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Abstract 

Po s pi § i 1 J., P. Sp a 1 a, J. Va hal a, F. K a § e : 
Biochemical Values in the Blood &erum of Some Felids Kept in the East-Bohe
mian Zoological Garden at DvOr Kralove nad Labem. Acta vet. Brno, 56, 
1987: 343-360. 

Biochemical values of the blood serum of 4 northern European 
lynxes /Lynx lynx lynx/, 3 mountain lions /Puma concolor missolensis/, 
a male leopard /Panthera pardus saxicolor/, a female Corbett's tiger 
/Panthera tigris Corbetti/, a male Al thaic tiger /Panthera tigris 
Altaica/, 5 jaguars /Pantheraonca/, 41ions /Panthera leo leo/ and 8 
cheetahs /Acinonyx jubatus jubatus/ are reported . The values include 
total bilirubin, protein, glucose, creatinine, urea, total li-

. pid, triglycerides, cholesterol, magnesium, calcium, phosphorus, 
chlorides, sodium, potassium, copper, zinc and iron concentrat
ion and alkaline phosphatase, ALT and AST aminotransferase and 
lactate dehydrogenase activity. 

Lion, lynx, jaguar, cheetah, leopard, tiger. 

Haematological values in the peripheral blood of some clini
cally heal thy felids /Carnivores, the Felidae/ kept in the East-Bo
hemia~ Zoological Garden at DvOr Kr4love nad Labem were report
ed previously (P 0 s pi § i 1 et al. 19B6). The present report 
gives the results of biochemical examination of the blood serum 
of clinically healthy felids including the northern Eutopean 
lynx /Lynx lynx lynx/, moutain lion /Puma concolor missolensis/, ja
guar /Panthera onea/, leopard /Pantherapardus saxicolor/, Corbett' s 
tiger /Parthera tigris Corbetti/, Al tha.ic tiger /Panthera tigris 
Altaica/, lion /Panthera leo leo/ and the cheetah /Acinonyx jubatus 
jubatus/. Search for relevant literature revealed some data on 
blood serum biochemical values of moutain lions /Table 1/, 
leopards /Table 2/, tigers /Table 3/ and lions /Table 4/. In 
jaguars, only the data of 0' Ago s tin i (1974)· on blood se
rum calcium (2.470 mmol/l) and phosphorus concentration 
(1.420 mmol/l) and in cheetahs only the data of E u 1 e n b erg e r 



Table 1 
Published information on blood serum biochemical values 

of mountain lions (Puma concolor) 

Biochemical value Author Value reported 

Total bilirubin lumol/l CURRIER, RUSSELL (1982) a) 3.42 - 5.13 
CtRtIER, RUSSElL(1982) b) 8.55 - 11.97 

Protein gil CURRIER, RUSSELL(1982) c) 71.0 - 73.0 
Glucose mmolll CURRIER, RUSSELL(1982) c) 7.492- 8.547 
Creatinine t!!!!.l/l CURRIER; RUSSELL(1982) c) 217.4 -271.3 
Urea. .-J1Il CURRIER, RUSSELL(1982) c) 4.980- 5.992 
Cholesterol .-JIll CURRIER, RUSSELL(1982) a) 3.833- 4.791 

4.972- 5.542 
Alkaline phosphatase 

CURRIER, RUSSELL(1982) c) ~at/l 0.081- 0.121 
AS T fukat/l CURRIER, RUSSELL(1982) a) ·0.968- 1.219 

CURRIER, RUSSELL(1982) b) 0.668- 0.784 
A L T ~t/l CURRIER, RUSSELL(1982) c) 0.801- 0.951 
L 0 H jUkat/l CURRIER, RUSSELL(1982) a) 2.221- 3.283 

CURRIER, RUSSELL(1982) b) 2.137- 2.621 
Magnesium 1lIII01/1 KlI4TZE, tu6SDORFF 

(1976) 0.411- 0.987 
Calcium 1lIII01/1 CURRIER, RUSSELL(1982) c) 2.612- 2.769 

O'AGOSTINO (1974) 2;078- 3.318 
KlI4TZE, IUfSSOORFF 
(1976) 2.969- 3.218 

Phosphorus 1lIII01/1 CURRIER, RUSSELL(1982) a) 1.549- 2.034 
CURRIER, RUSSELL(1982) b) 1.42D- 1.679 
O'AGOSTINO (1974) 1.524- 1.711 
KlI4TZE, ~FF 
(1976) 2.567- 2.744 

Chlorides 1lIII01/1 CURRIER, RUSSELL(1982) a) 111.9 -116.5 
CURRIER, RUSSELL(1982) b) 117.6 -119.1 

Sodium 1lIII01/1 CURRIER, RUSSELL(1982) a) 143.4 -145.7 
CURRIER, RUSSELL(1982) b) 147.0 -148.0 

Potassium 1lIII01/1 CURRIER, RUSSELL(1982) a) 4.4 - 4.7" 
CURRIER, RUSSELL(1982) b) 4.1 - 4.6 
CURRIER, RUSSELL(1982) d) 4.3 - 4.6 
CURRIER, RUSSELL(1982) e) 3.9 - 4.2 
O'AGOSTINO (1974) 3.84 

CURRIER; RUSSELL(1982) a) = wildlife animals, n = 17 
b) = zoo animals, n = 68 
c) = a) + b), n = 85 
d) = males, n = 50 
e) = females, n = 29 
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(1979) on blood serum iron concentration (18.616~4.475 ~mo1/1) 
were available to us for comparison and no published ddta exist, 
to our knowledge, on the blood chemistry of lynxes •. 

Table 2 
Published information on blood serum biochemical values of 

Ieo[!aras ~Panthera [!sraus' 

Biochemical value Author Value repo~ted 

Total bilirubin ./0001/1 WAHlBERG, SAN<ARI (1979) 4.6 + 2.7 
Protein . gIl WAHLBERG, SANKARI (1979) 73.1 + 7.7 
Glucose mmo1/1 WAHLBERG, SAN<ARI (1979) 8.9 + 2.6 
Creatinine 10001/1 WAHLBERG, SANKARI (1979) 188.0' + 69.0' 

EUlEN BERGER (19B1( 157.35 + 21.21 
Urea mmol/1 WAHLBERG, SAN<ARI (1979) 5.7 !: 2.5 
Cholesterol mmo1/1 WAHLBERG, SAN<ARI (1979) 3.4 + 1.0' 
A 5 T lukat/1 WAHLBERG, SANKARI (1979) 0'.534+ 0'.200 
A L T lukat/1 WAHLBERG, SAN<ARI (1979) 0'.634+ 0'.033 
LO'H lukat/1 WAHLBERG, SAN<ARI (1979) 2.438+ 1.369 
MagnesilJll mmo1/1 WAHLBERG, SAN<ARI (1979) D.93!: 0'.06 

. KUNTZE, ttHiSO~FF 
(1976) 0'.328- 0'.822 

Ca1cilJll mmo1l1 WAHLBERG, SAN<ARI (1979) 2.52 + 0'.17 
O'AGOSTItIl (1974) . 1.921-= 3.043 
KUNTZE, ttJNSSDmFF 
(1976) 2.744- 3.542 

Phosphorus mmo1/1 WAtl.BERG, SAN<ARI (1979) 1.93 + 0'.46 
O'AGOSTltIl (1974) 1.524-= 1.711 
KUNTZE, tUeiOORFF 
(1976) 1.837- 3.099 

Chlorides mmo1l1 O'AGOSTltIl (1974) 10'9.0' 
SodilJll mmo1l1 KUNTZE, tUISSOORFF 

(1976) . 137.0' -156.0' 
PotassilJll mmo1/1 O'AGOSTItIl (1974) 3.56 

KUNTZE, tUISSOORF 
(1976) 4.48 - 4.66 

Iron 10001/1 EUlENBERGER (1979) a) 22.73 + 8.77 
EUlENBERGER (1979) b) 23.44!: 3.0'4 

EULENBERGER (1979) a) = animals aged 9 months 
~) = animals aged 2 years 

WAHLBERG, SANKARr (1979) examined snow leopards (Uncia uncia) 

... 
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Table 3 
Published information on blood serum biochemical 

-values of tigers (Panthera tigris) 

Biochemical value Author Value reported 

Protein g/l Ell.ENBERGER aj. (1974) a) 69.0 .!. 2.0 
Ell.ENBERGER aj. (1974) b) 69.0 .!. 1.0 
EULENBERGER aj. (1974) c) 58.0 + 2.0 
Ell.ENBERGER aj. (1974) d) 80.0 .!. 4.0 
SEAL aj. (1978) 70.0 + 8.0 

Creatinine /umo1/1 EULENBERGER (1981) a) 88.40 + 26.52 
Ell.EN8ERGER (1981) b) 81.32 + 26.52 
EULENBERGER (1981) c) 106.08 + 26.52 
Ell.ENBERGER (1981) d) 119.34 + 26".52 
EULENBERGER (1981) e) 123.76 + 44.20 

UREA RIl101/1 SEAL aj. (197B) 5.146+ 0.149 
Trig1ycerides RIl101/1 SEAL aj. (1978) 0.571+ 0.226 
Cholesterol RIl101/1 SEAL aj. (1978) 6.060+ 0.150 
Alkaline phosphat- /ukat/1 KUNTZE, HUNSSOORFF (1977) 0.030+ 0.437 

ase Ell.ENBERGER aj. (1972) O.B01+ 0.27B 
A S T /ukat/1 SEAL aj. (1978) 0.233+ 0.010 

EULENBERGER aj. (1972) a) 0.158+ 0.035 
EULENBERGER aj. (1972) b) 0.215+ ,0.055 

A L T /ukat/1 EUlENBERGER aj. (1972) a) 0.123+ ' 0.038 
EULENBERGER aj. (1972) b) 0.270+ 0.061 

L DH /ukat/1 'sEAL aj. (1978) 1.352+ 0.100 
EULENBERGER aj. (1972)-a) 3.507+ 0.B35 
EULENBERGER aj. (1972) b) 2.54 + 0.061 

Magnesium RIl101/1 KUNTZE, HUNSSOORFF (1977) 0.616+ 0.892 
KUNTZE, HUNSSDORFF (1976) a) 0.357+ 0.686 
KUN1ZE, HUNSSDORFF (1976) b) 0.370+ 0.917 

Calcium 1lII101/1 KUNTZE, HUNSSOORFF (1977) 2.669-= 3.093 
SEAL aj. (1978) 2.B19+ 0.024 
O'AGOSTINO (1974) 2.074+ 3.218 
KUNTZ(, HUNSSOORFF (1976) a) 2.694-= 3.542 
KUNTZE, HUNSSDORFF (1976) b) 2.669- 3.517 

, Phosphorus 1lII101/1 KUNTZE, HUNSSDORFF (1977) 1.645- 2.744 
SEAL aj. (1978) 1.B40+ 0.064 
O'AGOSTINO (1974) 1.711-= 2.357 
KUNTZE, HUNSSOORFF (1976) a) 1.398- 2.712 
KUNTZE, HUNSSDORFF (1976) b) 1. 743- 2.712 

Chlorides 1l1II01/1 O'AGOSTINO (1974) 109.0 -124.0 
Sodium 1l1II01/1 KUNTZE, HUNSSDORFF (1977) 128.3 -154.2 

O'AGOSTINO (1974) 155.7 -165.8 
KUNTZE, ttJNSSDORFF (1976) a) 121.8 -150.0 
KUNTZE, HUNSSDORFF (1976) b) 130.5 -139.2 

Potassium 1l1II01/1 KUNTZE, HUNSSDORFF (1976) 4.717- 5.B63 
O'AGOSTINO (1974) ,2.6 - 3.76 
KUNTZE, HUNSSDORFF (1976) a) 3.B25- 4.794 
KUNTZE, HUNSSDORFF (1976) b) 4.054- 4.666 

----------------------------------------------------_.-----------



Continuation of Table 3 

Biochemical value 

Iron ;unol/l 

EULENBERGER aj. (1972) 

EULENBERGER (1981 ) 

EULENBERGER (1979) 

EULENBERGER (1974) 

KUNTZE, HUNSSDORFF 
(1976) 
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Author Value reported 

EULENBERGER (1979) a) 
EULENBERGER (1979) b) 
EULENBERGER (1979) c) 
EULENBERGER (1979) d) 
EULENBERGER (1979) e) 

-19.33 + 6.44 
33.11:; 7.B7 
lB.07:; 3.22 
17.90:; 6.26 
22.7J I 5.01 

a) animals 10-14 weeks o~d, n = 17 
b) animals 14 days after weaning 
a) animals 3 months old, n = 29 
b) animals 4 months old, ·n = 33 
c) animals 6-9 months old, n = 26 
d) animals 1-2 years old, n = 20 
e) animals more than 2 years old, 

n = 10 
a) animals 3 months old, n = 23 
b) -; animals 3.5 months old (weaning), 

n = 6 
c) animals 6-9 months old, n = 13 
d) animals 1.5 year old, n = 15 
e) animals 2 years old, n = 21 
a) animals l2:weeks old (sucklings), 

n = 15 
b) animals 14 days after weaning, 

n = 14 
c) animals 6 months old, n = 26 
d) older, adult animals, n = 7 

a) Indian tigers (Panthera tigris 
tigris) aged 9 t~ 11 years, n = 13.-

b) Althaic tigers (Panthera tigris 
Altaica) aged 1.5 to 10 years, 

n = 9. 
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Table 4 
Published information on blood serum biochemical values 

of lions (Panthera leo) 

Biochemical value Author 

Protein - gil SEAl aj. (1978) 
Creatinine IWfOl/l EULENSERGER (1981) 
Urea nno1/1 SEAl aj. (1978) 
Trlglycerides nno1/1 SEAl aj. (1978) 
Cholesterol IWf01/1 KRITCHEVSKY (1958) 
A SoT lukat/l SEAl aj. (1978) 
A L T nno1/1 SEAl aj. (1978) 
L 0 H lukat/l SEAl aj. (1978) 
Magnesium 1\III01il KUNTZE, HUNSSDDRFF (1976) 
Calcium " l\III01/1 SEAl aj. (1978) 

O'AGOSTINO (1974) 
KUNTZE, HUNSSDORFF (1976) 

Phosphorus l\III01/1 SEAL aj. (1978) 
O'AGOSTINO (1974) 
OLSEN, BlRNS (1972) 
KUNTZE, HUNSSOORFF(1976} 

Sodium nno1/1 KUNTZE, HUNSSOORFF (1976) 
Potassium nnol/l KUNTZE, HUNSSOORFF (1976) 
Iron IWf01/1 EUlENBERGER (1979) 

EULENBERGER (1979) a) animals aged 1 year 
b) animals aged 3 years 

Legends of Tables 1 to 4 

Value reported 

74.0 + 6.0 
293.4 +55.6 

3.48 + 0.33 
0.237+ 0'.022 
2.849+ 4.144 
0.451l+ 0.050 
0.334+ 0.033 
1.169+ 0.167 
0.7J + 1.36 
2.644+ 0.748 
2.694-= 3.068 
3.542- 3.792 
1.905+ 0.645 
1. 803-= 2.066 
1.194- 1.417 
1.759- 2.518 

142.2 -148.7 a} 
3.96 ... 4.11 b) 

21.48 .:!:. 3.58 

For the sake of clarity ~nd simplicity the values were convett
ed by us to SI units using conversion coefficients as presented 
by Jago§ and Bouda (1981):" An exception to this is the data of 
Wahlberg and Sakuri (1979) not concerning enzyme activities in 
Table 2 because these values were already expressed in SI units 
in the original study. 

= the valuelsl found in felids kept in the East-80hemian Zoo
logical Garden at OvOr Kr410v~ nad Labem is larel higher than 
those reported by the cited authQr. 

= the valuelsl found in felids kept in the East-80hemian Zoo
logical Garden at OvOr Kr410v~ nad Labem shows Ish6wl little 
difference from those reported by the cited author. 

= the valuelsl found in felids kept in the East-Bohemian Zoo
logical Garden at OvOr Kr410v~ nad Labem is larel markedly 
lower than those repo~ted by the cited author. 



Materials and Method~ 

The numbers of animals of the individual species examined in 
this study, their age and sex, the months in which the animals 
were blood-sampled and the mode of anaesthesia before blood 
withdrawal are shown in Table 5. Basic data on management, 
housing and feeding practices and health status of the animals 
are presented in Table 6. 

Biochemical values were determined in blood serum. The ~ethods. 
used can be divided into two groups. On~ group comprised techni
ques using kits sup~lied by LACHEMA, Brno, and carried out accord
ing to the producer's instructions. Spectrophotometric measure
ments were made with a PM2K OPTON spectrophotometer. In this way 
determinations were made of total bilirubin, protein, glucose, 
creatinine, urea, triglycerides, cholesterol, chlorides and 
phosphorus level and of alkaline phosphatase, ALT and AST ami
notransferase and lactate dehydrogenase activity. The other 
group of methods comprised techniques based on atomic absorption 
spectrophotometry. This approach was chosen for determination of 
calcium, magnesium, potaSSium, SOdium, iron, copper and zinc 
levels. The spectrophotometer used was a PERKIN-ELMER 23BO and 
the measurements were made according to the producer's instruct
ions. With both methods the validity of the results was checked 
by including samples of control sera (CALIBRATE l LABORDIAGNOSTI-' 
CA, Godecke. German Federal Republic). Means (~) and standard 
deviations lSO) were computed from the values obtained in the 
iAdividua~ animals. 

Results 

Biochemical values of the blood serum of 2 female and 2 male 
northern European lynxes, 3 male mountain lions, 2 male and 
3 female jaguars are presented in Tables 7, 8 and 9, respective
ly. Table 10 shows the results obtained for a male leopard, 
a female Corbett's tiger and a male Althaic tiger. The blood 
serum biochemical values of 2 male and 2 female lions and of 
2 male and 6 female cheetahs are presented in Tables 11 and 12, 
respectively. . 

Discussion 

. Tables 1 to • provide a survey of blood serum biochemical da
ta reported for felids in the relevant literature, together with 
identification of t~ose values that are markedly different from 
the resu~ts reported in our study. As marked differences w~re 
regarded such cases where standard deviations of the correspond
ing values or their ranges did not overlap. The reasons of the 
differences in some values between our results and rhose re
ported in the relevant literature are difficult to analyse be
cause only small numbers of animals were examined in the present 
study as well as in most studies by the aforementioned investi-
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gators, the only exception being the data reported for tigers 
by 5 e a 1 et al. (1978) and for mountain lions by Cur r i e r 
and R u sse 1 (1982). Moreover, the resul ts may have been 
affected by additional factors that are divided by M 0 r g a n 
(1978) into four groups and were reported by him to be involved 
in the results obtained on determination of seven blood serum 
biochemical values in healthy humans. In the first place M 0 r -
g a n (1978) records the effect of analytical factor, in othe-r 
words the effect of methods used for determination of the values. 
The role of this factor is evidenced by the data obtained by 
8 e n tin c k - 5 mit h (1980) using two differnt methods for 
determination of blood serum biochemical values in cats. The se
cond group of factors according to M 0 r g a n (1978) comprises 
pre instrumental effects including the mode of blood sample 
collection and handling of the samples before biochemical exami
nation. This implies that not only the time and mode of blood 
collection and subsequent blood processing but also the treatment 
preceding blood collection (immobilization of the animals) are 
to be considered. Included .by M 0 r g a n (1978) in the third 
group are intrasubject factors that influence homeostasis and 
effect individual blood serum biochemical values in various de
grees, depending on time (seasonal effects, diurnal rhythm etc.) 
and on the state of the animal at the moment of blood collection. 
Relative size of the sum of these three factors with respect to 
total variation exerts a major effect on reliability of the re
ference interval as a criterion of health status (Va c h a 1980). 
The fourth group according to M 0 r g a n (1978) includes inter
subject factors. 

From the aforementioned considerations it appears that the va
lues reported in the present study as well as those reported so 
far in the relevant literature can be regarded only as tentative 
though, in our view, useful information which is of value to cli
nical practice in felids and as a contribution to the comparative 
physiology of mammals. Furthermore, the present study is. the 
first, to our knowledge, to provide information on biochemical 
values in the blood serum of northern European lynxes /Lynx lynx 
lynx/ and cheetahs /Acinonyx jubatus jubatus/. 

Riochemicke hoonoty krevniho sera nekterych selem kockovitych 
chovanych ve vvchodoceske 70010~icke zahrade Ov~r Kralove 

nad taoem 

V praci jsou uvedeny biochemicke hodnoty krevniho sera 4 rys~ 
evropskych /Lynx lynx lynx/, 3 pum kanadskych /Puma concolor missolen
sis/, samce levharta perskeho /Panthera pardus saxicolor/, samice tygra 
indocinskeho /Panthera tigris corbetti/, samce tygra ussurijskeho 
/Panthera tigris altaica/, peti jaguar~ JPanthera onca/, 4 lv~ berber
skych /Panthera leo leo/ a 8 gepard~ afr ickych /Acinonyx jubatus jubatus/. 
V krevnim seru techto selem koc~ovitych byl stanoven obsah celkb
veho bilirubinu, bilkovin, glukozy, kreatininu, mocoviny, cel~o
vych lipid~, triglycerid~, cholesterolu, hofciku, vapniku, fosfo
ru, chlorid~, sodiku, drasliku, medi, zinku, ~eleza a aktivita 
alkalicke fosfatazy, aminotransferazy ALT a AST a laktatdehydro
genazy. 



359 

BHOXHMHqeCKHe BenHqHHY KpoBgHOA CYBOpoTKH HeKOTOpyX KOmaqbRX, 
CODep.HMYX B BOCTOqHOqemCKOM 300napKe DByp-KpanOBe HaD naGoA 

B paGoTe npHBODgTCg GHOXHMHqeUKHe BenHqHHY KPOBgHOA CYBO
POTKH 4 pyceA eBponeAcKHx '(Lynx Lynx Lynx), 3 Jl;aHaDCKHX KyryapoB 
(Puma concotQJt m.i.4~oten4,u), caMua neonapDa nepcHDcJcoro (PanthelUl 
paIldu4 ~o1X-iCOtoJt ), caMKH HHDoKHTaAcKoro THrpa (Panthell4 ti.gJt-i.6 
coJtbU;U), caMua yccYPHAcKoro THrpa (Panthell4 :ti.gJt-i.6 atta.i.ca ) , 
ngTH gryapoB (Panthell4 onca) q 4 GepGepcKHx nbBOB (Panthell4 teo teo) 
H 8 atpHKaH~KHx renapDoB (Aunonyx juba;tu6 juba;tu6). ·B KpoBgHOA CY
BopoTKe ynOMgHYTYX KOmaqbHX onpeDengnH cODep.aHHe GHnHpyGHHa, 
GenKoB, rnmK03Y, KpeaTHHHHa, MOqeBHHY, oGmHx nHnHDOB, TpHrnHue
PHDOB, xonecTepHHa, MarHHg, KanbUHg, toctopa, xnopHDoB, HaTpHg, 
KanHg, MeDH, UHHKa, .ene3a H aKTHBHOCTb menoqHoA toctaTa3H, 
aMHHoTpaHctepa3Y ALT HAST H naKTaTDerHDporeHa3Y. 
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