observed
neutrophil  leukocytosis and a  high
concentration of plasma haptoglobin and
fibrinogen, whereas Okumura et al. (6) — a
high concentration only of haptoglobin.
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There are scarce data about the fact that
some kinds of stress induce vitamin E
deficiency (VE) (7, 8), and none about the
effect of castration. Besides, Miller et al. (9)
confirmed that in hypovitaminosis A and E
the specific and non-specific immune
mechanisms were suppressed. Hogan et al.
(10) found reduction of phagocyte function in
neutrophils, which increased the risk of
bacterial infections. The effects of treating
with VE and vitamin A (VA) on the
superoxidant production is correlated with
changes in intracellular signalling of
neutrophils and by an increase in their
phagocyte and killing activity (11).

The aim of the current research was to
study the dynamics of changes, brought about
by castration, on complement and the white
blood cells as non-specific factors of defence,
and in the VE and VA levels, in stallions.

MATERIALS AND METHODS
Animals
Four healthy Hannover bred stallions,

obtained from the Experimental Equine Base
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of Trakia University — Stara Zagora, Bulgaria,
were used. They were 4-5 years of age, with
body weight of 500-600 kg. The horses were
housed in box stalls under ambient light
conditions and fed a diet of commercially
available pellets and mixed alfalfa-grass hay.
Salt and water were available ad libitum.

Castration

The castration was performed in standing
patient position by the open method using an
emasculator. The following anaesthesia was
used: 2% xylazine (as HCl) (Alfasan,
Woerden - Holland); it was injected into the
vein at a dose of 1 mg/kg body weight. After
10 min, 2% Morphinum hydrochloricum
(Sofarma Ltd — Sofia), at 0.5mg/kg body
weight, was injected also into the vein. Prior
to the testicular incision, 15 ml of a 0.5 %
solution of Novocain (Vetprom Ltd, Radomir,
Bulgaria) was injected into the testicles.

Blood samples

Blood samples were taken from v. jugularis
externa before castration, immediately after (0
h), and subsequently on the 3™ and 24™ hour,
3" 7™ and 14™ day after castration. The
samples were either centrifuged (4°C) within
15 min of collection to obtain the plasma, or
allowed to clot at 20 to 22°C prior to
centrifugation to obtain the serum.

Parameters of the natural immune
response

The total number of leukocytes was counted
in the Burker chamber, the leukogram was
determined by microscopic observation of
blood smears, stained with May-Grunwald-
Giemsa dyes, using the Meandre counting
method. The classical pathway complement
activation (CPCA) was established according
to the method of Mayer (12), adapted for
horses (13).

Neutrophil-lymphocyte (N/L) ratio

To estimate the stress of castration the N/L
ratio was used (14). It was calculated by
dividing the number of neutrophils by the
number of lymphocytes.

Vitamins

The vitamin A content in blood serum was
determined by the method of Dest as
described by Schneider and Widmann (15),
and of VE — in blood plasma following the
procedure of Spiritchef et al. (16).
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Statistical Analysis

The results were expressed as mean + SEM
and subjected to statistical analysis of
variance (ANOVA). Differences were
considered statistically significant at the
p<0.05 level.

RESULTS

The data on the investigated parameters are
shown on Table 1. The total number of
leukocytes and the number of segmented
neutrophils have a trend of increase to
maximum on the 3™ h, with no significant
value. An increase in the number of neutrophil
bands versus initial level was observed best
on the 3™ h (p<0.01), 3" day (p<0.05) and 7"
day (p<0.01). Similar changes were registered
for monocytes on the 3™ h (p<0.05). A
tendency towards decrease was evident in
eosinophils — on 3" h and in lymphocytes —
on 24" h, with a lack of significant differences
from initial values.

N/L ratio increased gradually, and was
highest on the 24™ h (p<0.05), after which it
gradually decreased with time.

CPCA activity decreased immediately

after castration (p<0.05). On the 24™ h it
returned back to normal values.
The concentration of VE decreased most
prominently on 24™ h (p<0.05), and returned
to original values between the 7™ and 14" day.
In contrast, VA tended to increase gradually
up to 24™ h and between 3™ and 14" day; a
reversal towards initial values was observed.

DISCUSSION

The application of surgical interference
(castration) caused significant changes in the
non-specific defence mechanisms, as well as
in the amount of vitamins. The increase of
N/L ratio, observed on 24™ h (p<0.05)
indicated that horses may have undergone
stress. Such ratio has been found to be a
definite indicator of stress in horses (17, 18)
whereas between the ratio and the cortisol
concentration a positive correlation has been
set to take place [19]. The neutrophil content
as an important part of the non-specific cell
defence after applied castration was
determined by a non-significant segmented
neutrophilia and significant increase of band
neutrophils on the background of feebly
expressed leukocytosis. An increase in the
total counts of leukocytes and neutrophils
after castration has been determined by Kelani
and Durotoye (20) and Fischer et al. (5).
Possible reasons for these changes may be
related on the one hand to the fact that
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perhaps after castration the cortisol level
increased and caused mobilization of band
neutrophils from the bone marrow (left shift).
It is possible that this left shift could be due to
tissue damage after surgical procedure as an
expression of inflammatory response. The
observed neutrophilia was accompanied by
monocytosis on the 3™ h (p<0.05). For now it
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is not well understood why there is an
increase in monocyte counts after castration.
Even so, monocytes are similar to neutrophils
and are a part of the natural resistance,
activated under the influence of the surgical
operation and the accompanying significant
trauma.

Table 1: Changes in total and differential count of leukocytes, neutrophil/lymphocyte ratio (N/L), classical
pathway of complement activity (CPCA), concentrations of vitamin E (VE) and vitamin A (VA) before and
after castration in stallions (n=4). Values are presented as mean +SEM. Level of significance “p<0,05;

bp<0,01 versus initial level.

Parameters Before 0 hr 3hr 24 hr 3 day 7 day 14 day
Leukocytes (x10°/]) 6.68+0.68 | 6.68+0.8 |[8.8£0.22 |[7.73£0.99 |7.38+1.21 |7.48+0.33 |7.18+1.13
Neutrophils-bands(x10°/]) |0.12£0.02 [ 0.13£0.06 | 0.43+0.13° [ 0.27£0.06 | 0.41+0.08" | 0.44:0.07° [0.22+0.06
Neutrophils — 3.53+0.57 |3.93+0.55 |5.29+0.39 |5.1+0.79 3.5+0.68 4.02+0.39 4.24+0.89
segm. (x10°/1)

Eosinophils(x1 09/1) 0.17+£0.04 | 0.09+0.04 | 0.07+0.02 | 0.12+0.03 | 0.24+0.08 | 0.24+0.05 0.22+0.06
Monocytes (x10°/l) 0.08+0.03 | 0.11£0.03 | 0.29+0.10* | 0.25£0.09 | 0.22+0.05 | 0.29+0.09 | 0.24+0.04
Lymphocytes (x]09/l) 2.77+0.31 |2.43+£0.48 |2.57+£0.48 |1.99+0.42 |2.68+0.45 |2.48+0.54 2.48+0.42
N/L ratio 1.3240.26 | 1.83+0.39 |2.32+0.48 |3.03+0.78" | 1.30+0.08 | 1.99+0.59 1.70+0.18
CPCA (CH 50) 20.6+0.9 18.4+0.48" | 19.3£0.38 |20.3+£0.68 |20.5+0.51 | 19.01£0.45 |18.9+0.2
VE (umol/l) 70.8+11.3 |59.6+13.1 |55.5+15.1 |33.844.26" | 57.4+5.2 |75.3%15.5 78.3£15.0
VA (umol/l) 1.13+0.18 | 1.39+0.26 | 1.55+0.25 | 1.56+0.05 | 1.17+0.17 | 1.15+0.19 1.15+0.09
The tendency towards a decrease of the REFERENCES

number of lymphocytes, especially after the
24" 1 following the castration was probably a
result of immune suppression, originating
from the hypersecretion of glucocorticoids
210).

The castration of horses was accompanied by
a decrease in the level of CPCA from 0 h.
This probably was due to the inhibiting action
of glucocorticoids. According to Kapsala et al.
(22) these hormones suppress production,
secretion and activation of complement.

After castration the concentration of VE
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experienced as a stress factor (N/L ratio is
increased on 24™ h), that initiated segmented
neutrophilia (on 3™ h and from 3™ up to 7"
day), monocytosis (on 3™ h), hypovitaminosis
E (on 24™ h) and decrease in CPCA values (0
h).

1. Zimin Yu., Sukhikh, G., Nalivaiko, E.,
Vanko, L. and Meerson. F., The effect of
operative stress on cell-mediated activity.
J Acad Med Sci USSR, 8: 30-34, 1985.

2. Ogawa K., Hirai M., Katsute T,
Murayama M., Hamaguchi K,
Shimakawa T., Naritake Y., Hosokawa T.
and Kajiwara T., Suppression of cellular
immunity by surgical stress. Surgery, 127:
329-336, 2000.

3. Bartoloni A., Polati E., Finco G., Facchin
S., Kigo V. and Gottin L., The
neuroendocrine and metabolic response to
surgical stress. Chir Ital, 47 : 3-11, 1995.

4. Thomas H., Zaruby J., Smith C. and
Livesey M., Postcastration eventration in
18 horses: the prognostic indicator for
longterm survival (1985-1995). Can Vet
J, 39 :764-768, 1998.

5. Fisher A, Crowe M., O-Nuallain E.,
Monaghan M., Prendiville, D., O’Kiely P.
and Enright W., Effects of suppressing
cortisol following castration of bull calves
on adrenocorticotropic hormone, in vitro
interferon —  gamma  production,
leucocytes, acute-phase proteins, growth
and feed intake. J Anim Sci, 75: 1899-
1908, 1997.

6. Okumura M., Fujinaga T., Yamashita K.,
Tsunoda N. and Mizuno S., Isolation,
characterization and quantitative analysis

Trakia Journal of Sciences, Vol. 3, No. 5, 2005 3



10.

11.

12.

13.

14.

15.

of celuroplasmin from horses. Am J Vet
Res, 52: 1979-1985, 1991.

Putmen M. and Comben N.,Vitamin E.
Vet Rec, 121: 541-545, 1987.

Williams C., Kronfeld D., Hess T., Saker
K., Waldron J., Crandel K, Hoffman R.
and Harris P, Antioxidant
supplementation and subsequent oxidative
stress of horses during an 80-km
endurance race. J Am Sci, 82: 588-594,
2004.

Miller J., Brzezinska-Slebodinska E. and
Madsen F., Oxidative Stress, Antioxidants
and Animal Function. J Dairy Sci, 76 :
2812-2823, 1993.

Hogan J.,Weiss W. and Smith K., Role of
vitamin E and Selenium in host defense
against mastitis. J Dairy Sci, 76: 2795-
2803, 1993.

Higuchi H. and H. Nagahata., Effects of
vitamins A and E on superoxide
production and intracellular signalling of
neutrophils in Holstein calves. Can J Vet
Res , 64: 69-75, 2000.

Mayer M., Complement and complement
fixation. In: Kabot E., Mayer M (eds.),
Experimental Immunochemistry, 2nd ed.,
Charles C. Tomas Publisher, Springfield
1., pp 133-240, 1961.

Coley S. and Leid R., Effect of extract of
Onchocerca cervicalis from horses on the
lytic activity of human, rat and equine
complement. Clin Immunol.
Immunopathol, 23: 113-123, 1982.

Stull C., Kachulis C., Farlay J. and
Koenig G., The effect of age and teat
order on a,-acid glycoprotein, neutrophil-
to-lymphocyte ratio, cortisol and average
daily gain in commercially grown pigs. J
Am Sci, 77: 70-74, 1999.

Ibrishimov, N., Determination of carotene
and vitamin A in blood serum. In:
Ibrishimov N., Lalov L (eds), Clinical
laboratory  research in  veterinary
medicine. 2nd ed., Zemizdat, Sofia, pp
223-224, 1984.

16.

17.

18.

19.

20.

21.

22.

23.

24.

GOUNDASHEVA D., et al.

Spiritchev V., Matusis I. and Bronstein
L. Vitamin E. In: Golushko E (ed),
Experimental  vitaminology, 1st ed.,
Science and Technique, pp 44-46, 1979.
Sighieri C., Masini A., Baragli P., Paquini
A., Gavazza A., Tedeschi O. and Martelli
F., Neutrophil-lymphocyte ratio in horses
performing  standardized incremental
treadmill exercise. Annali, Della, Facolta
di medicina veterinaria di Pisa, 52: 77-
83, 1999.

Wong C., Smith S., Thong Y., Opdebeeck
J. and Thornton J., Effect of exercise
stress on various immune functions in
horses. Am J Vet Res, 53: 1414-1417,
1992,

Rossdale P., Burguez P. and Cash R.,
Changes in blood neutrophil/lymphocyte
ratio related to adrenocortical function in
the horse. Equine Vet J, 14: 293-298,
1982.

Kelani O. and Durotoye L.,
Haematological responses of the African
giant rat (Cricetomis gambianus) to
castration and androgen replacement. Vet
Arch , 72:39-49,2002.

Lester S., Meller D. and Ward R., Cortisol
response of young lambs to castration and
tailing using different methods. N Z Vet J,
39: 134-138, 1991.

Kapsala P., Chautard T. and Eskay R.,
The protective role of the hypothalamic-
pituitary-adrenal axis against lethality
produced by immune, infections and
inflammatory stress. In: Chrousos G,
McCarty R, Pacak K, Cizza G, Sternberg
E, Gold P, Kvetnansky R (eds), Stress:
Basic mechanism and clinical application.
Ann NY Acad Sci, 771: pp 419-437, 1995.
Madsen F., Disease and stress: a reason to
consider the use of organically complexed
trace elements. In: Biotechnology in the
Feed Industry. Proc. Alltech, 7th Annu.
Symp.  Alltech  Tech.  Publishing,
Nicolasville, K.Y., p 147, 1991.

Troshina T., The impact of vitamin E on
animals. Vet doctor, 7: 40-41, 2001.

Trakia Journal of Sciences, Vol. 3, No. 5, 2005



