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Introduction

Histopathological analysis has been documented to be 
unswerving biomarkers of stress in fi sh [1]. Histopathological 
variations have been extensively utilized as biomarkers in the 
assessment of the healthiness of the fi sh, which introduced into 
contaminated habitat, both in the lab and ground studies. It is 
a great advantage to use the histopathological tissue identities 
in ecological monitoring and this type of biomarkers permits 
to analyse the tissues like the gills, kidney and liver; those 
are accountable for vibrant roles of respiration, excretion and 
the accretion and bioconversion in the fi sh [2]. Histology is a 
powerful technique to fi nd effects of the hazardous substances 
in various tissues. The testing of fi shes with the pollutants in 
the aquatic environment,which tempts to numerous tissue 
impairments. The respiratory structure (gills) is a compatible 
organ for the histopathological observations to conclude the 
consequences of environmental abnormalities. The gills of the 
fi shes are engaging with the physiological functions of osmotic 
control, eliminating metabolic wastes and breathing. The gill 
tissues are observing the abnormal features of the waters. They 
are highly suitable for the evaluation of aquatic environmental 
infl uence [3.4]. Histopathological examinations are useful to 
observe the effect of the abnormal concentrations of pollutants 
on fi shes in the biometrics [5,6].

The effects of occasional pH decline and inorganic 
contaminants on aquatic animals are just recounted [7]. 
Protracted exposure to low pH can cause anomalous progress 
of laboratory nurtured fi sh [8-12]. In addition to variations 
in physiological performances, anatomical variations like 
abridged development [12-18], skeletal malformations [18,19] 
reproductive botch [12,15,18,20-24] anatomical mutilation 
in the gills [17,25-27] and [12] and death [28,29,14,30,31,16]. 
Amplifi ed an acidity initiated the drop in plasma sodium 
and chloride and death begin in fi shes exposed to an acidic 
surroundings [32,33] stated that the O2 carrying capacity 
of fi sh blood in vitro, fallen abruptly below pH7. The partial 
pressure of oxygen (pO2) of trout blood declined in acute 
acid exposure [34-36,12], and found a lessened capability to 
extract O2 from water of low pH. [37] reported that brook 
trout got reduction in blood pH when they were exposed to 
acid waters. In response to long-term acid exposure, the 
haematocrit, haemoglobin values of blood and haemopoietic 
activity of fi sh are all elevated, presumably to uphold O2 
carrying ability [38,39,12]. Effect of lethal and sublethal acidic 
pH medium on Oxygen (O2) consumption and metabolism 
in Oreochromis mossambicus [12], brook trout (Salvelinus 
fontinalis) were reported by [40,20] reported that low pH also 
disturbed the normal action of choriolytic enzymes in embryos 
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of the European perch, [41] reported that the female white 
suckers from acidifi ed lakes did not release eggs, because of 
the inactivity of the females to maintain the serum calcium 
level. Low pH prevents the spawning in some species of fi sh 
[42,43] reported that reproduction was impaired in blunt nose 
minnows. Hatching failure has also been reported [44,45] has 
done preliminary work on the effect of low pH and behavioural 
changes in Sarotherodon mossambicus. 

Materials and methods 

The pH of the experimental freshwater (control) has 
gradually reduced into pH 6.6, 5.8 and 5.0 by adding 5% Sulfuric 
acid (H2So4), The prepared pH experimental media has stirred 
well by electric stirrer and the pH was measured perfectly with 
a digital pH meter and frequently test with a pen pH meter, and 
ascertained the constant pH without the fl uctuations. Cyprinus 
Carpio were used for histopathological studies. They were 
exposed to different acidic environmental media (pH 5.0, 5.8, 
6.6 and 7.2) for 21 days. Care was taken to observe that all the 
fi shes introduced to each aquarium (20 L capacity), were alive 
throughout the experimental term. Four fi shes were introduced 
in every aquarium and triplicated manner. Fishes were fed with 
chopped beef. Fresh test acid media were prepared daily and 
the experimental fi shes were introduced. After exposure for 21 
days, the test fi sh were sacrifi ced to get the necessary tissues 
for histological studies. The organs chosen for the present 
study were gill, liver and intestine. Tissues from these organs 
of the control and exposed fi sh were excised from live fi sh and 
processed for observations.

Tissue processing

The tissues included in this study were gills, liver and 
intestine. The tissues were fi xed in Zenker’s fl uid, for 6 to 8 
hours. The fi xed tissues were washed in running tap water 
overnight and then dehydrated in ascending grades of isopropyl 
alcohol. Finally the tissues were completely dehydrated 
through two changes of 100% alcohol for 20 to 30 minutes in 
each. The tissues were, then, dealcoholized by two changes 
of xylol, 20 to 30 minutes in each change. It was followed by 
infi ltration in xylol saturated with paraffi n wax of congealing 
point 56° to 58°C. The tissues were left in molten wax for at 
least 30 minutes in the embedding bath. In order to remove 
all the clearing agent (xylol) three changes in paraffi n were 
made for through infi ltration. The tissues were embedded in 
labelled paper ‘boats’ after proper orientation of the processed 
tissues. The whole process of embedding was made after 
Weesner (1968). The embedded tissues were sectioned at 7 
mm (microns) thickness in a rotary microtome. The ribbon of 
sections was cut into strips and fl oated in warm water which 
was poured over acid leaned glass slides. The ribbons were then 
pasted with a thin fi lm of fi xative. Egg albumen and Haupt’s 
fi xative were used. Flattening of the sections was achieved by 
fl oating the sections on water medium, which was warmed 
only to the extent required to spread the sections. Neutral 
formalin (2%) was used as a fl oating medium for the sections 
when Haupt’s fi xative was used. When the sections became 
fl at and well-spread, the water was drained. After complete 
air drying for a few hours, the slides were left overnight on 

slide warmer whose temperature was maintained 10 to 15 °C 
below the melting point of the paraffi n wax. The sections were 
deparaffi nised in xylene and rehydrated in descending grades 
of iso-propyl alcohol. The tissues fi xed in mercuric chloride 
containing fi xative were passed through 70% alcohol with 0.5% 
iodine to remove the mercury precipitate present in the tissues. 
Further, rehydration was carried out by bringing the sections 
to distilled water and the sections were left for 3 minutes in 5% 
sodium thiosulphate solution to remove the iodine. Later the 
sections were washed in running tap water for 5 minutes. The 
slides for Histological and Histopathological observations were 
stained using one of the following staining methods:

Staining-dichrome staining 

Ehrlich’s haematoxylin is a stain which is commonly 
used in histopathological examination. It is highly suitable 
for nuclear staining. The cytoplasmic stain is eosin Y (0.2%), 
Ehrlich’s hematoxylin used to stain the tissue sections. The 
slides were washed in purifi ed water then they were subjected 
in to staining procedures, the staining time is approximately 
900 seconds (15 minutes), The over stained segments were 
then distinguished in 1% Hcl in water. After rinsing in Hcl, the 
sections were, coloured blue in tap water and again observed 
by microscopic methods. This procedure was recurrent over till 
the nuclei and basophil cytoplasm was correctly distinguished 
and the cytoplasmic surroundings were colourless. Then, the 
sections were splashed in fl owing tap water for 60 minutes to 
eliminate the aluminium ammonium sulphate. After splashing 
in distilled water, the sections were counter stained in 0.2% 
Eosin Y for 15 seconds. In order to remove the excess of Eosin 
Y, the slides were rinsed in distilled water and quickly kept in 
95% alcohol. They were fi nally placed in 100% alcohol I and II, 
for 5 minutes in each solution and passed through xylol I and 
II. Sections were, then, astride in DPX [46].

Results

Normal histology 

Gills: The rachis of gill from which the individual fi laments 
of gills arise has a core of the cartilaginous skeleton covered by 
a connective tissue sheath. Many layers of cells are arranged 
around the core. The cell layers from the parts of the gill, the 
outermost layer is the gill epithelium (Figure 1), the connective 
tissue and epithelial cells in several layers envelopes the rachis. 
The outer most epithelial layer forms the respiratory surface 
of each fi nger shaped gill fi lament. Their epithelial cells are 
mostly isodiametric and in certain places they are cuboidal. The 
epithelial cells have large nuclei. The mucus cells are goblet 
shaped and their vacuole like cavities are fi lled with mucus.

Histopathological changes

C.carpio when exposed to pH 6.6 media revealed the 
epithelial necrosis and cellular edema (Figure 2), when exposed 
to pH 5.8 experimental media, they exhibited extensive gill 
damage with epithelia capillary separation, the epithelial 
lining showed severe destruction and there was a hypertrophy 
of the mucocytes which project on the epithelial surface. The 
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cells showed desquamation. But the severity of acid stress 
was evident by the formation of mucus hyperplasia, with 
heavy deposition of mucus on gills (Figure 3), when exposed 
to pH 5.0 experimental media exhibited destruction of the 
epithelial layer. Figure 4 illustrates epithelial destruction with 
degenerative desquamation, hypertrophy (Figure 4) of the 
mucocytes and hyperplasia of undifferentiated cells. The most 
prominent feature was degeneration of surface epithelial cells 
and severe epithelial hyperplasia. The entire architecture of 
gills were ruptured (Figure 4) resulting in the development of 
Necrotic gill disease (NGD). 

Normal histology of the intestine: The intestine is a long 
tubular structure. In sectional view it exhibits a very simple 
histological organization (Figure 5). The innermost lining 
layer is mucosa consisting of epithelial cells. There is a 
laminapropria consisting of connective tissue occupying the 
narrow spaces between the glands and muscularis mucosa. The 
normal villi show mucosa, submucosa, muscularis and serosa. 
The mucosa comprises of a layer of epithelial cells establishing 
the covering of lumen. The submucosa entails of connective 
tissue. The outermost layer is muscularis coat. The mucosal 
epithelium entails of columnar cells with basal nuclei, they 
form a spherical shrill layer of the intestinal wall.

Histopathological changes; The experimental fi shes, 
when exposed to pH 6.6 revealed the chronic infl ammation 
of laminapropria, which led to a massive accumulation of 
macrophages, necrosis and atrophy of the intestinal villi (Figure 
6), when exposed to pH 5.8 experimental media exhibited, the 
hyper vacuolations of intestinal mucus membrane, mucosal 
necrosis of absorptive cells and submucosal edema. (Figure 
7). C.carpio exposed to pH 5.0 test media showed (Figure 8) 
massive sloughing off mucosal epithelium and accumulation 
of macrophages. 

Normal Histology of the liver: Liver cells of C. carpio are 
grouped into lobules. The rows of hepatocytes form laminae. 
Small bile ducts also fi nd their place in the interlobular 
connective tissue. The hepatocytes are almost isodiametric and 
polygonal. The hepatocytes have basiphili cytoplasm and are 
uninucleated (Figure 9). The nuclei are very prominent in the 
hepatocytes. Sinusoids are seen and vacuoles are rarely found.

Histopathological changes: Acid stressed (pH 6.6) C.carpio’s 
liver shown the abnormal histopathological marks of deformed 
hepatocytes, necrotic debris and macrophages (Figure 10). 
Exposure of C.carpio in pH 5.8 showed the massive and intense 
granulomatous reaction, death and debris of cells, aggregates 
of granular materials and necrotic hepatitis (Figure 11). When 
C. carpio were exposed to the same acidic environment (pH 5.0) 
they showed the development of necrotic hepatitis (Figure 12).

Discussion 

Though the environmental acidifi cation is a global 
problem report on the effect of low pH has been focused on 
temperate fi shes, particularly brook trout 10; 39; 6; 65; 48; 64 
[47,48,49,25,27,50], rainbow trout 78[51], fathead minnows 
39[48] and Atlantic salmon 23 [17]. The morphology and 
ultrastructure of the gills have been well reviewed by 38 [52]. 

Figure 1: Gills of control fi sh Cyprinus carpio showing normal primary lamellae (PL) 
with series of fl at leaf like secondary lamellae (SL). Eosin hematoxylin (x 400).

Figure 2: Gills of Cyprinus carpio exposed to pH 6.6 showing Epithelial Necrosis 
(NC) with marked cellular edema (EM). Eosin hematoxylin (x 400).

Figure 4: Gills of Cyprinus carpio exposed to pH 5.0 showing the degeneration of 
surface epithelial  cells; epithelial hyperplasia (HP) and formation of Necrotic Gill 
Disease (NGD) Eosin hematoxylin (x 400).

Figure 5: Intestine of control fi sh Cyprinus carpio showing normal mucosa (MC), 
submucosa (SM), muscularis (MS) and serosa (SR) Eosin hematoxylin (x400).

Figure 3: Gills of Cyprinus carpio exposed to pH 5.8 showing the mucus hyperplasia 
(HP)with heavy deposition of mucus on the gills are visible. Eosin hematoxylin (x 400).
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Gills

The structure of normal gills have been reported in rainbow 
trout [53,54,55]; striped mullet [56], lamprey [57], brook 
trout [27], Atlantic salmon [58,17]; Aplocheilus lineatum [59] 
and Tilapia [12]. Acidic trauma severely impinges the gill, 
intestine and liver morphology and architecture of the fi sh 
in the present investigation. C.carpio when exposed to the 
acidic environments showed the transfi gures of gills such 
as, epithelial necrosis, epithelial corrosion or destruction, 
extensive gill damage with epithelio- capillary separation and 
severe epithelial destruction with degenerative desquamation, 
mucus hyperplasia, heavy deposition of mucus on gills, 
epithelial hyperplasia and developmnt of disease called necrotic 
gill disease (NGD). The results of the present histopathological 
studies corroborated with the aggravation of gill destruction 
by lowering the pH of water to less than pH 5.0 as reported by 
[60]. Supportive evidences were also given by Ibrahim [12] who 
stated the similar effects in Oreochromis mossambicus exposed 
at pH 5.0. [11], who reported hypertrophy of mucus cells, 
excessive mucus secretion and separation of epithelial layer 
in the gills of brook trout and hypertrophy necrosis of cells in 
gills of Atlantic salmon; [37] stated elevated mucus secretion 
at gills; [61,62] have reported hypertrophy of mucus cells and 
hyper secretion in brook trout; [58] described the presence of 
brownish mucus on gills and body in Sunpee trout and [27] re-
counted the necrotic and degenerating cells in the gills of brook 
trout. Likewise, [17] also testifi ed morphological mutilation 
to the gills with impairment being more sombre at low pH. 
Results obtained in the present investigation force the author 
of the experiment to suggest that C. carpio is showing higher 
sensitivity to low pH. [63] also suggested the pH sensitivity 
of C. carpio. The lesions on the gills and the occurrence of 
mucus might have disturbed the gill respiration as reported 

Figure 6: Intestine of C.carpio exposed to pH 6.6 showing Necrosis (NC) and atrophy 
(AT ) of intestinal villi, Eosin hematoxylin (x400).

Figure 7: Intestine of C.carpio exposed to pH 5.8 showing obvious mucosal necrosis 
(NC) and submucosal edema (EM) Eosin hematoxylin (x400).

Figure 8: Intestine of C.carpio exposed to pH 5.0 showing massive sloughing off (SL) 
mucosal epithelium and accumulation of macrophages (MP) Eosin hematoxylin (x 400).

Figure 9: Liver of the control fi sh Cyprinus carpio showing the normal liver parenchyma.
Eosin haematoxylin (x 1000).

Figure 10: Liver of fi sh Cyprinus carpio exposed to pH 6.6 showing deformed 
hepatocytes, granular degeneration of hepatocytes (HC); areas of necrotic debris (NC) 
and macrophage (MP) aggregates are visible. Eosin haematoxylin (x 1000).

Figure 11: Liver of fi sh exposed to pH 5.8 showing hepatocellular degeneration 
and necrosis, note the development of the disease necrotic hepatitis; Eosin 
haematoxylin (x1000).

Figure 12: Liver of fi sh exposed to pH 5.0 showing severe necrotic hepatitis with 
macrophage (MP) aggregates are visible; Eosin haematoxylin (x1000).
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[12]. The gill is the principal target organ and death results 
from a combination of ionoregulatory, osmoregualatory and 
respiratory dysfunction [60,64,12]. 

Intestine 

Intestinal pathology also believed to be a very sensitive 
indicator of acid stress in fi shes. C.carpio exposed to different 
acidic exposures to pH 6.6, 5.8 and 5.0 exhibited the disruption 
in the intestinal morphology. C.carpio, under various degrees of 
acidic stress revealed the formation of necrosis and atrophy of 
intestinal villi, sub mucosal edema and mucosal necrosis and 
the massive destruction of the mucosal epithelium. As there 
are no accessible research fi ndings on the histopathological 
vicissitudes in the fi sh intestine exposed to acidic waters, 
the author of the contemporaneous exploration could not 
associate the present results with the related publications. 
However, the comparison was made with the pathological 
changes attained in the intestinal tissues of fi shes exposed 
to other environmental toxicants. Histopathological changes 
revealed by the acid stressed (pH 6.6, 5.8 and 5.0), C.carpio 
exhibited the formation of necrosis and atrophy of the 
intestinal villi, submucosal edema and mucosal necrosis and 
massive destruction of the mucosal epithelium. The results 
of the present observations corroborated well with the results 
reported by [12] in Oreochromis mossambicus, [65] in Scylla 
serrata when exposed to higher concentrations of heavy metals, 
[66] in Sarotherodon mossambicus exposed to mercury and [67] 
in Puntius sarana exposed to malathion. [68] Have also reported 
similar changes in Oreochromis mossambicus intoxicated with 
sublethal exposures of phosphomidan and [59] in Aplocheilus 
lineatum when exposed to effl uents from the coconut husk 
retting pit. Disruption of histological organization in the organ 
systems reduced the output of enzymes and consequently 
impairment of digestive and absorptive process and their 
physiological effi ciencies. 

Liver 

The vertebrate liver has an outstanding role to play in the 
physiology and wellbeing of the organisms. In addition to taking 
part in digestion, it serves in storing glycogen and performing 
most of the anabolic functions. Detoxifi cation is one of the 
vital roles of the liver. It is testifi ed that smooth endoplasmic 
reticulum is involved in detoxifying poisonous constituents 
entering the systems. Maiming to hepatic parenchymal tissue 
has been the most often stated pathological effect on fi shes 
exposed to various chemical agents [69,70,71,72]. Pollution 
which has a harmful effect on the organism leaves indelible 
marks on the structure of the liver and its functioning. 
The present observations showed that the acidic stress 
effectively affected the liver tissues of C. carpio. The results 
of the histopathological examination of acid stressed C.carpio 
exhibited the formation of vacuolations in hepatocytes and 
the formation of necrotic hepatitis (NH). The fallouts of the 
present observations corroborated well with the results 
reported by [12] in Oreochromis mossambicus were exposed to 
different acidic pH, [73] in Heteropneustes fossilis when exposed 
to textile mill effl uent; [74] in Notopterus notopterus exposed 
to phenolic compounds; [68] in Oreochromis mossambicus when 

exposed to phosphomidan for 120 hrs, [75] in Lebistes reticulates 
exposed to toxicity of zinc and cadmium for two months [59] in 
Aplocheilus lineatum exposed to coconut coir retting effl uents. 
Many marks of widespread cellular worsening ensued all over 
the body. An organ, specifi cally affected is liver. This happens 
mainly because of the absence of adequate nutrients to upkeep 
the normal high rate of metabolism in the liver cells, but also 
partly because of the dangerous vascular exposure of the liver 
cells to any toxic or other metabolic infl uence in jolt or stress. 
Amid the detrimental cellular effects that are known to occur 
in most body tissues lessening of active transport of sodium 
and potassium through the cell membrane is noteworthy. As an 
outcome of sodium and chloride accretion in cells, potassium 
is vanished from the cells. In addition, cells instigate to swell 
and mitochondrial bustle in the liver cells as well as in many 
other tissues of the body becomes sternly dejected. Lysosomes 
begin to split open tissues with the intracellular release 
of hydrolase that cause further intracellular deterioration. 
Cellular metabolism of nutrients such as glucose ultimately 
befi ts signifi cantly depressed in the last stages of shock. The 
accomplishments of some hormones are depressed as well, 
including as much as 200 fold depression in the action of 
insulin. All these effects contribute to further deterioration of 
many organs of the body, including the liver with depression of 
its many metabolic and detoxifi cation functions [76]. The Liver 
is the principal of intercessor metabolism and when it was 
affected, the entire physiological coordination is abnormal. 
Finally the pH of the water is very important for the normal 
growth and development of the fi shes, the acidic pH will 
affect the total physiology of the fi shes, especially the growth, 
nutritive components, metabolism, Hematology and Histology 
of the fi shes [12]; It will lead to the disappearance of the fi sh 
species [12]; Aquatic acidifi cation, both freshwater and ocean 
are the serious global issue; it will affect production of fi shes, 
the aquatic resources and aquaculture practices. 
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