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SUMMARY

This study evaluated the effect of vitamins
with antioxidant activity on the effect of
Dichlorvos (2, 2-dichlorovinyl dimethyl phos-
phate), an organophosphorus compound used
in pest control on mammalian organs.
Literature is scanty on the histopathological
effects of inhalationally administered dichlor-
vos, especially of the formulations used in
Nigeria. The objective of the study is to eval-
uate these effects on vital organs, with a view
to proffering solutions to ameliorate the
effects.

Fifty Wistar male rats were divided into 10
groups of 5 rats each. A group served as con-
trol, while the other groups were exposed to
dichlorvos for between 1-6 weeks in a poorly
ventilated compartment. The last three
groups in addition to dichlorvos exposure
received supplementation with vitamin C, E
or red palm oil (RPO). Exposure to dichlorvos
was done for 4 hours daily. At completion of
exposure, animal tissue was processed by the
routine method for paraffin wax and stained
sections were examined under the light micro-
scope.

Correspondence to:

Histopathological studies of the lung
showed extension in the width of bronchial
associated lymphoid tissue (BALT), mild gen-
eralized congestion of the peri-bronchiolar
and inter-alveolar septum as compared with
the control. These observations were much
reduced in the vitamin-treated groups.
Similarly, histopathological studies of the
liver showed diffuse vacuolar degeneration of
hepatocytes with peri-portal cellular infiltra-
tion by mononuclear cells, vacuolar degenera-
tion and necrosis of hepatocytes when com-
pared with the normal. These changes were
significantly reduced in the vitamin-supple-
mented groups.

In conclusion, inhalationally absorbed
dichlorvos caused histopathological changes
in the lung and liver of rats, but these were
ameliorated by co-treatment with vitamin
supplementation. The changes provide the
histological basis for further work and coun-
selling on careful use of dichlorvos for domes-
tic and agriculture, especially in enclosed
areas.
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INTRODUCTION

In Nigeria, dichlorvos (2, 2 dichlorovinyl
dimethyl phosphate), is used as a household
and agricultural pesticide traded under names
such as Nuwwvan, Sniper and Ota-piapia.
Dichlorvos is used to control insects on crops,
household, and stored products, and also to
treat external parasitic infections in farmed
fish, livestock, and domestic animals (Erdogan
et al., 2007). Ota-piapia is particularly popular
in Southern Nigeria, where it is commonly
hawked around and used for agricultural and
domestic purposes to kill various forms of
insects and to protect stored products from
insects. Musa et al., (2010) had reported that
dichlorvos, a volatile organophosphate was the
preponderant active pesticide ingredient in
the local formulation of Ota-piapia from this
region. Its popularity, acceptance, and wide-
spread proliferation in Nigeria has been due
solely to its cheap production, efficacy, acces-
sibility, and affordability (Essiet, 2009).
Dichlorvos (DDVP) has been in use since the
early 1960s and has been the subject of many
toxicity studies and review articles (Durkin
and Follansbee, 2004). Dichlorvos is rapidly
absorbed through the gastrointestinal and res-
piratory tracts and skin, it enters human sys-
tem via inhalation, dermal, and oral routes,
and it is metabolized by the liver and excreted
by the kidney (Durkin and Follansbee, 2004;
CERI, 2007). The mechanism of action for the
organophosphates is mainly by blocking of
acetylcholinesterase — an enzyme which
decomposes acetylcholine (Lewalter and
Korallus, 1986; Harlin and Dellinger, 1993).
Being an acetylcholinesterase inhibitor, its
overdose symptoms include weakness,
headache, tightness in chest, blurred vision,
salivation, sweating, nausea, vomiting, diar-
rhea, respiratory failure, and abdominal
cramps (CEPA, 1996). It is mainly metabo-
lized by esterase to dimethyl phosphate and
dichloroacetaldehyde. Dimethyl phosphate is
excreted in the urine, while dichloroacetalde-
hyde is rapidly metabolized via two pathways
to dichloroethanol glucuronide, hippuric acid,
urea and carbon dioxide, and excreted in the
urine and expiration (CERI, 2007).

Studies support a role for reactive oxygen
species (ROS) in the mechanism of dichlorvos
toxicity (Sharma and Singh, 2012). Excessive
generation of ROS causes irreversible impair-
ment of DNA and damage to membrane
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lipids during the production of malondialde-
hyde (Chan et al., 1991; Block et al., 2002;
Gawel et al., 2004; Farombi et al., 2008;
Arinola et al., 2011). Chan et al. (1991)
reported that dichlorvos induced different
types of neoplasms namely: adenomas of the
exocrine  pancreas, mononuclear  cell
leukaemia, and squamous cell papilloma of
the forestomach in male and female Fischer
rats and B6C3F1 mice. Fibroadenomas were
also developed by in the mammary gland in
female mice. Dichlorvos was similarly report-
ed to damage DNA of insects in museum col-
lections (Espeland et al., 2010). Previous stud-
ies also reported the toxicity of dichlorvos
after oral or dermal administration on animal
tissue (Luty et al., 1998; Desi and
Nagymajtenyi, 1998), while literature regard-
ing the effects of vitamin supplementation for
the inhalational effect is scanty in this envi-
ronment, and hence the need for this study. It
was established that free radical generation
was the basis of the toxicity of dichlorvos (Hai
et al., 1997; Prakasam et al., 2001; Hsu et al.,
2001; Sharma and Singh, 2012), the effect of
antioxidants like ascorbic acid (vitamin C),
alpha-tocopherol (vitamin E), and vitamin A
as present in red palm oil (RPO) on the
dichlorvos-treated rats will be evaluated. The
study should answer the research question: can
vitamin supplementation modify the histo-
logical alteration elicited by inhalational
dichlorvos-induced toxicity in organs of
Wistar rats?

MATERIALS AND METHODS

Experimental animals and treatments

This study was carried out using 50 eight
week-old Wistar male rats (70.05 + 6.25 g)
procured from the Animal House of the
Physiology Department, University of Ibadan,
Nigeria. The animals were acclimatized to
laboratory room conditions (12 hours dark —
light period) for 2 weeks before being ran-
domized into 10 groups of 5 rats per group as
follows: unexposed group, six groups exposed
to dichlorvos for 1 week, 2 weeks, 3 weeks, 4
weeks, 5 weeks and 6 weeks in a poorly venti-
lated compartment. Other groups were rats
supplemented with either vitamin C (106
mg/kg body weight per oram per day), vita-
min E (1.25 g/kg feed per day) or RPO (2
mL/25 g feed per day) daily in addition to
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exposure to Dichlorvos21 for 5 weeks as

detailed in Table 1.

Table 1. Grouping and treatment of experimental animals.

Groups Treatment

1 Control: inhalation of room air for 4 hours/day for 1 week
Dichlorvos inhalation for 4 hours/day for 1 week
Dichlorvos inhalation for 4 hours/day for 2 weeks
Dichlorvos inhalation for 4 hours/day for 3 weeks
Dichlorvos inhalation for 4 hours/day for 4 weeks
Dichlorvos inhalation for 4 hours/day for 5 weeks
Dichlorvos inhalation for 4 hours/day for 6 weeks

[o NN e NV IRV N}

Dichlorvos inhalation for 4 hours/day + Vitamin C for 5 weeks
9 Dichlorvos inhalation for 4 hours/day + Vitamin E for 5 weeks
10 Dichlorvos inhalation for 4 hours/day + RPO for 5 weeks

RPO = red palm oil.

The rats were fed with rat chow and water
ad libitum. Dichlorvos (1000 mg/L) was pur-
chased from an agrochemical shop in Ibadan,
Nigeria, and then prepared in a dilution of 1:1
as recommended by the manufacturer (Hubei

Samonda Co. Ltd, China), i.e. 50 ml of
dichlorvos was mixed with 50 ml of clean
water. This preparation in a container was
placed in a poorly ventilated compartment
(carton with only one of the upper two lids
partially opened). The rats’ exposure to
dichlorvos was done for 4 hours daily by the
inhalational method by placing them into the
cartons containing the preparation for the
stated duration.

Sample collection and histological preparation

At completion of exposure, animals were
anaesthetized with Ketamine anaesthesia (10
mg/kg intraperitoneally). Thereafter, the liver
and lungs of each animal were removed and
fixed in 10% formalin, then dehydrated with
grades of ethanol (70, 80, 90, 95 and 100%).
Dehydration was then followed by clearing the
samples in 2 changes of xylene. Samples were
then impregnated with 2 changes of molten
paraffin wax, then embedded and blocked out.

Fig. 1. Representative photomicrographs of lung of rats: A (control), B (exposed to dichlorvos for 1 week), C (exposed to dichlorvos for 4
weeks), D (exposed to dichlorvos for 5 weeks). H&E x 240. BALT — bronchial associated lymphoid tissue. Note the extensive BALT in B, C,

and D. Tb — terminal bronchiole, Sm — smooth muscle, E — epithelium.
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Fig. 2. Representative photomicrographs of lung of rats exposed to dichlorvos for 5 weeks. A (dichlorvos + Vit. C), B (dichlorvos + Vit. E),
C (dichlorvos + RPO). H&E x 240. BALT — bronchial associated lymphoid tissue. Note the reduction in size of BALT in the vitamin - treated
groups, viz. C, D, E when compared with the dichlorvos only groups in Fig. 1. RPO — red palm oil.

Paraffin sections (5-6 pm) thick transverse sec-
tions of the liver and the lung were cut using a
rotary microtome and mounted on glass slides.
The slides were stained with haematoxylin and
eosin (H&E) according to Bancroft and
Gamble, (2008). Stained sections of control
and treated rats were examined under the light
microscope (Olympus CH Japan) for alter-
ations in the architecture of the lung, and that
of the liver especially the portal tracts, hepato-
cytes, sinusoids, and for the presence of degen-
eration, necrosis, and portal fibrosis.
Photomicrographs were taken with Sony DSC
— W 30 Cyber — shot. All experiments were
conducted in accordance with the guidelines
approved by the University of Ibadan Ethical
Committee.

RESULTS

(1) Microscopic anatonry of the lung

The microanatomy of the lung of control
rats is shown in Fig. 1A. This photomicro-
graph shows a terminal bronchiole with the
epithelium and the underlying strip of smooth
muscle, in addition to the respiratory bronchi-
ole, alveolar ducts, alveolar sacs and numerous
alveoli separated by alveolar septum. This
architecture was altered by the observation of
an extension in the width of bronchial associ-
ated lymphoid tissue (BALT), in rats exposed
to dichlorvos for 1 week (Fig. 1B) as compared
with control rats which showed a normal
structure (Fig. 1A). Similarly, there was a
large prominent BALT observed in rats
exposed for 4 and 5 weeks (Figs. 1C, 1D).
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Fig. 3. Representative photomicrograph of liver of rats exposed to dichlorvos for 1, 2, 3 weeks. A (control), B (1 week exposure), C (2 weeks
exposure), D (3 weeks exposure). H&E x 240. Periportal cellular infiltration (ppci), blurring of the trabecular structure of liver (b), loss of

hepatocyte outline (lho) were observed.

These changes were reduced to near normal in
the rats treated with vitamin supplements
containing antioxidants as shown by the rep-
resentative slides of the vitamin C- treated
(Fig. 2A), vitamin E-treated (Fig. 2B), and the
red-palm-oil-treated group (Fig. 2C) when
compared to the dichlorvos-treated animals of
Figs. 1B, 1C, 1D.

(i1) Microscopic anatomy of the liver

The liver of control rats (Figs. 3A, S5A)
showed a normal structure with hexagonal lob-
ules, central veins and peripheral triads
embedded in connective tissue. The hepato-
cytes are arranged in trabecules running radial-
ly from the central vein and are separated by
sinusoids, and each of the hepatocytes contains
a large spheroidal nucleus. This microanatom-
ical structure was altered as shown by the pres-
ence of the liver showing diffuse vacuolar
degeneration of hepatocytes with necrotic

hepatocytes as well as moderate peri-portal cel-
lular infiltration by mononuclear cells in rats
exposed for 1 week (Fig. 3B) when compared
with the control (Figs. 3A, SA). There was a
moderate to severe vacuolar degeneration and
necrosis of hepatocytes (diffuse) in rats exposed
for 2 weeks (Fig. 3C), while rats treated for 3
weeks showed loss of hepatocyte outline (Fig.
3D). In rats treated with dichlorvos for 4
weeks, the microanatomical alterations includ-
ed: portal triads and vessels which were com-
pletely obscured and appeared circumscribed
by fibrous connective tissue, necrotic plaques,
periportal cellular infiltration, and diffuse
necrosis as shown in Figs. 4A-4E). These
histopathological changes were mitigated by
rats treated with vitamin-supplementation as
shown in (Fig. 5B) vitamins C, (Fig. 5C) vita-
min E, and (Fig. 5D), RPO despite their con-
current exposure to dichlorvos.
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Fig. 4. Representative photomicrographs of liver of rats exposed to dichlorvos for 4 weeks. A, B, C, and D shows varying degrees of anato-
mical alterations ranging from vacuolar degeneration (vd) of hepatocytes, diffuse necrosis (nec), necrotic plaques (np), circumscribed fibrous
connective tissue (cfct), diffused fibrous connective tissue (dfct), and periportal cellular infiltration (ppci). H & E x 240.

Discussion

We observed the alteration in the
microanatomy of the lungs as showed by the
extension in the width of bronchial-associated
lymphoid tissue (BALT) in rats exposed to
dichlorvos through the inhalational route in
our study. This did not agree with the obser-
vations in the lungs of rats treated with der-
mal absorption of dichlorvos for 4 weeks by
Luty et al. (1998). The group reported the
development of the widening of the intracel-
lular septa with histiocytes of foamy as well as
hyperemic foci of interalveolar septa and

extravasation to the lumen of lung alveoli in
their study. The difference in the route of
administration of dichlorvos might be respon-
sible for this observed difference in our find-
ings if compared with theirs. Nor did our
findings agree with that of Blair et al. (1976),
who in a similar inhalational study, reported
that light microscopic examinations of the res-
piratory tract showed minor lungs changes
that could not be correlated with exposure to
dichlorvos. The increase in the amount of the
lymphocytic reaction to the inhaled dichlor-
vos in our study is an indication of the meas-
ure of the integrity of the immune system'’s
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Fig. 5. Representative photomicrograph of liver of rats exposed to dichlorvos for 5 weeks. A (control), B (dichlorvos only), C (dichlorvos +
Vit. C), D (dichlorvos + Vit. E), (dichlorvos + RPO). H&E x 240. Necrotic plaques, circumscribed fibrous connective tissue (cfct), diffused
fibrous connective tissue (dfct), and periportal cellular infiltration (ppci) are absent. RPO — red palm oil.

response in these rats to the absorption of this
volatile organophosphate.

Our report of alteration in the microanato-
my of the liver of rats, showing the massive
necrosis of hepatocytes with their replacement
with fibrous tissue thus distorting the archi-
tecture of the portal tracts is an evidence of
dichlorvos toxicity. Our findings was howev-
er, quite different from the reports of Luty et
al. (1998), who reported an increase in the
porosity of the cytoplasm in subcapsular hepa-
tocytes at light microscopic level. While the
difference in the route of absorption might be
different in both studies, it would be expected
that, since organophosphates are generally
metabolized by the liver, the findings would
be similar, which was not the case in our
study. Dichlorvos pesticide causes toxicity in
animals and humans (Sharma and Singh,
2012). Any toxic substance entering the body,
like dichlorvos, would undergo biochemical
transformation in the liver where it is detoxi-

fied by being metabolized. Overloading of the
detoxification pathways leads to a build-up of
toxins in the body leading to higher levels of
free radicals, excess of which may damage the
liver cells (Carbot, 2003). Functionally, the
liver can be divided into three zones, based
upon oxygen supply: the periportal (zone 1)
hepatocytes of the hepatic acinus encircles the
portal tracts where the oxygenated blood from
hepatic arteries enter and are therefore more
susceptible to the effects of blood-borne toxins
than the midzonal (zone 2) hepatocytes and
centrilobular (zone 3) hepatocytes similar to
the distribution of iron in iron-overload
(Ozgiiner and Sayin, 2002). The arrival of any
toxic product like dichlorvos at the portal tri-
ads and the effect of its toxicity and its dam-
aging effect will, expectedly, be more pro-
nounced in zone 1 of the liver acinus (Brzoska
et al., 2003). This might explain the pro-
nounced effect observed in Figures 4A-4E.
The effect should reduce towards the central
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vein in zones 3 is located around central veins,
where oxygenation is poor, but in this study,
the other zones were not spared.

Dichlorvos is readily absorbed into the
body of mammals via all routes of exposure,
where it is rapidly metabolized and eliminat-
ed (Durkin and Follansbee, 2004). The nature
and magnitude of the toxic effects produced
by a given exposure to dichlorvos by any route
are directly related to the dose and rate at
which the exposure occurs, It may be safe to
assume that the actual dose of dichlorvos in
these local preparations are relatively high,
hence the pronounced effect of the toxicity on
the liver. The induced histological alterations
in the liver of rats by dichlorvos might be an
indication of injured hepatocytes due to its
toxicity and also that of the liver’s inability to
deal with the accumulated residues resulting
from its metabolic products (Abdelhalim and
Jarrar, 2012). The appearance of hepatocytes
degeneration and destruction leading to
necrosis may be due to the generation of reac-
tive oxygen species (ROS) generation by
dichlorvos (Sharma and Singh, 2012), which
in turn might have induced oxidative stress in
the hepatocytes causing them to undergo
Necrosis.

The near reversal to normal histological
features in the lungs and liver of rats treated
with antioxidant-containing vitamin supple-
ments as shown by the representative slides of
the vitamin treated groups suggest that
antioxidants actively reduced the reported
oxidative damage caused by free radical gener-
ation by organophosphate toxicity (Prakasami
etal., 2001; Hsu et al., 2001; Hai et al., 1997,
Xiaolan et al., 2010). It is conceivable that the
microanatomical alterations observed in the
lungs and liver of the exposed rats was due to
the toxicity induced by dichlorvos administra-
tion (Sharma and Singh, 2012). The antioxi-
dant capacity of the vitamins co-administered
with dichlorvos has been clearly demonstrated
by the mitigation of the damage observed in
the lungs and liver of these animals. It is,
however, worthwhile to note that the effect of
dichlorvos was more deleterious on the liver
(the organ of its metabolism) than the lung
(the organ of its absorption), despite same
duration of exposure.

We conclude from this study that inhala-
tionally absorbed dichlorvos caused demon-
strable histopathological changes in liver than
in lungs of rats which were ameliorated with
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antioxidant containing vitamin supplementa-
tion. However, more histomorphological, bio-
medical, histochemical and ultrastructural
investigations are needed to correlate these
findings with the potential threat posed by
the continuous exposure to dichlorvos as an
insecticide used in pest control, especially in
enclosed areas.
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