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Abstract

Paraquat is a bipyridylium non selective contact herbicide that is widely used across the world. It
selectively accumulates in the lungs following accidental, intentional or malicious ingestion by humans
or animals leading to the generation of reactive oxygen species, membrane disruption and subsequent
cell death. Affected individuals typically develop progressive and often fatal pulmonary haemorrhage,
oedema and collapse. The animals that survive through acute phase commonly go on to develop
pulmonary fibrosis. Clinical signs involving the gastrointestinal tract, kidneys and central nervous
system may also be observed because there is no specific antidote and treatment options available anc
the overall prognosis is usually poor. This report briefly describes the clinical presentation,
clinicopathological findings and therapeutic management of ten dogs (seven non-descript, two Spitz
and one German Shepherd) with paraquat intoxication were brought to Veterinary Clinical Complex,
Veterinary College and Research Institute, Salem. Gross and histopathological lesions in one
necropsied dog together with details of pulmonary ultrastructure, are presented for academic reference.
All dogs developed tachypnoea and dyspnoea 2-3 days after accidental paraquat ingestion. Therapeutic
measures were directed at limiting further gastrointestinal absorption, promoting elimination through
diuresis and reducing oxidative injury using antioxidant therapy. Despite these interventions, all dogs
became progressively hypoxic and died. Paraquat toxicity should be considered as a differential
diagnosis in dogs presenting with unexplained, progressive respiratory and gastrointestinal signs
accompanied by renal failure. Veterinary practitioners should remain vigilant for both accidental and
deliberate paraquat poisoning in animals and current literature on clinical variations, measured
parameters, lesions, available treatments, promising experimental antidotes and management strategies
is reviewed.

Keywords: Paraquat poisoning, Herbicide toxicity, Pneumomediastinum, Pneumoperitoneum, Sodium
dithionite test

Introduction

Paraquat dichloride is a widely used, highly toxic, broad-spectrum - non selective contact
herbicide and potent desiccant. It is among the most commonly used herbicides globally and
is primarily applied for the control of broad leaved weeds and grasses in a wide range of
agricultural settings, although it is less effective against deep rooted species. Its use has
increased with the adoption of no till and minimum till agricultural practices, where it is
promoted for rapid vegetation clearance as part of conservation agriculture systéms
Paraquat is marketed predominantly as the dichloride salt and is also available as a dimethyl
sulfate formulation. Chemically, it belongs to the bipyridylium group of herbicides, a class of
quaternary ammonium compounds coMdd. Y HO\ N QR Z &. Bavagual XxBrig/ Ws-
herbicidal action by disrupting photosynthetic electron transport and inducing membrane
lipid peroxidation, leading to rapid cellular dehydration and plant d8ath

Paraquat is a fast acting herbicide that affects exposed green plant tissues, typically killing
susceptible plants within one to three days of applicdtiolthe World Health Organization
(WHO) classifies paraquat as a Class Il, moderately hazardous pesticide however, it is
widely regarded as one of the most dangerous herbicides still in common use due to its high
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acute toxicity 1. The Pesticide Action Network (PAN) from India remain limited.

International designates paraquat as a highly hazardous

SHVWLFLGH DQG KDV OLVWHG LW [D&BResehtidh tEDG DFWRU- DQG $GLUW!
GR]HQ - F K'HTPokiEdb@cdl databases, including the A total of ten dogs (seven non-descript breeds, two Spitz
Toxicological Data Network (ToxNet) and the Integrated and one German Shepherd) were presented to the Veterinary
Risk Information System (IRIS) of the United States Clinical Complex, Veterinary College and Research
Environmental Protection Agency (US EPA), classify Institute, Salem, over a six month period, 2-3 days after
paraquat as a probable human carcinogen (Grolfp°C) accidental ingestion or inhalation of paraquat. Respiratory
Paraquat exposure has been associated with reproductivéistress was the most common complaint reported by all
WR[LFLW\N DQG D SRVVLEOH HWLR®@MErd.LAR 2:@dodd te€idd pdaitRe f& PdiayuatpuisdarhV
diseasd'® "'l Farmers, agricultural laborers and residents The clinical signs varied among individual dogs, depending
living near treated areas are particularly vulnerable toon the quantity of poison ingested, duration since exposure
occupational, environmental and accidental exposure. Theand immune status of the animal. Common clinical signs
compound can be absorbed through intact skin, withincluded lethargy, congested mucous membranes, shortened
significantly increased absorption when the skin is abradedcapillary refill time, tachycardia, dehydration, tachypnoea,
or damaged'. Acute poisoning may occur via dermal, laryngo-pharyngitis accompanied by howling sounds and
ocular or inhalational routes and clinical signs may be occasional ulcerative erosions of the oral cavity.

delayed with fatal outcomes frequently result from Thoracic radiography revealed pneumomediastinum,
progressive respiratory failur€®l. Localized dermatitis, pneumoperitoneum and pulmonary fibrosis.
ocular injury and epistaxis are commonly reported amongElectrocardiography (ECG) showed tachycardia in all dogs.
exposed individuals, while chronic low level exposure has Abnormal lung sounds were detected in all cases during
been associated with structural lung changes, chronicthoracic auscultation. Peripheral blood oxygen saturation
bronchitis and exertional dyspndéa sl 6S2w ZDV DERYH DW WKH WLPH
Although paraquat is registered for use in more than 130progressively declined over subsequent days to 50-60%.
countries, at least 32 countries including all member statedn three cases, environmental investigations were conducted,
of the European Union have banned or severely restricted itsvhich confirmed the presence of paraquat containing
use because of serious human health concEfhsIn herbicides at the exposure sites. Three dogs recovered, while
Switzerland, the home country of Syngenta, the principalthe remaining dogs succumbed to the condition despite
manufacturer of paraquat, its use has been prohibited sinceeatment.

1989 owing to its high acute toxicity'’l. Several Necropsy findings in deceased dogs revealed pulmonary
certification and labeling organizations, including Fairtrade haemorrhage, fibrosis and consolidation, along with
International, the Forest Stewardship Council and thehepatomegaly, splenomegaly and pneumomediastinum.
Rainforest Alliance, as well as multinational food Microscopically, inter and intra alveolar haemorrhage and
corporations such as Dole and Chiquita and major retailerpulmonary oedema were observed.

including Marks & Spencer, have voluntarily eliminated

paraquat from their supply chaird. Diagnostic Techniques

In India, paraquat dichloride 24% SL is registered with the The sodium dithionite test (fig.1) is a rapid, simple,
Central Insecticides Board and Registration Committeequalitative screening method used for the detection of
(CIBRC) as the sole approved formulation and is paraquat in biological samples and is widely employed in
categorized as highly toxic despite the absence of explicitboth human and veterinary toxicology. The test is based on
CIBRC recommendations, its use has been approved fothe reduction of paraquat, a bipyridylium compound, by
nine crops!'®. In contrast, paraquat dimethyl sulfate was sodium dithionite under alkaline conditions to form a stable
banned in India in 1993. Paraquat dichloride continues toblue coloured paraquat radical ion. Urine is the preferred
rank among the twenty most commonly recommendedsample due to higher sensitivity, although plasma, serum or
pesticides nationwide, although it is not the single mostgastric contents may also be used. Following alkalinisation
widely used herbicidB%. of the sample, the addition of freshly prepared sodium
Paraquat is frequently implicated in cases of deliberate selfdithionite results in the immediate development of a blue or
poisoning, particularly in agricultural regions. No specific blue purple colour in positive cases. The intensity of the
antidote exists and the reported case fatality rate forcolour roughly correlates with paraquat concentration, but
paraquat poisoning ranges from approximately 42% to 80%the test remains qualitative in nature. A strongly positive
21, 221 Global estimates suggest that tens of thousands ofeaction shortly after exposure supports the diagnosis and is
deaths annually may be attributable to paraquat ingestioroften associated with a poor prognosis, whereas a negative
231 In India, paraquat poisoning has been reported fromresult does not exclude paraquat toxicity in delayed
northern, southern and northeastern states. In Kerala, theresentations because paraquat is rapidly cleared from
distribution, sale and use of paraquat were halted in 2011¢irculation and redistributed into tissues such as the lungs
along with sixteen other highly hazardous pesticides, due tcand skeletal muscle. Although the sodium dithionite test
severe health concerns; data obtained under the Right ttacks the sensitivity and specificity of advanced analytical
Information Act indicate that paraquat is no longer in use intechniques such as high performance liquid chromatography
that statel®¥. Despite its well recognized role in causing or gas chromatography mass spectrometry, it remains a
serious morbidity and mortality among agricultural workers valuable bedside screening tool for early presumptive
and surrounding communities worldwide, systematically diagnosis of paraquat poisoning in dogs when interpreted in
documented clinical and veterinary data on paraquat toxicity conjunction with clinical findings and exposure history.
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Mild Moderate Severe Very strong

Fig 1: Sodium dithionite test for detection of paraquat in biological samples showing progressive colour intensity corresponding to paraquat
concentration. The increasing intensity of blue coloration provides a semi-quantitative indication of paraquat toxicity and is generally
associated with worsening prognosis.

fest

Fig 2: Sodium dithionite test for paraquat poisoning showing comparison between control and test samples. The control sample remains
yellow without colour change, indicating absence of paraquat, whereas the test sample develops a greenish blue colour following
alkalinisation and addition of sodium dithionite, confirming the presence of paraquat in the biological sample.

BHULSKHUDO %ORRG 2[\JHQ 6DW XU DWwsRIB-100% Bepresents normal oxygen saturation; 90-
BHULSKHUDO EORRG R[\JHQ VDWX8% Wdicat€s pastidl2haemogiiihEdeddturatioh;V85-90%
markedly reduced in dogs affected with paraquat reflects hypoxia; and values below 85% are associated with
intoxication due to severe pulmonary dysfunction and cyanosis and severe, life-threatening oxygen deprivation. In
impaired alveolar gas exchange. Progressive alveolaparaquat@RLVRQHG GRJV 6S2w OHYHOV
damage, interstitial oedema, haemorrhage and fibrosis resulprogressively despite supportive therapy, correlating with

in inadequate oxygen diffusion, leading to systemic worsening pulmonary injury and poor prognosis.
K\SR[DHPLD &OLQLFDOOhterr&temasYDOXHV FDQ EH L

Table 1: 6HTXHQWLDO 3HULSKHUDO 2[\JHQ FRakaguat bhioxgdtiehQ 6S2w LQ 'RJV

Case No. Presentation (Day 1) 24-72 h Advanced stage Terminal stage
12165 94 88 56 42
12191 93 86 52 39
15746 95 89 58 45
8579 92 85 54 40
16771 94 87 50 38
14912 91 86 55 43
17711 93 88 57 44
12428 92 85 53 41
9453 95 89 59 46
7687 94 87 51 37

Echo cardiography
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Fig 3: Electrocardiogram of a dog with paraquat poisoning showing sinus tachycardia and mild nonspecific ST-T changes,
indicating secondary myocardial hypoxia due to pulmonary injury

Fig 4: CorrelationEHWZHHQ (&* FKDQJHV DQG SHULSKHUDO R[\JHQ VDWXUDWLRQ 6S2w
WDFK\FDUGLD ZLWK GHFOLQLQJ 6S2w UHIOHFWLQJ FDUGLRYDVFXO

Electrocardiographic (ECG) evaluation in dogs (fig. 3, 4) fibrosis resulted in impaired gas exchange and declining
with paraquat intoxication consistently revealed sinus 6 S 2 wlue¥,Dwith normal levels ranging from 95-100%,
tachycardia as the predominant abnormality. This finding partial haemoglobin desaturation occurring at 90-95%,
was primarily attributed to severe hypoxaemia, respiratoryhypoxia evident at 85-90% and values below 85%
distress and heightened sympathetic stimulation secondarassociated with cyanosis and severe oxygen deprivation.
to progressive paraquat induced pulmonary injury. In someThe temporal association between worsening hypoxaemia
cases, mild nonspecific ST-segment and T-wave changeand ECG evidence of tachycardia highlights the systemic
were observed, likely reflecting secondary myocardial cardiovascular response to pulmonary failure in paraquat
hypoxia rather than primary cardiac disease, as no consistergoisoning and together these parameters provide valuable
arrhythmias or conduction disturbances were detectedindicators of disease severity and poor prognosis in affected
These ECG alterations closely paralleled changes indogs.

SHULSKHUDO EORRG R[\JHQ VDWXUDWLRQ 6S2w BURJUHVVLYH
alveolar damage, pulmonary oedema, haemorrhage an®adiographic examination
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Fig 5: Pneumo- mediastinum

Fig 6: Pneumo abdomen

Thoracic and abdominal radiographic examination (Fig.5, 6)the abdominal cavity, resulting in pneumoperitoneum
in dogs with paraquat intoxication revealed characteristic (pneumo abdomen). The presence of free intraperitoneal gas
changes consistent with severe pulmonary and soft tissuavas evident as abnormal radiolucency outlining abdominal
injury. Pneumomediastinum was identified by the presenceorgans and elevating the diaphragm. These radiographic
of radiolucent streaks outlining the cardiac silhouette, findings reflect the severity of paraquat-induced pulmonary
trachea and major mediastinal structures, indicating theinjury and are associated with a poor prognosis, as they
presence of free air within the mediastinum. This finding is indicate extensive alveolar destruction and air leakage along
suggestive of alveolar rupture secondary to severefascial planes.

pulmonary damage and increased intrathoracic pressure

associated with dyspnoea and coughing. In some cases, allaematology

was observed tracking caudally from the mediastinum into

Table 2: Haematological parameters of paraquat affected dogs

Case No. 12165 | 12191 | 15746 | 8579 | 16771 | 14912 | 17711 | 12428 | 9453 | 7687
Haematology
Hb (g/dL) 156 | 16.1 143 | 176 | 189 | 228 | 208 | 152 | 182 | 16.2
PCV (%) 50.8 | 49.4 | 411 | 586 | 494 | 719 | 571 | 305 | 411 | 491
RBC 10/ O 7.4 728 | 6.86 | 851 | 761 | 1052 | 895 | 3.06 | 7.71 | 6.23
WBC (10°/ O 3164 | 21 812 | 22.7 | 12.97 | 1431 | 4579 | 11.66 | 10.65 | 11.21
Platelet count{0®/ O 353 110 301 | 110 | 325 167 89 210 | 220 | 210
Neutrophils (%) 925 | 819 | 844 | 77.8 | 688 | 835 | 862 | 824 | 805 | 82
Lymphocytes (%) 27 75 72 | 56 | 21.9 85 4.8 85 73 | 7.0
Monocytes (%) 4.7 10.2 81 | 165 | 9.2 7.8 8.9 8.8 82 | 95
Eosinophils (%) 0.1 0.3 0.2 0 0 0.1 0 0.2 0.1 0.2
Basophils (%) 0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
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Table 3: Serum biochemistry parameters of paraquat affected dogs

Ca;e No. - 12165 | 12191 | 15746 | 8579 | 16771 | 14912 | 17711 | 12428 | 9453 | 7687
Serum biochemistry
Total protein(g/dl) 8.53 8.19 8.09 9.1 7.57 7.3 7.22 7.88 6.9 7.5
Albumin(g/dL) 3 3.86 3.99 4.11 4.31 4.12 4.15 3.76 3.9 3.2
Globulin(g/dL) 5.53 4.33 4.1 4.99 3.26 3.18 3.07 4.12 3 4.6
ALT(UL) 64.6 25.1 30.7 29 32.7 74.5 65.1 29.6 26.2 | 30.2
ALP(U/L) 39 149 105 152 40 115 151 53 58 152
LDH(U/L) 218 149 280 186 352 368 1525 872 565 780
Direct bilirubin (mg/dL) 0.2 0.3 0.5 0.5 0.4 0.5 0.6 0.04 0.5 0.6
Total bilirubin (mg/dL) 0.03 0.02 0.06 0.04 0.05 0.37 0.06 0.05 0.04 | 0.06
BUN(mg/dL) 28.95 96.9 12.35 | 107.5| 37.2 27.72 47.7 2.81 25.06 | 29.1
Creatinine(mg/dL) 1 2.02 0.83 25 0.98 1.01 0.94 1.1 0.86 1.9
Calcium(mg/dL) 9.7 10.1 9.4 10.8 11.1 10.8 9.8 7.42 9.5 8.6
Phosphorous(mg/dL) 5.9 5.45 4.9 5.24 4.87 5.78 5.1 4.83 4.9 4.2
Magnesium(mg/dL) 2.1 2.3 21 3 2.5 1.9 241 2.5 2.4 1.8

Haematological evaluation (table 2) of dogs with paraquatThese changes increase resistance to blood flow within the
intoxication revealed variable but consistent abnormalitieslungs, leading to the development of secondary pulmonary
indicative of systemic inflammation, dehydration and stresshypertension.

response. Haemoglobin concentration, packed cell volumeOn echocardiographic evaluation, affected dogs typically
and red blood cell counts were increased in several dogsshow enlargement of the right atrium and right ventricle due
suggesting haemoconcentration likely due to dehydrationto sustained pressure overload and in some cases mild
and fluid losses secondary to vomiting, diarrhoea andthickening of the right ventricular free wall. Flattening or
reduced intake. Marked leukocytosis was observed in mosteftward displacement of the interventricular septum
cases, predominantly characterised by neutrophilia withproduces a characteristic D-shaped left ventricle on short-
relative lymphopenia, consistent with acute inflammatory axis views, indicating elevated right ventricular pressure.
response, stress leukogram and severe tissue injuryThe main pulmonary artery is often dilated, with an
Thrombocytopenia was evident in some dogs, which may beincreased pulmonary artery-to-aorta ratio, reflecting
attributed to systemic inflammation, consumption or toxic persistently raised pulmonary arterial pressure. Doppler
effects on bone marrow or platelets. examination commonly reveals tricuspid regurgitation
Serum biochemical analysis (table.3) demonstrated evidenceaused by right ventricular dilation and measurement of the
of multi-organ involvement. Total protein and globulin regurgitant jet velocity allows estimation of increased
concentrations were mildly to moderately elevated in systolic pulmonary arterial pressure. Pulsed-wave Doppler
several cases, reflecting dehydration and inflammatoryassessment of pulmonary artery flow may demonstrate
response. Mild to moderate elevations in alanine shortened acceleration time and a mid systolic notch,
aminotransferase (ALT) and alkaline phosphatase (ALP)findings consistent with increased pulmonary vascular
activities were noted, suggesting hepatocellular injury andresistance. In advanced cases, secondary signs of right-sided
cholestatic changes secondary to systemic oxidative stresgardiac congestion, such as dilation of the caudal vena cava
Lactate dehydrogenase (LDH) levels were markedly with reduced respiratory variation, may also be observed.
increased in many dogs, indicating extensive cellular These ultrasonographic findings (fig.7) correlate with the
damage and tissue hypoxia, particularly involving severity of paraquat induced pulmonary injury and hypoxic
pulmonary and muscular tissues. Serum bilirubin valuesvasoconstriction and they reflect the development of
were generally within normal limits or only mildly elevated, secondary pulmonary hypertension in affected dogs.
indicating the absence of significant haemolysis or severe
hepatic dysfunction.

Renal involvement was evident in several dogs, as indicated
by elevated blood urea nitrogen (BUN) and creatinine
concentrations, consistent with acute kidney injury due to
direct paraquat nephrotoxicity and reduced renal perfusion.
Electrolyte analysis revealed mild variations in calcium,
phosphorus and magnesium concentrations, likely reflecting
renal dysfunction, anorexia and altered metabolic status.
Overall, the haematological and biochemical abnormalities
observed in these cases reflect the systemic nature of
paraquat toxicity, with prominent inflammatory response,
cellular hypoxia, hepatic stress and variable degrees of renal
impairment, correlating with the severe clinical course and
poor prognosis observed in affected dogs.

Ultrasound study Fiq 7- Thoracic ult hv of a d ith t
Paraquat intoxication in dogs causes marked oxidative. g /- 1fioracic uttrasonography of a dog with paraqua

d to the | ticular! ffect, th | | intoxication showing reduced respiratory variation, consistent with
amage 1o the lungs, particularly aftecting the alveolar severe pulmonary injury. These findings reflect hypoxic

lining cells and pulmonary capillary endothelium. This  \as0constriction and the development of secondary pulmonary
results in acute lung inflammation, pulmonary oedema, hypertension

haemorrhage and progressive scarring of the lung tissue.
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Quantitative Confirmation severity and supporting the diagnosis of paraquat
Paraquat can be quantitatively detected and confirmed irintoxication in clinical and forensic investigations.

biological samples using several analytical techniques

available in specialised laboratories. SpectrophotometricMechanism of toxicity: Paraquat exerts its toxic effects in
methods are commonly employed for rapid screening anddogs primarily through the generation of reactive oxygen
estimation based on the characteristic absorption ofspecies (ROS), resulting in widespread oxidative stress and
paraquat, although their sensitivity and specificity are multi organ injury. Following ingestion, paraquat is rapidly
limited. High performance liquid chromatography (HPLC) absorbed from the gastrointestinal tract and distributed
offers improved accuracy and sensitivity and is widely usedsystemically, with preferential accumulation in the lungs via
for quantitative determination of paraquat in blood, urine an active polyamine uptake system present in alveolar type |
and tissue samples. Gas chromatography coupled with massnd type |l pneumocytes. Within cells, paraquat undergoes
spectrometry (GC-MS) provides highly sensitive and redox cycling, in which it is reduced by nicotinamide
specific identification and quantification, allowing definitive adenine dinucleotide phosphate (NADPH) dependent
confirmation even at low concentrations. enzymes to a paraquat radical that is rapidly reoxidized in
Radioimmunoassay (RIA) is another sensitive technique thathe presence of molecular oxygen. This continuous redox
enables detection of paraquat in biological matrices throughcycling leads to excessive production of superoxide anions,
antigen antibody reactions, though its availability is hydrogen peroxide and hydroxyl radicals.

restricted to specialised facilities. These analytical methods

play a crucial role in confirming exposure, assessingBiochemical pathway of paraquat toxicity
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APOTOSIS AND MULTHORGAN FAILURE

Fig 8: Schematic representation of paraquat-induced toxicity in dogs. Paraquat generates reactive oxygen species (ROSpldading to li
peroxidation, protein oxidation, DNA damage, and mitochondrial dysfunction, resulting in cell death by necrosis and apoptusisy Pulm
injury manifests as alveolitis, oedema, haemorrhage, and progressive fibrosis, while extra-pulmonary effects include adujigrkidney
gastrointestinal ulceration, hepatic damage, and secondary CNS involvement, collectively causing multi-organ failure

The generated ROS cause lipid peroxidation of cellular andnervous system involvement may occur secondary to
organelle membranes, oxidation of proteins and DNA hypoxia and metabolic derangements. Collectively, the
damage, ultimately resulting in mitochondrial dysfunction, mechanism of paraquat toxicity in dogs is characterized by
depletion of intracellular antioxidants such as glutathione persistent oxidative stress organ specific accumulation
and cell death by necrosis and apoptosis. In the lungsparticularly in the lungs and progressive, often fatal, multi
oxidative injury to alveolar epithelium and pulmonary organ failure in the absence of a specific antidote.

capillary endothelium leads to acute alveolitis, pulmonary

oedema, haemorrhage and severe impairment of gadlechanism of toxicity in lungs and muscle

exchange. Surviving dogs often develop progressiveFollowing ingestion, paraquat is rapidly absorbed and
interstitial fibrosis due to fibroblast activation and excessive selectively taken up by the lungs (fig.9) within the first few
collagen deposition, culminating in irreversible respiratory hours, achieving pulmonary concentrations several-fold
failure. higher than plasma levels. Within approximately 6 hours,
Paraquat also induces significant extra pulmonary toxicity. paraquat induces acute alveolitis through intense oxidative
Renal injury occurs due to direct tubular epithelial damageinjury to alveolar epithelial and capillary endothelial cells.
and ischemia, resulting in acute kidney injury that further By the third day post-exposure, profibroblasts migrate into
impairs paraquat excretion and exacerbates systemithe alveolar spaces, initiating fibroproliferative responses.
toxicity. Gastrointestinal effects include corrosive injury to By around day seven, progressive pulmonary fibrosis
the oral cavity, oesophagus and stomach, leading todbecomes evident, resulting in marked impairment of
ulceration, inflammation and haemorrhage. Hepatic injury alveolar gas exchange. This culminates in severe
results from oxidative hepatocellular damage, while centralhypoxaemia, tissue anoxia and death due to asphyxia in
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most affected dogs. In parallel, paraquat is also taken up bynverse correlation, with higher early plasma concentrations
skeletal muscle, which acts as a secondary reservoirassociated with extremely poor survival. Survival
Although plasma paraquat levels may decline andprobability decreases sharply with increasing plasma levels
qualitative tests such as the sodium dithionite test mayduring the initial hours after ingestion, while lower
become negative, paraquat continues to be released slowlgoncentrations are associated with improved but still
from muscle tissue (fig.10) back into circulation. This guarded outcomes. However, declining plasma
sustained redistribution perpetuates pulmonary exposure andoncentrations do not necessarily indicate recovery, as
contributes to delayed worsening of lung injury and fatal continued release from tissue stores, particularly muscle,
outcomes. The prognostic relationship between plasmacan maintain toxic pulmonary concentrations and drive
paraquat concentration and survival demonstrates a strongrogressive respiratory failure.

Day1  Pulmonary uptake within 6 hours

Acute alveolitis
Day3 Profibroblasi migrates into alveolar space
Day 7 Pulmonary fibrosis

Impairment of gas exchange

Death doe to asphyxia & fissue anoxia

Fig 9: Pulmonary accumulation of paraquat following ingestion in dogs. Paraquat is rapidly absorbed and selectively taken up by the lungs
within the first few hours, causing acute alveolitis through oxidative injury, followed by fibroproliferation and progressive pulmonary
fibrosis, leading to severe hypoxaemia and respiratory failure

Paraguat also tken up by the moscles

Sodium dithionite test - NEGATIVE
bl paraquat i plasig copceniraion

Sustained release of paraguat by e muscle

Avgain atfect the lung & cause death

Fig 10: Skeletal muscle as a secondary reservoir of paraquat. Paraquat released slowly from muscle back into circulationmostaips pul
exposure, contributing to delayed worsening of lung injury and poor prognosis, even when plasma levels initially decline

Necropsy findings

Fig 11: Congested lung with edema
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Fig: 12 Hepatomegaly

Fig 13: Splenomegaly

Detailed post-mortem examination revealed severehepatocellular injury compounded by hypoxia and
multisystem lesions, with the lungs (fig.11) showing the circulatory compromise. Mild bile staining was occasionally
most prominent and diagnostically significant changes. Theobserved, although no focal necrosis was evident grossly.
lungs were markedly congested, enlarged and heavy, failingThe spleen (fig.13) was moderately to markedly enlarged
to collapse upon opening of the thoracic cavity. The pleuraland congested, with a dark red to purplish coloration. On cut
surfaces were dark red to bluish-red and glistening, withsection, the splenic pulp was soft and oozed blood,
multifocal petechial to ecchymotic haemorrhages. On indicating vascular engorgement and systemic inflammatory
sectioning, copious amounts of serosanguinous, frothy fluidresponse. Splenic enlargement was interpreted as secondary
exuded from the cut surfaces, confirming severe pulmonaryto acute circulatory disturbances and hypoxic injury.
oedema. The pulmonary parenchyma was firm and rubberyOverall, the necropsy findings were dominated by severe
in consistency in several areas, indicating consolidation andoulmonary congestion and oedema, accompanied by
early fibroproliferative changes consistent with paraquat- hepatomegaly and splenomegaly, reflecting the systemic
induced alveolar injury. nature of paraquat toxicity. The severity of pulmonary
The liver (fig.12) was diffusely enlarged with rounded edges lesions correlated with the rapid clinical deterioration and
and a tense capsule. The hepatic parenchyma appeared dafltal respiratory failure observed in affected dogs.

congested and friable, with accentuation of the lobular

pattern on cut section. These changes are suggestive of toxidistopathology of Lung

Fig 14: Microscopic lung changes in a dog with paraquat poisoning showing alveolar oedema, congestion, inflammatory infiltrates, epithelia
necrosis, and early fibroblast proliferation, indicative of acute alveolitis progressing to fibroproliferative injury

~ 124 ~


https://www.biologyjournal.net/

International Journal of Biology Sciences https://www.biologyjournal.net

Microscopic examination (fig.14) of the lung revealed techniques such as haemoperfusion and haemodialysis have
severe and diffuse pathological alterations consistent withlimited or questionable benefit however, they may prolong
acute toxic lung injury due to paraquat. The alveolar spacesurvival if initiated shortly after ingestion.
were variably collapsed or distended and filled with Fluid therapy is generally contraindicated due to the
eosinophilic proteinaceous oedema fluid, fibrin strands andpresence of severe respiratory distress and the risk of
inflammatory cell infiltrates. Marked congestion of alveolar worsening pulmonary oedema. Induction of emesis and
capillaries and interalveolar septa was evident, along withgastric lavage are also contraindicated because of the
multifocal haemorrhages. The alveolar septa were markedlycorrosive nature of paraquat and the potential for continued
thickened due to oedema, infiltration by neutrophils and mucosal injury to the gastrointestinal tract.
macrophages and early fibroblast proliferation.
Degeneration and necrosis of alveolar epithelial cells wereAntioxidant Therapy
observed, with desquamation of pneumocytes into theGiven the central role of oxidative stress in paraquat
alveolar lumen. In some areas, bronchiolar epithelial toxicity, antioxidant therapy is commonly incorporated into
damage with luminal cellular debris and inflammatory treatment protocols. Vitamin E (300 mg orally twice daily)
exudate was noted. These histological features are indicativand vitamin C may be administered to reduce free-radical-
of acute alveolitis progressing towards fibroproliferative mediated cellular damage. N-acetyl cysteine is used to
changes, which correlate with paraquat induced oxidativereplenish intracellular glutathione stores and may be
injury and explain the severe impairment of gas exchangeadministered at a loading dose of 150 mg/kg over 3 hours,
and fatal respiratory failure observed clinically. followed by 300 mg/kg over 24 hours for up to three weeks.
Desferrioxamine (100 mg/kg over 24 hours) acts as an iron
Other Clinical Signs chelator, thereby limiting iron-catalysed hydroxyl radical
In addition to respiratory compromise, dogs with paraquatformation. Salicylic acid has also been suggested for its
intoxication commonly exhibit systemic and gastrointestinal ability to scavenge hydroxyl radicals and inhibit activation

manifestations. Cardiovascular involvement is reflected byof nuclear factor- % 1 )% D NH\ PHGLDW
an elevated heart rate, often secondary to hypoxaemia anihflammation and fibrosis.

systemic stress. Progressive multi-organ failure may occur

as a consequence of widespread oxidative injury.Conclusion

Gastrointestinal signs such as vomiting and diarrhoea ardParaquat toxicity should be considered an important

frequent and are attributed to the corrosive effects ofdifferential diagnosis in dogs presenting with unexplained
paraquat on the gastrointestinal mucosa. Laryngo-respiratory distress, gastrointestinal signs, renal dysfunction
pharyngitis, excessive salivation and oral discomfort areand a history suggestive of environmental exposure to
also commonly observed due to direct chemical irritation. paraquat. Given the relative ease of access to paraquat-
Respiratory distress remains the predominant clinical featurecontaining formulations such as Gramoxonefi 250
and progressively worsens despite therapeutic intervention. (Syngenta), the risk of intoxication in both humans and
animals remains significant, whether accidental, intentional
Treatment as in cases of self-harm or through malicious exposure. The
Therapeutic management of paraquat poisoning in dogs ismbsence of a proven and effective antidote in both human
largely supportive and aimed at limiting pulmonary and veterinary medicine, combined with the rapid
inflammation, oxidative  injury and  secondary progression of severe pulmonary injury and irreversible
complications, as no specific antidote is available. Attemptsfibrosis, renders therapeutic management extremely
may be made to reduce pulmonary inflammation andchallenging and results in a generally poor prognosis.
fibrosis through the administration of anti-inflammatory and Nevertheless, experimental studies, particularly in rodent
immunosuppressive agents, as well as inhibitors of collagermodels, have demonstrated promising results with early
synthesis. Corticosteroids such as methylprednisolone (0.5-1ntervention  using  high-dose  parenteral  lysine
mg/kg) or dexamethasone (0.1-0.2 mg/kg), alone or inacetylsalicylate, various antioxidant therapies and selected
combination with cyclophosphamide, have been used withangiotensin type | converting enzyme inhibitors, which may
the objective of attenuating fibroproliferative lung injury, attenuate oxidative damage and limit progressive pulmonary
although clinical efficacy remains inconsistent. fibrosis. Further clinical research is required to evaluate the
Broad-spectrum antibiotics, including amoxicillin (10-20 translational potential of these therapies in canine paraquat
mg/kg), enrofloxacin (4-7.5 mg/kg) and ceftiofur sodium (1- intoxication.
2 mg/kg), may be administered to prevent or treat secondary
bacterial infections, particularly those involving the References
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