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The study evaluated the effect of sub-lethal concentration of phostoxin on Clarias gariepi-
nus juveniles. C. gariepinus juveniles belonging to the same cohort (40.1+1.2g; 18.1+1.1cm)
from a commercial fish farm were randomly placed ten in each of 15 plastic tanks contai-
ning 15 liters of water. They were exposed for 96 hrs to three sub-lethal concentrations
(treatments) of phostoxin (0.125, 0.250, 0.5mg L) and a phostoxin free control. At the end
of 96 hrs exposure, they were dissected and the tissues need for histopathology removed
and fixed in Bouin’s fluid. The gill filament exhibited fusion at the secondary lamella that
was progressive with concentration. At the highest concentration of exposure, the seconda-
ry lamellae showed marked pyknotic and necrotic changes characterized by epithelia de-
tachment. The hepatic tissue showed mild inflammatory changes at lower concentrations
while at the highest concentration of exposure there was marked inflammation with ob-
served hydropic degeneration. In the kidney, an inflammatory change was only observed in
the interstices at the highest dose of exposure with the convoluted tubules showing partial
shrinkage. Phostoxin showed to have significantly caused alterations in cyto-architecture

of the gills and to a considerable extent liver and kidney of C. gariepinus.

INDEX TERMS: Histopathology, phostoxin, toxicity, organs, Clarias gariepinus, juveniles.

INTRODUCTION

Fish are exposed to various contaminants or pollutants in
the aquatic environment leading to decreased growth, alte-
rations in physiological processes and ultimately death. The-
se contaminants which are obtained from the aquatic envi-
ronment and food cover a wide spectrum of gases, chemicals
and solids. Most toxicological studies have been limited to
the effects of lethal or acute doses of these pollutants (Mar-
tinez & Souza 2002, Huertas et al. 2002, Das et al. 2004a),
whereas, subtle physiological disorders result with exposure
to sub-lethal/low doses of toxicants (Das et al. 2004b ,Varo
etal. 2007, Kori-Siakpere et al. 2011). Various workers have
reported histopathological changes in fish organs (e.g. liver,
gills, kidney, lungs etc) exposed to sub-lethal concentrations
of pollutants (Stentiford et al. 2003, Rabitto et al. 2005).
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The use of synthetic pesticides in grain storage is com-
monly practiced in the West Coast of Africa, particularly in
Nigeria. This method of grains preservation by farmers has
received strong encouragement from the government for
the purpose of achieving food security (Atta et al. 2009).
Unfortunately, most of these pesticides have shown to be of
health risk to man and the environment (Ofuya et al. 2010).
The like of Aluminium phosphide (phostoxin) commonly
called “trebor” by local farmers in Nigeria is used for the
eradication of weevils in stored grains especially in maize.
In some cases, the tablets are mistakenly ground with the
maize used as an ingredient in fish feeds and are fortuitou-
sly consumed by fish in their diets (Atta et al. 2009). Al-
though aquatic life can tolerate some measure of stress and
occasional adverse effects (Shuhaimi-Othman 2012), the
quantity of aluminum phosphide in the aquatic food chain
might be sufficient to cause changes in cyto-achitecture of
the vital organs resulting to alteration in normal body func-
tion and growth.

Phostoxin which is either in form of tablets or pellets
contains 55% aluminum phosphide as its active ingredient
and 45 % inert which is used as the carrier of the active
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ingredient. When exposed to water reacts to liberate phos-
phine gas as shown in the equation below (Gordon 1972).
Phosphine gas is by far the dominant means of controlling
pestinsects in stored grain and many other stored commo-
dities (Nath et al. 2011). The phosphine gas emitted is the
poison used to kill insect pests in grains without affecting
grain viability (Atta et al. 2009). Because phosphine gas
is highly toxic to aerobic organisms it could therefore be
of considerable health risk to aquatic life. The phosphine
gas is colorless and odorless in its pure form but, due to
the presence of substituted phosphines and diphosphines,
it has a foul odor resembling decaying fish (Chugh 1992).
Phosphine is gaseous above -88°C which allows it to dis-
perse readily during fumigation. The concentrated phos-
phine is potentially explosive in air and can autoignite at
near ambient temperatures. However, the commercial alu-
minium phosphide contains ammonium carbamate which
liberates non-flammable and inert agents to reduce fire ha-
zards (Nath etal. 2011):

AIP + 3H,0 — Al (OH), + PH,

The mechanism of cytotoxicity of aluminum phosphide
on aquatic life is not fully understood. However, in rainbow
trout, the reported acute LC,, is 4.1ug/L, indicating very
high toxicity (Leuschner 1984). Aluminum phosphide will
rapidly react to form phosphine gas which is somewhat so-
luble in water. The noxious gas which is not known to be ab-
sorbed dermally have their main routes of exposure to the
body systems through ingestion and inhalation and have
shown to be highly toxic via both routes (Degesch 1988).
The contact of the gas with the gills readily affects the se-
condary lamellar, a tender projection from the primary
lamellar having delicate epithelial lining for easy gaseous
exchange. As reported (Ayoola & Ajani 2007), the effect of
the gas on the delicate cellular membrane result to mucus
accumulation that cause hypoxia which could lead to death.
On the other hand, the ingested phosphine gas is rapidly
absorbed throughout the gastrointestinal tract, leading to
systemic toxic effects. The action is modulated through an
increase in superoxide dismutase activity and decrease in
catalase levels which result in increased formation of free
radicals and accelerated lipid peroxidation (Wahab et al.
2008). The increase in lipid peroxidation is known to cause
membrane damage and then a change in cellular ionic ba-
lance leading to cells death (Wahab et al. 2008).

Clarias gariepinus is a North Africa catfish that live in
a variety of fresh water environment including quiet wa-
ters, lakes and pools and prefer rather shallow and swampy
areas with a soft muddy substrate and calmer water . They
may also occur in fast flowing rivers and in dams (Teugels
1986). They are widely distributed to different parts of
African continent being native to streams in the Tolga oasis
in Algeria. However, their cultivation in fish farms in Euro-
pe, Asia and South America have made them wide spread
around the world (Vitule et al. 2006). In Nigeria, with an up
surge in demand for fish, there is a huge expanding popu-
lation of C. gariepinus which is the most cultivated catfish
in the country aquaculture (De Graaf & Janssen 1996). C.

gariepinus appeared most desirable because they wide-
ly tolerate extreme environmental conditions. This paper
was therefore aimed at determining the effect of sub-lethal
concentrations of Aluminum phosphide on the vital organs
of Clarias gariepinus juveniles.

MATERIALS AND METHODS

Experimental fish. Clarias gariepinus juveniles belon-
ging to the same cohort (40.1+1.2g; 18.1+1.1cm) from a
commercial fish farm were transported to zoology depart-
ment laboratory in plastic containers to static bath systems
well aerated. They were acclimatized in laboratory condi-
tion within the temperature range of 15-22°C for two we-
eks and fed a commercial diet before the commencement of
the experiment. Unconsumed feed and faeces were remo-
ved daily and water replenished regularly. The investiga-
tion was conducted in the month of November 2011.

Laboratory methods. Ten fish were randomly placed
in each of 15 plastic tanks containing 15 liters of water.

Fish were exposed for 96 hrs using a static bath system
to three sub-lethal concentrations (treatments) of phosto-
xin (0.125, 0.250, 0.5mg L) and a phostoxin free control.
The doses were determined based on probit analysis whi-
ch was conducted to determine the LC . at 96 hrs and the
value obtained was 2.75 mg L. The 20 % of the LC, value
(2.75 mg L) was used as the highest test concentration.
The rationale for using 20 % of LC, value of phostoxin as
the highest dose was to keep within the limit of sublethal
concentration. The two other doses used were a reduction
in concentration of the highest dose in a graded manner.
The half concentration of the highest dose (50 % reduc-
tion) was used as the second dose while the third dose
was 50 % reduction in concentration of the second dose.
This progressive reduction of dose in a graded manner
was to establish dose dependent effect on the study. Each
treatment was triplicated. Crushed tablets of phostoxin
were added to the water in the tanks to obtain desired tre-
atment concentrations. Fish were observed at one hour
intervals to note behavioral changes in the first 24 hrs, af-
ter which observations were made at two hour intervals.
The behavior, mortality and other external changes were
recorded.

Fish dissection. At the end of the exposure period (96
hrs), a fish each was randomly taken from the treatment
tanks, sacrificed under chloroform anaesthesia by placing
the fish in a closed glass chamber containing soaked chlo-
roform (CHcl,, 99-99.6%) in a cotton wool. They were la-
ter dissected and the gills, hepatic and renal tissues need
for histopathology were removed and fixed in Bouin’s fluid
for 7 days. The above organs were considered for histopa-
thological examination because in fish, the gill (respiratory
organ) is the first contact to toxicant while liver is equally
very susceptible to pathological changes because of its uni-
que role in detoxification of ingested toxic materials. To a
less extent, the kidney is likeable to inflammatory challen-
ges due to the role it plays in aiding the removal of detoxi-
fied waste substances.

Slide preparation. The fixed target organs in Bouin’s
fluid were removed and dehydrated in increasing concen-
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trations of alcohol: 70%, 80%, 90% and absolute alcohol
(100%). The organs were treated with acetone and then
cleared in xylene for 30 min to enhance the tissue trans-
parency, followed by impregnating and embedding in pa-
raffin wax. Each tissue was then sectioned at 5um and cle-
ared (dewaxed) for staining with haematoxylin and eosin
(Mbaka et al. 2014).

RESULTS

Gills

Gill morphology of the control group (Fig.1a) showed
primary and secondary lamellae which was typical of other
teleost fish. The lamellae were covered by squamous epi-
thelium composed of undifferentiated pavement cells.
The epithelial lining of the primary lamellar was regular
showing more than two cell layers with the chloride cells
visible which appeared more predominant at the base of
the secondary lamellar. Deep to the epithelium were blood
sinuses located in the substance of the pillar cells. Traces
of vascular channels were spotted within the muscular tis-
sue. At the lamellar core was the rigid mass of cartilaginous
tissue and around it were muscle fibres. The secondary la-
mellar was a tender projection from the primary lamellar

having delicate epithelial lining for easy gaseous exchange
while the pillar cells assist with support.

Clarias gariepinus was exposed in three different con-
centrations of phostoxin at sub-lethal levels for 96 hrs. At
the end, several pathological changes occurred which in-
creased with concentration. The main changes observed
following exposure at 0.125 mg L* (Fig. 1b) was non conti-
nuous epithelial lining especially at the more delicate res-
piratory secondary lamellar indicating signs of hyperplasia
and epithelial lesion. There was intermittent fusion at the
adjacent secondary lamellar as a result of hyperplasia. At
0.250 mg L! dose (Fig. 1c), the adjacent secondary lamellar
had become almost completely fused forming a continuous
lining as a result of more extensive hyperplasia of more de-
licate respiratory epithelium. At 0.50 mg L* (Fig.1d), the
secondary lamellae exhibited marked necrotic changes
with complete disintegration of the lamellae characterized
by accentuated epithelia lifting and detachment. There was
intense vasodilatation and many vacuoles. The pillar cells
had been altered and blood spaces expanded as a result of
the supervening distress.

Liver
A section of hepatic tissue of the control group showed

Fig.1. (a-d) Photomicrograph showing transverse section of gill filaments of Clarias gariepinus juveniles. (a) Control showing normal
appearance of gill filaments, primary lamellae (pL), secondary lamellae (sc), chloride cell (cc) and polar cell (pc). (b) Gill of exposed
at 0.125mg L!indicating mild hyperplasia with fused (fc) and un-fused secondary lamellar (vo). (c) Gill of exposed at 0.250mg L
indicating severe hyperplasia with complete fusion of secondary lamellae (fc). (d) Gill of exposed at 0. mg L showing complete di-
sintegration of secondary lamellae, epithelial lifting (ef) exposing central venous sinus (vn). Obj.40x.
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normal architecture (Fig.2a). It exhibited typical parenchy-
mal appearance though with indistinct hepatic lobules. The
polygonal shaped hepatocytes were arranged as irregular
cord-like structure separated by sinusoids. Each cord ex-
tended from the peri-lobular margin and showed normal
convergence to the central vein. The hepatic tissue after ex-
posure at the dose of 0.125mg L* (Fig.2b) showed no appa-
rent inflammation within the hepatic parenchyma. The
hepatic sinusoids were however ill defined. At the dose of
0.250mg L (Fig.2c) there was mild inflammatory changes
indicating diffuse presence of lymphocytic cells. There was
also an onset of edematous changes and vacuolation. At the
dose of 0.5mg L (Fig.2d), inflammatory changes had be-
come more apparent indicating more profound edematous
changes with the hepatic parenchyma shown to be eroded
with infiltrating leukocytes. Also observed in the parenchy-
ma were hydropic degeneration and pyknotic changes of
the hepatocytes.

Kidney

The histology of the control group showed (Fig.3a) nor-
mal architecture of the renal cortical tissue. The renal cor-
puscles appeared as rounded structure surrounded by nar-
row space, the Bowman’s space. The cortical tubules seen
in this section consisted mainly of proximal convoluted
tubules with few of the distal convoluted tubules indica-

ted. After exposure at the dose of 0.125mg L (Fig.3b) and
0.250mg L (Fig.3c) respectively no noticeable distortion
was observed. But at 0.5mg L (Fig.3d) dose, mild inflam-
matory change occurred at the interstices. The convoluted
tubules exhibited partial shrinkage with a coalesced space
around.

DISCUSSION

Fishes are prone to various toxic challenges as these subs-
tances are freely disposed into the streams and rivers not
considering their deleterious effect on aquatic life. (Jiraun-
gkoorskul et al. 2002). Fish species are most sensitive to
aquatic pollutants during their early life stages. It has been
reported that when water quality is affected by toxicants,
physiological changes occur which are reflected in beha-
vioral changes and swimming activity of fish (Heath 1991,
Adeyemo et al. 2004). In this study, severe abnormal beha-
vior was observed such as incessant jumping and gulping of
air, restlessness, loss of equilibrium, increase in opercular
activity, sudden quick movement and occasional motion-
lessness at the bottom of the bath. This finding was in agre-
ement with similar behavior observed in Clarias gariepinus
exposed to certain pesticides (Omoniyi et al. 2002, Rahman
et al. 2002). The stressful and erratic behavior of C. garie-
pinus indicated respiratory distress believed to have been
caused by the undesirable effect of phostoxin on the gills.

Fig.2. (a-d) Photomicrograph showing transverse section of hepatic tissue of Clarias gariepinus juveniles. (a) Control showing normal
parenchyma indicating hepatocytes (h) and central vein (cv). (b) Exposure at 0.125 mg L* showing normal hepatocytes (h). (c) Hepa-
tic tissue exposure at 0.250mg L indicating slight leukocytes infiltration. (d) Exposure at 0.5mg L indicating severe inflammatory

changes with hydropic degeneration (hp). Obj.40x.
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Fig.3. (a-d) Photomicrograph of transverse section of the renal tissue of Clarias gariepinus juveniles. (a) Control showing renal corpus-
cles (n), the Bowman’s space (s) and the convoluted tubules (t). (b) Exposure at 0.125mg L showing convoluted tubules (t). (c)
Exposure at 0.250mg L indicating convoluted tubules (t). (d) Exposure at 0.5mg L showing mild inflammatory changes at the
interstices with the convoluted tubules showing partial shrinkage surrounded by coalesced spaces (sc). Obj.40x.

Histopathological changes have been widely used as
biomarkers in evaluating the health of fish exposed to con-
taminants, both in the laboratory (Thophon et al. 2003)
and in the field studies (Hinton et al. 1992, Teh et al. 1997).
Juveniles of C. gariepinus of same cohort showed progres-
sive pathological changes in their vital organs such as the
gills and liver when stressed at three different sub-lethal
concentrations of phostoxin. At the lowest dose of expo-
sure, the gills showed mild hyperplasia with intermittent
fusion at the secondary lamellar indicating inflammatory
changes. There was also an indication of increased mu-
cus secretion which has been reported in phosphine gas
toxicity to fish (Ayoola & Ajani 2007). When the dose was
doubled (0.250 mgL?), there was severe hyperplasia with
nearly complete fusion of secondary lamellar. Lamellar fu-
sion is seen as normal occurrence when fishes are exposed
to toxic agents in water (Nowak 1992, Olurin et al. 2006).
The reaction could be explained as adaptogenic which may
be to minimize surface area contact to toxic agent or body
changes in response to irritant substance. The increase in
thickness of epithelial layers and fusion of adjacent secon-
dary lamellae would not only decrease the surface area
available for oxygen extraction but would also increase the
oxygen diffusion distance between water and blood (Ski-
dmore & Tovell 1972). Although this may have served as
a protective effect against the noxious agent, it is however
an impediment to respiratory process. At the highest dose
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of sub-lethal concentration of phostoxin exposure, there
was complete disintegration of secondary lamellae, incre-
ased vacuolation, accentuated lamellae epithelia lifting and
epithelia detachment as well as tissue hypoxia and arterial
rupture due to the supervening respiratory distress. Accor-
ding to an earlier report, phosphine gas on exposure to fish
causes an accelerated lipid peroxidation known to cause
membrane damage (Wahab et al. 2008).

In toxic environments, the hepatic tissue is usually a pri-
me target because of its unique role in detoxification pro-
cess. Fish liver, however, has been reported not to show the
diversity of pathological changes seen in higher animals on
the account of lack of kuppfer cells in the hepatic sinusoids
(Ellis et al. 1976). Nevertheless, its susceptibility to a num-
ber of toxic and consequential metabolic disturbances has
been highlighted (Jiraungkoorskul et al. 2003, Olojo et al.
2005, Mobarak & Sharaf 2011). At the lowest dose of the
sub-lethal concentration, there were no traces of inflam-
matory changes although the sinusoids were ill defined.
At increased concentration (0.250mg L) there were signs
of leukocytes infiltration and increased vacuolation which
were manifestation of inflammatory changes. Inflamma-
tory response is seen as the basic protective response to
tissue damage and it may be considered as the product of
series of changes that takes place following injury. At the
highest concentration (0.5mg L) of exposure, more severe
inflammatory changes occurred that include hydropic de-
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generation and pyknotic changes of hepatocytes. The hepa-
tocytes appeared disarranged while the hepatic sinusoids
were no longer outlined. It has been established that fish
exposed to toxicants exhibit increase in hepatic vacuoli-
zation (Coimbra et al. 2007, Fiuza et al. 2009, Mobarak &
Sharaf, 2011). The increase in vacuolation could have been
as a result of imbalance between the rate of synthesis of
substances and the rate of release to systemic circulation
(Ginerich 1982, Jiraungkoorskul et al. 2002). Pyknosis and
karyolysis have been reported in cases of severe poisoning.

The glomerular complex is vital to renal filtration and
therefore its lesion would lead to impaired renal function.
In this case, no lesion was observed in the kidney after ex-
posure to phostoxin at 0.125mg L*and 0.250mg L dosages
respectively while mild inflammatory changes occurred in
the interstices at the highest dose of exposure particularly
with the shrinkage of convoluted tubules. The sub-lethal
concentration of phostoxin used and the duration of expo-
sure may have accounted for less effect of the toxicant on
the kidney. It could also be viewed in the context that the
organ was not the first contact to the toxicant. More often
ingested toxic substances are detoxified in the liver and
before it can reach potentially toxic level to have affected
other internal organs like the kidney, it would have caused
extensive damage to the liver. Damage to kidney has been
observed following fish exposure to toxicants (Jiraungko-
orskul et al. 2003).

CONCLUSIONS

The sub-lethal concentrations of phostoxin exhibited
wide spectrum of histopathological changes on Clarias
gariepinus in which significant alterations occurred in the
tissue morphology and in the cyto-architecture of the gills
and to a considerable extent liver and kidney of the expo-
sed fingerlings.

In the light of the fact that marked deleterious effect oc-
curred at the sub-lethal doses, phostoxin should therefore
be used with serious precaution.
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