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The Bullfrog Lithobates catesbeianus is a species of economic important edible frog and often chosen 
as experimental animal model. Although, some studies in the literatures have reported the parameters 
of hematology and serum biochemistry in several Rana species, a comprehensive profile of hematology 
and biochemistry in farmed bullfrogs was very limited, especially during the hibernating period. 140 
apparently healthy farmed bullfrogs (70 males and 70 females) were used during the active and 
hibernating periods to determine the hematology and serum biochemistry parameters including 
morphometry of erythrocytes, PCV, HGB, MCV, MCH, MCHC, RBC count, WBC count, differential 
leukocyte count, glucose (Glu), triglycerides (TG), cholesterol (Cho), blood urea nitrogen (Bun), uric 
acid (UA), creatine (Cre), total protein (TP), albumin (Alb), globulin (Glo), γ-glutam (GGT), total bilirubin 
(TB), alkaline phosphatase (Alp), a-amylase (Amy), CK, AST, ALT, LDH, K, Na, Cl and nCa (that is, the 
ionized calcium level when pH=7.4). Differences between sexes showed that male bullfrogs possessed 
a statistically higher LDH activity level, and statistically lower levels of Cre, Na and Ca concentrations. 
Additionally, it was noted that bullfrogs during the active period had significantly lower values for HGB, 
PCV, MCV, ALT, Glo, Bun, Na, Cl and surface areas and volumes of RBCs and their nuclei, and 
significantly higher values for WBCs counts and Cre than the hibernating ones. These baseline data 
could be used for health monitoring and disease diagnostics in bullfrogs artificial farming and serve as 
general reference values for future studies on the physiology of this species. 
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INTRODUCTION 

 
Hematology and serum biochemistry parameters, as 
measured in peripheral blood, are useful in assessing the 
health and nutritional status of humans and animals  

 
 
 
 

 
(Artacho et al., 2007; Allender and Fry, 2008). The 

combination of many parameters is required  to 

identify anemia,   inflammatory diseases, parasitemia,  
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hematopoietic disorders and homeostatic alterations 
(Campbel et al., 2007; Vasaruchapong et al., 2013). The 
measurements of erythrocyte dimension can be used for 
studies on environmental, seasonal, or altitudinal 
acclimatization and relationship between exchange of gas 
with tissues and metabolic rate (Ruiz et al., 1989; Pagés 
et al., 1992). The number of erythrocytes, HGB and PCV 
reflect the efficiency of oxygen carrying capacity and 
nutritional status. Leukocytes are involved in the defense of the 
organism under several conditions, such as stress (Silveira-
Coffigni et al., 2004), inflammation (Martins et al., 2006) and 
parasitism (Azevedo et al., 2006), the number of which could 
be used as an indicator for infectious  
diseases  (Pessier,  2007;  Jamalzadeh  et  al.,  2009).  The  
serum biochemical analyses provide information on 
internal organs, proteins, electrolytes, and nutritional and 
metabolic parameters (Newman et al., 1997).  

So far, most studies on hematology and serum 
biochemistry focused on fishes, reptiles and mammals when 

compared with amphibians. Some limited previous studies have 

reported on different hematology and serum biochemistry 

parameters of several amphibian species, including Rana 

esculenta (Sinha, 1983), rhacophorid frog (Mahapatra et al., 

2012) and dubois’s Tree Frog Polypedates teraiensis (Das 

and Mahapatra, 2014). Hematology and serum biochemistry 

parameters vary under different pathological, physiological, 

ecological and environmental conditions in animal population 

(Llacuna et al., 1996; Sarasola et al., 2004; Seaman et al., 

2005). Amphibians are considered to be sensitive animals and 

show physiological variables to acute environmental changes 

(Carey, 2005). Two characteristic phases can be distinguished 

in the annual life cycle, that is, periods of activity and 

hibernation. Up to date, few documents were found on 

hematology and serum biochemistry parameters in amphibians 

at hibernating state. 

 

Bullfrogs, Lithobates catesbeianus, being widely farmed 
over the world, is a species of economic important edible 
frog for farmers and often chosen as experimental animal 
model. Cathers et al. (1997) reported on hematology and 
serum biochemistry parameters of anesthetized American 
bullfrogs, Rana catesbeiana. However, no studies have 
been published in the literature on the hematology and 
serum biochemistry reference ranges during the active 
and hibernating periods for farmed bullfrogs. A relevant 
knowledge of bullfrog blood physiology is getting 
increasingly imperative due to diagnostic demand with 
the increase of breeding industry. It would also help to 
ensure food safety for eaters.  

The aim of this study was to establish the hematology 
and serum biochemistry reference ranges of farmed 
bullfrogs during the active period (in May) and the 
hibernating period (in January). These baseline data 
could be used for health monitoring and disease 
diagnostics in bullfrogs artificial farming and serve as 
general reference values for future studies on the 
physiology of this species and other anuran species. 

  
 
 
 

 
MATERIALS AND METHODS 
 
Animals 
 
140 farmed bullfrogs (35 males and 35 females each period) with 
mean weight 0.39±0.10 kg, ranging from 0.28 to 0.55 kg, were 
purchased from local raising households in Wuhu City, Anhui 
Province, China in January and May, respectively. Wuhu is in the 
southern region of China, with subtropical monsoon climate. These 
local bullfrogs would turn into the state of hibernation, that is, they 
neither eat nor move and breathe mainly through the skin when 
environmental temperature continuously fall below 10°C in January. 

 

Sample collection 
 
The blood samples of 140 bullfrogs were obtained using 
cardiocentesis. Prior to blood collection, the hibernating bullfrogs 
were housed in the terrarium for a 20-day continuous hibernation to 
ensure that they are still in the hibernating state, and the blood 
samples of active bullfrogs were collected in the morning over 12 h after  
a last feeding in May. Tubes coated with K2-EDTA were used to 
collect samples for hematologic analysis and serum separation 
tubes without anticoagulant were used to collect samples for serum 

biochemistry and electrolyte parameters. All experiments were 
performed in compliance with national and provincial guidelines and 
in accordance with the Guide for the Care and Use of Laboratory 
Animals. 

 
Analysis of hematology and biochemistry parameters 
 
The serum biochemistry parameters including activities of CK, ALT, 
AST, GGT, LDH, Alp, Amy and concentrations of Cre, UA, Bun, TP,  
Alb, Glo, GLU, TB, Cho and TG were measured on serum samples by 
using an autoanalyzer (KHB 450, Shanghai, China). And the  
concentrations of K, Na, Cl and Ca in serum were determined using 
an electrolyte analyzer (IMS-972，HORRON, Shenzhen, China).  

Total  number  of  erythrocytes  (RBC)  and  leukocytes  (WBC)  were  
analyzed in Neubauer Chamber, with dilution being performed by 
standard Hayem's solution for RBCs and Turk's solution for WBCs 
(Parida et al., 2011). The HGB concentration was determined by 
using an automated hematology analyzer (BC-3000plus, Mindray, 
Shenzhen, China). The PVC was examined by the microhematocrit 
method (Parida et al., 2011). The tubes were spun in a 
microhematocrit centrifuge (TDL-50B, Anke, Anting Scientific 
Instrument, Shanghai, China) for 5 min at 12000 rpm and the PVC 
was calculated with the total blood level divided by the blood cell level. 
The MCH, MCV and MCHC were calculated according to standard 
formulas (Campbell and Ellis, 2007).  

In the laboratory, blood smears were stained with Wright Stain 
Solution (Tianda Diagnostic reagents co., LTD. Hefei, China) for the 
differential leukocyte count and then examined under a microscope 
(BM2000, Jiangnan Yongxin Co., LTD. Nanjing, China). The 
percentages of different leukocytes were determined after counting a 

total of 100 white blood cells.  
The sizes of RBCs and their nuclei were acquired by measuring 

their long and short axes (major and minor axes) under a light 
microscope with an ocular micrometer (ERMA, Japan). Twenty to 
thirty cells from each blood slide of frogs (n=72) were selected for 
measurement of the major and minor diameters of erythrocytes and 
their nuclei (Benfey et al., 1984). The cell surface area, nuclear 
area and their volume were calculated using the below formula 
suggested by Lemoine and Smith (1980): 
 
S=a×b×π/4 and V= (a/2) × (b/2) 2π×4/3 
 
Where a is the major and b is the minor axis of the cell or nucleus. 



 

 
 
 

 
Statistical analysis 
 
Hematology and serum biochemistry data resulting from our study 
were presented as means and standard deviation (SD) via the 
software SPASS19 for windows. The results were compared among  
periods in each sex and among sexes within each period. 
Significant differences were determined using an independent 
sample t test model. Results were considered significant at p<0.05. 

 
RESULTS 
 
In this study, no parasites were observed, no hemolysis occurred and 

no chyle blood serum appeared. Values obtained are expressed as 

mean±SD (ranges). Morphometry parameters of RBCs and their 
nuclei,  hematology  and  biochemistry  values  of  bullfrogs  during  the  
active and hibernating periods are summarized in Tables 1, 2 and 
3, respectively. 

 
Morphometry parameters of erythrocytes in bullfrogs during 
the active and hibernating periods 
 
The morphometry parameters of erythrocytes are shown in Table 1, 
major and minor axes of erythrocytes and their nuclei were 
measured values, while surface area and volume of erythrocytes and 
their nuclei were calculated values. No significant differences were  
found in erythrocyte morphometry parameters between the two 
sexes. But the male bullfrogs tended to have lower values for cell 
minor axis, cell surface area, cell volume, nuclear minor axis, nuclear 
major axis, nuclear surface area and nuclear volume, than the  
female ones. The bullfrogs had significantly lower values for 

morphometry parameters during the active period than those during the 

hibernating period, particularly for surface area and volume of red 
blood cells and their nuclei, which were significantly increased during 

the hibernating period (p<0.05). 

 
Hematology parameters of bullfrogs during the active and 
hibernating periods 
 
The hematology parameters are shown in Table 2. The male 
bullfrogs had higher values of RBC count, neutrophil percentage 
and eosinophil percentage, but lower values of PCV and MCV than 
the females without a statistical significance. The total number of 
WBCs were found to be significantly higher during the active period 

than those during the hibernating period (p<0.05). However, the 
values of hemoglobin concentration, MCV and PCV percentage 
were statistically lower during the active period than those during 
the hibernating period (p<0.05). In addition, the values of MCH and 
RBC during the active period were lower than those during the 
hibernating period, but no statistical significance.  

Morphologically, leucocytes of bullfrogs could be classified into 
the following five types: monocytes, lymphocytes, neutrophils, 
basophils, eosinophils, the first two were agranulocytes while the 
rest were granulocytes. The percentage of lymphocyte was 
observed to be the highest in bullfrogs, and the percentage of 
basophil was the lowest. The percentage of monocyte was close to 
that of neutrophil. It was found that males possessed slightly higher 
percentage of eosinophil than females. The percentage of the 
neutrophil and the N/L ratio during the active period were lower than 
those during the hibernating period, but not statistically significant. 

 

Serum biochemistry parameters of bullfrogs during the active 
and hibernating periods 
 
The serum biochemistry parameters are shown in Table 3. The male 
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bullfrogs had significantly higher levels of LDH activity, and 
significantly lower levels of Cre, Na and Ca concentrations than the 
females (p<0.05). Additionally, the males tended to have high 
activity levels of AST, ALP, ALT, Amy, TB, but low GLU, TG, Cho 
and K concentration levels versus those for females (p﹥0.05). The 
values of ALT, Glo, Bun, Na and Cl were significantly lower in both 
sexes during the active period than those during the hibernating 
period (p<0.05). Conversely, the Cre value of bullfrogs was 
statistically higher during the active period than those during the 
hibernating period in two sexes (p＜0.05). In addition, the values of 
Amy, TP and Glu were found to tend to decrease during the active 
period (p>0.05). However, the values of GGT and Cho were found 
to increase during the active period versus those during the 
hibernating period (p>0.05). 
 

 

DISCUSSION 

 

Hematology and serum biochemistry are important tools 
for assessing health status in human and animals. It is 
well known that many hematology and serum parameters 
vary with sex, age, season, and physiological state (Boily 
et al., 2006). This study may be the first to present 
hematology and biochemistry reference ranges for 
farmed bullfrog and comparison between the active 
period (in May) and the hibernating period (in January).  

Non-mammalian erythrocyte such as in fishes, 
amphibians, reptiles and birds is nucleated, flattened and 
ellipsoidal (Rowley and Ratcliffe, 1988). This study 
showed that the shape of RBCs was elongated or oval or 
elliptical in bullfrogs. The measurement of erythrocyte 
dimensions is often an important component of standard 
hematologic survey in amphibians (Hartman and Lessler, 
1963). There was a relationship between cell size and 
metabolic rate. The cells with the smaller surface have 
lower metabolic cost per unit of cell mass (Olmo et al., 
1989). In this study, the measurements of erythrocytes 
and their nuclei in bullfrogs during the active period were 
lower than those during the hibernating period, which 
were in agreement with the results observed for Rana 
Esculenta (Sinha, 1983), it was inferred that decrease in 
size of erythrocytes during the active period might be a 
physiological adaptation required for quicker blood 
circulation due to increased physical activity. Prosser 
(1973) reported that a higher MCH value is due to larger 
size of the RBCs. It was found that bullfrogs had higher 
values of MCH, RBCs counts, PCV percentage and HGB 
concentration during hibernation. In our opinion, an 
increase in MCH, RBCs count, PCV percentage, 
hemoglobin concentration and erythrocyte dimensions 
during hibernation may be explained by the “respiratory 
compensation” mechanism. According to Guijarro et al. 
(2003), respiratory compensation is necessary for fish to 
keep high oxygen availability to tissues in low oxygen 
condition. Likewise, this theory is applied to frog species. 
As known, the bullfrogs during hibernation breathed 
oxygen by low efficient way, that is, through the skin. 
Therefore, bullfrogs were trying to supply a more demand 
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Table 1. Morphometry parameters of erythrocytes in bullfrogs during the active and hibernating periods.  

 
 

Parameters 
 Males Females 

 

 

Active period Hibernation Active period Hibernation 
 

  
 

 Cell minor axis (um) 15.2±1.02(14.1-16.7) 16.3±1.36(15.0-17.9) 15.7±1.87(13.6-17.4) 17.0±2.27(16.3-19.9) 
 

 Cell major axis (um) 25.7±2.67(22.8-28.4) 26.0±4.91(23.4-30.1) 25.6±2.73(22.9-28.4) 26.2±2.90(22.5-28.6) 
 

 Cell surface area (um²) 
a
 306.7±34.85(256.3-330.9) 332.9±69.72(300.6-416.1) 315.5±39.83(272.9-355.5) 349.6±47.50(309.1-404.2) 

 

 Cell volume (um³) 
a
 817.7±49.73(762.4-869.0) 887.8±260.41(701.6-1199.7) 841.4±47.15(790.2-891.4) 932.3±126.90(824.3-1077.6) 

 

 Nuclear minor axis (um) 4.2±0.97(3.4-5.2) 5.9±1.02(4.8-7.0) 4.3±0.93(3.3-5.6) 6.8±1.18(5.1-7.9) 
 

 Nuclear major axis (um) 8.3±0.16(7.4-8.8) 9.4±1.60(8.1-10.7) 8.7±1.24(7.3-9.9) 10.0±2.06(9.1-13.3) 
 

 Nuclear surface area (um²) 
a
 27.4±8.76(19.0-35.3) 43.5±7.01(38.2-51.6) 29.4±9.88(20.0-38.7) 53.4±9.80(46.2-63.8) 

 

 Nuclear volume (um³) 
a
 72.9±2.10(69.3-74.1) 116.1±18.40(100.2-133.6) 78.3±2.42(67.9-80.4) 142.3±18.11(120.2-163.7) 

  
a
 Significant difference(P < 0.05) according to different periods.

 

 
 
 

Table 2. Hematology parameters of bullfrogs during the active and hibernating periods.  
 

Hematology Males Females 

Parameters Active period Hibernation Active period Hibernation 

RBC(×10
12

/L) 0.25±0.09(0.19-0.36) 0.34±0.14(0.16-0.51) 0.24±0.05(0.18-0.33) 0.32±0.07(0.26-0.40) 

WBC(×10
9
/L) 

a
 9.93±0.81(6.25-12.40) 2.41±0.79(1.71-3.50) 9.03±3.06(6.87-13.10) 2.43±1.03(2.00-3.63) 

HGB(g/L) 
a
 73.0±7.55(65.0-81.0) 105.0±13.1(93.0-119.0) 60.7±21.76(38.0-88.0) 106.0±14.7(95.0-123.0) 

PCV(%)
a
 20.24±2.00(18.22-23.41) 29.78±6.40(22.90-38.13) 20.32±5.81(16.24-25.11) 29.91±2.40(26.02-35.56) 

MCV(×10
3
fl)

a
 809.60±88.91(732.14-848.77)   875.88±67.32(832.31-957.07) 846.66±41.33(807.21-889.76) 934.68±93.82(874.20-1029.35) 

MCH(pg) 290.00±74.10(226.02-335.12)   310.82±36.94(189.22-377.14) 252.92±81.78(193.30-309.28) 331.25±45.50(290.00-377.43) 

MCHC(g/L) 360.67±40.64(318.7-407.8) 352.78±44.94(310.2-387.4) 300.72±51.43(253.7-320.2) 354.40±37.68(311.3-400.1) 

Neutrophil(%) 23.09±10.19(10.72-31.10) 29.33±18.4(17.50-55.21) 20.63±6.72(12.93-25.08) 29.21±6.50(24.26-36.59) 

Lymphocyte (%) 41.86±14.46(27.50-56.41) 39.66±9.10(29.52-62.11) 52.87±9.23(44.61-62.50) 39.43±5.20(36.58-45.83) 

Monocyte(%) 25.31±8.18(17.86-35.00) 25.07±12.40(17.31-40.50) 22.28±4.39(18.00-26.79) 25.33±5.12(20.83-30.77) 

Eosinophil(%) 6.43±3.90(2.36-10.17) 4.61±1.13(1.19-5.43) 4.59±0.69(4.00-5.36) 3.88±2.11(2.44-6.41) 

Basophil(%) 3.30±1.52(1.56-4.36) 1.17±0.18(0-2.93) 2.73±1.45(1.79-4.41) 2.23±0.91(0-3.17) 

N/L ratio 0.53±0.41(0.24-1.18) 0.74±0.09(0.59-0.89) 0.39±0.17(0.22-0.63) 0.74±0.04(0.67-0.81) 
 

N/L ratio: Neutrophil/lymphocyte ratio. 
a
 Significant (P < 0.05) difference according to different periods. 

 
 

 

for tissue oxygen content through this mechanism. 
Leukocytes are cells that are directly associated 

 
 
 

 

with specific and unspecific immunological 
responses (Iwama and Nakanishi, 1996). In this 

 
 
 

 

study, leukocyte count was significantly more 
during the active period than those during the 
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Table 3. Serum biochemistry parameters of bullfrogs during the active and hibernating periods.  

 
 Biochemistry  Males Females 

 parameters Active period Hibernation Active period Hibernation 

 CK(U/L) 584.0±176.17(215.0-801.0) 414.3±135.21(257.5-499.1) 403.5±144.64(243.0-592.0) 508.5±161.23(183.3-702.2) 

 Amy(U/L) 907.2±314.30(612.7-1359.0) 1099.7±177.50(902.1-1407.0) 901.8±296.41(577.8-1278.3) 1057.3±432.31(462.7-1523.2) 

 LDH(U/L) 
b
 205.8±80.72(101.4-312.6) 281.5±62.32(117.4-677.1) 161.5±76.27(71.9-291.0) 152.6±24.70(92.4-177.6) 

 ALT(U/L) 
a
 14.5±9.11(5.7-26.3) 41.3±9.13(11.1-52.8) 14.1±8.22(3.6-29.4) 38.9±11.01(27.6-49.1) 

 AST(U/L) 111.5±70.00(30.3-191.7) 118.3±20.13(33.7-217.0) 101.2±66.50(29.0-181.3) 100.0±42.16(64.7-155.2) 

 GGT(U/L) 5.09±2.16(3.01-8.43) 4.09±2.60(2.10-7.43) 5.25±2.87(2.04-9.42) 4.01±0.51(2.90-5.91) 

 ALP(U/L) 18.40±8.79(8.93-31.00) 18.23±6.80(13.0-26.30) 17.75±10.09(3.87-28.41) 17.70±5.11(8.40-20.42) 

 TP(g/L) 29.21±6.36(19.32-37.53) 34.42±5.40(30.11-40.60) 29.07±9.65(19.31-38.70) 36.06±8.56(27.50-43.03) 

 Alb(g/L) 19.82±4.40(14.70-25.31) 16.83±2.33(15.12-19.53) 17.73±8.61(10.40-17.73) 17.96±4.01(13.30-20.60) 

 Glo(g/L) 
a
 9.38±0.27(9.10-9.69) 17.62±2.99(14.90-21.11) 9.34±0.31(8.96-9.69) 18.10±3.98(15.21-24.42) 

 A/G 1.99±0.60(1.04-2.16) 0.93±0.06(0.88-1.10) 1.90±0.28(1.50-2.25) 0.96±0.04(0.80-1.06) 

 TB(umol/L) 0.93±0.31(0.70-1.99) 0.99±0.25(0.79-2.06) 0.92±0.39(0.66-1.97) 0.90±0.30(0.63-1.62) 

 Bun(mmol/L) 
a
 4.14±0.55(2.70-4.74) 7.48±1.99(5.30-9.21) 4.82±2.21(3.02-7.03) 7.08±2.01(5.13-9.94) 

 Cre(umol/L) 
a b

 18.56±8.96(10.01-30.14) 9.66±2.21(3.80-12.17) 27.51±12.89(12.02-40.17) 15.76±3.27(4.32-24.03) 
 UA(umol/L) NO 7.33±3.32(4.00-12.03) NO 7.23±3.05(4.06-19.84) 

 GLU(mmol/L) 1.99±0.18(1.12-2.20) 2.21±0.92(1.41-2.97) 2.00±0.21(1.19-2.55) 2.23±1.00(1.67-2.99) 

 TG(mmol/L) 0.14±0.06(0.05-0.20) 0.13±0.04(0.09-0.19) 0.15±0.06(0.11-0.24) 0.16±0.05(0.10-0.29) 

 Cho(mmol/L) 1.25±0.15(1.06-1.39) 1.16±0.28(0.77-1.38) 1.36±0.13(1.00-1.74) 1.20±0.87(0.98-1.55) 

 K(mmol/L) 6.13±0.34(5.17-6.58) 6.01±0.41(4.77-6.39) 6.43±0.52(5.91-7.12) 6.37±1.90(4.18-7.56) 

 Na(mmol/L) 
a b

 108.7±3.80(102.0-110.6) 121.4±17.66(109.5-140.7) 116.8±8.24(108.5-121.9) 136.0±30.52(105.2-181.0) 

 Cl(mmol/L) 
a
 54.6±6.43(41.6-57.8) 75.1±22.84(61.2-101.4) 52.3±6.27(42.7-58.3) 80.9±27.01(49.9-99.7) 

 nCa(mmol/L) 
b
 0.89±0.09(0.86-0.99) 0.87±0.17(0.71-1.05) 0.99±0.08(0.89-1.07) 0.96±0.23(0.81-1.35) 

 Pb(ug/L) 18.0±4.08(12.03-21.10) 17.1±4.12(14.97-20.78) 17.8±4.00(15.38-20.01) 17.6±3.98(16.11-20.54) 
 

A/G: Albumin/globulin ratio. NO: not detectable. 
a
 Significant (P < 0.05) difference according to different periods. 

b
Significant (P < 0.05) difference according to sex. 

 
 

 

hibernating period, and was less than those 
reported earlier in wild-caught Xenopus laevis by 
Wilson et al. (2011). The levels of leukocyte in the 
whole blood vary depending on environmental 
quality (Lea Master et al., 1990), nutritional state 
(Barros et al., 2002), the presence of infectious 
agents (Martins et al., 2008) and parasitism 
(Martins et al., 2004). This study showed that 

 
 
 

 

lymphocytes in bullfrogs were the most 
predominant cells as compared to the other types 
of leukocytes. This result was consistent with data 
presented for Wild Caught Dubois’s Tree Frog 
(Das and Mahapatra, 2014) and for anesthetized 
American bullfrogs (Tama Cathers et al., 1997), 
suggesting that lymphocytes are the major cells 
involved in the immunological responses in frogs. 

 
 
 

 

In contrast, the percentage of basophil was the 
lowest in the present study on bullfrog, which was 
consistent with dubois’s Tree Frog (Das and 
Mahapatra, 2014). The percentage of basophil 
depends on species and possibly on season, 
geographic region and age of the animal or may 
be associated with blood parasites or viral 
infection (Vasaruchapong et al., 2013). 
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As far as we know, no information is available on the 
serum biochemistry parameters of frogs in winter. Serum 
hepatic enzyme tests in animals are used to indicate 
hepatocellular injury or repair (Kasamatsu et al., 2012). 
ALT was produced by the liver, being more liver-specific 
in human and animals. In some animals with hepatic 
disease, the level of serum ALT activity would get higher 
than those in normal conditions. This study showed that 
serum ALT activity level during hibernation was 
significantly increased, which was consistent with the 
report for captive finless porpoises by Kasamatsu et al. 
(2012). This change probably suggested that there was 
hepatocellular injury in bullfrogs during hibernation. As 
known, Glo was also often used as an index of hepatic 
disorder. Serum Glo concentration of bullfrogs was 
strikingly increased during hibernation, which was likely 
due to promoting immune defense under the hibernating 
state.  

Cre, being a break-down product in muscle, is usually 
produced at a very constant rate depending on muscle 
mass (Di Wu et al., 2014). There was a slow catabolism 
of Cre at a rate directly proportional to muscle mass 
(Kasamatsu et al., 2012). In the present study, the value 
of Cre concentration was found to be markedly increased 
during the active period, which was in general agreement 
with previous report for captive finless porpoises 
(Kasamatsu et al., 2012). Additionally, male bullfrogs had 
a statistically higher value of Cre in comparison with 
female bullfrogs, which may be attributed to variations in 
physical activity intensity, and increases in renal blood 
flow and glomerular filtration rate during the active period. 
The Cre concentration level in bullfrogs was higher than 
those in dubois’s tree frog (Das and Mahapatra, 2014), 
which might be due to species specificity and variations in 
the muscle mass.  

Besides Cre, Bun was also an important indicator of 

kidney disease. The Bun concentration level reported here 
for bullfrogs during the active period was notably lower than 

those during the hibernating period, but higher than those in 

wild-caught Xenopus laevis (Sabrina Wilson et al., 2011). 

The significant difference in Bun concentration level between 

bullfrogs and X. laevis was not in agreement with the 

conclusion drawn previously by Wilson et al. (2011), who 

observed no statistical difference in Bun concentration level 

between bullfrogs and X. laevis. 

 
LDH is a cytosolic enzyme, which is originally present in 

all the tissues involved in glycolysis, especially in cardiac 

tissue. Consequently, detection of raised concentration of  
this enzyme released into the blood stream from the 
damaged tissue has become a definitive diagnostic and 
prognostic criterion for various disorders and diseases  
(Saravanan et al., 2012). In this study, the value of serum 

LDH activity was notably lower when compared with those of 

wild-caught Xenopus laevis by Wilson et al. (2011). The 

level of LDH activity in male bullfrogs was statistically 

  
 
 
 

 

higher than those in females, which was in accordance 
with those previously obtained for captive finless porpoises by 

Kasamatsu et al. (2012). So far, the mechanism of serum 

LDH activity change between sexes was not illustrated in 

amphibians in the literatures. 

Serum electrolyte values were important basic  
information for clinicians and researchers to assess the 
health status of animals. In this study, male bullfrogs had  
lower values of serum Na and Cl concentrations than those of 

female bullfrogs, which coincided with the results obtained 

earlier for wild-caught X. laevis (Wilson et al., 2011), and for 

anesthetized American bullfrogs (Cathers et al., 1997). In 

addition, it was found that serum Na and Cl concentrations 

significantly increased in bullfrogs during the hibernating 

period. 

In summary, hematology and serum biochemistry  
parameters are effective at identifying the changes of body 
function prior to a sign of clinical abnormality. As far as we 
know, this study provided the first set of reference ranges of 
hematology and serum biochemistry for healthy farmed  
bullfrogs according to their sexes and two different periods. 
These baseline data could be used for future studies on its 
physiology and assessments for health monitoring and  
disease diagnostics. It is believed that these baseline 
data could also serve as general reference values for 
future investigations involving this species and other 
anuran species. 
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