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Profile of cortisol, glycaemia, and blood parameters of American
Bullfrog tadpoles Lithobates catesbeianus exposed to density
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Ranzani-Paiva M.].T. & Ferreira C.M. 2012. Profile of cortisol, glycaemia, and blood pa-
rameters of American Bullfrog tadpoles Lithobates catesbeianus exposed to density
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Veterinaria, Faculdade de Veterinaria, Universidade Federal do Rio Grande do Sul, Av. Bento
Gongalves 9090, Porto Alegre, RS 91540-000, Brazil. E-mail: claudia@pesca.sp.gov.br

The aim of this study was to evaluate alterations to the physiological profile (cortisol,
glycaemia, and blood parameters) of Lithobates catesbeianus caused by the stressors den-
sity and hypoxia. The organisms were in the prometamorphosis stage and exposed to diffe-
rent tadpole densities: 1 tadpole/L (T1), 5 tadpoles/L (T2), and 10 tadpoles/L (T3) for 12
days. The blood was collected through the rupture of the caudal blood vessel and collected
under normoxia (immediate collection) and hypoxia (after 15 minutes of air exposure)
conditions. Cortisol levels rose on the fourth and eighth days of treatment and returned to
basal levels by the end of the experiment. The stressor mechanisms tested did not affect
glycaemia. White blood cells (total number of lymphocytes, neutrophils, and eosinophils)
showed a significant difference at the twelfth day of the experiment when compared with
the start of the experiment. We concluded that, under controlled conditions, a density of
up to 10 tadpoles/L and air exposure for 15 minutes did not cause harmful physiological
alterations during the experimental period. The answer to these stressors maybe was in

another hormonal level (corticosterone).

INDEX TERMS: Frogculture, Lithobates catesbeianus, hematology, stress, cortisol.

RESUMO.- [Perfil de cortisol, glicemia, e parametros
sanguineos de girinos de ra-touro Lithobates cates-
beianus expostos a diferentes densidades e hipoxia.]
O objetivo deste estudo foi avaliar a resposta fisioldgica
(cortisol, glicemia e parametros sanguineos) de girinos
de ra-touro (Lithobates catesbeianus) em diferentes den-
sidades e ap6s exposicdo aérea. Os animais utilizados no
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experimento estavam entre os estagios 31 a 39, na fase de
pré-metamorfose sendo testados 1 girino/L (Tratamento
1), 5 girinos/L (Tratamento 2) e 10 girinos/L (Tratamento
3), conduzidos em 3 réplicas simultaneas durante 12 dias.
O sangue foi retirado por rompimento do vaso caudal na
condi¢do de Normoxia - N (tempo zero) e Hipoxia - H (tem-
po de 15 minutos de exposi¢ao ao ar). Foi observado um
aumento nos valores de cortisol, aos 4 e 8 dias de expo-
sicdo aérea retornando aos valores basais ao final do ex-
perimento, apesar de ndo haver diferengas significativas.
A glicemia ndo apresentou diferencas significativas quanto
aos estressores aplicados. Os parametros hematologicos
da série branca, principalmente, o nimero de linfécitos,
neutroéfilos e eosinéfilos mostraram diferenca significativa
aos 12 dias de experimentacdo quando comparados com
o0 momento zero; concluindo-se que, em condig¢des contro-
ladas, o adensamento de até 10 girinos/litro e a exposicdo
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aérea por 15 minutos ndo apresentou danos aos girinos de
ra-touro durante o periodo experimental. O padrio de res-
posta a estes estimulos talvez seja expresso em outro nivel
hormonal (corticosterona).

TERMOS DE INDEXACAO: Ranicultura, Lithobates catesbeianus,
hematologia, estresse, cortisol.

INTRODUCTION

Frogculture is a popular commercial activity in South and
Central Brazil, where 639 tons of these animals were bred
in 2006, making Brazil the largest producer in the Ameri-
cas (Ferreira et al. 2002, Dias et al. 2009). The main spe-
cies used in commercial rearing is the American bullfrog,
recently re-classified as Lithobates catesbeianus (Frost et al.
2006).

In any intensive rearing system, the occurrence of stres-
sful conditions is inevitable. In particular, stress is a major
problem in frog farms because it leads to several diseases.
A failure of the rearing activity may be caused by inappro-
priate farming systems, inadequate physical, prophylactic,
sanitary and food management, environmental changes or
physical and chemical alterations of water conditions (Fer-
reira et al. 2002).

Toads and frogs are easily stressed animals (Duellman
& Trueb 1994, Ferreira et al. 2002, Wada 2008). In com-
mercial rearing of bullfrogs, signs of stress include abor-
tions, the emission of characteristic screams by females,
and the lack of vocalisation by males in reproduction are-
as. These animals tend to remain hidden under water or
protective shelters until they feel less threatened. In the
fattening area, indicators of stress include the stacking of
frogs in the corners of tanks, disoriented jumps, and the ex-
cessive appearance of skins in the humid areas of the pens.
Sometimes a foamy mucus with a mild and characteristic
odour can be seen. In tadpoles, a lack of appetite, apathy,
and disoriented swimming can be seen (Ferreira et al.
2002). These responses to stress-inducing stimuli include
alterations of the organic balance that jeopardise the heal-
th of the animal. The consequences are generally reduced
growth, weight loss, decreased reproductive performance
and decreased resistance to pathogens (Sapolsky 1993, Sa-
polsky et al. 2000).

Rearing healthy tadpoles and froglets is an imperati-
ve step for a successful bullfrog management. One of the
most important factors that determine the quality of larval
environments in amphibians is the density of individuals
(Petranka 1989, Semlitsch & Reichling 1989, Loman 2004),
with high larval densities invariably leading to a number of
detrimental effects, such as reductions in larval growth or
size at metamorphosis (Semlitsch & Caldwell 1982, Travis
1984, Altwegg & Reyer 2003). “Chronic” stressors such as
high larval density in amphibians can lead to chronically
elevated baseline levels of glucocorticoid hormones in the
larvae (Glennemeier & Denver 2002b)

Biomarkers such as corticosterone, cortisol and gluco-
se, together, with additional blood constituents, are used
to evaluate stress. Although corticosterone appears more
expressive in amphibians (Hayes et al. 1993, Kikuyama et
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al. 1993, Glennemeier & Denver 2002a, Belden et al. 2003,
2010), the cortisol was also found in bullfrog tadpole and
adult plasma in some studies (Krug et al. 1983, Denver et
al. 2002, Wright et al. 2003) and the option to use corti-
sol as a biomarker is due to its easy and economic analysis
when compared to others markers, such as corticosterone.
Vertebrates generally respond to stressful stimuli in their
environment with increases in adrenal glucocorticoste-
roids, cortisol or corticosterone, depending on the species
(Romero 2002).

Glucose appears in amphibians investigations princi-
pally in energy balance regulation (Wang & Chang 1994,
Coppo et al. 2005). After the threat passes energy balance
is restored through increased plasma glucocorticoid con-
centration, which stimulates appetite and reduces CRF ex-
pression via negative feedback (Sapolsky et al. 2000).

Itis advisable to consider haematology in the diagnostic
evaluation of any ill amphibian (Wright 2001). The use of
leukocyte profiles to measure stress is exhibited by amphi-
bians in some studies (Romanova & Romanova 2003, Davis
et al. 2008, Shutler et al. 2009). The immunity is dimini-
shed during stress response to redirect resources towards
activities that are more immediately valuable to survival
(Sapolsky et al. 2000).

The aim of this study was to investigate the possible
alterations to levels of cortisol, glycaemia and other blood
parameters in American bullfrog tadpoles L. catesbeianus
exposed to different densities and hypoxia.

MATERIALS AND METHODS

In this experiment, we used American bullfrog tadpoles Lithobates
catesbeianus in the prometamorphosis phase (GOSNER stage 36)
showing an early emersion of the posterior hind limbs. The ani-
mals, acquired from a particular propriety (10.32g and 11.18cm),
were transported to Reference Laboratory Unit for Pathology of
Aquatic Organisms at the Fisheries Institute in Sdo Paulo/Brazil,
and acclimated in a 240 L tank for a period of seven days. They
were then measured and distributed randomly in aquariums con-
taining 20 tadpoles per unit using the densities of 1 tadpole/L
(Treatment 1, control group), 5 tadpoles/L (Treatment 2) and 10
tadpoles/L (Treatment 3), with 20, 4 and 2L of water, respective-
ly, where the animals remained for 12 days. Each treatment was
conducted in triplicate.

For each of the tadpole densities, the organisms were submit-
ted to the normoxia (immediate blood collection) and hypoxia
(blood collection after 15 minutes of air exposition) conditions.
The animals under normoxia condition were removed from the
aquariums, placed in plastic boxes filled with water and immedia-
tely taken for blood collection. The animals under hypoxia condi-
tions were removed from aquariums, placed inside humid plastic
boxes where they were exposed to air for 15 minutes, and then
taken for blood collection.

The blood samples were obtained after time intervals of 0,
4, 8 and 12 days. On day zero, before the animals were submit-
ted to the different tadpole densities, 8 animals were sampled (4
under normoxia conditions and 4 under hypoxia conditions). For
the samples collected on days 4 and 8, 6 animals/treatment were
collected (3 under normoxia and 3 under hypoxia). For the final
collection on day twelve, 18 animals/treatment were sampled (9
under normoxia and 9 under hypoxia). Thus, 98 animals were
sampled during the experiment. The water levels were readjusted



Profile of cortisol, glycaemia, and blood parameters of American Bullfrog tadpoles exposed to density and hypoxia stressors 93

each time tadpoles were removed from the aquariums so that the
density of the remaining animals was not altered.

Samples of blood was extracted through the rupture of the
caudal blood vessel and collected using a micropipette with a
heparin tip after the application of lidocaine as a local anesthe-
tic. The collections were always conducted in the morning in or-
der to allow for the circadian rhythm of the animals. One blood
aliquot were used to cortisol (DSL® (Active-Cortisol EIA DSL10,
Diagnostic System Labs USA) and glucose (Labtest® (Glicose PAP
Liquiform, Labtest Diagnostica S.A.) analyses. Samples were cen-
trifuged at 1006 x g for 10 minutes to obtain plasma than were
maintained on -70°C freezer until analyse was completed. Other
blood aliquots were used to determine haematological parame-
ters: erythrocyte count (Er) in a Neubauer chamber; haemato-
crit (Ht); haemoglobin level (Hb) and the calculation of the total
haematometric index: Mean corpuscular volume (MCV); mean
corpuscular haemoglobin concentration (MCHC); leukocyte diffe-
rential (LDC) and total count (LTC); and total thrombocyte count
(TTC) in extension stained with May-Griinwald-Giemsa. The red
series (Er, Ht, Hb, MCV, and MCHC) and the white series (LDC, LTC,
and TTC) were obtained only for day 0 and 12.

The animals were kept in constant ventilation and fed com-
mercial concentrate (45% crude protein, 6% crude fibre, 9%
ethereal extract) once per day in a ratio of 1% of live weight. The
physico-chemical parameters of water were measured daily: tem-
perature, electric conductivity, pH, dissolved oxygen, ammonia,
and nitrite. The hardness, alkalinity, and total ammonia were mo-
nitored every three days. The photoperiod was held constant at
12:12. Mortality was monitored daily.

A descriptive analysis of the variables was done to verify the
differences between results of physiological and haematological
data among the different treatments. The normality of the corti-
sol and glycaemia data was verified using the D’Agostino-Pearson
test, and the homogeneity of variances among the treatments was
verified using the Bartlett test. Because the number of observa-
tions was small and the samples were not normal, the three tre-
atments were compared using the Kruskal-Wallis non-parametric
test followed by the Student-Newman-Keuls test. For the haema-
tological analysis, we used ANOVA followed by the Tukey test. The
differences were considered significant when p<0.05 (Zar 1999).

RESULTS

The water parameters analysed during experimentation
did not vary between the different treatments or betwe-
en the replicates. The mean obtained were: Tempera-
ture 23.16+1.28 C; pH 7.43+0.21; Electric Conductivity
88.42+29.51uS/cm; Dissolved Oxygen 6.91+0.77mg/L; To-
tal Ammonia 2.54+0.66 mg/L; NH, 0.04mg/L; Nitrite (NO,
) 0.10mg/L; Total Hardness 18.42+6.34mg CaCO,/L; Total
Alkalinity 25.53+11.69mg CaCO,/L.

Allowing the circadian rhythm of the animals (Licht et
al. 1983, Jolivet-Jaudet et al. 1984, Thurmond et al. 1986,
Herman 1992, Hopkins et al. 1997) the results showed: the
cortisol values of Lithobates_catesbeianus tadpoles exposed
to the stressors are presented in Table 1. The mean values
of cortisol obtained during the experiment ranged from
1.0 to 4.2ng/mL. Mean cortisol values ranging from 0.8 to
1.08ng/mL were founded in a study with tadpoles from the
same species (Wright et al. 2003); these values are smaller
than values ranging from 12 to 22.3 ng/mL when studying
prometamorphosis and climax animals, respectively (Krug
et al. 1983). However, these authors reported qualitative

Table 1. Mean values of plasma cortisol (ng/mL) of Lithobates
catesbeianus tadpoles exposed to the stressors density and
hypoxia in the different days of collection

Time Treatment 1 Treatment 2 Treatment 3
(days) 1 tadpole/L 5 tadpoles/L 10 tadpoles/L
(N) (H) (N) (H) (N) (H)

0 1.0 2.3 1.0 2.3 1.0 2.3

4 1.8 2.8 1.0 3.9 1.6 4.2

8 2.6 1.5 2.5 2.3 1.5 1.6
12 2.5 2.8 2.7 1.5 2.2 2.1

(N) Normoxia = immediate blood collection, (H) hypoxia = blood collected
after 15 minutes of air exposure.

uncertainties regarding the analysed material, referring
to it as “cortisol like”. Studies with tadpoles of the same
species and in the same developmental phase, found mean
plasma cortisol values ranging from 2.14 to 5.0ng/mL after
exposing the animals to the stressors capture and hypoxia
(Rocha et al. 2010). The Kruskal-Wallis test indicated that
tadpole density had no effect on cortisol concentration.
Consequently, data from all densities were analysed toge-
ther and examined for differences between days. Therefo-
re, the Kruskal-Wallis and the Student-Newman-Keuls tests
were used. The results are presented in Figure 1. The data
series of “0 and 12 days” and “4 and 8 days” did not show
differences from each other; all others were significantly
different (p<0.05).

The glycaemic values for Lithobates catesbeianus tadpo-
les exposed to stressor mechanisms are presented in Table
2. In a study on bullfrog tadpoles, glycaemic values ranging
from 20 to 64 mg/dL (Wang & Chang 1994), values ranging
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Student-Newman-Keuls Difference in p
the positions
0 and 4 days 35.0278 0.0049*
0 and 8 days 32.7222 0.0086*
0 and 12 days 9.3146 0.4149
4 and 8 days 2.3056 0.7934
4 and 12 days 25.7132 0.0004*
8 and 12 days 23.4076 0.0013*
* Significant.

Fig.1. Plasma Cortisol mean (®) and median values on collection days
0, 4, 8 and 12, data clustered by time period, obtained during
experimentation with Lithobates catesbeianus tadpoles, and
results of the non-parametric Student Newman-Keuls test
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Table 2. Mean values of glucose (mg/dL) of Lithobates
catesbeianus tadpoles exposed to the stressors density and
hypoxia in the different days of collection

Time Treatment 1 Treatment 2 Treatment 3
(days) 1 tadpole/L 5 tadpoles/L 10 tadpoles/L
(N) (H) (N) (H) (N) (H)
0 13.80 20.59 13.80 20.59 13.80 20.59
4 10.98 16.81 9.31 29.03 14.53 30.87
8 13.18 24.60 16.81 17.78 11.89 22.73
12 17.25 25.51 16.75 24.21 19.92 25.18

(N) Normoxia = immediate blood collection, (H) hypoxia = blood collected
after 15 minutes of air exposure.

from 45 to 54mg/dL (Coppo et al. 2005) and values ranging
from 49.33 to 104.33mg/dL (Rocha et al. 2010). In the pre-
sent study, the values found were lower, ranging from 9.31
to 30.87mg/dL. The glycaemic data were analysed using
the non-parametric Kruskal-Wallis test. As in the cortisol
analysis, there were no statistical differences (p<0.05) be-
tween the treatments (tadpole density), and the data were
consequently clustered and analysed in relation to time.
However, no significant differences were found in plasma
glucose values over time in Figure 2.

Complementing the physiological traits of cortisol and
glycaemia levels, some haematological indicators were
also used to identify stress in American bullfrog tadpo-
les. The red series haematological parameters for animals
exposed to the stressor mechanisms are presented in Ta-
ble 3. In the present study, mean values for the various
parameters were Ht 18.33+2.51%; Er 25.43+3.68 10/
mm? Hb 3.67+£0.49g/100mL; MCV 816.05+111.71 fL,
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Fig.2. Glucose mean (®) and median values on collection days 0, 4, 8
and 12, data clustered by time period, obtained during experi-
mentation with Lithobates catesbeianus tadpoles.

and MCHC 22.81+3.76%. Values about Ht 30,1+5,4%; Er
42+7 10*/mm3; Hb 6,8+1,48g/100mL; MCV 709+136 fL;
MCHC 23,3+2,7% (Coppo et al.2005) and values about Ht
22,5£5%; Hb 4,7+0,9g/100mL (Cathers et al. 1997). The-
re were not significant differences between the treatments
in the different collection days corroborating the reports
from another study (Rocha et al. 2010) on the same species
of tadpoles.

The mean value and standard error of thrombocytes of
the tadpoles submitted to the stressor mechanisms were
1950.10+713.23 thrombocytes/mm?, showing no differen-
ce between the treatments.

Table 3. Mean values and standard error of red series hematological
parameters for Lithobates catesbeianus tadpoles exposed to the
stressors density and hypoxia in the different days of collection

Erythrocytes  Hematocrit Hemoglobin MCV MCHC
(10*/mm?) (%) (8/100mL") (fL) (%)

- ZM (N) 29.63+5.28 22.67+3.69 3.96+£0.99 770.89+40.55 18.66+£1.60
ZM (H) 21.88+2.87 18.00+0.00 3.49+0.26  1125.00+0.00  17.19+0.00
T1(N) * 13.00+£0.00  5.04+0.55 * 32.18+0.00

. T1(H) * 14.00+3.27  3.31x0.25 * 26.92+5.02

=z T2 (N) * 17.75+2.66  2.75+0.25 * 17.31+2.11

: T2 (H) * 20.00+£0.58 3.42+0.44 * 16.64+1.81
T3 (N) * 16.00+1.53  3.52+0.22 * 22.29+1.74
T3 (H) * 13.00+£2.45 4.30+0.09 * 44.09+0.00
T1(N) * 16.00+3.27  4.660.62 * 32.94+3.10

" T1 (H) * 18.00+1.63 3.46+0.31 * 20.90£0.90

= T2 (N) * 16.50+2.86  3.43%0.62 * 13.38+0.00

; T2 (H) * 19.00+2.52  3.60+0.26 * 20.05+4.26
T3 (N) * 15.50+0.00 4.80+1.04 * 23.40+5.08
T3 (H) * 15.50+2.04  3.17+0.37 * 23.40+5.08
T1(N) 26.50+4.79 13.00+1.52 3.30+0.57 563.62+112.29 32.30+9.02

» T1(H) 24.06+2.03 18.07+x1.98 3.27+0.31  747.74+72.45  19.69+1.58

_5‘ T2 (N) 26.70+3.27 14.75%x1,66  4,41+0.36 672.05+x125.09 29.78+3.14

~ T2(H) 24.11+4.79 23.83%¥2,95 3,63+0.52 921.55+127.88 16.66+£0.98

™ T3(N) 24.25+2.89 1886+3,22 3,50£0.49 902.90+171.88 20.29+3.10
T3 (H) 26.36+£3.54 17.50+2,56 3,80+0.40 824.63+131.83 27.92+6.88
F 0221 0.85 N 0.75N 0.62"¢ 0.83N8

NS Not significant, MCV = Mean Corpuscular Volume, MCHC = Mean Corpuscular Hemo-
globin Concentration; ZM = zero moment, T1 = 1 tadpole/L, T2 = 5 tadpoles/L, T3 = 10
tadpoles/L, (N) Normoxia = immediate blood collection, (H) hypoxia = blood collected
after 15 minutes of air exposure. * The red series completed (Er, Ht, Hb, MCV, and
MCHC) were obtained only for day 0 and 12.
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Table 4. Mean values and standard error of white series hematological parameters for Lithobates catesbeianus
tadpoles exposed to the stressors density and hypoxia in the zero time and twelfth day of the experiment

Leucocytes Lymphocytes Neutrophils Basophils Eosinophils Monocytes
= ZM(N) 79.2+3.1° % 8.2+1.0° % 3.1+1.0 % 8.9+3.6° % 0505 %
g 8177.4+2352.0 abs 6543.09+2036.0 Abs 682.7£233.0 abs 264.3%95.7 abs 614.8+226.1° abs 72.5+72.5 abs

ZM (H) 91.8+3.5° %  3.3+24"% % 1.4+1.4 % 3.4+1.4° % 0.0+0.0 %
10412.44812.0 abs 9586.44936.7 Abs 360.8+260.5 abs 127.0+127.0 abs 338.1£133.7%" abs 0.0%0.0 abs

T1(N) 98.0+0.5" % 1.2£0.4* % 0.3+0.2 % 0.5+0.1° % 0.0+0.0 %
12937.743024.8 abs 12717.2+2989.3 Abs 122.9+31.7 abs 33.6%15.5 abs 63.9%154" abs 0.0£0.0 abs

T1 (H) 957+1.3° % 3.0+1.0° % 0.4+0.2 % 0.8+0.3° % 0.0£0.0 %

2 14473.242515.2 abs 13824.6+2400.2 Abs 461.8+161.1 abs 77.4+50.9 abs 109.3+44.0° abs 0.0£0.0 abs
< T2(N) 93.241.4° %  41£05® %  1.0£0.7 %  17+04> % 0.0£00 %
S 8563.2+1076.2 abs  7940.84941.9 Abs 361.5+76.3 abs 122.0+91.0 abs 138.8+34.3" abs 0.0+0.0 abs
T2 (H) 96.2+0.8° % 22205 % 0.5+0.3 % 1.0+0.3° % 0.0x0.0 %
11177.242608.3 abs 10727.1+2484.4 Abs 1909+54.1 abs 102.5+55.6 abs 156.6+75.3" abs 0.0+0.0 abs

T3 (N) 94.9+0.6" % 1.5£0.4* % 2.320.7 % 0.9+0.4° % 0302 %
8907.5£1653.1 abs 8457.5+1561.5 Abs 163.2+54.8 abs 154.2+29.4 abs 92.2+46.0° abs 40.4+30.1 abs

T3 (H) 93.8+1.0 ® %  3.6£0.8% % 0.9+0.5 % 1.5+0.4° % 0201 %
14492.2 £2055.4 abs 13626.2+1986.8 Abs 517.3+106.0 abs 136.4+68.2 abs 187.0+44.8" abs 25.2+15.1 abs

F 11.5™ % % 4.3\ % 6.7 %  0.3% %

0.9 abs 1.0M Abs Abs 0.8" abs 4.2" abs 1.3 abs

MZ = zero moment, T1 = 1 tadpole/L, T2 = 5 tadpoles/L, T3 = 10 tadpoles/L, (N) Normoxia = immediate blood collection, (H) hypoxia
= blood collected after 15 minutes of air exposure. Mean followed by the same letters, in the column don't differ statiscally by Tukey

test p<0.05 of probability.

The haematological parameters of the white series for
animals exposed to the stressor mechanisms are presen-
ted in Table 4. In the present study, the leukocyte cell type
most abundant in L. catesbeianus individuals making the
majority (i.e nearly 80% combined) of WBCs were lym-
phocytes and neutrophils, while the eosinophils, baso-
phils and monocytes were more scarce, corroborating the
results of theses authors (Cathers et al. 1997, Ferreira et
al. 2003, Thrall 2004, Franca et al. 2008, Dias et al. 2009).
There were significant differences between the treatments
on different collection days for neutrophil percentage, and
extremely significant differences for lymphocyte and eosi-
nophil percentages. However, when the absolute numbers
of these cells was considered, only the eosinophils showed
a significant difference.

DISCUSSION

Water quality is probably the most critical component of
amphibian housing. This is especially true for larval am-
phibians; although adults, including terrestrial species, are
also affected by poor water quality which such changes
can have disastrous effects on stable amphibian colonies
(DeNardo 1995, Demichelis et al. 2001, Godfrey & Sanders
2004). However, the results showed that the physic-chemi-
cal water parameters inside the aquariums remained wi-
thin the standards required to conduct tests with amphi-
bians and according another study (Culley Jr 1991) were
considered good using the standards for farming practices
of these aquatic organisms

Cortisol results, in the present study, from the tested
stressor stimuli were not consistent with the classic stress
response model; that is, an increase in glucocorticoid levels
after exposure to a stressor stimulus. The complex inter-
pretation of results about cortisol is due to the nature of the
stressor, and the magnitude and duration of the stress res-
ponse. Additionally, they may have been a result of the stu-

died species (Moberg 2000, Wada 2008). It has been shown
that glucocorticoids in Amphibia present a specific pattern
to distinct species (Crespi & Denver 2004a, 2005). Speci-
fically in the premetamorphosis and prometamorphosis
stages, the synthesis of corticosteroids varies depending
on the presented challenge (stressor stimulus) and on the
organism’s life cycle (Belden et al. 2003, Crespi & Denver
2005). Cortisol acts synergistically with an increase in hor-
monal levels in the thyroid, which accelerates metamor-
phosis (Hayes et al.1993, Kikuyama et al. 1993, Wright et
al. 1994).

A density of 1 tadpole/L is recommended because ta-
dpole performance (growth and survival) is better at this
density, and it provides a good cost-benefit ratio for com-
mercial production (Ferreiraet al. 2002). The data analysis
per treatment showed that cortisol levels in 1 tadpole/L
(control group) remained under the general average. Al-
though 10 tadpoles/L group did not differ statistically from
the 1 tadpole/L group in this study, it was observed that the
animals kept in the highest density (10 tadpoles/L) started
the metamorphosis process (70% of samples) corrobora-
ting with the studies (Denver 1993, 1997, 1998, Denver et
al. 1998) that the low level of water may cause an accelera-
tion of tadpole metamorphosis.

Catecholamines are the first hormones released in fish
exposed to hypoxia, with the highest levels occurring about
30 seconds after the perception of the stressor (Rotllant &
Tort 1997). Then, a simultaneous increase of cortisol levels
occurs, with the highest concentrations of the hormone
being detected 30 minutes after the disturbance. In the
present study the cortisol values of animals submitted to
hypoxia did not differ from the animals in normoxia corro-
borating the reports from another study (Rocha et al. 2010)
on the same species of tadpole.

The same way, glucose results, in the present study,
from the tested stressor stimuli were not consistent with
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the classic stress response model. Glycaemia is one of the
most used stress indicators of secondary physiological res-
ponses, where it increases in the presence of any stressor
in order to meet the higher energy demand needed to esca-
pe or to confront an adverse situation (Heinrichs & Richard
1999, Richard et al. 2002, Sapolsky et al. 2000, Carr 2002,
Crespi & Denver 2005) Although there are several studies
about blood glucose levels on amphibians, these are not ea-
sily interpreted due to variations of factors such as feeding,
life stage, and even collection methods (Herman 1992).

In aquaculture, stocking density is an important factor
influencing food ingestion and is species-specific. Food
absorption can also be influenced by social interactions
increased by spatial restriction and competition for food
(Wendelaar Bonga 1997, Flores-Nava & Gasca-Leyva 1997,
Crespi & Denver 2004a,b, 2005). Stress hormones are im-
portant in the energy balance during the development
of amphibians (Hayes et al. 1993, Glennemeier & Denver
2002b). Studies show neuroendrocrine control of corti-
cotropin-releasing factor (CRF) and of glucocorticoids in
response to the stress of feeding behaviour, where ingested
food is regulated differently in the different stages of life of
these animals (Richard & Timofeeva 2002, Crespi & Den-
ver 2004a,b, 2005). An adaptation to stress can occur in
chronic response therefore, results in lower GC responses
(Wenderlaar Bonga 1997, Moberg 2000, Romero 2004).
This could explain the glycaemic results in this study, whe-
re animals showed a tendency to adapt over time.

About the results of red blood series, the differences
observed may be influenced by factors including stage of
development (larval versus adult), age, gender, reproduc-
tive status, and environmental variables (wild versus cap-
tive, food and water availability, temperature, photoperiod,
altitude) (Allender & Fry 2008). Thrombocytes are easily
confused with lymphocytes (Penha et al. 1996, Allender &
Fry 2008) maybe the reason about few studies investiga-
ting this cell. About the results of white blood series, some
studies suggest that stressors usually suppress immune
system. A decrease in leukocyte populations, indicating
susceptibility to infections was found in metamorphosing
individuals (Kolias 1984, Ussing & Rosenkilde 1995). Spe-
cifically, lymphocytes and neutrophils were demonstrated
to decrease midclimax of metamorphosis (Ussing & Ro-
senkilde 1995). The proportion of neutrophils increases
while the proportion of lymphocytes decreases (Forbes,
McRuer & Shutler 2006). However, in the present study, the
stressor mechanisms promoted an increase in the percen-
tage of lymphocytes. Reductions in neutrophils counts in
amphibians were observed in some studies corroborating
the present one that show a decrease in eosinophils num-
bers and percentage (Woodhams et al. 2007, Belden & Kie-
secker 2005).

An interaction between immune and endocrine func-
tions promoting homeostasis when facing stressful condi-
tions (Wick et al. 1993, Gentz 2007). Agents are released
during the stress process, causing not only an increase or
decrease in the immune response, but also a redistribution
of immune cells throughout the entire body (Forbes et al.
2006, Davis et al. 2008). The metamorphosis involves a
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reorganization of the amphibian immune system (Rollins-
-Smith et al. 1997) and the present study had metamorpho-
sed animals in the high density. It is important to note that
these physiological alterations consume energy and, from
the moment that these stimuli become chronic, there is
a tendency for the tertiary effects of stress to occur, i.e., a
decrease in resistance and problems related to growth and
development of these animals. These effects direct relate
not only with the commercial rearing of American bullfrog
Lithobates catesbeianus but also with other Anura subjec-
ted to the same conditions in nature.

The fact that no significant alterations were observed
in the evaluated parameters, cortisol and glucose, may in-
dicate that the stressor stimuli were not adequate to incre-
ase the values of these biological markers. Alternatively, a
larger response pattern to these stimuli may have been ex-
pressed in the levels of an unmeasured hormone (corticos-
terone). Additional studies are necessary to complement
the information about stress physiology and its biomarkers
for L. catesbeianus, especially for intensive rearing systems.
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