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CHAPTER = T 1 ORGANOPHOSPHATES ¢ AN INTRODUCTION. ,....



1.1, Orgensphosphates s An Introduction

Chemical crop protection offers the possibility of
preventing & catastrophe or of obtaining a rapid increase
in hagvest in so far as pests or pathogens arce the limiting
gactors, ?im!: varisties cultivated to give high yields

 are often particularly susceptible to pests and pathogens,
"~ 80 that the full yield is achieved only with the aid of
chemical crop protection.

Mndian rice production for 20 years has varied Detwesn
1000 & 1500 kg/ha with large deviations, BDecsuse of intensive
cultivation iun.aaumn. the Japaneses vield j is much more but
still extreme varistion in the yield used to occur due to
the rice stem borer ( Chile suppressalis ) and the rice
blast { piricularis oryess ). In 1953 thers were considerable
loases due to P. orysss { see arrow in Fig, 1 ) which lead
to the importation of parathion, an organcphosphate
insecticide, alongwith a nmercurial leaf fungicide, Both
pesticides were rosponsible for a steep rise in the rice
production and monuments were erected iﬁo commgmorate the
event in Rangoku for Cexesan ( the me‘i:urza ) and 4n
Zentouji for parathien (1), Many cthnf mxea can be
cited,

, Thus crop protection has become one of the major
concerns of mankind, Positively foméiuhuda the problem
consists in dsveloping and making avaiwh optimal aqamﬁ
according to activity, toxicuy. ecauany and scology.
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Fig.1: Rice yields per hectare (1)

F1G.2: PERSISTENCE OF BIOLOGICAL ACTIVITY OF INSECTICIDES IN SANDY LOAM
soiL (2).
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‘In this vespect, the phosphoric acid esters present & vexry
vgawnrab;e class of compounds, for, by combining four
different aubbtttmtt on the central phosrhorous atom,

it is possible to £it the priperties of en asctive agent to
the specisl practical requirements,

The insecticidal action of the very sarliest compounds
such as parathion and diezinon have set a standard Wcﬁ
cven 20«30 yoars after their discovery, is difficult to
surpass, Toxicologically, this class of compounds has the
advantage, dus to their ester nsture, of being metabolized
in the living omanm to inorganic phosphates, The price
for this éam:ahle property 48 & certain acute toxicity
of the phosphoric acid esters, since, because of their
mechanism of action, the toxicity for msmals and thet for
insects cannot basically be separated. However, the
toxicologist prefers scute poisoning with 1its symptomatic
treatment rather than chronic toxicity with esnsuing
irroversiblo damage. In the meanwhile, relatively non-toxic
' compounds have also besn developed. '

Prom an ecological point of view too, the organoe
phoapha&as present & vory interssting group, In contrast
to certain chlorohydrocarbons, the problem does not consist
in shortening persistence but on the contrary of extending
the duration of action, particularly in the soil. A
comparative picture of the persistence of biological
activity is shown in Pigs 2.
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The danger, therefors, of the accumulaticn of
organcphosphates in our environment upto a toxic level is
very siight, ’ ' |

This class of conmpounds has also found use in other
£ields, although the emphasis will certainly remain on

their use as insecticides. Estors such as para oxon or

phosphoric esters of penitrophsnol are known to have &

marked miotic action and are used in human medicine to

treat glaucoma, A series of less toxit¢ compounds is also
used in veterinary medicine, A broad development has begun
in the field of fungicides, The first practically appli-
cable herbicidas and growth regulators ste Jm becoming
availeble and recently phosphonomycin, an antibiotic,

has besn introduced,’ " ’ '

It would not be an exaggeration to claim the
orgenophosphates to be the most fruitful class of compounds
that man has found in his efforts to secure his physical
existance,

Hagexds of pesticids use 3

There has been a very rapid increese in the use of
pesticides in most davelops.ng. countries, and in many
instances, the safety services f£ind themsalves overvhelmed,
Laws governing the importation, registration and handling
of pesticides may be lacking and even when they exist,
many governments lack the technical and administrative
capacity to implement them, Those who apply pesticides
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in the field msy have very little notion of the dangers
involved. The large number of cases of poisoning reported
from certain countries indicates clearly that the technology
of pesticides has outstripped the social and legislative
development needed for their proper contxol.

Thus, for example, Hayes & Vanglin reported a total
of 32 and 35 deaths due to pesticides in 1973 and 1974
raspectively, in the United States (3). They also found
that most pmmmﬁs in 1973 'Sm'a 1974 wore nmmmaumai

and involved gross carclessnoss,

About 2500 cases of malathion poisoning occured
smong spraymen in Pakistan, five of which proved fatal (4).

mam; whether due to single or repeated gxposure,
is the basic tox&calaéwal factor involved in all occupa=
tional and accidental exposure, Such exposure may result
not only from the actual use of pesticides but also fxom
~ poor storage, bad labelling, failure to recognise that the
material is e poiton an@ use of pesticide containers for
food snd Arink. Illiteracy and low sducationsl standards
may algso bo important factors contributing to overexposure,

The next most important factor 4s the form in which
the mwnd is used, as the materisls used in formulaticn
may contrilute to its toxicity.

The route of exposure is also important. Almost
averyone understands that ingestion of pesticides is
dangarous, Pgiaaoximuy. this knowledge itself leads to
their inmsﬁw with suicidal intentions.
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Exposure can also octur due to ‘inhal‘?atlm, and by
absorption through the skin, The denger incyeases with
tenperature, In hot weather, sbsorption through the skin
is more rapid, volatilisation of the pesticide is also
more rapid and the equilibrium concentration of & given
compound 4n the air is higher. Therefore, both skin and
respigatory exposure may be incmaaada

Animal studies show that toxicity may vary £rom one
individusl to snother and also wzth strain, sex and age.
In man, however, these factors seldom ceuse marked
differences in mﬁxmuw to these peaticides, The
greatar susceptidility of children to parathion is one of
the exceptions to this rule., Also, so £ar there has been
no example of human pesticide poisoning umlttnv from a
genetic abnoxmality. Pecple with abnormal plasma
cholinesteruse levels are not muaﬁally; susceptible to
organophosphete pesticides,

Other factors such as nutrition, endocrinological
status, disesse, relative hmmiem, pressure and altitude,
light, fonizing radiation and circadian rhythm ere slso
influentisl in the occurance of poisoning.

Inpuritics are sometimes introduced during manufacture
or formed during storage as a result of interaction

| betweon the active ingredient and “inert™ carriers or

diluents, Improper handling can also lead to impurities.

The poisening incidence in Pakistan has brought into



focus the hazards of :mpui'itio;s thadt. can s.tiareaso‘ the
toxicity of a pesticide formulation{ 4,5 ).

In the Pakistan incident, isomalathion was implicated

as the main cause of increased toxicity.

- When considering the various factors that contribute
to toxicity, their relative importance should be borne in
mind. The most important way of reducing the danger is,
of course, limitation of exposure.: '

1.3,

1.3.1. 'mtianw of Action In Mammals
1.3,1.1, The Memmalisn Nervous System

Organophosphates exert their biological action in

mammals by attacking the system of naﬁmnal transmission,

The basic structural uwnit of the nervous system is
the neuron, esééntially'a cell having a nucleus and
nunBerous f.ibres‘ { dentrites )} leading away from it. These
fibres are responsible for the trangmission of impulses
from the ceall body to oéhex: neurons or to the receptors.
The simplest neural action in vertebrates involves the
participation of several neurons which form a cdriunon
functional path, The intemeuronal transmission necessary
for such participation is mediated through functional
@onjunettons called synapses. They @:onai‘st of a presynaptic
membrane and a post synaptic membrane which are 100-200 A°
apart ( ‘the synaptic "gep“ ). The action potential
(presyneptic impulse) is built up by selective Na* ana x*

concentration changes ( "ion pump® ) and arriving at the
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synspse induces a corresponding postsynaptic reaction,

- The impulse is trensmitted in the synapse by & chemical
mechanism, On the presynaptic ami wyx choline (ACh)

or non adrenaline is liberated and is attached to receptors
‘on the postsynaptic side, thus altering the parmeability
of the membrenes to ions, which then results in tho build
up of a postsyneptic potential, The synapses and the
myonsural jmmumi of the motor and the parssynpethetic
systam, as wall as the ganglia of the sympathetic system
transmit ’tma presynaptic inpulse Aby means of acetyl choline,
to the postsynaptic side. The neuromuscular junctions of
the synmpathatic systen are umum by noradrenaling, It

. . 48 possidla that the adrenergic machanism too is set in

motion primarily by scetylcholine (8).

In opder to bring the acetylcholine induced action
potential back to the resting potential to facilitate the
transmission of a new impulse, the stimulant in the synspse
must be degraded, Degradetion is effacted by the enzyme
acetylcholinesterase, vhich hydrolyses the acetylcholine
to acstic acid and choline, A second engyme, chounc-bf-
acetyl transferase is cspable of esterifying both compounds
to acetylcoholine again, with the help of ATP & Coengyme A.
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3/ ¢ )
| E"Volunta:y )
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Na/8:Agonist adrensline antagonist sm&eholwwa .

Figed « &chema of Nervous system -

(After PFest & Schmidt (7) ).

m active émmophesphatna function by b&ac‘king
aeetyic:haunemzarwe* This inhibiticn results in an
accumulation of acetylcholine at the paatsynaptic membrane
which 1s then unable to retum to its original {resting)
state, Depending on the paxt of nergous system in which
the synapses are thﬁs kept in a state of pemmanent’
stimulation, symptoms of predominantly nimtinié; muscarinic

- or contral poisoning are noted, In addition, toxicity
unrelated “ta inhibition of Acatylchollnesﬁér§aéﬂ‘:g?ls seen.
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In classification of enzymes suggested by the snzyme
commission this eneyme is known as acetylcholine
acetylhydrolase (3,1,1.7,) (8).

Its molecular welght, dstermined by sedimentation
equilibrium is found to be 2,60,000 + 10,000 (9). The
native m&ecﬁia of AChE consists of four sub units of
average molecular weight 64,000 ¢ 4000, This encyme is a
dimer, each protomer consisting of two nonidenticel chains,

In addition to acetylcholinesterase a second
cholinester hymlwmg engyma is found in the sexrum of
mamals as well as in insects, vig, acetylcholine
Aicymmhse {3.1.1.8), ma hydrolyses butyrylcholine
at a considerably faster rate thsn acetylcholine
acetylhydrolase, '

Both enzymes beleny to & group of hydrolases (3.1.1.)
which at their site of actien contain similar amino acid
segquances with participation of serine,

Engyme E and substrate 8 form a complex "ES" which &n
the case in question splits of choline and changes to
. acotylated engyma EAC, In the £inal stage, hydrolysis
i‘:akes\ place, with reformation of enzyme and scetate which
together with choline returns to the acetylcholine synthesis.

¥ x
E + B waws> RS weeey  BAC + P
{Acetyl {Acetyleted (Choline)
T choline) mgm)
- E + AcOH

Pig, 4 ©&cheme of acetylcholinesterese function,
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The ietivq center of the enzyme has two active sites,
The anionic ( negatively charged ) site binds the cationic
part of the substrate by Coulomb forcesy it is presumably
the carboxyl group of an amino dicarboxylic acid such as b

glutamic acid,

The esteratic site conteins the primary alcohol group
of the transfer amino acid serine, together with activating
écié and basic groups. The basic groups sﬁe probably the
imidazole rings of the histidine molecules (see Pig.s ).

S ———— —
. oo™ HeA -  CH,OH

N NN N NH |
Basic ° Anionic Acidic BasYC Serine
group I group group group II :vé-‘x;;xyl
, groug

Fig. 5 Schematic representation of acetylcholinesterase

By taking charge of a proton, one imidazole ring

- activates serine alcohol into a form capeble of being
acetylated, After a cmfematiénai change in the active
site, a second imidazole ring facilitates the analogous
reaction with a water molecule. The rasultant hydroxyl
ion serves the purpose of hydrolyzing the acetyl serine,
The acid group in the esterase part has not yet been
identified, Its role is presumably to protonate the ester
oxygen in acetylcholine (See¢ Pig. 6).

The rate of constants in ‘this reaction Bequance are
extremely high, Thus the time required for the complete
hydrc;lysi.s of ene Ach molecule (the “turnover time”) is only
80 microseconds (10). |



Fig.60. Enzyme substrate complex Fig.6b Hydrolysis of acetylated
(schematic) (“Michaelis complex™) AChE (schematic)

FIG.7: POISONING OF AChE
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1.3,1.3, "Poisoning® of AChE

‘tThe reaction betwsen AChE and most organophosphate
inhibitors occurs only at the esterstic site but procesds
in a comparable fashion, Here the resultent phmpho:yhted‘
engyme 18 extremely stable (See Yig. 7). If the attached
alkyl groups are ethyl or ‘met,hyl. significant regenheration
of the snzyme by hydrolytic cleavage requires several hours.
vith isopropyl groups, virtually no hydrolysis occurs and
the return of the AChE activity is dependent upon synthesis
of a now enzyme, a process requiring dsys to months (11),

1.3,2.4¢ "Aqing" of AchE

| In the sarxly atiﬁ:a; the phosphorylated Ache can be

regensrated both in vitro and in wivo. This yeactivatabllity
| decreases progrescively until an irreversible stage of

inhibition 18 reached in which substances such as = PAM
no longer show a reactivating action. This is called the
"aging"of AChE, The generally accepted cmmai explanation
for aging is that in phosphoryl serine one azkoﬁy group
is md:olymd or de-alkylated. The zesulting diester must

be hydrolytically inert.-
2

00— B e e €0 OH a0 —e— NH e CHo— CO
| ’ |
Ny ‘P a
| OR o—p
0 g\on
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Benachop and Xeijer were thus able to show that the rate
determining step in the aging resction consists of the
unimolecular fission of the C«0 bond in the alkoxy grouplla),

nowledge of the nervous system 0f insects, of its
chenical function, and of the biochemical injuries ca'nae&
by insecticides is not as soundly based as it ought to be,
considering the economic importance of noxious insects,
However, tha most w::runt hypotheses are the following (13):

1: The most reactive inhibitors effect a rapid
scoumulation of scetylcholine in the synspses, This high
acetylcholine concentration, on one hand, protects
cholinesterass against further inhidbition and on tho other
increases the nervous activity and knowkedown,

2, Orgencphosphates react not only with the enzyme
acetylcholinesterase but also with the mmpmr site,
whereby cholinestersse inhibition levels at knockedown can
be influenced, Reaction at the receptor would antagonive
the effact of Che inhidbitlion i.e. the accumulation of Ach,

3, Organophosphates svoke the liberstion of endogenous
substances which stimulate elm:icaif activity and which
sffect an excess of acetylcholine and subsequent knockedown,
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14,  genttrothion
1,441, W 1

Fenitrothion is o-ﬂ-dimthyluo (3 mthyhhnitmphmyl)
Fhosphorothioate, _Bayer 41, 831, Ggﬂumspa;
Molecular weight 277,28, Ce38,99%, M.Mﬁ. He5,08%,
028,85 %, Mz.ma. S«11,87%s & yellow oil dp 118%,
n?3 1,8528, 43 1,3227 U,v. Max, 269,5 rm (6'6?5%).

It is practically insoluble in water, has a low
solubility in sliphatic hydrocarbons and is seluble in most
organic solvents (14).

 Fenitrothion, sn organcphosphorous pesticide, was
described by Schrader (18). It is menbder of the
"parathion® series. |

CHa .

u |

ﬂaﬁaﬂvﬂ . . CHAU

(1)' : - {11)

Fig. 9 I. Parathion II, Penitrothion



The methyl substitution in the phenyl ring decreases
toxicity withwé significant alteration in the biologicel
activity, Parathion has LDy, in rats 3.6 - 13 mg/kg or;nllyf |
whereas Fenitrothion has only 250 mg/kg orally (14).

Stability towards hydrolytic influences is also inproved (16),

Pure Fenitrothion has no inhibitory power towords
acetylcholincesterase but is converted easily to its oxo
form by engymatic oxidation in vive and this oxo form has
high mmtotv power {16).

| ™ . 5“3
s ' | 0
msculslﬁaz o > m3o-¥-o-<©§.~oz
e o

Fig, 10 Ensymatic oxidation of Fenitrothion.
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Fenitrothion has the following effect em various ensymes.
1. Depression of rat brain cholinestersse (17)

2, Depression of rat plasms cholinesterase (16)

3. mpudam 0f rat REC cholinesterase {18)

4. Depresaion of fish suceinate dshydrogenass (19)

' B¢ Stimulation of £ish lactate dehydrogonase  (19)

- 148,

1.8.1. Manifestations of toxicity due to cholinesterase inhibition

'rha effocts of scute intoxication by enti«ChE agents
. are manifested by muscsrinic and nicotinic signs and |
synptoms, and, except for compounds of extremsly low lipid
solubility, by signs referring to the CNsS, Effects may
jeneralized. Local sffects are due to the
action of vepours or serosols at their site of contact

with the ayes or respiratory tract, or to the local
absorption after liquid contamination of the skin or mucous
menbranes, including those of the gastroeintestinal tract.
General effects follow systemic absorption by sny route,
They sppear most rapidly after inhalation of vapours or
serosols and severe effocts may then be present within a
fev minutes, In contrast, after gastroeintastinal and
percutanecus absorption, the onsct of symptoms is delayed.

After local exposure to vapours or aerosols or after
their inhalation, oculsr and respiratory effects generally
sccur £irst, Occular effocts include marked miosis,



con junctivel congestion, ciliary spasm and brow aehéf

along with watery nasal discharge. Respiratory effects
consist of tightness in the chest and wheezing respiration
due to &Q@g?bmauon of bronchoccnstriction and increased
bronchial secretion, Gastrowintestinal signs occur earliest
after ingestion and include anorexia, nausea and vomiting,
abdominal cramps and diarrhoga.

-

of liquid, localized
sweeting and muscular fpsciculation in the ifmmediate

With percutaneous absorption

‘“v”'%cinxty are generally the earliest manifestations,

Muscerinic effects include extreme saslivation,
involuntary M&gqgtion and urination, sweating, lacrimation,
bradycardia and hypotession.,

Ricotinic actions at the neuromiscular junctions of
skeletal muscle usually consist of fatigability end
generalized weakness, involuntary twitching, scattered
fasciculation and eventually sweke weskness and paralysis,
A central component of action contributes to some of these
eifec;:i;}’{wm most serious consequence is the paralysis of
the respiratory muscles,

QIS effects include ataxia, slurred speech, loss of
reflexcs , Cheyne-Stokes respiration, generalized convulsions,
coma and central respiratory paralysis.
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The time of death after & single acute exposure may
range from less than f£ive minutes to nearly 24 jours,
depending upon the dose, route, agent etc,

The cause of desth is usually respiretory failure,
usually sccorpanied by a secondaxy cardiovascular compenent,
Muscarinic, nicotinic and central actions, all contribute
to raspiratory embarassment. They include kryngamam,
broncheconstriction, increased tracheobronchial and salivary
secretion and peripheral snd central respirstory paralysis,

In a yecent study on mice Vadlamudi et al,, have
reported an oral LDg, of Fenitrothion to be 884 mg/kg and
the following symptoms » (20) '

Respiratory distress, lacrimation, salivation,
corneal opacity, shivering (musculer fasciculetion) end
clonic cenvulsions ionm by death,

1.5,3, Zrestment

History of exposure, characteristic signs and symptoms
along with determination of plasma and erythrocyte m_
activities will generally estadblish diagnosis,

Atropine in sufficient doscs effectively antagonices
muscaric actions at the receptor sites including the
increased tracheobronchial and salivary secretions, the
bronchecenstriction, the autcnomic ganglionic stimulation
and to & moderaste extant, the central sctions, It is

| virtually without effect against the peripheral neuro=
muscular mmaucn and subsequent paralysis,:



The last mentioned action of anti«Cht agents as woll
as other peripheral effects can be reversed by pralidoxime,
a cholinesterase reactivator, The rocommended adult dose
of pPralidoxime is 1 gm, injected intravencusly in not
less than 2 minutes. If weekness is not relieved or if it
occurs after 20 minutes again, the dose may be repeated,
-Early treatment is very important to ensure that the oxime
reaches the phosphorylated ACKE while it can still be

© peactivated, In late stages, the sngyme gots irreversibly

demaged.

In eddition, certain general measures may be neesssry.
These include -

1. Termination of exposure, by rmaim‘i of tha patient
or appiication of & gas magk ié the atmosphere is contami-
nated, copious washing of contaninated skin or mugous
membrane with water or gastic lavage,

2+ Maintenance of a patent airway

3. Artificial respirstion if roquired

- 44 Oxygen administration |

Se Allaviation of persistent convulsions by trimethae
dione ( 1 g, i.v. &t every 15 minutes to & maximun of 5 gnm,
or Scdiun pentothal « 2,8 % solution, 1 ml.) and

6, Treatment of shock

Atropine 1s used in heroic doses, fer excecding those
used in nommal practice. Thus, while the dose required for

pﬁmmﬁh&tm medicstion and gastroeintestinal or renal
/ ' o



colic 48 0.6 ng and toxic symptems such as palpitations,
dryness of mouth and blurring of vision are evident at a

doae of 2 mg, the dose required in qmmaphcaphﬁmus
poisoning may be as high as 50 mg. Following en initial
injection of 2 to 4 mg intravenously ar mtzrmmalariw

the 2 mg dose nm.td be gepeated Wwy 3 to 10 minutes

until muscarinic symptoms disappesxr and also if they
resppear. A mild degree of atropinization is then mnaintained
by the oral adninistration of 1 to 2 mg &t intervals of
scveral hours as long as symptoms ere in evidence.

while the phosphorylated esteratic site of AChe
undergoes 'hmalwm regenaration at & slow or negligible
rate, ¥Wilson found that the nucleophilic agent Hydroxy=
lanine (NH,OH)can reactivate the engyme much more rapidly
(21). 1In the seaxrch for more effcctive reactivators that
followed, a large smrnSer of hydroxamic acids (RCO-NHOH)
and Oximes (RCHsNOH) were shown to have this property.
From the dota that accrued, it was predicted that highly
effectiva reactivation should be produced by a molecule
conteining both a quaternary Neatom and an oxime group,
apaced at an appropriste distance.

This goal was achieved to a remarkable degree by
Wilson and Ginsbery with anudpm (hﬁ@w&»hmthyl
pyridiniun chloride oxime) (22).
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Fige 11 Cholinesterass reactivators,

Cextoin bis~quaternary aminos were shown £o be even more
potent as reactivetors e.g. Obidoxime chloride (1,1' »
(Oxyotmethylens) bis (éwformyl pyridiniun) dichloride dicxine
(w08 Pig, ).

then the queternary somoniun gmw of Pralidoxime ie
attracted electrostaticnlly to the anionic site of the enxyme,
the oxime group Of the former 1o oriented optimally to exert’
nuclecphilic ateack on ths electxophilic phosphorous atom
of the phosphorylated esteratic site, The oxime phosphonste is
then split off, leaving the regencrated ensyma (Ses Pig.12),
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The velocity of reaction of reactivaticn by
Pralidoxime waries with the nature of the phosphoxyl
group and in general follows the same sequence as the order
fof sponteneous hydrolytic reactivation i,e, dimethyle
phosphoryl = AC!’I.E) di~ethylphosphoryl A@E‘} dtéiaopro-«
pylphosphoryl ‘AChBo,

aAll types of phosphorylated ACHE undergo a fairly
rapid process of aging so that within the course of minutes
or hours, they become completely resistant to the reactie
vators, The aging is probably dus to the splitting off
of one alkyl or slkoxy growp leaving a much more stable
monoslkyl or monoalkoxy phosphoryl ACKE (12). |

The reactivating action of oximes end hydroxsmic
acids in vivo is most marked at the skeletal heurcmuscular
Junction, response being restored in s fow minutes after
. intravenous injaction, Effects are loss striking st
autonomic effector sites and insignificant in CNS (except
with the nonquatesnary compounds such as DAM)

High doses of Pralidoxime and related compounds can
in themselves causg a neuromuscular blockade and other
effocts, including AChE inhibition,

¥ £ 4 minaam ia mh&m intravenously much more
repidly then the rocommended 500 mg/min., it cen cause
mild weakness, blurrecd vision, diplopis, dipeinens,
headacho, nsusea and tachycardis, |



The oximes a8 & group are largely metaboliged by the
liver end breakdown products are excreted by the kidney.

¥luorine containing alkylorganophosphates (e.g. DFP)
and triarylphosphates (triorthocresyliphosphate) 4néuce a
peculier typé of neuro toxicity. A severs polyneuritis
begins scveral days after exposure to a sufficient amount
of the toxic compound, It i manifested initially by
verkness and ready fatigability of the legs and apms,
ma@& tendon reflexes, muscle twitching, fasciculstion
and tendormmess, In scvare cases, the weakness méy proceed
to mm £laccia p.araly‘aia that is often succeeded
after wecks by a spastic paralysis with a concomitant
exaggerstion of reflexes, Muscles show a marked wasting.
Recovery may require 2 or more years,

The pathologic lesion is characterized by wnal
swelling, segmentation and eventual breakdown into granular
debris. The matked demyslinetion 4s probebly Bamhaary to
the axcnal changes. | |

The pathways involved include the sciatic nerve, the
spinoecerebellar tract, posterior columns and anterior
tracts in the spinal cord and the lateral tracts in the
medulla,

Reither the biochemical basis nor any specific therapy
for the neurotoxic syndrems is known (23). However, it
doas not sesm to be dgpendent on ChE inhibition,
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2t 15 well known thet low moleculsr weight compounds,
whan linked %o proteins or polypeptide m&en will
slfcit the production of antilodies capable of rescting
specifically with the hapten used. 7The aawwpmt of
sensitive methods of detecting and mﬁ&twﬂ‘m gesctiona
betwean hapten and antibody, and the pertection of
techmiquas for odtaining highly purified proparations of
antihepten sntibodies, heve played a significent role in
the development of modern irmunological concepts,
Antihspten sntilodies have proved particularly ussful in
the study of antigenic determinents, structural requirements
for fmmunogenicity, the nature of sntigen antibody reactions,
and the chenical, physical and biological properties of
antibody (24). |

This branch of immnopharmacology schieved s major
triumph when Smith and coworkers successfully reversed
sdvanced digoxin intoxicstion with digoxin-specific
antibodies in a human patient, 7They state * Our previous
axperience with digitalis intoxication of this magnitude,
togsther with thet of others lesds us to believe that the
present cess would have had s £atal outcome without this
intervantion® (28).

Much mxomuum concerning complementarity of f£it
betwesn antigsn and antibody derives from the studies of
antidodies against asimple substancos Of known cobposition,
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Antibodies against a hapten can be studied by 'Ttheué o '
interaction with substasnces o.é known configuration which -
‘8re structurally relsted to the original hapten, The
structural features that are of importence to the
intoraction can thus be evaluated (26).

he specificity conferred on these antibodies makes
them invaluable as pharmacological agents for research
"inta the mechanisms of action of phyasiological and
pharmacological agents, Thus Gupta and thide were able
to demonstrate the role of S«hydroxy tryptemine in scute
inflammation and anaphylaxis, using an antidbody specific
to S~hydroxytryptamine (27).

From a chemist's point of view, antibodies are
important not enly as naturally occuring substahces with
biochemical reactivity, but also as analytical roagents
to identify a substance, to differentiate between very
closely relasted substences, or even to determine
quantitatively how nuch of a substance is present.
mtihod_i.ea have an advantage in that they offer a means
of preparing & large variety of tﬁwiﬁc chemical reagenta
by a single general method, It can even be labelled as
with fluorescin or a radioactive isotope so that it can
o locatod at a microacopic level (2654

The radioirmunoasssy technique, developad by Begrson
and Yellow provides the pharmacologist with a powsrful
technique which can be utilized for pharmacokinetic aﬁalmin
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of hormones and drugs, in various bioleogical £luids,
Labelled hapten is incubated in the presaence of the

- specific antibody to form a labelled hapmna-mgtbody
complex,

Hapten*® + Antibody w-wm=--- Hapten s antibody complex

I£ to the incubation mixture serial additions of
unlebelled antigen (hapten) are made, there occurs a
competition for the available binding sites on ‘the anti-
body. Thus two species of hapten antibody complexes are
formed -~ a8 labelled hapten - antibody complex and an
unlzbelled hapten antibody complex.

Hepten* + Hepten '* Antibody wew=w Hapten* aAntidody ¢+
Rapten antibody

Consequently, the amount of label complexed to the
antibody will be a function of the concentretion of the
uniabelled material. A curve shown in Fig. 13 45 obtained.

One can also exprees the data on the basis of the
ratio (B/F) of labelled antigen bound to antibody (B) to
free labelled antigehr (P) as a function of the concentya-
tion of unladamlied antigen, as in Pig. 14.

For the assay, a dilution of the entiserum is
chosen which gives & B/F ratio of 0.5 « 0.7 in the
sbsence of added unlabelled antigen. To oktein the
standard curve, unlabelled hepten is then afded in varying
concentrations to the incubation mixture, containing the
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diluted antiserum and a constant concentration of the

labelled hapten, Unknown samples are added instead of the
unlabelled hapten of the standard curve, Concentrations

are then determined by comparison with the standard curve (28},

Thus, for accurate estimation of small amounts of drugs
as well as neutralisation of drug actions, the antihapten
antibodies form a specific, sensitive and thetefore valusble
tool. |

Biologically active molecules for which entibodies heave
besn reported,

Reference No,

Megdiators

Catecholamine 30, 32
Serotonin 32
Melatonin 33, 3¢
Histanmine B |
ABeendorphin 36
Prostaglandine 37, 38, 39
Angiontensin X% | 40
Bradykinin o . 41, 42
cGMP . 43
CAMP - 43, 44

Substance P 45



Analgesics
Aspipin
Codsine
Fentanyl
m&w&a
Morphine
antipyrin

Adeiasmycin
Amikacin

Chloramphenicol
Daunomyein
Gent.emycin
Isoniesid

Penicilliin
Sulphonamides
Tetracyclin

Sulthiame

Saralasin

Methotraxate

46
47
48
49 -
50
51

52
$3
54
52

56
87

88
59

€0, 81
62

63

64, 65
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Digitoxin
Digokin
Gitoxin

Steroids
Aldosterone

Corticosteroids
Cortisol

36

67
€8, &9

7
71
72
73

74
ki

76

(k)
78
79

81, 82

g3 & &% 2



Methoxyprogesterone
Ethinylestradiol
Testosterone

Mestranol

Estriol

S« ( »dihydrotestosterons
atﬁethylpmﬂniaome
behydroepiendrosterone
Horethisteronas
Estradiol

Norgestrol

Pradnisone
Androstenedione

Amphotamine
sStrychnine

Ergotamine and Exgochristine

Cotinine
Ricotine

Nenitrosonormicotine

Chi&iiavepoxide
Chlorpromazine
Diszepsm '
Mophenteramine

g 3 3

1} §
92
93
94
95
96
97
98
99

io0

101

o2
103
104

106
107
loe
109

37
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Thyroxin | 10
Chorionic gohadotrophine 111, 112
Thymopoetin | 113
atropin : 114
Calcitonin 118
11an
Se-mothyltetrahydrofolate . 316
ApApA 117
IgM Rheumatoid factor 118
NeNedimethylindolalkylamines 119
Dihydroxycholecalciferol 120
seeever

In order to elicit asntibodies to small molecules of
molecular weight 1000 or less, these molecules must be
conjugated covalently to protein or polypeptide carriers.
Thus the low molecular weight compound (“hapten®) must.
possess at least one functicnal group that can be used
for attachment to the available functional groups on the
carrier, under chemical conditions which neither csuse
significant structural alteratfons in the heapten nor
produce significant denaturation of the carrier to render
it insoluble, Table 2 gives a summary of mothods of
covalently linking a drug to a carrier protein,
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{After Lenden (121) ).

Functional
group on druy Method of conjugation
 carbosyl 1, Use of isobutyl chloroformeste to form a

Aromatic amino

Aliphatic amino

Nitro

Hydroxyl

mixed anhydride which will react directly
with protein amino groups to form peptide
bonds,

24+ Use of carbodiimides (ReN = € & NuRY,
whero R and R* are alkyl or aryl groups).

3. Use of Nehydroxy succinimide in presence
of dicyclohexylcarbodiimide to form the
Nehydroxy succinimide ester, which will
be more active than the f£ree cagboxyl
group.

Direct diazotiszation to the active position
of tyrosin trypteophan or histidine residues,

1., Use of carbodiimides,

2. Use of glutaraldehyde to link amino groups,

3. Use of 2«Xylenediisocyanate or toluene
2«4 diisocyanate to link amino groups,

4. Use of {-nitrobengoylchloride to form
d-nitrobencoyl amide which can then be
raduced to 4-aminobenaoyl derivative and
linked by diasotization,

Refduction to an amino group and then as
above,

1. Addition of equimolar proportions of
anhydrides of dicarboxylic acids _
(0,0 suceinio)to the drug to give half
esters (hemisuccinaste) and the f£ree

carboxyl group can then be linked as nbdva‘

2. Introduction of a carboxyl group using °
w=half substituted cardoxylic acids.

3, Pormation of a chloro carbonate with
phosgene and use of the schotten~Baumann
raection to link it directly to amino
groups on the carrier molecule, -



Carboxyl

Active hydrogen

4. Use of oxidizing agents to convert the
alcohol into a carboxylic acid,

1, Fomnation of O~ {(Carboxysmethyl) oxime
using O~ {Carboxymethyl) hydroxylamine and
:g:ctian of the free carhboxyl group as

DOVE .

2+ Introduction of & carboxyl group using
dehydracinobengoic acid.

3+ Behiffebagse formation Girectly with
primary amino groups on the carrier
nolecule,

ls Direct conjugaticn using the Mannich
reaction.

2. Reaction with diagotiged d-aminobenzoic
acid to give a derivative with fm
enrbaxyl group,

2.2.2. Choice of carrier

Because of their ready availsbility, low cost,
axcellent immunogenicity, high dcgm@ of solubility and
reletive resistance to denaturation under somewhst
rigorous chemical conditicns, serun albunine of various
species have been used as carriers most £requently,
Various serum globulin fractions, f£ibrinogen, ovalbumin
and hasmocyanin have alsc been used, |

Recently, synthetic polypeptides have often been
used as carricrs of bilologically sctive haptens. They are

less immunogenic and much more expensive. However, they
are totally free of natural products and thus do not
elicit sntibodies to albumins and other proteins that may
impair .tha usefulness of the resulting antisera, The
subject has been reviewed by Seba (122).
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2,2.3. Ireunisstion procedures

After removal of unconjugated hipten and other
- chemical byeproducts of the oonjuqntipn reaction, hapten
carrier conjugstes may be used to imminice experimental
animals,

2+2+3.1.Routes of fnoculation

&) Intradermal:s This route provides rapid access to
the iymphatics and may be used with or without
adjuvant,

- b) Ws This is a convenient route and one
from which the amtiqen. will be absorbed relatively
slowly. It is useful for booster injections in order

- to minimige the risk of ansphylactic shock. It should
not be used for complete FPround‘'s adjuvant since this
leads to an ulcer, leading to loss of the depot.

c) W: The route of t:hoi&a for complete
Freund's adjuvant, it is also suitable for other
adjuvants, It prcvmea rapid access to the ai:euueim
and lymphattca but in the sbsence of an adjuvant,
soluble antigens may become diluted out and lost, 01l
emulsaions rapidly break down into ama@n'aicba that ‘110
along fascial planes.

4d) Intravenocus 3 This is the route of choice for
particulate antigans, and antigens abdorbed onto alum,
¥or slum adsorbed antigens a second subcutsncous depot
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is advisable., Multiple smulsions cen be given by this
route if primary dispsrsed phase droplets are smsll end
even in size. The response is rapid but not sustained.

e) Fock-pad 1 'cmp:tem Freund‘s adjuvant inoculated
into the foot-pad causes severe swolling, ulceration and
necrosia of the foot. It should be used only when
absolutely necessary e.dg. when the object is to oxamine
the dratning lymph noda. Also, it should be put in only
cne foot of the ap;mal, as the inoculgtion of more than

ong foot cen cause gréap distress.

2.42+3.2. pdjuvants

Adjuvants are substances which when injected with
antigens {(or given prior to the antigen) non-specifically
enhance or modify the immune response to that antigen,

The most wifely used adjuvents sre of three general
types - 1) aAntigenedepot adjuvents s Freund's incomplete
and complete adjuvents and slhydrogel
(Aumindum hydroxide gel, Al (OH)y (123).

2) Bacterisl adjuvants 1 Corynebasterium paryum,
Bordetells pertussis and the synthetic adjuvant
muranyl dipeptide (an anslogue of a portion of
the peptidoglycan of the bacterial cell wall)

- 3) Amphipathic and surface~active nﬁjuvanéa s
Sapondn,

The most widely ﬁsed adjuvant is the one introduced by
Freund, In its incomplete form it consists of a neutral
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detergent (Aracel 'A') in light paraffin u’"}.h The complete
form consists of paraffin oil, Aracel ‘A’ and killed
myccbacteria, An aqueous solution of the antigen is
emulsified with the adjuvant by a shearing effect, to give
a water-in-oil emulsion.

The two compenents - paraffin oil and killed
mycobacteria -« gerve different functions i

1) parsffin ol +

Paraffin oil works by releasing the immunogen slowly
over a ccurse of weaeks, thus preventing its repid upteke
into the circulation, This avoids rapid Gegzadgﬁon of
the immunogen by circulating enzymes, anéd in caese of certain
hormenes such as insulin minimizes any direct physiological
affect of the immunogen on the precipient,

Their use results in a greater antibbdy response than
is stimulated by antigen in a simpel water-ineoil emulsion
and in some animals e.gs guinea pigs, there is an unusually
potent production of some classes of ‘mmmm:n; Cell
medisted immunity is enhanced, the monoenuclear-phagocytic
system 48 stimulated es judged by carbon clesrance tests
and macrophages are activated, |

The udjwant' also stimulates the formetion of local
granulomatous lessions which may act as focl for antibody
formation, Mowever, it also leads to the formation of an
abscess at the inoculation site,
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1. The £irst injections of antigen serve to ‘load’
the animal, Thus until the animal cen clear the load by
entikody production or normal cetsbolism, further injections
may wall be an embarrassment,

2. ¥When antigen is adninistered in a long lasting
form as when dispersed in Pround's adjuvang, enough antigen
seens to persist 'ta provide anamnestic recall over a long
period of time with a sustained production of antibody,

3. In species that develop a high sensitisation to
tubereulin e.g. guinea pig and rabbits, reinjection of
antigen in complete Preund‘s adjuvant leads to a violent
inflemmatory response to the mycchacterial component.
anf:e secondary "Booster™ injections should have a.
reduced mycobacterisl content,

4, The production of hapten-gpecific antibody by
injection of artificially conjugated proteins is difficult
in rabbits. Antibodies develop first to the whole complex
and predominate throughout the course of immmization,
Hapten specific antibodies sppoar late and in relatively
fev individuals to & satisfactory level.

Lader ot al,, have found the intradermal route to be
quite sconcmical of fmmunogen and time (124). They used
100 micrograns antigen for primary injections and



S0 micrograms for the boosters, Aquecus solutions of the
antigen ware emulsi ﬁ:led with Pround‘s adjuvant, and 40
injoctions of 50 ul each wero mades on the shaved backs and
1imbs of oach rabbit, The bméﬁgm weré given on 70th day
from the primary injection and the final bleeding was
carried out on 84th day, Route used for boosters was the
intramuscular route. This achedule compared fsvourably with |
enother one in vwhich intramuscular injections were mado on
the Oth, 42nd, 70th and 140th day and the £inal bleeding on
154th day. |

However, recently, Dawson st al,, have found 3 intra-
musculer injections st 2 waek intervals followed by S
intravenous boosters st 6 weeks intewals; to be a better
method then the intrafermal onefl25),

The basis for suggesting guideliness for immunization
‘schedules consists of random observations and final

evaluation must rest on orderly accumulaticn of data,

2:2:3.4%

demnds upon both on the mapnnaimcsa of the snimal and
the properties of the mjacted material, The reaponaimcaa
to each antigen is genetically d&emmw. probably as a
single gene and is transmitted as a Mendelian dominant (126).
Certain inbred strains of s species may produce antibodies
to a particular antigenic determinent, while othor strains
may not (127). Consequently, it is better to use rendom=
bred animals unless a pmieuiar ahrain ie Xnown to respond
well to the mmen under consideration.



~ The choice of species for immunization is usually
restricted to rabbits and guines pigs, Rabbits are easier
to handle, are moye hardy and 30«40 ml of blood can be
taken at frequent intorvals. Guinea pigs are less hardy
and blood must be taken by hoart pmctm; with {ts
_ sttendent risks, ﬁmﬁh&lﬂm !bhayj are more sconomic a8
regarde initial cont and ma:mtmancie and need slightly less
immnogen, making the use of a aarger number posgidle,

If neither rebbtts nor guinea pige respond well to a
particular antigen after en adequete trial, chickens may
be tried, They are hardy and easy to blced kut thore are
differences between the physicochental properties of thoir
gamma globulins ém& those of memmalian globulins (128),

An antibody is an mmmmh molecule secreted
into the tissue fluidas from lymphoid cells which have been
exposed to a foreign substance, the antigen, The presence
of several a4 £ferent antigenic determinants in most
immunogens results in the production of several mum
populations, each originating from a single clone of cells
and directed agafinst & single determinant, Hence every
serun sample including that from each bleed from an
individual animal must be posessed cerefully. Antibodies
in the serum are usually dotected by antigen~antibody
reaction, | '
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A A
Farz's test : (.129) ) ;

~ The test uses entigen lebelled with **lroine.

This antigen is mixed with antibody containing serum and
left to equilibrate, A solution of ammonium sulphate is then
added to the mixture resulting in the precipitation of
antibody together with any labslled antigen bound to it,

The unbound antigen remains in solution, The quantity of
{sotope labelled antigen bound to the salteprecipitated
antibody is then estimated by plaeing g.he' washed precipitate
. in padioactive counting equipment. 'ﬂ’sié test 18 the measure
of the capacity of the sntiserum to bind antigen.

Brecipitin test + (130)

1f a soluble antigen reacts with its antiboly to form
 an inscluble éqnplex, the reaction can be used for the
detoction of the antigen, The yeaction may be cmied out

in an agquecus solution or a gel; rFor the pmzpn:;in

reaction in the gel, wells are cut in & layer of ﬁga: on

& slide or a potridish, antigen and antiserum are placed in
opposite wells and after allowing a tew;haurs to pass for
diffusion take place, precipitin bands will be seen to form
at points where antigen and antibody meet in suitable propore
tions, The value of the method lies in its simplicitys

lutinat tion +  (131)

In this peaction, the antigen is a part of the surface
of scmne particulate material such as a red cell, a bacterium
or parhaps a lstex particle coated with the antigen.
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Antidody added to a suspension of such particles combines |
with"amm antigen and links the particles tcgether,
‘thus forming clearly visible aggregetes, This test is much
more sensitive than the procipitin test, |

Lt (132)

The fact that antibody, once it combines with the
~antigen is able to antivate the complement system, is used
to show the presence of a particuler antibody in serum,

In a test, the antibody, complement and antigen ére
firet mixed together and after a period of incubation the
indicator system, vig, mti-;h&ep' » RBC » antidody + sheep
red cells, is added. If the reaction MAtigen + mizibcdy +
complement wewe-wwe~d adsorption of complement m antigen «
antibody complex, has alreedy taken place, it will prevent
the reactiocn, RBC + Anti-REC serun + complement eww—wem=d
hasmolysis from occuring, Thus e positive complement
fixation test (presence of antibodies) is indicated by
absence of lysis.

These tests are yrather complex to perform but they
ara appliceble to all kinde of antigens, soluble or
insoluble, ‘

mia test is spplicable only to biologically active
antigens au;:’h as toxins, hopmones and drugs and requires an
antiserun that reacts with and thus neutraliges the
‘bilologically active part of the molecule.
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The titre of the antibedies is generslly determined
by the quantitative precipitin test. The test is based on
the observations that, upon the addition of incressing
amounts of soluble antigen to a serics of tubes containing
a censtant volume of the antiserum, the smoumt of
precipitate formed increases to a maxinmun and then
- decreases. A measure of the antibody in abiolute weight
units can then e obtained by subtracting the protein
contant of the antigen from the total protein content of
the precipitote at maximal precipitation. (149)

Prior to the successful separation of any spacific
immunoglobulin, & preliminary fractionation procedurs is
usually made to oktain a concentrated aclution. The
immunoglobuline represent the most basic glébulina of
serum, Their solubilities, coupled with their relatively
high isoelectric points, form the basis of most separstions.
Investigators who are concerned snly with the ssparattar;
of serum immunoglobulinas may not wish to usg the rather
complicated and extensive fractionastion conditions developed
by Colnet al,, for the isolation of a series of plasma |
proteins inecluding gamma globulins (133). The present
discussion is directed only to the separation in good yleld
of immunoglobulin concentrates by reletively repid and
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simple procedures, viz.,
8) Ethanol fracticnation
b) Precipitation by neutral salts
¢) Use of complexing procipitants

A) Bthano

Organic solvents grestly decresse protein solubility.
This docrease probably arises from two effects, a decresse
in the dielectric constent of the medium and dehydration,
By decreasing she dielectric constant of the medium, the
attractive forces between oppfwiﬁeiy charged surface residues
increases This results in the formation of huge aggregates
which precipitate out of solution, Since acme organic
soclvents used dissolve in wetor and hence interact with
water, protein dehydration occurs, In this regard crganic
solvents function in a manner similar to that Gescribed for
salt preeipitetion. Three variables must be considered
when using thia method « 1) donic strength of the medium
from which precipitation occurs, 2) organic solvent used,
3) the tenpersturc st which the precipitation will be
carried out,

At low fjonic strength increasing smounts of organic
solvents severely decrease protein solubility, Moderately
increasing the ionic strength, however, tends to increase
protein solubility, Although decreasing fonic strength
decresges protein solubility, it may also affect protein -
stability, especially of proteins composed of a large
nunbar of sub units.
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The organic solvent most often used to bring sbout
procipitation of immundglobulins is ethanol,

The tempsrasture at which precipitstion occurs is an
fmportant factor to consider. Protein solubility in the
presence of an organic solvent decreases markedly with
tempersture, Therefore, at low twexaﬁma; (sionificantly
below 0°C ) less solvent is mqutm to precipitate a given
protein, 'mm the f£reesing poirxt is ammienﬁy depressed,
meking such an approech possible. The most useful dividen@
of low temperatures (=-20°C) is allevistion of the denaturing
affects of moat organic solvdnts, This is most eanuy done
by cooling the protein sclution to 0°C and then adéing
solvents which have been cooled m a much loweg tmr&tﬁtb.

A ssmple procedure for preparation of concentrates of
smmunoglobulinG and mixtures of immunoglobulins M and A is
Gescribed by Deutsch (134).

Saltingeout procedures have cortain sdvanteges over
sthanol fractionstion for preliminary concentration and
partial purification of immunoglobulins, Among these are
simplicity end relatively less danger of tﬁénaturatimg As
the amount of salt molecules in a solution ‘increases, less
water is available to interact with any proteins that may
be present. At some point there will no longer be suffiejient
water to maintain solution of a set of proteins and thaey
pmc!.pit.&e; Salting-out of proteins as this is éumetmﬁs
called, may actually be a dehydrstion process.
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- The salts commonly used for the fractionation of &mmno-
globuline are ammonium sulphate and sodium sulphate,

m gammasGeimmmoglobulins have relatively high
isoelectric points, It is possible, therefore, ‘ff.,o form
insoluble cation complexes with most of the othor serum
proteins st pH levels at which the gamme immunoglobulins
do not form such complexes, When plasma or soxum is mixed
with 3 volumes of 0.4% Rivanol (2-ethoxy 6,9-diemincacridine
~ lactate) and the pH is adjusted to 76 to 7.8, a procipitate
forms which contains most aﬁ?\%;ma @ protein (138), The -
supernstant 48 clarified by various means end the supernatant
inmunoglobuling may be ;:rec;pztated by the addition ‘aﬂ
ethamol to a final concentration of 25% (temperature to
-89C), or by the addition of 20 gm of sodium sulphste per
100 m) of solution. The concentrate which consists of
80 to 98 % gamma globulins may be further purified by DEAE-
cellulose chromatography.

other pm«duteé employing aluminium and ginc spalts and
polyphosphetes have been used ¢to abtam concentrates of
gemma Geimmunoglobulins,. These methods depend in large
measure on the formation of insoluble metel salts of either
the gamma globulins or the other plasme proteins {136).



2.3,

2§361¢

53

‘Magegalg and methods

Materxials and animals

1.

Chemicelss

a)

b)
c)
a)
e)

£)
Q)

Fenitrothion ¢ Kindly supplied by Bayer (!_‘ndia)
itd,, Indie,

Bovine serum : ¢t Signa Chemical Cos, UsSeAs
albunin ’ "

Acetylthiocholine ; Fluka AG, swzturland.
iodida

5,5 *@ithicmbis=2-1 Kochelight Laboratories Itd.,

nitrobenzoic acid England,

Freund's adjuvant Diﬂm, U.S«.A.
(complete)
Agar s Oxold Ltde, sngz'ma.

1,2,4~amino-napthole 8 Sarabhai M, Chemicals,
sulphonic acid India,’

ALl other routine chemicals used vere of A.R.' grade.

2.- pnmals 4

a) Albino rabbits = Norwegian strain.

b)

Albino mice ~ NIH stzain



FI6.15: SCHEME OF CONJUGATION OF FENITROTHION TO A CARRIER

PROTEIN.
CH CH3
3 3 RANEY N >
CH30—P—0 NOp — CH30—T—-O NH2
|
CH3 0 Ha UNDER CH30 <
PRESSURE
NaN02 /HC!
'
BSA S
0
I pH9T096 I ® ©
~-NH— cu——c--- ——— CH30—P—0 N=N Cl
0-5°C. l
CHZ CH30

0CH3
0— P—OCH3

TYROSINE FENITROTHION HAPTEN
RESIDUE




2.3.2. Mathods
3‘3'3011' coupld.

Fenitrothion contains an aromatic nitro group which cen
be converted to an amino ﬁmp by reduction. f This stine
dorivative can then be dlazotised and mamed}; to & protein
(see Fig. 15). The coupling of diazgonium uita of aromatic
 compounds has been extensively used a3 a mesns of ;tm:mductda
haptens into proteins. Classical immunological studies
- carried out with haptens coupled to proteins through azo
linkages are exenplified by the work of Landstainor and
Pauling et al,, (137, 138),

At slightly alkaline pH s diazonium salt will coiple
to the side chains of a protein molecule, If the number
of woles of diagonium salt used is comparable to tho number
of moles of tyrosine, histidine and lysine residues in a
protoin, the resction yleld, mainly disubstituted lysine
and monosubstituted tyrosine and histidine. Reaction
mechanisnms are discussed in detail by Howard and wild (139).

One gram of Penitrothicn was dissolved in 50 ml of
diethyl ether and extracted four times with 1% chilled
aqueous godium carbonate, in order to remove the Pe-nitroe
mecresel occuring es the main impurity (140)s The sther
was then evaporated by a gentle stesn of air,
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1) Reduction of Fenitrothion i

The purified Fenitrothion was then dissolved in 25 ml
ethanol end 1 gm 0f Raney Nickel was added to it. The bottle
was mounted on an oscillator, hydrogen gas connected to the
bottle at pressure of 28,51 bfmz ‘nm! kept shaking for 24 hours.
Then the bottle was renoved and the alcohol was then removed
on & f£lash evaporstor. The amber coloursd syrupy 1iquid gave

the tests fox aromatic amines,

Por this, 0,143 gram of aminow-Fenitrothion was dissolved in
10 ml of 1 N HCl and was then diazotized by placing it in an ice
beth and adding & solution of 36 mg of sodiun nitrite in 4 ml
of distilled water ﬂm’ﬁw&m over a period of 15 minutes,

iv) Soupling procedure 1

One gram of bovine serum albumin wes dissolved in a buffer
conaisting of 0,13 ¥ sodium chloride, 0.16 ¥ Poric acid and
sufficient sodium hydroxide to raise the pH to 9.0, The beaker
containing the protein solution was plsced in an ice bath, and
its contents woere stirred continuously by a magnetic stirrer.

The solution of the diagonium salt vas added Gropwise over
a period of 1 hour and after each drop, the pit of the resction
mixtuge was mainteined betwecn 9,0 and 9,5 by addition of 0,53 N
sodium hydroxide, When all the solution had baen added, the
contents were further stirred for 1 hour to ensure the completion
of the xeaction. |
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The reaction mixture was then dislysed against 0,1 M
 sodtun chloride (st pH 7,0 to 7,5) for removal of roversibly
bound dys, The dialysis £luid was changed daily, the last

change being distilled water.

The conjugete solution was then distributed into

smpoules and lyophilized,

2

2.3.2.2,

Pum renitrothion ‘has no mmm{o:y power towards
&mylchbuantan@a_ and ia thus inactive in vitrxc. In
the body, it is converted to its oxe~form and this 'mmueé.
Fenitrooxon, has high inhibitory power towards acetyle
cholinestersse, With a view to prepars antibodies against
this active metabolite, the synthesis and conjugetion of
the activa metsbolite wes undertaken. . - |

Procedura + (141)

Five grems of Fenitrothion was purified by sxtraction
' of its ethereal ao;uuén with 1% chilled aquecus sodium
carbonste. This etheresl soluticn was then placed in &
30 ml 3ong ;ie‘c:kad round bottom flesk and evaporsted to
dryneas with & éentm stresn of 'Mrg, The flask was then
chilled in an iceebath,

A mixture of ccnmxmtad and fuming aitric acids
{ 111 v/v) was prepared and 45 ml of this resgent was
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aided drop by drop to the Fenitrothion in the flask, The
flask was swirled to wet the walls end removed from the
ice~bath. 1t was allowed to stand for five minutes and
then sbout 25 ml of cold distilled water was added to it,
and the contents were transfexred to a 125 ml separating
funnely The Gépmqtinq funnel was well shaken and the
aqueous layer was discardeds The ct!_icer layer was washed
twice with 10 ml portions of chilled aquscus sodium bicase
bonste till the washings were alkaline to litmus, Finelly,
the ethor layer was washed with satursted w&m chloride
and £iltered through a small plug of dry cotton wool,

The ethor was then evaporated to get the ;Miitmm»

The snticholinesterase activity of Penitzooxon was
studiod on the whole blood cholinestarase of the mouse,

The mcwl cholinesterase activity of nouse blood was
determined by the method of Ellman et al., (142).

The substrate used for this engyme assay is acetyle
thiocholinag, which is specifically hydrolysed by acetyle
cholinesterase (B4C. 3.1.1,7.) to give thiocholine, This
- thiocholine formed during the hydrolysis meacts rapidly
with the colour resgent 5.'5 twdithioebis«2enitrobenzoic
acid (DINBE) to produce a highly coloured Seyhice2enitro
benzoate anion which cen be easily msasured spectro-



photometrically at its absorption maximum of 405~420 nm,

(CHy) o8 CH. CH. SCOCH, + § ofef (CH, ) NP CH. L6 ¢ CH.CO0™ 4 21"
373 CHHySCOGHy + Hy0 wm (CHy) N GH, Q38 + CHACO0™ 4 20

coo”

For this, 20°'mg of DINB was dissolved in phosphate buffer
9.1 H; 9& 8&00 150 ml caﬂtaﬁ.ﬁmg triton Xalﬁ@; 0.,01 % V/ Ve

de (substrate):

For this, 4433 mg of acetylthiecholine iodide were
dldsolved in 1 ml of phosphete buffer 6.1 M, pH 7.0.

This was collected by hesrt puncture f£rom mice,

Erocedure i

To 7 wl of the DINB-buffer solution wea sdded 0,01 ml
- of mouse blood, The mixture was thoroughly shaken and allowed
to stand for 30 minutes to achieve complete haemolysis.

The actual enzyme reaction was carried out in querte
cuvettes, The reaction mixture contained =

DINB~Buffer-blood mixture . 3 ml

Acetylthiocholine iodide solution 0,1 ml
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The substrate solution was added and the stop watch
was started at once., After walting for 5 minutes, to get a
iinear sﬁbﬁttata hydrolysis, readings were taken every
minute for the next 5 minutes and the change in optical
density at 412 nm per minute was calculsted,

|

To study the effect of Fenitrooxon on the ensyme
activity, 0,01 ml of an alcoholic solution of Fenitrooxon
was added to the DINB-buffer-blood mizture and the sneymetic
activity was determined as described sbove,

26302444

cdjugation of Fenitrooxon to bovine serum albumin was
cerried out in a manner exactly similar to that described
for Fenitrothion (Section 2,842.1.)s |

2:3.2.5,

Epinciple ¢

Since the hapten addad contains phosphorus, an increase
in the phosphorus content in the conjugate over that of the
native carrier protein 15 sn estimate of the nurnber of
haptenic groups added,

Method ¢  (143)

Organically bound phosphorus was f£irst converted to
inorganic phosphate by ashing the compound et 600°C 4 20°¢
in & muffle fumace. The ash so produced was dissolved in
C¢d N HCl1 and the phpsphorus content of this solution was
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determined by the Piske and Subbarow method (144).

The inorganic phesphate fs converted inte the phosphov
molybdic acid complex with molybdic ecid, This is then
reduced to molybdenum Blue by 1, 2.4~mmo-naphtho1~aulpmn1e
acid and measured photemetrically,.

Beagents
« Acid molybdate solution (2.8 %)

um this, 83 ml of concentrated sulphuric¢ acid iz added
to 400 ml of waters In this is dissolved 28 grams of
srmoniun molybdate and the volume is made upto 1 litre.

2. Redueing sgent ('ANSA‘ reagent) i

For this, 29.2 gram of sodium biesulphite and 1 gram of
sotium sulphite sre dissolved in 200 nl of water., To this
is added 0.2 Jran of powdered 1,2, 4=amincenephtholsulphonic
acid,is shaken until dissolved, It should be stored in &
brown or smber coloured bottle,

For this, 175,2 mg of potassium dihydrogen phosphate are
mede ypto 1000 ml with water, It should be stored mdax
toluene,
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To each tube containing 1 ml of the phonphata solution
ia Mdod 0.5 ml of acid molybdate solution and then 0s5 m}
of the peducing agent. The tubes are shaeken thoroughly
and allowed to stand for 30 minutes, after which the
optical density of the mixture is datermined spacttophm~
metricelly at 820 mm-miems.

2.3.2,6. Znmunisstion of sninals

Antibodies were produced in male hsalthy rabbits
woighing 2 kg, using both Fenitrothion=BSA and Fenitrooxon-
BSA conjugates, Six rabbits were used for each antigen.

The primary doses for Fenitrothion-BSA and FenitrooxoneBsA
conjugates were 1 mg and 5 mg mpect&vhlw while the
boostexr doses consisted of 1 mg af‘the conjwau in both
the cases,

Aqueous solutions of the immunogen were emulsified
with equal volunes of complete Prounds mdjuvent, Pollowing
procedures were adopted for inoculation of the vmogms.

i

. Peior to the injection, the backs of the rabbits were
shaved and disinfected with 70% nlcnmx. Using a tubereulin
syringe and a needle of 23 gauge, 10 injections esch of
0.1 m} wero made in the skin over the whole sheved ares
of tho back. This method was used for primary inoculations

~ 4n both ceses.,



4+ Intramugcular injection s (146)

The thigh muscles of the hind limbs were employed for
all booster injections, A suiteble area of the thigh was
shaved and disinfected prior to the injection., 0.5 ml of
the emulsion containing the Gesired smount of conjugate was
injected into the muscles, ' '

Booster injections at monthly intervals ware given
until & high titre of antibodies was obtaineqd,

2434247, (147}

Anfmals were Dled 10«14 days after booster injections.
The following methods were used for the collection of blood
from the immnieed animals,
1, Eag vein punctuxe i

The lateral margin of the ear was dry chaved and cleaned
with 70% alcohol and blood was collected from the vein using

& heparinized syringe and needle. This method was employed
for small trial bleedings of 5410 ml,

2, Heart puncture i

The animal was restrained on a table with the flanks
exposed, The thoratic area was cleared with 70% alcohol,
The heart beats were palpated with the middle finger and the
thoracic cage was penetrated at the site where the heaxt
beats were felt most prominantly, The needle was advanced
in the chest for sbout 3 mm until {t transmitted the heart
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beats, and the blood was removed by epplying & Glight negative
pressures The blood was collected in siliconized glass bottles,
The method was used for bleedings of 30«40 ml.

- The snimal was anaesthetized y injecting sodium pento-
barkbitone 30 mg/Rg body weight intraperitonsally. m animal
was teken onto an animsl operation table and the throst region
was shaved free of hair, Stretching the skin sideways, an
incl sion was made a 1ittle to the left of the trachea,
Fascia 4%@ &amtﬁmy cut cpen and muscles wore separsted to
visualize the carotid artery. The srtery was clamped and
aannulqtﬁed with siliconized glass artery cannula, when the
clamp was raleased, blovd streamed out of the dpen end of the
cannula and was collected in E.D.T.As colution (£inal concen-
tration O.4 %) until the flow ceased, A maximum of 120 ml
of blood could be obtained from each rabbit, The method was
used for £inal collection of blood from the animals which hed

attained a high titre of antibodies,

The blood obtained was cooled imrnediately and centrifuged
at 4°C at 1000 r,p.m. for 15 minutes. The supernatant was
transferred to new tubes and the thrombocytes wers separated
from the plasme by centrifugation st 7000 r.psme. for 30 minutes
in a refrigerated centrifuge.

The plasma thus obtained was stored at -20°C,
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For this, 550 grams of ammonium sulphate were weighed out
and placed in a 1 litre besker, 800 ml of distilled water
was added to it and the mixture was hested slowly till all
the salts dissolved. While the solution wes still het, it
was filterad thiough course f£ilter paper to mm ingoludle
matter. When tho clarified solution resched room temporature
the volumes was brought to 580 ml with Gistilled water and
concentrated smmonium hydroxide was added drop by drop to
bring tha pH to 6,5 (iscelectric point of gammaglobulins).
The volume was then made upto one litre, Some undissolved
salt is necessary to ensure saturation,

For ma, 50 ml of sstursted m:.m sulphate solution
was added to 100 ml of tho plasma, The precipitated proteins
ware removed by centrifugation, and dissolved in 50 ml of
normal saline. 25 ml of 5A5 was added again, to this
solution and the precipitete was removed by cantrifugation,
This process was repsated cnce.

The residual ammoniun sulphete was mwﬂ by extensive
dialysis against noxmal seline and then, at the end,’
shainst phosphate buffer O,1 M, pH 7.%&
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2w3,2,9, Charao
Batection ¢ :

antibodies wore detected by the agaregel diffusion
method as described by Ouchterlony (149).

¥hon an antigen and its specific antibody are allowed
to diffuse towards each other in & geliified medium, a
precipitin line is formed.
Method ¢

1 X agar was prepared dy heating it in normal saline.
The agar was f£iltersd whils hot through moist cotton and
sodium agide in a final concentration of 0.1 % was added to
it as 8 preservative, 3 ml of agar, while still 1iquid, were
Jayered carefully on clesned, dry microscepe siides. The
agar was allowed to sst and wells were cut in it"msjmq a
standerd template, The wells had a constant diameter of 3 am
and an interebore distance of either 3 mm or 10 mm.

Using a f#ine capillary pipette, f.hij solutions of antidody
and antigen were placed in the wells, The antigen concetrations
used varied from 0,025 to 0.1 %.

The slides thus prepared wore incubated in a molsture
chanber for 24 hours and then inspacted for the presence of
procipitin lines, |



After full development of the precipitin lines, the
agar was washed for 3«4 deys with normal saline ‘t}a remove
unyeacted antigen and antibodies from the pmai‘atzmq
Finally, the gel was washed with distilled water and air
dried b&r placing a whatman Ko,1 filter psper over it and
sllowing it to dry, The precipitin lines were then stained
with O.5% amino black 10 B in methanoleacetic aéﬁ.dwator
{40120:¢50) for 30 minutes (150)., Excess stein was removed
by washing with 1% acetic scid solution, The siides vore
then air dried,

The precipitin reection in agar gel was performed for
the following studies i -

8) Screening

For exporimental screening, plasma from individual
m&m animals and the corresponding conjugsates used for
immunizetion, were uged. mgﬁml studies were ‘parformed
using plasma obtained f£rom normal unimmunized rabbits,

Bovineg serum albumin in 'ct;iv % solution in normal
line was reacted against the immune plesma.

"¢} To study specificity of the antibodies in the
fmmungblasma or Ig6 fractions for Fenitrothion and
Fanitrooxon.



e/
Hathod 1
Rrinciple
When entibodies directed ageinst the carrier arve
adsorbed on the carrier and thus removed from the solution,

only the hapten specific antibodigs remain in solution to
react with the conjugate, ’

Incubation of this solution with an excess of hapten
will gesult in the coubining sites on the antibody being
blbcm by the hapten, thersby rendering them 4incapable of
rescting with the conjugates, Thus no precipitin line will
be obssrved in the agar gel precipitation test botween
plasma: incubsted with hepten and the conjugate.

To a ssries of tubes containirng 0,8 ml of undiluted
antibody solution, 0,5 ml of two-fold serially diluted 0,1 % -
bovine serum aldbumin soluticn in phosphate buffer, pH 7.4,
was addéd. The tubes wers then incubated for 1 heur st 37%
and 24 howrs at 4°C. The resulting precipitetes were centriw
fuged oit and supesrmatants were tested for m@iﬂcﬂ;‘y to
the mjﬁgatm

To 0,5 ml of the supernstant described above, 0,05 mi
of a 0.01 % suspension of the hapten was added and the tubes
wore incubsted for 30 minutes et 30°C followed by 15 minutes
st 4°C end then rescted against the conjugate in the agar
gel diffusion test (61). |
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Fenitrooxon was found to inhibit mouse dlood cholines
tersse octivity in & dose dependent msnner. The ICy, Of
thm in the system ussd was found to be 2,04% x m“fsm.

3.‘&3@ 'mi sm;[m 2 3
8) Colour, solubility etc, i
The conjugates of Fenitpothion and Fenitrooxon with
bovine sexun albumin, propared by using the dlase cowpling
prosedure, were golden red in colour and after dialysis and

lyophilization could be completely rosolubdbilised in normal
saline without giving rise to any turbkidity.

b) Hapten-carrier ratios i

Fram the phosphorusn content of the conjugates, it vas
calculated that ~

1) rPenitzothion=BSA conjugate contajned 5,626 groups of
fenitrothion par molecule of B3SA,

31) renitrooxon-BSA conjugate contained 9,120 groups of
Fenitrooxon per molecule of BSA.

20403,

A col) pction ot P

Individual blhedings from the rebtbits ware tested for the
pmameh of antibodies to ths appropriste immmogens by the
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Fig. .16 8 Precipitin lines showing ant.tbodin
: specific to Fenitrothion,

A - Fenitrothion « BSA conjugate s 1 mg/ml
B < Anti-Fenitrothion Antibody,

Precipitin lines showing sntibodics
specific to Fenitrooxen N

Fenitrooxon-PSA conjugatesl mg/ml

Penitrooxon-BSh conjugates 0,5 mg/ul
Fenitrooxon»BSA conjucates 0,25 mg/ml
Fenitrooxon=BSA conjugstes 0,125 mg/ml
Anti-Fenitrooxon Antibody




ager gel msthod, Precipitin lines developed in all the cases,
vhile normal rabbit plasme taken as control showed no |
precipitin lines, for the conjugstes. From this, it was
concluded thet all immnised rabbits have produced entibodies
to the respective conjugates, Following smounts of plasma
‘were obtained from each group s |

for FenitrothioneBsh 1 , .

1. Number of wabbits bled veesd ‘
%« Average blood from umh rabhbit eee 300 M}
3. Total volume of plasma obtained 44 160 ml

Heart bDlaeding was performed from time to time, Plames
obtaingd from rebbits loy2 and 3 on the a55th day vas used
in the biological protection axperiments,

. Asorption of the inmune plasna with the cerrier protein
bovine sexunn albumin, resulted in total removal of antibodies
to the carrier.

¥ig. No., 16 and 17 show the precipitin lines obtained by
the reaction with the conjugste (no reaction with the
carrier) for Fenitrothion and Fenitxooxon, respectively.

Further, these precipitin lines could be shown to be
blocked after incubation with an excens of the requisite
hapten,



“grom this, it was concluded that antibodies to koth
Fenitrothion and Fenitrooxon have been produced,

This test was done only on the mtinim%tmm
antibodies in order to get our estimate of the titye,

The quantitative precipitin test when performed with
|03 ml of antiefenitroowon antibodies and twoefold seriel
| ddlutions of a 0,4 % soluticn of the Penitrooxon«BsA
eonjugate, showed visible turbidity/elocculation in a1l
the tubes, The tube containing 0.1 ¥ concentration of
FenitrooxoneBEA conjugate showed meximum precipitstion,
The' £locculated matorial £rom this tube showsd a pmm
content of 21,33 mg/ml,
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In the cycle of cardiac contraction the first
event is the contraction of the atris that forces unoxye-
genated blood from the peripheral venous system and

oxygensted blood zmm the pulmenary mmxs systens into
the relaxing right and left ventricles mapaeumsm
As the atria begin relaxing the mtxwlﬁs contract,
thus foeding the oxygensted blood to the gy&ﬁm&c
arterial system, and the unoxygenated kflm to ‘tﬁw
pulmonery arterial system for oxygenstion, During this
tinme the atria have been relaxing and have accumlasted
blocd £rom their respoctive venous connections, AS the
ventricles relax the atria once again contract, thus
initisting 8 new cardiac cycle.

This sequential contractile activity of the heart
1s initiated by the electricel impulse originating in
the cardiac pacemaker, at the base of the zight atrium,
the sinoestrial node, which has en inhegent propsrty of
rhythnic slectrical discharges. 7The impulse so generated
hare travels over the atria to the strio-ventricular
node, at&muluﬁiﬁg the @tru to contract, Prom the

- atriowventricular node, the impulse is distributed to

the ventricles slong the bundle of His in the inter-
ventricular no:ztm and the specialized conducting tissuve -
the Purkinje fibres, This is the a.tqnel for the

b ventricles £o contract,



'_PR—'TQ

S
—1 QRS

U

FIG.18: ECG: DIAGRAMMATIC.
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~ The sequence of the slectrical impulse le¢ading to the
stimulation of the cardiac muscle is essentially the same
‘as that occuring during the stimulation of any cell, viz.,
a depolerigation of the cell membrane during which the cell
v;&ntnmox becomes slectropositive with mpect to its
surroundings, followed after a latant mrmd by a
repolarization during which it slowly retugns itn its mmn
state of electronegetivity with respect to its sur:mdingh
The depolarization is the trigger for a series of intre-
cellular events leading to contraction of the cardiac muscle.

m;v eyclic eleactrical activity of the hesrt can bo
recorded by electrodes placed in spatially strategic points
on _thb body surface. The pattorn thus recorded is called
the electrocardiograph (ECG), |

A noyral ECG demonstrates the following waves in a
single cardiac cycle (See Fig. 18):

The first deflection from the base line or the iscele-
ctric state ia & positive deflection indicating the
depolarization of the stria, viz,, the P wave. This 1s
followed by e emell isoelectric intervel @uring which the
impulse is traversing the A=V node, followed by the QRS
mmm which mumtt the successive dopolarication of
the interventricular septum, the ventricular musculature and
the base of the ventricles, 'This complex is folldiwed by
another iscelectric interval during which there is no net
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clacm«ml m&v&ty since the atria have almaay npolarznd
and tha ventricles are in & refractory setate. The subssquent
ventriculer repolarigation is responsible for the Twwave,

The dirsction of esch deflscticn is determined by the
direction of the net electricel activity with respect to
the racording electrode,

b
The sinoeatrial and the atrioventricular nodes of the
heart ‘are innervated by the effarent parasympsthetic fibres
thmqh the vagus negve,

stimulation of these cholinergic fibres lesds to the
relessa of acetylcholine in the syngptic elefit, thus ceusing
the following modifications of thecardisc activitys

8) A depression of the S-A node leading to bradycardia,

b) A decrease in the foxce of contraction mnd the
mzzamry pericd of the atria,

¢) A decroase in the conductivity of the A~V node end
the bundle of His, leading to various types and degrees of

3&2&,:;‘ a7

Being an irreversible anticholinasterase agent,
Penitrooxon decreasas the rate of degradation of acetylcholine
at the site of acticn, thereby producing s high concantration
of agatymuna at the sffector site, leading to the
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following effects s

1+ The decreassd refractory period of tha atria
leading to P wave inversion,

' 2+ depression of A-V node conductivity leading to
‘various degrees of A«V blockads, ranging from a prolongstion
of the P-R interval to complete act&amtueulér dissocietion,
and | '

'3, depression of the SeA nods leading to bradycardia,

axtrasystoles and arhytchmia. N

3.3,

343410

1 8l

a8) Fenitrooxon
b) Urethane {Riedel)
¢) Chloralose (FCH)

Urethane 250 my/m)

Chloralose 18 mg/ml

Mz Urethene was dissolved in distilled
wazw and chlaraiosa was added to it and the mimm wvas
waxmaa till chloralose dtesoxwm

2, anjmals

Twentyone day old male mice of the NIH strain
weighing 8 « 10 grams wers used,
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3.3.2, Methods

3Q$93ﬁ1§ Gt e

| An esmulsion of Fenitrooxom was preparad in water using
Twagn 50 as the emulsifying agent,

Mice ware snaesthetized by en intraperitoneal injection
of the vamhhruma solution, 4 ml/kg. A sténdard
lead 2 ECG was recorded at intervals of 1 minute, by
subcutsneous neesdle electrode on the EKJ amplifier model 108
of Instruments snd Chemicals privste Limited. Continuous
monitoring of the ECG was dome concurrently on en occilow

Y

scope (Polyvision of Inco, Ambala).

Mice were divided into 6 groups of 6 mice each and
anassthetized as above., After the sstablishment of
mmszh@atn fenitrooxon was injected intraperitoneally,
2,4,6, 8,10 & 12 mg/kg to the six groups, respectively,
Mortality was observed for 6 hours, The doses showing
100 % mortality were noted eand a dose for use in protection
studies vas Me:mma.‘.

On em'iaau of the mortality profile mgrw in the
- eaperinent described ebove, a dose of 1l.4 ng/kg was
selected as a doss approximsténg the ID, . {minimum lethal
dose, FID) for studying the effoct of antifenitrooxon
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. antidody on experimental poisoning.

Twelve hice were aneesthetired as akove and were
pretreated alternately with 1 ml of normal saline or 1 ml
of entifenitrooxon antibody (21.33 mg/ml) intraperitoneally
- and tm a dose of 11,4 mg/kg of fenitrooxon was a&n&n;sund
to them intrsperitoneally, A standard lead 2 ECG was
remmd \m: 1 minute Antmala, as described in section
3.3.2:1+ Mortslity in the saline and antibody pretreated
groups were recorded,

3.4, Results

2
4 | 33,33
8 66,66
e | 50,00
10 100,00
12 | 100,00

On the basis of this dose dependent mortality profile,
a dose of 1ll.4 mg/kg was selected as the dose approximating
the ’i‘”:ton or the MID for use in protection studies,
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1) On intraperitoneal administration of mnumxm to
mice pretrested (control) with salﬂ.na. the following
changes in their £CG could be seen (See Fig. 19)

a) Prolongation of the P.R. interval and inversion of
the P waves, |

b) increased amplitude of the ORS complex, and

c) varying degrees of atriventricular blocksde leading
to mim A~V dissociation, and irreversible bradycardia
with m:aaystola. leading to death,

A8 against this, in mice that were given antifenitrooxon
antibodm prior to the administration of Fenitrooxon, none
of the abova effects were seen, saving transient tachycerdias
and bradycardias, except in the animal which daied,

14) All 6 mice pretrested with saline died on adminis-
téa.tten' of Penitrooxon. Out of six antibody pretrested mice,
only one dled on administretion of renitrooxom, the other
survived, The effect was seen for all-orenone activity,
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In their sesrch for insscticidal compounids with low
toxicity for manmals and a high degree of insecticidal sctiwity,
Rishizawva et al., succesdsd in obtaining the compound
‘Penitrothion ("Sumithion") which not only had extremely low
toxicity for mammals, but also & superior insecticidal activity,
compared to any conventional tnnctic&dax compounds or their
iscmers, homologues and enelogues. It was placed on the
market in 1961, The spectrum of activity as & contact snd
stomach insecticide 18 comparsble to thot of Parsthionemethyl.
Furthermore, it is suitable for emtroimg £lies and
mosquitoes which are resistant to chlorohydroecazbons.

Until 1950 it was generally assumed that the adninistersd
‘organcphosphate per ge was the active antiesterase involved
in the poisoning process. In thet year obsarvations were
inconsistent with that assunption (151), sSince then, several
experimental approaches have shown that when orgmaphoaphgu
estors are toxic in vivo and yet inefficient as chlinesterase
inhibitors in vitro, their metabolic conversion to more active
antieserascs can bs suspected.

Metebolism in yivo may result in both less toxic and
more toxic compounds. The conversion of thiophosphates to
the more toxic pmmtea was shown by Oage (152),
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"m biochemical extstence of a living organism depends upon
the ¢ffoctiveness of intemmel compensatory mechanisms which
pméat against sxternal physical and chenical ‘disturbances.

The objsct of Msa&e&m of foreign substances is to convert
then into & water soluble form which can be exerted, This
purpose 1s served by a relatively smell number of basic chemical
reactions, for exarpls oxidation, uﬁi-ﬁh' converts lipophilic
thicno compounds into the more soluble oxygen derivatives and
thicethers into sulphoxides snd sulphones,

 Oxidation is ene of the most importent degradation reactions
in t:he living organism,. In case of Fenitrothion and many other
insecticides of its class, oxidation however, results not in
dotoxication but in enhancement of toxic action, thus having an
activating sffect. In vertibrates, the oxidation reactions
take plm in the liver microscmes in the presence of the
reduced Ricotinamide Adenine Dinucleotide FPhosphate (NADPH,) and
oxygen (153), 1In inseéts this cxidstion tekes place in the fat
body, which may be regarded as the *liver*® of the insect since
it not only acts ss a depot for motabolic products but also
participates very @ctiwly in the metabolic processes. 7The
oxidative activation of thicne esters procesds as follows

Toe NADPH, ..3?----“ | T+ waoe

P
N
& reaction which would appear to be ginatany applicuhla to

the thiono esters,
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 Enask et al., assume that the oxygen 1s converted by the
peroxidase hydrogen donor system into fres perhydroxy radicals
vhich form activated, rapidly decomposing intermedistas with
the “v = 8 grouping !15&); This might offer an explanation
for the othorwise inexplicable fact that, in an oxidation process,
& reducing agent 18 required,

-Ey oxidation of the thiono GLOUPs the water solubility
of m ester may, under some circumstances, be marksdly increaseds
for example, the solubility in water at 25°% of Parsthion is
24 mg/L, while that of Parsoxon, its oxy-motabolite, is

249:3 mg/L, thet 4s a hund%fcld increase in solubility,

' The difference between the enzymatic hmplyau and
inhibitory action of organophosphates consists of the fact that,
during the detoxtfication reaction the phosphoryl group is
transferred anpymatically to water and in the cose ;t 1 ihhibition
$0 the serine slcohol of cholinesterase respectively, The two
reactions complete vith each cther. Sor & synthesis directly
aimed at the production of mew insecticides, the moleculs st
be provided in a hydrolytically inssnsitive *trsnoport fom®,
from which the "active® form cen be obtained in a slow reaction
¢.g. oxidation, The time required for oxidation pemits
accumlation of the active form at the site of action, Thus,
*Penitrothion® is the transport form of anttﬁ}&m“, and has
no inhibitory potency towards cholinesterase. Hence the
synthesis of the sctive and more potent Smitmm »waa
underteken,
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| The sasiest way to prepare Fenitroowom was by oxidation

of Fenitrothion. No literature fe available on the conversion
of mitzuth;.lm to Penitrooyon. However, methods are available
for the conversion ¢f Parsthion, & mamber of the Fenitrothion
mws. 0 paraoxon, Parsoxon (mcnahtbﬂwumhmﬂ
phes‘;ipha&a} is a8 powerful inhidbitor of P«type edteranes
(EeCuBelelids) and as such, 18 much in demand ss a diochemical
tool to distinguish betwaen A and B type estorase activities
| (155). 2Zn vityo, tha' oxidation can be affected by scveral
reagents such as Nebromosuccinimide, nitric acid snd dromine
water (156). |

We have followed tho method of Giang et als, using nitric
acid as the oxidizing agent and we have found a compound which
nhibits bouse blood cholinesterase in & dosa dependent manner,
and ;ms&wets the signs of orgsncphosphorus poisoning in mice

(141).

In addition to the numerous cases of sccidental intoxication:
resulting from the use and manufacture of organophosphorus
compounds as agricultural insectiwides, these egents have
bean employed frequently for homicidal and suicidal purposes,
largely on the besis of their ready sccessibility,

- In cases of poisoning by organophosphates dus to
sndogenous acetylcholine toxificestion, the following effects
are seeny

These include matixim tears, salivary sscretion,
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mim!.a.' malaise, vomiting, diarrhosa, incseased secretion in
the rasptratozy tract, bro,phmpm and an wkmuke condieion,
cymosss and oxygen deficiancy,

as‘-_ thess, sevege bronchospasm and pulmonary edema may be
fatal.

These include confusion, staxia, slurred speech, loss of

~ reflewes, Cheyne-Stokes respirstion, generalized convulsions,
come md central respiratory paralysis. actions on the vasomotor
ané other cardicnvascular centres further complicste the hemoe
dynamic pattens, -

Atropine sulphate, whichis a conpstitive blocker of
acetylcholine at the muscarinic receptor, produces a reversal
of muscainic, and to a moderate extent, the central effects
of Fenitrothion, |

Howaver, during the wmansgement of a cese of poisening,
& delicste balance has to be struck between two low a lavel
of atropine lesding to a persistence of the effects of the
poison, and too high a level of atropine leading to atropine
toxicity *;v}.s” dryness of mouth, blugred vision and photophobie,
incresse in body temperature, tachycardia and palpitations,
muscular iamrﬂimtion. symptoms auggaétiva of psychosis,
mwiatwa and in aevere cases, c&zeulatory collapse and
dsath ﬁuo to respiratory failure,
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Due to the unknown quantity of circulsting poison, the
achievement of this balance usually necessitates continucus
monitoring of the signs and repested chenges in the medication
schedule, imposing grest strass on the physicien and pathrxt:
alikes, Also relapses snd atyopine toxicity become frequent
zeatumég

Apart from such difficulties in medication, atrcpine is
not effective ageinst the nicotinic effccts of the poison viz.,
£ibriliatiens, fasciculsticns snd twitching followed by
‘i‘auqa;bntty, woakness and paralysis due to the sccumulation
of myxehﬁnnu st the nsuromuscular junctions, |

- Thus, it will be scen that atrepine is ineffective agacnst
an isportent component of the respiratory failure that so often
lesds to death, viz., parslysis of ths prespiratory muscles.

Due to these insdeguacies of atropine mrapy,_ a new
cless of drugs, vig,, cholinestarase reactivators was intiroduced.
in therspy. In 1951, wilson found that hydroxylemine (H,Np OH)
can reactivate the phosphorylated cholinesterasc at a :iﬁn&!,igmt
MileMw work showgd that a highly offective waetmattén
should be produced by a molecule containing & quatemmary |
nitrogen and an oxime group spaced at an appropriste distence.
- This 1ed to the development of pyridinesaealdoxime (Pralidoximes)
2«PAM), and certain disequaternary oximes like obidoxime
chloride, reaction rates with which were a million times faster
than that with hydroxyl amine,
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oxam;n combing with the phosphoryl groups of the phosphoe
rylated esteratic sites, forming a solublc complex. This results
in the ostorstic site baing set fwee and the enszyme being
reactivated. The reactivsting action of oximes is nost marked
at the akeletsl neuromuscular junction, where they restore the
response e;c stirulation of a blocked motor nerve within a few
minutes. The sffects are less striking at avtonomic effector
sites and insignificant in the CNS, except for nonequaternary
~ compounds such as discetyl monoxdime, o

However, the phosphorylated scetylcholinesterase undorgoes
a fairly fx;mid process of “aging®, so that within the course
of minutes or hours it becomes completsly resistant to reactivae
tors. This "aging® 1s due o the splittingepff of ons alkyl of
alkexyl group, leaving a much more stsble ’mnky; or mono-
alkoxy - AChE, Thus oxime therapy is useful only in the very
early stagas of poisoning (see Pig, € ).

Various other drugs have bsen tested ss adjuncta to this
therapy, in order to control the convulsions which are a side
effect of this poiscning, to sssist in countering respirstory
failure which is the primery csuse of desth, or bq,ém'e of
thetr entimiscarinic properties (157),

Some of these drugs havm besan found to snhance the protecs
tive effect of atropine against organcphosphorus poisoning,
.9« banactyeine, chlorpromazine, diazepam, mecamylsmine and

\
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representetives of the varatrun alkaloids (157). The anti-
convulsent, meprobamete end the alkeloid, gelanthamine mey well
come mt.é this category also. OGalathamine is a potent reversible
¢holinesterase inhibitor, and s such has been recdmmonded as

& prophylactic against nerve gases (157). A similer use of
pyridostigmine, a carbemate typs of reversible cholincsterase
inhibitor, has been proposed (158).

Grudzinska et al., have studied therspevtic offects of
piunymim pento bardbital, diassspam, trimethadione and phensue
ximide given as adjuvents to atropine and abidoxime in
Fluostigmine intoxication in the xat (159), Only trimethadione
significantly raised the IDg, value for flvostigmine, However,
it 48 interesting that all tosted anticonvulsents, given as
sdjuvants f.a conventional therapy, were prolongitig the life of
the animals, 4%his was probably dus to tho cessatiocn of convulsions
which play & gM part in the mechanism of death,

Sasejima et al., have found that tasurine in combination
with atropine sulphate showed & tendency to increase the LDy,
of Dichloroves and Fenitrothion. It alsc produced a marked
increase in survivel time and time taken for sppearance of
convulsions in the poisoning and inhibited the hypothernis end
cholinesterase inhibition produced. (160)

| A basically new approach to therapy would be the development
of an agent which will chemically bind potentially active poison,
neutralive its biological activity and ramove it from ciroulation.
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Such an agent will prevent conversion of the umagmﬂ. fxom the
poison to its sctive form, It will prevent the ocmmm of
relapses. It will bring sbout effective sliminition of the
potson £kom the body, thereby avolding incidents of chronie
nwmwxiﬁityp It will decrease the blockade of cholinesterase
and other sngymes, It will decresss the duration of treatment
with conventional agents like atropine, since the amount of
poison to ko contended with, is reduced,

It 45 well known thet low molecular weight compounds when
linked with proteins or polypeptide carriers, elicit the
production of antibodies capable of specifically binding the
hopten used. The concept of using hmmwsm;ﬁé antibodiea to
treat the toxic effacts of the hapten hes beon sdvanced
recently (2%). 7The application of this concept to poisoning
by organcphosphorus insecticides was thought to be worthwhile,
since trsatment by an amtibody specific to these poisons would
have all' the advantages mentioned sbove, And since the antibody
can be used in the form of its fad fragments, the antibody-
hapten complex will bs snenable to glomendar filtratien.

The immnogenicity of & substance depends both on its sive
and its chemficsl composition, Both Fenitrothien and Fenitrooon
are small molecules and are not immunogenic as such, Antigenicity
erred on them by conjugating them to & larger molecule
bovine serun slbumin, The overall aime of the cmjngétﬁm
reactions ware «

1, To have conjugstes of high solubility in sguecus medis,

2+ To couple the nmolecule in such & way so as to get
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mm:m axposure of that part of the moleculs which is biologi-
cally most active, via,, the phosphate moiety,

Antibodies have besn known to be directed against that pert
of the molecule which 13 the farthest away from the site of
coupling to the carrier protein,

Hence, the nitrowgroup on the phenolic ring in the melecule
was selected. .

3. To sevolvae a rslatively simple procedure of conjugation
for thesa molecules, | ’

The conjugates so obtaired were soluble in normal saline.
Phosphorus analysis revealed 6 groups of Fenitrothion snd 9 groups
of Fanitrooxon in the Fenitrothion«BsA and Fenitrooxon«BSA
respectively, Rabbits, vhen immunized with the conjugates,
produced antibodies, eas borne out f£yxom the results of the agex-
gel diffusion tests, This indicates that the conjugation procedures
used, the animal specfes selected, the adjuvant used and the time
interval between boostor doses were satisfactory for antibody
production. Similar methods can be used for the production of
antibodies to many other pesticides and drugs. | |

It has been ochown thet immunizetion with heptenwprotein
conjugate leads to the development of antibodies both for the
hepten and the carrier, Hence, to dstect the antibodies to the
hapten, u' is mtical to separate the antibodies to the carrier.
In the pﬁscm case; antibodies to the carrier were precipitated
out by incubating the antibody solution with the carrier protein-
bovine serun albumin in optimal proporticnsy
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!‘heimmatmuo vhen tested on agar-gel ahomﬂ precipitin
lines for tho conjugate, but not for the carrier protein, A'zrhﬂ\
structural difference bstween the conjugste and the carrier protein
is only the hapten moleculs in the conjugate, Purther incubation
of the supernstants with the requisite hapten resulted in
abvljtion of the precipitin lines sgainst the conjugate, implying
thereby that the ective sites on the entibodies have been
specifically blockaed by the hapten, and are thus unavailsble for
the reaction with the conjugste. Thus, it is aevident that
antibodies specific to the haptens have been produced,

The biological protection afforded by the antibody was
studied on the electrocardiographic pattern and the minimum lethal
dose of Fenitroowon in the ansssthetised mousc, Mics weighing
8«10 grams were used since the amount of antibody available to
us was Mmited, '

ECC monitoring was done 80 as to observe the nonwlethal
sffects of the poison, It was nccessary to anassthetise the
animals in order to implant the subcutaneous BCG leads, Urethane-
chloralose was chosen as the anassthetic in order to attain
stable aqu&ewie for a pariod of one to two hours.

Of the effects of Fanitrooxon on the EXG, the inversion
of the P waves is due to the incresse in the conductivity of the
stria and other effects like prolongstion of the P « R intervel,
sbnoventricular blockads and dissocistion are due to the decrease
in the conductivity of the A « V node, by the accunmulated



acetylcholine: The acetylcholine also ceuses a depression of the
8=-p node, leading to bradycardia.

It was observed that not only 414 f£ive out of the six antie-
body trested mice survive the minimum lethal dose of Penitrooxon
but also showed no significant slteration of their ECG pattern.

Thus gn conulusion, it can bo said that a spacific antibody
can be raised to fenitrooson and that it affords significant
biological protection in poisoning by this sgent,

The ofganophosphorus insscticide Penitrothion and its sctive
matebolite Fenitrooxon were couwpled to bovine serum albumin by
diaco coupling resction. The conjugstes wore i:urﬁz-d by dlalysis
and were anslysed for the Mpunmwxur ratio by their phosphorus
content, 'These conjugates were used to immunize rabbits, From the
plasme of the immunized robbits, the globulin fraction was separated
and the presence of heptene-specific antibodiss was demonstrated
- using the agar-gel diffusion method, The titre of the antie
Penitrooxon shtibody was dstexmined by the quantitative precipitin
reaction, |

The biological protection afforded hy the anti~Fenitrooxon
antidody was tasted on mice, and it was found to be significant,

Therefore, we venture to suggest that antibody therapy may
prove to ke an extramely valuable adjunct in the management of
poisoning by organophosphosus insecticides,
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EINQRELS

It is well khown that low molecular weight compounds, when
linked to proteins or polypeptide carriers, elicit the production
of antibodies capable of rescting specifically with the hapten
used (1), The Gevelopment of sensitive methods of detecting
and quantitating reactions between hapten and antibody and the
perfection of technijucs for obtaining highly pnutiec' prepara~
ticns of antihapten antibodies have played a significant role in
the development of modern immunological concepts, . Antihapten
antibodies have proved particularly usoﬁuﬁi in the swéy of
antigenic dsterminants, structural requirenents for immunogenicity,
the natuwre of antigensantibody reactions and the chemical,
physicel snd biological properties of antitody (2). |

However, the concept of use of hapten specific antibodies
to raverse the toxic effects of the hapten has been advanced only
recantly (3), omith et al., havs successfully revorsed advanced
digoxin intoxication with digoxinespecific antibodies in &
human patient (4). They state, "Our previous experience with
digitalis intoxication of this megnitude, along with that of
others leads us to balieve that the present case would have hed
a fatal outcome without this intervention®,

Chenmical crop protection has become one of the major concerns
of mankind, In this respect the phosphoric acid ssters presant
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a vexy' favourable cless of campounds, for, by corbining four
different substituents on the central phosphorus atom, it 4s
possible to fit the properties of an active agent to the special
requiranents,

Due to their aster nasture, these compounds ars metabolised
in the living orgenism to inorganic phosphétts. This property
iz sdvantageous toxicologically.

However, these agents act by inhibition of the engyme
acetylcholinestersse and thus the toxicity for mammals and that
for insects cannot basically be separated,

Fenitrothion ia an orgenophosphorus compound wis wide use
today as insecticide. mtmimatﬂ% poisoning due to this
agent is also quite common. The poisoning nay be accidental
or with suicidal intent, At present, the poisoning dve to
these sgents is trosted with stropin end oximes, However, the
latter is not evailable in the country and still the tyeatment
is inadequete.

The aim of this work was to prepars antibodies specific
to its active metadolite fenitrooxon and to study whether
they covld be used in the trestment of poisoning by this agent,

To induce antibodies to fenitrooxon, the spproach was to
couple it with a carrier wolecule such as a protein and to use
this conjugate as an antigen, Fenitrothion was converted to
its active metebolite, fenitrcoxen, by the nitric acid
oxidation method (5), |
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The aromatic nitro group on fehitrooxon was geduced by |
using Raney uzcﬁo& as a catalyst and hydrogen under preasm.’
The snino compound was then diazotized by sodium nitrite and
hydrochloric acid, This disecnium salt wes then added to-a
solution of bovine serum alluein in borate buffer, pH $.2, which
was cooled in an fcewsalt bath., pH was maintained between
§ and 9,5 by mi.ng either 0.1 N sodium hydroxide or hydrochloric
acid, A golden red conjugate of bovine serun albumin with
tm&tmmﬁ was obtained. Tt was dislyved extensively sgainst
normal saline, and then lyophilived and atored. |

From U,V. absorption dets 4t was cencluded that the
coupling of fenitrooxon to aldumin hed occurred.

The molar ratio of the hapten to the carrier protein was
determined by calculating the phosphorus content of the conjugate.
The conjugate was ashod at 580°C in a muffle furnece and the
phosphorus content of the ssh was determined by Fiske and
Subbarow's method (7).

Rabbits were immunixed using Yreund's complete adjuvant,
A solution of the confugate in normal saline was emulsified in
the sdjuvent and inoculated &t multiple intradermal sites.
~ Following the primery injections, hooster .injm:tma were given
st monthly intervals, Animals were bled 10-1¢ deys following
the lest injection, BElood was collected by cardiac punctuze,
uwsing hoparinized’ glasswvare and ayringes. Plasma m ‘separated
by centrifugation. The immmoglobulin fraction of the plasma

\
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proteins was isolsted by 33 % ssturation with smonium sulphste
and centrifugation of the resultant precipitates of immuno-

globulins, The precipitate was then dissolved in nomral saline
and stored at «20°¢,

antibodies ware detacted by the doubls axsmzm tast h: |
ager (7). The precipitin banda were fama both for wjuqnu
and the carrier pm:m. Maemtm of the antisera with the
em:ﬁ.ar protein resulted in total removal of the antibodies to
the cerrier. This plasma exhibited specificity for the
conjugate aama. ‘ '

mm:g the pm&ptﬁn bend obtained by ths umm of
antibedy with the conjugate could be inhibited by the pure
hapten, An alcoholic solution of the hapten was added to the
antibody solution, incubated for 30 minutza st 30°C, followed
by 1% minutes at 4°c, and thon resctes againat the conjugate |
in the agar-gel 4iffusion test,

rm thess results, it was mtalpmed that antibodies
are produced to raaittmm.

Absolute stount of the antibodies in the plasma was
ealculated by quantitative precipitin test (8).

The effect of anti-fenitrooxon antibodies was atudied on
the isolated frog rectus abdominis muscle, The muscle wes
dissected out snd mounted in an organ bath in frog Ringer's
aolutimi. at room temperature, asrated with oxygens
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Responses of the tissue to acetylcholine wers recorded on
a moving drum using a gimbal lever, and a dose response Curyve
was established. A stendard dose of scetylcholine was selected
for further work.

gwo ptrips of the rectus sbdominis muscle from the same
frog served as experimental snd control strips respectively.
When the control strip was incubsted with zgnztmm,_' a
potentiation of the response to the standard dose of acetyl-
choline was obBained, Pretreatment of the experimental strip -
with the entibody 444 not espprecisbly block this potentiation.

The effect of fenitrooxon was naxt studied in yive on the
- electrocardiographic pattern of the mouse,

Cn intraperitoneal administration of fenitrooxon to
anassthetized mice, the following changes could bo seen 1
- &) mmw-.im of the PR interval and inversion of the P waves,
b) Increased smplitude of the GRS complex. |
¢) Varying dagrees of atrioventricular blockade leading to
complets A~V dissociation and irreversible bradycsrdia with
extrapystoles, leading almost invariebly tc deeth,

As apainat this in mice that were given anu-fmzimm
:ntihcw intraperitoneally pﬁor to mznuu:aum of
fenitrooxon as alove, none of the sbove effects wers seen,
saving transiept tachycardiss and bradycardies.
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Fanitrothion, an organcphosphorus insscticide in routine use
today, was converted chemically to its active metabolite |
£enitrooxonsy This active metabolite was conjugated to bovine
serum albumin, Rabbits inmunieed with these conjugates, showed
the presence of a specific antibody to fenitrooxon, ming agar=gel
diffusion test, The antibodies thus prepared were 'ovaluaua for
their binding capacity and neutralisation of the biological
effacts of fenitroowon, On the fsclated frog rectus sbdominis
muscle, fno protection from the effacts of fenitrcoxon by the
entibodies could be demonstrated, Héwaver, in anaesthotived
mice, pretrestment with the antibody afforded significant
protaction against the cardiotoxic effects of fenitrooikon,

Thug, 4t is demenstrated that s specific antibody to
fanitrooxon can be produced and that it may pmve to be of value
in m&abnnag by this agent.
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