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Abstract 

Cadmium (Cd) is one of the most toxic environmental and industrial pollutants, 
is known to exert gonodtoxic and spermiotoxic effects. In the present study we 
investigated toxic effect of cadmium on the ovary of brackish water fiddler crab 
Uca annulipes. The experimental crabs were exposed to sublethal 
concentrations(1/3rd and 1/10th of  96 hrs LC50) of cadmium (0.013 and 0.04 
ppm) for a period of 15 and 30 days, shows many histological changes in ovary. 
Histological observations of ovary following exposure cadmium showed 
destruction of epithlial layer, degeneration of oocytes, disorganization of 
nucleus, vacuolization, shrinkage oocytes rupturing  of follicular epithelium and  
damage of ovarian structure was observal after exposed to sublethal 
concentrations. Therefore the findings of this investigation can be taken as 
biomarkers for monitoring heavy metals concentration of aqatic biota. 
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INTRODUCTION 

Heavy metal causes  severe adverse effects on the health of organisyms. They act at 
cellular and molecular level which ultimately lead  into physiological ant biochemical disorders 
leading to death. Cadmium (Cd), a widely used heavy metals in modern industry, is one of the 
most abundant, ubiquitously distributed toxic elements in aquatic system (Novelli et al., 2000). 
The main source of non- occupational exposure to Cd includes smoking and air by which food 
and water are contaminated by Cd (Nagata et al., 2005) World health organization estimates 
that 4 billion people or 80% of the world population presently use herbal medicine (Naithari et 

al., 2010). In addition, Cd is a common inorganic contaminant of coastal sediments and waters 
due to anthropogenic pollution and natural sources (Sokolova et al., 2004, Ivanina et al., 2010). 
It can be accumulated in aquatic animals (e.g. crab, shrimps, oysters and muscle after entering 
through different ways such as respiratory tract, digestive tract, surface penetration etc ( 
Daillianis and kaloyianni, 2004, et al., 2008). It is seriously harmful to the growth of aquatic life 
and survival resulting in decline of their population. 
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Histological studies have a way for understanding the pathological conditions of the 
animal by helping in diagnosing the abnormalities or damage of the tissues of the animal 
exposed to toxic stress of heavy metals (Sprague;1971; Andhale,et al.,2011 Maryam,et al.,2013). 
Histological changes not only give an early indication of pollution hazard, but also provide 
useful data on nature and degree of damage to cues and tissues (Shaikh,2010). 
Reproduction is a physiological process and is an essential biological need of animal for the 
continuity of the generation which is known to dominate all other physiological process. The 
main function of reproduction is to replace population losses due to death and migration 
(warren, 1971). 

Sarojini et al.,(1988) observed the effects of pesticide on different stages in the 
oogenesis in the freshwater prawn, Macrobrackhism kristensis, when expressed to 
perticide.Yadav and Sarojini (1989) studied the lethal and sublethal effect of endosulfan on the 
ovary of the freshwater prawn, Caridina weberi. 

A histological changes in the ovary of the freshwater crab, Barytelphusa guerini exposed 
to cuprous oxide was carried out by Machale et al., 1990. Chourpagar and kulkarni (2011) 
observed histologicol charges in the tissues of fresh water female crab, Barytelphusa cunicularis 

exposed to heavy metal pesticides. 
The available literature reveals that practically less work has been carried out on the 

effects of cadmium on histopathological aspects of crustacean. Hence, the present study was 
designed to investigate the histological changes on the ovary of Uca annulipes after cadmium 
exposure. 
 

MATERIALS AND METHODS: 

The live specimen of fiddler crab Uca amnulipes were collected from pulicat lake of 
Tamilnadu. They were acclimatized to laboratory conditions under the day night [12L:12D] 
illumination at 28±2˚C for one week in plastic troughs (20”diameter) containing sufficient 
brackish water, So that crabs are partially  submerged. 
 Adult and intermoult female crabs ( Stage C3; Diwan 1973) having an average carapace 
length 11.5 ± 0.5 mm and breadth of 15.4± 0.5mm and body weight (25 to 30g) were selected 
for histopathological studies exposed to LC50 value of cadmium for 24, 48, 72 and 96 hours 
sublethal concentration (1/3rd and 1/10th LC50 of 96 hr) for 15 and 30 days. For histological 
study crabs were split into two groups (control, cadmium treated), 10 crabs in each group and 
maintained under laboratory conditions. The test media was changed daily to maintain 
cadmium concentration. The animals were fed chronic exposure with boiled beef liver. 
Histology:   

To study histopathological lesions in the ovary of female crab were dissected 
immediately and ovary were quickly removed and fixed in aqueous bouin’s fluid. After fixation 
for 24 hrs. the tissue was passed through alcohol grades for dehydration and cleared in xylene. 
The tissue was embedded in paraffin wax (M.P 58- 60˚C) and serial sections were cut at 7 to 8µ 
and stained haematoxylene and eosin.  
 

RESULTS: 

Histological structure of control ovary: 

The ovary of Uca annulipes (Fig.1) is covered with an outer epithelial membrane 
followed by connective tissue and inner germinative epithelium. In the early stage of 
development the germinative epithelium. In the early stage of development the germinative 
zone or zone of proliferation is distinguished by the presence of compact mass of oogonical cells 
which undergo meiotic division and give rise to primary oocytes( Previtellogenic oocytes). Each 
vitellogenic oocytes is covered with a thin layer of follicle cells. The mature oocytes or 
vitellogenic oocytes are completely filled with yolk globules and granules. The nutritive cells are 
present in close vicinity of the oocytes and supply the nutritive material to the developing 
oocytes. The degenerating ova are surrounded by nutritive phagocytes which increase in their 
size with the increase in vacuolization. In fully matured ovary all above described stages of 
oocytes as well as follicular cells and phagocytes are observed. 
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Histological changes in the ovary of experimental crab exposed to lower sublethal 

concentration (0.013 ppm) for 15 and 30 days. 

Histological observation of ovary exposure to lower sublethal concentration of cadmium 
after 15 days showed destruction of epithelial layer and oocytes degeneration and 
disorganization of nucleus was observed. The cytoplasm exhibited foamy condition was seen 
(Fig-2A).After 30 days exposure to cadmium, rupturing of oocytes, vacuolization, irregular 
arrangement of oocytes and disappearance of nucleus was observed (Fig- 2B ). 
Histopathological changes in the ovary of experimental crab exposed to higher sublethal 

concentration(0.04 ppm) for 15 and 30 days. 

The experimental crabs treated with higher sublethal concentration of cadmium showed 
many histological changes was observed . After 15 days exposure, pycnosis of nutritive cells and 
nucleus of oocytes was observed  due to shrinkage of oocytes. Destruction of epithelial layer 
was loosely arranged and vacuolization was also observed in the periphery of  the oocytes (Fig-
2C ). After 30 days exposure ovary showed irregular shape of oocytes, mixing of ooplamic 
material due to disintegration of follicular epithelium, maximum nature of degenerating oocytes 
with disintegrated nuclei was observed (Fig -2D ) 
 

DISCUSSION 

The histopathological changes induced due to cadmium caused specific abnormality at 
tissue level. In the present study, an attempt was made to study the effect of cadmium caused 
distinct changes in gonadal histology. The results of the presents study revealed that, ovaries of 
control crab were covered with outer thin epithelium and inner germinative epithelial layer 
from which the oocytes proliferate. The oocytes are covered with a layer of follicle cell. The 
ooplasm is compactly arranged with a thick yolk granules. Ovarian follicles are filled with 
different types of maturing oocytes (Fig - 1). 

In the present study, our investigation demonstrated that cadmium exposure to induced 
significant alteration in the ovary of U. annulipes such as damage of germinal zone, changes  in 
the cell shape, rupture of oocytes membrane, vacuolization, degeneration of tissue, 
disappearance of nucles and nuclei (Fig – 2A & B). Similar histopathological alterations were 
reported in different aquatic organism exposed to different pollutants by many investigators. 
Reddy et al., (1982) noticed destruction of epithelial  layer, follicle cells, nurse cells, necrosis and 
degeneration of oocytes in the ovary of fresh water crab Barytelphusa guerini when exposed to 
heavy metals. 
After chronic exposure period, lead to increase in damage to the ovarian tissue. The observed 
cellular deformities following the cadmium exposure may be due to the direct effect on the 
developing  oocytes through general metabolism and growth or through hormone controlling 
ovarian growth. Similarly, Jadhav and Sheikh (2012) observed exposure and concentrated 
mediated changes in ovaries of freshwater crab, Barytelphusa cunicularis treated with 
endosulfan. Likewise, Rani et al., (2013) reported degenerative changes in ovaries of mud crab, 
Scylla olivacea when exposed to cadmium nanoparticle. Damage of the ovarian tissue may be 
due to the direct effects of cadmium with the enzyme system in metabolism or destroying the 
function of hormone that controlling the ovarian growth and lead to decline reproductive 
activity. 
  
The observed alteration in the ovarian structure of U. annulipes after exposure to cadmium 
collaborate  the earlier reports of several investigators. Shinde et al., (2002), identified the 
rupturing of oocytes membrane in the oocytes, vacuolization in the peripheral oocytes and 
distrubances in the supporting connective tissue after acute and chronic exposure of sugar 
industrial effluent in crab Barytelphusa gurini. Deshpande (1985) observed shrinkage in 
ooplasm, change in cell shape, vacuolization, and degeneration of tissue necrosis of nuclei and 
increase in number of phagocytes in the freshwater prawn, M.kistinesis after exposure to 
pesticide. Gangshettiwar (1986) observed the effects of phenol on M.lamerri and noted rupture 
of oocytes membrane, changes in cell shape, vacuolization and degeneration of nuclei and 
nucleus in oocytes. 
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 Histological studies have a way for understanding the pathological conditions of the 
animal by helping in diagnosing the abnormalities or damage of the tissue exposed to toxic 
stress of heavy metas (Sprague, 1971; Andhale et al.,2011). Histological changes provides an 
early indication of pollution hazard, and also useful data on nature and degree of damage to cell 
and tissues (Shaikh et al.,2010). 

Rao et al., (1987) reported  that the inhabition of germinative zone, lack of distinct 
nucleolus, in oocytes of freshwater prawn, M.lamerri after exposure to mercuri chloride.  Kharat, 
et al., (2011) observed the histological changes in the ovary of freshwater prawn, 
Macrobrachium kistensis exposed to TBTCL. Histopathological studies are also useful in 
evaluating the pollution potential of heavy metal pesticides, since trace amount of these 
chemical which do not bring animal mortality over a given period, were capable of producing 
considerable organ damage (Kumar and Pant, 1984; Jayakumar, 2002). 
 
Martin et al., (1989) observed destruction of  proliferating zone and changes in structure of 
ovary of the freshwater prawn, C.weberi exposure to methyl parathion. Yadav and Sarojini 
(1989) observed that disintegration of follicle epithelium, vacuolization dearrangement of 
oocytes, pycnosis of nutritive cells of nucleus of oocytes in the ovary of freshwater prawn, 
C.weberi after exposure to endosulfan. 
Machale et al., (1990) studied the effect of cuprous oxide on the ovary of B.guerini and noticed 
shrinkage in opplasm, vacuolization on peripheral side, rupture of oocytes, structural damage, 
necrosis of nuclei and nucleoli and disintegration of oocytes. Sarojini et al., (1990) observed the 
degeneration of oocytes, vacuolization and replacement of oogonia with fibror tissue in the 
overy of freshwater crabs B.guerini after exposure to zine sulphate. Similar findings observed on 
day 30, after lower sublethal concentration of cadmium exposure pycnosis, of nutritive cells and 
nucleus of oocytes was observed   due to shrinkage of oocytes. Destruction of epithelial layer 
and degeneration of oocytes were seen, epidermal layer was loosely arranged and vacuolization 
was also observed in the periphery of oocytes (Fig- 2B). On 30 days, higher sublethal 
concentration the ovary showed irregular shape of oocytes, mixing of ooplasmic materials due 
to disintegration of follicular  epithelium, maximum nature of degenerating oocytes with 
disintegrated nuclei was observed(Fig-  2B). 
 In this study histopathological alterations of ovary showed progressive damage in 
epithelial layer, degeneration of oocytes and its clearly evident with the progress of exposure 
periods. Damage to ovary, after cadmium exposure leads to developing oocytes interfere with 
the enzyme system in destroying the function of hormone that controlling the ovarian growth to 
decline in reproductive activity. Moreover, the findings of present study serve as” biomarkers” 
for assessing heavy metal toxicity in the aquatic biota. 
 

CONCLUSION 

The results of our study indicate that histopathological changes in the ovary showed 
progressive damage and degeneration and it is clearly evident with the progress of exposure 
period and extand of tissue damages increase with the increase of cadmium exposure of Uca 

annulipes 
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                  Fig.1 [ Control] H & E X100 
Fig.1 Photomicrograph of C.S.of control ovary of brackish water carb, Uca annulipes showing 
normal structure of epithelial layer(EL), Vitellogenic oocytes[VO], Nucleus[N], Ooplasm [OP], 
Previtellogenic oocytes[PV] 
 

      
 Fig 2 A : L.S.C[15 d] X 100    Fig 2 B : L.S.C[30 d] X 100 
 

     
      Fig 2 C: H.S.C[15 d] X 100      Fig 2 D: H.S.C[30 d] X 100 
Fig:2 [A-D] Photomicrograph of C.S. of Ovary in U annulipes exposed to lower and higher 
sublethal concentration of cadmium for showing destruction of  Epithelial layer (EL), 
Degeneration of oocytes [DO], Vacuolization[V], damage of Yolk Granules(YG), follicle cells, 
necrosis (N) after 15 and 30 days exposure. Stained in haematoxylin and eosin X100. 
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