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MORPHOLOGY OF BLOOD CELLS AND CONCENTRATION OF CORTISOL
IN PLASMA OF GILTS DEPENDING ON POSITION IN THE SOCIAL HIERARCHY
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In farm animals stress often occurs in
chronic form. This problem is very important
because the hormonal changes connected with
social hierarchy affect the metabolic status.

The experiment was carried out on 28
Polish Landrace x Polish Large White crossbreds
gilts. Gilts were housed in straw bedded 240 x 350
cm pens in groups of 7 animals each. The two
repeats of four day behavioural observations were
made using video camera and time lapse video
recorder. The ranking of gilts to the proper social
hierarchy level on the basis of behavioural
observations was made. Ranking of gilts was made
on the basis of lying arrangement (taking lying
places) and by the number and results of agonistic
behaviour. The blood samples were taken from the
vein and centrifuged directly after collection

during 10 minutes and 3500 r.p.m. The plasma was
stored at —18 °C.

The highest cortisol level was found in low
ranking animals and the lowest in dominants. The
lowest values of blood cell parameters were
observed in submissive animals. Stress response
connected with social hierarchy establishment lead
to the changes in hormone concentration Besides
cortisol the indicators of stress may be some
morphological parameters of blood such as WBC
(mumber of leukocytes) RBC (number of
erythrocytes), HGB (hemoglobin), HCT
(hematocrite) and PLT (number of trombocytes).
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YV cinbcokozocnooapcekux meapun cmpec
yacmo 3ycmpivaemocs 6 Xpowiuniu gopmi. L
npobaema oyice 8adNCIUBA, MOMY WO SOPMOHATbHI
3MiHU, NOB8’A3aHi 3  COYianbHOW  iEpapxicio,
BNIUBAIOMb HA MEMADOATUHUL CIMAMYC OP2aAHIZMY
meaput. Jlocnio nposedeno Ha 28 ceuHkax (nomico
NOAbCOKULL 1AHOPAC X NOJNbCLKA 6eluka 0Oina).
Ceunox ympumysanu 8 kaimxax posmipom 240 x
350 cm no 7 eonie y xooicHiu. Bukxonano 0ea
YOMUPUOEHHI ~ CHOCIMEPEdCEHHSI  NOBEOIHKU  3d
0onomozoio 8ioeokamepu 3 peecmpayicio yacy.
Ilpogedeno paHiCy8aHHsA CEUHOK 3d HOSUYIEIO Y
coyianvhitl icpapxii Ha OOMIHAHMHUX, CYOMICUBHUX

ma HU3bKopanzosux. Peiimune ceunox 3pobneno na
OCHOBI MpUBANOCMi JIeNHCAHHA 1 3a KIIbKICMIO 1
pesyrbmamamu  a2oHicmuunux eionocun. bpanu
3pasKu  8eHO3HOI Kpoei, AKI yeHmpugyaysanu
be3nocepeonvo nicas 6iobopy npu 3500 obepmax
3a xeununy npomsicom 10 xeunun. Ilnazmy xposi
s6epieanu npu —18 °C.
Haieuwuii
SHauOdeHu y

pisens  kopmuzony — 0y8
HU3bKOPAH208UX ~ MEApuH,  a
HatHU;CUUl y  Oominawmuux. Hatinuscui
3HAYEeHHA napamempis KAIMuH Kpogi
cnocmepieanucs 6 cyomicuenux meapun. Omoice,
no8’s3ama 3 COYianbHOIO IEPApXIEl0 cmpecosa
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peaxyis npuzeooums 00 3MiH Y KOHYEHMpayii

Kopmuszony 6 Kpogi. Kpim  2opmonanvrux
NOKA3HUKIG, MApKepoM Ccmpecy MOoJcymv Oymu
O0esIKl MOPGHONOTUHI NOKA3HUKU KPOBL: KILIbKICMb
JCUKOYUMIS, epumpoyumie ma mpomooyumis,
8Micm 2eM02N00IHY, 2eMaAmoKpum.

Kaiouosi cJIoBa: CBUHKU,
COLIAJIBHA I€PAPXISI, KOPTH3OJI,
IF'EMATOJIOI'TYHI ITOKA3HUKIA
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Tlomnpmia

YV cenvcrkoxossiicmeenubix  HCUBOMHBIX
cmpecc  4acmo  8CMpedaemcsi 8 XPOHUYECKOU
Gopme. Dma npobrema ouenv 8adcHA, MAK KAK
2OPMOHANbHVIE — UBMEHeHUs, c8s3aHHble  C
COYUATILHOT uepapxueti BAUSIOM Ha
Memaboauyeckuil Cmamyc Opeanu3mMa HCUGOMHDBIX.

Onvim nposeden na 28 ceunxax (nomecw
NONbLCKULL AAHOPAc X NOAbCKUL Oonvuas bOenas).
Ceunok codepoicanu 6 wiemxax pazmepom 240 x
350 cm no 7 2onos 6 xagicooiu. Buvinonnenvt 0sa
yemvlpexoHesHvle  HAOMOO0eHUsT  NOGeOeHUs ¢
nomMowpbio  Gudeokamepvl ¢ pesucmpayuell
spemenu. I[lpogedeno paudxcupoeanue CEUHOK NO
nozuyuu 8 - COYUANbHOU  uepapxuu  Ha
OOMUHAHMHDBIX, CYOMUCCUBHUX U HUSKOPAHZOBbIX.
Petimune CBUHOK coenan Ha ocHoge
NPOOOIANCUMENLHOCIU JEHCAHUS U NO KOIUYECTHBY
U pezyromamam A2OHUCMUYECKUX OMHOULEHULL.
bpanu  obpazyvt  6enosHOU  KpoGu, Komopwvle
yenmpugyeuposaiu  HenOCPeOCMEeHHO  Nocie
ombopa npu 3500 obopomax 6 muHymy 6 meueHue
10 munym. Inasmy kpoeu xpanuau npu —18 °C.

Hausvicuuuti VPOBEHD KOpmu3zona
0OHAPYJICEH Y  HUBKOPAHZOBbIX JICUBOMHBIX, d
Haumenvuuti — y Oomunanmusix. CHUdICEHUe

napamempos KiemoK Kpoeu HaOI00anuch y
CYOMUCCUBHBIX dicusomHbIX. HMmax, ceazanmas c
COYUANbHOU  uepapxueli Cmpecco8as peaxyus
npugena K UBMEHEHUSM 6  KOHYeHmpayuu
kopmuzona & kposu. Kpome ecopmonanrvrvix
nokaszameret, MapKepom cmpecca Mocym Oblmb
HeKomopule MOp@oaocudeckue noKazamenu Kposu,
maxue Kak KOAU4eCcmeo JIeUKOYUmMos,
IPUMPOYUTNOE U  MPOMOOYUMO8, CcoOepIcanue
2eMO02100UHA, 2eMATNOKPUTN.

KiaroueBblie cJoBa: CBUHKMU,
COLUAJIbBHASA UEPAPXUSA, KOPTU3OJI,
I'EMATOJIOI'MYECKUE ITOKA3ATEJIN

One of the consequences in hormonal
changes caused by stress is reproductive
disturbances. They are visible especially in
oestrus process, decrease in ovulation rate and
conception rate, increased embryo death rate
as well as in lower number of piglets born.
That loss is caused by simultaneous effect of
hormonal changes connected with the growth
of young females and changes caused by
environmental stimuli. These events may lead
to the reduced reproductive abilities. The
factors causing stress in sows and gilts may be
different: thermal, technological (change of
housing environment, change of diet), social
(alterations in group composition) as well as
human-animal interactions [1].

In animal breeding the chronic stress
most often occurs. It is not acute stress,
however long-lasting. This problem is very
important because the hormonal changes
connected with social hierarchy relations
affect in some way the development of
reproductive traits. The cortisol concentration
is the most often used indicator of stress
reaction. However, the problems with blood
samples collecting in relatively short time are
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really hard to overcome and cause the
unclearness of the results and failures.

It is the reason why the hematological
and biochemical indicators of stress in blood
plasma are taken into account (glucose, urea,
protein, Ca, Na, P concentration, number of
erythrocytes, leukocytes, and white blood cells
image). However, the changes in blood mainly
represent the endocrine changes, so the
biochemical and hematological indicators
seem to be complementary for the recognition
of these processes [2]. Other researchers [3]
suggest that better indicator of stress is the
concentration of Ca ions in blood plasma.
Besides  mentioned above  parameters
indicating stress reaction Zanella et al. [4]
showed also endogenous opioids like B-
endorphin and dynorphin (1-13). Their
concentration changes in chronically stressed
animals.

Taking above information into account
it was decided to investigate the profile of
hematological parameters in blood as well as
cortisol level in gilts from different hierarchic
structures.

Material and methods

The researches were carried out on 28
gilts, crossbreds of Polish Landrace x Polish
Large White. Gilts were housed in straw
bedded 240 x 350 cm pens in groups of 7
animals each. The gilts were fed the compound
feed.

The two repeats of four day behavioral
observations were made using video camera
and time lapse video recorder. These
observations made it possible to rank each
animal into the various hierarchic structures.
Ranking of gilts was made on the basis of
lying arrangement (taking lying places) and on
the ground of number and result of agonistic
behavior [5].

The blood samples were taken from the
vein into heparin containing test tubes in very
short time to avoid the corticoids increase
connected with stress [6]. The blood samples
were centrifuged directly after collection
during 10 minutes and 3500 r.p.m. After
centrifuging the plasma was separated and
stored at —18°C until analysis. The

concentration of cortisol, number of
erythrocytes, leukocytes (including percentage
of lymphocytes and granulocytes),
trombocytes  hemoglobin  amount and
hematocrite were analyzed.

The obtained data was statistically
analyzed. © Means, standard deviation,
percentage values were counted and the
comparison of the parameters coming from
different social hierarchy levels was made.

Results and discussions

Stress reactions connected with social
hierarchy establishment lead to the hormonal
changes [7]. In opinion of Mendl et al. [8, 9]
the social rank is correlated to the activity of
HPA axis. The animals taking middle
positions in social hierarchy, which are not
successful in social interactions have elevated
cortisol level in comparison to dominants and
low ranking animals. Similar results were
obtained by Zanella et al. [4]. The results of
the researches by Hicks et al. [10] show the
relation between the social rank of an animal
and cortisol level in blood. In submissive
animals the higher concentration of mentioned
hormone was found (198.12 nmol/L) than in
dominants (162.30 nmol/l) and middle ranking
animals (151.25 nmol/L). Kowalski [11]
shows the close correlation between the social
rank and the dynamics of stress hormones
changes. The  most  reactive  were
subdominants, then dominants and low
ranking individuals. Such differences were
explained by different psycho-physiological
abilities of animals from wvarious hierarchic
structures to adapt in new environment. The
explanation of such phenomenon is that
submissive animals have hard social situation
(there 1s no possibility to appease the
domination need) as well as resistance and
strength of dominants which showed low
activation of HPA axis and defensive
adaptation to environment in low ranking
animals.

The cortisol level in blood plasma was
evaluated in 28 gilts (9 dominants, 10
submissive and 9 low ranking). In observed
gilts the mean cortisol concentration was 90.54
nmol/L (ranged from 7.38 to 316.61 nmol/L).
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The highest cortisol level was found in low
ranking gilts — 107.09 nmol/L the lowest in

dominants — 79.06 nmol/L (table 1). These
differences were not statistically significant.

Table 1
The cortisol concentration in gilts blood plasma (M+SE)
Hierarchy rank n The cortisol concentration (nmol/l)
Dominants 9 79.06£50.89
Submissive 10 85.57+69.44
Low ranking 9 107.0+£97.85
Mean 28 90.54+72.73

The troubles in evaluation of the
influence of stress on the changes of cortisol
are connected with the problems with very
quick blood samples collection [2]. Borman et
al. [3] opined that history of the researches
concerning stress is mainly the history of
success and failures in evaluation of
catecholamines and corticosteroids and the
interpretation of these data which is far from
being univocal. That is why the more useful
indicators are needed to evaluate the stress
effect.

Some hopes concerned morphological
blood parameters because some of them are
dependent on stress reaction however; in this
case also not everything is clear.

In investigated gilts the basic
morphological parameters of blood were
evaluated: WBC (number of leukocytes), RBC
(number of erythrocytes), HGB (hemoglobin),
HCT (hematocrite) and PLT (trombocytes).
The mean values and the profile of these
parameters according to the social rank was
presented in table 2.

Table 2
Blood morphological parameters of gilts
Hierarchy WBC RBC HGB HCT PLT

rank n (10°/L) (10'%/L) (g/L) (L/L) (10°/L)

Dominants 9 26.24 10.13 166.0 0.51 666.30
(8.7-95.4) (5.10-22.35) (108-327) (0.32-1.05) | (243-2004)

Submissive 10 16.05 7.04 117.2 0.34 357.00
(12.3-20.1) (5.88-8.31) (99-126) (0.30-0.39) (198-534)

Low ranking 9 49.11 13.35 218.6 0.69 861.43
(14.7-101.1) (6.72-21.81) (126-354) (0.37-1.12) | (249-1818)

Total 28 30.47 10.17 167.3 0.51 628.24
(8.7-101.1) (5.10-22.35) (99-354) (0.30-1.12) | (198-2004)

The highest differences were observed
in number of leukocytes: the lowest number in
submissive animals (16.05%10°/L), the highest
in low ranking — 49.11x10°/L. The number of
erythrocytes was less various among
individuals classified to different social ranks
and were 10.13, 7.04, 13.35x10"/L in
dominants, submissive and low ranking gilts,

respectively.  The  lowest  hemoglobin
concentration in blood was observed in
submissive animals — 117.2g/L. In these

animals also other indicators were the lowest:
hematocrite (0.34 L/L) and the number of
trombocytes (357.0x10°/L). The characteristic
were also the highest values of all investigated
parameters in low ranking gilts.

In blood samples the percentage of
lymphocytes, and granulocytes was evaluated

(table 3). The differences in lymphocyte
percentage were small and very close to the
mean which was 45.71 %. The content of
granulocytes ranged from 27.78 % in
dominants to 31.27 % in low ranking gilts.

The results of the researches by
Morrow-Tesch et al. [12] show that the
position in hierarchic structures may influence
also the morphologic parameters of swine
blood i.e. lymphocyte proliferation induced by
mitogen. Submissive animals showed stronger
proliferation response than dominants and low
ranking animals, however in these groups the
changes in immune functions 1.e. the reduced
antibodies production in comparison to
submissive animals. The results obtained by
McGlone et al. [13] showed that there is the
relation between the social rank of each
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individual and cortisol concentration as well as

the morphological parameters of blood.

Table 3

The percentage of lymphocytes and granulocytes in gilts blood

Hierarchy rank n Lymphocytes (%) Granulocytes (%)
Dominants 9 49.61 (34.40-91.40) 27.78 (0.80-37.50)
Submissive 10 45.87 (34.40-76.20) 28.30 (3.0-38.10)
Low ranking 9 41.64 (34.30-49.90) 31.27 (23.20-37.80)
Mean 28 45.71 (34.30-91.40) 29.12 (0.80-38.10)

However, in opinion of Hicks et al
[14] the number of leukocytes and hemoglobin
concentration do not depend on the social rank
of animal. In own researches the differences in
leukocytes number in gilts from different
social hierarchy levels were found. The
highest number was found in low ranking
animals then in dominants and the lowest in
submissive gilts. In this last mentioned group
the highest percentage of lymphocytes and
granulocytes was found what may suggest
better developed specific immune response. In
researches by Hessing et al. [10] it was proved
that the immune system of dominants is more
effective than in other animals taking lower
social positions — they were more resistant to
Aujeszky disease.
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