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Abstract: Paraquat (PQ) is a widely used herbicide throughout the globe, which induces acute lung injury (ALI) in rats. Studies on
acute and subacute lung injury due to PQ toxicity at different doses through different routes are sparse. Microscopically (LM and EM) a
noteworthy changes like proliferation of fibrous tissue into lung parenchyma and also in liver and mild to moderate changes kidney.
Significant alterations in body weights and haematobiochemical parameters were also documented in acute (24, 48, 72 hrs) and

subacute (7, 14, 21 days) study in male Wister rats.
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1. Introduction

Paraquat (1,1'dimethyl -4,4 bipyridinium) is most widely
used quaternary ammonium quick acting, non selective
herbicide in theworld. PQ identified in 1955, and introduced
commercia-lly in 1962 [1]. PQ is highly toxic to human
[3,4,5,6] and animals [7,8,9,10] leading to acute respirat-ory
distress syndrome (ARDS) [2]. Occupational hazards of PQ
in different developing countries were also documented [11].
In this context two experiments were carried out to study the
haemato-biochemical alterations, light microscopy (LM) and
electron microscopy (EM) of lung, liver and kidney in
experimental rats.

2. Materials and Methods

Total 84 adult Wister male albino rats were used for two
experiments after approval of Institutional Animal Ethics
Committee (IAEC-GPRCP/IAEC/07/17/01/PCL/AE-3-Rats-
M-84). All animals were weighed (180-240 g) onday one
and marked individually for identification, reared under
controlled temperature (22°C) and identical
conditions.Standard pellet diet and deionized water was
provided ad libitum throughout theexperimental period. 1
experiment was carried out to study the acute lung injury
(ALI) and 2" experiment to study the subacute toxic effects
on lung. In both experiments a single dose PQ was
administered through intraperitoneal (I/P) and oral gavage.
In addition to lung the toxic effects of PQ was also carried
out in liver and kidney in both the experiments.

2.1. Experiment-1.

ALl was induced in first experimental rats by injecting PQ
@24 mg/kg b.wt at different time intervals (24, 48 and 72 h)
for which 36 rats were divided into control group (G1) and
PQ treated group (G2), further subdivided into three sub
groups (G2a, G2b and G2c) based on aforementioned time
intervals. A day before sacrifice blood samples were

collected for haematobiochemical param-eters. Respective
tissue samples were collected and preserved in suitable
fixatives and processed for Light Microscopy (LM) and
Electron Microscopy (EM) as per the standard protocols [12,
13].

2.2 Experiment-11.

Second experiment was conducted for 21 days to study the
subacute lung injury through oral gaveage of PQ@ 40 mg/kg
b.wt, and also to study the pomegranate seed extract (PSE)
ameliorating effect against lung injury which was given
through drinking water daily. 48 animals were divided into
four groups 1% group was served as control, 2" group was
administered with PQ, 3" group was provided with PSE and
4™ group was treated with PQ and PSE. Similar to that of 1%
experiment blood and tissue samples were collected on 7™,
14™ and 21% day of experiment to study the
haematobiochemical parameters LM and EM of respective
tissue samples.

3. Results and Discussion

Clinically all PQ treated animals were inactive, reluctant to
take feed and water, most of the animals started showing
deep shallow abdominal breath after 24 hrs in first
experiment and after 7" in secon experiment. Animals
showed redness of nostrils and eyes in both experiments
after 48 hrs and 14™ day respectively. Significant decrease in
body weights was recorded among PQ treated rats of both
the experiments which could be due to PQ induced toxic
effects have made the animals disi-nclination towards feed
and water [14,15,16]. Grossly edema, congestion,
hemorrhages emphysemaof lungs (Fig.1). Mild to moderate
swelling of liver, petechial hemorrhages of liver and kidneys
(Fig2&3) was noticed among both the experimental animals
[15,21,22]. This could be due to PQ induced toxic action of
congestion due to mild to moderate dilation of micro and
macrocapillaries of respective organs.
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Acute study lung specimens showed an increased thickness
of septa and collapsed alveoli, mild to moderate hyperplasia
of epithelial cells and focal areas inflammatory cells
infiltration a dark inclusion like bodies and mild fibrous
tissue proliferation, severe congestion in peribrochial area
along with few shrunken bronchioles and few showing
severe congestion teriory bronchiole fiiled with bloodmild
fibrous tissue proliferation, infiltartion of inflammatoy cells
and shrunken bronchioles (Fig. 4). Edema, emphysema
diffuse haemorrhages, and focal areas of pneumonia was
observed in subacute experiment [15,20,21]. Congestion of
central vein, moderate to severe dilation of sinusoids with
mild proliferation of Kupffer cells in liver (Fig. 5).
Congestion, hemorrhages, degeneration of epithelial cells,
with mild to moderate cats in tubules of kidneys (Fig. 6)
were noticed in both the experiments under LM [15,16,17].

SEM revealed hemorrhagic irregular surface area with
thickened alveolar septa and peribrochial fibrosis (Fig.7, 8,
9) among 48 and 72 hours specimens but not on 24 hours of
first experiment and subacute study. TEM of PQ group lungs
revealed vesicular cytoplasm, swollen to wvesicular and
electron dense mitochondria with loss of cristae and matrix
(Fig. 10). Eccentrically placed swollen nucleus with
indistinct nuclear membrane and increased perinuclear space
in type | and type Il pneumocytes. In the vicinity of type Il
pneumocytes number of dilated alveoli filled withblood, few
pneumocytes showed stunted microvilli, elongated
mitochondrion, desquamation of epi-thelial cells and blood
filled dilated alveolar spaces, proliferation of fibroblasts
around distorted pneumocytes and peribrochial area, entry of
macrophage in to alveolar lumen was also noticed in
majority sections (Fig. 11&12).These changes could be due
to ROS induced mitochondrial dysfunction [15,21,23,24].

SEM of liver slices revealed (24 hrs) dilation and congestion
of central vein with abundant number of altered erythrocytes
on irregular surface area. At 48 hrs of experiment the cut
surface of liver slices showed shrunken hepatic cords with
mild proliferation of fibrous tissue and moderate dilation of
sinusoids .Vacuolar degeneration of hepatocytes with mild
hemorrhages and presence of few fat like globular structures
in dilated areas were noticed. And at 72 hrs liver slices
revealed zigzag shrunken cords with rough surface, mild
hemorrhage, numerous fat like globules and mild
proliferation of fibrous tissue (Fig. 13-15). TEM liver
sections showed congestion of central vein, necrosis, altered
parenchyma and mild fibrous tissue proliferation with
numerous fat bodies observed in acute studies, additionally
vesicular cytoplasm and condensed electron dense
mitochondria, increased nuclear pores, increased parinuclear
space, mild to moderate dilation of rough endoplasmic
reticulum (RER), thick nuclear mebrane and proliferation of
few Kupfer cells was seen in subacute experiment (Fig. 16-
18). This could be due to targeted toxic action of PQ on
subcellular membranous strictures like mitochondrion of
liver [15].

SEM (24 hrs) of kidney slices showed swollen glomeruli
and mild hemorrhages, sections of 48 hrs revealed
hemorrhages with an abnormal erythrocytes and leucocytes,
whereas 72 hrs samples showed few swollen and few
shrunken glomeruli (Fig. 18-21).TEM of kidney sections of
PQ group of both experiments showed variation in shape
and size of mitochondrion, in few section showed altered
mitochondria arranged in rows in few shrunken podocytes
with blunt foot process (Fig. 22-24) were observed.

4. Figures:

Figure 1: Lung

Figure 2: Liver

Figure 3: Kidney
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Figure 9 SEM Lung

Figure 10 TEM Lung Figure 11 TEM Lung

Figure 20 SEM Kidney
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Figure 23

Figure 24

Figure

Fig. 1 Lung showing edema, congestion, hemorrhages
emphysema.

Fig. 2 Liver showing mild to moderate swelling and
petechial hemorrhages.

Fig. 3 Kindney showing mild to moderate swelling and
petechial hemorrhages.

Fig. 4 Photomicrograph of lung showing severe congestion
teriory bronchiole fiiled with blood mild fibrous tissue
proliferation, infiltartion of inflammatoy cells and shrunken
bronchioles. H&E,200pm.

Fig. 5 Photomicrograph of liver showing congestion of
central vein, moderate to severe dilation of sinusoids with
mild proliferation of Kupffer cells.H&E,50um.

Fig. 6 Photomicrograph kidney showing thickened wall of
blood vessel, congestion, degeneration of epithelial cells,
with mild to moderate cats in tubules. H&E, 100um.

Fig. 7 Scanning electron micrograph showing 24 hrs treated
lung with hemorrhages in septa.

Fig. 8 Scanning electron micrograph showing 48 hrs treated
lung with thickened alveolar septa.

Fig. 9 Scanning Electron Micrograph of lung of 48 and 72
hrs treated revealing lung hemorrhagic irregular surface area
with thickened alveolar septa and peribrochial fibrosis.

Fig. 10 Transmission Electron Micrograph of lung revealing
depecting vesicular cytoplasm, swollen to vesicular and
electron dense mitochondria with loss of cristae and matrix.
UA & LC, x9650.

Fig. 11 &12 Transmission Electron Micrographs of
pneumocytes showing stunted microvilli,

elongated mitochondrion, desquamation of epithelial cells
and blood filled dilated alveolar spaces, proliferation of
fibroblasts around distorted pneumocytes and peribrochial
area entry of macrophage in to alveolar lumen was also
evidenced. UA & LC, x5790 and x6755.

Fig. 13 Scanning Electron Micrograph showing 24 treated
liver with congestion, dilation of central vein and
erythrocytes.

Fig. 14 Scanning Electron Micrograph showing 48 hrs
treated liver with shrunken hepatic cords, fibrous tissue,

moderate dilation of

vacculation.

sinoviocytes and hepatocytes

Fig. 15 Scanning Electron Micrograph showing 72 hrs
treated liver with numerous fat like globular structures and
fiobrous tissue proliferation.

Fig. 16 Transmission Electron Micrograph of liver showing
altered parenchyma, vesicular mitochondrion
(arrow)indistinct cell junctions, swollen nucleus (SN) and
pyknotic nuclei (PN) with irregular margination of
chromatin. UA & LC, x3860.

Fig. 17 Transmission Electron Micrograph of liver showing
swollen nucleus (SN) abnormal chromatin, dilated nucler
pores incresed perinuclear space, electron dense granular
mitochondria (samll arrow), condensed discontinous RER
(long arrow) UA & LC, x7720.

Fig. 18 Transmission Electron Micrograph of liver showing
distorted hepatocytes with thick nuclear membrane mild
margination of chromatin and proliferating Kupffer cells
(arrow). UA & LC, x3860.

Fig. 19-21 Scanning Electron Micrograph showing 24, 48
and 72 hrs treated kidney with swollen glomeruli and mild
hemorrhages, distorted tubules and shrunken glomeruli.

Fig. 22 Transmission Electron Micrograph of PCT showing
variation in shape and size of mitochondria with electron
dense cristae and matrix (M). UA & LC, x7720.

Fig. 23 Transmission electron micrograph of renal tubules
showing distorted mitochondrion arranged in rows (arrow)
and swollen nucleus (SN) UA & LC, x6755.

Fig. 24. Transmission Electron Micrograph of glomerular
membrane showing shrunken podocytes with blunt foot
process (arrow) with thin Bowmans' capsule.UA & LC,
x11580.
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