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ABSTRACT
Considering the increasing incidence of fatal aluminium phosphide (ALP) poisoning and its tox-
icological aspects and also the paucity of our knowledge concerning the ALP effect on adipose
tissue and adipokines, the present study aimed to assess the effect of acute and sub-chronic
ALP inhalation exposure on adipose tissue characteristics and histological alterations in rats. This
experimental study was performed on 40 male Wistar rats weighing 150–200 g. They were ran-
domly divided into four groups (n = 10) including inhalation exposure groups to 5.67mg/m3

(2.4 ppm) ALP for 6 h, one week and four weeks, respectively, and a control group. At the
beginning and end of the study, body weight and fasting blood sugar (FBS) of animals were
determined. Then, the animals were anaesthetized. The specimens of perirenal and visceral
(perigonadal) adipose tissues by the routine histological process for haematoxylin and eosin
(H&E) staining were determined. The results showed that the histopathological alteration of adi-
pose tissue was significantly different between the study groups (p < 0.05). Compared to the
control group, the numbers of adipocytes in perirenal area were dramatically increased in 6 h
ALP exposure(p < 0.001). In agreement with the cell number changes, cell size in the perirenal
area in the 6h-ALP group was markedly lower than control group (p < 0.001). Meanwhile, there
was no statistically difference in the cell number of adipocytes in gonadal area between control
and 6h-ALP groups(p = 0.071). Final FBS increased significantly in 6-h and 4 weeks compared
to the control group (p < 0.0001). Total cholesterol and triglyceride levels decreased signifi-
cantly in 4 weeks and 6h-ALP exposure in comparison with the control group (p < 0.0001) also,
LDL and HDL levels in 6 h and 4 weeks’ ALP exposure and in 4 weeks ALP exposure had a sig-
nificant decrease compared with the control group, respectively (p = 0.03 and p = 0.001 and
p < 0.0001). ALP poisoning had a significant association with alterations in physiological and
histological parameters.
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1. Introduction

Aluminium phosphide (ALP), also known as rice tablet
in Iran, is used throughout the world as a fumigant,
rodenticide, pesticide, and insecticide for the control of
insects and rodents through the fumigation of agricul-
tural commodities, animal feeds, and processed foods
[1,2]. In many developing countries, especially in Asia,
ALP causes a high fatality rate (60–90%) [3,4]. A recent
8-year study showed an increased incidence of fatal ALP
poisoning from 2006 to 2013 in Tehran, which included
2007 cases of phosphine poisoning-related deaths [5].
The majority of ALP poisoning cases in Iran involve
intentional acts of suicides although some accidental
cases of ALP poisoning occur through the occupational
exposure [3].

After being ingested, solid phosphides, including
ALPs in contact with hydrochloric acid of the stom-
ach or following any contact with water, even moisture
in the air, produce the toxic phosphine gas (PH3) that

mainly leads to mitochondrial damage by inhibiting
cytochrome C oxidase; thus, phosphine is considered a
respiratory poison. ALP, as an extremely toxic pesticide,
can inhibit the cytochrome-C oxidase activity and per-
turb the mitochondrial morphology. [6,7]. In the study
conducted by Newton et al., 344 male and female Fis-
cher rats were exposed to single 6-h acute and sub-
chronic 1% phosphine in nitrogen mixture at 0, 2.5, 5,
and 10 ppm for 4 and 13 weeks in their chambers [8].
The results showed decreased erythrocytes, lung con-
gestion, and increased kidney weight with coagulative
necrosis of the tubular epithelium in the outer cortex
observed in 70 ppm-exposed rats only. In addition, the
effects were more severe in females than in males.

The poisoning with metal phosphides, exclusively
ALP, has been reported worldwide, but its exact mech-
anism is still uncertain [9–12]. Moreover, oxidative
stress is another suggested mechanism involved in
the poisoning [13]. Hence, these events can lead to
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a profound circulatory collapse in cardiac myocytes
and adrenal gland as the main cause of mortality
and morbidity [6,14,15]. Phosphine can form extremely
reactive hydroxyl radicals and reduce peroxidase and
catalase generation to inhibit lipid peroxidation [13].
More studies also showed that ALP might block acetyl
cholinesterase function [16]. Therefore, considering the
increasing incidence of fatal ALP poisoning and its toxi-
cological aspects in Iran and the paucity of studies con-
cerning theALPeffect onadipose tissue andadipokines,
thepresent studyaimed toassess theeffect of acute and
sub-chronic ALP inhalation exposure on adipose tissue
characteristics and histological alterations in rats.

2. Methods

2.1. Animals

This study was performed at the Research Center of
Experimental Medicine, Birjand University of Medical
Sciences in Iran, on 40 male Wistar rats weighing
150–200 gwith free access to foodandwater ad libitum.
The rats had seven days of acclimatization to the labora-
tory conditions. Then, they were randomly divided into
four groups (n = 10 each) including, 1- acute inhalation
exposure to 5.67mg/m3 (2.4 ppm) Phosphide for long 6
hours 2- inhalation exposure to 5.67mg/m3 (2.4 ppm)
Phosphide 1.5 hours on the day for one week, 3- inhala-
tion exposure to 5.67mg/m3 (2.4 ppm) Phosphide 1.5
hours on the day, 5 days in a week for 4 weeks and 4-
the control group.

2.2. Chemicals

Phosphide tablets were prepared from BHOSTOXIN
Batch NO. 2140520. Phosphide exposure was given
through inhalation in an enclosed chamber. To do so,
the phosphide tablets were placed in a small box above
the enclosed chambermanufactured by the researcher,
as shown in Figure 1.

2.3. Experimental protocol

Bodyweight of the animals in the beginning and end
of the study was determined using a weighing scale
with 0.01 g precision. In addition, fasting blood sugar
(FBS) level was determined in the beginning and end of
the study using a glucometer (ACCU-CHEK activemodel
GC-Roche) from rat-tail. At the end of the experimen-
tal study, the animals were anaesthetized with ether;
then, the wet weight of perirenal and visceral (perigo-
nadal) adipose tissues was measured using a weighing
scale with 0.01 g precision. The specimens were fixed in
natural buffered formalin 4%, and the paraffin blocks
were cut in slices of 4 μm and prepared by a routine
histological process for haematoxylin and eosin (H&E)

staining. Blood samples were collected through car-
diac puncture for the measurement of serum leptin by
using the rat leptin kit (Zellbio, GmbH, Germany) with
a minimum sensitivity of the assay of 0.09 ng/mL also,
low-density lipoprotein (LDL-C), high-density lipopro-
tein (HDL-C), triglyceride level and total cholesterol by
using Auto-analyzer Prestige 24i, Japan.

2.4. Quantitative histology of adipose tissue

The cell number (per 20,000 μm2) and cell size were
determined in visceral and perirenal adipose tissues
using Image Software (1.44; NIH, USA). Briefly, for each
rat, three slideswere evaluatedusing a lightmicroscope
(Upland, F1, Japan) equipped with a digital camera
(Image Focus V2, Netherland). For each section 4–6, an
unbiased counting frame was sampled and evaluated
blindly.

2.5. Pathological investigation

Organs, including livers, lungs, pancreases, and vis-
ceral and perirenal adipose tissues, were harvested and
prepared by a routine histological process with H&E
staining and examined with light microscopy (Olympus
Bx51).

2.6. Determination of phosphine gas
concentration

For the determination of phosphine in the air of the
chamber, we used the NIOSH Manual of Analytical
Methods (NMAM), Fifth Edition; METHOD: 6002, Issue
3. This method employs a sorbent tube containing
the silica gel (mercuric cyanide), 300mg/150mg sor-
bent, 40/60mesh, used to capture phosphine and spec-
trophotometrically analyze the total phosphorus at the
wavelength of 625 nm. The concentration of phosphine
was calculated using the following equation:

C = Wf + Wb − Bf − Bb
V

where C is the concentration of phosphine (μg/L), Wf

is the phosphine concentration found in the sample
front sorbent section, Wb is the phosphine concentra-
tion found in the sample back sorbent section, Bf is the
phosphine concentration found in the average media
blank front sorbent section, and Bb is the phosphine
concentration found in the average media blank back
sorbent section and V is the sampled air volume (L).

2.7. Statistical analysis

In this study, SPSS version 18 software was used and
the significance level was set at 5%. After the nor-
mal distribution of the data were assessed through
the Kolmogorov–Smirnov test, the Kruskal–Wallis, and
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Figure 1. The laboratory set for the exposure of the animals to phosphide.

Table 1. Effect of aluminum phosphide (ALP) on cell number and cell size of adipocytes.

Variables 6 h exposure 1 week exposure 4 weeks exposure Control group

Cell number of Perirenal 22.8± 3.55* 14.5± 4.3 12.3± 4.16 12.6± 2.75
Cell number of gonadal 16.3± 3.05 13.71± 1.6 12.25± 1.38 13.33± 3.12
Cell size of Perirenal (μm2) 938.26± 175.72* 1821.78± 334.07 1479.02± 571.04* 1956.85± 153.94
Cell size of gonadal (μm2) 1314.54± 179.13* 1703.24± 218.27 1846.02± 304.35 1977± 308.31

Note: Data are expressed as theMean± S.D. Differences among groupswere analyzed by a one-way analysis of variance
(ANOVA) followed by Tukey’s post hoc test.

*p < 0.05 compared to the control group.

Mann–Whitney tests with post hoc Bonferroni correc-
tion were used for analyzing leptin and triglyceride
variables. One-way ANOVA test was used to examine
the differences in the ALP effects on groups with three
exposure periods (six hours, one week, and four weeks)
compared to the control group.

3. Results

The results of ALP effects on cell number and cell size
of perirenal and perigonadal adipocytes of rats are
shown in Table 1. Compared to the control group, the
number of adipocytes in perirenal area was dramati-
cally increased in 6 h ALP exposure (one-way analysis
of variance (ANOVA) followed by Tukey’s post hoc test,
p < 0.001). However, there was no statistically differ-
ence in the number of adipocytes in pregonadal area
between the studied groups (different time-points). In
agreement with the cell number changes, the results
of cell size measurement showed that, in the perire-
nal area, the size of adipocytes in 6h-ALP group was
markedly lower than that of the control group (one-
way analysis of variance (ANOVA) followed by Tukey’s
post hoc test, p < 0.001). Moreover, 4 weeks ALP expo-
sure also slightly decreased the cell size of perirenal
adipocyte in comparison with the control group (one-
way analysis of variance (ANOVA) followed by Tukey’s

post hoc test, p = 0.021). Meanwhile, there was no sta-
tistical difference in the cell number of adipocytes in
gonadal area between control and 6h-ALP groups (one-
way analysis of variance (ANOVA) followed by Tukey’s
post hoc test, p = 0.071),

The effect of ALP on different biochemical parame-
ters of the rats is presented in Table 2. Compared to the
control group, final FBS increased in 6 h and 4 weeks
ALP exposure (one-way analysis of variance (ANOVA)
followed by Tukey’s post hoc test, p < 0.0001).

Total cholesterol levels decreased significantly in
4 weeks ALP exposure in comparison with the con-
trol group (one-way analysis of variance (ANOVA) fol-
lowed by Tukey’s post hoc test, p < 0.0001) and triglyc-
eride levels decreased significantly in 6 h ALP exposure
in comparison with the control group (Kruskal–Wallis
test followed by Mann–Whitney post hoc test with
Bonferroni correction, p = 0.03, respectively). LDL lev-
els in 6 h and 4 weeks ALP exposure had significant
decrease compared with the control group (one-way
analysis of variance (ANOVA) followed by Tukey’s post
hoc test, p = 0.03 and p = 0.001, respectively) andHDL
levels had significant decrease in 4 weeks ALP expo-
sure compared with control groups (one-way analy-
sis of variance (ANOVA) followed by Tukey’s post hoc
test, p < 0.0001). Also, leptin levels in 6 h and 4 weeks
ALP exposure were significantly lower than the control
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Table 2. Effect of aluminium phosphide on different parameters of biochemical in rats.

Variables 6 h group One week group 4weeks group Control group

Final weight 162.25± 5.82 207± 9.42 259.4± 19.29 193.71± 5.99
Final FBS 90.5± 4.75 78.12± 6.85 97.2± 6.37 75.42± 5.62
Renal wet weight 0.53± 0.19 1.27± 0.21 2.29± 0.85 0.97± 0.36
Gonadal wet weight 1.05± 0.31 1.96± 0.24 2.62± 0.7 1.78± 0.41
Total cholesterol 87.75± 10.55 83.5± 14.43 63.3± 4.62 90.71± 15.57
LDL-C 20± 1.19 22.25± 3.8 18.9± 0.87 23.28± 1.25
HDL-C 60.75± 7.3 63.5± 4.75 44.8± 4.58 65± 11.29
Triglyceridea 47 (40–50.25) 58.5 (54.75–75.25) 47.5 (34.75–86) 55 (48–121)
Leptina 4.17 (3.03–7.01) 15.14 (9.08–47.33) 10.98 (4.35–14.19) 34.08 (26.5–34.08)
aMedian and 25–75 inter-quartile range (Kruskal–Wallis test).

Figure 2. Effect of aluminum phosphide (ALP) on cell number and cell size of adipocytes of perirenal and perigonadal area.

group (Kruskal–Wallis test followed by Mann–Whitney
post hoc test with Bonferroni correction, p = 0.001).

The body weight in 6 h and 4 weeks ALP expo-
sure was significantly lower and higher than the con-
trol group, respectively (one-way analysis of variance
(ANOVA) followedbyTukey’s post hoc test,p < 0.0001).

Wet weight of prerenal adipose tissue in 4 weeks
ALP exposure was significantly higher than the con-
trol group (one-way analysis of variance (ANOVA) fol-
lowed by Tukey’s post hoc test, p < 0.0001). Moreover,
wet weight of perigonadal adipose tissue in 6 h and 4
weeks ALP exposure was significantly lower and higher
than the control group, respectively (one-way analysis
of variance (ANOVA) followed by Tukey’s post hoc test,
p = 0.03, p = 0.008). Histopathological damages to dif-
ferent tissues of the rats after being exposed to ALP are
shown in Figures 2–5.

4. Discussion

4.1. Effect on histopathological characteristics

Our findings demonstrated that ALP, depending on
the inhalation exposure period, exhibited significantly

various effects on the histopathological process of
poisoning more than the control group. Our results
showed that the perirenal adipose tissues’ cell size was
considerably reduced in the 6 h ALP exposure com-
pared to the control group. In agreement with the cell
size changes, the cell number of adipocytes in perire-
nal areawas dramatically increased in 6 h ALP exposure.
Also, in thepresent study leptin levels in 6 h and4weeks
ALP exposure was significantly lower than the control
group.

Some previous studies have shown that inhalation
of phosphine can cause lipid peroxidation and cellular
injury through oxidative damage, changes in cell mor-
phology, weight loss and/or weight gain [17]. Because
adipose tissue besides being an energy storage site, it is
considered as a significant site for toxicant bioaccumu-
lation as toxicants are not released until lipolysis occurs
[18]. Also, in one study reporting no increased body
mass after persistent organic pollutant (POP) exposure
[19] and in contrast, in the study performed by Arse-
nescu et al. has shown that with the administration of
polychlorinated biphenyls (PCB-77) to mice occurred
adipocyte hypertrophy and greater body weight [20].
Additionally, adipose tissue, as an endocrine organ,
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Figure 3. Liver tissue morphology in the rat in acute and sub-chronic period; (A): control group (×100) shows focal necrosis of the
liver cells. The lobe of the vein is also seen in the lobular centre. Sinusoids are also dilated and there is no lupus necrosis, (B): One-week
exposure (×400) severe necrosis and extensive necrosis of the liver are observed. The necrosis around the portal vein is probably due
to the high amount of poison. Complex cells have increased in non-necrotic areas. Sinusoids are also disrupted. The lining of the
vein of the lobular system is observed and cells have oedema, (C): 6h exposure (×100), (D): 4 weeks exposure (×100) damage to
the liver cells is extensive and from the portal to the venous portal of the lobule centre, but is more intense around the vein of the
lobular centre. Fatty change is also observed. Apoptosis and necrosis are observed remarkably in 10% of the liver cells, along with
compensatory regenerative changes. The most important lesson of the necrosis of the bridge between the pleasures of the port,
which indicates irreversible damage, leads to cirrhosis of the liver.

has a major function for secretion of a wide range of
proteins which are known to act both locally and sys-
temically termed adipokines that they participate in
body weight regulation and glucose and lipid home-
ostasis including leptin, adiponectin and [21].

Leptin has direct and indirect effects on adipocyte
metabolism resulting adipocyte size also, the capabil-
ity to modify adipose tissue mass by influencing the
number of cells and recent clinical trials have shown
the correlation between adipocyte volume and leptin
secretion and serum leptin concentrations; therefore,
changes in adipocyte characteristics in our study can
also be attributed to leptin levels which, in turn, are
influenced by phosphine inhalation. In the study incu-
bation of adult adipose tissue explants with Bisphe-
nol A (BPA) inhibited adiponectin [22] and in con-
trast, increase in leptin and adiponectin expression was
reported in the study by Taxvig et al. on 3T3-L1 cells
incubated with BPA [23].

The body weight in 6 h and 4 weeks ALP exposure
was significantly lower and higher than the control
group respectively. Adipose tissue has a central role in
the regulation of body weight [18]; therefore, in 6 h ALP
exposure group in which were adipocytes smaller than
the control group resulting body weight was signifi-
cantly lower than the control group. Against, in 4 weeks

ALP exposure wet weight of prerenal and perigonadal
adipose tissue was higher than the control group with
higher body weight than the control group.

The histological image provided specific changes in
most organs including the adipose, liver, lungs, and
pancreatic tissues, and led to an irreversible lesion of
necrosis. However, we obtained adequate evidence of
significant histological damage to rats; for example,
lung tissue morphology showed alveolar injury and
small haemorrhage and liver tissue indicated extensive
damage from the portal to the venous portal of the cen-
tre lobule that leads to cirrhosis of the liver. Anand et al.
[11] reported that stomach and renal medulla showed
distended and congested appearance in themajority of
cases in the ALP group.

Furthermore, haemorrhage and necrosis in lung and
liver tissues of the exposed groups were noted [2,24].
Several pieces of evidence demonstrate that ALP leads
to circulatory failure in most critical organs such as
gastrointestinal, hepatic, respiratory, renal, and cardiac
organs [9,10,25–27]. Olurin et al. [11] indicated that
the liver tissue showed mild inflammatory changes
at minimum concentrations; at the maximum concen-
tration of exposure, there was noticeable inflamma-
tion through hydropic degeneration; moreover, kidney
tissues indicated inflammatory condition only at the
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Figure 4. Lung tissue morphology in the rat in acute and sub-chronic period; (A): control group (×100), (B): One-week exposure
(×400) shows alveolar walls are damaged. Contrary to the normal tissue, Type II pneumocystis increased and covers about 30% of
the alveolar surface. Some alveoli are full of discharge and are seen in some types of bleeding, (C): 6h exposure (×100) shows Type II
pneumocystis covers about 80% of the alveolar surface, resulting in a thickening of the alveoli. Spreading within the alveoli, severe
vessel dilatation, and alveolar wall necrosis are also observed. Alveolar injury is more of an interstitial type that is in the vicinity of
airways with greater intensity than near the pleural area, and (D): 4 weeks exposure (×40) shows a large number of interstitial (70%
lung tissue) focuses on increasing intra-alveolar secretions. Pneumocystis Type II covers approximately 30% of the alveolar levels.
Small haemorrhage can also be seen.

Figure 5. Pancreatic tissue morphology in the rat in an acute and sub-chronic period; (A): control group (×40), (B): One-week
exposure, (C): 6h exposure, (D): 4 weeks exposure.
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highest dose of exposure [28, 29] illustrated that
animals’ exposure to ALP leads to hazardous alter-
ations in some histological and biochemical charac-
teristics including liver and kidney. Furthermore, they
confirmed that ALP treatment significantly reduces
GSH (glutathione), GST (glutathione S-transferase), and
CAT (catalase) in plasma. Also, α-lipoic acid combined
with ALP could decrease the toxic effects in major
parameters [29].

4.2. Effect on biochemical parameters

Our results showed that compared to the control group,
final FBS increased in 6 h and 4 weeks ALP exposure.

Several pieces of evidence show that leptin plays a
primary role in the regulation of glucose homeostasis,
independent of actions on food intake, energy expen-
diture or bodyweight and leptin or leptin receptor defi-
ciency associated with perturbed glucose metabolism
[30,31]. Therefore, increased FBS in our study is possi-
bly associated with reduced leptin levels. Our result is
in agreement with several studies on persistent organic
pollutants (POPs) including Phthalate Esters and BPA
[32,33] and is in contrastwith the findingsof Yousef et al.
that showed decrease in glucose level of rats treated
with aluminium phosphide [34].

Total cholesterol, triglyceride, and LDL and HDL lev-
els decreased significantly in 6 h or 4 weeks or both ALP
exposure groups in comparison with the control group.
Phosphine has a strong inhibitory effect on cytochrome
c oxidase and mitochondrial respiratory chain which
causes ATP depletion, disruption of cell homoeostasis,
and finally cell death. Reactiveoxygen species (ROS) and
lipid peroxidation are involved in phosphine toxicity
[35].

Besides, it has been demonstrated that trichlorfon
could reduce hepatic hormone-sensitive lipase, LDL,
and APO-B100 by hepatic pathways in lipidmetabolism
and that it was correlated with the accumulation of
lipids in the liver [36]. Triglyceride is hydrolyzed in
the mitochondria of liver cells by cyclic AMP-regulated
lipases. Lipase is hormone-sensitive and can lipolyze
the enzyme of lipid metabolism and mobilize TG and
cholesterol ester stores in numerous tissues [37]. Ching-
Hung [37] found that phosphine and antioxidant effects
on GSH and GSSG levels are strongly paralleled by the
rise in lipid peroxidation in the brain, liver, and lungs
[37]. The ALP produces cellular superoxide and perox-
ide radicals and leads to further cellular loss and lipid
peroxidation. SOD (superoxide dismutase), MDA (Mal-
ondialdehyde), and catalase have a strong link with
death [38]. ALP is involved in complex IV of the elec-
tron transport chain (ETC) to slow down the electron
flow throughout the ETC, while ALP results were more
remarkable in vitro than in vivo. ALP can block glyc-
erophosphate dehydrogenase, which leads to hydro-
gen generation [39].

Generally, the phosphine gas is absorbed by sim-
ple diffusion in the gastrointestinal tract and mostly
excreted by the kidneys and lungs [40]. Even more,
ALP poisoning by disrupting the mitochondrial process
can inhibit cellular respiration and cholinesterase and
induce oxidative stress in numerous mammalian and
nematodes [41,42]. On the other hand, the blocking of
cytochrome oxidase, peroxidase, and catalase can lead
to the hydrogen peroxide formation and elevated MDA
and SOD [43,44]. Moreover, numerous chromosomal
abnormalities might alter the total antioxidant capac-
ity level due to ALP poisoning [45]. The ALP-induced
generation of reactive oxygen species (ROS) could be
associated with energy insufficiency [46,47].

5. Conclusion

Our study indicated that the inhalation exposure of
experimental animals (rats) to ALP as time-dependent
manner induced marked histopathological alterations
in some organs including adipose tissue characteris-
tics (cell number and cell size), liver, lung and pancreas
also, some biochemical parameters (including FBS, lipid
profile, and leptin levels). Therefore, due to the lack of
antidotes and effective therapeutic strategies for fatal
toxicological aspects of ALP poisoning it seems, further
research, about adipose tissue function considering it
can be as a significant site for accumulation of lipophilic
compounds, is essential.
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