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Abstract

The toxicity of zinc phosphide-based rodenticide formulated and sold in Nigeria was investigated. Preliminary
toxicity study was conducted using 24 rats and based results a dosage of zinc phosphide-based rodenticides 1 g to
200 g feed was adopted for this study. A further batch of 30 albino rats was procured for the main study. The rats were
observed for period of 3 and 6 hours. At the end of the time interval, the animals were euthanized under chloroform
anesthesia, blood samples were collected into sterile ethylene diaminetetraacetic acid and heparin sample bottles.
Kidney and liver organs were collected and stored in 40% formaldehyde. Biochemical parameters, ALT, AST, Creatinine,
urea, uric acid and potassium concentrations were enhanced 3 and 6 hours after administration of the rodenticide to the
albino rats. There were also elevations for total WBC and PLT values. The enhancement of most of the biochemical and
hematological parameters investigated suggest the possible failures of several organs of the rats studied. Histological
slides indicated breakdown of cellular matrix compared to the slide obtained for the control. Also, there was congestion
of liver sinusoids. The sinusoidal congestion found after 6 hours of ZP administration in this study may be the reason for

the markedly elevated ALT and AST levels.
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Introduction

Rodenticides are pesticides that are capable of acting primarily on
rodents such as rats and mice [1,2]. The risk of exposure of rodenticides
to human subjects can be minimized if they are kept at designated bait
stations. In most developing countries these substances are formulated
with little or no regulation and applied indiscriminately. Also, most of
the pesticides sold in developing countries lack information such as
the active ingredients, mode of action, symptoms to be expected in an
exposed individual, as well as steps to be taken as first aid measures after
an accidental exposure. Most phosphide rodenticides present us with
risk of both primary and secondary poisoning due to the phosphine
gas [3]. Zinc phoshide, Zn,P, has been mentioned in many pesticide
poisoning cases [4-7]. The potency of Zinc Phospide is due to its highly
poisoning phosphine gas [8]. In animal exposure, zinc phosphide is
either inhaled or ingested. Some workers have suggested it blocks
enzyme and protein synthesis [8,9]. Animals with relatively constant
release of gastric acid such as rats are at greater risk than animal such
as dogs whose gastric acid are released following ingestion of food [10].
Early signs of exposure may include loss of appetite, nausea, vomiting,
abdominal pain, restlessness palpitation, pulmonary edema, cyanosis,
hypotension, shock, cardiac arrhythmias and hypoglycemia [8]. Few
authors have suggested that phosphides are damaging particularly
to organs such as lungs, brains, heart liver and kidney [4,10]. Data
on the mechanism of toxicity of zinc phoshide and its clinical effects
are limited. Presently there is no known antidote for zinc phoshide
poisoning. It has also been suggested that the toxicity of pesticides is
dependent on formulation, exposure scenario and species. There is
therefore need to study the toxicity of zinc phoshide using animals that
mimics humans in their digestive tract physiology and chemistry. This
study aims to study the biochemical and histopathological effects of a
locally formulated zinc phosphide based rodenticides on albino rats.

Materials and Methods

A 100% survival of test animals was necessary for the study;
therefore, an acute toxicity study was carried out to determine the

level of tolerance to each test substance. A total of 24 healthy looking
albino rats were procured from the local market. The time taken for
each rodenticide to kill a rodent was obtained using different ratio of
poison to commercially available feed. The animals were divided into
two groups, the Control group 12 rats feed with undosed feed, the
Zinc phosphide (ZP) group 12 rats feed with 3 different homogenized
ratios of ZP poison and feed. The preliminary toxicity study indicated
the maximum survival time, as 6 hours. The preliminary toxicity
study indicated the maximum survival time, as 6 hours. Based on the
information obtained from the acute toxicity study, a further batch of
30 albino rats were procured for the main study. Only one homogenized
ratio of feed of the poison was used. The rats were observed for period
of 3 and 6 hours. At the end of the time interval, the animals were
euthanized under chloroform anesthesia, blood samples were collected
into sterile ethylene diaminetetraacetic acid and heparin sample bottles.
Kidney and liver organs were collected and stored in 40% formaldehyde.

Biochemical parameters were analyzed following standard
procedures to measure the concentration of Alanine amino tranaminase
(ALT), Aspartate amino transaminase (AST), urea creatinine, uric acid,
sodium and potassium ions to ascertain kidney and liver functions.
Haematological parameters such as haemoglobin (Hb), total white
blood cells (WBC) and differential white blood cells (Neutrophils,
Lymphocytes, Monocytes, Eosinophils and Basophils) and platelets
(PLT) were also analyzed following standard procedures. Liver and
kidney organs were analysed following standard procedures for tissue
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processing. The slides were stained with Haematoxylin-Eosin stain and
their pictograph X400 magifications were obtained.

Results

The results of 100% survival of test animals following acute toxicity,
to determine the level of tolerance to the test substance are listed
in Table 1. Results of the biochemical parameters, ALT, AST, urea,
creatinine, uric acid, sodium and potassium ions are provided in Table
2. Haematological parameters such, Hb, WBC, PLT and differential
white blood cells (Neutrophils, Lymphocytes, Monocytes, Eosinophils
and Basophils) and are provided in Table 3.

Discussion
Acute toxicity study

After three hours of oral ingestion the poison-feed ratios of 1:35
w/w), 1:70 (w/w) and 1:140 (w/w) indicated 1, 1, 0 deaths, respectively
Table 1). After six hours of oral ingestion the poison-feed ratios of 1:35
w/w), 1:70 (w/w) and 1:140 (w/w) indicated 3 deaths, for all dosages
Table 1). The fourth rat for 1: 140 (w/w) dosages died 24 hours after
exposure to the poison (Table 1). Following the acute toxicity test a
dosage 1 g poison: 200 g feed was adopted for the subsequent studies.

—~ o~ o~ o~

Biochemical parameters

There were enhancements in ALT and AST (Table 2). The
concentrations of ALT and AST at 3 and 6 hours treatments were
significantly different at p<0.05 when compared with control. This may
be due to severe cellular membrane damage and subsequent release
of ALT and AST into the peripheral circulation. The enhancements
of ALT and AST after the administration of Zp are consistent with
previous observations by Singh et al. [11] and Frangides et al. [12].
Creatinine and urea concentration for 3 hours and 6 hours treatments
also indicated elevations which may be due to cellular hypoxia resulting
in acute kidney damage. The uric acid concentrations for 3 hours and
6 hours treatment indicated progressive increase when compared
with control at p<0.05. Significant increase was observed in potassium
concentration of the 6 hours treatment which was significant when
compared with the control value. Potassium is the most abundant
intracellular cation, so following severe cellular breakdown, levels may
become elevated in the extracellular fluid. According to Proudfoot, [13]
in the case of human poisoning, there may be significant hypokalemia
(reduced blood potassium) because ZP induces vomiting. However, rats
do not have vomit reflex. These biochemical findings in ZP rodenticide
are in agreement with those of Dogan et al. [4].

Treatments 3 hrs 6 hrs 12 hrs 24 hrs
1g p: 35 dof 1 3

1g p: 70 of 1 3

1g p: 140 of - 3 1

Table 1: Maximum surviving time for ZP treated rats in the acute toxicity test.

Groups ALT AST Creat
u/L u/L umol/L
CTRL 60.0 + 0.00 298.4 +29.8 33.6+49
3 Hrs 101.1£133 464.7 £121.2 426 +9.9
6 Hrs 117.0+£9.0 627.4 +80.8 62.2+10.1

Hematological parameters

The ZP rodenticide treated rats had reductions in Hb
concentrations in the first 3 hours (Table 3). This finding may be due
to an acute haemolytic episode following ZP ingestion. This suggestion
is in agreement with those of Singh et al. [11] where they indicated
occurrence of microangiopathic haemolytic anaemia (MAHA) in a
patient who ingested aluminium phosphide. Hb values in 6 hours
indicated a reversal from those of 3 hours treatment. This finding may
be due to normal physiological response leading to increased red cell
release into the peripheral circulation. Total WBC values also indicated
an increase in 3 hours and 6 hours treatments. This elevation may
be due to ZP infiltration into the tissues and a normal physiological
response of the white blood cell mechanism as first line of defense
against foreign substances. This finding is in agreement with those of
Signh and Khurana [11] where they indicated WBC infiltration which
they suggested to be due to cellular hypoxia. There were also increases
in the PLT values for the 3 hours and 6 hours treatment. This increase
was considered significant at p<0.05 when compared with control
values. The elevation of PLT may be due to a possibility of disseminated
intravascular coagulopathy (DIC). DIC is said to be one of the leading
causes of thrombocytopenia [14]. This finding is in agreement with
that of Rhaman et al. [15] where they observed in their study that ZP
rodenticide induced DIC and thrombocytopenia. Increases were noted
in the neutrophil count for the 6 hours treatment which may be due to
increase in phagocytic activity following stress and hemolytic anaemia
induced by the toxic effect of ZP (Figure 1).

Histological parameters

Liver examination of ZP group in 3 hours (Figure 2a) indicates
breakdown of cellular matrix compared to the slide obtained for the
control (Figure 1). This may be due to the nucleophilic nature of
phosphine gas. It may also be the reason why there were increases in
ALT and AST activities as noted in the biochemical results (Table 2).
The cellular encroachment of portal tract may be the hallmark of an
inflammatory response. In the 6 hours study, there was congestion
of liver sinusoids and accumulation of cells in the liver which may be
suggestive of cellular hypoxia (Figure 2b). This finding is in agreement
with those of Rhaman et al. [15]. where they noted liver congestion,
necrosis and hemorrhagic points alongside inflammation of the kidneys.
Seleki et al. [16] also suggested that the main histological changes found
after exposure to chemical poison were fine cytoplasmic vacoulation
of hepatocytes and sinusoidal congestion. The sinusoidal congestion
found after 6 hours of ZP administration in this study may be the reason
for the markedly elevated ALT and AST level as indicated in Table 2.
Another histological study by Mehmet et al. [17] observed that more
than 50% of their human patients had congestion and the rest had both
congestion and necrosis.

Conclusion

Biochemical parameters, ALT, AST, Creatinine, urea, uric acid
and potassium concentrations were enhanced 3 and 6 hours after
administration of the zinc phosphide-based rodenticide to the albino

Uric Urea Sodium Potassium
umol/L mmol/L mmol/L mmol/L
158.7 + 34.2 6.5+0.3 146 +5.3 5.1+0.85
2442 +21.8 74104 144 +3.0 6.3+0.76
270.3+8.8 6.2+0.2 148+ 3.5 7.5+0.65

CTRL- Control; Creat- Creatinine; ALT- Alanine amino transaminase; AST- Aspartate amino transaminase

Table 2: Mean values of biochemical parameters for Control, zinc phosphide exposed rats.
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Groups NEU LYM MON EOS BAS Hb wBC PLT
% Mean g/dL 10°/L 10°/L
CTRL 30.7+3.7 59.9+1.8 9.0+1.6 1.0+0.2 04+0.1 14.1+£0.9 49+0.6 404 £ 11.5
3 Hrs 223+19 64.5+6.0 8.8+1.1 0.8+0.1 0.9+0.1 12.8+0.7 53+1.1 231+16.0
6 Hrs 40317 53.5+1.5 41+01 1.8+0.3 04+0.2 14114 6.0+1.0 257 +11.5

CTRL- Control; NEU- Neutrophils; LYM- Lymphocytes; MON- Monocytes; EOS- Eosinophils; BAS- Basophils; Hb- Hemoglobin; WBC- Total white blood cells; PLT- Platelets
Table 3: Haematological parameters for Control and Zinc Posphide.

Figure 2a: Photographic micrograph of liver organ of Zinc phosphide exposed group after 3 hrs. H and E. X400 magnification.
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Figure 1: Shows Photographic micrograph of liver organ in the control group. H and E. X400 magnification.
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Figure 2b: Photographic micrograph of liver organ of Zinc phosphide exposed group after 6 hrs. H and E. X400 magnification.
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rats. There were also elevations for total WBC and PLT values,
following 3 hours and 6 hours after treatment of the albino rats with
zinc phosphide-based rodenticide. The enhancement of most of
the biochemical and hematological parameters investigated suggest
the possible failures of several organs of the rats studied. Consistent
with our suggestions of possible organs malfunction, our histological
slides indicated breakdown of cellular matrix compared to the slide
obtained for the control. Also, there was congestion of liver sinusoids.
The sinusoidal congestion found after 6 hours of ZP administration in
this study may be the reason for the markedly elevated ALT and AST
levels. Based on the data obtained from this study it may be possible
speculate the possible mechanism and toxicity of the zinc phosphide-
based rodenticides formulated and sold in Nigeria. It may however, be
over conservative to directly extrapolate our finding to human subjects.
Consequently, it may be necessary to compare data from this study to
those obtained from human subject’s zinc posphide-based rodenticide
poisoning cases.
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