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Abstract

Posp{%il J.,.J. Vdhala, P. 5psla, F. Kage:
Haematological and Biochemical Values in the Peripheral Blood of Wolves
/Canis lupus/ Kept in the East-Bohemian Zoological Garden at Dvir Krilové
nad Labem. Acta vet. Brno, 56, 1987: 361-375.

Six adult wolves and 5 young wolves kept in the East-Bohemian
Zoological Garden at Dvir Krdlové 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, chlorldes,
sodium, potassium and alkaline phosphatase and AST and ALT amino-
transferase activity were determined. The blood sera 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 significantly 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
ang higher alkaline phosphatase activity in young than in adult
wolves.

Adult, young, difference, wolf.

Clinically healthy animals kept in the East-Bohemian Zoologic-
al Garden at Dvir Krdlové nad Labem are examined systematically
for haematological and biochemical values in the peripheral
blood (Posp{3il et al. 1984a, b, c, d; 19853, b). The present
report gives the results of biochemical and haematological exa-
mination of the peripheral blbod 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 Seal et al. (1975)
and haematological values in the studies by Dieterich
(1970), Hawkey (1975) and Seal et al. (1975).

Materials and Methods

The animals examined were Euro-asiatic wolves /Canis 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 o0il 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
with ascarids /Toxocara canis/ in spite of repeated treatment with
antiparasitics.

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 (Pospif&§il et al. 1984a; 1985b; 1986).

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

Group Sex N Month/No. animals ?ﬁg igngggig/
Adult males 3 VII/2, VIII/1 2/2, 4/1,

wolves females 3 VII/3 2/2, 4/1

Young males 2 VII1/2 Aged 91 days at the
wolves females 3 VII/3 time of blood

) collection

N = No. animals

Means /X/ and standard deviations /SD/ 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-
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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 haematological and biochemical values in the peripheral
blood of wolves was that by Seal et al. (1975) who compared
the differences found in 32 young wolves /males having 19.1 +
+ 7.1 kg and females having 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 Dieterich (1970) and Hawkey (1975) in Tables 9 and
10, respectively. The data reported by Dieterich (1970)
were based on 5 repeated examinations of one animal.

The reasons of the differences in some values between our re-
sults and the data reported by Dieterich (1970), Hawkey
(1975) and Seal et al. (1975) are difficult to analyse because
the numbers of animals examined were small in most cases, the
only exception being perhaps the study by Seal et al. (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, one
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 al. 1975; Sova 1979) and
biochemical values (Sova 1979; Jago3% and Bouda 1981;
Kirk 1980) in the blood serum of the dog /Canis familiaris/ 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

Statistical
Mean values compared sig?igicance
%
Erythrocyte count 0
Haematocrit 0
Haemoglobin content 0
Mean corpuscular haemoglobin 89
Mean corpuscular haemoglobin concentration 36
Mean corpuscular volume 33
Leukocyte' count 0
Neutrophil granulocytes (segments) 14
Neutrophil granulocytes (rods) 39
Eosinophil granulocytes 20
Lymphocytes 66
Monocytes 71

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

=N AW\ & N
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Table 7

Haematological values in the peripheral blood of wolves (Canis
lupus) reported by SEAL et al. (1975)

males (N = 22) females (N = 10)
X SD X- SD

Haematological value

Erythrocyte count (10 12,1y 5.1 & 1.0 5.54 0.5
Haematocrit (1/1) 0.A00§ 0.040  0.4108 0.040
Haemoglobin content (g/1) 127.0 4 13.0 136.04 9.0
Mean corpuscular haemoglobin

concentration (nmol/1) 19.23;  1.24 20.47Q  1.24
Mean corpuscular volume (f1)g 79.0 8 12.0 77.0 8 9.0
Leukocyte count (10°/1) 1418 5.9 15.0 & 3.7
N = No. animals examined The values reported by SEAL et al.
X = mean value "~ (1975) were converted to SI units
SD = standard deviation to make comparison easier.
1 compared with the values s+ the value found in our study is

for adult wolves higher than that reported by

2 compared with the values SEAL et al. (1975),

for young wolves o the value found in our study

shows little difference from
that reported by SEAL et al.
197%),

v 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 Seal 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 . s1gn1flcant1y lower values for the red blood
picture in young than in adult wolves is in keeping with the
observations in dogs by Schalm 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 1 to 2 years. The difference in leukocyte count
is not mentioned by Schalm (1975) but is listed in the roster
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Table 8

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

males (N = 22) females (N = 10)

Biochemical value

X SO X SD
Total bilirubin /pmol/l 5.13" 3.42 3.42°" 1.1
Protein g/1 54.0 6.0 5.0 § 7.0
Glucose mmol /1 8.04 8 2.38 9.15 g 1.44
Urea mmol /1 3.480 1.66° 2.324° 0.83
Cholesterol mmol/1 5.75 § 1.09 5.1 8 0.98
Alkaline phosphatase
/ukat/l 0.300¢ 0.050 0.233Q  0.050
AST /ukat/l 1.500% 0.750 1.630 ¥ 0.555
Calcium mmol/1 2.82 1 0.17 2.42 } 010
Phosphorus mmol/1 2.03 1 0.25 2.06 | 0.29
N = No. animals examined The values reported by SEAL et al.
X = meana value (1975) were converted to SI units
SD = standard deviation using conversion coefficients
according to JAGOS and BOUDA (1981).
1 compared with the values ¢ the value found in our study is
found in adult wolves higher than that reported by
2 compared with the values SEAL et ?1' (1975),
found in young wolves O the value found in our study shows

little difference from that of
SEAL et al. (1975),

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

by Bentinck-Smith (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 only of
exploratory value.
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Table 9

Haematological values in the peripheral blood of a wolf (Canis
Tupus) reported by DIETERICH (1970)

Haematological value N Sg Range
Erythrocyte count (1012/1) 5 2oed  sa8- s.40
: - [}
Haematocrit (1/1) _ 5 2200 0.330- 0:360
Haemoglobin content (g/1) 5 100 o 120.0 -125.0
. . 23.0 ©
Mean corpuscular haemoglobin (pg) 5 ‘0¢ © 22.0 -24.0
Mean corpuscular haemoglobin concen- 21.71 O ° _
tration (nmol) > 143.73 © 20.47 ?2‘33
65.0 ©
Mean corpuscular volume (f1) 5 +2.0 o 63.0 -69.0
7 o
Leukocyte count (10°/1) 5 380 9.7 -19.75
: o © 0.590 ©
Neutophil granulocytes (segments) 5 +0.120 © 0-390- 0.690
X 0.030 ©
Neutophil granulocytes (rods) 5 «0.030 © 0.020- 0.070
. X 0.050 ©
Eosinophil granulocytes 5 +0.020 * 0.020- 0.060
Basophil granulocytes 5 0.000 8
Lymphocytes 5 +g'ggg S 0.240- 0.450
Monocytes 5 o0 % o.00- 0.03
N = No. examinations (1 animal was examined 5 times)
X = mean value
SD = standard deviation

The values reported by DIETERICH (1970) were converted to SI
units to make comparison easier.

sv0 For explanation of the
symbols see Table 8.
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Table 10

Haematological values in the peripheral blood of wolves (Canis

lupus) reported by HA et al.

: Haematdlogical value N X Range
Erythrocyte count a02n) 3 58 & 4.9 - 6.3
Haematocrit (1/1) : 3 0.420 0.390- 0.480
Haemoglobin content (g/1) : 3 150.0 140.0 -155.0
Mean corpuscular haemoglobin (pg) "3 26.0 J 25.2 -21.5
Mean corpuscular haemoglobin concen-

tration (nmol/1) 3 21.71 8 19.23 - 22.55
Mean corpuscular volume (f1)g 3 71.5 § 70.0 - 72.0
Leukocyte. count (107/1) 3 76 o 6.8 - 8.1
Neutrophil granulocytes 3 0.750 ¥  0.650- 0.850
Eosinophil grahulocytes 3 0.030 4 0.010- 0.060
Basophil granulocytes -3 0.000 0.000- 0.000
Lymphocytes "3 0.180 0.090- 0.260
Monocytes 3 0.040 0.020- 0.050
N = No. animals examined
X = mean value

The values reported by HAWKEY (1975) were converted to SI units
to make comperison easier.

470 For explanation of the symbols -
see Table 8.

Hematuloq1cké a biochemické hodnotv periferni krve vlkda /Canis
lupus/ chovanych ve chhodoéeské zoologické zahrad& Nvar Krglové
nad Labem

V prédci je referovdno o vysledcich hematologického a biochemic-
kého vysetFeni perifernf krve 6 dosp&lych vlkd /Canis lupus/ a 5
mladych vlkd chovanych ve Vychodoteské zoologické zahradé Dvir
Krdlové nad Labem. Pro tyto dvé skupiny vlkd byly stanoveny pra-
mérné hodnoty po&tu &ervenych krvinek, obsahu hemoglobinu, hema-
tokritu, stfedniho mnoZstv{ hemoglobinu &ervené krvinky, stfedni
koncentrace hemoglobinu &ervené krvinky, stfedniho objemu &ervené
krvinky, po&tu bilych krvinek, zastoupen{ jednotlivych druht bi-
lych krvinek. V. krevnim séru byly stanoveny primé&rné hodnoty hla-
diny bflkovin, glukézy, kreatininu, mo&oviny, triglyceridd, cho-
lesterolu, hof&iku, védpniku, fosforu, chloridd, sodiku, drasliku,
aktivity alkalické fosfatdzy, aminotransferdzy AST a ALT. U dospé-
lych vlka byla déle stanovena hladina celkového bilirubinu, médi
a zinku. V perifern{ krvi mladych vlkda byl zjisté&n statisticky
vyznamné niZs{ potet &ervenych krvinek, hematokritu a obsahu he-
moglobinu a vy3$3{ po&et 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 for the dog (Canis

familiaris)
Haematological value compared : SCHALT93; al. ?gg;

' a b a b
Erythrocyte count ° ° o °
Haematocrit ' ® v o
Haemoglobin content o 04 v b4
Mean corpuscular haemoglobin ® 4 s s
Mean corpuscular haemoglobin ’ . . ¢

concentration

Mean corpuscular volume ' ® ' '

Leukocyte count ] L] . °
Neutrophil granulocytes ' v L] o
Eosinophil granulocytes . 4 ) °
Basophil granulocytes ° ° ° )
Lymphocytes ° PY ° o °
Monocytes ° ° ° °

a = compared with the values obtained in young wolves

b = compared with the values obtained in adult wolves

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

o =

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 séra byla u mladych vlkd zjiZt&na statisticky vyznamné
ni?%{ hladina kreatininu, vy%3{ hladina cholesterolu a fosforu
a vy38{ aktivita alkalické fosfatdazy.

FeMaTONOrHYECKHE H GUOXHMHUECKHE BEJIHUHHB NepHPepHUecKOR XpPOBH

BonxoB (Canis lupus), comepxawmuxcs B BOCTOUHOUemCKOM 300nap-
xe NOeyp-Kpanose Han Jla6o#

B pa6oTe npuBeneHsl pes3yjlbTaTh IeMaTOJIOHYECKOrO M GHOXH-
MHYECKOI'O HCCNenoBaHHN MNepHPepHUYEeCKOA KPOBH 6 B3POCIHBIX BOJKOB
(Canis lupus), 5 MoaomHX BONKOB HS BOCTOUHO+EmMCKOro 300mMapka
OByp Kpanose xan Jla6oii. Y ynoMaHYTHX OBYX I'Pynn BOJKOB omnpe-
OeNany CpelHHe BEeNHYHHbE UHCJIEHHOCTH KPacCHHX Telel, LoaepxaHue
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Table 12

Comparisci. of biochemical values in the blood serum of wolves
(Canis lupus) with those reported for the dog (Canis familiaris)

)

KIRK SOVA JAGOS, BOUDA
Biochemical value compared . 1.930 1973 1981

o

o
o
(=2
o
o

Total bilirubin

/ L] / (B / °
Protein ) ) ) Py PY P
Glucose s s s s ' '
Creatinine ) ° ' ° ) )
Urea ’0) s ) ® ) s U
Triglycerides é ¢’ N N . s
Cholesterol ° ° ° ° ° °
Alkaline phosphatase ) () N N s .
AST ® ) N N ) ®
ALT ® ® N N ’ °
Magnesium v e. o [ v PY
Calcium ® ° ° ® v v
Phosphorus s ® ® ® ® v
Chlorides s ® s ® s )
Sodium [ ) ) [ ) ° ) °®
Potassium ) ° ° v ° ®
+)

This value was not listed by KIRK (1980) using the data of

N.Y.S. Veterinary College, Cornell University, but is quoted
by BENTINCK-SMITH (1980).

/ not evaluated
N not mentioned by the author

For explanation of the symbols see Table 11.

reMorno6¥Ha, r'eMaTOKPHTA, CpelHee KOJHYEeCTBO I'eMOrjo6HHa Kpac-
HbHe Tenbla, CPenHw KOHLUEHTPAUHKK r'eMOrJJO6HHA XpacHHe Tenbua,
CpenHHA o6beM KpacCHbEe Tenbla, YHCNEeHHOCTHL 6enux Teneu, npen-
CTABHTENbCTBO OPHENbHEX BHOOB 6eNbX Tejel. B XKpOBAHOA CHBOPOT-
Ke onpenenany CpelHHe BeJHYHHH YPOBHs 6eJXOB, I'JIOKO3H, KpeaTHu-
HHHa, MOUYEBHHB, TPHI'JIHLEPHOOB, XOJeCTepHHa, MAarHusA, KalbUHA,
docdopa, XnopunoB, HATPHS, KaJNUA, AKTHBHOCTb mMeNo4yHOR ¢docara-
3bl, amuHOTpaHcdepasu AST M ALT. Y B3pPOCNBIX BOJKOB ONnpenessnu
TaxKxe ypoBeHb Oo6mero GHJIHMPYOHHA, MenH M UHHKa. B nepudeprHuec-
KO KPOBM MOJIOABIX BOJIKOB OBIJIO YCTAHOBJIEHO CTATHCTHUECKH 3Ha-
Yy¥MOe NMOHHXEeHHEe KOJIMYeCTBa KPAaCHHX Teljel, I'eMaTOKPHTa H comexa-
HHSI IeMOrJIoO6HMHa, 6oJilee BHICOKOE KOJHMUecCTBO 6ensix Teneu. Hcxons
M3 O6MObBHMMHUECKHX BEJIHUHH CHBOPOTKH KPOBH, Y MOJIOALIX BOJKOB OBIN
YCTaHOBNEH CTATHCTHYECKH 3HAUHMHIA 6OJlee HHU3KHA YPOBEHb XpeaTH-

HHHA, 60Jlee BHICOKHA YpOBEHb XxojlecTepHHa H docdopa H 6onee BH-
coxassi aKTHBHOCTb meJIOUHOR docdaTassl.
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