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Abstract 

P 0 s p 1. § i 1 J.,. J. V II hal a ;P .' , S pilla, F . K a § e : 
Haematological and Biochemical ValUes in the Peripheral Blood of Wolves 
/Canis lupus/ Kept in the East-Bohemian Zoological Garden at DvOr Krlllov6 
ned Labem. Acta vet. Brno, 56, 19B7: 361-375. . 

Six adult wolves and 5 young wolves kept in the East-Bohemian 
Zoological Garden at DvOr Krdlov6 nad Labem were subjected to 
haematological and biochemical examinations of the peripheral 
blood. In these two groups of' animals determination was made of 
the mean values of erythrocyte count, haemoglobin content, haema
tocrit, mean corpuscular haemoglobin, mean corpuscular haemoglo
bin concentration, mean corpuscular volume,leukocyte count and 
differential leukocyte count. In the blood sera of these animals 
the mean levels of protein, glucose, creatinine, urea, triglyce
rides, cholesterol, magnesium, calCium, phosphorus, chlorides, 
sodium, potassium and alkaline phosphatase and AST and ALT amino
transferase activity weie det~rmined. The blood ser~ of adult . 
wolves were examined in addition for total bilirubin, copper 
and zinc levels. The peripheral blood of young wolves, compared 
with adult animals, showed signi~icantly lower erythrocyte count, 
haematocrit and haemoglobin content and higher leukocyte count. 
Biochemical examination of the blood sera revealed significantly 
lower creatinine level, higher cholesterol and phosphorus level 
and higher alkaline phosphatase activity in young than in adult 
wolves. 

Adult, young, difference, wolf. 

Clinically healthy animals~ept in the East-Bohemian Zoologic
al Garden at DvOr Krdlov6 na~ Labem are examined systematically 
for haematological and biochemical values in the peripheral 
blood (Posp1.§il et a1. 19114a, b, c, d; 19B5a, b). The present, 
report gives the results of ~lochemical and haematological exa
mination of the peripheral bibod of wolves /Canis lupus/. Search 

... 
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for relevant published information revealed blood serum bioche
mical values of the wolf in the report by 5 e a 1 et a1. (975) 
and haematological values in the stuc:!ies by 0 i e t e ric h 
(970), Haw key (975) and 5 e a 1 et al. (975). 

Materials and Methods 

The animals examined were Euro-asiatic wolves /Cani'S lupus lupus/ 
and black wolves /Canis lupus pambasileus/ and crosses between these 
two species. They were kept together as a pack in an open-air 
enclosure without a shed throughout the year. They were fed beef 
or veal three times a week, a mixture consisting of minced meat, 
oat flakes, carrot, milk-powder, yeast, minerals- and vitamins
-containing concentrate and vegetable oil twice a week, living 
feed (rabbit, coypu, hen) once a week and were left without feed 
once a week. 

The wolves were in good health except for recurrent infections 
wi th ascarids /Toxocara canis/ in spite of repeated treatment with 
antiparasi tics. 

A total of 6 adult and 5 young clinically healthy wolves were 
included in the study. Their sex, age the season of examination 
are shown in Table 1. Before being blood-sampled, adult wolves 
were immobilized by i. m. administration of IMOBILONE (Reckit 
and Colman, Pharmaceutical Division, Hull, Ireland) at the dose 
rate of 0.1 to 0.3 ml/per animal. Young wolves were blood-sampled 
after capture without being pharmacologically treated. All blood 
collections were made from the v. saphena. Haematological and 
biochemical values of the peripheral blood were determined by 
methods routinely used in clinical practice as described in de
tail in previous studies (P 0 s P Ui i 1 et a1. 1984a; 1985b; 1986). 

Table 1 
Age of wolves /Canis lupus/ examined and the season of examination 

Group 

Adult 
wolves 

Young 
wolves 

5ex 

males 
females 

males 
females 

N = No. animals 

N 

3 
3 

2 
3 

Month/No. animals 

VII/2, VIII/l 
VII/3 

VII/2 
VII/3 

Age in years/ 
/No. animals 

2/2, 4/1, 
2/2, 4/1 

Aged 91 days at the 
time of blood 
collection 

Means /~/ and standard deviations /50/ were computed from va
lues obtained in individual animals. Comparison of the differenc
es in the mean values between young and adult wolves was made by 
the t-test. Before applying the t-test, the agreement of the va-



363 

riances was assessed by the F-test at the 5% level of signi
ficance and a modification of the t-test was chosen accordingly. 

Results 

The haematological values found in the peripheral blood of 
young wolves are presented in Table 2 and those found in adult 
wolves are shown in Table 3. The biological values found in the 
blood serum of young and adult wolves are shown in Table 4 and 
Table 5, respectively. 

Discussion 

Among reports available to us for comparison the most detailed 
study on haematologicaland biochemical values in the peripheral 
blood of wolves was that by Sea 1 et al. (1975) who compared 
the differences found in 32 young wolves /males having 19.1 + 
+ 7.1 ~g and females h"aving 15.5 + 5.9 kg in body mass/ coming 
from various areas of Minnesota. ,Their results are listed in" 
Tables 7 and 8 together with identification of those values that 
are markedly different from the findings reported in our study. 
As marked differences were regarded such cases where standard 
deviations of the corresponding values did not overlap. The hae
matological values were compared similarly 'with those reported 
by Die t e ric h (1970) and Haw key (I975) in Tables 9 and 
10, respecti vely. The data reported by Die t e ric h (1970). 
were based on 5 repeated examinations of one animal. 

The reasons of the differences in some values between our re
suI ts and the data reported by Die t e r i.c h (1970), Haw key 
(1975) and Sea 1 et a1. (1975) are difficult to analyse because 
the numbers of animals examined were small in most cases, the 
only exception being perhaps the study by Sea 1 e.t a1. (1975) 
who however examined young wildlife wolves. Haematological and 
biochemical values in the peripheral blood are affected by a num
ber of factors the most important among which are apparently 
zootechnical conditions, nutritional status, age and physiologic
al status of the animals and the season during which blood col
lections are made. In all probability these conditions varied 
from one study to another. The higher proportion of eosinophil 
granulocyte in our study can be accounted for by the presence 
of ascarids /Toxocara canis/. 

Where published information on haematological and biochemical 
values in the peripheral blood of the wolf is not available, o~e 
is likely to resort to the data recorded for the dog /Canis fami
liaris/ although this domesticated animal is kept under conside
rably different conditions and can be blood-sampled without being 
affected by pharmaceuticals. Our findings in wolves were compared 
with the haematological (Schalm et a1. 1975; Sova 1979) and 
biochemical values (Sova 1979; Jagos and Bouda198l; 
K irk 1980) in the blood serum of the dog /Canis flllliliaris/ in 
Tables 11 and 12. As marked differences were regarded such cases 
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Table 6 
Statistical significance of the differences in the mean 

peripheral blood values between young and adult wolves 

Mean values compared 

Erythrocyte count 
Haematocrit 
Haemoglobin content 
Mean corpuscular haemoglobin 
Mean corpuscular haemoglobin concentration 
Mean corpuscular volume 

Leukocyte'count 
Neutrophil granulocytes (segments) 
Neutrophil granulocytes (rods) 
Eosinophil granulocytes 
Lymphocytes 
Monocytes 

Protein level 
Glucose level 
Creatinine level 
Urea level 
Triglyceride level 
Cholesterol level 
Alkaline phosphatase activity 
AST aminotransferase activity 
ALT aminotransferase activity 
Magnesium level 
Calcium level 
Phosphorus level 
Chloride level 
Sodium level 
Potassium level 

Statistical 
significance 

(X) 

0.5 
0.3 
0.3 

89.8 
36.3 
33.1 

0.0 
14.1 
39.6 
20.3 
66.4 
77.0 

23.6 
19.1 
0.0 

86.5 
46.6 
0.4 
0.0 

92.9 
71. 7 
35.3 
68.1 
0.0 

26".2 
17.4 
0.2 



Haematological value 

Erythrocyte count (1012/1) 
Haematocrit (1/1) 
Haemoglobin content (g/l) 
Mean corpuscular haemoglobin 

concentration (nmol/l) 
Mean corpuscular volume (fl)9 
Leukocyte count (10 /1) 

N = No. animals examined 
~ = mean value 

SO = standard deviation 
1 compared with the values 

for adult wolves 
2 compared with the values 

for young wolves 
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Table 7 
blood of wolves (Canis 

males (N = 22) 
~ SO 

5.1 ' ·1.0 
0.400§ 0.040 

127.0 b 13.0 

19.23! 1.24 
79.0 8 12.0 
14.1 8 5.9 

females (N = 10) 

5.5b 
0.4108 

136.0b 

SO 

0.5 
0.040 
9.0 

20.47<; 1.24 
77.0 g 9.0 
15.0 l, 3.7 

The values reported by SEAL et al. 
(1975) were converted to 51 units 
to make comparison easier. 
, the value found in our study is 

higher than that reported by 
SEAL et al. (1975), 

o the value found in our study 
shows little difference from 
that reported by SEAL et al. 
(1975), 

, the value found in our study is 
markedly lower than that reported 
by SEAL et al. (1975). 

where standard deviations of the corresponding values or their 
ranges did not overlap. As can be seen from Table 12, the blood 
serum glucose levels of the dog are markedly lower than those 
found by us in wolves. These findings are also supported by the 
observations of 5 e a 1 et al. (1975). To what extent ,this diffe
rence is due to the intervention in endocrine regulation at the 
time of blood collection or to the existence of a species-specif
ic metabolism is difficult to resolve. Neverheless, we are inclin
ed to explain the difference as a consequence of non-specific 
reaction to the load produced by blood collection and the preced
ing handling of the animals. 

The finding of .significantly lower values for the red blood 
picture in young than in adult wolves is in keeping with the 
observations in dogs by 5 c h a I m et al. (1975) who reported 
that erythrocyte count, haematocrit and haemoglobin content ro
se steadily in dogs from 2 months of age, reaching adult values 
in animals aged I to 2 years. The difference in leukocyte count 
is not mentioned by 5 c h a I m (1975) but is listed in the roster 
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Table 8 

Biochemical values in the blood serum of wolves (Canis lupus) 
reported by SEAL et a1. (1975) 

Biochemical value 

Total bilirubin /~l/l 
Protein gil 
Glucose RIlIOl/l 
Urea lIII101/1 
Cholesterol RIlIOl/l 
Alkaline phosphatase 

A 5 T 
Calcium 
Phosphorus 

/ukatll 
/ukat/l 
RIlIOl/l 
RIlIOl/l 

N = No. animals examined 
~ =meana value 

SO = standard deviation 

1 compared with the values 
found in adult wolves 

2 compared with the values 
found in young wolves 

males (N = 22) 

~ so 

5.13 ' 
54.0 8 
B.04 8 
3.48 : 
5.75 8 
0.3OO? 
1.500 ; 
2.42 ; 
2.03 I 

3.42 
6.0 
2.38 
1.66 . 
1.09 

0.050 
0.750 
0.17 
0.25 

females (N = 10) 
~ SO 

3.42 ' 
54.0 8 
9.15 g 
2.32 t 
5.71 g 
0.233 ~ 
1.630 i 
2.4a , 
2.06 1 

1.71 
7.0 
1.44 
0.83 
0.98 

0.050 
0.555 
O:lO 
0.29 

The values reported by SEAL et al. 
(1975) were converted to 51 units 
using conversion coefficients 
according to JAGOS and BOUDA (1981). 
• the value found in our study is 

higher than that reported by 
SEAL et al. (1975), 

o the value found in our study shows 
little difference from that of 
SEAL et al. (1975), 

, the value found in our study is 
. lower than that reported by SEAL 
et a1. (1975). 

by Ben tin c k - 5 mit h (1980). Comparison of blood serum bio
chemical values in young and adult wolves showed a significantly 
lower level of creatinine and higher levels of cholesterol, 
phosphorus and potassium and higher alkaline phosphatase activity 
in the younger animals. In·the roster by Bentinck-Smith young 
dogs are listed as having higher phosphorus level and higher alka
line phosphatase activity than adult dogs but no mention is made 
of differences in creatinine and cholesterol levels. 

Our systematic examination of haematological and biochemical 
values in the peripheral blood of clinically healthy animals kept 
in the East-Bohemian Zoological Garden is designed to contribute 
to the understanding of "normal" physiological values of these 
animals even though we are aware that our findings are ~nly of 
exploratory value. 
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Table 9 
Haematological values in the peripheral blood of a wolf (Canis 

lupus) reported by DIETERICH (1970) 

Haematological value N X Range 50 

Erythrocyte count (1012/1) 5 5.31 b 
+0.09 5.1B - 5.40 

Haematocrit (1/1) 5 Q.350~ 
,:.0.010 0.330- 0:360 

(g/l) 120.0 , 
Haemoglobin content 5 +20.0 0 120.0 -125.0 

Mean corpuscular haemoglobin (pg) 23.0 0 
5 +0.6 0 22.0 - 24.0 

Mean corpuscular haemoglobin concen- 21.71 0 

tration (nool) 5 \ +3.73 0 20.47 - 22.33 

Mean corpuscular volume (fl) 5 65.0 0 
63.0 - 69.0 +2.0 0 

Leukocyte count (109/1) 13.B5 0 
5 +3.66 0 9.7 - 19.75 

Neutophil granulocytes (se!J1l8nts) 5 0.590 0 0.390- 0.690 +0.120 0 

Neutophil granulocytes (rods) 5 0.030 g 
,:.0.030 0.020- 0.070 

Eosinophil granulocytes 5 0.050 0 0.020- 0.060 +0.020 ' 

Basophil granulocytes 5 0 0.000 0 

Lymphocytes 5 0.330 0 0.240- 0.450 +O.OBO 0 

t-tlnocytes 5 0.010 ' 0.010- 0.030 +0.010 ' 

N No. examinations (1 animal was examined 5 times) 
X = mean value 

50 standard deviation 
The values reported by DIETERICH (1970) were converted to 51 
units to make comparison easier. 
"0 For explanation of the 

symbols see Table B. 
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Table 10 
Haematological values in the seripheral blood of ~olves (Canis 

lupus) reporte by HAWKEY et al. (1975) 

Haematological value N ~ ~ange 

Erythrocyte count (1012/1) 3 5.8 
, 

4.9 - 6.3 0 
Haematocrit (Ill) 3 0.420 ~ 0.390- 0.480 
Haemoglobin content (gil) 3 150.0 140.0 -155.0 
Mean corpuscular haemoglobin (pg) 3 26.0 o· 25.2 - 27.5 
Mean corpuscular haemoglobin cancen-

8 tration (nmol/l) 3 21.71 19.23 - 22.55 
Mean corpuscular volume (fl)9 3 71.5 I 70.0 - 72.0 

3 7.6 
, 

6.8 8.1 Leukocyte. count (10 II) 0 -
Neutrophil granulocytes 3 0.750 : 0.650- 0.850 
Eosinophil grahulocytes 3 0.030 ~ 0.010- 0.060 
Basophil granulocytes ·3 0.000 I 0.000- 0.000 
Lymphocytes '3 O.lBO 0.090- 0.260 
Monocytes 3 0.040 0.020- 0.050 

N = No. animals examined 
~ = mean value 
The values reported by HAWKEY (1975) were co'nverted to 51 units 
to make .comperison easier. 
"0 For explanation of the symbols' 

see Table 8. 

Hematoloqick~ a biochemick~ hodnotv .periferni krve vlkO ICants 
lupus/ chovanvch ve Vvchodocesk~ ZOO!ogicK8 zahrade OvOr Kr~lov~ 

nad Labem 

V pr~ci je r~ferov~no 0 vysledcich hematologick~ho a biochemic
k~ho vy~etteni periferni krve 6 dospelych vlkO ICanis lupusl a 5 
mladych vlkO chovanych ve Vychodocesk~ zoologick~ zahrade OvOr 
Kr~lov~ nad Labem. Pro tyto dYe skupiny vlkO byly stanoveny prO
mern~ hodnoty poctu cervenych krvinek, ob~ahu hemoglobinu, hema
tokritu, sttedniho mnolstvi hemoglobinu cerven~ krvinky, sttedni 
koncentrace hemoglobinu cerven~ krvinky, sttedniho objemu cerven~ 
krvinky, poctu bilych krvinek, zastoupeni jednotlivych druhO bi
lych krvinek. ~ kre!nim s~ru byly stanoveny prOmerne hodnoty hla
diny bilkovin, glukozy, kreatininu, mocoviny, triglyceridO, cho
lesterolu, hotciku, v~pniku, fosforu, chloridO, sodiku, drasliku, 
aktivity alkalicke fosfat~zy, aminotransfer~zy A5T a ALT. U dospe
lych vlkO byla d~le stanovena hladina celkov~ho bilirubinu, medi 
a zinku. V periferni krvi mladych vlkO byl zji~ten statisticky 
vyznamne nil~i pocet cervenych krvinek, hematokritu a obsahu he
moglobinu a vy~~i pocet bilych krvinek. Z biochemickych hodnot 
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Table 11 
Comparison of haematological values in the peripheral blood 
of wolves (canIs lupus) wIth those reported tor the dog (Canis 

famlllarls) 

Haematological value compared SCHAlM et al. 
1975 

SOYA 
1979 

a 6 a 6 

Erythrocyte count 
Haematocrit 
Haemoglobin content 
Mean corpuscular haemoglobin 
Mean corpuscular haemoglobin 

concentra·t ion 
Mean corpuscular volume 
leukocyte count 

Neutrophil,granulocyte~ 
Eosinophil granulocytes 
Basophil granulocytes 
lymphocytes . 
Mono'cytes . 

• , 
• • 

• 

• • • .. 

• • • • • 
• • 
• • • • 

• , , 
• 

• • • • • 
a = compared with the values obtained in young wolves 
b = compared with the values obtained in adult wolves 

• • • • • 
• 
• • • • • 

• 

, = the value found in wolves in higher than that reported for 
the dog, 

• = the value found in wolves shows little difference'from that 
reported for "the dog, 

, = the value found in wolves is lower than that reported for 
the dog. 

krevniho s~ra byla u mlad~ch vlkO zji!tAna statisticky v~znamnA 
nil!i hladina kreatininu, vy!!i hladina cholesterolu a fosforu 
a vy!!i aktivita alkalick~ fosfat4zy. 

reMaTOnOrHqeCXHe H 6HOXHMHqeCXHe BenHqHBW nepHtepHqeCxoR XpOBH 
BonXOB (Canis lupus), co~ep.am.HXCH B BOCTOqBOqemCXOM soonap
xe DByp-KpanoBe Ha~ na60R 

B pa60Te npHBe~eHW pesyn&TaTW reMaTOnOrHqeCXOro H 6HOXH
MHqeCXOro Hccne~OBaBHR nepHtepHqeCxoR XpOBH 6 Bspocn~x BonXOB 
(Canis lupus), 5 Mono~wx BonXOB HS BOCTpqBo+emcxoro soonapxa 
DBYP KpanoBe Ba~ na6oR. Y ynoMRBYTwX ~ByX rpynn BonXOB onpe
~en.nH cpe~HHe BenHqHBW qHCneHBOCTH xpacBwx Teneu, uo~ep.aHHe 
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Table 12 
Compariso;. of biochemical values in the blood serum of wolves 
(Canis lupus) with those reported for the dog (Canis.familiaris) 

KIRK SOVA 
Biochemical value compared 19BO 1979 

a b a b 

Total bilirubin / • / • Protein • • • • GlucOse • • • • Creatinine • • .' • Urea • • • • Triglycerides 
.) .+) N N 

Cholesterol • • • • Alkaline phosphatase • • N N 
AS T • • N N 
A L T • • N N 
Magnesium , •• • • Caleb. • • • • Phosphorus • • • • ChlOrides • • • • 
5odi~ • • • • Potassium • • • , 

+) This value was not listed by KIRK (19BO) using 
N.Y.S. Veterinary College, Cornell University, 
by BENTINCK-SMITH (1980). 

/ = not evaluated 
N = not mentioned by the author 
For explanation of the symbols see Table 11. 

JAGOS, BOUDA 
19B1 

a b 

/ • • • • • • • 
• 

• • • • • • • • , • , • • , 
• • , • • • 

the data of 
but is quoted 

reMorno6HHa, reMaToKpHTa, cpe~Hee XOnHqeCTBO reMorno6HHa xpac
awe Tenbua, cpe~Hmm XOHueHTpaUHm reMornoGHHa xpaCHwe Tenbua, 
Cpe~HHI 06~eM xpaCHwe Tenbua, ~HcneHHOCTb 6enwx Teneu, npe~
cTaBHTenbcTBo op~enbHWX BH~OB 6enwx Teneu. B XPOBJIHOI CWBOPOT
xe onpe~en$lnH cpe~HHe BenHqHHW ypOBH$I GenxoB, rnmxosw, xpeaTH
HHHa, MOqeBHHW, TpHrnHuepHDOB, xoneCTepHHa, MarHH$I, XanbUH$I, 
toctopa, xnopH~OB, HaTpH$I, XanH$I, aXTHBHOCTb .enoqHol toctaTa
SW, aMHHoTpaHctepasw AST HALT. Y Bspocnwx BonXOB onpe~en$lnH 
Tax_e ypOBeHb oG.ero 6HnHpyGHHa, MeDH H UHHxa. B nepHtepHqeC
xol XPOBH MonO):lwx BonXOB Gwno YCTaHOBneHO CTaTHCTHqeCXH sHa
qHMOe nOHH_eHHe XOnHqeCTBa xpaCHWX Teneu, reMaToxpHTa H co~e_a
HH$I reMorno6HHa, Gonee Bwcoxoe XOnHqeCTBO Genwx Teneu. HCXOD$I 
HS 6HObHMHqeCXHX BenHqHH CWBOPOTXH XPOBH, Y Mono~wx BonXOB Gwn 
YCTaHOBneB CTaTHCTHqeCXH SBaqHMWI Gonee HHSXHI ypOBeHb KpeaTH
HHHa, Gonee BWCOKHI ypoBeHb xoneCTepHBa H toctopa H Gonee BW
COKa$l aXTHBHOCTb .enoqHol toctaTasw. 
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