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Abstract

Coppo, N.B.; Coppo, J.A.; Barboza, N.N.; Prado, W.S.: Serum enzymatic activities in
captive northeastern—Argentina caymen (Crocodylia: Crocodylidae). Rev. vet. 16: 1, 16—20,
2005. The aim of the study was to obtain reference values for some clinically useful enzy-
matic activities in serum of captive northeastern—Argentina caymen. Two hundred and twen-
ty—three samples from Caiman latirostris (n = 109) and Caiman yacare (n = 114), both sexes
sub—adults specimens (2—7 kg liveweight and 80—130 cm total longitude), were analyzed. Se-
rum activities from ALP (55.1£7.4 TU/l), ALT (14.7£3.1 TU/l), AST (64.0+11.3 1U/l), GGT
(8.9£1.6 1U/1), CPK (154+27 1U/1), LDH (353+£67 1U/1) and CHE (359+70 1U/1), were deter-
mined by spectrophotometry. Significant physiological differences (p < 0.05) among species,
sexes, ages and year season, were verified. As age advanced, ALP decrease was registered,
which is explained by the osseous development decline. At the same time, AST, CPK, LDH
and CHE progressively increased; this change is attributed to muscular masses ontogenic
increase. Winter decreases of enzymatic values are imputed to metabolic fall caused by ali-
mentary restriction. Obtained values can be useful for illnesses diagnosis and for metabolic
and nutritional control of caymen.

Key words: Caiman latirostris, Caiman yacare, serum enzymes, reference interval, physi-
ological variations.

Resumen

Coppo, N.B.; Coppo, J.A.; Barboza, N.N.; Prado, W.S.: Actividades enzimdticas séricas
de caimanes en cautiverio en el nordeste argentino (Crocodylia: Crocodylidae). Rev. vet.
16: 1, 16-20, 2005. El proposito del trabajo fue obtener valores de referencia para las principa-
les actividades enzimaticas de uso clinico en sangre de caimanes del nordeste argentino some-
tidos a cautiverio. Fueron procesadas 223 muestras de Caiman latirostris (n = 109) y Caiman
yacare (n = 114), sub—adultos de ambos sexos (2—7 kg de peso y 80—130 cm de longitud total).
Por espectrofotometria se determinaron las actividades séricas de ALP (55,1+7,4 Ul/l), ALT
(14,7£3,1 UI/1), AST (64,0+11,3 UI/l), GGT (8,9+1,6 UI/1), CPK (154427 Ul/1), LDH (353+67
UI/1) y CHE (359+70 UI/1). Se constataron diferencias fisiologicas significativas (p < 0,05) en-
tre especies, sexos, edades y épocas del afio. El avance de la edad curs6 con descensos de ALP,
que se relacionan con la declinacion del desarrollo 6seo, asi como con progresivas elevaciones
de AST, CPK, LDH y CHE, que se atribuyen al aumento ontogénico de las masas musculares.
La disminucion invernal de los valores enzimaticos se imputa al descenso del metabolismo
generado por la restriccion alimentaria. Los valores obtenidos pueden resultar utiles para el
diagnostico de las enfermedades y el control metabolico—nutricional de los caimanes.

Palabras clave: Caiman latirostris, Caiman yacare, enzimas séricas, intervalo de referencia,
variaciones fisiologicas.

INTRODUCTION care) are autochthonous caymen from northeastern Ar-

gentina, whose population decreased by pillage until the

Caymen productive use can constitute an important  year 1980 & Later on, controls to facilitate their popula-

benefit source to regional economies (leather, meat), tional density increase were established, as the rearing

and it would stimulate the adoption of appropriate con- systems based on eggs gathering and reptile partial re-
trols for the conservation of species 5. “Yacaré overo” turn to their natural habitat 2'.

(Caiman latirostris) and “yacaré negro” (Caiman ya- In the ranching system, crocodile eggs are obtained
from the natural habitat, and they were incubated indoor,
Recibido: 18 febrero 2005 / Aceptado: 6 abril 2005 under controlled conditions. Closed captivity rearing is

* Proyecto 16Q267 (CIDET-UNAM). carried out in farms until animals reach an appropriate
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size to be returned to their wild life with more survival
possibilities; a part of them is sacrificed with productive
purposes 2

During captivity, transmissible, metabolic and nu-
tritional illnesses can be suffered by reptiles, which can
be prevented or diagnosed by laboratory tests, as serum
enzymatic determinations . Some data about enzy-
matic values in autochthonous caymen from Argentina
northeastern have been investigated, but they were ob-
tained on smaller quantity of specimens, and using ana-
lytical techniques different from the ones used in the
present study, without considering the corresponding
physiological variations * '*2°,

Enzymes are catalytic proteins of great value for
diagnosis due to the precocity of their alteration, rather
than the specificity of their tissular origin * Alkaline
phosphatase plasmatic activity (ALP) principally comes
from bones, although it is also originated in liver, that’s
the reason why it rises in cholestasis, occupant masses,
and hepatic abscesses. Physiologically it increases dur-
ing bone development, and pathologically in osseous
alterations, fractures, and vitamin D deficiency '. ALP
can come from intestine and tumoral masses; it can also
rise by gluco—corticoids induction *'°.

Alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) were previously well-known
as “transaminasas GPT and GOT”; they are originated
in liver, skeletal muscle, heart, kidneys and nervous
tissue. These enzymes increased in inflammatory, ne-
crotic, and toxic processes from liver, heart, and skeletal
muscular tissue. Also, they rise in cholestasis, cirrhosis,
hepatic metastasis, acute pancreatitis, hemolysis, renal
infections, dermato—myositis and salicylate administra-
tion. ALT decreases in B vitamin deficiency " '°.

Gammaglutamyl transferase (GGT) is synthesized
in liver, pancreas, and kidneys; this enzymatic activ-
ity rises in alterations from these organs, especially in
obstructive jaundice, biliary cirrhosis, acute hepatitis,
and liver and pancreas cancer. Creatine phosphokinase
(CPK) comes mainly from heart and skeletal muscles,
as well as from nervous tissue. Physiologically it is
increased by physical exercise, and pathologically by
muscular lesions and heart necrosis. Lactate dehydro-
genase (LDH) is elaborated in liver, and skeletal and
cardiac muscles. Their serum increase is related to tis-
sular destructions, necrosis, traumatisms, inflamma-
tions, infections, neoplasias and hemolysis !. Other LDH
iso—enzymes come from lungs, kidneys, pancreas and
leukocytes % The type of cholinesterase (CHE) evalu-
ated in present trial (butyryl cholinesterase) is synthe-
sized in liver, that’s why their plasmatic decrease reveals
alterations from this organ, as hepatic insufficiency, vi-
ral hepatitis, and carbamate and organo—phosphorated
compounds intoxications "+ '°.

The aim of this study was to obtain reference inter-
vals of main enzymatic activities for clinical use, in se-
rum of captive C. latirostris and C. yacare specimens, as
well as to establish eventual physiological variations at-
tributable to species, sex, age, feeding and year season.
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MATERIAL AND METHODS

Experimental subjects. During 2 years, 223 serum
samples from clinically healthy crocodiles (109 Caiman
latirostris and 114 Caiman yacare), approximately 50%
each sex (104 males and 119 females), were obtained.
They were sub—adults animals ?, from 1-5 year—old,
2-7 kg liveweight, and longitude of 80—130 cm. Most
of crocodiles (n = 194), were housed in the hatchery “El
Cachapé” (Chaco, Argentina), a private farm from the
Program of Refuges of Fundacion Vida Silvestre Ar-
gentina % in roofed tanks whose floor was 40% covered
by water, which was renewed every other day. Three
times a week reptiles were fed ad libitum on meat flour
supplemented with vitamins and minerals; sporadically
they received bovine viscera. In winter these animals
had been heated (gas stoves and solar panels). Remain-
ing caymen (n = 29) were maintained in the Zoo of Cor-
rientes City, Argentina, in enclosed areas without roof,
whose floor was 50% covered by water; they were fed on
chicken viscera, fish, and —occasionally— bovine meat.

Taking of samples. Morphometrical studies and blood
extractions were made 4 times per year (summer, au-
tumn, winter and spring), in morning hours (8-9 AM),
after 12 h fast, without using anesthetics or tranquilizers.
Crocodiles were captured with a lasso, and their jaws
were tied for security. Liveweight was obtained in a por-
table balance, and corporal dimensions were evaluated
by a metallic measure tape. Blood extraction (5 ml) was
carried out from the post—occipital veined sinus °, with
syringe and needle. Blood was centrifuged to obtain
serum, which was kept cooled at 5°C until its analysis,
which was made before 3 hours post—extraction.

Laboratory techniques. Using a L.Mannheim 4010
UV spectrophotometer, in thermostatized quartz micro—
tubes (10 mm light-hole), with Wiener Lab reagents,
determinations of ALP (method of phenylphosphate
aminoantipyrine, readings to 520 nm, 37°C), ALT (ala-
nine—ketoglutarate, 505 nm, 37°C), AST (aspartate—ke-
toglutarate, 505 nm, 37°C), GGT (glutamil nitroanilide,
405 nm, 30°C), CPK (ATP-cysteine, 620 nm, 37°C),
LDH (NAD-lactate, 505 nm, 37°C) and CHE (bu-
tyrilthiocholine kinetic method, 405 nm, 30°C), were
made % All biochemical determinations were carried
out with an intra—laboratory quality control design, us-
ing reference patterns (Standatrol).

Experimental design and statistical analysis. A tota-
lly randomized design was used. Independent variables
were species, sex, year season (climate), and origin pla-
ce (feeding, handling). To evaluate development (age),
reptiles were divided in 3 groups, in growing order of
liveweight and corporal longitude. Dependent quanti-
tative continuous variables were the enzymatic activity
serum values. Normality of distribution was verified by
test of Wilk—Shapiro (WS). Parametric statistics inclu-
ded measures of central tendency (arithmetic mean, X)
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and dispersion (standard deviation, SD). Fiduciary pro-
bability was evaluated by means of confidence intervals
(CI+95%). Analysis of variance (ANOVA) was made by
one way linear model. Variance homogeneity was esti-
mated by Bartlett test. When ANOVA was significant
(p < 0.05), arithmetic means were compared by Tukey
test. Coefficient of lineal association was evaluated by
correlation (Pearson test). Calculations were made with
the aid of a statistical software (Statistix 1996). For all
inferences a 5% significance was specified, below whi-
ch the equality null hypothesis was rejected.

RESULTS

Global values obtained for both reptile species are
exposed in Table 1. Coefficients reached by WS test
reveal an approximately normal distribution. Data dis-
persion (SD) did not exceed the limits recommended by
parametric statistics. Confidence intervals were adjust-
ed around arithmetic means, but individual ranges were
wide. Values reached by each studied species are shown
in Table 2. All enzymatic activities, except GGT, were
higher in C. yacare than in C. latirostris, significantly
in AST case.

In group composed by both crocodile species, CPK
and LDH serum values were significantly higher in
males than in females (Table 3). When liveweight and
corporal longitude increased (growth), ALP significant
declines and AST, CPK, LDH and CHE gradual eleva-
tions, were registered.

Except for ALP case, remaining enzymatic activi-
ties were lower in cold seasons (autumn, winter) than
in warm ones (spring, summer), significantly for ALT,
AST, CPK, LDH and CHE (Table 4). In these cases,
lowest values were registered in winter. On the other
hand, no significant differences were verified between
zoo reptiles versus hatchery ones, which contrasted by
different feeding and handling types.

Pearson test revealed high linear association degree
(p <0.05) between liveweight and variables as total lon-
gitude (r = 0.90), muzzle—tail longitude (r = 0.83), head
longitude (r = 0.79), head wide (r = 0.86), and thoracic
perimeter (r = 0.88). Considering the ages groups, no
significant correlations were registered among live-
weight and enzymes as ALT, AST, GGT or CHE. On
the other hand, significant linear associations between
liveweight and activities of ALP (-0.94; p = 0.01), CPK
(0.89; p = 0.02) and LDH (0.90; p = 0.007), were veri-
fied. A rise of total longitude also is correlated to ALP
decreases, and CPK and LDH increases.

DISCUSSION

Eventual variations due to circadian rhythm and
postprandial effect were excluded from experimental
design, because samples were taken in uniform morning
hours, previous fast. In crocodiles, the lack fast causes
hyperlipemia and it interferes photometric determina-
tions . Admitting that quality control has assured ac-
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Table 1. Obtained values in total population (n = 223).

enzyme X+ SD WS CI+95% range
ALP (I1U/N) 551+74 0944 524-57.7 30-98
ALT (1U/N) 14.7£3.1 0972 139-155 6-28
AST (IUN) 64.0+11.3 0993 61.1-669 14-120
GGT (IU/) 89+1.6 0.923 78-101 3-19
CPK (1U/) 154 +27 0.928 139-168 18 —393
LDH (IUN) 353+ 67 0984  321-386 46-675
CHE (IU/]) 359+70 0.952  335-382 136-590

X: arithmetic mean, SD: standard deviation, WS: Wilk—Sha-
piro normality distribution test (critical value: 0.947, o0 =
0.05), CI£95%: confidence interval.

curacy and precision of results obtained in laboratory !,
wide individual ranges verified in this study should be
attributed to reptilian physiologic particularities, whose
blood values fluctuate considerably due to feeding sys-
tem, habitat, climate and sex %°. Blood values from other
aquatic animals, as amphibians, also register greater
oscillations due to their scarce regulation mechanisms,
and to a higher tolerance to hemodilution and hemocon-
centration ’.

Serum ALP values obtained in present study aren’t
far away from the average published for African fresh-
water crocodile, Crocodylus niloticus (64 1U/1) 2% The
ALP range here registered for northeastern—Argentina
freshwater caymen, matches approximately with the
range reported for Australian saltwater crocodile, Croc-
odylus porosus (31-180 TU/1) 3. On the other hand, ALP
levels found in 12 captive juvenile C. latirostris (26+10
IU/1) and 5 C. yacare specimens (18+7 IU/l), as well
as those registered in wild animals from both species
(24«17 and 1241 1U/1 respectively), were lower 2.

ALT activity obtained in this trial is similar to the
published for C. niloticus (13 TU/I) ¢ and it is located
in proximities from the lowest limit on the range ob-
tained in C. porosus (11-51 1U/1) B It also coincides
approximately with the value registered in juvenile and
adults specimens of C. latirostris, although dispersion
was higher (19+14 1U/l) *. On a minor number of ju-
venile C. latirostris and C. yacare in captivity (72 cm
longitude, 540-780 g liveweight), lightly higher ALT
values (27+8 and 20+7 1U/1 respectively), were found .
On the same species of juvenile captive reptiles (0.5-1.2
kg liveweight), by dry chemistry techniques, consider-
ably higher levels of ALT were obtained (47+4 and 31+4
[U/1 respectively), which didn’t vary too much on free
life specimens (47+3 and 26+2 [U/]) ° In two last in-
vestigations, ALT was higher in C. latirostris than in C.
yacare, circumstance that could not be corroborated in
this work, because they resulted similar.

AST value here registered in C. latirostris is evi-
dently lower than the levels obtained in same species
by other investigators: 163114 1U/1 %, 103+35 TU/1 *°
and 83,4+6,9 TU/1 5 Values of this enzyme found in C.
yacare in the last mentioned work (83,1+8,6 TU/1) were
also higher, although other authors report lower concen-
trations of AST on this species (49+6 1U/l), which rise



Coppo N.B. et al.: Enzimas séricas en caimanes

Table 2. Obtained values according to species.

19

lished by the same authors for C. yacare were

C. latirostris (n = 109)

C. yacare (n = 114)

considerably lower (135481 and 114+10 IU/]

enzyme — 195% — 195% respectively), especially in free life specimens
ALP (IU/l) 342 j];.z 50C.é_—955/7.7 53 52.6 5 1(.:555/9.7 (5827 and 617 1U/l respectively). The level of
ALT(IUM)  144+30 135-154 151432 138 162  -DHreported in another work for C. latirostris
AST(IUN)  56949.8° 532-607 724+ 12.6° 684765 (1020+321IU/D Y, is three times higher than the
GGT(UA) 106+18° 89-123 74+12° 61-g7  valuehereobtained on the same species.

CPK (IUN)  124=18 106143  185+29 164207 Great variability among exposed values
LDH (IU/M) 332463 289-375 374+70  325-424 could be attrlbuteq to differences in the place
CHE (1U/l) 350468 317-382 368471  334_403 of venepuncture, time of blood extraction, use

X: arithmetic mean, SD: standard deviation, CI+95%: confidence
interval. In each file, different letters indicate significant differences

(Tukey test, p < 0.05).

Table 3. Variations according to sex, liveweight and total lon-

gitude in both species (X).

of heparin, lack of previous fast, different age
and sex, year season, sample dimension, delay
in analytic procedures, and use of laboratory
techniques different from those employed in
this study, just as it is described " '*°. Marked
differences in certain crocodile hematic param-
eters would be conditioned by sex ¥ Here, CPK

and LDH activities were significantly higher in

sex liveweight (kg) total longitude (cm) .

enzyme v T 35 3650 o5 299 100110 =110 males than in females, maybe because males
ALP(IUN) 539 564 67 '23 5’4 5"’ 101° 658 5775 aga  Dossessmore voluminous muscular masses, just
ALT(UA) 148 145 150 145 157 143 147 156 25 ithappensinotherspecies®

AST(IUI) 659 632 57.5° 66.3" 67.9° 56.6° 64.9° 67.7° In the same sense, progressive AST, CPK,
GGT (IU/M) 87 9.2 79 96 85 78 99 81 LDH and CHE elevations verified when age
CPK (IUM) 169 148 129 1s1* 177 138 151 1goc inereased (liveweight, longitude), could be at-
LDH (IU/l) 362* 340 292 350° 413 320° 336* 407 tributed to ontogenetic reasons, es.pec1a1.ly to
CHE(IUM) 351 363 331* 370° 372° 351* 358 3740 muscular volume increase. Supporting this hy-

X: arithmetic mean, M: male, F: female. In each file, different letters

indicate significant differences (Tukey test, p < 0.05).

Table 4. Variations according to year season and feeding sys-

tem in both species (X).

pothesis, linear association coefficients verified
among the increases of liveweight, total longi-
tude and some of those enzymatic activities,
were high. In coincidence, when data obtained
on 1 year—old C. porosus '3, are compared to val-
ues reported on 2—4 year—old specimens from

the same species 3, it can be asserted that growth

year season feeding . .. .

enzyme spring _summer autumn _winter _ hatchery 700 causes considerable Vgrlatlops of certa.m hemat-
ALP (1UN) S18 554 479 56l 550 555 ic parameters. Other 1nvest1gator§ verified that
ALT(IUM)  190° 151° 145° 127¢ 142 154  Crocodylus palusiris mature specimens possess
AST(UA)  724° 727° 612° 589 652 634  Mgher LDH concentrationand lower ALP activ-
GGT (IU/1) 9.3 9.1 34 3.6 92 87 ity than the Juvemle.ones 18 in agreement with
CPK (1U/l) 1524 183> 1490 137¢ 155 152 (hechangeshereregistered.

LDH (1U/) o1° 403 313 302 361 349 .ALP dec.rease registered in present study,
CHE (1U/l) 3% 3960 326 319" 373 358 which were simultaneous to the advance of cay-

X: arithmetic mean. In each file, different letters indicate significant

differences (Tukey test, p < 0.05).

in wild animals (57£18 TU/1) %°. C. niloticus would have
values of AST as low as 17 IU/1 ®and C. porosus would
register ranges as wide as 23—157 TU/1 %,

No data on crocodile GGT levels were encoun-
tered. CPK values found in captive C. latirostris, from
569+101 TU/1 ° and 420+289 TU/l %, are considerably
higher than those of the present trial. CPK levels regis-
tered by others in C. yacare are also higher: 340+95 U/
1 2 and 189439 1U/1 5, eventhough the last value comes
closer to arithmetic mean here found on this species.
Serum LDH activities reported on C. latirostris, from
406+175 1U/1 *°and 480+79 TU/1 3, are not very different
to those registered in the present study, but those pub-

men growth, should necessarily be related to
osseous development gradual decline, just as it
happens in the rest of vertebrates " * '°. This as-
severation would be sustained by the significant
negative correlation verified between weight
evolution and ALP serum activity.

Winter fall of most studied enzymes maybe has
its origin on the alimentary restriction conditioned by
low temperatures, when metabolism decreases toward
a saving phase * 7. In other aquatic animals, as fishes,
underfeeding generates energy reserves exhaustion
(glucogen, lipids) and structural proteins consumption
(muscles), causing growth detention and weight loss
I This circumstance causes decrease of serum ALT
and LDH activities 2 just as it happened in the present
study. In consonance, caymen reared at 18°C registered
lower weight gains than control specimens maintained
at 22°C '%, Malnutrition states as consequence of winter
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depletion from tissular reserves, would be frequent in
crocodiles .

Confirming the diagnostic utility of enzymatic de-
terminations on crocodiles, a lot of clinically “normal”
Alligator mississippiensis specimens which had shared
the same habitat with other caymen, which died after
suffering neurological and muscular symptoms (intoxi-
cation?), revealed low ALP activity (31 IU/1), high lev-
els from ALT (84 1U/1), AST (370 IU/1) and CHE (1342
IU/), as well as very high CPK rates (42,500 1U/1) .
Last enzyme is liberated during nervous and/or muscu-
lar damages -+ 1°.

As conclusion, it can be enunciated that study gives
a new reference interval for main enzymatic activities
for clinical use, obtained on numerous C. latirostris
and C. yacare sub—adults specimens, by conventional
laboratory techniques, subject to appropriate quality
controls. Physiological variations among species, sexes,
ages and year seasons, are established. It is expected
that obtained values can be useful for metabolic—nutri-
tional control and illnesses diagnosis of caymen.
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