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One of the foremost methods of committing
suicide in India is aluminium phosphide (AIP)
poisoning. AlP toxicity is induced by the discharge of
phosphine gas, which induces cell hypoxia and
circulatory failure because of suppression of oxidative
phosphorylation. There is no specific antidote for AlP
toxicity and treatment is mostly supportive. Although
it is a common suicidal agent, the documented
numbers are small due to the lack of patients who
eventually reach tertiary care, due to the extreme
toxicity of AIP.

Since the 1940s, AIP has been used as a
rodenticide and isolated incidences of fatal exposure
to phosphine gas generated from AIP have been
recorded in the literature from bulk wheat shipments
utilizing AIP as an herbicide between 1967 and 1980.1
This poisoning was unknown in India till 1980 and M
G M Medical College in Indore reported the first case
in 1981.2 The poisoning has been progressively
growing in frequency and it is now the most common
poisoning in the country's northern and central areas.

The fatal dose of AIP is 0.15-0.5 g in a 70kg
man.3 AlP discharges a large amount of phosphine gas
when ingested. AIP produces phosphine gas when it
combines with air, water, or gastric acid. Phosphine is
a colorless, very poisonous gas with an odor similar to
garlic or decaying fish. Phosphine disrupts the
oxidative phosphorylation in mitochondria leading to
ATP depletion due to non-competitive inhibition of
mitochondrial cytochrome oxidase of the electron
transport chain.*

AIP + 3H20 — Al(OH)3 + PH3; AIP + 3 H* — Als+ + PH3

As a mitochondrial toxin, phosphine prevents

enzyme glycerophosphate dehydrogenase. Free
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radicals are created during phosphine poisoning,
which exacerbates damage and leads to multi organ
failure. Rapid development of shock, metabolic
acidosis, cardiac arrhythmias and respiratory failure
are the constellation of manifestations leading to the
high fatality rate. Hemolysis can also occur as a
consequence of phosphine poisoning; however, it is
rare.> The severe toxicity of AIP particularly affects
cardiac and vascular tissue which can manifest as
severe and refractory hypotension, congestive heart
failure, electrocardiogram abnormalities, myocarditis,
pericarditis and subendocardial infarction. The
frequency of hypotension ranged from 76% to 100%,
which is an essential feature of AIP toxicity.¢

The effectiveness of a gastric lavage after
consumption is mainly determined by the duration of
exposure to the poison and should be carried out
immediately. As potassium permanganate KMnO4
(1:10000) oxidizes phosphine to harmless phosphate,
it is utilized for gastric lavage. It has been observed
that phosphine is a hard nucleophile and the reactive
oxygen species released from the resolution of KMnO4
do not react with each other; as a result, there is no
concrete evidence that KMnOs; is effective against AIP
toxicity.”. 8

Marashi et al observed that slurry of
activated charcoal aids in the removal of phosphine
from the body. Activated charcoal has a large internal
surface area made up of pores (10 A to 20 A). It
adsorbs poisons with a modest molecular weight of
about 100 Da to 800 Da with ease. AlP has a molecular
weight of roughly 58 Da making the involvement of
activated charcoal in AlP poisoning is once again
speculative.?

Singh Bajwa et al used a regimen containing
coconut oil with sodium bicarbonate for gastric
lavage.10 Liquid Paraffin may be used to accelerate the
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elimination of AIP and phosphine from the
gastrointestinal tract. In vitro experiments indicate
that vegetable oils and liquid paraffin block the
release of phosphine from ingested AIP by virtue of
the physicochemical properties of AIP and its
immiscibility with fatl! Another mechanism
proposed by Shadnia S et al is that coconut oil
prevents the absorption of phosphine gas by forming
a protective layer around the lining of the stomach.
Coconut oil further helps dilute the stomach
hydrochloric acid (HCI) and inhibits the breakdown of
the phosphide in the granule. Sodium bicarbonate
inhibits the release of phosphine by neutralizing the
HCI which in turn reduces the catalytic reaction of
phosphide with HCL!2 It is therefore beneficial to
administer medicinal liquid paraffin or coconut oil to
those who have ingested AlP.

As a measure to counter the acute AlP
toxicity it can be attempted to reduce the cellular
toxicity of phosphine gas with antioxidants or
chemicals which can replenish the antioxidants.
Magnesium sulfate helps scavenge free radicals
through glutathione (GSH) restoration and therefore
may be effective through parenteral route to
replenish the antioxidant GSH in this poisoning and
has also been tested for its general membrane
stabilizing effects on cardiac myocytes.

Chugh et al observed the effectiveness of
magnesium sulfate in relation to the dose of AIP taken
and concluded that hypomagnesemia was more
common with mortality and that higher levels of
magnesium after supplementation significantly
reduced mortality, regardless of the dose of pesticide
taken.13 Singh also reported better outcomes in
patients who presented within 4 hours and started
intravenous MgS0414 However, Siwach et al observed
that there was no significant difference in
dose-dependent mortality rates in patients treated
with and without MgS04 and recommended the use of
stronger antiarrhythmic agents in controlling some
supraventricular arrhythmias.!> Sahoo et al reported
a case of aluminium phosphide consumption by a 60
year old woman with suicidal intention and
developed anteroseptal acute myocardial infarction
following 48 hours of hospitalization.16

Oghabian Z et al observed that with the
administration of Dihydroxyacetone (DHA) in the
dose of 7 g in 50 mL sodium bicarbonate through
gavage 2 times at one hour interval showed
improvement clinically in two human cases.!” DHA is
a simple monosaccharide which has shown to restore

mitochondrial cytochrome C oxidase activity in
animal models using mice poisoned with inhalational
phosphine.18 Rashedinia M et al demonstrated that
DHA suppressed the phosphine gas induced toxicity
in the HepG2 cell line by increasing the production of
ATP through glycolysis.l® However, further studies
are required to ascertain the benefit of DHA in AIP
poisoning.

To conclude the unavailability of a particular
antidote could be a major reason that Aluminium
phosphide poisoning incorporates a high mortality
rate. Only possible life-saving measures in the event
of poisoning with an unexposed form of AIP are
supportive. Optimizing supportive care helps achieve
high survival rate despite hemodynamic effects at
presentation. In treatment, the primary goal is to
provide effective oxygenation, ventilation and
circulation until phosphine is removed.

In severe AIP poisoning continuous invasive
hemodynamic monitoring is needed with early
resuscitation using fluids and vasoactive agents.
Extracorporeal membrane oxygenation (ECMO)
combined with continuous renal replacement therapy
(CRRT) also may be lifesaving. Specific treatment for
AlP  toxicity includes decreasing phosphine
absorption, decreasing cellular toxicity and increasing
renal and pulmonary excretion. Though the
mechanism is unclear Dihydroxyacetone (DHA) may
be an emerging antidote from bench to bedside for
AlP poisoning.
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