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ABSTRACT: In February 2014, wild American bullfrog Lithobates catesbeianus tadpoles from an
artificial pond in the Kyusyu region, Japan, presented with coelomic and subcutaneous edema
and erythema within the skin. A pathological examination of 57 tadpoles of American bullfrogs in
the region was conducted to evaluate the disease. Crystal deposition of varying degrees was
found in the kidneys of 35 tadpoles (61.4%). The crystals were transparent, pleomorphic in shape,
highly birefringent in polarized light, and arranged in a radial pattern within the renal tubular
lumen. Using Alizarin Red S stain and liquid chromatography, these crystals were identified as
calcium oxalate. Severe coelomic and subcutaneous edema was observed in 7 of these 35 tadpoles
(20.0%). Ammonia levels in coelomic fluid were extremely elevated (>1000 µg dl−1) in 4 tadpoles
examined. These findings suggest that oxalate deposition in kidneys causes metabolic disorder
with renal nephropathy. The source of the oxalate could not be determined; however, the presence of calcium oxalates in pond sediments, as revealed by liquid chromatography, suggested that
the deposition was most likely due to ingestion of oxalate materials from the environment. This is
the first report of oxalate nephropathy in free-living amphibians.
KEY WORDS: Lithobates catesbeianus · Edema · Renal oxalosis · Oxalate poisoning · Calcium
oxalate · Japan
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Renal oxalosis in animals is most frequently caused
by ethylene glycol poisoning, ingestion of oxalatecontaining plants, or ingestion of plants colonized by
oxalate-producing fungi (Sanz & Reig 1992, Rahman
et al. 2013). In amphibians, there are a few reports of
renal oxalosis in captive-bred tadpoles and frogs
consuming oxalate-rich plants or crickets that fed
on oxalate-containing plants (Wright 2001). In this
study, we found oxalate poisoning in free-living tadpoles of American bullfrogs Lithobates catesbeianus

from the Kyusyu region, Japan. Severe coelomic and
subcutaneous edema and nephropathy were observed in affected tadpoles, and they had features
that appeared to be associated with renal nephropathy and metabolic disorder. Since the pathological
features and pathogenesis of renal poisoning in tadpoles have not been characterized, the aim of the
present study was to further investigate the features
of this disorder, including gross renal pathological
and histopathological changes. To our knowledge,
this is the first report of oxalate nephropathy in freeliving amphibians.
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MATERIALS AND METHODS
Study area and tadpole evaluation
A total of 68 free-living American bullfrog tadpoles
were examined between February and March 2014
(Table 1). These included 57 tadpoles caught in an
artificial pond (pond A) in a zoological garden
located in the Kyusyu region, and 11 tadpoles from
another artificial pond (pond B) in the same zoological garden as a normal control group. These ponds
were natural breeding grounds of American bullfrogs. Pond B was closely situated to, but located upstream of, pond A. Pond A contained large amounts
of sediment containing fallen leaves and mud, whereas
there was little sediment in pond B. All animal experiments in this study were carried out with permission
from the Ministry of Environment (121221300) and
in accordance with the Japanese Law of Animal
Welfare and Care.
The tadpoles were euthanized using FA100 (Tamura-seiyaku) and necropsied. For the detection of
ranavirus, DNA was extracted from the left kidney,
spleen, and a part of the liver of the tadpoles using
NucleoSpin® Tissue (Takara Bio), and polymerase
chain reaction (PCR) was performed according to the
protocol described by Marsh et al. (2002). For histopathology, visceral organs were fixed in 10% neutral
buffered formalin. The tissues were embedded in
paraffin, sectioned at a thickness of 3 µm and stained
with hematoxylin and eosin (H&E). Sections were
examined under polarized light for birefringence. In
order to identify calcium oxalate, sections were
stained with Alizarin Red S at pH 7.0 and 4.2, and
insolubility was determined in 0.1 N hydrochloric
acid (HCl) and 2 M acetic acid, as described by Proia
& Brinn (1985). Coelomic fluids were aseptically collected from 4 tadpoles with severe coelomic edema
and analyzed using the FUJI DRI-CHEM 7000 Veterinary Chemistry Analyzer (Fujifilm) through regular laboratory methods. Coelomic fluids from other
tadpoles were not collected because their coelomic
cavities contained no fluid.

Determination of oxalate concentration
One-step analysis using high-performance liquid
chromatography (HPLC) was carried out on the soluble oxalate contents in tadpole kidneys and environmental samples (mud and fallen leaves) from pond A.
The kidneys were collected from 7 tadpoles with
severe coelomic and subcutaneous edema and directly

Table 1. Prevalence of coelomic and subcutaneous edema
and crystal deposition in the kidneys of American bullfrog
Lithobates catesbeianus tadpoles; nr: not recorded
Date

20 Feb 2014
17 Mar 2014
13 Feb 2014
13 Feb 2014

Pond

A
A
A
B

Number of tadpoles
Sampled With
With crystal
edema deposition
10
18
29
11

3
nr
4
0

9
12
14
0

homogenized together with 2 ml of deionized water
for 1 min. The homogenates were centrifuged at 500
× g for 10 min, and these supernatants were centrifuged at 8000 × g for 10 min. Mud (50 g) and fallen
leaves (20 mg) were collected from pond A in March
2014 and preserved at –30°C until use. The frozen
mud from pond A was directly homogenized for
15 min. Defrosted frozen leaves from pond A were
homogenized together with 10 ml of deionized water
for 1 min. The supernatants of homogenates were
immediately filtered through filter paper. The filtrates were further filtered using a spin column Ultrafree-MC 0.45 µm PTF membrane (Millipore) and
centrifuged at 4000 × g for 30 min. HPLC analysis
was performed using the Shim-pack SCR-102H column (Shimadzu) in the LC-10A system (Shimadzu)
with 5 mM p-toluenesulfonic acid as the dissociate
solvent, at a speed of 0.8 ml min−1 with the column
temperature at 40°C.

RESULTS
Of the 57 tadpoles from pond A, 4 (12.3%) appeared to have obvious abdominal distension on the
body with hemorrhages within the skin when captured (Fig. 1). At necropsy, severe coelomic and/or
subcutaneous edema were seen in 7 of 57 (12.3%)
tadpoles from pond A. Kidney enlargement and multifocal white renal calculi in the kidney (Fig. 2) were
seen at gross examination in 19 of 57 (33.3%) tadpoles from pond A. The other tadpoles from pond A
and 11 tadpoles from pond B were macroscopically
normal. Ranavirus was not identified in the kidney,
spleen, or liver from the 68 tadpoles.
On histopathological examination, crystal deposition was found in the kidneys of 35 of 57 (61.4%) tadpoles from pond A (Table 1). Minor crystal deposition, characterized by a few small crystals, detectable
only under polarized light, occurred in 10 of 35
(28.6%), moderate crystal deposition was present in
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Fig. 1. Live American bullfrog Lithobates catesbeianus tadpole with hemorrhages within the skin, and abdominal distension.
(A) Dorsal and (B) lateral view. Scale bar = 2 cm

Fig. 2. Enlarged kidney of an American bullfrog Lithobates
catesbeianus tadpole with abdominal and subcutaneous
edema showing multifocal white renal calculi in the kidney
(arrows). Scale bar = 5 mm

18 of 35 (51.4%), and severe crystal deposition scattered throughout histological sections was seen in 7
of 35 (20%) tadpoles. The crystals were found mostly
in renal tubules that were irregularly dilated by these
crystals (Fig. 3A), and the tubular epithelium showed
flattening or necrosis with hyaline droplet degeneration. No crystal depositions were observed in the kid-

ney of 11 tadpoles from pond B and within the other
organs of all tadpoles examined.
The crystals were transparent, pleomorphic in
shape, highly birefringent in polarized light, and
arranged in a radial pattern within the renal tubular
lumen (Fig. 3B). Thorough fixation and routine processing did not result in dissolution of these crystals.
The crystals stained positively with Alizarin Red S at
a pH 7.0 (Fig. 3C) but not at pH 4.2, and they were
soluble in 0.1 N hydrochloric acid but insoluble in
2 M acetic acid.
The biochemistry of coelomic fluid from 4 tadpoles
with edema and severe crystal deposition in the
kidneys is shown in Table 2. The ammonia levels in
the coelomic fluid were high in these tadpoles. In
HPLC analyses, the chromatograms showed oxalic
acid peaks in the kidneys, mud, and fallen leaves,
with concentrations of 0.35, 0.02, and 0.02 mg g−1,
respectively.

DISCUSSION
The morphological characters of crystal deposition
in the kidneys of the tadpoles and their birefringence

Fig. 3. Crystalline deposits in the kidney of an American bullfrog Lithobates catesbeianus tadpole. (A) Dilated renal tubules
containing crystalline deposits (asterisks). H&E stain. (B) Crystals are doubly retractile with polarized light. H&E stain.
(C) Crystals are positively stained with Alizarin Red S stain at pH 7.0. Scale bar = 50 µm
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Table 2. Biochemistry of coelomic fluid from 4 affected bullfrog Lithobates
catesbeianus tadpoles

californianus (Amstrup et al. 1989,
Murnane et al. 1995, Foley & McBurney 2002). Oxalate deposition has
Unit
Tadpole
been reported in koala Phascolarcotos
No. 1
No. 2
No. 3
No. 4
cinereus, white-tailed deer Odocoi−1
leus virginianus, green turtle CheloCreatinine
mg dl
0.53
0.27
0.33
0.42
nia mydas, desert tortoise Gopherus
Urea nitrogen
mg dl−1
2.8
2.9
1.7
0.5
Ammonia
µg dl−1
>1000
>1000
>1000
>1000
agassizii, baboon Papio ursinus, and
Na
mmol l−1
72.5
72.7
73.9
72.4
Japanese macaque Macaca fuscata
K
mmol l−1
31.9
23.4
24.6
28.53
(Wyand et al. 1971, McConnell et al.
Cl
mmol l−1
41.6
47.5
46.2
45.3
1974, Yanai et al. 1995, Stacy et al.
Specific gravity
1.034
1.012
10.19
10.16
2008, Jacobson et al. 2009, Speight et
al. 2013). In these cases, most animals
under polarized light closely resembled features that
were asymptomatic, and these occurrences were
have been reported previously in studies on renal
presumed to result from the ingestion of oxalate-rich
calcium deposition in turtles (Stacy et al. 2008, Jacobplants. Wright (2001) reported that consumption of
son et al. 2009) and monkeys (Skelton-Stroud &
crickets fed on oxalate-containing plants was reGlaister 1994, Yanai et al. 1995). Calcium oxalate
sponsible for renal oxalosis in captive-breeding waxy
crystals stain with Alizarin Red S at a pH of 7.0 but
frog Phyllomedusa sauvagii and relict leopard frog
not at a pH of 4.2. This differentiates calcium oxalate
Rana onca (Wright 2001); however, reports regarding
from calcium carbonate and calcium phosphate, both
oxalate poisoning in free-living amphibians are
of which stain at pH 7.0 as well as 4.2 (Proia & Brinn
lacking.
1985). In addition, 2 M acetic acid removes calcium
In this study, we tried to find the possible source of
carbonate and phosphate but leaves calcium oxalate.
oxalate ingestion by the tadpoles. There were no
Treatment with 0.1 N hydrochloric acid removes calsources of ethylene glycol in pond A, nor was there
cium oxalate and calcium carbonate and phosphate.
any evidence of Aspergillus infection. American bullFurther, examination of tadpole kidneys using HPLC
frog tadpoles are herbivorous and feed on plants and
showed the presence of oxalate in the affected tadalgae (Altig et al. 2007). Environmental analyses
poles. From these findings, the crystals in the kidneys
revealed the presence of oxalate in the fallen leaves
of tadpoles were identified as calcium oxalate.
and mud in pond A. Even though the source of
In this study, tadpoles with severe abdominal disoxalate in the present case remains unknown, it was
tention showed large amounts of crystal deposition in
most likely that the tadpoles ingested oxalate by
the kidney. The ammonia levels in their coelomic
feeding on sediments containing oxalate-containing
fluid showed higher levels than the upper reference
plants.
limit of plasma levels of vertebrates, typically less
The American bullfrog is native to North America.
than 100 µg dl−1 in vertebrates (Conway & Cooke
It has been introduced in several other countries and
1939). Bullfrog tadpoles are ammonotelic animals,
islands around the world, and is considered the most
and as such they excrete nitrogenous wastes in the
important pest in these regions. Recently, American
form of ammonia (Wright & Wright 1996). High levels
bullfrogs have been widely suggested as infectionof ammonia in the coelomic fluid of affected tadpoles
tolerant reservoirs for emerging infectious diseases,
indicates a defect in ammonia metabolism, which in
such as those caused by viral and fungal pathogens
this case was presumably due to oxalate nephropathy.
(Une et al. 2009). In the present study, edema was
Renal oxalosis or oxalate nephropathy in domestic
one of the findings in tadpoles with renal oxalosis,
animals is caused most frequently by ingestion of,
and it has also been observed in emerging ranaviral
or intoxication by, ethylene glycol. Consumption of
infection (Pessier 2009). This suggests the imporoxalate-rich plants or plants colonized by oxalatetance of obtaining a differential diagnosis for both
producing fungi, such as Aspergillus niger and
diseases.
A. flavus, can also cause renal oxalosis (Sanz & Reig
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