U
O
C
LY
‘r
m
=

SYNG-PQ-04262278_R



SYNG-PQ-04262279_R




PP796
Formerly known as ICI 63,197 or R50796
2-amino-6-methyl-5-o0xo-4-n-propyl-4,5-dihydro-5-triazolo (1,5-a) pyridine

report no oral dermal skin
CTL/L/2034 10.5.88 Rat: MLD 100-150 mg/kg
(1.3) Mouse: MLD 300-310 mg/kg
(2.3)
CTL/L/2004 10.5.88 MLD > 2000 mg/kg
not a strong
sensitiser
CTL/T/1277 20.3.79 slight irritant rat skin (Stevens)
0.3% cream and 3% ointment
x2 daily for 10 days to intact
shaved skin of rabbits. Cream;
Sl-mod signs of irritation: Neither 0.3%
ointment; slight irritation. 12 cream or 3%
applic of 0.3% cream and 0.3% ointment were
ointment to G.pigs caused mild sensitisers in
3) irritation rabbits

CTL/L/1839 17.12.87

3)

@

eye

slight irritant

inhal

0.49% particles in
respirable range

genotox

Negative +/- S9 in
TA1535,1537,1538,9

8,100
Negative to 4x

strains of Sal
Typhimurium

Saves\ o
-\

Qo nkias =
e ,S\Q\Qi&—\; .

Segth ta .

other

IV: LD50 Female Rat 50-60 mg/kg, Male 60-75 mg/kg. Mouse
>150 mg/kg. Rabbits; 5 mg/kg killed 1 of 2 animals, 20 mg/kg
killed both.

Daily skin applic to rats; sl skin irritant after 4 days.Signs of
toxicity after 5 applications, 1 rat found dead after a total dose
of 0.6 g

18 day oral - rats. No abnormalities attributable to PP796
following oral ingestion of 1.5 or 5 mg/kg/day
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39 day oral- dogs. No histological changes following oral
3) ingestion of increasing doses from 0.1-1.5 mg/kg over 36 days.

90 day dietary study in rats (0.25,1.25and 5

ma/kg/day).There were some minor changes in some clin chem

parameters,but there were no treatment related effects on
(1.3) haematology, organ weights or histopath.

90 day feeding study in dogs (0.15, 0.5 and 1.5 mg/kg/day).
Aside from sporadic vomiting, there were no treatment related

effects on haem, clin chem, organ weights or histopath. No
13) effects on BP, heart and respiration rate, ECG or organ weights.
{1.3)

Developmental: PP796 has no teratogenic effects and no
significant effects on pregnancy, littering or weaning in rats and
1.3) rabbits given daily doses of up to 1.25 mg/kg/day

Oncogenicity: A 78 week study in mice, dosed at 5 or 20 ppm
(1.25 and B mg/kg/day), indicated that the material is not
(3 carcinogenic

Efficacy as an emetic
In addition to the above, the effect of PP796 on the toxicity of paraquat to experimental animals and the evaluation of the effectiveness of the addition of the emetic to
PQ formulations on the toxicity of Pq to humans has been summarised in MIT Section 3 Apperdix A: The Emetic PP976 19.4.95.

(1) Scott RC Correspondence 27.5.94 citing:

Aron

Safety Evaluation Results

Pharmaceuticals Division Report No. IC163197 1983

(2) Data cited in Scott RC correspondence file on PP796
(3) Ospenson JN

Application to FADA
June 1977
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RATIONALE BEHIND THE ADDITION OF AN EMETIC AGENT TO FORMULATIONS OF
PARAQUAT

Over 30 years of practical use has demonstrated that paraquat does
not present a risk to human health when handled and used according to
normal agricultural practice.

Human poisonings have however occurred through oral ingestion of
paraquat formulations. Efforts to reduce the incidence of poisonings
and fatalities resulting from the accidental oral ingestion of
paraquat formulations have been an on-going priority for ICI

{now ZENECA).

Two complementary approaches have been taken towards the inclusion of
formulation additives to reduce the incidence of poisoning resulting
from the accidental oral ingestion of paraquat formulations. These
formulation approaches are themselves complementary to additional
company product stewardship initiatives which have included
improvements in packaging and labelling and emphasis on farmer
education and training.

The Use of Alerting Agents

The first approach was to ensure that paraquat formulations could not
be mistaken for drinks suitable for human consumption. This has
resulted in the addition of a distinctive smell and a colour. A
stenching agent must not be too unpleasant for the legitimate user of
the product but must be sufficient to clearly differentiate the
product from beverages with which it might otherwise be confused.

The stenching agent used in liquid paraquat formulations satisfies
these requirements.

Aqueous formulations of paraquat are dark brown in the absence of a
dye. The 'natural' colour of such formulations is not unlike that of
certain common beverages such as tea, coffee or soft drinks. To
clearly differentiate paraquat formulations from beverages a
distinctive blue dye is added resulting in a blue/green liquid. Few
human drinks (or foodstuffs) are blue in colour and the addition of
both stench and dye together help limit any potential for confusion
with drinks intended for human consumption.

The Use of a Potent Emetic

The second approach was to incorporate an emetic with the objective
of inducing rapid emesis such that insufficient paraquat is retained
in the gastrointestinal tract to cause poisoning following accidental
oral ingestion (and secondarily, to alert the person or those in the
vicinity that the product has been ingested in order to improve the
likelihood of the person receiving rapid medical treatment).

RAD374
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The principal criteria for the selection of an appropriate
{effective) emetic were as follows:

SPEED AND MODE OF ACTION

The emetic must produce a rapid vomiting response prior to the
absorption of toxic amounts of paraquat. It should act centrally and
should not produce its action via an irritant effect on the gastric
system; irritancy could facilitate the absorption of paraquat.

SPECIFICITY
The agent must be able to act in the presence of paraquat, i.e.
appropriate animal experiments must provide evidence that paraquat

does not interfere with the mode or speed of action of the emetic.

HUMAN SAFETY

The emetic should be toxicologically acceptable and harmless to the
user of the product in which it is incorporated.

ENVIRONMENTAL SAFETY

The emetic should not have a harmful effect on the environment.
STABILITY

The emetic must be stable in the presence of paraquat and vice versa.
The emetic should not interfere with the herbicidal properties of

paraquat.

An assessment was made of the following candidate emetic agents, most
of which were excluded on the basis that they did not meet one or

more of the necessary criteria.

Matricaria

This is the ground flower heads of the camomile plant. It is
irritant in action, unreliable and, being insoluble in water, would

be of no practical value for use in paraquat formulations.

Mustard

This i1s also highly irritant and insoluble.

Salts of heavy metals (eg. copper, antimony and zinc)

These agents have been firmly rejected by modern medical opinion
because of their high toxic risk. They would also be unacceptable
from an environmental perspective.

RAD374

SYNG-PQ-04262285_R



Sodium chloride

This emetic, commonly used in domestic poisoning incidents, is no
longer generally recommended by the medical profession. Its efficacy
is variable and a number of deaths have occurred following its use.

Apomorphine

This agent, although highly effective, can only be administered by
intramuscular injection. It is unstable in air. It is therefore
clearly of no practical value for inclusion in paraquat formulations.

Ipecacuanha

This agent is widely used as an orally administered emetic, it acts
on the central nervous system but is also a gastric irritant. When
administered in excessive amounts (approximately 10x the emetic dose)
fatalities have occurred. This emetic was seriously considered by
ICI for inclusion in paraquat formulations but a study in cynomolgus
monkeys found that the response was unpredictable and only effective
at doses associated with toxic symptoms.

THE EMETIC PP796

History

PP796 is a triazolo-pyridine originally discovered by ICI
Pharmaceuticals. It was extensively studied as a poteptial drug for
the relief of asthma. Mammalian toxicology studies were completed to
the satisfaction of the UK Committee for the Safety of Medicines
which granted a Clinical Trials Certificate, enabling human clinical
trials to take place. However during these trials it became clear
that PP796 was of unexpectedly high emetic potency in humans.

(Bayliss, 1973)
It was therefore withdrawn from further development as a drug. Its
emetic properties did, however, indicate considerable potential for
use with paraquat formulations, and studies were therefore undertaken
to establish whether PP796 could match the criteria established for a
suitable emetic.
Mode of action
Following administration of an oral dose, PP796 is rapidly absorbed
in mammals, peak plasma levels are observed in man within an hour of
administration.

(Bayliss, 1973)

RAD374
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In species which vomit such as pig, dog, monkey and man (rodent
species do not vomit) the rise in plasma level is associated with the
onset of vomiting. This generally occurs within 15 minutes of
dosing. Vomiting may be repeated four or five times within the first
hour. Thereafter the effect ceases, probably as a consequence of the
rapid metabolism and excretion of the compound. Evidence for the
action of PP796 being centrally mediated is provided by:

- the rapid onset of vomiting and absence of irritant effects;

- the production of vomiting in dogs following intravenous
administration at plasma levels similar to those producing the
effect after oral administration.

(Case & Dunlop, 1977)

The proposed pharmacological rationale for the action of PP796
involves the inhibition of phosphodiesterase.

(Foulkes, 1978)
Dose required

PP796 is an extremely potent oral emetic, in a study to determine the
vomiting response of cynomolgus monkeys (Macaca fascicularis) an oral
dose of 2 mg PP796/kg bodyweight was sufficient to cause vomiting in
five out of seven animals within 30 minutes of administration. The
remaining two animals both vomited within approximately one hour of
administration.

(Purser et al., 1978)

The emetic response of dogs to a range of single oral dose levels of
PP796 (0, 0.1, 0.5, 1.0, 3.0, 10.0 or 20.0 mg/kg bodyweight) has been
investigated. Emesis, with subdued behaviour, was produced at dose
levels in the range 0.5 to 30 mg PP796/kg bodyweight, no effects
occurred at 0.1 mg PP796/kg bodyweight. The onset of vomiting and
the duration and severity of effects were all found to be
dose-related. Vomiting occurred at 0.5 and 3 mg/kg bodyweight but
was more rapid at 10 or 20 mg PP796/kg bodyweight (within five
minutes of dosing). Severe vomiting occurred at dose levels of 3 mg
PP796/kg bodyweight and above. Diarrhoea and defecation of mucus
were present in some of the animals given 1 mg PP796/kg bodyweight
and above. No other treatment-related effects were observed and all
dogs had recovered within six hours of dosing.

Tose W,

EPl;;;\(ltgty
@?é&é&*’““(ﬁﬁqﬁﬁ‘v%(l {Erjﬁ)klﬂéﬁci
Gﬁgﬁlfﬁb‘fﬂkk CR<Q.“*QQ(LCJ§“L\
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The minimal effective dose level was considered to be 0.5 mg PP796/kg
bodyweight, 20 mg PP976/kg bodyweight was considered to be the
maximum tolerated dose (based on the severity of the clinical effects
seen). The time interval between administration of PP796 and
vomiting was reduced to within ten minutes by increasing the dose to
3 mg PP796/kg bodyweight and to within five minutes following doses
of 10 or 20 mg PP796/kg bodyweight. However the reduction in the
time taken to the initiation of vomiting was also associated with an
increase in the severity of the clinical effects seen at these dose
levels.

(Brammer & Robinson, 1986)
Efficacy in the presence of paraquat

The emetic action of PP796 is not impaired by the presence of
paraquat. Investigations in cynomolgus monkeys (Macaca fascicularis)
have demonstrated that the induction of vomiting by PP796 is
unaffected by the presence of paraquat and that PP796 can reduce the
toxicity of paraquat (Table 1).

TABLE 1: The Effect of PP796 on the Toxicity of Paraquat to the
Cynomolgus Monkey

No. of Animals Paraquat Dose PP796 Dose No. Surviving
(ng/kg bw) (mg/kg bw)
8 100 - 0
8 100 2 6

{Cobb et al., 1979)

A further study in cynomolgus monkeys (Macaca fascicularis) in which
the doses of both paraquat and PP796 were increased has demonstrated
that PP796 is capable of effectively producing an approximately
three-fold increase in the LD;y 0f paraquat to the cynomolgus monkey
(Table 2).

TABLE 2: The Effect of PP796 on the Toxicity of Paraquat to the
Cynomolgus Monkey

No. of Animals Paraquat Dose PP796 Dose No. Surviving
(mg/kg bw) (mg/kg bw)
2 100 2 2
2 250 5 2
2 350 7 0
2 500 10 0

(Cobb et al., 1979)

In an additional study, PP796 was orally administered at 100 mg/kg
bodyweight to ten male cynomolgus monkeys (Macaca fascicularis).
Nine animals vomited between four and forty-three minutes after
dosing; vomiting usually occurring twice within one hour of dosing.
The remaining animal failed to vomit. Four of the ten animals

RAD374
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{including the animal which failed to vomit) died, all within
twenty-four hours of dosing.

(Purser et al., 1978)

The effects of different oral doses of PP796 have been investigated
in dogs dosed orally with 20 mg paraquat/kg bodyweight. Groups of
three male dogs received an oral dose of 20 mg paraquat/kg bodyweight
plus 0, 0.5, 3.0 or 20 mg PP796/kg bodyweight.

The effects of paraquat administration were assessed as follows:

- measurement of peak plasma paraquat concentrations,

- measurement of the area under the plasma paraquat
concentration/time curve (AUC) and,

- grossly observable paraquat-related lung lesions at necropsy
eight days after dosing.

There was a marked decrease in the peak plasma paraquat
concentration, the area under the curve (AUC) and the severity of
paraquat-related lung lesions of dogs dosed with either 0.5 or 3.0 mg
PP796/kg bodyweight plus paraquat when compared with dogs dosed
paraquat alone. These reductions were dose-related. The response in
dogs dosed 20 mg PP796/kg bodyweight plus paraquat was variable, some
dogs showing a reduction in the effects of paraquat whilst others
showed no decrease. One dog showed evidence of increased effects of
paraquat, these were considered to be due to an increased amount of
paraquat having been systemically absorbed as a result of inhalation
of part of the dose following regurgitation.

The effective dose range of PP796 in dogs in terms of its action in
reducing the amount of paraquat which is systemically absorbed
following oral ingestion, and hence its toxic effects, is considered
to be between 0.5 and 3.0 mg PP796/kg bodyweight. High doses of
PP796 provide no advantages over a dose of 3.0 mg PP796/kg bodyweight
and may, in some dogs, be contraindicated.

(Robinson & Brammer, 1986)

RAD374
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THE EFFECT OF PP796 ON THE TOXICITY OF PARAQUAT TO EXPERIMENTAIT

ANIMALS

THE EFFECT OF PP796 ON GASTRIC EMPTYING

PP796 is a potent inhibitor of gastric emptying as well as being a

potent oral emetic.
demonstrated in the mouse,
are presented in the following table.

24 hours and then dosed with either phenol red (monkeys)

radiolabelled chromium in the form of sodium chromate

The inhibition of gastric emptying has been
rat and cynomolgus monkey.
The animals were fasted for
or

(mice and rats)

The results

in the presence or absence of PP796 (administered orally or by

subcutaneous injection).

The animals were sacrificed after one hour

and the amount of phenol red or °Cr remaining in the stomach was
determined (Table 3).

TABLE 3: The Effects of PP796 on Gastric Emptying in the Mouse, Rat
and Cynomolgus Monkey
Species Treatments % Remaining in the Stomach
Mouse* Oral
Control 3.9 0.65
2.5 mg PP796/kg bw 44.8 + 4.2
Subcutaneous
Control 7.1 1.88
1.0 mg PP796/kg bw 49.4 + 4.0
Rat* Control
Oral 16.2 + 1.8
1.0 mg PP796/kg bw 62.4 = 3.8
Subcutaneous
1.0 mg PP796/kg bw 72.5 & 2.3
Cynomolgus Oral
monkey ** Control 33.7 + 6.4
0.2 mg PP796/kg bw 85.7 + 4.7

non-vomiting species

*
*
[}

cause emesis and did not cause vomiting in any of the
animals.

the dose of PP796 used was 1/10th of the dose required to

The mouse and the rat both lack the vomiting response, the effects of
gastric emptying were therefore measured using doses causing vomiting
in the dog and the monkey.

RAD374
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The inhibition of gastric emptying in monkeys was substantial,
despite having been evaluated using a relatively low, sub-emetic
dose.

(Wright et al., 1979)

THE EFFECT OF PP796 ON THE SYSTEMIC ABSORPTION OF PARAQUAT

In rats, the administration of PP796 together with paraquat
significantly delays the onset of the appearance of paraquat in the
plasma and eliminates the early high peak plasma concentration which
is otherwise seen in the first hour. This phenomenon results solely
from the action of PP796 in inhibiting gastric emptying since the rat
does not vomit. This finding therefore demonstrates that paraquat is
not readily absorbed from the stomach. When PP796 and paraquat are
administered to dogs and monkeys, as well as the inhibition of
gastric emptying, vomiting occurs and concentrations of paraquat in
the plasma are consequently much reduced.

(Wright et al., 1979; Rose, 1978)

An analysis of the relationship between the concentration of paraquat
present in plasma and mortality in humans reveals that those patients
with paraquat blood plasma concentrations above a critical value

(approximately 3 pg paraquat/ml, 24 hours after ingestion) have died.
The survival of patients who accidentally (or deliberately) ingest
paraquat is therefore critically dependent on the concentration of
paraquat in the blood plasma during the first 24 hours after
ingestion. The inclusion of PP796 in paraquat formulations leads to
a considerable reduction in the concentration of paraquat in the
blood plasma of dogs and monkeys and should also therefore make
paraquat formulations less orally toxic to humans.

THE EFFECT OF PP796 ON THE TOXICITY OF PARAQUAT TO DOGS AND MONKEYS

A formulation containing 200 g paraquat/litre ('Gramoxone') and

0.05% w/v PP796 has been demonstrated to be between two and five
times less orally toxic than a similar non-emeticised formulation
when administered to dogs. The median lethal dose of the formulation
containing PP796 was approximately 0.5 ml formulation/kg bodyweight
{approximately 100 mg paraquat/kg bodyweight), the median lethal dose
of the formulation without the emetic was between 0.1 and 0.25 ml
formulation/kg bodyweight (approximately 20 to 50 mg paraquat/kg
bodyweight) .

(Parkinson & Lefevrxe, 1977)

In a similar study carried out in the cynomolgus monkey (Macaca
fascicularis) the presence of an emetic dose of PP796 raised the LDs,
of paraquat (previously determined as approximately 60 to 70 mg
paraquat/kg bodyweight, Purser et al., 1975) to between 250 and
500 mg paraquat/kg bodyweight, thus reducing the toxicity of paraquat
approximately five-fold.

(Rose, 1976)

EVALUATION OF THE EFFECTIVENESS OF THE ADDITION OF PP796 TO PARAQUAT
FORMULATIONS ON THE TOXICITY OF PARAQUAT TO HUMANS

ESTIMATION OF THE EMETIC DOSE REQUIRED TO INDUCE VOMITING IN HUMANS

RAD374
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When PP796 is included in paraquat formulations in amounts sufficient
to cause emesis within one hour in dogs and in monkeys, the toxicity
of the formulation is significantly reduced (see Section 3.3). 1In
order to achieve a reduction in the toxicity of paraquat formulations
to humans, it is necessary to add sufficient PP796 to cause emesis,
in a volume of formulation concentrate that would normally be lethal
if accidentally ingested.

Human data indicates that a volume of 10 ml of a non-emeticised
formulation containing 200 g paraquat/litre {'Gramoxone') represents
the minimum volume which is potentially lethal to humans. It has
been concluded that a concentration of 5 mg PP796 in 10 ml of
'Gramoxone' (i.e. 0.05% w/v) should be added to the formulation in
order to ensure that a person ingesting the lowest potentially lethal
volume (10 ml) receives an effective dose of emetic. This dose is
estimated to induce vomiting within an hour in a person ingesting

10 ml or more of 'Gramoxone'.

(Rose, 1977)

ROLE OF PP796 IN THE REDUCTION OF FATALITIES ARISING FROM THE
ACCIDENTAIL ORAL INGESTION OF PARAQUAT FORMULATIONS

For obvious reasons it is not possible to carry out a study to
specifically determine the effect of the addition of PP796 on the
toxicity of paraquat formulations to humans. Epidemiological data,
can however provide reliable information on the effectiveness of the
emetic when such data is based on accurate records of cases involving
paraquat poisoning. The UK National Poisons Information Service
(NPIS) provides a reliable source of information on paraquat
poisonings in the UK.

Published data from the NPIS based on UK incident data collected in
the early 1980s suggested that the presence of PP796 in paraquat

formulations may be associated with some reduction in mortality rates
following the ingestion of paraquat formulations.

(Denduyts-Whitehead et al., 1985)

RAD374
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The UK NPIS data has been reviewed more recently with the following
conclusions. Paraquat formulations containing PP796 cause both a
more reliable and an increased incidence of vomiting within half an
hour of ingestion than paraquat formulations without emetic. The
addition of PP796 to paraquat formulations may therefore have some
value in preventing serious poisoning when the amounts ingested are
relatively small (< 25 ml 'Gramoxone'), i.e. in those cases involving
accidental ingestion. However, in cases of deliberate oral ingestion
with suicidal intent, circumstances in which relatively large (>25 ml
‘Gramoxone') volumes are swallowed, a beneficial effect of the
inclusion of the emetic on survival rates could not be demonstrated.
This is presumably because even after emesis has occurred the amount
of paraquat present in the gastrointestinal tract is still sufficient
to result in a fatality. Suicides, by whatever means are a tragic
occurrence but for paraquat and other chemical means (agrochemicals,
pharmaceuticals and other household chemicals) this represents gross
abuse of a product which when used for its legitimate purpose brings
significant benefits to society.

ZENECA Agrochemicals' experience in the UK and indeed, worldwide, is
that the combination of preventive measures adopted, including the
formulation additives of stench, dye and an effective emetic have
resulted in a significantly decreased incidence of fatalities
occurring as a result of the accidental oral ingestion of paraquat
formulations.

(Calderbank, 1992)

RAD374
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A Case For 'Inclggion Of The Emetic PP796 In Paraquat Formulations

To whom it may concern

Zeneca include the emetic PP796 [2-amino-6-methyl-5-oxo0-4-n-propyl-4,5-dihydro-5-
triazolo (1,5-a) pyridine) in paraquat formulations. The following details the
characteristics of PP796 as a suitable emetic in these formulations

1. It must be rapidly absorbed

PP796 is rapidly absorbed in mammals (rats, dogs and monkeys) following oral ingestion.
Peak plasma levels, which are dose-dependent, being observed in man during the first hour
after administration (Bayliss 1983).

2. It must be a strong emetic and quick acting with a limited ‘action period’

In species which vomit such as dogs and man, the rise in PP796 plasma level is associated
with the onset of vomiting. This has been demonstrated to occur within 15 minutes of
dosing. Vomiting may be repeated four or five times within the first hour. PP796 is thus
a potent oral emetic and man is sensitive to its action. After the full hour the effect ceases,
probably as a consequence of the rapid metabolism and excretion of the compound (Case
and Dunlop 1977).

3. It must not be a gastric irritant

A major attraction for the use of PP796 is that its mode of emesis action is not by gastric
irritation; this would be a major disadvantage with paraquat as this might increase
absorption. The action of PP796 is actually centrally mediated and evidence for this is
provided by 1) the rapid onset of vomiting (and absence of irritant effects) and 2) the
production of vomiting in dogs following intravenous administration at plasma levels
similar to those producing the effect after oral administration (Case and Dunlop 1977).

4. It must be toxicologically acceptable

As human exposure to PP796 will occur as a consequence of the deliberate ingestion of
Gramoxone or other paraquat containing products it must not present toxicological effect.
A wide range of studies have been completed with PP796 using oral dosing or dietary
administration to assess the toxicological significance of this route of exposure.

Acute Oral Toxicity
The acute oral MLD value of PP796 in rats is 100-150mg/kg (Anon 1983, Davison and
Smith 1988). The acaute oral toxicity in mice is 300mg/kg (Anon 1983).

Skin Irritation
PP796 is a slight skin irritant and is not a strong skin sensitizer (Moses 1979).

Subchronic Oral Toxicity

Dietary administration of PP796 in rats (Smg/kg/day) and dogs (1.5mg/kg/day) for three
months has been investigated. In rats there were no treatment related effects on

SYNG-PQ-04262296_R



hematology, organ weights or histopathology. Similarly in dogs, PP796 caused no
adverse effects on hematological, biochemical or histopathalogical parameters. In
addition, blood pressure, heart or respiration rate and measured ECG-activity remained
unaffected by PP796 treatment. At the end of the dosing period a number of top dose
animals were placed on a normal diet ie without PP7696, for up to 12 weeks. There were
no changes in these animals attributable to PP796 (Anon 1983).

Teratogenicity .
PP796 has no teratogenic effects and no significant effects on pregnancy, littering or
weaning in rats and rabbits given daily doses of up to 1.25mg/kg/day (Anon 1983).

These data demonstrate that PP796 presents no acute risk to humans and is acceptable,
based on its toxicology, for use as an emetic in paraquat formulations.

5. It must be compatible and stable in paraquat formulations

While CTL cannot comment on the herbicidal efficiency of PP796 formulated paraquat, its
compatibility and stability have been demonstrated in dogs exposed to either PP796 alone,
PP796 in blank formulation or PP796 in paraquat formulation, where there were no
differences in emetic response between studies (Brammer and Robinson 1986, Robinson
and Brammer 1986, Collins and Robinson 1986). In addition, studies in rats, mice and
monkeys have shown it to have a delaying effect on gastric emptying, and since most
paraquat swallowed is absorbed from the small intestine the resulting inhibition of
absorption may make a useful contribution in the period immediately following ingestion
(Wright et al 1979). Indeed, studies in dogs have shown reductions in subsequent
paraquat absorption/effects in emeticised formulations compared with non-emeticised-
paraquat (Robinson and Brammer 1986a). Furthermore, Zeneca’s own experience and
anecdotal evidence indicates that the emetic improves the survival of patients who have
swallowed small doses through its combined effects of dose reduction and rapid
hospitalization. The survival rate in patients who have accidentally ingested paraquat has
been very good.
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Emahic's

From: Shaunak Richa R Date: 30-May-1997 15:18
6=Shaunak@8=R@4=GBJHA@5=Agrochemicals@3=ZENECA@2=TMAILUK@1=GB@7=Rich

TO: Joseph A. Wilson WILSON JAQA1QUWZO0O0 )
CC: Scott Bob RC @APVXC SCOTT RCE@A1@APVXC1l )
CC: Cook Andy AR @FHVAX ( COOK AR@A1@FHVAXC )

L X an Y

Subject: RE: Emetic Levels in Paraquat Finished Products

Joe,

Apologies for the delay in getting back to you. Yes, I’'m still working on
paraquat products!!

I’'m afraid I don’t have any documents myself, but Bob Scott (CTL), and/or
Andy Cook, (Reqgulatory Affairs, Fernhurst) may be able to help.

I’ve copied this note to both of them, but it may be worthwhile your
contacting them direct.

s

Richa

From: Joseph A. Wilson

To: Shaunak Richa R@MSMAIL

Subject: Emetic Levels in Paraquat Finished Products
Date: 20 May 1997 15:05

Richa,

I hope that you are doing well. Are you working on paraquat
products? I was wondering if there are documents explaining the
logic for the amount of emetic (PP-796) that is used in paraquat
finished products. If there are, would you please forward them to
me. Thank you.

Cheers,
Joe

T Ry
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'TO WHOM IT MAY CONCERN

PP796 EMETIC

In considering the properties of PP796 in comparison with other emetics it is
necessary to first consider the criteria which an emetic must meet in order to
be appropriate for inclusion in paraquat formulations.

1. Speed and mode of.action
The emetic must produce a rapid vomiting response prior to the absorption of

toxic amounts of paraquat. It should act centrally and should not produce its
action via an irritant effect on the gastric system; irritancy could
facilitate the absorption of paraquat.

2. Specificity

The agent must be able to act in the presence of paraquat, i.e. appropriate
animal experiments must provide evidence that paraquat does not interfere with
the action of the emetic.

3. Human safety
The emetic should be toxicologically acceptable and harmless to the user of

the product in which it is incorporated.

4. Environmental safety
The emetic should not have a harmful effect on the environmernt.

5. Stability
The emetic must be stable in the presence of paraquat and vice versa. The

emetic should not interfere with the herbicidal properties of paraquat.
An assessment was made of the following candidate emetic agents, most of which

were excluded on the basis that they did not meet one or more of the necessary
criteria.
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1. Matricaria
This is the ground flower heads of the chamomile plant. It is irritant in

action, unreliable and, being insoluble in water, would be of no practical
value for use in paraquat formulations.

2. Mustard
This is also highly irritant and insoluble.

3. Salts of heavy metals (eg. copper, antimony and zinc)

These agents are firmly rejected by modern medical opinion because of their
high toxic risk. They would also be unacceptable from an environmental
perspective.

4, Sodium chloride
This emetic, commonly used in domestic poisoning incidents, is no longer

generally recommended by the medical profession. Its efficacy is variable and
a number of deaths have occurred following its use.

5. Apomorphine
This agent, although highly effective, can only be administered by

intramuscular injection. It is unstable in air. It is therefore clearly of
no practical value for inclusion in paraquat formulations.

6. Ipecacuanha
This agent is widely used as an orally administered emetic, it acts on the

central nervous system but is also a gastric irritant. When administered in
excessive amounts (approximately 10 x the emetic dose) fatalities have
occurred. This emetic was seriously considered by ICI for inclusion in
paraquat formulations but a study in cynomolgus monkeys found that the
response was unpredictable and only effective at doses associated with toxic
symptoms.

7. PP796
PP796 is rapidly absorbed in mammals following oral ingestion, peak plasma
levels being observed in man during the first hour after administration. In
species which vomit such as pig, dog, monkey and man (rodent species do not
vomit) the rise in plasma level is associated with the onset of vomiting.

This generally occurs within 15 minutes of dosing. Vomiting may be repeated
four or five times within the first hour. Thereafter the effect ceases,
probably as a consequence of the rapid metabolism and excretion of the
compound. The evidence for the action of PP796 being centrally mediated is
provided by 1) the rapid onset of vomiting and absence of irritant effects and
2) the production of vomiting in dogs following intravenous administration at
plasma levels similar to those producing the effect after oral administration.

PP796 is an extremely potent oral emetic, with man particularly sensitive to
its action. A dose of only 0.1 mg/kg is sufficient to produce a 75Z
expectancy of vomiting in man. Furthermore investigations in monkeys have
demonstrated that the induction of vomiting by PP796 is unaffected by the
presence of paraquat.
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In clinical studies emesis occurred at doses in the range 0.03-0.11 mg
PP796/kg (equivalent to 2-8 mg for a 70 kg man). Statistics of paraquat
poisoning incidents indicate that most have involved the ingestion of more
than 20 ml ’Gramoxone’. Inclusion of PP796 at a rate of 0.05Z (5 mg in 10 ml
or 0.5 g in 1 litre) is therefore likely to cause vomiting in those ingesting
this quantity or above.

In addition to its action as an emetic PP796 has a second property which makes
it particularly suitable for inclusion in paraquat formulations as a safening
agent. PP796 has been shown to have a delaying effect on gastric emptying,
since most paraquat swallowed is absorbed from the small intestine the
resulting inhibition of absorption may make a useful contribution in the
period immediately following ingestion.

Thus the question of the effectiveness of PP796 in comparison with other
emetics is more an issue of which emetics are able to meet the exacting
characteristics required rather than a straightforward comparison of the speed
with which they are able to induce emesis.

ICI is committed to reductions in the hazard of paraquat formulations and the
inclusion of the emetic is an important part of this worldwide. It is usually
not practically possible to obtain definitive epidemiological data on the
effectiveness of the emetic since accurate information on the quantity
ingested and the time between ingestion and treatment is seldom available.
ICI’s own experience and anecdotal evidence indicates that the emetic improves
the survival of patients who have swallowed small doses through its combined
effects of dose reduction and rapid hospitalisation. The survival rate in
patients who have accidentally ingested paraquat has been very good. However
in patients who have ingested large doses survival continues to be poor since
the dose ingested is so great that in spite of the emesis induced sufficient
paraquat is still present to cause a fatality.’

SYNG-PQ-04262302_R



From: Julie Mitchell Date: 27-Mar-1997 09:58
MITCHELL JA2

TO: Davis M T ( DAVIS MTOA1GFHVAXC )

CC: Sutcliffe H A ( SUTCLIFFE HAGA1GFHVAXC )
CC: Cook A R ( COOK ARGA1GFHVAXC )

CC: Bob Scott - CTL ( SCOTT RC )

Subject: Paraquat Emetics
Martin,

Thankyou for your request of the 14th January 1997. While there appear to be
a wealth of data regarding post-poisoning treatment with emetics, very little
have been published on the use of emetics formulated with Paraquat as a means
of reducing toxicity should accidental poisoning occur. Moreover, there
appear not to be any public reference made to the Paraquat product trading as
Agazone.

It seems that, apart from the extensive work carried out on the old
Pharmaceutical’s product, PP796, CTL have only looked at the emetic effects of
Ipecacuanha. The usefulness of Ipecacuanha as a Paraquat formulant emetic was
dismissed since it was found to be unpredictable and only effective at toxic
doses when tested in cynamolgus monkeys (1).

Standard toxicity studies rather than emetic efficiency/efficacy studies were
carried out on the other emetics seen at CTL.

Research into the effects of monoclonal antibodies on subsequent Paraquat
toxicity have also been investigated and are now published (2-3); these data
indicate that these studies have no benefit in vivo.

According to a February 1995 document put together at Fernhurst entitled
"91/414/EEC Review of Paraquat Dichloride under Regulation 3600/92", which I
believe formed part of the EU monograph, a number of possible emetics
(matricaria; mustard; salts of heavy metals eg copper, antimony and zinc;
sodium chloride, apomorphine and ipecacuanha) have been considered and
rejected on various grounds of unsuitability: the CTL database can add
nothing to these summations.

Extensive interrogation of external sources revealed only two references
pertinent to your enquiry (4-5), which have been ordered and are due to arrive
within the next few weeks). Also retrieved was a copy of the European Patent
Application for Paraquat and Diquat, prepared by Jon Heylings, which cites the
UK Patent 1507407 for emetic inclusion (6). I believe that Martin Wilks will
have a copy of the former document, however, please let me know if you would
Tike me to forward you a copy.

Reference to analytical methods also proved elusive. Three papers have been
identified (7-9) which may hold some relevance to your enquiry. I have
ordered copies and will send you an update when they become available.

Cost and time constraints dictated that the above search be kept very general
although we believe all papers associating Paraquat and emesis have been
retrieved. We did, however, identify quite a 1ist of specific emetics all of
which can be searched against with regards to their presence, identification
and effectiveness in herbicide formulations. I will forward copies (via the
post) of the STN registry printouts for these for you to consider and then we
can agree whether to proceed with some or all of them. I believe, however,
that this could prove to be costly with 1ittle return.
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Although this task is not yet complete, can we please discuss again any
future needs when these data are available.

Kindest Regards
Julie
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Scott Bob RC - CTL

From: Scoit Bob RC - CTL

Sent: 08 October 1997 15:53
To: Davis Martin MT

Cc: Mitchell Julie JA

Subject: ID PQ threat to registration

Importance: High

Martin,

| have the following response to your query.
it is always difficult to obtain definitive data on the effectiveness of the emetic. Zeneca ( then ICI) recognised
the need to improve the safe handling of PQ formulations in the mid to late '70's and forged ahead with a 3
pronged approach to improve this situation ie emetic, stench and dye. All 3 were added to formulations at the
same time at it is not possible to provide definitive data to support the merits of each additive.
| am encouraged, however, by the data cited in the paper from Yamashita et al (Vet Hum Tox, Supplement,
p48-49, 1982) on the effect of the emetic in altering plasma levels of paraquat in dogs. In CTL we believe that
in the absence of human data the dog is a very robust model to predict human paraquat kinetics.
In this study, dogs were dosed at 30 mg/kg paraquat both with and without emetic. This dose level was chosen
as the authors claimed this was the MLD : my own experience is that this is on the high side and the MLD is
nearer 10 mg PQ/kg ( perhaps the authors are referring to formulated product or technical material?)
At this dose level the PQ levels in dogs were significantly lower in the dogs given the emetised paraquat
compared with those not given the emetic. As no mortality data have been presented it must be assumed that
the plasma levels are indicative of toxicity : a view supported by CTL. The only conclusion which can be
reached is that the emetic is effective in reducing oral toxicity: extrapolation to survival is more difficult but this
must give a better prognosis.
The effect of the emetic on vomiting time is more difficult to determine. it appears that vomiting occurs earlier
with the emetic than without : the presentation of these data is confused.
At higher paraquat dose levels the effect of the emetic is less clear. The higher dose groups were given 8
times the MLD dose. No data can be interpreted to clarify the time or effectiveness of vomiting in the emetised
and non-emetised paraquat doses. It is possible that at these dose levels any emetic would be ineffective as
the emesis process would not be 100% effective and a supra-MLD would still remain in the stomach/gi tract:
thus no difference in plasma levels, as seen.
I believe that the data in this paper from Yamashita et al indicate that in the reported experiments the emetic
would be effective in reducing oral toxicity in dogs when present in paraquat-containing products.
These data are consistent with our own experience in dogs at CTL. The emetic is effective in inducing earlier
emesis in paraquat-containing products compared with non-emetised paraquat. The time of vomiting and the
extent of eesis is decreased and increased, respectively, as the dose of emetic is increased. it has also been
established that too high a dose of emetic can reduce the safety of formulations, presumably by causing too
dramatic vomiting with the opportunity to damage the gi tract lining or deliver vomit containing in to the lungs.
| hope this is useful in your response, contact me if you need more,
Bob.

Page 1
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TOXICOLOGIE CLINIQUE

Facteurs pronostiques de I'intoxication aigiie par
le paraquat. Etude rétrospective sur les cas
enregistrés au Centre Anti-Poisons de Paris en 1981

XXemes journées du Groupement Francais des C.A.P.
Bordeaux - 30 Septembre-1er Octobre 1982

FRELON J-H.*, MERIGOT P.*, GARNIER R.*, BISMUTH C.*,
EFTHYMIOU M-L.*.

* Centre Anti-Poisons de PARIS et Clinique Toxicologique
Hopital Fernand Widal
200, rue du Faubourg St Denis
75010 - PARIS

Résumeé :

Prés de vingt ans aprés la publication des premiéres observations, I'intoxication par le

. paraquat demeure de sombre pronostic en raison de I'absence de traitement efficace. En

revanche, les travaux de plusieurs équipes ont permis de définir des facteurs pronosti-

ques. Récemment, BISMUTH et Coll(2) ont démontré que les critéres de gravité suivants

étaient significatifs : la voie d’absorption digestive, I'existence de lésions gastriques,
'insuffisance rénale organique, la concentration plasmatique de Paraquat.

Sur une série d'observations enregistrées au centre anti-poisons de Paris en 1981,
nous avons entrepris d'étudier I'intétét pronostique des parameétres suivants : voie
d’administration, sexe, circonstances de I'intoxication, quantité ingérée, concentration
de la solution, existence d’un émétisant, état de réplétion gastrique, Iésions caustiques
digestives (bouche, cesophage, estomac), insuffisance rénale, perturbations du bilan
hépatique, gazométrie, épreuves fonctionnelles respiratoires, dosages sanguin et uri-
naire de Paraquat. 41 appels concernant le paraquat ont été enregistrés pendant cette
période, dont 34 en rapport avec une intoxication aigle chez I'homme. Dans 27 cas, il
s'agit d’'une intoxication aiglie par voie digestive, accidentelie (9 cas dont 2 déces) ou
volontaire (18 cas dont 18 deces), sur lesquels nous avons réalisé notre étude (les autres

.appels portant sur 2 projections oculaires, 4 inhalations et 1 projection cutanée).

Linterét de cette nouvelle enquéte réside dans les particularités de notre échantilion.
En raison de notre recrutement, en effet, la population étudiée est sensiblement diffe-
rente de celles des séries déja publiées : répartition géographique plus large de patients,
plus grande diversité des circonstances, des voies d'entrée, des quantités d’herbicide
absorbées, des traitements entrepris, etc... Cette étude confirme la validité des critéres
de gravité définis par BISMUTH et coll(2). Les parametres qui apparaissent significatifs
sont strictement liés a la quantité ingérée. Sur cette plus large série, nous avons pu met-
tre en évidence une plus grande sévérité des intoxications volontaires. Nous avons par
ailleurs constaté,

- d'une part, dans certains cas, une aggravation des lésions caustiques digestives, que
peut meconnaitre une fibroscopie trop précoce et qui justifie, semble-t-il, un contréie
systématique a la 48éme heure,

- d’autre part, I'impossibilité d’extrapoler au-dela de la 24éme heure la courbe prédictive
de PROUDFOOT(16).

Mots-clés : PARAQUAT - FACTEURS PRONOSTIQUES.
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TOXICOLOGIE CLINIQUE

Prognostic factors of acute paraquat poisoning.
Retrospective study of the cases collected in 1981
at the Poison Control Center of Paris

Summary :

Twenty years after the publication of the first cases, the intoxication with the herbicide
Paraquat still has a low prognosis because of no efficient treatment. But many studies
have allowed the definition of prognostic factors. Nearly, BISMUTH and als(2) demons-
trated that the following criteria are significant : the oral route, the gastric lesions, the
organic renal failure, the plasma-Paraquat concentration.

hrough a series of cases collected in 1981 at the Poison Control Center of Parls, the
following prognostic factors have been studied : route of administration, sex of patient,
circumstances of the poisoning, Ingested volume, concentration of the solution, exis-
tence of an emetic in the commercial solution, gastric content, lesions of the upper
digestive tract (mouth, cesophagus, stomach), renal impairment, hepatic failure, biood
gazometry, iung function tests, plasma and urine raraquat concentrations. Forty-one
cases were coliected during this period, with thirty-four concerning acute Paraquat poi-
sonings in humans. We studied twenty-seven of them caused by acute oral poisoninF,
with accidental circumstances in nine cases (two died) and intentional circumstances in
eighteen cases (all died) (other cases concerned two ocular projections, four inhalations
and one skin projection).

The interest of this new lnvert&gation is the ?articular of our series. Because of our
recrutement (larger geographic distribution of patients, arger diversity of circumstan-
ces, of routes of administration, of ingested quantities, of treatments...). This series of
cases is quite different from others previously published. This study confirms the vali-
dity of prognostic factors defined by BISMUTH and als(2). The factors, which look signiti-
cant, strictly depend on the ingested quantity.

Through this larger series of cases we could see that the intentional poisonings were
more serious.

We could aiso establish :

- on the one hand, sometimes, a worsening of the digestive caustic iesions, which can be
ignored by an early digestive fibroscopic examination an which requires another exami-
nation at the second day.

- on the other hand, the present impossibility of extrapolating the predicting line of
PROUDFOOT(16) after the twenty-fourth hour.

Key-words : PARAQUAT - PROGNOSTIC FACTORS.
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L'intoxication par le paraquat (1, 1' diméthy! 4, 4'
bipyridilium dichiorure), herbicide largement utilisé,
demeure toujours de sombre pronostic, prés de
vingt ans apres la publication des premiéres obser-
vations, en raison de I'absence de traitement effi-
cace.

En revanche, les travaux de plusieurs équipes ont
permis de définir des facteurs pronostiques :

- Proudfoot(15), en 1979, en précisant la valeur
pronostique de la concentration sanguine de Para-
quat dans les 24 premiéres heures.

- Bismuth et coll.(2), qui, récemment, ont démon-
tré que d’autres facteurs étaient significatifs : voie
d'absorption digestive, existence de Iésions gastri-
ques, insuffisance rénale organique, concentration
plasmatique de paraquat.

Sur une série d'observations enregistrées au Centre
Anti-Poisons de Paris (C.A.P.P.) en 1881, nous

avons entrepris d'étudier rétrospectivement I'intérét

pronostique de ces facteurs de gravité. L'intérét de
cette nouvelle enquéte réside dans les particularités
de notre recrutement (répartition géographique plus
* large des patients, plus grande diversité des cir-

constances, des voies d'entrées, des quantités
absorbées, des traitements entrepris). La population
étudiée est ainsi sensiblement différente de celle
des séries déja publiées, en particulier celles consti-
tuées d'intoxications hospitalisées en milieu de réa-

nimation et, de ce fait, presque toujours séveéres.

MATERIEL ET METHODES

41 appels concernant le paraquat ont été enregis-
trés au C.A.P.P. en 1981. .

Nous avons exclu de cette étude 14 observations :
- 3 intoxications animales
- 1 question sur la tératogénicité du paraquat

- - 2 observations dont la symptomatologie n'était
pas en rapport avec le produit
- 1 demande d’expertise judiciaire
- 7 intoxications par voie extra-digestive (2 projec-

tions oculaires, 4 inhalations et 1 projection cuta-

née), toutes d'évolution favorable.

C’est donc sur 27 intoxications aiglies par voie
digestive qu'a porté notre étude.

Elle se répartissent en :

Eg intoxications volontaires (17 adultes - 1 enfant)
ntoxications accidentelles (6 adultes - 3 enfants)

L'age moyen de l'intoxiqué, toutes circonstances
confondues, est de 33,69 + 20,4 (5 a2 73 ans).

Nous avons observé une fréquence importante
(5 cas sur 18) des intoxications volontaires aux
Antilles (Guadeioupe - Martinique).

Les types de produits en cause étaient : GRA-
MOXONE dans 12 cas - GRAMOXONE 2 dans
13 cas - PRIGLONE 2 (PARAQUAT 12 %- DIQUAT
8 %) dans 2 cas.
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Les circonstances de décés ont été :

e pour les intoxications volontaires (18 décés sur
les 18 observations) :
- arrét cardio-vasculaire dans 15 cas (de la 9éme
heure au 6éme jour)
;ins)uffisance renale organique dans 1 cas (4éme
jour
- hémorragie digestive dans 1 cas (12éme heure)
- péritonite dans 1 cas (24éme heure)

e pour les intoxications accidentelles (2 déces sur
9 observations) : par fibrose pulmonaire (8éme jour
et 24éme jour). .

Nous avons entrepris d'étudier I'intérét pronostique
des paramétres suivants :

- sexe, .

- circonstance de Iintoxication (volontaire ou acci-
dentelle),

- quantité ingérée (moins d'une gorgée, supérieure
ou égale & une gorgée),

- concentration de la solution,

- ‘pgésence d'un émétisant dans la solution commer-
ciale,

- état de réplétion gastrique,

- lésions caustiques digestives (bouche,cesophage,
estomac, par un examen endoscopique),

- insuffisance rénale (créatinine sanguine et urinai-
re - clairance de la créatinine - ionogramme sanguin
et urinaire), :

- perturbation du bilan hépatique,

- gazométrie (HbO2, pH, Pa 02, Pa C02),

- épreuves fonctionnelles respiratoires (capacité
vitale, volume résiduel, VEMS, DLCO et com-
pliance),

- dosages sanguins et urinaires de paraquat.

Le test statistique utilisé est le Khi deux (avec la
correction de Yates pour les petits effectifs).

RESULTATS ET DISCUSSION

1 - sexe

Les intoxiqués sont 20 hommes (dont 13 sont
décédés) et 7 femmes, toutes décédées. Ce critére
n'apparait pas significatif ; ia plus grande proportion
d'intoxications masculines s'explique par une mani-
pulation plus fréquente du produit chez I'homme.

2 - circonstances de I'intoxication

Sur nos 27 observations, lintoxication a été
volontaire dans 18 cas, dont 18 décés et acciden-
telle dans 9 cas, dont 2 décés.

Dans notre étude, ce critére apparait trés signifi-

. catif (p <10°5). Il est en fait directement lié a la

quantité ingérée, habituellement beaucoup plus
importante en cas d'intoxication volontaire que lors
d'ingestion accidentelle du produit.

Ce paramétre n'avait pas de valeur pronostique
dans la série de Bismuth et coll.{2) constituée
d'intoxications hospitalisées en milieu de réanima-

tion et, du fait de ce recrutement, presque toujours
seévéres.
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3 - quantité ingérée
L'étude de Pasi(14) a estimé la dose létale mini-

mum de Paraquat (pour un adulte de 70 kg) a

35 mg/kg. Une gorgée de la solution concentrée a
20 % (55 mg/kg) est potentiellement mortelle. Une
gorgée de la solution & 12 % représente 30 mg/kg.

Dans notre étude, 4 patients ont absorbé une
quantité inférieure a 1 gorgée : un seul d'entre eux
est décédé (au 4eme jour d'une insuffisance rénale
organique).

19 patients ont absorbé une quantité égale ou
supérieure & 1 gorgée (de 40 ml & 200 ml) ; 16
d'entre eux sont décédes (P < 0,05). Parmi ces
19 patients : - .

-4 ont absorbé une quantité égale & 1 gorgée
(40 ml) ; un seul est décédé (de fibrose pulmonaire
au 24éeme jour),

- 15 ont absorbé une quantité supérieure a 1 gorgée ;
ils sont tous décédés (14 d'arrét cardio-vasdulaire
entre la 9éme heure et le 6&me jour ; un, de périto-
nite, & la 24éme heure),

- pour 4 patients (dont 3 sont décédés), la quantité
absorbée est inconnue.

Ainsi, dans notre expérience, I'absorption d'une
quantité inférieure & une gorgée a une mortalité de
25 %. Celie d'une quantité égale ou supérieure a
une gorgée a une mortalité de 84,2 % ; la mortalité
étant de 100 % quand la quantité est supérieure &
une gorgée.

4 - concentration de la solution

Dans notre étude, 23 patients (dont 19 sont décé-
dés) on absorbé la solution concentrée & 20 % ;
2 patients (dont 1 est décédé) ont absorbé la solu-
tion a 12 %. Dans 2 cas, d'évolution favorable, les
patients avaient absorbé une solution a 20 % diluée.

Nous ne retrouvons pas de différences significati-
ves entre la solution & 12 % et celle &8 20 %, mais
notre échantilion de patients ayant absorbé la solu-
tion & 12 % (2 cas) est trop faible.

5 - présence d'un émétisant

La notion de la présence ou non d'un émétisant
dans la solution commetrciale ne nbus est connue
que dans 3 cas, ce qui l& encore ne permet pas de
conclure,

6 - état de réplétion gastrique

L'étude de ce critére repose sur la notion de
I'inactivation du produit au contact du sol(3). La
moindre gravité des intoxications en cas d'ingestion
sur estomac plein a été signalée, pour la premiére
fois, par Matthew(11) en 1971, bien que le rble pro-
tecteur des aliments n'ait jamais été prouvé chez
'animal. C’est aussi sur cette notion gue repose
{‘administration de terre de Fuhier ou d'un adsor-
bant(13-14-17).

Dans notre étude, il n'y a pas eu, dans 10 obser-
vations, de prise alimentaire dans les heures qui ont
précédé lintoxication ; 9 de ces patients sont déce-
dés. Dans 7 cas, 'absorption de paraquat s'est faite
sur estomac plein : 5 de ces patients sont décédés.

Dans 10 cas, |'état de réplétion gastrique nous est
inconnu,

Nous n’avons pas retrouvé ici de ditférence signi-
ficative, mais, dans beaucoup d’observations, la
quantité de paraquat ingérée est importante, sire-
ment bien supérieure a celie que peuvent inactiver
les aliments contenus dans I'estomac.

7 - lésions caustiques digestives

Une fibroscopie systématique a été réalisée chez
15 patients entre la 3¢me heure et le 5éme jour.
L'absence de fibroscopie dans 12 observations
s’explique trés souvent par [I'hospitalisation du
patient dans un hopital périphérique ou d'Outre-Mer,
ou cet examen ne peut étre réalisé en urgence.

A l'entrée, des Iésions buccales ont été notées
chez 5 patients (tous décédés) ; chez 7 patients
(dont 2 sont décédés) I'examen ORL était normal,
alors que 3 d'entre eux présentaient des lésions
ceso-gastriques & la fibroscopie.

Pour 15 patients (dont 13 sont décédés), I'exis-
tence de lésions buccales nous est inconnue, alors
qu'une fibroscopie pratiquée chez 8 d'entre eux
montrait des iésions ceso-gastriques.

La fibroscopie digestive montrait :

1) des lésions csophagiennes chez 10
patients (dont 7 sont décédés) et I'absence de
lésions cesophagienne chez 2 patients (dont 1 est
décédé). Ces 2 patients présentaitent des lésions
gastriqgues. L'existence de lésions cesophagiennes
n‘apparait pas significative.

2) des lésions gastriques chez 8 patients (dont
7 sont décédés) et I'absence de lésion gastrique
chez 1 malade, décédé. L'existence de lésions gas-
triques, comme 'ont montré Bismuth et Coll., appa-
rait significative (p < 0,05).

Ceci confirme, comme avec tout produit causti-
que, qu'un bilan endoscopique complet de 'ceso-
phage et de 'estomac est toujours nécessaire, entre
la 4eme et la 8&éme heure, méme en I'absence de
iesion haute (bouche, pharynx).

Dans 4 observations, nous avons constaté une

apparition retardée des Iésions caustiques digesti-
ves.

. Bismuth et coll.(2), dans leur série, observent des
lésions buccales chez tous les malades, alors que
nous constatons que ces iésions peuvent étre
absentes au décours immédiat de l'intoxication et
apparaitre ensuite. Cette différence peut s'expli-
quer, hormis les intoxications bénignes non hospita-

lisées en réanimation, par le délai possible de trans-
fert des patients en réanimation.

Ainsi, la possibilité d'une apparition retardée ou
d'une aggravation des lésions démontre leur
méconnaissance possible lors du premier bilan
endoscopique et la nécessité, semble-t-il, d'un con-
tréle systématique a la 48éme heure.
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TABLEAU |

Patient Bllan d’entrée Evolution

[ Pas de iésion buccale Au 38me jour : nécrose re-
tardée de la moitié poste-

fibroscopie : stade | rieure de la langue

cesophagien
Pas de nouvelle fibroscopi
Guérison
i} Examen ORL normal Au 2éme jour :
- ulcérations buccales
Fibroscopie : stade | - Fibroscopie : stade 11
oesophagien geéi%gastrique
- S

] Pas de iésion buccale - bouche : inconnue

- au 4éme jour : stade Ii
Fibroscopie : normale cesogastrique
- décés

& la 19éme heure

v Examen ORL. : ;edéme - & la 36éme heure : per-
laryngé foration cesophagienne
| Fibroscopie : cesophage | - décas

I normal, stade | gastrique

8 - Insuffisance rénale organique _
Nous avons exciu, dans I'étude de ce critére :

- 3 patients, décédés entre la 11éme et la 36éme
heure, -dont le bilan rénal était normal a l'entrée,
mais I'évolution de la fonction rénale inconnue.

- et 8 patients, dont 5 sont décédés, dont le bilan
rénal nous est inconnu.

16 patients ont eu un bilan rénal complet :
- dans 2 cas, d’évolution favorable, ie bilan rénal est
toujours resté normal.

Insuffisance rénale fonctionnelle : elle est
notée chez 4 patients, dont 2 sont décédés. Sur ce
trop faible échantillon, nous ne pouvons tirer aucune
conclusion sur la ‘valeur pronostique de linsuffi-
sance renale fonctionnelle, mais nous savons,
comme 'ont montré Bismuth et coll.(2), que l'insuffi-
sance rénale fonctionnelle, est sans valeur pronosti-
que.

Insutfisance rénale organique : 10 malades, -

tous décédés, présentaient une insuffisance rénale
organique. Dans 2 de ces cas, le patient est décédé
d'une fibrose pulmonaire avec, au moment du
déces, une amelioration de l'insuffisance rénale.

Nous retrouvons une valeur significative & l'insuffi-
sance rénale organique (p <90,02).

9 - Perturbations du bilan hépatique

15 patients ont eu un bilan hépatique. Nous
avons exclu de cette étude un patient chez leque!
les perturbations du bilan hépatique constatées a
F'entrée ont été rapportées & une cirrhose éthylique.
Dans 6 cas, dont 3 sont décédés (entre la 20éme et
la 31eme heure), le bilan hépatique est resté nor-
mal.
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8 patients, dont 7 sont décédés, ont présenté une
atteinte hépatique, en régle de type cytolytique,
apparue dans les 24 premiéres heures.

Nous ne retrouvons pas de valeur significative a
ce critére.

.10 - Gazométrie et épreuve fonctionnelle res-
piratoires

1) Gazométrie
19 patients ont eu une étucde des gaz de sang.

Nous avons exciu un patient qui présentait & I'entrée
une Pa02 élevée, liée & une oxygénation précoce,
avant son arrivée en réanimation, et 4 patients (dont
g sggt décédés) qui n'ont eu qu'une étude de la

a02.
Chez 3 patients, tous décédeés, la Pa02 & I'entrée,
était inférieure & 10 k Pa ; dans un cas associé & une
hypocapnie, dans un cas a une normocapnie et
dans un cas a une hypercapnie.
Chez 11 malades, dont 8 sont décédés, la Pa02
était normale & I'entrée, associée chez 2 patients
decédés & une hypocapnie.

2) Epreuves fonctionnelles respiratoires

Elles nont été réalisées que chez 3 patients, dont
un est décédé d'un collapsus cardio-vasculaire a la
31éme heure et ont toujours été normales.
Cet examen n'a pas été pratiqué dans 24 cas, en
raison du décés précoce de certains malades avant
sa réalisation, d'une ventilation parfois trés t6t insti-
tuée pour d'autres, enfin parfois en raison d'une
hospitalisation dans un hépital périphérique ou
d'Outre-mer, ou il n'a pas été réalisabie.

Le manque de renseignements concernant ces
2 examens dans de nombreux dossiers, des dosa-
ges gazomeétriques prélevés a des temps différents
et donc difficilement comparables, ne nous permet-
tent pas de conclure sur leur valeur significative.
Cependant I'expérimentation animale(10) et certai-
nes observations cliniques bien documentées ont
montré l'intérét de leur étude systématique.

11 - concentration plasmatique de paraquat

L'étude de Proudfoot(15) a montré que les
patients qui ont une concentration plasmatique de
paraquat supérieure 3 :

2mg/l ala 4éme heure

0,6 mg/l ala 6éme heure
0,3 mg/l a la 10éme heure
0,16 mg ala 16éme heure
0.1 mg/l ala 24éme heure
décedent.

Dans notre étude, le Paraquat sanguin a été dosé
dans 23 cas, dont 9 décés. Chez 14 patients, décé-
des, le taux sanguin se situait au dessus de la
courbe. Un seul patient, décédé au 8eme jour d'un
collapsus cardio-vasculaire, avait une concentration
plasmatique a la 4éme heure inférieure a 2 mg/l ;
mais ce dosage, effectué dans un autre laboratoire
et non par méthode radio-immunologique, ne nous
parait pas fiable.
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CONC.
PARAQUAT

NG/m
100000

DECEDES ®
VIVANTS =

10000}

1000

100

1004 8 R B0

TEMPS APRES INGESTION
(HEURES) '

Dans 1 cas, d'évolution favorable, le taux sanguin
se situait au-dessous de la courbe (0,16 a la 3éme
heure) et dans 2 intoxications accidentelles béni-
gnes les taux sanguins étaient négatifs.

Nous retrouvons donc une valeur trés significa-
tive a ce critére (p <10%).

Nous constatons que les patients qui avaient,
dans les 6 premiéres heures, un taux supérieur 3
10 mg/l sont décédés dans les 48 premiéres heures,
d'un collapsus cardio-vasculaire, quel que soit le
lieu d’hospitalisation et le type de traitement mis en
route.

Pour 5 patients (dont 4 sont décédés) le dosage
plasmatique a été effectué tardivement, mais avant
tout traitement, entre la 31éme heure et le 4éme
jour. Si on prolonge la courbe de Proudfoot au-dela
de la 24éme heure, on constate que les 4 patients
décédés se situaient au-delad de la courbe et le
malade vivant au-dessous.

Cependant, comme pour Proudfoot, notre échan-
tillon de patients est trop faible actuellement pour
qu'on puisse tracer une courbe prédictive au-dela
de la 24éme heure.

CONCLUSION

Ainsi, cette étude, sur un échantillon différent de
patients, confirme la validité des facteurs pronosti-
ques définis par Bismuth et coll.(2) : voie d’absorp-
tion digestive, existence de lésions gastriques,
insuffisance rénale organique, concentration plas-
matique de paraquat.

Sur cette plus large série, nous avons pu mettre
en evidence une plus grande sévérité des intoxica-
tions volontaires.

Ces paramétres qui apparaissent significatifs,
sont en fait strictement liés a la quantité ingérée.

TABLEAU Il
Facteurs pronostiques significatifs P
- voie d’absorption digestive < 108
- intoxication volontaire <10%
- quantité ingérée ( > 1 gorgée) < 0,05
- existence de lésions gastriques <0,05
- insuffisance rénale organique <0,02
- concentration plasmatique de paraquat <10%

Nous avons constaté, par ailleurs, la possibilité

. d'une apparition retardée des lésions caustiques

digestives que peut méconnaitre le premier bilan
endoscopique et qui nécessite, semble-t-il, un con-
tréle systématique & la 48éme heure.

Enfin, un plus grand échantillon de malades, vus
tardivement, permettra d'extrapoler la courbe pré-
dictive de Proudfoot jusqu’au 8éme jour.
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4 B-22. THE PLASNA PARAQUAT CONCENTRATION OF DOGS ADMINISTERED éﬁﬁ‘ e
PARAQUAT WITH EMETIC

M Yamashita,
214 Yokomachi

High mortality rate has been reported fol-
lowing paraquat ingestion. In order to re-
duce the mortality rate, emetic has been added
to paraquat, but it still accounts for many
deaths by paraquat ingestion. Since the
opening of our Poison Control Center in
September 1981, 20 patients with paraquat
poisoning have been admitted to our poison
treatment center. Only 2 patients survived
and the mortality rate is 90%. The average
dose of paraquat ingested by patients treated
in our center was 422 mg/kg, which is much
higher than LDSO’ 30 mg/kg in dogs.

There is a possibility that vomiting does
not make much difference in blood concentra-
tions when large doses of paraquat are in-
gested. Studies were carried out to see the
blood concentrations following ingestion of
paraquat with or without emetics using two
kinds of doses.

METHOD

Twenty-six mongrel dogs weighing 10-15 kg
were used. Dogs were given nothing by mouth
except water on the day of the experiment.
Sedation was produced by 10-15 mg/kg of ke-
tamine intramuscularly. Electrocardiogram
was monitored and femoral artery and vein
were canulated for monitoring blood gases
and blood sampling. The paraquat used in
this experiment was commercial preparation ccn-
taining 24% paraquat and 0.05% emetic or 25%
paraquat in water (Figure 1).

A gastric tube was orally inserted and the
stomach contents were aspirated. The 30 mg/kg
or 250 mg/kg of paraquat with or without
emetics diluted with water to make a total
volume of 50 ml was injected into the stomach
through the gastric tube. The tube was re-
moved immediately after injection of paraquat
and dogs were kept in a frame. Blood samples
were drawn 1, 2, and 4 hours after paraquat

O H
|
CHs\N CHs N
0 o N
! !
CHs (CH2)2CH3
Theophylline emetic in paraquat
Fig 1 - The structural formulas of theophyline and
emetic in paraquat.
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Table 1. Plasma concentrations following ingestion

of paraquat 30 mg/kg (4 determinations per
mean + standard deviation).

Hour  Paraquat (g/ml) Paraquat + Emetic (g/ml)
1 5.4 £ 1.5 2.9 £ 0.8
2 9.2 + 1.4 3.2 £ 1.6
4 B:l & 1.2 1.3 = 0.5

administration. Paraquat concentrations in
plasma mean values between two groups was
tested using student's t-test.

RESULTS

Severe vomiting started about 15 minutes
after administration of paraquat with emetic
in both 30 mg/kg and 250 mg/kg. Vomiting
usually appeared around 1 hour after adminis
tration of paraquat with an emetic in 250
mg/kg dose but no vomiting was noted in dogs
given 30 mg/kg of paraquat without emetic.
Oone out of the 9 dogs given 250 mg/kg para-
quat without emetics vomited within one hour
Supraventricular arrhythmias were noted in
dogs given 250 mg/kg of paraquat with emetic
Arterial blood pH, pO,, and pCO2 remained wi
in normal limits in a%l dogs during the ex-
periment. Paraquat concentrations in blood
1, 2, and 4 hours after administration of 30
mg/kg of paraquat into the stomach are shown
in Table 1. Values are expressed as mean
+ standard deviations with numbers of deter-
minations in parenthesis. Blood concentra-
tions after paraquat with emetics are signi-
ficantly lower than that without emetics.
However, when large doses (250 mg/kg) of
paraquat were given, there are no difference
in blood concentrations between paraquat wit
and without emetic as seen in Table 2.

Table 2. Plasma concentrations following ingestion
of paraquat 250 mg/kg (9 determinations pey
mean * standard deviation).

Hour  Paraquat (g/ml) Paraquat + Emetic (g/ml)

1 112.4 % 42.2 106.9 + 47.0
2 94.6 + 50.2 89.6 + 39.2
4 53.3 + 32.3 39.1 + 22.9

Vet Hum Toxicol, Supplement, 1982
a LN
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DISCUSSION

Since severe vomiting was noted soon after
giving paraquat with emetic, quantities of
paraquat in the intestine are presumably
smaller than that without emetics in both
doses. This is reflected in our experiment
of 30 mg/kg of paraquat.

However, it is hard to explain that there
is no difference in blood concentrations
petween paraquat with and without emetic when
large doses are given. There might be a

possibility that higher doses of emetic in
paraquat promote the absorption of paraquat
from the intestine. Emetic in paraquat is
shown in Figure 1 and is similar in its
chemical formula to theophylline. Theophylline
is known to increase splanchnic circulation.
It is therefore quite likely that a high dose
of emetic in paraquat increases splanchnic
circulation and thereby intestinal absorption.
Supraventricular arrhythmias observed in dogs
given 250 mg/kg of paraguat with emetic are
also known as a side effect of theophylline.

C. EMERGENCY MEDICAL SERVICE RESPONSE TO TOXICOLOGIC EMERGENCIES

Jack R Page, MD
American College of Emergency Physicians,
PO Box 61911, Dallas, Texas 75261

Each year the American public consumes
an estimated 15 billion dollars of health
care in almost 5000 emergency departments.
Depending on definitions, well over 107
of these visits are for toxicological or
pharmacological illnesses. This 1.5 billion
in emergency care dollars translates to
about 8 million individual instances of
human suffering and more annual deaths
than those from airplaine crashes, bee
stings and drownings put together. Providing
emergency care 24 hours per day to these
patients are 15,000 Emergency Physicians
with advice and information from several
hundred toxicologists. Regardless of well
publicised differences in priorities and
techniques, it is shared responsibility
to decrease the incidence and severity
of all poisoned patients and to use the
health care dollars saved for other pressing
human needs.

Much has been said and will be said here
on treatment modalities. I am not an expert
in those fields. You are--and I'm proud
to say, many of you are Emergency Physicians.
I would like to address pre-hospital care,
emergency department care and emphasize
prevention--the most effective of all treat-
ment modalities.

Television, magazines and novels all
abound with examples of paramedics--those
sun-tanned, thin, dextrous machine marvel
laden men who see more action in 30 minutes
than I see in a week at my emergency depart-
ment.. The concept of taking the hospital
to the patient began in this country in
the late 1960s and, like anything new in
medicine, if some was good, more was better.
Some paramedic squads must be staffed by
three poeple just to carry the equipment.

No Emergency Medicine is having to face
the issue of how much is "Just Right.”

All ambulance personnel, regardless of
their level of training, should be able
to provide some basic services to the poison-
pd patient. Ipecac should be available on
the vehicles and the Emergency Medical
Services personnel should be authorized
to administer it upon order of a physician.
Containers of pills or ingested substances
should routinely be found and brought with
the patient to the receiving facility.
Life support stabilization should be avail-
able based on the ambulance personnel's
level of training. For Emergency Medical
Technicians, this may consist only of Cardio-
pulmonary Resuscitation but for paramedics
a secure airway and artificial ventilation
via an endotracheal tube, intravascular
volume expansion and cardiac monitoring
may obviate the need for more radical and
less effective treatment.

Problem areas exist and help is needed
to circumvent or eliminate them. Few juris-
dictions will allow EMTs to carry any drug,
including Ipecac. Fewer yet will allow
them to administer it even on order of
a physician. Fears of liability and resis-
tance to change are problems at present
not yet overcome. The result is delayed
stomach emptying, increased potential for
toxicity, and an expensive trip and visit
to an emergency department.

Some training programs, including those
sponsored by national meédical groups, fail
to emphasize or mention to the future EMT
or paramedic the importance of bringing
into the emergency department containers
of ingested substances. '"Oh, it was Ajax
Bowl Cleaner." Valuable information such
as "Lemon-Fresh? Spray? Liquid? How
much?" goes unanswered. These personnel
must be better trained in such simple pro-
cedures and that is primarily Emergency

Vet Hum Toxicol, Supplement, 1982 49

SYNG-PQ-04262315_R



Mitchell Julie JA

From: Davis Martin MT

Sent: 08 October 1997 11:10

To: Mitchell Julie JA

Cc: Scott BobRC - CTL
Subject: ID PQ Threat to Registration

Sensitivity: Private

Dear Julie,

Thanks for talking with me earlier. Today's issue arises from Paraquat Poisoning Mechanisms*
Prevention*Treatment edited by Chantal Bismuth & Alan H. Hall Chapter 10 which has come into the hands of
Kasumbogo Untang of DoE Indonesia.

Untung and others are fighting to the last to reverse the impending Ministerial Decree which could improve the
situation of our paraquat registration.

Specifically, Untung is targeting peat soils (not your prob) and the emetic.

May | quote from this work?,

Since January 1978, some p:araquat formulations contain an emetic that raised the LD50 of paraquat fivefold

in monkeys. However, it is not certain that the addition of the emtic improves the prognosis in cases of human
paraquatingestion. Published case series do not permit this conclusion (13 = J.H. Frelon, P.Merigot,
R.Gamier, C.Bismuth and M.L.-Efthymiou. Facteurs prognostique de ['intoxication aigue par le paraquat.

Etude retrospectiive des cas enregistres au Centre Anti-Poisons de Paris en 1981, Toxcol. Eur. Res., 5: 163
(1983). Moreover, a recent study in dogs indicates that the emetic additive does  not cause early vomiting, and
that it may actually increase the systemic absorption of pq from the G.I. tract (36 = M. Yamashita, K.
Nakamura, S. Sato anf H. Naaito. The plasma pq concentration of dogs administered pq with emetic, Vet.

Hum. Toxicol., Suppl.448(1982). The chemical composition of the emetic is similar to theophyiline, raising‘the
possibility that the emetic itself might have neeurological and cardiovascular toxicity.

Now, | have at the back of my mind that the data from the Paris Poison Centre was based on a small t‘g&
opulation which included a high - if not total - incidence of deliberate ingestion. Data from accidental ~— M

p
/\mgestion was a small %age of the population. ‘8 QMQKS—\/O\O\QQ)\M G O

Similarly, | am minded that the Japanese work was ill-defined and that the experimental design was wanting.
Methodology used to assess plasma concentrations was possibly suspect.

Furthermore, I'm not sure if the reference to monkeys relates to PP796 or not.

These are my thoughts but | would be grateful for yours and Bob's support because | need to respond to
Untung hard and factual if we are to rescue our situation.

| am copying this to Martin Wiks because | know that Jaakrta have contacted him directly but he is
unobtainable today and [ would be most grateful for the earliest support for my interpretation or otherwise.

Thanks & Regards

YDastio

SYNG-PQ-04262316_R



ACIDOSIS AND DEATH. Zolet DI, Miller T, Yarborough
B and Garrettson LK; Richmond, Virginia, USA.

Three cases of pentaborane (B5H9) poisoning
occurred during the distruction of cylinders of
unknown gases. Assay of the offending gas by gas
chromatograph-mass spectrograph showed B5H9 only.
Within 15-20 min of exposure all had respiratory
irritation and within 15-45 min all convulsed.
After general tonic-clonic convulsions, the fatally
poisoned patient exhibited two opisthontonic con-
vulsions and no further spontaneous neurologic
function. In the emergency department, blood pH
was 6.4 in 2 pts with bicarbonate of 5 mEq/l. 1In
one, pl was 7.0 and lactate was 22 mEq/l. BP re-
quired support in two, as did ventilation. All
had elevations of SGPT greater than SGOT and all
had rhabdomyolysis with CPK in one rising to 47,000.
Neutrocytosis lasted 1 week and lymphopeniia lasted
2 weeks. One died; one remains unconscious after
2.5 weeks. .Exposure was primarily by inhalation,
but dermal absorption may have occurred. Ten of
11 EMI's involved were hospitalized with a less
severe illness.

B-17 HYDROFLUORIC ACID: A NEW CORROSIVE POISON?
Jordan J and Dean BS; Pittsburgh Poison Center,
Pittsburgh, Pennsylvania, USA.

Hydrofluoric acid has long been recognized as
a serious industrial hazard. Commercially it is
used in brick stone and aluminum cleaners, but
rarely in concentrations greater than 20%. The
health care professional, unaware that hydrofluoric
acid is available on the consumer market, may mis-—
takenly assume that he/she is treating hydrochloric
acid. The toxicity of hydrofluoric acid, like all
mineral acid, is principally due to corrosive
action. However, it also releases its fluoride
ion in the deep tissue layers. Solutions of less
than 20% may cause a burn which manifests itself
with pain, erythema and a latent period up to 24
hours. Lack of positive clinical symptamatology
and incorrect acid identification were two ob-
stacles encountered by the Pittsburgh Poison Center.
The discussion will include three cases differing
in patient age, acid concentration, duration of
exposure, medical management provided, and length
of disability.

B-18 TRICHLORETHYLENE TRIGEMINAL NEUROPATHY. A
NEW DIAGNOSTIC APPROACH: THE EVOKED POTENTIAL.
Barret L, Garrel S, Arsac PH, Debru JL and Faure J,
Cedex, France.

Authors present a study concerning Trichlorethy-
lene Trigeminal nerve impairment. Study is con-
ducted among workers occupationally exposed (40
cases). Authors propose a new exploration method
which consists in recording somato sensory evoked
potential following stimulation of this nerve.
Results are correlated with clinical findings and
exposition parameters. They confirm this elective
neurological disturbance. Particular character
of the observed anomalies opens a debate about
Trichlorethylene neurotoxicity mechanism. Routine
use of this method is discussed as a prevention
mean in Trichlorethylene chronic exposure.

B-19 EPIDEMIOLOGICAL AND TOXICOLOGICAL FACTORS
ASSOCIATED WITH EXPOSURE TO CHLORINATED DIBENZO~
FURANS IN MAN AND ANIMALS. Cordle F; Washington,
USA.

Chlerinated dibenzofurans have been identified
in a number of chemical products, in particular
the polychlorinated byphenyls (PCBs). Studies
in a variety of animal species have indicated that

278)
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the dibenzofurans may be more toxic than the %Srk%’()
primary compounds. The potential human consequences
of exposure to the dibenzofurans has been reported
from Japan where exposure occurred as the result

of the consumption of rice oil (Yusho). This

paper will review the epidemiology and toxicology

of exposure to the dibenzofurans.

*?B-ZO EVOLUTION OF COMA IN CHILDREN WITH CHLORIN-

ATED INSECTICIDES INTOXICATION TREATED WITH
PIRACETAM. Schvartsman S; Sao Paulo, Brazil.

Two series of cases of chlorinated intoxication
in children in comparable age, sex, nutritional
status, depth of coma, and having had at least
one convulsive crisis, were studied. In the first
series the children were submitted to the standard
treatment (control of seizures, respiratory care,
and fluid and electolyte balance maintenance).

In the second series it was added piracetam to
the treatment, 50 mg/kg IV each 8 hours. The
outcome of coma, based on Dechaume and Jouvet's
modified score, was more successful in the second
group, and this was associated to a smaller
frequency and severity of convulsive disorders,
and neurological symptoms post-coma.

Vk%—Zl PARAQUAT REMOVAL BY HEMOPERFUSION UTILIZING

A BEADED COMPOSITE SORBENT. Tabak A, Lotan N,
Sideman S, Taitelman U, Mihich M and Lupovich S;
Haifa, Israel.

The study deals'with the performance of a column
which is used for paraquat detoxification by hemo-
perfusion. The system is based on a newly devel-
oped sorbent material made of Fuller's Earth
powder encapsulated in crosslinked agarose beads
(Talosit). The crosslinking of the agarose by
epichlorohydrin greatly increases the mechanical
strength of the beads, and enables their steriliza-
tion in the autoclave. No significant changes in
plasma composition had taken place when the beads
were properly conditioned prior to their contact
with fresh human blood. 1In vitro and in vivo
paraquat removal rates by the new beads compare
favorably with cellulose coated activated charcoal.
The results obtained so far by hemoperfusion of
rats and dogs with this new sorbent are very pro-
mising, and work is continuing to ascertain the
biocompatibility characteristics of the new system.

¥¥3-22 THE PLASMA PARAQUAT CONCENTRATION OF DOGS

20

ADMINISTERED PARAQUAT WITH EMETIC. Yamashita M,
Nakamura K, Sato S and Naito H; Ibaraki, Japan.

In 1975, the addition of the emetic agent to
paraquat was carried out as a possible way of -
reducing the toxicity. Many deaths from paraquat
poisoning in man has occurred in spite of the strong
vomiting after the ingestion. This study was '
undertaken to investigate the plasma concentration
after oral administration of paraquat with emetic
in dogs. Method: Mongorel dogs weighing 8-10 kg
were sedated with 10 mg/kg of ketamine intramuscular-
ly. A stomach tube inserted via the esophagus.
After stomach was aspirated, dogs were dosed by
stomach tube with 30 or 250 mg/kg of paraquat either
with or without emetic. Blood samples were taken
from the femoral vein 1, 2 and 4 hours after para-
quat administration. Results: All dogs dosed with
paraquat with emetic vomited. The concentration
of paraquat in the plasma of dogs dosed with 30
mg/kg of paraquat with emetic was considerably
less than that without emetic. However, when
dogs were dosed with 250 mg/kg of paraquat, any
different was not observed in the plasma concen-
tration of paraquat either with or without emetic.

==k
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‘ TABLE 1
/'y(‘
/ MORTALITY OF NON-EMETIC PARAQUAT POISONING
Fatal Non-Fatal % Mortality

Solid Formulations

Weedol 38 131 22,5 )

Pathclear 1 11 8.3 ) 21,5
Liquid Formulations

Gramoxone 119 18 87 )

Dextrone 4 S 44 ) 84

’ TABLE 2
MORTALITY OF EMETIC PARAQUAT FORMULATIONS
Fatal Non=-Fatal % Mortality

Solid Formulations

Weedol 14 - 116 11 )

Pathclear 5 25 17 ) 12
Liquid Forculations

Gramoxone 40 20 67

Dextrone 1 3 25 ) 64

TABLE 3

POTENTIAL LETHAL ORAL DOSE OF PARAQUAT (HUMAN)

Dose of Paraquat Ion No No
Reported as being Fatal Non-Fatal % Mortality
Swallowed
<2 g 10 93 9
3to<5g 29 23 56
5 to <10g 18 2 90
10g or more 43 0 100

_— : SYNG-PQ-04262322_R



Scott Bob RC - CTL

From: Heylings Jon JR

Sent: 04 September 1997 13:15

To: Scott Bob RC - CTL

Cc: Ishmael John J; Atherton Keith KT
Subject: FW: PP796

Importance: High

Bob,

As the attached note was circulated to me, | would like to be involved in the response back to the business on
the effectiveness of the emetic.

| discussed this with John Ishmael yesterday and this may be a relevant topic to bring to the attention of the
bipyridyl project team.

| think, like the paraquat poisonings issue, that we should all agree a single CTL view on these important
topics.

Jon

From: Cook Andy AR (ALL-IN-1)

Sent: 08 August 1997 12:26

To: Scott Bob RC (ALL-IN-1)

Ce: Heylings Jon JR@EXCHNG; Wilks Martin MF (ALL-IN-1)
Subject: PARAQUAT: PP796

Importance: Low

Bob,

Could you please provide me with a short (c. 1/2 page for each of the criteria
listed below) document for use opposite regulators (mostly in LDCs) which
clearly establishes that PP796 fulfils the criteria given below:

- It must be rapidly aborbed (more rapidly than paraquat) and be quick acting. / ‘
Emesis must occur in about half an hour in at least 50% of cases.

- It must be an effective (strong) stimulant of the emetic centre to produce ' ‘f" Uﬁ
effective emesis. The emetic effect should have a limited 'action period' of . of@ ‘sxﬁ‘f
about two to three hours to allow effective treatment of poisoning. 5 - \

A 949 Y S
- It must act centrally on the emetic centre in the brain. / ,ﬁ",’; \\“JG“/.
& -

A
- It must not be a gastric irritant because, as paraquat itself is an . N
irritant, this could potentiate the toxicity of paraquat. S / '\
- It must be toxicologically acceptable. It must have a short hg' If-life in | MLD L*Q.YY\Q!(@
the body (to comply with the need for a limited action period. on TR m%

- It must be compatible with and stable in the paraquat formulation and not
affect the herbicidal efficiency or occupational use of the product.

Wherever possible we should refer to published or independent sources in
support of the statements we make.

The new FAO specification lists these criteria for an 'effective emetic’
(paraquat dichloride technical concentrate must now contain an 'effective
emetic), the criteria were drawn up on the basis of inputs previously
provided by Saba.

The document would need to be available in its final form by Friday 5th
September for use with Nigerian regulators visiting the UK (including CTL)

Page 1
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week beginning 8th September.
Thanks in advance for your assistance.

ANDY

Page 2
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From: Andy Cook Date: 25-Jul-1997 10:07
COOK ARGA1@FHVAXC

TO: Bob Scott - CTL ( SCOTT RC @ Al @ APVXC1 )
CC: Heylings Jon JROEXCHNG ( 6=Hey1lings07=Jon0®8=JREG4=CTLO@3=ZENECA®X400
CC: Martin Wilks ( WILKS MFGAI@FHVAXC )

Subject: PARAQUAT: PP796
Bob,

Could you please provide me with a short (c. 1/2 page for each of the criteria
listed below) document for use opposite regulators (mostly in LDCs) which
clearly establishes that PP796 fulfils the criteria given below:

- It must be rapidly aborbed (more rapidly than paraquat) and be quick acting.
Emesis must occur in about half an hour in at least 50% of cases.

- It must be an effective (strong) stimulant of the emetic centre to produce
effective emesis. The emetic effect should have a lTimited *action period’ of
about two to three hours to allow effective treatment of poisoning.

- It must act centrally on the emetic centre in the brain.

- It must not be a gastric irritant because, as paraquat itself is an f/
irritant, this could potentiate the toxicity of paraquat. *

- It must be toxicologically acceptable. It must have a short half-life in
the body (to comply with the need for a Timited action period.

- It must be compatible with and stable in the paraquat formulation and not
affect the herbicidal efficiency or occupational use of the product.

Wherever possible we should refer to published or independent sources in
support of the statements we make.

The new FAO specification lists these criteria for an ’effective emetic’
(paraquat dichloride technical concentrate must now contain an ’effective
emetic’), the criteria were drawn up on the basis of inputs previously
provided by Saba.

The document would need to be available in its final form b
September for use with Nigerian regulators visiting the UK
week beginning 8th September.

Thanks in advance for your assistance.

ANDY T Owhe ‘\Wu | Qi s

SYNG-PQ-04262325_R



@7 OCT 97 12124  ZENECA RAD 1428 655343 | ZEVECA PAD FERBLEST P22
2%P aNa-a . A St \ F

Nooch e
L‘_" "?‘.,’:f;‘..'al«f OA i
2.5 .65
INTEROFFICY MEMORANDUM
Date: 25-Jun-1997 03:22pm BST
From: Helen Royce
ROYCE HM f
Dept . 1
Tel No: :
TO: Andy Cook ( COCK AR
¢C: Martin Davis { DAVIS MT )

A@ Subject: FAO paraquatl SPECS. =SS EM @AY fhov\'ﬁl

Has anyone asked you if Zcneca would produce some sort of TO WHOM IT MAY
CONCERN letter saying that Zeneca’'s emetic/GHAMUXORE contirms 10 all the
eriteria laid down by FAO. The reason I ask is because we are having Lrouble
with pq in Nigeria at the moment, where it is waivering towards a ban, and
currently a big tender has come up from the oilfields where we want to submit
GRAMOXONE - big bucks if we get it. Mark Spinney' is out in Nigeria at the
poment and he took the FAOQ specs with him. Both Mark and Chris Waller thin
‘hat we might also need to produce further documentation to say that only our

NI T AR 6 D S Y SR AP M QAR e AN AT G R

emetic confirms to the criteria etc. However we will only submit this if we §
are specifically requested to do so, therefore we should have it up our sleeve ‘
- i at a moment's netice if it is needed - within the next I weeks. :

b

.4 some contact in the past with John Ismael from CTL on safeners

: g . that he might be the best person to approach. {
i

) : i

What s first)y have you already got some documentation that 3
conid do you have any objections if I approach John Ismael and :
il n be the hest person to ask anyway, ;
Any oy g csrions, comments? ¢
Helen 5
;

i

t

i

{

|

¥

;

[}
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PP796: ACUTE ORAL TOXICITY TO THE RAT

1. INTRODUCTION

A sample of PP796 (batch reference BX564) was sent to this Laboratory for
assessment of its acute oral toxicity. The work was done during February
1988,

2. SUMMARY OF RESULTS

Moderate signs of toxicity were seen following a dose of 100mg/kg. Al
animals survived at this dose level. Marked signs of toxicity were seen at
both 150mg/kg and 200mg/kg, with nine out of ten animals dosed with
150mg/kg and eight out of ten dosed with 200mg/kg being found dead or
killed in extremis by Day 2. The acute oral median lethal dose was
estimated as being between 100-150mg/kg.

3. METHODS AND RESULTS

3.1 Acute Oral Toxicity CTL Study No: AR4583

Groups of five male and five female Alderley Park SPF albino rats were
used, bodyweight range 230-304g for males and 175-217g for females. The
animals were fasted for a period of up to 24 hours immediately prior to
dosing. Preparations of the test sample, in polysorbate 80, were then dosed
at a standard volume of 10mi/kg. On Day 1 single doses of 100, 150 and
200mg/kg were administered by stomach tube to separate groups of animals.,
The animals were observed daily until the end of the study (Day 15).
Animals killed in_extremis and those surviving until the end of the study
were humanely killed by inhalation of excessive levels of halothane BP

CTL/L/2034 - 1
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followed by cervical dislocation and were examined by necropsy for any
macroscopic abnormalities. The acute oral median lethal dose was estimated
from the mortality data.

Moderate signs of toxicity were observed at 100mg/kg. A1l animals had
recovered by day 7. Three male and two female rats were killed in extremis
and one male and two female rats were found dead on days 1 and 2 at
200mg/kg. Three male and four female rats were killed in extremis and one
male and one female rat were found dead on days 1 and 2 at 150mg/kg.

Marked signs of toxicity were observed at both these levels. All suriving
animals had recovered by day 10.

The most common signs observed at each level included decreased activity,
salivation, upward curvature of the spine, increased breathing rate, ptosis
and stains around the mouth and nose (see Table 1). ’

Initially all animals showed a decrease in bodyweight (due to fasting prior
to dosing). By day 8 all but one of the surviving animals had increased in
weight compared with the initial bodyweight (Day-1) and continued to do so
until the end of the study. No macroscopic abnormalities were seen at
necropsy.

S L Allen ,_(@/(H}Q%j_w .................. . SﬂlﬁjS’S’

(Study Director)

V M Davison .2%?%%(&?2%%????1. ............... cesee ,ZJ§/4§ZEQ?..

(Author)

CTL/L/2034 - 2
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SUMMARY

ICI 63,197 caused slight irritation to rat skin and some evidence of

dermal toxicity following repeated’occluded application. It caused slight

jrritation to the rabbit eye on instillation. It was not a strong sensitiser
1ded for of guinea pig skin. Analysis showed that 0.49% of the particles were

to within the respirable range.
ute

PROBABLE EFFECTS IN MAN

This material may be of slight systemic toxicity by the dermal route
although contact with the skin should not cause significant problems of
jrritation and sensitisation. Splashes in the eye may cause initial
discomfort but only slight transient irritation. If inhaled, a significant
amount of the dust could be deposited in the nasal passages and could
constitute an emetic dose if absorbed sufficiently.

RECOMMENDED HANDLING PRECAUTIONS

Skin and eye protection should be employed when handling this chemical and
any splashes in the eye should be washed away with water. Suitable
ventilation or personal protection should be employed to prevent inhalation
of the dust.

c—w\ T/
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PR Enmdric

EC COUNCIL DIRECTIVE OF 15 JULY 1991 CONCERNING
OF PLANT PROTECTION PRODUCTS ON THE MAF

LEVEL 2 SUMMARY FOR
PARAQUAT

’

Effect of the Emetic PP796 in Dogs

R C SCOTT

R C Scott cececcevcccnnnsensnssesnsccooa
Product Toxicologist

Date cescccemsscsannsancscsesnonnneen

Ref: A:\paraquat.dog
1 March 1995
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EC COUNCII: DIRECTIVE OF 15 JULY 1991 CONCERNING THE PLACING

OF PLANT PROTECTION PRODUCTS ON THE MARKET

LEVEL 2 SUMMARY FOR
PARAQUAT

-

Effect of the Emetic PP796 in Dogs

R C SCOTT

R C scott wemsscoces esvsesescncccnsncnnes
Product Toxicologist

Date cecenccnsssesnnconcssnscanenen

Ref: A:\paraquat.dog
1 March 1995
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EC COUNCIL DIRECTIVE OF 15 JULY 1991 CONCERNING THE PLACING
OF PLANT PROTECTION PRODUCTS ON THE MARKET

LEVEL 2 SUMMARY FOR PARAQUAT

R C SCOTT

Effect of the Emetic PP796 in Dogs

The effectiveness of different doses of the emetic PP796 has been assessed
in dogs given a simultaneous oral dose of paraquat.

Dogs were given an oral dose of paraquat (20mg/kg) with 0, 0.5, 3.0 or
20mg/kg of PP796. Paraquat peak plasma levels, area under the plasma
concentration/time curve and the severity of lung lesions markedly
decreased with doses of 0.5 or 3.0mg/kg PP796. These reductions were dose

related. The response at 20mg/kg PP796 was variable with some dogs showing
reduced effects from paraquat whilst others showed no decrease.

The effective range of the emetic PP796 was between 0.5 and 3.0mg/kg.

Reference

Robinson M and Brammer A (1986). PP796: Emetic Study in Paraquat Treated
Dogs. Central Toxicology Laboratory Report Number CTL/T/2471.

EC. SUMMARY : LEVEL 2 (emetic PP796 in dogs)
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From: Martin Wilks Date: 18-0Oct-1994 16:31
WILKS MF@A1@FHVAXC

TO: Andy Cook ( COOK AR@A1@FHVAXC )
CC: Jane Hall ( HALL J@A1@FHVAXC )
CC: Bob Scott -~ CIL { SCOIT RC @ Al @ APVXC1 )

Subject: RE: GERMANY : EMETIC ISSUES
Andy,

thank you for firmly putting the ball in my court. However, I have no
intention of letting the other players off the hook that easily. I'm afraid
this has to be something of a team effort and we may even have to meet at some
stage before your deadline to agree proceedings.

First things first. At our meeting on 31 March 1994 we agreed that

a) there was no case to take out the emetic, and
b) there was no evidence that an increased concentration of emetic would lead
to a ’safer’ paraquat information.

If I remember correctly the second point related to the fact that in a typical
suicide scenario the amount of paraquat ingested is often far too high to be
sufficiently lowered by the induction of emesis.

It would be useful if we all agreed that these decisions still stand.

With reference to the two specific questions that you are being asked by the
German authorities, may I take them in reverse order.

s cological expert opinion on the effectiveness of the emeti

The appendix to your note provides a good starting point. As I see it, we need
essentially an updated version of the Mike Rose document from 1976 (CTL/R/390)
which includes studies that have been carried out since (if any). I believe
that this should come from CTL (the toxicological experts!), ie. Bob Scott
(any objections?).

2. Can the emetic prevent intoxication

This is by far the more difficult question to answer, and all I can do at this
point in time is to sketch out my ideas. They go along those lines:

Fact: We know the emetic works in humans (original volunteer/patient data).
Fact: We know that the emetic works in practice ie. vomiting is more frequent
and starts earlier with emetic formulations (Bramley & Hart 1983, Meredith &
Vale 1987).

Fact: We know that the emetic makes no difference when large doses of paraquat
are ingested (>10g, 15g, 20g?).

Fact: When small (accidental?) doses (<1g?) are ingested patients survive with
or without emetic.

Question: Does the emetic influence survival in those patients who have
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From: Martin Wilks Date: 22-Nov-1994 15:56
WILKS MF@A1@FHVAXC

TO: Andy Cook { COOK AR@A1@FHVAXC )
TO: Bob Scott - CIL { SCOTT RC @ Al @ APVXC1 )
TO: N.N. Sabapathy { SABAPATHY NN@A1@FHVAXC )

Subject: Paraquat - Emetic - Germany
ACTIONS AGREED AT THE MEETING ON 22 NOVEMBER 1994
ARC to provide original German text of questions asked to MFW,
First-line defence strategy:
MFW to provide answer to first question with help from NNS. Emphasis on
overall reduction in accidental poisonings, emetic as part of a package of

measures.

RCS to answer second question with help from ARC. Based on ARC’s document
(attachment to document 16 Oct 1994).

These actions to be completed by mid-December 1994.

Second-line defence strategy:

RCS to draft expert document on animal studies to support inclusion of emetic,
including discussion of dose-setting. MFW to supplement with human experience

of effectiveness (ie. induction of vomiting).

This action to be completed during first guarter 1995.

MFW 22/11/94
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ingested ’'moderate’ doses (eg. 1-5g)? Do we have good quality data to support
our conclusion?

I am looking here specifically to Saba and Andy to comment. Any data, either
published, or reported, or in someones filing cabinet, would be particularly

appreciated.

While supporting Andy’s wish to make the best case possible I believe the
first step should be to take stock of what we know.

Any initial comments on whether you support my views or whether I have got the

wrong end of the stick are welcome. I will speak to you individually, and
perhaps Andy could organise a meeting after 14 November to pull together what

we have.
Best regards

Martin
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From: Andy Cook Date: 11-Feb-1995 10:48
COOK AR@A1@FHVAXC

TO: Bob Scott - CTL ( SCOTT RC @ Al @ APVXC1 )
Subject: Document M-II (Tier II), Section 3

Bob,

Thanks for the genotox. text received yesterday afternoon.

I attach the current (WPS-Plus) draft of paraquat Annex II, Tier II (plus
reference list) for review. Please return all comments to me by Friday 17th
February.

Specific areas which require improvement include the text re. the lack of
relevance of the dog NOAEL's for the assessment of risk to man [both operator
risk (AOEL) and consumer risk (ADI)]. I still need from you a copy of the
Kenneally PhD for submission plus the ’definitive’ values for Kmax and Vmaxm
to be used in our submission.

The other major subject areas not addressed in the current document are the
emetic (against which yourself and Martin have an outstanding action opposite
the ’'exam questions’ from Germany, desklink record of November meeting ;A("
attached) and the current incidence of accidental vs suicidal fatalities

(which I intend to address in the first instance with subsequent review by
yourself and Martin).

Also required (asap please and not later than mid-March) are the protocols for
all of the agreed paraquat metabolism studies which we are obliged to include
in our submission.

All of the above issues are now urgent as the EU submission for paraquat is
scheduled for mid-April, all the above requires completion not later than the
end of the first week of March.

Thanks.

ANDY
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From: Andy Cook Date: 16-0ct-1994 17:07
COOK AR@A1@FHVAXC

TO: Martin Wilks ( WILKS MF@A1@FHVAXC )
CC: Jane Hall ( HALL J@A1@FHVAXC )
CC: Bob Scott - CTL ( SCOTT RC @ A1 @ APVXC1 )

Subject: GERMANY : EMETIC ISSUES
Dear Martin, ;j
/

In response to an application for ’minor outlet’ label extensions %ﬁ Germany

(use in carrots, onions, leeks and parsley) the German regulatory Aauthorities

have recently asked us to provide them with the following inforﬁ7tion i &
> g kS
V) S S L) 3

to D/1 No. 2: submission 6f information on the question, in!how farﬁxﬂe /

emetic PP796 limits the absorption of paraquat and whether an intoxication can

therefore be preventedlggk -f%hum;5a U . M

rd
to D/1 No. 2: A toxicological expert opinion on the effectiveness of the
emetic and the speed of the of a vomitus after uptake of PP796 in

comparison to other known emetics.

This is not particularly urgent at present but I would be grateful if you
could prepare a suitable draft response by Friday 25th November.

I realise that the data we have which relates to the first of these questions
is not entirely favourable (for cases of deliberate oral ingestion) however if
we can persuade the German authorities of the value of PP796 in advance of the
EU review process then this may well prove decisive in determining whether or
not we are able to make the inclusion of a suitable pharmacologically active
emetic (i.e. PP796) mandatory in all paraquat formulations to be marketed
within the EU via the Annex I (’positive listing’) process. As such I believe
that our response should represent the best case we are able to assemble on
the value of the emetic within the EU.

You may find the following text of some help in addressing these questions. I
originally compiled this some time ago in order to address similar enquiries
which arose from the BGA however in the event this response was never
submitted in Germany. Looking at the text now I believe it can be
significantly improved on through inclusion of the UK poisoning incident
statistics (ODM50, AC/RB, OCT 1992) and the Japanese papers on the occurrence
of emesis in patients swallowing paraquat formulations together with a list of
references to internal (ICI/ZENECA) study reports and literature publications.
Also by placing greater emphasis on the role played by the combination of
formulation safety measures (i.e. dye, stench and emetic) in reducing the
incidence of cases of accidental ingestion/fatalities.

Please let me know if you need anything further from me.
Many thanks in advance.

ANDY
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*TO WHOM IT MAY CONCERN

PP796 EMETIC

In considering the properties of PP796 in comparison with other emetics it is
necessary to first consider the criteria which an emetic must meet in order to
be appropriate for inclusion in paraquat formulations.

1. Speed and mode of action
The emetic must produce a rapid vomiting response prior to the absorption of

toxic amounts of paraquat. It should act centrally and should not produce its
action via an irritant effect on the gastric system; irritancy could
facilitate the absorption of paraquat.

2. Specificity

The agent must be able to act in the presence of paraquat, i.e. appropriate
animal experiments must provide evidence that paraquat does not interfere with
the action of the emetic.

3. Human safety
The emetic should be toxicologically acceptable and harmless to the user of

the product in which it is incorporated.

4. Enviroomental safety

The emetic should not have a harmful effect on the environmernt.

5. Stability
The emetic must be stable in the presence of paraquat and vice versa. The

emetic should not interfere with the herbicidal properties of paraquat.
An assessment was made of the following candidate emetic agents, most of which

were excluded on the basis that they did not meet one or more of the necessary
criteria.
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1. Matricaria
This is the ground flower heads of the chamomile plant. It is irritant in

action, unreliable and, being insoluble in water, would be of no practical
value for use in paraquat formulations.

2. Mustard
This is also highly irritant and insoluble.

3. Salts of heavy metals (eg. copper, antimony and zinc)
These agents are firmly rejected by modern medical opinion because of their

high toxic risk. They would also be unacceptable from an environmental
perspective.

4. Sodium chloride

This emetic, commonly used in domestic poisoning incidents, is no longer
generally recommended by the medical profession. 1Its efficacy is variable and
a number of deaths have occurred following its use.

5. Apomorphine
This agent, although highly effective, can only be administered by

intramuscular injection. It is unstable in air. It is therefore clearly of
no practical value for inclusion in paraquat formulations.

6. Ipecacuanha
This agent is widely used as an orally administered emetic, it acts on the

central nervous system but is also a gastric irritant. When administered in
excessive amounts (approximately 10 x the emetic dose) fatalities have
occurred. This emetic was seriously considered by ICI for inclusion in
paraquat formulations but a study in cynomolgus monkeys found that the
response was unpredictable and only effective at doses associated with toxic
symptoms.

7. PP796

PP796 is rapidly absorbed in mammals following oral ingestion, peak plasma
levels being observed in man during the first hour after administration. In
species which vomit such as pig, dog, monkey and man (rodent species do not
vomit) the rise in plasma level is associated with the onset of vomiting.

This generally occurs within 15 minutes of dosing. Vomiting may be repeated
four or five times within the first hour. Thereafter the effect ceases,
probably as a consequence of the rapid metabolism and excretion of the
compound. The evidence for the action of PP796 being centrally mediated is
provided by 1) the rapid onset of vomiting and absence of irritant effects and
2) the production of vomiting in dogs following intravenous administration at
plasma levels similar to those producing the effect after oral administration.

PP796 is an extremely potent oral emetic, with man particularly sensitive to
its action. A dose of only 0.1 mg/kg is sufficient to produce a 75%
expectancy of vomiting in man. Furthermore investigations in monkeys have
demonstrated that the induction of vomiting by PP796 is unaffected by the
presence of paraquat.
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In clinical studies emesis occurred at doses in the range 0.03-0.11 mg

PP796 /kg (equivalent to 2-8 mg for a 70 kg man). Statistics of paraquat
poisoning incidents indicate that most have involved the ingestion of more
than 20 ml ’Gramoxone’. Inclusion of PP796 at a rate of 0.05Z (5 mg in 10 ml
or 0.5 g in 1 litre) is therefore likely to cause vomiting in those ingesting
this quantity or above.

In addition to its action as an emetic PP796 has a second property which makes
it particularly suitable for inclusion in paraquat formulations as a safening
agent. PP796 has been shown to have a delaying effect on gastric emptying,
since most paraquat swallowed is absorbed from the small intestine the
resulting inhibition of absorption may make a useful contribution in the
period immediately following ingestion.

Thus the question of the effectiveness of PP796 in comparison with other
emetics is more an issue of which emetics are able to meet the exacting
characteristics required rather than a straightforward comparison of the speed
with which they are able to induce emesis.

ICI is committed to reductions in the hazard of paraquat formulations and the
inclusion of the emetic is an important part of this worldwide. It is usually
not practically possible to obtain definitive epidemiological data on the
effectiveness of the emetic since accurate information on the quantity
ingested and the time between ingestion and treatment is seldom available.
ICI’s own experience and anecdotal evidence indicates that the emetic improves
the survival of patients who have swallowed small doses through its combined
effects of dose reduction and rapid hospitalisation. The survival rate in
patients who have accidentally ingested paraquat has been very good. However
in patients who have ingested large doses survival continues to be poor since
the dose ingested is so great that in spite of the emesis induced sufficient
paraquat is still present to cause a fatality.’
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YS4 EMEIC

Author: Stephanie A Schulz Date: 07-Jan-1993 16:28
TO: Tim Pastoor ( PASTOOR TPEAL@UWGVAX )

Subject : pg info revised

Tim, after discussions with Janice Reed, I have updated the

PQ formulation info you asked for. I originally used the "Label
Declaration of active ingredient" because Wayne felt we always
used that number when discussing product formulation, given that
is what the EPA looks at. However, for our purposes --
Production, we are interested in what amount we start with of all
Paraquat concentrate, then the dichloride/ion/impurities action
can take place.

So.. I have modified the chart to include a paraquat concentrate
column and a Paraquat Ion (label’ listed and then the other
ingredients. I also changed the other ingredient(water) column
to read "Water and other impurities", because Janice said we
should refer to that which we can't get rid of
(manufacturing/chemically imposible) as impurities.

For number crunching, these new numbers will probably make more
"sense” to the crunchers because they list what is started with
to make a 10001b of product. The crunchers are probably on
concerned with how much paraquat concentrate 3 we start with and
not what is actual AI due to chemistry.

My numbers are still listed in % of formulation.

Product PQ PQ+ Emetic Valeric Color Water/other
Con. Ion acid impurities

PQcon3d*  98.97 (43.5) 0.101 0.841 0.084 0.004

Extra 82.55 (37.05) 0.053 0.440 0.044 16.913

Super 51.761 (23.39) 0.053 0.440 0.044 47.702
Cyclone* 64.81 (29.10) 0.055 0.500  ~---- 34.635

Starfire 51.761 (23.39) 0.053 0.440 0.044 47.702
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Note:
+ Label declaration of active ingredient

* Alternate Formulation that includes emetic.
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Author: PASTOOR TPRALQUWGVAX Date: 07-Jan-1993 18:56
TO: Bob Scott [ CTL ] ( SCOTT RC @ A1l @ APVXCl )
Subject : PQ

I'm sending you a message from Stephanie Schulz, who is in my group

and who seems to find new and slightly different information on PQ

products every day. Since she is such a thorough person, she asked a

few more questions and came up with the following data. I hope this
information is helpful...

4
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Author: PASTOOR TP@ALQ@QUWGVAX Date: 06-Jan-1993 19:04

TO: Bob Scott [ CTL ] ( SCOTT RC @ Al @ APVXCL )
CC: Stephen L Heying ( HEYING SL@AL1@UWGVAX )
CcC: Wayne Hillebrecht ( HILLEBRECHT WR@AL@RUWGVAX )

Subject : PQ Concentrations

Bob,

Here is the information you requested so that you can provide Saba
with guidance in his views towards reducing the concentration of

emetic in PQ products.

Percent in Formulation

[Valeric Other Ingred
Product [PQ] [emetic] acid] [color] (water,etc.)
f‘lh 43.5 56.5
Extra 37.05 0.053 0.440 0.044 62.413
Super 23.39 0.053 0.440 0.044 76.073
Cyclone 29.10 0.055 0.500  ----- 70.345
Starfire 23.39 0.053 0.440 0.044 62.413

--------------------------------------------------------------------

[Info based on Confidential Statements of Formulation for each
product and on Wayne Hillebrecht. PQ % based on "Label Declaration
of Active Paraquat Dichloride."]
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Author: Bob Scott [ CTL ] Date: 12-Jan-1993 10:40

TO: Remote Addressee ( tp@al@uwgvax )
CC: N.N. Sabapathy ( SABAPATHY NN@A1@FHVAXC )
CC: Stan Chart ( CHART IS@AL@FHVAXC )

Subject : PP796 Inclusion Levels

Tim,

I am able to provide some comments on the letter fron Steve Heyings.

Based on an assessment of the available animal and human data on the emetic
effects of PP796 it was decided that a dose of 5mg was needed to ensure early
and effetive emesis.Thus,for a 70kg individual this represents a dose of
0.07mg/kg.This dose is precisely in the effective range as cited in Steve
Heyings letter(0.03-0.11).

This dose must be present in the minimum potentially toxic dose of a PQ
formulation.Although no absolute data are available for MAN,the MLD is
considered to be around 40mg/kg,or,around 3000mg in a 70kg man.. This amount
would be present in about 15ml of a 200g/l Pq ion formulation).Thus, the
minimally potentially toxic dose is less than 40mg/kg and so the effective
dose of PP796 must be present in a volume of formulation which is less than
the MLD volume.

It was decided that the effective dose must be present in a 10ml volume of a
200g/1 formulation.

Thus, 5mg must be contained in 10ml i.e 0.5mg/ml,or 0.05%.

All the information you sent me indicated that PP796 is present at this
level in your products.It seems that you have it right,based on the original
decisions for inclusion levels.

I can understand how Steve arrived at his suggestion that the PP796 levels
are,perhaps, too high by a factor of 10.He has assumed that an (reliable)
effective dose can be as low as 0.03mg/kg and that this can be present in a
volume of formulation which is regarded as 2X MLD volume.This is not the
position we can support.

I hope this clarifies the situation and you can assure Steve that the PP796
inclusion levels are indeed NOT 10X too high in your products.

Bob.
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Author: PASTOOR TP@ALl@UWGVAX

TO: Bob Scott [ CTL ]
CC: Stephen L Heying
€CC: Stephanie A Schulz
CC: Wayne Hillebrecht

Subject : PQ Concentrations/followup

Bob,

Please add the following to the table I sent you:

PQ emetic VA color Other

Tech 44 .91 0.101 0.842 0.019 54,128

06-Jan-1993 20:54

SCOTT RC @ Al @ APVXC1l )
HEYING SLEALQ@UWGVAX )
SCHULZ SA@A1QUWGVAX )
HILLEBRECHT WR@AL1lQ@UWGVAX )
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From: Date: Document Ref:
Bob Scott [ CTL ], CTL 05-Jan-1993

To: Copies to:

Dr.NN Sabapathy IS Chart
D Castles
A Cook

PQ EMETIC LEVELS

Saba,

Having now returned from holiday I have found in my mail an interesting
enquiry from Tim Pastoor about emetic levels in PQ formulations.This letter
was also sent to you and Becky Sherman.I do not propose at this time to
respond to Tim.I suggest that you do this and I will write to Tim to tell him
you are dealing with this issue.Will you please copy me with anything you send
to Tim so I know what is being said.

This semms a good way to welcome the New Year.
Best wishes,
Bob.
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Author: Bob Scott [ CTL ]

TO: N.N. Sabapathy
CC: Diane Castle
CC: Stan Chart

CC: Steve Cook
Subject

: Pq Emetic concentration

Date: 05-Jan-1993 11:32

( SABAPATHY NN@A1@FHVAXC )
( CASTLE DLE@A1@FHVAXC )

( CHART IS@AL@FHVAXC )

( COOK SE @ Al @ UWPOO )
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CHMENT A: PRODUCT CHEMISTRY

anuary 23,
istry battery on. the two "formulators interm

- 43.5% PQ dichlo :de and 29.1% PQ dichloride. I'l(‘J}}mpreviously pro
.er s dar :

1991, EPA requested that ICI submit egsentially an entire product
iates

sical solid produced under laboratory conditions. ta was included in

9001 and in an addendum 94701). Thi ed the agency into

paraquat TGAI is a solid when it is actually a liquid of 53.8% PQ dichloride as now
i "which is

uced at the Bayport facility. This liquid 53.8% TGAI is
ptable to EPA. :

A also needed to know how we g0 from 53.

8% PQ dichloride to the manufacturer’s use

juct EPA Reg. No. 10182-115 (43.5% PQ dichloride + water ) and its alternate

pulations, (which we have now presented as dilutions of

tic, stench, and valeric acid. We ha

EPA

End Use Product
Reg. No.

nufacturer’s Use
yduct Name Made from MUP

ALY o

10182-115 0107

raquat Concentrate 3 ~ none

wraquat Concentrate 3 0108

Gramoxone Super 10182-1156

>araquat Concentrate 3 Gramoxone Extra 10182-115 0113

10182-116 0114

Cyclone

P‘at Concentrate 3

These formulations with the 8 addi ives of PP796 (emitic); Valeric Acid (stench); and/or
i alternate formulations to 10182-115. This is the strategy

dye were submitted as

4

the 53.8%

CSF No. Ingredients

S

by adding water, -
CSF’s to EPA as follows: -

paraquat ion;
impurities; and
water

paraquat ion;

-

paraquat ion;
impurities;
water; valeric
acid @ 0.84%; FD
& C Blue No. 1
PP796 @ 0.06% i
paraquat ion; ot et
impurities;
water; valeric
acid @ 0.84%;
and PP796 @
0.08%

o '1‘\"5\@“?‘- '

R

that had
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From: Date: Document Ref:
Bob Scott [ CTL ], CTL 05-Jan-1993

To: Copies to:
Tim Pastoor Dr.NN Sabapathy

PQ EMETIC CONGENTRATION

Tim,

Nice to hear from you and I hope ypu are well.Thanks for the letter
about PP796 levels.I think this is one for Saba to deal with although I will
assist if necessary.l have asked Saba to reply to you and copy me with
anything he sends across to you.

Best wishes,
Bob.
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Author: PASTOOR TPERA1QUWGVAX i%xbk

TO: Bob Scott [ CTL ] { S04 QCW} &,@ /Btl’ >
TO: N.N. Sabapathy ( SAl

TO: Becky Sherman ( SHE } i

CC: Stephen L Heying ( HEY fgrorin

Subject : PQ Emetilc and Stench Concentrations X1 oA

To: Becky Sherman 4 Ahttf;wgl
Bob Scott (CTL) N D Coddes

Dr. Sabapathy (Fernhurst)
From: Tim Pastoor

Subj: PQ Emetic and Stench Concentrations.

S.e Heying was asking for "scientific" rationale that establish the
e ctive concentrations of stench and emetic in paraquat products.
His reason is that we can reduce formulation costs if we reduce
concentrations of these additives. In addition, we'wve received
complaints that the stench "stinks too much."

Becky, I know you and I visited this question sometime in the last
year. We assembled information on the emetic concentration and you
may also have looked at the stench concentration. You wrote the
attached memo, and as a result some decisions were taken that I
cannot recall nor do I have on record. Do you have a file on this
issue? If so, where?

Bob, are you familiar with this issue? Could you please contribute
your views?

Saba, I believe you were in on these discussions in the last year or
so. Could you please give a brief recap of your disposition on this
issue?

Tlllk you.

- Tim
B sk o o S B ot i o o o DR o o i s o 1 R R R R et
(attachment) Delivery: Tim Pastoor
Date: 18-Jan-1992 13:57 EST
From: Becky Sherman
SHERMAN B.E.
Dept: R&RA
Tel No: i Redacted-EUPIl |
TO Remote Addressee ( CRISP G.N. AT Al AT
FH1VAX )
CC: Russ Rising ( PAPER MAIL )

SYNG-PQ-04262352_R



o

Author: PASTOOR TP@ALQ@UWGVAX Date: 11-Dec-1992 16:39

TO: Bob Scott [ CTL ]
TO: N.N. Sabapathy
TO: Becky Sherman
CC: Stephen L Heying

SCOTT RC @ Al @ APVXCl )
SABAPATHY NN@AL1@FHVAXC )
SHERMAN BE@A1Q@UWGVAX )
HEYING SLEAL@UWGVAX )

NSNS

Subject : PQ Emetic and Stench Concentrations

To: Becky Sherman
Bob Scott (CTL)
Dr. Sabapathy (Fernhurst)

From: Tim Pastoor

Subj: PQ Emetic and Stench Concentrations.

Sg:le Heying was asking for "scientific" rationale that establish the
e ctive concentrations of stench and emetic in paraquat products.
His reason is that we can reduce formulation costs if we reduce
concentrations of these additives. In addition, we've received
complaints that the stench "stinks too much."

Becky, I know you and I visited this question sometime in the last
year. We assembled information on the emetic concentration and you
may also have looked at the stench concentration. You wrote the
attached memo, and as a result some decisions were taken that I
cannot recall nor do I have on record. Do you have a file on this
issue? If so, where?

Bob, are you familiar with this issue? Could you please contribute
your views?

Saba, I believe you were in on these discussions in the last year or
so. Could you please give a brief recap of your disposition on this
issue?

Tg=lk you,

- Tim
e L L O L e o et o M TR T o 0 o S I o S o e ol o o e
(attachment) Delivery: Tim Pastoor
Date: 18-Jan-1992 13:57 EST
From: Becky Sherman
SHERMAN B.E.
Dept: R&RA
Tel No: | Redacted-EUPIl !
TO: Remote Addressee ( CRISP G.N. AT Al AT
FH1VAX )
CC: Russ Rising ( PAPER MAIL )
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From: Bob Scott - CTL Date: 20-Feb-1995 15:13
SCOTT RC

Subject: Bipyridyl RIM ; Draft Agenda

John Ishmael and I met this am to discuss the possible Agenda for the RIM
(16th March). After this Robin Birtley called to discuss additional Fernhurst
ideas (marked *).

Below is a proposed Agenda (with some notes). Please send me your views.

This will form the basis of our pre-~RIM meeting on 27th February, HG1,
14,00-17.00h.

PROPOSED AGENDA
1. Neuroinvolvement

a) Evidence of neurological effects in Man RCS
(based on Draft overview in preparation)

b) Absorption through the blood brain barrier and effects on

developmental behaviour

(to include data from MRC) EAL
c) PQ vs MPTP ; review of progress and future plans EAL
2. Antidotes/treatments

Parenteral MgSO4 studies in the rat JRH

Clinical application MFW
3. EU Review

Paraquat lung uptake ; most relevant animal model for man EAL

( Review of NOEL/NOAEL for sub- and chronic studiesi//
CTL position on species’ Km and Vmax values;
TeTevance of the dog vs rat;

* are there any other studies we could do to understand
plasma levels vs lung toxicity etc)

NWWMCIY

4. Rabbit developmental toxicity

*Alternative species to the rabbit for a new paraquat stué;/ RCS

5. Rabbit developmental toxicity study status with CalEPA RCS

ML uy pox

Bob

Distribution:

TO: John Ishmael ( ISHMAEL J1 )
TO: Iain Purchase ( PURCHASE IFH )
TO: Jon Heylings ( HEYLINGS JR )
TO: Edward Lock ( LOCK EA )

TO: James Mackay ( MACKAY JM )
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CC: Bob Ridsdale ( RIDSDALE R.E. )
CC: Wayne Hillebrecht { HILLEBRECHT W.R., )

\o 14
CC: Leetch M.S. %/ ' ( LEETCH M.S. )
4
4
/

Subject: EMITIC LEVELS ;ﬁrPARAQUAT FORMULATIONS

It has come to our atténtion that emitic levels in paraquat
formulations in the US are about 10X the level indicated in the PP796
5 as accepta © cause emesis In humans (the range to cause
emesis 1is mg/kg). When calculations are done assuming a
30 ml mouthful and a 70 kg man, then we are putting 10X more emitic
than the 0.03 mg/kg level. " Apparently the costs of emitic has gone
up about 4X over the last two years and the 10X amount we are
now putting in the formulation costs ICI Americas about $800,000 more
than putting the 1X level.

We would like to reduce the level of emitic in the formulation if
this can be done safely and still have the emesis effect. Could you
i stigate this or let me know what information I need to put
t,ther to demonstrate our request to make a reduction.

While we are on this subject, everything I read these days about a
new and improved paraquat formulation talks in terms of increasing
the capacity of th¢ PP/%6)plant by &4%. I do not understand why this
is neccessary. Are we plannin'to put more emetic in the formulation?
If so, I do not understand why. It would seem that the same amount
of emetic on a volume basis would always be required in the
formulation to cause emesis. Can you shed some light on this

also?

Thanks,

C “‘g“’@" —"elk ®.\0%
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- DRAFT DRAFT DRAFT DRAFT

TO WHOM IT MAY CONCERN

PP796 [ 2-amino-6-methyl-5-0x0-4-n-propyl-4,5-dihydro-s-triazolo (1,5-a)
pyrimidine) is a centrally-acting phospho-diesterase emetic agent which is
added to paraquat formulations. This paper explains the lack of human side-
effects from exposure to PP796 and confirms the benefit of addition to
paraquat formulations.

PP796 : Lack of evidence of potential side-effects from human exposure

Toxicology data _

Human exposure to PP796 will occur as a consequence of ingestion of GRAMOXONE
or other paraquat-containing products. To assess the toxicological
significance of this route of exposure a wide range of studies have been
completed with PP796 using oral dosing or dietary administration.

The acute oral MLD values of PP796 in rats and mice have been found to be 100 %S
and 300mg/kg/d, respectively. &_ﬂ
PP796 has been administered to rats and dogs in food for 3 months.

In the rat study the top dose administered was 5mg/kg/day and in the dog stud:
1.5mg/kg/day. PP796 had no affect on the haematology, organ weights or .
histopathology in the rats as a consequence of this dosing regime.
Similarly,in dogs,there were no affects on haematological snd biochemical
parameters, no histopathology findings and in addition, no affect on blood
pressure,heart or respiration rate and measured ECG-activity.

After dosing some test animals in these top dose group were placed on mormal
diet ie containing no PP796, for a period up to 12 weeks. There were no
changes in these animals attributable to PP796.

Oral dosing was also used to study the teratological potential of PP796 in
rats and rabbits. The rats and rabbits were given daily doses of up to
1.25mg/kg/day. In these studies,which involved daily dosing of PP796 to
pregnant animals, PP796 had no teratogenic affect and no significant affect on
pregnancy,littering and weaning.

Relevance to deliberate human_exposure

It is reported that a fatal oral dose of GRAMOXONE to a man is approximately
15ml. PP796 is present in GRAMOXONE at a concentration of 0.05Z, which is
equivalent to 0.5mg/ml. The amount of PP796 in a potentially fatal

dose, therefore,is 7.5mg.

If this amount is deliberately ingested by a man of 60kg body weight,then the
dose of pp796 will be 0.125mg/kg.

This dose can be compared with the doses which have been shown to cause no
toxicity in multiple oral dosing studies (see above). The lowest top dose in
any of the studies described above,which was shown to cause no significant
toxicity, was the 1.25mg/kg/day given to pregnant animals in the teatology
studies.

This dose is 10 times higher than the dose of PP796 contained in a fatal dose
of GRAMOXONE.

4
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TO WHOM IT MAY CONCERN

PP796 [ 2-amino-6-methyl-5-o0x0-4-n-propyl-4,5-dihydro-~s~triazolo (1,5-a)
pyrimidine) is a centrally-acting phospho-diesterase emetic agent which is
added to paraquat formulations. This paper explains the lack of human side-
effects from exposure to PP796 and confirms the benefit of addition to
paraquat formulations.

PP796 : Lack of evidence of potential side-effects from human exposure

Toxicology data

Human exposure to PP796 will occur as a consequence of ingestion of GRAMOXONE
or other paraquat-containing products. To assess the toxicological
significance of this route of exposure a wide range of studies have been
completed with PP796 using oral dosing or dietary administration.

The acute oral MLD values of PP796 in rats and mice have been found to be 100
and 300mg/kg/d, respectively.

PP796 has been administered to rats and dogs in food for 3 months.

In the rat study the top dose administered was 5mg/kg/day and in the dog study
1.5mg/kg/day. PP796 had no affect on the haematology, organ weights or
histopathology in the rats as a consequence of this dosing regime.
Similarly,in dogs,there were no affects on haematological snd biochemical
parameters, no histopathology findings and in addition, no affect on blood
pressure,heart or respiration rate and measured ECG-activity.

After dosing some test animals in these top dose group were placed on mormal
diet ie containing no PP796, for a period up to 12 weeks. There were no
changes in these animals attributable to PP796.

Oral dosing was also used to study the teratological potential of PP796 in
rats and rabbits. The rats and rabbits were given daily doses of up to
1.25mg/kg/day. In these studies,which involved daily dosing of PP796 to
pregnant animals, PP796 had no teratogenic affect and no significant affect on
pregnancy,littering and weaning.

Rele ce to deliberate h exposure

It is reported that a fatal oral dose of GRAMOXONE to a man is approximately
15ml. PP796 is present in GRAMOXONE at a concentration of 0.05%Z, which is
equivalent to 0.5mg/ml. The amount of PP796 in a potentially fatal

dose, therefore,is 7.5mg.

If this amount is deliberately ingested by a man of 60kg body weight,then the
dose of pp796 will be 0.125mg/kg.

This dose can be compared with the doses which have been shown to cause no
toxicity in multiple oral dosing studies (see above). The lowest top dose in
any of the studies described above,which was shown to cause no significant
toxicity, was the 1.25mg/kg/day given to pregnant animals in the teatology
studies.

This dose is 10 times higher than the dose of PP796 contained in a fatal dose
of GRAMOXONE.

4
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A further comparison can be made between the amount of PP796 in a fatal dose
of GRAMOXONE and the lowest reported acute oral MLD value of 100mg/kg (in the
rat). This shows that such a fatal dose contains only an 800th of the oral MLD
amount of PP796.

These data indicate that no toxicological consequences can be expected from
human exposure to PP796 in GRAMOXONE or other paraquat-containing
fornmulations. .

PP796 : Affect on mortality

In the 1970s Zeneca recognised that GRAMOXONE,especially after decanting from
an original container, could be mistaken for some common beverages. At this
time,also, Gramoxone fatalities from deliberate and accidental ingestions
began to increase. Zeneca reacted swiftly to alter GRAMOXONE and make it
safer. Three measures were taken l)addition of a colouring agent 2) addition
of a pungent alerting agent and of course,3) addition of PP796, the emetic
agent.

These 3 measures meant that within a short time period the product changed
significantly.

These changes removed from the market place the source of non-emeticised
GRAMOXONE. This has made it extremeley difficult to obtain scientifically
valid data to prove the added safety conferred by the presence of the emetic
ie. data acquisition,in the same time period, on non-emeticised formulation
compared with emeticised.

The emetic was added to the formulation to induce assured,early,effective
vomiting. Such vomiting is necessary to radidly remove paraquat from the
stomach after ingestion and so reduce systemic absorption. The amount of
contemporaneous data which are available for such a comparison are naturally
limited.

One way to assess the benefit of the emetic requires scientific data to prove
that the emetic induced earlier effective emesis,in man,compared with non-
emeticised material. Such an assessment was undertaken by Zeneca (then ICI)
using data collected by the UK National Poisons Information Service on over
500 cases reported over a relevant time between 1979-1984. The emetic was
believed to have been present in at least 120 of the poisoning cases.

These data clearly showed that the addition of the emetic to paraquat
formulations markedly improved the reliability of induction of vomiting and
that in most cases the emetic led to an earlier onset of vomiting compared
with the non-emeticised material. This is precisely what had been hoped for
and scientifically, predicted to be the benefit of adding PP796 to the
formulations.

Whilst these data cannot be used to pronounce definitively on whether the
emetic reduced fatalities- interpretation is complicated, for example,as the
different physicians used a variety of tretment regimes which might have
affected the prognosis- the data did indicate that mortality did decrease.
Conclusion

It is our contention that the presence of the emetic in paraquat formulations
is an essential and useful safening agent.

RC Scott, Product Toxicologist (27/5/94)
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TO WHOM IT MAY CONCERN

PP796 [ 2-amino-6-methyl-5-oxo-4-n-propyl-4,5-dihydro-s-triazolo (1,5-a)
pyrimidine) is a centrally-acting phospho-diesterase emetic agent which is
added to paraquat formulations. This paper explains the lack of human side-
effects from exposure to PP796 and confirms the benefit of addition to
paraquat formulations.

PP796 : Lack of evidence of potential side-effects from human exposure

Toxicolo data

Human exposure to PP796 will occur as a consequence of ingestion of GRAMOXONE
or other paraquat-containing products. To assess the toxicological
significance of this route of exposure a wide range of studies have been
completed with PP796 using oral dosing or dietary administration.

The acute oral MLD values of PP796 in rats and mice have been found to be 100
and 300mg/kg/d, respectively.

PP796 has been administered to rats and dogs in food for 3 months,

In the rat study the top dose administered was 5mg/kg/day and in the dog study
1.5mg/kg/day. PP796 had no affect on the haematology, organ weights or
histopathology in the rats as a consequence of this dosing regime.
Similarly,in dogs,there were no affects on haematological snd biochemical
parameters, no histopathology findings and in addition, no affect on blood
pressure,heart or respiration rate and measured ECG-activity.

After dosing some test animals in these top dose group were placed on mormal
diet ie containing no PP796, for a period up to 12 weeks. There were no
changes in these animals attributable to PP796.

Oral dosing was also used to study the teratological potential of PP796 in
rats and rabbits. The rats and rabbits were given daily doses of up to
1.25mg/kg/day. In these studies,which involved daily dosing of PP796 to
pregnant animals, PP796 had no teratogenic affect and no significant affect on
pregnancy, littering and weaning.

Relevance to deliberate human exposure

It is reported that a fatal oral dose of GRAMOXONE to a man is approximately
15ml. PP796 is present in GRAMOXONE at a concentration of 0.05%Z, which is
equivalent to 0.5mg/ml. The amount of PP796 in a potentially fatal
dose,therefore,is 7.5mg.

If this amount is deliberately ingested by a man of 60kg body weight,then the
dose of pp796 will be 0.125mg/kg.

This dose can be compared with the doses which have been shown to cause no
toxicity in multiple oral dosing studies (see above). The lowest top dose in
any of the studies described above,which was shown to cause no significant
toxicity, was the 1.25mg/kg/day given to pregnant animals in the teatology
studies.

This dose is 10 times higher than the dose of PP796 contained in a fatal dose
of GRAMOXONE.
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A further comparison can be made between the amount of PP796 in a fatal dose
of GRAMOXONE and the lowest reported acute oral MLD value of 100mg/kg (in the
rat). This shows that such a fatal dose contains only an 800th of the oral MLD
amount of PP796.

These data indicate that no toxicological consequences can be expected from
human exposure to PP796 in GRAMOXONE or other paraquat-containing
formulations.

PP796 : Affect on mortality

In the 1970s Zeneca recognised that GRAMOXONE,especially after decanting from
an original container, could be mistaken for some common beverages. At this
time,also, Gramoxone fatalities from deliberate and accidental ingestions
began to increase. Zeneca reacted swiftly to alter GRAMOXONE and make it
safer. Three measures were taken l)addition of a colouring agent 2) addition
of a pungent alerting agent and of course,3) addition of PP796, the emetic
agent.

These 3 measures meant that within a short time period the product changed
significantly.

These changes removed from the market place the source of non-emeticised
GRAMOXONE. This has made it extremeley difficult to obtain scientifically
valid data to prove the added safety conferred by the presence of the emetic
ie. data acquisition,in the same time period, on non-emeticised formulation
compared with emeticised.

The emetic was added to the formulation to induce assured,early,effective
vomiting. Such vomiting is necessary to radidly remove paraquat from the
stomach after ingestion and so reduce systemic absorption. The amount of
contemporaneous data which are available for such a comparison are naturally
limited.

One way to assess the benefit of the emetic requires scientific data to prove
that the emetic induced earlier effective emesis,in man,compared with non-
emeticised material. Such an assessment was undertaken by Zeneca (then ICI)
using data collected by the UK National Poisons Information Service on over
500 cases reported over a relevant time between 1979-1984. The emetic was
believed to have been present in at least 120 of the poisoning cases.

These data clearly showed that the addition of the emetic to paraquat
formulations markedly improved the reliability of induction of vomiting and
that in most cases the emetic led to an earlier onset of vomiting compared
with the non-emeticised material. This is precisely what had been hoped for
and scientifically, predicted to be the benefit of adding PP796 to the
formulations.

Whilst these data cannot be used to pronounce definitively on whether the
emetic reduced fatalities- interpretation is complicated,for example,as the
different physicians used a variety of tretment regimes which might have
affected the prognosis- the data did indicate that mortality did decrease.

Conclusion

It is our contention that the presence of the emetic in paraquat formulations
is an essential and useful safening agent.
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From: Sally Cook Date: 29-Apr-1994 09:30
COOK S@A1@FHVAXC

TO: Bob Scott [ CTL ] ( SCOTT RC @ Al @ APVXC1 )
CC: Jane Hall ( HALL J@A1@FHVAXC )
CC: Andy Cook ( COOK AR@A1@FHVAXC )

Subject: SIDE-EFFECTS OF THE EMETIC IN PARAQUAT FORMULATIONS - MY

Dear Bob

I have spoken to Saba and following your earlier rebuttal document for
Malaysia regarding the side-effects of the emetic, I would be grateful for

your help again.

To assist in further clarifying views on the emetic I need information to help
with the following requests from Malaysia:

1. Scientific data to show that the emetic will not/does not produce
side-effects.

2. Scientific data to show that the addition of emetic worldwide is
beneificial in reducing mortality rates during suicidal or accidental
poisoning.

Please could I have your comments during May.

Thank You and Regards
Sally

Y
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From: Sally Cook Date: 29-Apr-1994 09:30
COOK S@A1@FHVAXC

TO: Bob Scott [ CTL ] ( SCOTT RC @ Al @ APVXC1 )
CC: Jane Hall ( HALL J@A1@FHVAXC )
CC: Andy Cook ( COOK AR@A1@FHVAXC )

Subject: SIDE-EFFECTS OF THE EMETIC IN PARAQUAT FORMULATIONS - MY

Dear Bob

I have spoken to Saba and following your earlier rebuttal document for
Malaysia regarding the side-effects of the emetic, I would be grateful for
your help again.

To assist in further clarifying views on the emetic I need information to help
with the following requests from Malaysia:

1. Scientific data to show that the emetic will not/does not produce
side-effects.

2. Scientific data to show that the addition of emetic worldwide is
beneificial in reducing mortality rates during suicidal or accidental
poisoning.

Please could I have your comments during May.

Thank You and Regards
Sally
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From: Bob Scott - CTL Date: 23-Mar-1994 13:34
SCOTT RC

TO: Sally Cook ( COOK S@A1@QFHVAXC )

Subject: Side-effects of the emetic in PQ formulationms.

SIDE-EFFECTS OF THE EMETIC IN PARAQUAT FORMULATIONS

Zeneca is pleased to have the opportunity to comment on the published
scientific papers by Noguchi et al and by Yamashita et al on the emetic in
paraquat formulations.

Noguchi et al claim that the emetic in Gramoxone can cause cardio-respiratory
effects in Wistar rats. Whilst the data reported are interesting the
experimental design is flawed.

In this study the paraquat was administered, whether formulated product
(Gramoxone,which contains emetic, or Paragreen A,which does not) or aqueous
paraquat, by intravenous injection. Zeneca considers that this route of
administration is not relevant to assessing the effects of human exposure to
paraquat products.

The effects reported were a consequence of dosing approximately 10 times the
paraquat median lethal dose (MLD). Under these conditions the toxicity of
paraquat itself would be of primary importance and the contribution of any
other formulation component,including the emetic, would be insignificant.

In order to establish any effect of the emetic normal accepted scientific
practice would dictate that the effect of the emetic alone should have been
studied;this has not been done.

Without such fundamental control data and the choice of a protocol which is
irrevevant to understanding the consequences of human exposure to paraquat
formulations this publication cannot be regarded as a source of reliable data
on the possible cardio-respiratory effects of the emetic in man.

Yamashita et al have studied the effect of the emetic in sedated dogs.They
dosed the dogs by intubation into the stomach with paraquat in either a
formulation or an aqueous preparation.Dose levels of 30 and 250mg/kg were
used. These dose levels are very high ( approximately 2 and 20 times the MLD
for paraquat in dogs).

They reported that the presence of the emetic caused early emesis in the dogs
in contrast to no emesis when the emetic was absent.

There was a difference in paraquat absorption as indicated by plasma paraquat
levels measured over the first 4 hours after dosing from the lower dose but no
difference,however,at the higher dose.Their opinion was that at the higher
dose level the emetic made no difference to bioavailability.

Unfortunately the protocol used to obtain these comparison data is
scientifically flawed. These workers have used a commercially available
formulation and compared the effect with those of an aqueous

preparation; thus,the presence or absence of the emetic was not the only
variable. In addition the dogs were sedated and the effect of sedation on
absorption has not been determined. More significant,however,was that
bioavailbility was only assessed over a 4 hour period. It is our experience,in
the dog,that in order to compare the bioavailability of paraquat from
different doses or formulations that a longer time period is neccessary and
data obtained over only 4 hours is very misleading. For these reasons Zeneca
believes that the information in this paper is of very limited value for the
assessment of the effect of the emetic.
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Zeneca believes that the presence of the emetic in paraquat formulations is a
valuable component to enhance the safety of formulations. These two
publications do not provide data which would cause us to change this opinion.

Dr.RC Scott
Product Toxicologist (25/03/94)
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From: Jon Heylings Date: 23-Mar-1994 09:28
HEYLINGS JR

TO: Bob Scott - CTL ( SCOTT RC )
Subject: Paraquat Emetic

Bob,

Following our conversation yesterday on potential theophylline-like effects of
PP796 I have checked my files for extra information.

Firstly, the human volunteer studies at Pharms used up to double the dose of
PP796 that a lethal PQ dose would provide and its acute and chronic tox (from
animal studies) is quoted as low. Thus, in man, one would presume that you
would have to take in a very large volume of product to cause PP796
side-effects apart from vomiting.

CTL dog studies (Robinson ad Brammer) only showed side effects at 20mg/kg
PP796 which is equivalent to 4 lethal PQ doses in man for the level in
Gramoxone. Our dog studies where we have given Magnoxone at 20X the lethal PQ
dose containing 3X the current level of emetic only produced rapid vomiting as
the side-effect.

I do not agree with the conclusions of Yamashita et al since plasma PQ up to 4
hours does not provide enough information to say that AUC will be high or low.
The other problem is that the expt is incorrectly controlled with non
emeticised PQ also being devoid of all the many other formulation adjuvants.

Finally, on a somewhat separate note, the indication that some territories may
be suggesting actually removing the emetic astounds me. The evidence for its
benefit has always been controversial but in the absence of a thorough
appraisal of its "effective concentration in man" (which as you know was never
reviewed and reported in 1991) important evidence continues to be disregarded.

Jon
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From: Sally Cook Date: 21-Mar-1994 13:20
COOK S@A1@FHVAXC

TO: Bob Scott [ CTL ] ( SCOTT RC @ Al @ APVXC1 )
CC: Roger J Parker ( PARKER RJ@A1@QFHVAXC )
CC: Andy Cook ( COOK ARQA1@FHVAXC )

Subject: SIDE-EFFECTS OF ADDING EMETIC - PARAQUAT/MALAYSTA

Dear Bob

We have been having correspondence with ICI (Agrochemicals) Malaysia regarding
proposed Malaysian specifications for paraquat aqueous solutions. Further to
a recent meeting reviewing the proposed draft and ZENECA's comments, we have
had further queries from the Pesticides Board in Malaysia and I would
appreciate your help with the following.

The Pesticide Board have said that they have received reports from studies in
Japan indicating side-effects of adding emetic and have invited our comments
and clarification. The two reports, detailed below, (copies attached with
faxed copy of message), have been received from the Pesticide Board who
already have preconceived ideas on the redundancy and side-effects of emetic.

I 1d be grateful if you could help redress this situation by preparing a
Qrebuttaip

I am afraid, as usual, we do not have much time to do this and I need your
response by Thursday 24th March, latest, to enable my colleague in Malaysia to

oo herhle . b

be fully prepared when he dttends the ‘

Thank you for your help. X '
\3\ e A(x‘-’v

Best Wishes

Y
Sally Cook -ﬁ(\o\-’*\)‘"h MQ(JA

ATTACHED WITH FAXED COPY OF MESSAGE

Noguchi, N. gt al. "Cardio-respiratory Effects on Paraquat with and without
Emetics on Wister Rats" Vet Hum Toxicol 27 (6) December 1985

Yamashita, M. et., al. "The Plasma Paraquat Concentration of Dogs administered
Paraquat with Emetic" Vet Hum Toxicol, Supplement 1982
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PLASMA PARAQUAT (ug/ml)

10

FORMULATION STUDIES XD1328

A dose response to Magnesium Sulphate

A.U.C. Time to emesis
O Gramoxone + 10g/l MgSO4 M25 16mg/kg 35.4 + 9.1 40.0 + 16.1 min

0 Gramoxone + 50g/| MgSO4 M26 16mg/kg 300 + 8.5 33.7 + 2.0 min
0 Gramoxone + 100g/I MgSO, M27 16mg/kg 15.6 + 2.1 42.5 + 6.9 min

4 5 12 16 20 24
TIME (Hrs)
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ICl Japan Limited

Central PO Box No 411
Tokyo 100—-91 Japan

From : A Calderbank

Telephone 211-6661/9
Telex 0222-2381 (2222381 ICITOK J)

To : Dr R Birtley Telegram impkemix Tokyo
cc ¢ Dr J Sanderson
Dr L L Smithy
Dr T B Hart
Your ref Our ref Date
AC/js 18 Mar 1986

Dear Robin

You asked what I would suggest in the way of experimentation to clear the way
for increasing the level of emetic in PQ formulations.

I would suggest we need to do some studies in a non-vomiting species, such as
the rat and rabbit (same animals used by Misawa), paraquat with and without
emetic and emetic alone. Evaluate clinically for heart effects (ECG) possibly
blood enzyims' and look for cardiovascular and heart muscle defects histo-
pathologically at post mortem.

This is purely off the top of my head and hopefully I can discuss this in
more detail with Lewis when he arrives here in April.

Incidentally I came across another surprising result in the Pharms report
Vol III Toxicology of the emetic,

The emetic seems to be about twice as toxic as paraquat to rabbits by iv in-
jection (LD5p PQ 18mg/kg, PP796 5 - 10mg/kg).

Since the emetic is absorbed more readily than PQ it suggests the oral LDjgg
values might differ even more widely. What is perhaps worrying is that it
also suggests a very large difference in susceptibility of different animals
to the emetic. Perhaps we should check the Pharms iv figure and determine
an oral LD5p value for rabbits.

Please find enclosed my third attempt at rebutting Misawa's claim that the

emetic contributes to fatalities in Gramoxone poisoning.

Since this will be going in to MAFF I have had to include only those state-
- ments which could be backed by proper evidence. It also helps if the evi-

dence is from a Japanese source.

Any comments would be welcome and thanks to those who provided information

and ideas.

Also enclosed a copy of my notes of a discussion with Professor Yamashita,

Institute of Clinical Medicine, Tsukuba University.

Best regards.

Yours sincerely

A Calderbank

A subsidiary company of Imperial Chemical Industries PLC
/
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Backeround

Misawa cotal have claimed that 'Gramoxone' (PQ + emetic) is more toxic
than 'Paragrecn' (a formulation of PQ withoug emetic) and paraquat alone,
by virtue of the action of the emetic on the heart.

The aulhors have subsequently modified their claim recognising two forms
of Loxicily leading to death, viz

(i) Small amounts of ‘'Gramoxone' leading to pulmonary fibrosis and
delayed death due to respiratory failure.
They recognise that this is typical PQ poisoning.

(ii) Large amounts of 'Gramoxone' with death following quickly. The
authors claim that the emetic is causing damage to the heart leading
Lo cardiac arrest before the lungs are affected by PAQ.

Misava Experiments

One can criticise the Misava experiments which involved injection of the
producls directly into the blood of rats and rabbits at almost ten times
Lhe dose shown to kill these animals with paraquat alone. No experiment
was conducted with emetic alone.

The experiments were unscientific and unrealistic of the practical
situation (oral ingestion). ‘

However, the suggestion that the emetic can be harmful in Gramoxone can
be rebutled for other reasons.

Rebultal

1. The data in Appendix 1 shows that the emetic is less acutely toxic
Lhan PQ.
The -ratio. of PQ to emetic in Gramoxone (20% PQ + 0.05% emetic) is
400 : 1. -

A toxic dose of Gramoxone is approximately 15ml Gramoxone contains
7.5mg emetic.

7.5
For a 50kg man this represents ----- = 0.15mg/ke as an emetic dose
50 :
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for man in presence of a toxic dose of PQ.
Clearly this is at least one thousand times below the oral LD50
values of emetic to mouse and rat (Appendix 1).

The presence of emelic causes patients to vomit.

This reduces the amount of paraquat in the stomach and reduces the
amount available for absorption into the blood. This is clearly
shown in experiments with vomiting species of animals, viz dog and
monkey (Appendix 2), where the presence of emetic caused a reduction
in paraquat blood lgels and in mortality.

Conlirmatory data has been obtained from Japan [Kavai etal (1980).
Nippon Noson lgakkai Zasshi, 29. 546 - 547].

Kawai etal found that the amount of paraquat eliminated by vomiting
was 01 - 86% of the orally administered dose in dogs. In the group
of dogs given PQ only, the blood level averaged 44mg/litre; in the
group given paraquat and emetic, it was 0.26mg/litre.

It is Lhus quite wrong to suggest (as Prof Naito has done) Lhat the
emelic "might” increase the absorption of PQ.

There is substantial evidence that those pecople who ingest a
relatively small quantity of Gramoxone and die, usually do so from
lung toxicity and respiratory failure. This is typical of PQ
poisoning and well documented.

Those who ingest a small quantity of Gramoxone and recover have not
shown any adverse clinical or other effects in follow up medical
oxaminations [M Yamashita etal - paper to be presented in Brussels,
Aug 1986].

There is no evidence of cardiac toxicity or complications in these
Lwo groups of patients. This is acknowledged by the Misawa group.

Thus we are concerned with that group of people who ingest a large
amount of Gramoxone and would inevitably die from PQ poisoning!

llowever it 1is also well documented that people who swallow large
amounls of PQ die from multiorgan damage (kidney, liver and adrenals
mainly) and in many cases shock and cardiac arrest. Although the
lung may show damage, patients die before the classical symptoms of
pulmonary fibrosis develop.

Thus ECG changes and toxic myocarditis following, or together with,
multiorgan damage was often a feature of cases involving large PQ
doses before the emetic was introduced.

eg. Malone, Carmody & Keogh (1971). Paraquat poisoning : A review
of 19 cases. J.Irish med. Assoc. 64, 59 - 68

Bullwant (1966) Accidental Poisoning by Paraquat : Report of
Two cases in Man. Brit. Med J. 1. 1272 - 1273
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Galloway and Petrie (1972). Recovery from severe paraquat

poisoning. Posterad. Med. J. 48, 684 - 686.

Guyon, Bismuth, Lecler et Dauchy (1974)
Intoxication massive par le paraquat mortelle en moins de 24

hours Donnees toxicologiques et anatomocliniques, in_ J.
European de Toxicologique, 7_(No 3), 182 - 187.

Tsutsui, Nakabayashi, Suzuki and Ogura (1976)
Studies on the toxicity of paraquat - part 1. |MNippon Noson.
Isakukai Zasshi., 25, 614 - 621.

Thus autopsy of patients who died from large doses of Gramoxone before
Lthe introduction of emetic often showed heart damage due to paraquat.

In the present situation it would be impossible to attribute heart
damage, in more recent autopsy cases, to emetic - and in any case quite
irrelevant. '

[In their own experiments on rats and rabbits Misawa etal acknowledge
that PQ itself has an effect on the cardiovascular systenm.]

(521

Detailed histological examination of hearts removed from dogs and
rals treated with emetic for 90 days (1.5mg/ke in dogs and 5mg/kg in
rals orally) did not show any pathological signs.

{ICT Pharmaceuticals Div. Report 3B.1/9 (July 1970)]

Thus it seems unlikely that 0.15mg/kg emetic in man as a single dose
will cause any severe effects on the heart.

17/3/86
AC/js
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Acute Toxicity
_LD50 Values (mg/kg)
PP796 (Emetic)x PQ
Rat 150 - 155 100 - 110
Mouse 300 - 310 38
Rat (iv) 60 21

% Refl. ICI Pharmaceuticals Div.

Toxic dose Gramoxone approx 1bml

Emetic concentration 0.05%

15m] Gramoxone contains 7.5mg emetic

"~ For a 50kg man this represents -

7.5

50

0.15ne/ke_

Appendix 1

Report, 3B. 1/9 (July 1970)
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Arpendix 2

The emetic Action in Reducing P ¢ Pl
Lovel d Mortality in D | Monl

1) Pcak PQ Plasma Levels (ug/ml)

PQ alone PQ + emetic Reference

Dog 12.5 1.4 (0.5mg/kg)* CTL/T/2471
12.5 0.58 (3.0mg/ke)

Honkey 18.1 1.6 (2.0mg/ke) CTL/R/391
9.6 2.7 (2.0mg/ke)

* Figs in brackets refer to dose of emetic

2) Mortality Data

Tests on monkeys and dogs have shown that the presehce of emetic can
reduce Lhe toxicity of paraquat, thus

Oral LD50 (mg/kg)
Paraquat alone Paraquat plus emetic (2-3mg/keg)
Dog. - 20 - 30 100

Monkey 60 350

Data from CTL/R/391 Nov. 1976
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_DISCUSSION WITH PROFESSOR M YAMASHITA AT THE INSTITUTE OF
_CLINICAL MEDICINE. UNIVERSITY OF TSUKUBA_
12 March 1986

A Calderbank'
Y Ohno

Backeround

Proflessor Yamashita spent 3 years at Yale University after graduating at
Lthe same Japanese University as Professor Naito, also in anaesthesiology.
They came to Tsukuba together and have coauthored several papers on
treatment of paraquat poisoning, potential antidotes etc.

More reccently they have fallen out and gone their separate ways.
Yamashita is critical of MNaito and Dr Misawa (also in the sanme
Department) and is quite friendly with ICI J.

1L was he who claims that pcople who ingest paraquat vomit very aquickly

and that excessive vomiting hinders proper treatment. He has also
recommended diluting the product in order to lower mortality.

Yamashita greeted us in the lobby of the building - so as to avoid
mecling Naito who has an adjacent office - and we had our discussion over
lunch!

® Enetic

1. Y believes there may be too much emetic in Gramoxone quoting very
ecarly cmesis in majority of patients and very prolonged vomiting 12
- 24 hrs later.

Asked how sure he could be about early emisis, he said he had
carcfully questioned patients and their relatives to arrive at this
conclusion. He consults on PQ poisoning at three hospitals in the
arca and has been involved in the treatment of over 100 patients.

I suggested that the prolonged emesis he had observed 12 - 24 hours
aller ingestion was more likely due to PQ than the emetic which has
a rclatively short half life and its effect in animals is not
prolonged (usually dogs recover within 1 hr).

2. Y normally carries out gut lavage by insertion of tube into the
duodenun, Prolonged and late emesis obviously makes this procedure
difficult. lle discussed the possibility of using an anti-emetic
drug before gut lavage.
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3. On further discussion Y agreed that the emetic might be helpful in
cases were a marginally toxic dose of PQ was ingested -~ but most
people were taking larger quantities of Gramoxone. He believed that
10ml or more of a mouthful (40ml) could very quickly slip down 1into
the duodenum before sufficient emetic was absorbed to cause its
effect.

Unfortunately, because of confidentiality we were unable to discuss
value of emetic in more dilute product (Preeglox-L).

A. Y was very critical of Misawa experiment as being unscientific and

was surprised it was to be published in Vet & Human Toxicology
Journal.
fle claimed that he first suggested to Naito that the emetic nmight
"slimulate™ B-receptors (anti B-blockade) and hence increase heart
rale and that N stole his idea and had Misawa etal do the
expoeriment.
e pointed out that experiments needed to be done with the emctic
alone, but fully agreed that effects, if confirmed, were irrelevant
in presence of large amounts of PQ. Nevertheless he thought ICI
should do some éxperimental work to confirm that the emetic was not
causing any additive effects on the heart at lower doses of PQ.

Visit to Brussels (August 1986)

Y will be attending the XII International Congress of the CECuropean
Associalion of Poison Control Centres, to be held in Brussels, 27 - 29
Aug 1986, and ICI J has agreed to provide his passage.

He will be presenting a paper - summary attached - which describes the

follow-up (6 months to 6 years) of 40 patients who have recovered from PQ
poisoning.

The paper was translated into English by ICI J translator and it is
obviously quile a useful and helpful study since no after effects were
recorded.

Ve discussed the implications - re emetic toxicity (or lack of). In
early stages of poisoning raised Plasma enzyme levels (eg GOT) almost
cerlainly due to liver damage.

Only slightly raised LDH in some patients.

lle will cmphasise this in paper.

During his trip to Europe Y would like to visit the Poisons Centrec (New
Cross llospital) and CTL. This would be most convenient Monday & Tues
following the Conference (1 - 2nd Sept). He would be accompanied by one
colleague.

This would be a good opportunity to lobby Y about the benefits of the
emetic, especially since our intentions regarding Preeglox-L will then be
public knowledge.
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Other Hallers.

SDS Formulation. Y voluntcered that he had seen many poisoning cases of
people who had intentionally ingested granules. The success of Lhe SDS
formulation would depend on how well it really prevented ingestion -~
difficult Lo judge. lHe said that in his view dilution, whether liquid or
granule, was Lhe most important nmeasure.

Y will be presenting a paper on the value of Chlorpromazine as an
antidole Lo PQ poisoning at an International Congress in Toxicology in
Kyolo. in July. A summary of his paper has becn sent to CTL. This drug
was evaluated at CTL some years ago but proved to be of no value.

Y was very interested in the Addo treatment (Cyclophosphamide and
dexamethazone) and thought he might have a go.

Conclusions

I found Professor Yamashita much more scientifically orientated than Prof
Naito and one could have a two way exchange of views with him. [No
matter what was said to Naito he continued to play the same record back.)
Y could be a very valuable resource to ICI J and should be helped at
every opportunity.

Recommendations

1. Visit of Professor Yamashita plus colleague to Poisons Centre and
CTL for Sept 1 and 2 be arranged.

. 2. Visit of AC and LLS to Yamashita be arranged for mid April to
discuss properties of the emetic and further animal experiments in
combination with PQ which may be desirable.

It is my view that we should encourage Y to carry out such
experiments rather than do them in ICI (or as well as in ICI) and we
should supply him with a sample of emetic to do this work.

[Although not discussed with him I suspect he would be very
interested.]

Work done by Y would carry considerably more weight in Japan than
similar studies done by ICI - especially since they would originate
from the same Institute as Misawa.
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3. Y is a very useful contact since he is influential in clinical

Ltoxicology circles in Japan and has been asked to organise the
amalgamation of the two separate associations in Osaka and Tokyo to
form a "Clinical Toxicological Association of Japan", expected to be
insugurated Summer 1986.
ICt J might consider a more formal arrangement (consultancy)
involving a regular (say quarterly) meeting with Professor
Yamashita. Can he be involved in supervising follow up of Prceglox-
. poisoning cases?

17/3/86
AC/js
Circulation
LIcI J] [ICI UK]
Mr J S Wilson Dr R Birtley
Mr A Kohli Dr L L Smith
Mr S Tanaka Dr T B Hart
Ms Y Ohno Dr P Slade

Dr J F Sanderson
Dr P Bramley
Mr D H Brooks/Mr G A Willis
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ICl Japan Limited

Central PO Box No 411
Tokyo 100—91 Japan

From : A Calderbank

Telephone 211—-6661/9
Telex 02222381 (2222381 ICITOK J)

To ¢ Dr R Birtley Telegram impkemix Tokyo
cc ¢ Dr J F Sanderson
Dr L L Smith.—
Dr T B Hart
Dr P Slade
Your ref Our ref Date
AC/js 19 Mar 1986
Dear Robin

Herewith please find enclosed.

1. Copy of Prof Yamashita's summary of paper proposed for presentation in
Brussels, Aug 1986.

2. Copy of minutes of meeting of Socialist DIET members and 4lst Citizens with
MAFF on Sat. 15th March. The minutes were prepared by the citizens and trans-
lated into English - so please interpret with caution!

Publication

After several attempts it is now reasonably clear what MAFF are after. To help
them deal with repeated requests for information from various anti-pesticide etc
groups, they would like summaries of the PQ toxicity studies - in particular the
4 studies specifically referred to in the attached Sat. meeting notes - published
in a Japanese Journal and/or in the JMPR review.

I will be discussing with Geoff how this might best be accomplished.

In the meantime it would be helpful over here if you submitted to JMPR the Ames
mutagenicity study on PQ (Shirasu et al) which was commissioned by ICI(!Q73).

Stop press - Saito-san + a member of EPA will be attending Codex. I will be
speaking to Geoff to ask him to look out for them.
They will be accompanied by Takei-san (Takeda) and expressed an
interest in visiting CTL and JH - possibly 28 - 29th April.
This coincides with my return to UK (25th April).
Will advise you as soon as proposals are firmed up - but Saito-san
could pull out at last minute if a crisis occurs & he is needed to
answer DIET questions.

Best wishes

Mw«/

A Calderbank
A subsidiary company of Imperial Chemical Industries PLC
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MEMORANDUM

FROM : S L Allen DATE : 17 March 1986
T0 ¢ L L Smith REF : SLA/JB

In re§qEnse to the points raised by A Calderbank (Fax 17.3.86)

2 Data does come from the Farrell Vol III. Hearts from both rat and dog were

taken for histological examination. Individual animal data is provided and
can be seen to be within normal limits - there were fewer abnormalities in

treated animals than in controls.

3 Although, discussion of other additives may cause us more problems their
presence must be addressed when assessing Masawas studies. Are the
formulation details of Gramoxone W and Paragreen A the same? If not, then
again, the conclusions about the emetic on the basis of his study are
groundless.

4 In the monkey study (CTL/C/700) cardiovascular effects were not specifically
studied. However as 2mg PP796/100mg paraquat (as Gramoxone W)/kg reduced
mortality from 8/8 (100mg paraquat/kg) to 2/8 the advantages of the presence
of emetic are obvious. In addition, the two animals which did die did not
vomit until 4 and 7 hours after dosing (<l hour for other six).

Also, cynomolgus monkeys have been given 30mg/kg p.o. PP796 with no
faé§1ities. Thus, any cardiovascular changes which may have occurred with
this high dose were not life threatening.

Any experiments to evaluate the possible synergistic effects of PP796 and
paraquqt on the heart should be performed using oral dosing on a vomiting
species. Extrapolation from i.v. data is meaningless if such high plasma
concentrations cannot be obtained when dosing via the oral route.

Therefore, blood pressure, heart rate, ECG should be monitored in dogs or
monkeys after treatment with emetic, paraquat or emetic + paraquat (not
Gramoxone W - or have a fourth group where animals are given Gramoxone W).
Animals should be monitored (particularly ECG) for at least four weeks after
acute oral doses and hearts examined histologically post-mortem. Accordingly
any acute cardiovascular changes will be noted and, if they occur, will
determine whether such an acute incident produces prolonged physiological or

pathological abnormalities.
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MEMORANDUM
From: Dr S Allen Date: 6 Mar 86
Acute Toxicity Section
Copies: Dr L L Smith
To: Dr C Rhodes Dr M Robinson

Ref: SA/JLB

RE : EMETIC IN PREEGLOX

The proposal to increase the concentration of emetic in Preeglox from 0.05 to
0.1% has raised the question whether an emetic dose of 50mg ( Img/kg) in man
will cause heart muscle damage.

Detailed histological examination of hearts removed from dogs and rats treated
with emetic for 90 days (1.5 mg/kg/day in dogs, 5mg/kg/day in rats, orally) has
demonstrated the absence of pathological signs. Single oral doses of 0.1 - 0.8
mg/kg in dogs have no effect on heart rate or blood pressure. In the
anaesthetised dog single intravenous injections of 0.1 - 0.5 mg/kg produce
transient increases in heart rate and aortic blood flow and at doses higher than
0.5 mg/kg mean arterial blood pressure is reduced. Although such transient
effects on the cardiovascular system are observed no cardiac damage occurs as a
consequence.

Angina has been reported in two obese patients after continual daily treatment
with 2 mg emetic for 4 and 6 weeks. It seems highly improbable that such a
response would have induced heart muscle damage. This conclusion is supported
by the supplementary observation that no more anginal responses occurred after
withdrawal of the emetic even on severe exercise.

Recent studies by Noguchi et al show apparent cardiovascular toxic effects in
rats administered intravenous Gramoxone. This claim must be taken in context.
These workers were examining the effects of lethal doses of a complex
formulation containing not only paraquat and emetic, but also surfactants, and
stfenching and bittering agents. No experiments used sub-lethal injections of
Gramoxone or of emetic alone. Consequently the studies do not demonstrate
cardiotoxicity as a result of treatment with emetic.

In the absence of any evidence of heart muscle damage due to treatment with
emetic, it is difficult to assess whether synergism occurs between paraquat and
the emetic or whether there are contributory effects of other formulation
ingredients. It is also difficult to extrapolate the data when the intravenous
route has been used. Not only does the emetic induce vomiting but also reduces
dramatically the total amount of paraquat absorbed due to its ability to prolong
gastric emptying time (paraquat is not significantly absorbed from the stomach).
Thus rapid, high plasma concentrations of both paraquat and emetic resulting
from intravenous administration is unrealistic.

Few studies have been performed with paraquat formulations but in one
cynomolgus, monkeys were given a total of 2 mg/kg emetic with 100 mg/kg
paraquat (Gramoxone W). No cardiotoxic effects were recorded in surviving
animals. Detailed histology was not performed.
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Accordingly, it may be necessary to perform some experiments using sub-lethal
doses of paraquat formulation and/or emetic looking specifically for cardiotoxic
effects in-vivo and histologically post-mortem.

As the emetic is a phosphodiesterase inhibitor, it is possible that it could
sensitise the myocardium to the dysrhythmic effects of adrenaline and other
catecholamines. The two anginal responses may have been due to potentiation of
catecholamines released on exercise. However, in the anaethetised cat
intravenous administration of emetic (0.025 - 1 mg/kg) had no effect on the
cardiovascular responses to intravenous adrenaline, isoprenaline or
acetylcholine. In the dog 1 mg/kg (orally) after 14 days pretreatment with 0.2
mg/kg orally produces increases in heart rate, and respiration rate which are
prevented by propranolol (1 mg/kg, i.v.)

Thus, it seems 1ikely that sensitisation may occur but only after prolonged
treatment with emetic. It is extremely unlikely to occur as a result of acute,
oral ingestion.

Nevertheless, such exaggerated responses to catecholamines are antagonised by
B-adrenoceptor blocking drugs. It may be necessary, therefore, to advise that
susceptible patients be treated with B-blockers.

SANDRA ALLEN
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Accordingly, it may be necessary to perform some experiments using sub~lethal
doses of paraquat formulation and/or emetic looking specifically for cardiotoxic
effects in-vivo and histologically post-mortem.

As the emetic is a phosphodiesterase inhibitor, it is possible that it could
sensitise the myocardium to the dysrhythmic effects of adrenaline and other
catecholamines. The two anginal responses may have been due to potentiation of
catecholamines released on exercise. However, in the anaethetised cat
intravenous administration of emetic (0.025 - 1 mg/kg) had no effect on the
cardiovascular responses to intravenous adrenaline, isoprenaline or
acetylcholine. In the dog 1 mg/kg (orally) after 14 days pretreatment with 0.2
mg/kg orally produces increases in heart rate, and respiration rate which are
prevented by propranolol (1 mg/kg, i.v.)

Thus, it seems likely that sensitisation may occur but only after prolonged
treatment with emetic. It is extremely unlikely to occur as a result of acute,
oral ingestion.

Nevertheless, such exaggerated responses to catecholamines are antagonised by
" B-adrenoceptor blocking drugs. It may be necessary, therefore, to advise that
‘ susceptible patients be treated with B-blockers.

SANDRA ALLEN
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For the treatment of paréquat poisoning such therapies as gut-
lavage, DIIP, plasma exchange and administration of large amounts
of steroids have.been attempted. Many cases so far reported ended
up in death due to progressive pulmonary fibrosis even if the
patients recovered from renal or hepatic insufficiency as a result
of integrated administration of these thérapies. Little is known
as to the changes associated with paraquat poisoning in patients
who were saved from paraquat poisoning. This paper reports

the results of our investigations Cafried~put on.represent;tive cases
of the patients treated at Tsukuba University Hospital and Hidaka
Hospital during the 1975-1985 period who were rehabilitated after

recovery from paraquat poisoning following oral ingestion.

Forty cases of typical paraquat paisoning were selected for
investigation out of 212 paraquat poisoning cases treated at

these hospitals. All of them survi§ed~for at least six months
after intentional or accidental swallowing of paraquat. Ingestion
of paraquat was confirmed by interview or by positive reaction in

qualitative determination of paraquat in patients' urine.

Treatments attempted on these 40 cases are summarised as follows:

(1) Gastrolavage with a 5% Kayexalate aqueous solution was con@ucted.
This therapy continued till there was no residue of diet in the
wash. 5‘?

(2) Gutlavage was conducted for three days. A mixture of a 5%f
Kayexalate aqueous solution (1 1i£re) and a 20% Sorbitol
agqueous solution (100ml) was introduced into the stomach or gut

at 4-6hr intervals. The liquid was injected through
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a duodenum tube inserted within the gut. When it.was

impossible to insert the duodenum tube due to severe vomiting,

or when the duodenum tube was discharged from the duodenum

to the stomach, the washing liquid was introduced into the stomach.
When there was.no peristalsis, acceleration of the motion was
attempted by dosing of prostaglandin or other chemicals. Treat-
ment was withdrawn from those cases in which there was no

recovery of peristalsis following dosing of these chemicals.

(3) DHP with activated charcoal was tried. The therapy continued
till the urea reaction was negativé. DHP-1 model (Kuraray Co.)
was used for 3-10hr perfusion at a blood flow rate between
200ml/min and 300ml/min. Decision as to wﬁether the DUP
therapy should be employed or not was based on the result of
qualitative determination in the urine sample collected
at 10:00am on the next day, i.e. the urine collected

at least 10hr after stopping of DHP.

(4) Forced diuresis was performed.through i.v. of lactated
Ringer's solution and furosemide aiming at attaining urine
output of 400-500ml/7hr. Forced diuresis was conducted for

three

v

C oty
CEg
: ‘.f‘

(5) A large amount of steroids was given. The steroids used were 5
hydrocortisone (lg) and dexamethasone (1g) and they were given

for 3-7 days.
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(6) llaemodialysis was performed when there was renal insufficiency
and BUN and Cr were over 100mg/dl and lOmg/dl respectively

or when the patient was anuric.

(7) The amount of transfudion dosed and the electrolytic balance

were adjusted or corrected where necessary. The IVH-
based nutrition was performed till the patient could

ingest nut;ients.with a calorific.value of at least 2000Kcal/day

Plasma paraquat determination was conducted on admission and sub-
sequently once daily for 3-7 days. Estimation of the amount of
paraquat ingested was made by subtracting the amount remaining

in the container from which the patient swallowed from the initial
amount of the herbicide, in those cases where the amounts of
paraguat before and after ingestion~were known. Estimation in
other cases wés through interviews with patients or patients'
families. When estimating the amount of ingestion, a mouthful

was assumed to be 40ml, a cupful 156ml, a Sake cupful 18ml and

the amount of liquid generally poured into normal Japanese tea

cup 14lml. Those patients who were conscious were asked to recite
the circumstances of ingestion in order to estimate the amount taken

[N

'.;'yu
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Chest X-P ahd blood biochemistry.were made daily for 3-7 days.?
In blood biochemistry, GOT, BUN, GPT, creatinine and other values
were studied.

In addition, some symptomatic .treatments were carried out.
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Follow-up of patients

Chest X-P were taken for all paraquat poisoning cases treated

at these hospitals during Sept 85 - March 86. 1In addition,

data on interview, lung CT scanning, lung function tests
including arterial blood gas analysis, $%DLco, FVC, FEV 1.0 and
VC and blood biochemistry examinations conducted on these

cases were available. The 40 patients‘studied in this
investigation were asked to revisit our hospital 39 days éfter they
had left. On revisit, they were.interviewed and their chest X-P
were taken. In addition, blood biochemistry was conducted on
these people. BUN; Cr, GOT/GPT values over 30mg/dl,

2.0mg/dl and 100 unit respectively, were assessed as being

above normal limits. In the inverview, patients were asked

if they had any changes in general condition, if they got

easily tired, if they felt any difficulty in breathing and

if they suffered from dropsy when compared with their conditions

before the incident of paraquat poisoning.

Results

A total of 212 paraquat poisoning cases were treated in a te#._
year period at these hospitals. Of them 40 survived poisoning;
The patients included 124 male and 88 female patients. (average
age 4016.1, males 4116.2,.fema1es 4249.2 with the youngest 16?
and the oldest 72) and the survivors included 12 males and 28

females (average age 32+2.3, males 33+1.2 and females 3048.7).

B
P
!
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The amount of paraguat ingested by these patients estimated

by the method described before was mean 40+12ml with the largest
amount being 250ml and the lowest 5ml and the corresponding.
values shown by the survivors were mean 13+8.5ml with

the largest 35ml and the lowest 5ml. Plasma paraquat concentra-
tion determinaiions on admission were conducted for 180 out of
212 patients. 1In the case of the survivors, the determinations
were conducted for 30 patients. The relationshop betweeﬁ

time to blood sample collection and plasma paraquat concentra-
tions for fatal cases is given in Fig 1 and that for survivors,
in Fig 2. The signs associated with paraquat poisoning at

the early stage included vomiting, dysphagia, oropharyngidis
and haemophysis and the incidences of these signs are given

in Table 2.

The average period of patients' hospital stay was 34.8 days
with the longest being 65 days and the shbxtest 10 days.

No chest X-P taken on admission showed images suggestive of
development of pulmonary fibrosis. All the values obtained
in biochemistry on admission including BUN, Cr, GOT, GPT,
LDHl and TB were within the normal limits. Renal function
tests on admission revealed that 35 cases had higher BUN and

Cr values, of which 12 cases were normal within 5 days, anqh

the remaining 15 cases showed persistent -higher BUN and Crﬁ;%
values for at least 5 days, and there were no cases with sigﬁs of

v
- v

anurea.
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_ The highest values recorded in the 15 cases showing persistent
higher BUN and Cr values were 100mg/dl for BUN and 5.3mg/dl for
Cr. There were 13 cases in which no higher BUN and Cr values

were recorded.

The liver function test‘showed that there were 22 cases in which
no higher values of‘GOT, GPT, LDH and TB, 10 cases with slight
increases less'than 100 units of.LDH and TB and 8 cases,with
remarkable increases over 100 units of GOT and GPT. Of the 8-
cases, the highest GOT #alue was 1,050 units and the highest GPT,

1,120 units.

There was one case showiné abnormal iméges in the chest X-P

taken immedidtely after admission. There were shadows in

the lower lung field of the right lung in this case. 1In addition
cyanosis was seen and this'patient was considered as having ipgeste
the vomit accidentally. No other abnormalities were Seen,

and the arterial blood gas analysis showed no abnormal Pa03,

Pacoz, pH and BE values. .

Investigations conducted during :

[Information on general conditioné] |

No patients complained of weakness} dropsy, weight loss or any
other abnormalities. All of the 40 cases investigated showqééng
specific changes associated with paraquat poisoning after re;overy.

4 “‘l;f':
EE e

Nobody suffered from difficulty in breathing during work. ~.!:*

The values recorded for GOT, GPT, ALP and LDH for these cases'

' a!

were all within the limits considered as 'normal'.

! ,

SYNG-PQ-04262390_R



In renal function test and haematology, the values recorded for
these cases (BUN, Cr, Na, K, Cl and RBC, WBC, Ht, Hb) were all

within the limits considered as 'normal'.

In arterial blood gas analysis, the values recorded for all of

these cases were again within the normal limits.

In lung function test, there were 3 cases in which lower $DLco
values (67, 70 & 57%) were recorded. However, there were no

abnormal values in the FEV1% and vital capacity.

Incidentally, none of thé 40 cases had ever developed renal

insufficiency, hepatic insufficiency or alcoholism.
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ICI Japan Limited

Central PO Box No 411

Mr N G E Geach Tokyo 100-91 Japan

FEP

Plant Protection Division Telephone 211—6661/9
Fernhurst ~ Telex 02222381 (2222381 ICITOK J)

Telegram impkemix Tokyo

Your ref Our ref Date

FS/kya . 20 Sept. 1985

Prof.'s Naito & Yamashita
University of Tsukuba

Thank you for your telex of 16 Sept. regarding our proposal
for an invitation of Prof. Naito to the UK in January in
place of our offer of ¥1 million. '

We have now received Prof. Yamashita's study programme for
a follow-up survey of survivers after PQ poisoning as referred
in my visit report on 30.Septembgr.

Because of the delicate relation between the two professors
it is important for us to keep a cautious balance in dealing
with both of them, and we would like to make the following
suggestions.

Professor Hiroshi Naito

Takeda and Nichinq agree to .us that an invitation to the
symposium at the Guys Hospital. plus one day -each to CTL and
Jealott's Hill is a good way of maintaining our contact,
provided the symposium is the one favoured by ICI.

We would like to know whether any person in ICI is involved
in the symposium, and whether you can. find any other doctors
from Japan attending to it. If it is a good symposium, it
might be a good thing for us to invite some other Japanese
doctors, who are more friendly to us, together with Prof.
Naito. I would like to know your comments.

A subsidiary company of Imperial Chamical Industries Limited
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Mr N G E Geach -2 = 20 Sept. 1985

Professor Mamoru Yamashita

You said in your telex of 9 September that Dr Hart is not
in favour of collaboration with Prof. Yamashita's study as
well as Prof. Naito from a medical view point.

From our amateur view point his study may have some value to

us if he can prove that there is no after effect when recovered
from PQ poisoning. . We would like to know why Dr Hart is
against the study. ‘

We feel that we should give Prof. Yamashita about equal support
with that we are intending to give to Prof. Naito because of
the delicate balance as .mentioned above. He said his study
will cost ¥3.5 million, but he might be able to do with

¥1 million by using the health insurance scheme and his own

car for transport of the patients. He also wishes ICI assist
him with the airfare for his attendance to the first-aid
medical conference .in Swedeéh next year where he likes to report
the study. Biuwssels

Our recommendation is to give Prof. Yamashita ¥1 million and

to consider the airfare at a nearer time when the result is
known.

We look forward to receiving your advice.

%/J»IP/

F Suzuki | . &Jf.,,w dL\ H"L W’y(c,
. wasle e

e G

AL@uMﬂW WA

. . \7 W"i“‘:“&
: !
cc : Mr D F Manning ‘r_,,“,, . Ac
Mr P Slade . J - .
Dr T B Hart
Dr I I Smith
Mr Y Miyashita
Mr J S Wilson
Mr A Kohli
Mr S Tanaka

Miss Y Ohno
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Paraquat Poisoning: Purpose of Study

Mamoru Yamashita,
Clinical Medicine,.
Tsukuba University

Typical symptoms of paraquat poisoning include ulcers in

the mouth, renal and hepatic insufficiency, pulmonary oedema

and pulmonary fibrosis when the compound is ingested orally.

In some cases, the ulcers in the mouth could cause an extensive
damage to the mucous membrane in .the mouth which sometimes

could be serious to affect the substratum of the mucous membrane.
Yet, ulcers:in.the .mouth are:generally.considered not fatal.
Renal and hepatic insufficiency following paraquat ingestion

are reversible within several weeks in many cases. Damages

to the lungs in paraquat posionings could induce pulmonary
oedema immediately after paraquat ingestion in severe cases
which would be represented by serious toxic symptoms and be
fatal. In some cases, patients poisoned with paraquat could

die from pulmonary fibrosis which sometimes develop after
disappearance of lesions in the liver, kidneys or other organs.
The onset, - clinical details and prognosis of renal and heptaic
insufficiency and pulmonary oedema have been reported elsewhere
since these lesions would show a rapid progress. However, no
works on clinical details and prognosis of pulmonary fibrosis’
in humans have been reported since this lesion is often shown.:
as chronic symptoms. The prime object of our proposed study

is to 1nvestigate any changes in the lungs as aftereffects of
paraquat poisoning:lingering: for. several years by carrying out
follow-up surveys of patients who recovered. from lung damages
by the compound. The data on such investigation would contribute
towards a correct *judgement as to whether any aftercare should be
given or not.

Studies so far carried out

1) M. YAMASHITA & K. NAKAMURA¢ Efficacy of gut lavage in .
the removal of paraquat in the dog; Vet. Hum Toxicol 24: 157,
1982. .
On the assumption that gut lavage could be effective in treat-
ing paraquat poisonings since the therapy was demonstrated
as effective in the work, it was administered in human victims.
This therapy is now used.in many hospitals and clinics world-
wide and some doctors are regarding gut lavage the primal
therapy in treating paraquat poisonings.

Incidentally, our study demonstrating efficacy of gut lavage

in 94 cases of paraquat poisoning was presented at the 6th
Acute Poisoning Symposium. The proceedings :of the symposium

is available from ‘the Society of Agricultural Chemical Industry
(Japan).
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2) M YAMASHITA & S TAKAGI: The effectiveness of cation exchange

resin as an adsorbent:of paraquat both in vitro and in vivo;
Vet. Hum Toxicol 25: 34, 1983.

The result of this study suggests that administration of
Kayexalate would:be more: effective than that of bentonite

since the adsorption capability of Kayexalate is approximately
ten times as high-as that of bentonite, although it has been
considered that bentonite is the best adsorbent for paraquat.

In actual, the result of this study is .reflected in an extensive
use of Kayexalate in treating paraquat poisoning cases. 1In
Japan, in particular, Kayexalate is:now.used in almost all
paraquat p01soning cases as an adsorbent.

3) M YAMASHITA: Toxic symptoms ‘and treatment of acute paraquat
poisonings; - Emergency MediCJ.ne 30: 399, 1980.
This paper discusses the toxic symptoms of paraquat poisoning
based on, phe author' s'experience.of.paraquat poisoning.

The scope of our studies so far conducted extends from studies
of toxic symptoms based on the .clinical details of many paraquat
poisoning cases to exploration of effective treatment methods
as described. We have succeeded in saving 38 patients.out of

..120. treated: at our hospital by utilising the results of.-our
studies. .. . e

oot

Outline of the planned'follow—up survey:y

I
10

The patients (38) who have rehabilitated will be contacted and
various investigations would be made on these patients to

know the presence or absence of aftereffects of paraquat poisoning
in their lungs.

Investigations to be made:

. T
1) preliminary examination : R

! : ' :
2) lung function test and lung CT scanning . i

! |
3) biochemical examinations of the liverrand kidneys ;
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TOKYO OFFICE
From ¢ A Calderbank FAX NO. 03-213-7178

IC| -Japan Limited

Signature .
W wRsRL N/
: Dr L L Smith, CTL cost copg 43201 pagg 172

DATE 17 Mar 86
REPF.

corigs ¢ Dr J P Sandegson/Dr T B Hart, PPD Fernhurst

Dr R Birtley, PPD Fernhurst

TEXT

Dear Lewis,

Many thanks for your fax about the emetic.
The following points emerge.

Emetic_in Preeglox (Dr S Allen)

1. In our present detence we have to defend emetlc 1ln Gramuxovae,
not in Preeglox, since only the Ministry yet know about our
intention to introduce Preeglox,

2. Does the data to substantiate the second paragraph of the
memorandum (6 March) come from Farrel Vol III where in the dog
and rat 90 day studies heart was taken for examination,

There is no comment on the heart tissue which is interpreted
to mean that it was examined and found to be within normal limits.

3. 4th Para-Regarding Misawa studies we might be digging a bigger
hole for ourselves if we start talking about the other additives
in Gramoxone.

Incidentally no bitrex =~ yet.

4. Have we got a reference to support the statement about monkeys
- para 67

5. I support the first para page 2,

6. Did you nogioe (Pharms Report P9) how toxic the emetic is to
rabbits!
Since you will be away most of May I suggest a visit from you
in April would be appropriate. ‘ ‘

13
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An immediate agenda would be

1. Emetic and paraquat. Evaluation of possible synergistic effect
on the heart.

Disouss possible experimental work. Where the work is done.

2. vigit to Professor Yamashita
To discuss (1) item (1) above and properties and value of emetia.
; (ii) His paper for Brussels
e (i11) Antidote research - chlorpromazine,
o Addo's method.

‘ 3. Clarification of acute tox tests on PQ/DQ formulations, IET and
CTL.

4. Digcussion of Pharmacokinetic results - a separate fax on this
subject will follow.

‘.’:. : “;
}Binoe I expect to leave for UK on 25 April would you advige
,cenvon;ant date for your visit in order to organise item 2.

Best wishes.

A Caldexrbank

SYNG-PQ-04262397_R
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ICl Japan Limited
FACSIMILE - TOKYO OF:CE
FROM ¢ A Calderbank Signature FAX NO. 03-213-7175
det“" " OUR SRL NO /
To0 ¢ Dr R Birtley ; cost cope 43201 PAGE 3
PPD Fernhurst parte 13 Mar 86
REF.

corigs ¢ Dr J F 8Sanderson/Dr P Slade, PPD Fernhurst
,Dr T L-Smith, CTL *

TEXT

PLEASE NOTE TRANSLATION OF ARTICLE WHICH APPEARED IN LOCAL
NEWSPAPER ATTACHED RELATING TO MISAWA WORK.

JUST LEARNED MISAWA IS TO PUBLISH HIS STUDY ON THE EMETIC IN
VETERINARY & HUMAN TOXICOLOGY. :
THE NEWSPAPER ARTICLE HAS PRECIPITATED QUESTIONS FROM MAFF HQ
RELATING TO PQ TOXICITY DATA TO BE SUBMITTED FOR JAPAN RE-
REGISTRATION AND COMPARISON WITH DATA SUBMITTED (OR TO BE
. SUBMITTED) TO JMPR.
CONCERN HERE WITH PINAL SENTENCE ON PQ JMPR 1985.REPORT.
REQUIRED 1986 ; “SUBMISSION OP ALL DATA AVAILABLE FOR COMPLETE
RE~-EVALUATION"., HENCE MY CALL LAST EVENING.
UNABLE TO CONTACT GEFF. HOWEVER WILL CONCOCT RESPONSE WHICH
1 BELIEVE REASONABLY ACCURATE.
FURTHERMORE QUESTIONS IN DIET ABOUT PROGRESS ON MAKING PQ SAFER
® HAVE ADDED TO URGENCY OF RESPONSE AND LABOUR PARTY ARE ASKING
FOR DATA DISCLOSURE ON PQ FROM MAFF. I BELIEVE WE CAN GO
SOME WAY TOWARDS MEETING THIS REQUEST,
ALSO REQUEST TO REBUTT MISAWA WITH TECHNICAL DATA MORE URGENT,
LETTER WITH FULL DETAILS TO FOLLOW,

REGARDS .

A CALDERBANK
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Dangerous "Danger preventing method" - a Tsukuba University study
shows "Paraquat" incorporating emetic could cause heart injury

A study using experimental animals carried out by a group of
researchers led by Prof Bhogo Misawa (48) (forensic medicine),
Community Medicine Dept, Tsukuba University, showed that an emetic
incorporated into some paraguat herbicide for the purpose of E
preventing risk of paraquat following accidental swallowing

could be a causative substance id acute death rather than ety
preventing danger by thig herbicide. The addition of emetic

to paraquat herbicide is obligatory under rules issued by

Ministry of Agriculture, Forestry and Fisheries, but the group

of researchers conducted the study advocate pursuit of other
methods for preventing risk of paraguat.

The  study shows that fatal cases of paraquat poisoning which
amounted to 1,300/year by the latest statistics are broadly
' categorised into two groups; those which ended up in death
' within several hours to one or two days and those which died
after about one week. It has been known that the cause of death
in the second group is pulmonary fibrosis, but that for the first
group i8 unknown.

Prof Misawa and his group investigated the potential effects on
the heart and lung functions of emeticised paraguat, non-emeticised
paragquat and pure paraquat sclution which were dosed iv to rats,using
rat electrocardiography and respiration data. The rats receiving
emeticised paraquat showed cardiac arrest following reduction in
the function of the sinus node in the right atrium approximately

- 20 seconds after injection, although the animals showed regular
respiration for approximately 10 seconds following cardiac arrest.
The rats receiving non-emeticised paraquat or pure paraquat
solution both showed arrest of respiration first and then
cardiac arrest following showing signs of anoxia. Similar results
ware obtained in experimente using rabbits.

Prof Misawa and his researcher-group consider, based on the results

. of their experiments, that the emetic incorporated into paraquat
could give damage to the heart before the lungs are affected by
toxic effacts of paraquat.

Prof Hiroshi Naito (54) (Anesthesiclogy), Institute of Clinical
Medicine, Tsukuba University, who represents "Poison 110" and

has partly participated in the study of Prof Misawa et al as

a researcher having expert knowledge of poisoning studies contends
that "the addition of emetic could cause adverse effects" on

the ground that the emetic ltself is an‘unnegligible toxin and it ma:

Qedwes . X enhance absorption of paraguat by the body. :

Told officers of .the Plant Protection Division, MAFF, on receiving
the information: "Exclusion of the emetic would probably induce

a more intensive absorption of paraquat since the emetic would
encourage vomiting. Anyway, we would obtain the data on their
study to investigate their points."

= Yomiuri Shimbun, 11.3.86 (Evening
issue) -

b WL e Ak Yowmzed
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IC| Japan Limited

FAOSlMI LE TOKYO OFFICE
FROM ¢ A Calderbank Signature FAX NO. 03-213-7175
OUR SRL NO
70 ¢ Dr R Birtley cost cope 43201 PAGE 2
PPD Fernhurst oaTe 20 Feb 86
‘ REF. ,
< 7HAN EatT
cOPIES '@ LTI Smie T _
Dr J F Sanderson, PPD Fernhurst ﬁ%? Aq /7
Dr P Bramley " " Aere f ()
’ TEXT . é?fua al
ok .

Emetic in Preeglox

In order to prepare myself for possible questions in (a) Support-
" ing MAFF opposite Prof Misawa and (b) in supporting an increase
0.05 to 0.1% emetic. I would appreciate comments from Lewis on
calculations below party taken from his note to JTB.

1. 10 ml Gramoxone (20% containing 0.05%) is perhaps below an
LD5p and hopefully man will survive without any effects from
emetic ingested (S5mg or 0.lmg/kg body'wt).

2. Similarly 50ml Preeglox (4.5% PQ + DQ and 0.l%) may approx.
to an LDgp dose.

3., Can we be sure this amount of emetic will not cause heart
. problems in man?

4. Helpful evidence is virtual NEL in dogs (1l.5mg/kg) and rats
(5mg/kg) over 90 days - however no indications of any
cardiovascular involvement. ‘

5. Yet Misawa etal are getting cardiovascular effects on rats
(and rabbits) at iv levels of 0.l4mg/kg, equivalent to about

0.42mg/kg orally.

6. Man is stated to be more sensitive to emetic properties than
dog, monkey and rat.

7. Doses of 2mg to man for 4 and 6 seeks caused angina in two
patients. This is equivalent to 0.04mg/kg.

SYNG-PQ-04262400_R
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8. The guestion is can we be really confident that a sub-
lethal dose of Preeglox (with 0.1% emetic) viz 50ml with
a single shot of 50mg (or l.0mg/kg) will not cause heart
muscle damage.
The m ximum dose of emetic previously given to man
(Pharms clinical trial) was Bmg (0.l6mg/kg).
Is there any way - or arguments to make us more confident?

9. One can certainly criticise the Misawa experiments.

To be meaningful he should have tried to demonstrate a

_ cardiovascular effect using sub-lethal injection of Gramoxone,
or tried the effect of emetic alone (I suspect he didn't have

‘ any) .

Nevertheless the effects he is getting at the equivalent of
0.42mg/kg 4o not tie up with the Pharms 90 day rat expt.
One has to assume there is a synergistic effect between PQ
and the emetic. If this is so what happens if you increase
the emetic level with sub-lethal doses of PQ?

Sorry for this rambling but I would appreciate comments
{helpful!) from the expert.

Regards

A Calderbank
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ICl Japan Limited

Central PO Box No 411
Tokyo 100-91 Japan

From : A Calderbank
Telephone 211—-6661/9

To R Dr R Birtley Telex 0222-2381 (2222381 ICITOK J)
* Telegram impkemix Tokyo
cc ¢ Dr J F Sanderson
Dr L I, Smith
Dr T B Hart
Your ref Our ref Date
AC/js 21 February 1986
Dear Robin,
Emetic/Preeglox

Following my recent faxes on this subject.

Am still worried about emetic level (0.1%) proposed for Preeglox.
I will try to summarise my concern and be prepared to be shot
down by the experts.

Furthermore I need rebuttal.of these concerns in order to assure
others.

l. Misawa etal report cardiovascular effects (rats & rabbits)
brought about by Gramoxone (+emetic) but not by Paragreen
(no emetic), nor by paraquat alone.

There effects were produced by iv injection at several times
the lethal dose of PQ, nevertheless the amount of emetic
involved (at 0.05%) was 0.14mg/kg iv (equivalent to about
0.42mg/kg orally?).

It may be the iv injeéction (of emetic) gives a sudden high
level in blood which is unrealistic in practice.

2. No cardiovascular effects have been recorded with rats or
dogs in the Pharms 90 day studies up to levels of emetic of
5mg/kg and 1.5mg/kg respectively.

3. According to Table 1 in Rose's report CTL/R/390 man is much
more sensitive in vomiting response to the emetic than monkey,
pig or dog.

From the limited data in man there seemed to be a good
vomiting response at about 0.lmg/kg or a total dose of 8mg.
This is the max. amount given to man’

The emetic was given in tablet form and Rose believed the
rate of absorption, which is related to the onset of emesis,
would be faster from solution.

A subsidiary company of imperial Chemical Industries PLC
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4. The ratio of PQ to emetic in Gramoxone is 400:1.
In Preeglox (with 0.05% emetic) it will be reduced to 90:1.
50ml of Preeglox (4.5% PQ + 4.5% DQ) will provide a dose of
PQ close to the LD5p for man.
If it were to contain emetic at 0.05%, this would amount to
a dose of 25mg emetic or approx 0.5mg/kg for a 50kg man.

It can be argued from the data already in the hands of the
authorities that this amount should be more than adequate

to give a good vomiting response. Especially since the volume

Oof more dilute formulation left in the stomach as less likely

to constitute a toxic dose.

Consuming larger volumes (normally lethal) of Preeglox would
e€nsure correspondingly larger amounts of emetic and hence even st
more rapid emesis when mo needed. °

5. Doubling the emetic level will induce an even faster response
but is it really necessary and can we be sure this level of
emetic will be safe to those who would normally recover?

(ie 50ml volume)

We would be providing doses of emetic of lmg/kg and above
close to maximum levels given to animals. Since man is more
sensitive to emesis he may be more sensitive to other :
properties of the emetic.

Angina has been reported by two subjects given 2mg or

0.03mg/kg for several weeks.

6. Returning to the alleged cardiovascular effects of the emetic.

Since no cardiovascular effects have been recorded for dogs
and rats in the Pharms studies one wonders about a synergistic
effect in presence of PQ.

7. PQ poisoned patients have been reported with ECG abnormalities
- did this happen before emetic was introduced? Certainly
patients taking large doses of PQ have died from cardiovas-
cular collapse and heart failure.

8. I seem to remember that some of the earlier Pharms f#-blocker
heart drugs caused bronchial constriction. The emetic acts
as a bronchial dilator and I am perhaps asking a naive ques-

9. All this causes me to ask whether it is considered desirable
to do one or two more animal experiments before implementing
the increased emetic level. If I don't ask the question some-
one else might!

I would suggest - again perhaps naively and having seen only
two of Lewis's four reports - that a further experiment on
dogs might be performed using sub-lethal doses of PQ with
and without emetic and monitor with ECG any effects on the
cardiovascular system.
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I trust these notes transmit my concern and hopefully the
answers provided will help me counter criticism of the need to
double the emetic level and also the allegations of Misawa
etal that the emetic is likely to be harmful to man.

Yours sincerely,

Mo |

A Calderbank

SYNG-PQ-04262404_R
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REF.

COPIES ' Dr J F Sanderson, PPD Fernhurst

TEXT

pggpgzpreegiox = Acute tox tests CTL and IET

In response to your fax Feb 24.
Plan is to submit registration package for Preeglox 27 March.

1. This will contain MSRL data for the basic oral, dermal LD5g
and skin and eye irritation and sensitisation. A report of a
visit made to MSRL yesterday attached.

2. IET data on influence of DQ on PQ toxicity to be submitted.
Preliminary data will be available for submission 27/3.
Full report containing pathology will follow.

3. Duplicate work at CTL (acute toxicity of formulations) will not
. be submitted but will be held in reserve as insurance in case
there are problems with the IET data.

4. The CTL radicactive expt. (pharmacokinetic) will need to be
submitted. MAFF are aware it is being done and are interested
in the outcome. Would appreciate receiving a draft version of
this report so that translation can be proceeding as you suggest.
Any alterations can easily be made later. Appreciate letter
report earliest in order to translate & include in submission.

5. Would also appreciate draft of CTL acute tox study report.
Daespite lack of extra doses it would be useful to have the report
here to expedite matters if it is decided later there is a need
to submit,

Thanks and best regards.

A Calderbank
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Vigit to Medical Scientific Research Laboratorx (MSRL)
‘. . 3 Py
Feb 24th 1986

by Dr A Calderbank and Mr T Shigeno

Small laboratory on outskirts of Oomiya-City, Saitama Pref.
Total staff approx 40.

President ¢ Seiji Yoshida (Mr)
Study Director : Yukio Sugiya (Dr)

Although they have nine barriered units (each taking about 400
rodents) for chronic studies, the laboratory seems relatively
unagghisticateé and could not be recommended for any long term
studies.

The staff seemed competent and dedicated and we have little
doubt t?at the handling of acute studies is done adequately
and well,

Data is recorded manually and later put into a computer.
Histopatholoqy,reading of slides mainly contracted out.

Studies are carried out to GLP standards and they have an in-
dependent Quality Assurande Unit, They were recently inspected
by MAFF and we were told ever{thing went well - the laboratory
hopes to get a favorable certificate shortly.

Progress of ICI Studies with Preeglox

Bat_and_Mouse oral (emetic 0.05%)
Remaining animals sacrificed 19/20 reb.
Data presently being recerded and analysed.
Preliminary fi
species of about 2,000 - 2,400mg formulation/kg which would
give a figure of around 100mg/kg PQ ion.

Stressed that MSRL should include a statement of the volume
(dilution) of the formulation which was dosed.
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Rat dermal : An LDgg > 2,000mg formulation/kg recorded.
Data~in preparation.

Rabbit skin_apd_eye irritation

Marked effects of the neat formulation noted shown by good
photOgraphs,

Eye with irrigation, better than without, and showing
recovery after an extended period of observation (21 days).
Reports which will contain photos were being QA'd.

. Skin irritation still showed marked erythema after 14 days'
but looked to be recovering.

Skin_gensitisation (g.pigs)

Usually dose is arranged so0 as to obtain all zeros in
negative control animals (ie no sensitisation) avoiding
need to subtract from fully treated (sengitised) animals.

Expt. started 18/2. Due to finish 14/3 and to be reported
26/3 ~ Very tight!

Rat_+_Mouse oral & Rat_dermal (0.1% emetic)
Results due : dermal (27/2), rat oral (13/3), mouse oral

(27/3) . Reporting 10/4. The president (Mr Yoshida) agreed
. to try to get the schedule speeded up.

25/2/86
AC/3s
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ICl Japan Limited
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REF.
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© PPD Fernhurst

.- DFLL Smithkm

TEXT

Emetic in Preeglox

Attached is a brief proposed to submit to MAFF along with the
@ rreeglox-L petition.

I have been careful to avoid mentioning the concentration of
emetic so that we could later make out a case for a 0,1% level
if this is agreed.

Would appreciate your comments on the text which ig mostly taken
from Lewis's memo to JTB.

Regards

A Calderbank
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Value of Emetic in=nggglox

There is no good evidence that the presence of emetic in
Gramoxone-100 (20% paraquat ion) has helped to improve
survival of those ingesting the product. This is probably
because the doses taken for suicidal intent, which consti-
tute the majority of poisonings, are usually large and also
the absorption of paragquat into the bloodstream is relatively
fast. Bven if emesis oocours within 30 min sufficient

. paraquat ig absorbed or remains in the gastrointestinal tract
to constitute a lethal dose.

Dilution (to 4.5% paraquat ion) will obviously increase the
volume of formulation which contains 'a lethal dose (viz. to
about 60 - 80ml). This means that if emesis occurs and only
50% of the stomach contents are removed it is less likely
that a lethal quantity of paraquat will remain in the stomach
(Compare if a mouthful (say 40ml) of Gramoxone is swallowed
and 20ml vomited, a lethal dose may well remain).

Furthermore abgsorption of paraquat will be slower when a
more dilute formulation is swallowed giving the emetice more

. time to cause its effect (vomiting) before a lethal level
is absorbed into the bloodstreanm.

Thus it is reasoned that the emetic will be much more
effective in reducing the mortality rate in persons who
swallow Preeglox than in those who previously swallowed
Gramoxone,
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coPiEs ¢ Dr J F Sanderson/Dr R Birtley/Dr P Bramley/Dr T B Hart
PPD Fernhurst

TEXT

Emetic in Preeglox

. Thanks for your fax Feb 24.
In the meantime I have responded to your earlier rather terse
fax on same subject.
In order to brief myself regarding available human and animal
data on the emetic prior to discussions with Saito-san (MAFF
Headquarters) to respond to Misawa etal allegations I consulted
the UK registration petition dossier (Dated 13/2/76) - the
most relevant papers being.

(a) Summary Sheets 1 + 2 dated 22,7.76
(b) Ref 8. Rose report CTL/R/391
(o) Ref 9. Rose report CTL/R/390

. The time is oclearly approaching when more detailed discussion
is needed because of diverging views.
However in quick response tO your points,

l. Agreed., I was trying to arrive at a dose of emetic man might
-. get when surviving from PQ.

2, Understood. Present level (0.05%) emetic would give a dose
of 25mg or 0.5mg/kg man (SO0kg man).
The optimum level for dog from your experiments is 3mg/kg.
According to the Rose reports man is about 10 times more
sensitive to emetic properties than dog (admitedly on limited
data in man). Thua the optimum level for rapid emesis in
man might be extrapolated to 0.3mg/kg.
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Consequently I deduce that 0.5mg/kg for man (or present level
in Preeglox at 0.05%) should be adeguate.

Higher volumes of Preeglox, which might be judged to be lethal,
would abviously provide higher quantities of emetic and produce
even faster emesis.

I agree that in these circumstances the toxicity of the emetic

is of little importance - since the patient would otherwise die
£rom PQ.

Mainly I agree. However the toxicity (death) due to PQ might
be masking any effects due to large doses of emetic. With
Preeglox man may be getting relatively larger doses of emetic
and surviving (from PQ). Thus the difference in toxicity
between PQ and emetic depends on their relative doses and we
seem to know little about the toxicity of the emetic to man.
Previously the largest dose administered to man was 0.llmg/kg
and two patients given 0.03 (for a few weeks) got angina.

Data from emetic summary petition to UK.
Agreed. I was extrapolating an oral dose from an iv dose.

Possibly in both respects.

Emesis - see Rose CTL/R/390 Table 1.

Cardiovascular - No effects reported after 90 days at 1.5mg/kqg.
Man reported angina after a few weeks at
0.03mg/kg. (Emetic summary report)

Agreed, but we don't really know the possible cardiovascular
effects of the ametic to man at higher acute doses when he
would normally recover from PQ.

§ and 9. I believe these questions are important but may be

difficult to answer.
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Most of the above concern relates to the implication
that man is more sensitive to the emetic properties of
PF796 than the dog, which stems from the Pharms data,
and also the suggestion that the emetic might cause
cardiovascular problems in man. Finally a concern that
there might be synergistic effects of sub lethal doses
of PQ plus emetic.

A lot of 'mights' I agree. But it would seem from
previous data that the emetic level (0.058) in Preeglox
is OK. Why step further into the unknown?

We do need to get it rijht this time.

Hope thig is helpful

Regards

A Calderbank
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Human references

SEPTEMBER 1984 128358
;&( EFFECT OF THE ADDITION OF A EMETIC TO PARAQUAT FORMULATIONS ON ACUTE
POISONING
IN MAN
T B HART A WHITEHEAD
128358
ORAL HUMAN EPIDEMIOLOGY MORTALITY 1984

REPORT NO. P-C 122430 JULY 1970
’ﬁ(r SUBMISSION OF EVIDENCE TO THE COMMITTEE ON SAFETY OF DRUGS PRIOR
TO THE INTRODUCTION INTO HUMANS OF ICI 63,197
ICI PHARMACEUTICALS DIVISION
122430 ‘

For interest, other references on Toxbib

o 23 JULY 1990 $222J
X TOXICOLOGICAL DATA ON PARAQUAT EMETICS
J M GROVE
s222J
EMETIC

5 JULY 1990 S221K

PP796 TOXICOLOGICAL DATA

J W BOTHAM

S221K

ACUTE DERMAL ORAL GUINEA PIG RABBIT RAT AMES EYE IRRITATION MUTAGENICITY
SENSITISATION SKIN

17 AUGUST 1989 S206J

SENSITIZATION DATA ON ADJUVANTS IN JAPANESE DIQUAT FORMULATIONS

J W BOTHAM

$206J

GUINEA PIG HUMAN RABBIT EYE IRRITATION SENSITISATION SKIN URTICARIA

9 VET HUM TOXICOL 27(5) 381-5 1985
EMTIC EFFECT OF TRIAZOLOPYRIMIDINE A PYRIMIDINE COMPOUND IN DOGS
F AKAHORI T ICHIMURA T MASAOKA S ARAI
1985
ACUTE ORAL
&
o B\ M YAMASHITA K NAKAMURA S SATO H NAITO
o X THE PLASMA PARAQUAT CONCENTRATION OF DOGS ADMINISTERED PARAQUAT WITH EMETIC
ﬁ“\wm&?VET HUMAN TOXICOL 24 SUPPL 48-49 1982

[

> FED REG 47(72) 16022 1982 I12765H
3% 3y TOLERANCES AND EXEMPTIONS FROM TOLERANCES FOR PESTICIDE CHEMICALS IN OR ON
RAW AGRICULTURAL COMMODITIES 2-AMINO-4,5-DIHYDRO-6-METHYL-4-PROPYL-S-TRIAZOLO
(1,5 ALPHA) PYRIMIDIN-5-ONE
EPA
12765H
1982
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FED REG 47(72) 16022 1982 I12765H

TOLERANCES AND EXEMPTIONS FROM TOLERANCES FOR PESTICIDE CHEMICALS IN OR ON
RAW AGRICULTURAL COMMODITIES 2-AMINO-4,5-DIHYDRO-6-METHYL-4-PROPYL-S-TRIAZOLO
(1,5-ALPHA) PYRIMIDIN-5-ONE

E L JOHNSON

12765H

EMETIC 1982

UNPUBLISHED REPORT NOV 1978 12336X

PP 796 ADDED TO GRAMOXONE L. EFFECTS ON ACUTE TOXICITY IN RATS 2.
EFFECTS ON USERS 3. EFFECTS OF VARIOUS COMPOUNDS AS A POSSIBLE
ANTIDOTE IN PARAQUAT POISONING

NIHON NOHYAKU CO LTD

12336X ACUTE OCCUPATIONAL ORAL HUMAN SPRAY

2ND JULY 1976
LITERATURE SEARCH IN CONNECTION WITH TOXICOLOGICAL INQUIRY ON ICI
65,329 FROM PHARMACEUTICALS DIVISION NO INFORMATOUN FOUND
RB WRIGHT
1976

2ND JULY 1976
LITERATURE SEARCH IN CONNECTION WITH TOXICOLOGICAL INQUIRY ON ICI
63,197 FROM PHARMACEUTICALS DIVISION NO INFORMATION FOUND
RB WRIGHT
1976

ICI LIMITED BRIT APPL 76/15584 P6 1976
HERBICIDAL COMPOSITION OF BIPYRIDYLIUM QUATERNARY SALTS
AND EMETIC AMOUNTS OF S-TRIAZOLO PYRIMIDINE DERIVATIVES
GE DAVIES DM FOULKES
CHEM ABSTR 87(23) 178760 1977

APPLICATION TO THE LICENSING AUTHORITY FOR THE ISSUE OF AN
ANIMAL TEST CERTIFICATE IN RESPECT OF 63,197

ICI PHARMACEUTICALS DIVISION

CONTACT CTL REPORTS
ACUTE ORAL TOX RAT, ACUTE IV TOX MOUSE RAT RABBIT
ACUTE IM PIG

12243N

APPLICATION TO THE LICENSING AUTHORITY FOR A CLINICAL TRIAL
CERTIFICATE IN RESPECT OF ICI 63,197

ICI PHARMACEUTICALS DIVISION

12243N
SKIN TOX DOG SKIN IRRITANCY, RABBIT, GUINEA PIG, SKIN
SENSITISATION RABBIT

REPORT NO P-C VOL II JULY 1970 I2243p
ICI 63,197 PHARMACOLOGY AND BIOCHEMISTRY
ICI PHARMACEUTICALS DIVISION
[2243P
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IMPERIAL CHEMICAL INDUSTRIES PLC

CENTRAL TOXICOLOGY LABORATORY
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PP796

Reports of toxicity studies performed at CTL

CTL Report No

CTL/T/1277 Toxicological Report: ICI 63,197. Moses SE. March 1979
CTL/P/338 PP 796: Short term predictive tests for carcinogenicity.
Longstaff E. March 1977.
CTL/R/390 The concentration of PP 796 required to produce emesis
. in experimental animals. Rose MS. October 1976
CTL/R/391 The effect of administration of an emetic (PP 796) on

paraquat toxicity in dog and monkey. Rose MS, Parkinson GR,
Laird WJD. November 1976

CTL/R/489 The effect of PP796 on gastric emptying in rats, mice
and monkeys and on paraquat absorption in rats. Wright
AF, Wyatt I and Rose MS. 19 October 1979

CTL/T/2452 PP796: Effect of stomach status on emetic efficacy in
dogs. Brammer A, Robinson M. 23rd January 1986

CTL/T/2451 PP796 and TKPP: Acute toxicity studies in dogs. Brammer
A, Robinson M. 19th December 1985

CTL/T/2471 PP796: Emetic study in paraquat treated dogs.
Robinson M, Brammer A. 6th March 1986

‘ CTL/T/2459 PP696: Emetic dose response study in dogs.
Brammer A, Robinson M. 6th March 1986

CTL// S5H-s-triazolo(1l,5-A)pyrimidin-5-one: Final short term

carcinogenesis report sheet SR76204
Longstaff E, Ashby J. 6th October 1976
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IMPERIAL CHEMICAL INDUSTRIES LIMITED
CENTRAL TOXICOLOGY LABORATORY

PP 796

Reports of toxicity studies performed at outside
laboratories

The effect of 4 antiemetic substances on the emetic activity
of PP 796 in cynomologus monkeys. Purser DA et al.
Huntingdon Research Centre. Report No. ICI 193/78628.
September 1978. '

The effects of emetic PP 796 on the oral toxicity of diquat in
cynomolgus monkeys., Purser DA, Grimshaw P, Cobb LM,
Huntingdon Research Centre. Report No. ICI 172/78481.

28th September 1978,

The toxicity of orally administered emetic PP 796 in cynomolgus
monkeys. Purser DA, Grimshaw P, Cobb LM. Huntingdon Research
Centre. Report No., ICI 171/78627. 8th November 1978,

The effect of emetic PP 796 on the oral toxicity of malathion
in cynomolgus monkeys. Purser DA, Grimshaw P. Huntingdon
Research Centre. Report No. ICI/151A. 20th October 1977.

The effects of emetic PP 796 on the oral toxicity of parathion
in cynomolgus monkeys. Purser DA, Grimshaw P, Huntingdon
Research Centre. Report No. ICI/151B, 16th September 1977.

The acute oral toxicity and mode of action of emetic PP796
in cynomolgus monkeys, and its effect upon the acute oral
toxicity of several formulations of paraquat. Cobb LM,
Purser DA, Coombs DW & Grimshaw P. Huntingdon Research
Centre. Report No ICI 119/78556 19 March 1979

The effects of emetic PP796 on the oral toxicity of ethylene
glycol in cynomolgus monkeys. Grimshaw P, Purser DA & Cobb LM.
Huntingdon Research Centre. Report No ICI 1292/79470.

21 Jun 1979

The effegts of emetic PP 796 on the oral toxicity of
Furadan in cyn9molgus monkeys. Grimshaw P, Purser DA &
Cobb LM. Huntingdon Research Centre. October 1979.

Report No. ICI 282/79469

B29,

CTL REPORT NO

CTL/C/575

CTL/C/576

CTL/C/613

CTL/C/#43

CTL/C/ 146

CTL/€/700

CTL/C/728

CTL/C/775
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CTL Report No

><(TL/L/1359

CTL/L/1839

@L/L/2034

CTL/L/2004

IMPERIAL CHEMICAL INDUSTRIES PLC

CENTRAL TOXICOLOGY LABORATORY

PP796

CTL Letter Reports

PP796: Emetic efficacy in a blank paraquat formulation.

Collins MA, Robinson M. 8th September 1986

PP796: Genetic Toxicology Screening.
17th December 1987

PP796: Acute oral toxicity to the rat.
Davison VM. 10th May 1988

PP796: Acute dermal toxicity to the rat.
Davison VM. 10th May 1988

B.29a.
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From ICI Central Toxicology Laboratory
Miss J M Grove
Information Services Section Alderley Park
Macclesfield Cheshire SK10 4TJ
To Tels 0625 582711
Dr N Sabapathy Telexs 669095/669388
ICI Agrochemicals Faxs 0625 582897
Fernhurst
Copies to
Your ref Our ref Tel ext Date
JMG/JC/3/52/COM Crcascd c0 o0, 23,7,90

TOXICOLOGICAL DATA ON PARAQUAT EMETICS

Enclosed 1is a copy of an article on the emetic effect of triazolopyrimidine
(1). In addition to this there is also a pharmaceuticals report on the
toxicity of ICI 63197 (2,3). Unfortunately we do not hold copies of this
report at CTL but the information may be obtained by contacting
pharmaceuticals division directly.

Please let me know if you require any further information.

Miss J M Grove

References

1. Akahorn F, Ichimura T, Masaoka T et al
Emetic effect of triazolopyrimidine a pyrimidine compounds in dogs
Vet Hum Toxicol 27 381-5 1985

2, ICI Pharmaceuticals Division
ICI 63,197 pharmacology and biochemistry
Report No. PH18987C Vol 11 1970

3. ICI Pharmaceuticals Division
Submission of evidence to the Committee on Safety of Drugs prior to the
introduction into humans of ICI 62,197
Report No. PH18987C July 1970
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Human Toxicol. (1987), 6, 87-88

Epidemiology of Paraquat in Japan and a New Safe Formulation of

Paraquat

H. Naito & M. Yamashita

Institute of Clinical Medicine, University of Tsukuba, Tsukuba, Japan

Epidemiology study

According to statistics published by the Japanese
Ministry of Health and Welfare, more than 1900
people were killed by paraquat in 1985 and the number
of deaths is increasing sharply (Figure 1). More than
97% of deaths due to pesticides ‘other than organo-
phosphates and carbamates’ (International Classifi-
cation of Diseases, Code 989.3) in Figure 1 are con-
sidered to be due to paraquat poisoning. Other causes
include organochlorines, blasticidin and chloropicrin
which are only rarely the cause of death. The addition
of emetics and colouring agents to paraquat formula-
tions has had no noticeable effect on mortality.

We have treated 131 patients with paraquat poison-
ing in our poison treatment centre in the past four
years, only 39 patients survived (mortality rate 70% ).
Prevention of paraquat poisoning whether as a result
of accidents, suicide or homicide is thus urgent in
Japan as well as in other countries.

New safe formulation of paraquat

A novel non-swallowable formulation— Paraquat
Water Dispersible Granule (WDR)—developed
jointly by Tsukuba University and SDS Biotech K.K.
is considered to be one of the promising tools for the
prevention of paraquat poisoning.

Paraquat WDG contains a natural thickening
agent which makes it more difficult to swallow. Even
when a lethal dose of paraquat WDG is dissolved in a
glass of water, milk, soft drink, wine, etc., a non-
fluidizable mixture is formed. The formulation can
also be made more disagreeable to take by adding a
stenching agent.

Methods

The following study was conducted in order to examine
the elution rate of paraquat dichloride from ingested
gel when in contact with gastric or intestinal juices.
Paraquat WDG (6 g) was gelled with 35 ml of
water, to this was added 100 ml of artificial gastric or
intestinal juice (made according to the Japanese

Pharmacopoeia). In the dynamic study, gelled
paraquat granules and artificial gastric or intestinal
juice were added to a 500 ml separating funnel and
shaken at approx. 50 mm amplitude 30 times/min.
Temperature was maintained at 37°C in the stationary
study and ranged from 20-30°C in the dynamic study.
Samples (10 ml for stationary study and 5 ml for
dynamic study) were withdrawn for determination of
paraquat concentrations at 0 min, 10 min, 30 min. 1 h,
3h, 6 h and 24 h after the mixing of gelled paraquat
and gastric or intestinal juice. Immediately after each
sampling, an equal volume of gastric or intestinal
juice was added. The change in concentration due to
this sampling method was corrected by calculation.

2500 [
2358
Pesticide total
2000 + 1995
1500

Other than
organoph.

Deaths

1000 and carbamate
500
L 363
W
I Organophosphate

and carbamate

79 80 é1 82 83 84 85
Year

Figure 1 Number of deaths due to pesticide poisoning in
Japan
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The absorbance of samples was measured at
603 nm by Hitachi spectrophotometer Model 200-20
and the elution rate of paraquat dichloride was calcu-
lated using the following formula:

Amount of paraquat dichloride
in artificial gastric or intestinal
. juice

Elution rate (%) =1

Amount of paraquat dichloride
in paraquat WDG

Results

The elution rate of paraquat dichloride from geiled
paraquat into artificial gastric and intestinal juices is
shown in Table 1 and Figure 2.

In the dynamic study, the elution rates reached
only around 50% after 1 h. After that the elution rate
was slow and finally reached 68.5% in gastric juice
and 65.4% in intestinal juice at 24 h. The elution in
the stationary study was slow compared with the
dynamic study. This indicates that gelled paraquat,
even if ingested, is much safer than liquid formula-
tions. Paraquat WDG can easily be changed to an
aqueous solution by diluting the composition with a

Elution rate of paraquat dichloride (%)

Table 1 Elution rate of paraquat dichloride into artificial
gastric and intestinal juices

Elution rate (%)

Stationary study Dynamic study
Intestinai Intestinal

Time  Gastric juice  juice Gastric juice  juice
0 1.4 5.4 7.1 6.7

10 min 2.6 10.2 214 19.4
30 min 5.5 20.7 33.6 335
lh 9.5 23.1 41.6 38.7
3h 23.7 31.5 46.9 47.3
6h 37.7 47.9 52.7 53.8
24h 48.8 60.3 68.5 65.4

large amount of water. The solution has low viscosity,
is suitable for spraying, and shows the same efficacy
as liquid paraquat on weeds. :

Conclusion

This is an important development. If further research
can substantiate these observations and prove that
the formulation is effective in its intended use, the
WDG formulation could well result in a reduction in
the number of fatal paraquat intoxications.

" é @ Artificial gastric juice
20 / A Artificial intestinal juice
/
// Dynamic study
10 *I —— —= Stationary study
L L ] L I
0 5 10 16 20 25
Time (h)

Figure 2 Elution rate of paraquat dichloride into artificial gastric and intestinal juices
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Human Toxicol. (1987), 6, 19-29

The Epidemiology and Prevention of Paraquat Poisoning
Lesley J. Onyon and Glyn N. Volans

National Poisons Information Service, The Poisons Unit, Guy’s Hospital, London SE1 9RT

1 In the UK there was an increase in the annual number of deaths associated with paraquat
poisoning between 1966 and 1975. Since that time there has been little change in numbers.

2 High mortality is associated commonly with suicidal intent. Serious accidental poisoning from
paraquat has never been frequent in the UK and there have been no deaths reported in children
since 1977.

3 The National Poisons Information Service has monitored in detail all reports of paraquat
poisoning since 1980. Of the 1074 cases recorded there were 209 deaths. In recent years serious
poisoning has been more commonly associated with ingestion of concentrated products by males.
Local exposure to paraquat has not resulted in systemic poisoning.

4 International data for paraquat poisoning is incomplete and difficult to compare. There is a
scarcity of morbidity data at both international and national levels. Information obtained from
Poison Control Centres indicates that paraquat poisoning occurs in many countries but detailed
comparisons are hindered by lack of standardised methods of recording.

5 Various measures to prevent paraquat poisoning have been introduced. Their effectiveness has
not been studied in detail. Some support is provided by the low incidence of serious accidental

paraquat poisoning in the UK, but because of the suicidal nature of paraquat poisoning it is unlikely

that current preventative measures will influence the number of deaths occurring each year.

6 Preventative measures against paraquat poisoning should be tailored to national needs. based

on and assessed by epidemiological studies.

Introduction

The preceding papers have stressed both the import-
ance of paraquat to agriculture, and its safety when
correctly used. Paraquat is, nevertheless, toxic to
man and this toxicity has been the subject of a great
deal of attention in the scientific and ‘lay’ press. The
first cases of paraquat poisoning occurred in 1964, in
Ireland and New Zealand (Bullivant, 1966) and by
1970 some 600 fatalities had been reported in the
world literature (IPCS, 1984). In spite of the interest,
it remains a difficult task to describe the mortality
and morbidity associated with paraquat poisoning in
different countries in strict epidemiological terms.
Such a description requires appropriate and com-
parable mortality and morbidity statistics. A recent
review found that ‘because of the different require-
ments or practices for notification or reporting of
cases of poisoning in the many countries in which
paraquat is used, the magnitude of the problem is
difficult, if not impossible, to determine’ (IPCS,
1984). We concur with this view after reviewing the
information available from Poison Control Centres,
routine sources of mortality and morbidity data and
from scientific reports. The information available

from these sources is presented and the measures
aimed at preventing paraquat poisoning reviewed.

Sources of information

1. Hospital based surveys

The Home Accident Surveillance Scheme (HASS)
records standardised data from a sample of twenty
Accident and Emergency (A&E) departments in
England and Wales on all types of home accidents
(Consumer Safety Unit). A request was made for the
number of admissions due to home accidents with
weedkillers occurring during the period October
1982 to October 1984. In addition the results of an
epidemiological study of acute poisoning cases atten-
ding twenty one A&E departments in England and
Wales were examined (Murray, Francis & Thompson
1986).

2. Poison Control Centre reports

These reports include the results of a five-year sur-
veillance of paraquat poisoning undertaken by the
National Poisons Information Service (NPIS) and the

© The Macmillan Press Ltd 1987
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manufacturer (ICI plc) since 1980. Details of the
methods used have been previously published (Hart
& Bramley, 1983; Whitehead, Volans & Hart, 1984).
In addition the results of a survey amongst European
Poison Control Centres of the incidence of paraquat
poisoning, undertaken by the secretary of the
European Association of Poison Contro! Centres
(EAPCC) (Wickstrgm, 1984) have been examined
together with other information from Poison Control
Centres given directly to the authors.

3. Mortality statistics
Statistics for England and Wales published in the
Pharmaceutical Journal for 1966-1973 and by the
Office of Population Censuses and Surveys (OPCS)
for 1974-1984 have been used. Data was not published
in 1981 in England and Wales due to industrial
action.

For Scotland, statistics were obtained from the
Annual Report of the Registrar General from 1967 to
1984.

4. Other sources

Information from the Agrochemical Poisoning
Appraisal Panel (APAP) which is administered by
the Health and Safety Executive to investigate reports
of occupationally related pesticide poisonings to-
gether with information published in the scientific
press has been analysed.

Morbidity from paraquat poisoning

1. Hospital based surveys

From October 1982 to October 1984, over 287,000
home accidents were reported to HASS. Of the 39
which were due to weedkillers only seven could be
identified as containing paraquat. Four of these
involved children under 2 years of age, but only one
was admitted into hospital. Limitations in the HASS
reporting system, for example fatalities not being
included and trade names not always being recorded,
may mean that this number of cases is an under-
estimate.

A preliminary report showed that over a period of
one year 22195 cases of acute poisoning attended
A&E departments in England and Wales. Only 14
cases of exposure to paraquat were recorded (Murray
etal., 1986). The number of admissions to the hospitals
in the study represent approximately 12.5% of all
admissions in England and Wales. The total number
of exposures due to paraquat may therefore be
estimated at 112 but final figures are expected to be
higher (J. Francis, personal communication).

A retrospective study of cases of self-poisoning
presenting at the United Norwich Hospitals during the

five-year period 1978-1982 found twelve admissions
due to paraquat (Adams, 1986).

An important source of morbidity data, the
Hospital-In-Patient enquiry (HIPE), fails to docu-
ment admissions due to paraquat. This is because the
International Classification of Diseases (ICD) used
for coding the cause of admission has no specific code
for paraquat. Any information would be contained in
a general category. such as admission due to toxic
effects of ‘other substances chiefly non-medicinal as
to source’.

Outside the UK we found no published national
morbidity information concerning paraquat. A
national study conducted by the Environmental
Protection Agency in the United States concerning
hospitalised pesticide poisonings failed to document
any cases due to paraquat, even though 2954
admissions due to pesticides were reported in 1974
(G.R.A. and L., 1981).

We therefore concur with a recent report that there
are no published national morbidity statistics for
pesticides (Vale & Buckley 1986) and that this is
particularly true for paraquat. For this reason Poison
Control Centres have been identified as potential
sources of ‘morbidity data’ (Brzezinski 1976; Volans
& Wiseman, 1986).

2. Poison Control Centre (PCC) reports

(a) United Kingdom — National Poisons Information
Service (NPIS). Over the period 1980 to 1985, more
than 1000 cases of exposure to paraquat were reported
to the NPIS (Table 1). 70% (760) of all cases involved
ingestion. Other reported routes of exposure were
inhalation (9.8%), skin contact (9.3%), eye contact
(2.3%) and injection (0.7%). Of these routes only
ingestion and injection led to symptoms of systemic
poisoning, though one case of skin contact resulted in
a positive urine test.

Of all the cases of ingestion 13% of patients were
under five-years-old, 2% were aged between 5 and 12
years, and 85% were older than 12 years. Gutcome of
the incident was confirmed in 81% of cases (67%
survival) by the attending physician, generally about
four to five months after the incident. It was not
possible to obtain complete follow-up because of
difficulties in tracing patients who were not admitted
into hospital.

The proportion of survivors having symptoms was
estimated for 1984, when 74% of adults had symptoms
whereas in the under 5 age group only one child
(8.3%) had.

The Agrochemical Poisoning Appraisal Panel
recorded three occupationally related paraquat
poisonings in 1982,

Thus paraquat poisoning does not seem to represent
a problem: to children, by skin and eye contact,
inhalation, and through occupational contact.

Table

Year

1980
1981
1982
1983
1984
1985*
Total

S: Surv
* Prov;

Table 2

Country

UK
Englanc
Scotlanc

Denmar
France

German
Greece
Eire
Netherla

Czechosl
Norway
Poland
Spain
Sweden
Switzerla

Israel

Australia
Fiji
Japan
USA

* Personz
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Table 1 Paraquat cases notified to the NPIS over the years 1980-1985

Age and outcome of ingestion cases

Total number Number of cases < 5 yrs 5-12yrs > 12yrs Number of deaths Total number
Year of cases of ingestion S DNK S DNK S D NK by ingestion of deaths
1980 152 121 -3 —-——1 54 37 15 37 37
1981 169 127 4— 2 1 ~ — 57 45 18 45 47
1982 223 154 16— 5 ——1 78 38 16 38 41
1983 198 143 15— 8 —— 5 64 33 18 33 33
1984 189 132 12— 9 3 -1 58 32 17 32 32
1985* 143 83 9— 8 1 -1 260 19 19 19 19
Total 1074 760 67 — 35 5—-9 337 204 103 204 209

S: Survival D: Death NK: Not known
* Provisional figures

Table 2 Cases of paraquat poisoning reported internationally

Cases (fatalities in brackets)

Country 1980 1981 1982 1983 1984 Source

UK 152 (37) 169 (47) 223 (41) 198 (33) 189 (32) NPIS
England & Wales (24) NK (31) (36) 31) OPCS
Scotland 6) (12) ) 5) &) Registrar General
Denmark (3 over 3 years) Copenhagen PCC
France 90 106 83 NK NK Wickstram*

27 (20) - — - Frelan 1983
Germany (West) (8 from 1978-1983) Wickstrgm*
Greece 25 49 65 85 80 Athens PCC
Eire NK (13) NK 4) 59 (9) 54 (14) 53 () Dublin PCC
Netherlands 29 39 19 NK NK Wickstrgm*
Czechoslovakia (2 to 3 per annum) Wickstrgm*
Norway (3 over 12 years) Wickstrgm*
Poland 6 (3) 7 (0) 12 (10) NK NK Wickstrgm*
Spain NK NK 7 NK NK Wickstrgm*
Sweden 1 (O 2 (0 0 0 0 Stockholm PCC
Switzerland 10 (1) 8 (2) 8 (1) 6 (3) 3@ Zurich PCC
Israel NK 4) @) () 0) Haifa PCC
Australia NK NK 11 8 10 Canberra PCC
Fiji - - 49 (30) 59 (33) — Groundar 1984
Japan (1300) Naito 1986
USA NK NK NK NK 153 (1) AAPCC 1984

* Personal communication

(b) Other countries Cases of paraquat poisoning
recorded over the period 1980-1984 are shown in
Table 2. This shows that there are differences in the
extent of paraquat poisoning with relatively little
occurring in Sweden, Norway, Czechoslovakia and
West Germany. However the comparability of these
figures is not known because of the different methods
of recording and following-up cases and nature of the
services provided by the different countries. For
example poison control centres in the United States
accept enquiries from members of the public, unlike
centres in the United Kingdom.

Mortality from paraquat poisoning

1. National mortality statistics

Figure 1 shows the number of fatalities recorded per
year in England and Wales, Scotland and Eire for the
period 1965-1984. In England and Wales, the first
fatalities due to paraquat poisoning were recorded in
1966. Over the ten-year period to 1975, fatalities
increased from 1 to 43 cases per annum with a rapid
increase occurring between 1971 and 1975. Numbers
since 1975—although fluctuating—have not changed
significantly, 31 were recorded in 1984.
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Figure 1 Deaths due to paraquat 1966-1984 for England and Wales, Scotland and Eire

Sources: England and Wales, Pharmaceutical Journal (1966-1973) OPCS DH4 Series (1974-1984).
Scotland, Annual Report of the Registrar General (1966- 1984).

Eire. Fitzgerald et al. 1978 (1967-1976). Dublin Poisons Unit (1977-1984).

For Scotland, the trend is similar to that for England
and Wales. One case was recorded in 1967 rising to 10
cases in 1975, since when the numbers have remained
relatively stable—9 were recorded in 1984.

For Eire, an increase from 1 to 13 fatalities per
annum occurred between 1967 and 1972 but since
then numbers have been fluctuating at 12 + 4 per year.

A review of the status of paraquat poisoning in
Eire between 1967 and 1976 (Fitzgerald, Barniville,
Flanagan et al., 1978) revealed that the mortality in
terms of population was approximately seven and a
half times that in Great Britain. Figure 2 shows the
population-corrected incidence of paraquat poisoning
in England and Wales, Scotland and Eire. It can be
seen that the incidence of paraquat fatalities in Eire
remains high, approximately four times that of
England and Wales and twice that of Scotland.

Poisoning with solid and liquid substances in
England and Wales remained fairly constant over the
period 19731980 (Osselton, Blackmore, King et al.,
1984) but in recent years (1981-1983) a decline has
occurred. Similar trends are seen for Scotland. Over
these periods the proportion of deaths due to para-
quat continued to increase. Thus, in England and
Wales, paraquat has accounted for an average of 1.4
+ 0.2% of all poisonings with solid and liquid sub-
stances since 1975. Over the same period in Scotland
it has accounted for an average of 2.3 * 0.8% with a
maximum of 3.78% being recorded in 1984.

There is thus no evidence to suggest that paraquat
poisoning is becoming a less important cause of
mortality in the UK.

Information on the intent of the poisoning is re-
corded at the inquest into the death and can either be

‘suicidal’, ‘accidental’ or ‘not determined’ whether
suicidal or accidental. Figure 3 shows the total
numbers of fatalities classified into these categories
over the period 1966-1984 for England, Wales and
Scotland. It can be seen that although the numbers
recorded for suicidal intent follow very closely those
of the total, numbers due to accidents remain below
five per annum, with the exceptions of 1975 and 1976
(10 and 6 respectively). The number of not determined
cases reached a maximum in 1977 (12 per annum)
coincident with a decline in accidental deaths. How-
ever, the influence of this category on the number of
accidental deaths remains difficult to interpret, and it
is more likely that the number of suicidal deaths
would be influenced by the ‘not determined’ category
because of religious and other constraints in bringing
in a verdict of suicide. It is clear from these figures
that the rise in paraquat fatalities which occurred
from the late 1960’s to the early 1970’s was due to an
increase in the use of paraquat for suicide.

Of the 428 deaths recorded as due to paraquat,
over the period 1966-1984 in England and Wales,
75% were male and 25% female. 77% of the suicidal

deaths and 65% of accidental deaths over this period.

occurred in males. A similar sex distribution is found
for the 105 recorded fatalities in Scotland; 74% of the
total were male; 78% of suicides and 59% of accidental
deaths were male.

Details regarding age of patient are not available
from published mortality statistics which give broad
age ranges. However, over the period 1968-1977 six
paraquat fatalities occurred in British children under
the age of ten; these were accidental in nature. For
comparison over the same period 49 children (under
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Figure 2 Deaths due to paraquat 1966-1984 per million population for England and Wales and Scotland

Sources: England and Wales, Pharmaceutical Journal (1966-1973). OPCS DH4 Series (1974-1984). Population Trends 42
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Figure 3 Deaths due to paraquat 1966-1983: Accidents vs suicide, for England, Wales and Scotland
Sources: England and Wales, Pharmaceutical Journal (1966-1973). OPCS DH4 Series (1974-1984).
Scotland, Annual Report of the Registrar General (1966 1984).

ten) died as a result of accidental ingestion of tricyclic
antidepressants (Frazer, 1980). Since 1977 there have
been no reported deaths due to paraquat in this age
group. _

The Registrar General for Scotland was able to
provide details of occupation in 79 of the 81 fatalities
occurring from 1975 to 1984. Only in 13 cases (16%)

was there any direct link between occupation and
access to paraquat (e.g. farmer, market gardener,
groundsman). In Eire it was found that a wide range
of occupational types were involved in paraquat
poisonings but that intentional poisoning was com-
monest among agrochemical workers (Fitzgerald et
al. 1978).
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2. Other countries
No national published mortality statistics listing
paraquat were found. Data on mortality is published
by the World Health Organisation, however only a
broad categorisation of poisoning based on ICD
codes is given, paraquat therefore is not listed. The
same limitations were found with vital statistics avail-
able from individual countries.

Additional information regarding fatalities due to
paraquat may be obtained from Poison Control
Centres.

3. Poison Control Centre reports

a. United Kingdom—National Poisons Information
Service. Of the 1074 cases of paraquat exposurc
reported to the NPIS, 209 cases proved fatal. There
was a predominance of males (72% ) and of deliberate
intent (85% ) involved in the fatalities (Table 3). The
mean age for males was 44.6 (S.D. = 16.5) and 54.1
for females (S.D. = 14.2).

71% of fatalities involved concentrated liquid
formulations (Table 3) and 22% granular formula-
tions. There was a marked predominance of male
fatalities involving the liquid formulations (78% male,
22% female) although there was no such difference
with the granular products (54% male, 46% female).

Table3 Type of product, intent and sex of patient involved
in 209 fatalities reported to the NPIS (1980-1985)

Accidental  Deliberate NK

Liquid concentrate
Male 4 100 12
Female - 30 2
Total = 148

Granular
Male 3 21 1
Female 2 18 1
Total = 46

NK
Male — 8 2
Female 1 1 3
Total = 15

Totals: 209 10 178 21

Note: Liguid concentrate: Gramoxone, Dextrone,
Gramonal, Cleensweep
Granular; Weedol, Pathclear

Of the 209 fatalities, 204 were due to ingestion of
the product, two were due to injection, one intra-
venously and one intramuscularly and in three cases
the route of exposure was not known.

Information was available as to the geographical
distribution of 173 of the fatal cases. In absolute
numbers most fatalities occurred in Greater London,

West Midlands and Belfast. However, this could be
due to the large populations and/or the presence of
centres taking an interest in the treatment of paraquat
poisoning. Figure 4 shows that, when corrected for
population differences, there are disproportionately
large numbers of fatalities (seven or more per million)
occurring in Belfast, Devon, Cornwall, Norfolk,
West Sussex and West Glamorgan—a pattern which
probably reflects the scale of the agricultural industry
in these areas.

Information regarding occupation was only available
for 67 of the 209 fatalities. Of these 39% had occupa-
tions which gave ready access to concentrated
paraquat products, the remaining occupations were
varied, with no obvious relationship to agriculture.

There are differences between the number of fata-
lities reported to the NPIS and those recorded from
death certificates in England, Wales and Scotland.
Both sources of data contain an unknown degree of
bias. The NPIS relies principally on voluntary report-
ing of cases, although since 1980 by following up
cases reported to the manufacturer or in newspapers
the surveillance has been more complete. Official
mortality statistics rely on the correct diagnosis of the
cause of death which has been shown to be inaccurate
in many instances of poisoning (Vale, Buckley &
Meredith, 1984). If the number of deaths reported to
the NPIS are compared to those reported by the
OPCS and Registrar General of Scotland, the
differences are small, e.g. 41 compared with 40 in
1982, 33 compared with 41 in 1983 and 32 compared
with 30 in 1984. The degree of overlap remains
unknown, requiring comparison of death certificates

-with NPIS records, and has not been possible within

the scope of this study. In Eire, mortality statistics
over the period 1967-1976 were obtained from a
study combining official mortality and PCC statistics
(Fitzgerald et al., 1978), whilst after 1976, statistics
were obtained solely from the PCC. There does not
seem to be any great jump in the mortality trend
shown in Figure 1 so perhaps differences between
PCC and official mortality statistics are in fact small.

b. Other countries Mortality data from a survey into
the incidence of paraquat poisoning amongst members
of the EAPCC is shown in Table 4 together with
information from other PCC’s and literature. There
are wide differences from country to country in the
annual numbers of deaths due to paraquat per year,
ranging from 1300 in Japan to 1 in Denmark and zero
in Sweden. There are also wide variations in the
number of fatalities per million population, e.g. 0.004
per million (USA) and 47.0 per million (Fiji). The
mortality ratios range from 74% in one French study
(Frelon et al., 1983), 58% (Fiji) and 52% (Poland)
to 0.6% (USA) suggesting that the proportion of
suicides and accidental exposures are different in
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Figure4 Deaths due to paraquat 1980-1985 (UK): Deaths per million population by county as reported to NPIS. (2 = 173.)

different countries. Although the figures are not strictly
compatible due to uncertainties with the populations
covered, they do indicate that some countries have
bigger problems with paraquat poisoning than others,

In France, paraquat poisoning has been monitored
in detail by Poison Control Centres (Conso, 1979;
Frelon, Merigot, Garnier et al., 1983; Ethymiou,
1983). Paraquat was first marketed there in 1965, but
fatalities were not recorded until 1973, rather later
than in the UK. Accidental deaths declined in pro-
portion to suicides over the period 1973 to 1977. All
deaths resulted from ingestion. Ethymiou (1983)
reported that although accidental and occupational
poisoning represented 74% of all cases, suicidal
poisoning was associated with the highest mortality,
as were the more concentrated products. Over a

three-year period only one child died. More cases
were reported in rural areas. Hence the situation in
France is very similar to the UK.

A series of reviews concerning poisoning cases in
Malaysia (Amarasingham & Lee, 1969; i
& Hee, 1976 and Amarasingham & See unpublished
data) found that paraquat has replaced arsenite as the
most commonly consumed poison. From 1977 to
1981 paraquat was responsible for 31% of all poison-
ing cases, with 79% mortality. The incidence of
males and females was similar and poisoning was
predominantly due to its suicidal use by the poorer
ethnic groups who presumably had greater access to
the product. Accidental cases of poisoning occurred
after the concentrated formulations were decanted
locally into poorly labelled containers,
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Table4 Fatalities due to paraquat reported internationaily (over the years 1980-1984)

Deaths Cases
Deaths per million per million Mortality
Population per annum population population y

Country (millions) (average) per annum per annum (a‘égtp Source
UK 56.6 37.6 0.66 33 20 NPIS
England & Wales 49.6 30.3 0.61 - — OPCS
Scotland 5.2 8.2 1.6 - - Registrar General
Denmark 5.1 1.0 0.20 - Copenhagen PCC
France 54.2 - - 1.7 - Wickstrgm*

20.0 (0.36) (0.5) 74 Frelan 1983
Germany (West) 61.6 13 0.02 - — Wickstrgm*
Greece 9.8 - - 6.2 - Athens
Eire 35 9.4 2.7 15.8 18 Dublin PCC
Netherlands 14.3 - - 2.0 - Wickstrgm*
Czechoslovakia 15.4 2.5 0.16 - - Wickstrgm™*
Norway 4.1 0.25 0.06 — — Wickstrgm*
Poland 36.7 4.3 0.12 0.23 52 Wickstrgm*
Spain 319 - - 0.9 - Wickstrgm*
Sweden 83 — - 0.07 - Stockholm PCC
Switzerland 6.5 1.8 0.28 1.3 21 Wickstrgm™*
Israel 4.1 1.5 0.37 — — Haifa PCC
Australia 15.4 — — 0.6 — Canberra PCC
Fiji 0.67 31.5 47.0 80.6 58 Groundar 1984
Japan 118.4 1300 11.0 — — Naito 1986
USA 232.0 1.0 0.004 0.7 0.6 AAPCC

* = Wickstrgm, E. personal communication

Population sources: Eurostat ‘Basic Statistics of the Community’ 1984 .

UK CSO ‘Regional Trends’ 1985

Prevention

A range of measures have been introduced or
proposed for the prevention of paraquat poisoning.

1. Communication

Information concerning the toxicity of paraquat,
correct usage and the dangers of inappropriate storage
should be given to agricultural and domestic users.
Product labelling is one way of communicating this
information. The earliest product labels for paraquat
gave no indication of its toxicity, but when the problem
of poisoning became apparent appropriate changes
were made and present day labels leave the user in no
doubt about the need to handle the product with
care. Labelling should be in an appropriate language
with symbols carefully chosen to be meaningful to the
user. For example in some parts of the world the
snake is more meaningful as a hazard warning of
poison than the skull and crossbones.

No matter how good the label, it cannot be assumed
that the user will read it carefully. It is therefore
important to use additional forms of communication;
posters and booklets such as those produced by

GIFAP (GIFAP 1983), appropriate audio visual aids
and educational campaigns by the press and television
regarding safe handling and storage. Media coverage
of paraquat poisoning can have a detrimental effect;
reports of individual cases, often sensationalised,
may influence others to use paraquat as a means of
suicide (Barraclough, Shephard & Jennings, 1977).
Therefore restricting or controlling such publicity
might help reduce the number of suicides using
paraquat (Hayes, 1980).

2. Packaging

Restricting pack size is an obvious way to limit the
dose likely to be ingested. Additionally the type of
package can affect the accessibility of the product.
The proposed Child Resistant Packaging Regulations
will not require child resistant closures for paraquat
containing products currently on sale in the UK since
they will not apply to solids or products exclusively
for use in agriculture [Child Resistant Packaging
Regulations 1986 (Draft)]. It is unlikely that they
would affect the incidence of serious poisoning in
children since children do not ingest toxic amounts of
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the domestic products or gain access to the commercial
preparations in their original containers. Accidental
poisoning with these products in adults and children
normally occurs as a result of inappropriate decanting
and labelling. Packaging changes are unlikely to
deter the suicidal patient.

3. Formulation changes

Changes in the concentration of paraquat within a
product will also limit the dose ingested. Thus the
marketing of a 2.5% w/w granular formulation repre-
sents a reduction in hazard from the earlier 5% w/w
formulation. It has been shown that the granular
formulation is less of a hazard than the liquid con-
centration (Table 3) and it has been proposed in
this respect that a diluted liquid concentrate, 10%
w/v, should replace the 20% w/v product currently
marketed.

Other formulation changes have involved the use
of ‘additives’. An unpleasant smelling ‘stenching’
agent was added to liquid formulations in 1975 and in
1981 a blue colour was added to liquid and solid
paraquat products to serve as a warning.

In 1977 a centrally-acting emetic agent, codenamed
PP796, was added to liquid formulations at a concen-
tration of 0.05% w/v and to solid formulations at a
concentration of 0.02% w/w. This concentration of
emetic was calculated to cause vomiting if the minimum
lethal dose was swallowed and in animal experiments
such a concentration increased the lethal dose of
paraquat by a factor of three to five (Rose, 1976).
Recently (1985) the concentration of emetic in solid
formulations has been doubled. Two authors have

<77 commented on the effectiveness of the emetic in

reducing mortality in man. In France it was concluded
that the <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>