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Background:  
Cadmium toxicity has been shown in aquatic animals but the effect on frog’s 
endocrine glands is not known. We investigated the effects of cadmium on 
ultimobranchial and parathyroid glands of Indian skipper frog, Euphlyctis 
cyanophlyctis.  

Methods:  
Frogs were exposed to cadmium chloride for short and long terms and sacrificed 
after 24, 48, 72 or 96 h (short-term) and after 5, 10, 15 and 30 days (long-term).  

Results:  
After 48h of cadmium exposure, serum calcium levels decreased and persisted for 
96h. After 96h of exposure, weak staining of the ultimobranchial cells was noted, 
and the nuclear volumes decreased. The histological structures of parathyroid cells 
remained unchanged.  
Frogs exposed to cadmium exhibited decreased serum calcium levels from day 10 
to day 30.  After 15 days of cadmium exposure, ultimobranchial cells exhibited a 
decline in staining response and the nuclear volume also decreased. The follicular 
epithelia of the ultimobranchial glands appeared to be reduced at certain areas. 
After 30 days of cadmium exposure, the nuclear volume was further decreased and 
the follicular epithelia shrunk and appeared as a single layer. Cellular degeneration 
and vacuolization were also noticed in the gland. After day 15 of cadmium 
exposure, the nuclear volume of the parathyroid cells increased with elongated 
and hyperchromatic appearance. These changes were exaggerated on day 30 of 
cadmium exposure and few cell lyses appeared among parathyroid cells. 

Conclusions:  
Cadmium adversely affected the calcium regulating glands, ultimobranchial and 
parathyroid glands of the Indian frogs, Euphlyctis cyanophlyctis. 
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INTRODUCTION 

Several species of frogs have experienced notable 
population declines (1-6).  Many factors have been 
suggested to cause the decline in global amphibian 
population decline, such as climate change, UV-B 
radiation, diseases and exposure to contaminants 
during frog’s life (4,5,6). 

Heavy metals are toxic elements which can be 
accumulated in organisms and may cause physiological 
disturbances (7-10). Cadmium is a heavy metal which 

never occurs in nature in its elemental form but exists 
as compound with other elements (10). Cadmium is the 
most toxic metal (11,12) and is poorly regulated by 
organisms and therefore whole-body residues will 
increase with ongoing cadmium exposures (13). When 
cadmium is introduced in freshwater, it may adversely 
affect the aquatic organisms. 

There exists a report regarding the effects of cadmium 
on the blood electrolytes of frog (5) but the effects on 
calcium regulating endocrine glands, i.e., 
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ultimobranchial and parathyroid glands have not been 
studied so far. Hence, the aim of this study was to 
investigate the effects of cadmium exposure on the 
ultimobranchial and parathyroid glands of Indian 
skipper frog, E. cyanophlyctis (E. cyanophlyctis). 

MATERIALS AND METHODS 

Ninety six frogs (48 for short- & long-term, each 
experiment), E. cyanophlyctis (both sexes; body wt. 12-
173 g) were selected and acclimatized for 15 days in 
30L of all glass aquaria. Small-mesh dip-net of soft 
material was used for gentle handling of frogs during 
the study, and care was taken to minimize stress to the 
frogs. Dead frogs were discarded immediately. Frogs 
were not fed 24h before and during the experiment. 
Short-term and long-term experiments were 
performed. Animal handling and sacrifice were carried 
out following the guidelines provided by Ethics 
Committee of Gorakhpur University, India. 

Short-term Exposure: The frogs (N=24) were 
subjected to 18.432 mg/L of cadmium chloride (0.8 of 
96h LC50 value). Frogs were kept in groups of 10 in 30L 
media. Six frogs were sacrificed on each interval from 
the control and experimental groups (cadmium 
chloride exposed) after 24, 48, 72 and 96h. Blood was 
collected and the ultimobranchial and parathyroid 
glands were fixed for histology processing. 

Long-term Exposure: The frogs (N=24) were 
acclimatized for 15 days to the laboratory conditions 
and subjected to 4.608 mg/L (0.2 of 96h LC50 value) of 
cadmium chloride for 30 days. Simultaneously, a 
control group (N=24) was also used for comparison. Six 
frogs from each of the control and experimental groups 
(cadmium chloride exposed) were sacrificed after 5, 
10, 15 and 30 days. The blood was collected and the 
ultimobranchial and parathyroid glands were fixed for 
histology processing. 

In each experiment, frogs were slightly anesthetized 
with ether and blood samples were collected by cardiac 
puncture. The samples were allowed to clot at room 
temperature. Sera were separated by centrifugation (at 
3000 rpm) and kept at -20℃ until analyzed for serum 
calcium levels, using a commercially available 
diagnostic kit (calcium kit, Sigma-Aldrich; Germany). 
All determinations were carried out in duplicates for 
each sample, from the short- and long-term 
experiments.  

After blood sample collections, glottis together with a 
small piece of the surrounding tissue were extirpated 
and fixed in aqueous Bouin’s solution. The fixed tissues 
were dehydrated in an ethanol gradient, treated with a 
clearing agent, infiltrated and embedded in paraffin, 
sectioned at 6μm, floated on a heated water bath and 
mounted on glass slides. After drying overnight, 
paraffin was removed with a clearing agent; tissue was 
rehydrated in an ethanol gradient and stained with 
hematoxylin and eosin (H&E) for light microscopic 
examination.  Photomicrographs were taken, using an 
Olympus CH 20i microscope and Olympus E 420 
camera. 

The nuclear indices of the cells from ultimobranchial 
and parathyroid glands were taken, using an ocular 
micrometer and then the nuclear volume was 
calculated as: volume = 4/3 π ab2, where ‘a’ is the 
major semiaxis and ‘b’ is the minor semiaxis. In the 
glands, when there are degenerating nuclei, only the 
indices of intact nuclei were measured. Nuclear index is 
defined as the maximal length and width for each 
nucleus observed microscopically. 

All data were presented as the means  S.E. of six 
specimens and Student’s t-test was used to determine 
the statistical significance. In all studies, the 
experimental group was compared with the 
corresponding control group over an identical 
experimentation time period. 

RESULTS 

Short-term Cadmium Chloride Exposure: The 
serum calcium levels of the frogs exposed to cadmium 
for 24h (80% of 96 h, LC50) exhibited no histological 
alterations. After 48h cadmium exposure; however, the 
calcium levels declined.  This response persisted until 
the end of the experiment (96 h; Fig. 1). 
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Figure 1. Serum calcium levels of short-term cadmium chloride 
treated Euphlyctis cyanophlyctis. Values are mean ± S.E. of six 

specimens. Asterisk indicates significant differences (P< 0.05) from 
control. 

 

The ultimobranchial glands of the control frogs were 
paired with follicular tissue situated laterally to the 
glottis, beneath the pharyngeal epithelia. The epithelia 
of the follicles are pseudo-stratified, encircling a large 
lumen filled with colloid-like, eosinophilic material 
(Fig. 2). Based upon the position and shape of the 
nuclei, three different cell types were identified in the 
follicular epithelia of the ultimobranchial glands as 
follows (Fig. 3): 

 

Figure 2. Ultimobranchial gland of control E. cyanophlyctis exhibiting 
follicle (F) and epithelia. H&E stain; mag. x 200. 
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Figure 3. Follicular epithelium of ultimobranchial gland of normal E. 

cyanophlyctis  exhibiting basal (B), secretory (S) and degenerating 
(D) cells. H&E stain; mag x 500. 

 

i. Basal Cells: These cells were situated towards 
the basal region of the follicle and were touching the 
basement membrane. They did not extend up to the 
surface. These cells had round or oval nuclei. 

ii. Secretory or Storage Cells: They were 
predominantly elongated cells with homogeneously 
stained nuclei and fine reticular chromatin patterns. 
These cells extended from the basement membrane of 
the follicle to the surface of the lumen. 

iii. Degenerate Cells: These cells contained 
irregularly dark stained nuclei and exhibited clumping 
of the chromatin material. Usually, they were in contact 
with the free surface and had very little cytoplasm. Up 
to 72h of exposure to cadmium the ultimobranchial 
glands exhibited no histological changes. After 96h; 
however, a weak staining response was noted in the 
cytoplasm of ultimobranchial gland cells (Fig. 4). The 
nuclear volume of these cells was slightly shrunk (Fig. 
5). 

 
Figure 4. Ultimobranchial gland of 96 h cadmium chloride treated 
Euphlyctis cyanophlyctis exhibiting weak staining response of the 
cytoplasm. H&E stain; mag. x 200. 
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Figure 5. Nuclear volume of ultimobranchial cells of short-term 
cadmium chloride treated Euphlyctis cyanophlyctis. Values are mean ± 
SE of six specimens. Asterisk indicates significant differences (P<0.05) 
from the control group. 

In the control frogs, two parathyroid glands were 
situated on each side of the pre-cardiac region near the 
ventral branchial body and carotid artery. The glands 
were round or ovoid in shape and contained closely 
packed epithelial cells, surrounded by a connective 
tissue capsule, richly supplied with blood capillaries 
(Fig. 6). Connective tissue and blood capillaries were 
not seen inside the gland. The epithelial cells of 
parathyroid gland were arranged in whorls, and there 
was a single type of cells, with indistinct cell boundary, 
scanty cytoplasm and large nuclei and dense chromatin 
granules (Fig. 6). No changes in the histological 
structures and the nuclear volumes of parathyroid cells 
of cadmium exposed frogs were noted throughout the 
experiment (Fig. 7). 

 

Figure 6. Parathyroid gland (PTG) of normal Euphlyctis cyanophlyctis 
showing single cell type. H&E stain; mag x 500. 
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Figure 7. Nuclear volume of parathyroid cells of short-term cadmium 
chloride treated Euphlyctis cyanophlyctis. Values are mean ± SE of six 

specimens. 

 

Long-term Cadmium Chloride Exposure: The 
frogs exposed to cadmium for 5 days exhibited no 
change in the serum calcium levels. Thereafter, the 
levels decreased progressively from day 10 to day 30, 
the end of the experiment (Fig. 8). No changes in the 
ultimobranchial glands of the control frogs were noted 
throughout the experiment. 

Following 10 days of cadmium exposure, there was no 
change in the histological structures of the 
ultimobranchial glands. After 15 days; however, the 
gland cells exhibited a slight decrease in their staining 
response in the cytoplasm (Fig. 9) and the nuclear 
volumes decreased (Fig. 10). Moreover, the follicular 
epithelia appeared shrunk at certain places, resulting in 
relative enlargement of the follicular lumen (Fig. 11). 
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After 30 days of cadmium exposure, the nuclear 
volume was further decreased (Fig. 9) and the epithelia 
appeared reduced in height and formed a single cell 
layer (Fig. 11). Cellular degeneration and vacuolization 
were also noted in the glands (Fig. 12).  

There was no change in the parathyroid cells of the 
control frogs throughout the experiment. In cadmium 
treated frogs, the parathyroid cells remained 
unchanged up to 10 days. After 15 days of cadmium 
exposure; however, the nuclei of these cells exhibited 
an increase in volume (Fig. 13) and they were 
elongated and hyperchromatic (Fig. 14). These changes 
were exaggerated on day 30. Moreover, cytolysis 
among few parathyroid cells was also noted on day 30 
following cadmium exposure (Fig. 15). 
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Figure 8. Serum calcium levels of long-term cadmium chloride 
treated Euphlyctis cyanophlyctis. Values are mean ± S.E. of six 

specimens. Asterisk indicates significant differences (P< 0.05) from 
control. 

 

Figure 9. Ultimobranchial gland of 15 day cadmium chloride treated 
Euphlyctis cyanophlyctis exhibiting weak staining response in the 

cytoplasm. H&E stain; mag. x 200. 

 

5 10 15 30

DAYS

50

75

100

N
U

C
L

E
A

R
 V

O
LU

M
E

 O
F 

U
B

G
 C

E
L

LS
 (

µm
³)

CONTROL CADMIUM CHLORIDE

**

Figure 10. Nuclear volume of ultimobranchial cells of long-term 
cadmium chloride treated Euphlyctis cyanophlyctis. Values are mean ± 
SE of six specimens. Asterisk indicates significant differences (P<0.05) 

from the control group. 

 

Figure 11. Ultimobranchial gland of 15 day cadmium chloride 
treated Euphlyctis cyanophlyctis exhibiting reduction of height of 

follicular epithelium. H&E; mag x 50. 

 

Figure 12. Ultimobranchial gland of 30 day cadmium chloride 
treated Euphlyctis cyanophlyctis exhibiting single layered follicular 

epithelium and degeneration. H&E; mag x 50. 
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Figure 13. Nuclear volume of parathyroid cells of long-term 
cadmium chloride treated Euphlyctis cyanophlyctis. Values are mean 
± SE of six specimens. Asterisk indicates significant differences (P < 

0.05) from the control group. 

 

Figure 14. Parathyroid gland of 15 day cadmium chloride treated 
Euphlyctis cyanophlyctis exhibiting elongated (arrows) and 

hyperchromatic nuclei. H&E stain; mag. x 500. 

 

Figure 15. Parathyroid gland of 30 day cadmium chloride treated 
Euphlyctis cyanophlyctis exhibiting cytolysis (arrows). H&E stain; 

mag. x 500. 
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DISCUSSION 

Cadmium exposed frogs exhibited inactivity of 
ultimobranchial glands, as evident by poor cytoplasmic 
staining response and shrunk nuclear volumes in 
ultimobranchial cells. Moreover, the follicular epithelia 
demonstrated reduced in height plus degeneration and 
vacuolization. No similar report is available regarding 
the cadmium toxicity in ultimobranchial glands of 
frogs; therefore, this is the first report. The inactivity of 
ultimobranchial glands could be attributed to the 
perpetual hypocalcemia provoked by cadmium toxicity.  
This is in conformity with similar observations 
reported previously by other investigators after 
exposure of fish to various toxicants including 
cadmium (13); deltamethrin (14); metacid (15); 
cypermethrin (16) and botanical pesticides (17). The 
findings of the present study are also supported by 
reports from earlier investigators who found inactivity 
of ultimobranchial glands in response to 
experimentally induced hypocalcemia by the 
administration of calcitonin to the fish (Anguilla 
anguilla (18); Gasterosteus aculeatus (19); Clarias 
batrachus (20); Heteropneus tesfossilis (21), amphibian: 
Bufoviridis (22), Ranatigrina (23,24) and reptiles: 
Natrix piscator (25), Calotes versicolor (26). Also, 
published observations of Anderson and Capen (27) 
support those of the present study, as they documented 
low ultimobranchial glands activity after inducing 
hypocalcemia in Iguana iguana by keeping them on a 
low calcium diet (27). 

In contrast to the findings regarding inactivity of 
ultimobranchial glands in fish (13) following cadmium 
exposure, few investigators have reported 
hyperactivity of calcitonin secreting cells in mammals 
after cadmium toxicity (28, 29). Brzoska and 
Moniuszko-Jakoniuk have reported an increase in 
serum calcitonin levels in rats exposed to cadmium 
(30). It is of interest that cadmium has the opposite 
effect on the activity of hypo-calcemic glands 
(ultimobranchial cells in non-mammals, and calcitonin 
cells in mammals). It is important to point out that in 
non-mammals, the ultimobranchial cells remain 
separately whereas in mammals they fuse with thyroid 
gland and remain as dispersed calcitonin secreting cells 
(31). Further studies are warranted to fully investigate 
the mechanisms of cadmium action in non-mammals 
and mammals regarding the synthesis and release of 
calcitonin. In the present study, cellular degeneration 
and vacuolization resulted in reduced height of the 
epithelia of ultimobranchial glands in cadmium 
exposed frogs. This may be attributed to the 
continuous disuse of the ultimobranchial gland caused 
by prolonged hypocalcemia induced in cadmium 
exposed frogs. 

The hyperactivity of parathyroid gland cells was noted 
in cadmium treated frogs as evident by the increased 
volume of the elongated and hyper-chromatic nuclei. 
Parathyroid hormone has been reported to provoke 
hypercalcemia in vertebrates by controlling the 
electrolyte exchanges at three major sites: intestine, 
bones and kidneys (32). The present study derives 

support from the observations of Pilak Marcinkiewicz 
et al. (28) and Tripathi and Srivastav (29) who have 
also noticed hyperactivity of parathyroid cells in 
cadmium exposed rats. Moreover, in these rats Brzoska 
and Moniuszko Jakoniuk (30) have reported the 
elevated parathyroid hormone levels in the blood. 
Tripathi et al. (33) have reported hyperactive 
parathyroid cells in Chlorpyrifos treated rats. Bone 
demineralization has been reported after cadmium 
exposure to rats (34) and carp fish (35). Since we found 
no reports on the action of cadmium in frog 
parathyroid glands in the literature, it appears logical 
to compare our findings with those in other vertebrates 
where parathyroid is present. The bone 
demineralization has been interpreted as a mechanism 
to restore the plasma calcium levels. Consistently, the 
hyperactivity of parathyroid glands in the present 
study may be explained by the increased release of 
parathyroid hormone to reverse the hypocalcemia 
observed in cadmium treated Indian skipper frogs, E. 
cyanophlyctis.  

CONCLUSION 

Based on the findings, we can conclude that exposure 
to cadmium adversely affected the ultimobranchial and 
parathyroid glands in the treated frog. The 
disturbances in these vital endocrine glands may be 
one of the reasons for the decline in the population of 
this frog species in the aquatic environment 
contaminated with cadmium and other toxic heavy 
metals. 
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