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MULTIPLE DOSES OF A POTENT CHOLINES-
TERASE INHIBITOR ON THE HOST RESISTAN-
CE AND HUMORAL MEDIATED IMMUNITY
IN RATS
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The intoxication with organophosphorus com-
pounds causes inhibition of cholinesterase with
subsequent elevation of blood and tissue levels of
acetylcholine that is reason for manifestation of
typical symptoms. The main symptoms are results
of disturbance of the central and peripheral ner-
vous, cardiovascular, gastrointestinal and endocri-
ne systems. The effects of organophosphorus
compounds are not limited on this systems only,
especially in cases of subacute or chronic intoxica-
tions. There are investigations that direct attention
on the influence of this class of chemicals of the
immune system too (1). Recently assumption is
that the immunotoxic effects of organophosphorus
compounds are most likely mediated by noncholi-
nergic mechanisms.The observed alternations in
immune system could be described mainly as im-
munosuppresion or immunostimulation, i. g. hyper-
sensitivity. The type of immune reaction is depen-
ding on chemical structure, dose, duration and
route of application of the examined compound.

The purpose of this article is to describe the re-
sults obtained under conditions of an experiment in
vivo using irreversible cholinesterase inhibitor ap-
plicated at subacute doses. In the course of the
investigations, host resistance and some parame-
ters of humoral immunity were observed.

Materials and Methods

Toxic agent and antidotal drugs: 1,1,2-trimethyl-
propyl methylphosphonofluoridate (TMPhF) was
used as an irreversible inhibitor of cholinesterase;
(4-hydroxy-iminomethyl-pyridinium-1-methyl) - (3-
carboxy-amido-pyridinium-1-methyl) ether dichlori-
de, (HJ-1) as a reactivator of cholinesterase and N-
ethyl-3pyperidil ester of diphenylhydroxy acetic
acide as a cholinolytic (MC-2) synthesized in MMA
were used for treatment of the intoxicated rats.

Animals: 60 out bred ,Wistar® male rats, 8
weeks of age were kept under conventional condi-
tions: up to 10 rats percage, T =20+ 2 °C, 12 h.
light/dark cycle.

Bacterial strains: Pseudomonas aeruginosa
5875 and Listeria monocytogenes serovar 4B
(National Center for Infectious and Parasitic Disea-
ses, Sofia, Bulgaria) were used for assessment of
the local nonspecific mechanisms of defence and
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Intoxikace organofosfaty zpusobuje inhibici cho-
linesteraz s naslednym zvy$enim hladiny acetyl-
cholinu v krvi a tkanich spojenym s manifestaci
typickych piiznaku. Hlavni symptomy jsou vysled-
kem poruchy funkci centralniho a periferniho ner-
voveho, kardiovaskularniho, gastrointestinalniho a
endokrinniho systému. Viiv organofosfati se ne-
omezuje pouze na tyto systémy zvlasté v pfipadech
subakutnich nebo chronickych intoxikaci. Existuji
studie, které se zabyvaji vlvem chemickych latek
této tfidy také na imunitni systém (1). V souéas-
nosti existuje domnénka, Zze imunotoxické uginky
organofosfatli jsou s nejvétsi pravdépodobnosti
zprostiedkovany necholinergnimi  mechanismy.
Sledované zmeény imunitniho systému by mohly byt
popsany pfedevsim jako imunosuprese nebo imu-
nostimulace, tj. hypersenzitivita. Druh imunitni re-
akce zavisi na chemickém slozeni, davce, trvani a
zplsobu podani testované slouceniny.

Cilem tohoto &lanku je popsat vysledky ziskané
v podminkach experimentu in vivo pfi pouziti ire-
verzibilniho inhibitoru cholinesterazy aplikovaného
v subakutnich davkach. Béhem studie byla sledo-
vana rezistence hostitele a nékteré parametry hu-
moralni imunity.

Material a metodika

Toxicka latka a antidota: 1,1,2-trimethylpropyl
methylfluorofosfonat (TMPhF) byl pouzit jako ire-
verzibilni inhibitor cholinesterazy; (4-hydroxy-imi-
nomethyl-pyridinium-1-methyl) - (3-karboxy-amido-
pyridinium-1-methyl) dichloridéter, (HJ-1) jako re-
aktivator cholinesterazy a N-etyl-3piperidyl ester
difenylhydroxyl kyseliny octové jako cholinolytikum
(MC-2) syntetizované v MMA byly pouzity k Ié¢bé
intoxikovanych potkant.

Zvifata: 60 potkant (samcl) kmene Wistar
ve stafi 8 tydnl bylo chovano ve standardnich
podminkach: v jedné kleci az 10 potkan(, teplota
20 + 2 °C, svétlo/tma v intervalu 12 hodin.

Bakterialni kmeny: Pseudomonas aeruginosa
5875 a Listeria monocytogenes serovar 4B (Narod-
ni centrum infekénich a parazitarnich nemoci, So-
fie, Bulharsko) byly pouzity pro hodnoceni mist-
nich nespecifickych mechanismu obranyschopnos-
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cellular immunity. Ps. aerugnosa was applicated
subcutaneus in concentrations 1.10° and 1.10°
cells and L. monocytogenes- intraperitoneally in
concentration 1.10° cells.

SRBC (sheep red blood cells) were received
from whole blood after three times centrifugation
and washing with PBS (phosphate buffer saline)
before use. SRBC and bacterial nutritious media
were purchased from NCIPD, Sofia, Bulgaria.

The acute i.m. LDso of TMPhF determined by the
method of Litchfield and Wilcoxon (2) was 50.4
(46.7-56.7) mg/kg.

Experimental groups and observed parameters:
The experimental animals were derived as follow:
20 rats were intoxicated im. with 1/10 LDso
(5 mg/kg) of TMPhF, 5 days (the 1st group); 20 rats
were intoxicated with 1/10 LDso of TMPhF and 1
min. latter were treated with HJ-1 (20 mg/kg) and
MC-2 (10 mg/kg) i.m., 5 days (the 2nd group);
other 20 rats were treated i.m. with 0.9 % solution
of NaCl, 5 days (the 3rd group).

Skin necrotic reaction after s.c. inoculation of Ps.
aeruginosa (1.10° and 1.10° cells) one day after the
last treatment in all three groups was measured on
the 1st, 2nd, 4th and 7th day.

The bacterial clearance of L. monocytogenes
from the spleen and peritoneal lavage after i.p.
inoculation (1.10° cells) one day after the last
treatment of the rats was determined in three terms
- the 1st, 3rd and 4th day. The peritoneal lavage
was separated by centrifugation and count of colo-
ny forming units of sediment and supernatant were
enumerated.

The number of splenic plaque forming cells
(IgM-antibody anti-SRBC forming cells) was de-
termined according to the method of Cunningham
and Szenberg (3). The immunization with SRBC
was performed three days after last treatment
of the experimental animals with TMPhF, TMPhF
and antidotes and NaCl solution only. Five days
later the reaction was made.

The number of peritoneal cells received from
non-infectious rats was enumerated on the 3rd and
10th day for all groups.

Results and Discussion

The animals from the 1st and 2nd groups did not
show physiological disturbance during the treat-
ment with TMPhF only or TMPhF and antidote
drugs.

The data from SNR are shown on Fig. 1. The
initial inflammatorynecrotic reaction (d1) is stron-
gest in the rats from TMPhF intoxicated and antido-
te treated group. In the following terms, significant
differences between experimental and control
groups are not observed. However the degree of

ti a bunétné imunity. Ps. aeruginosa byla aplikova-
na subkutanné v koncentracich 1.10°a 1.10° bunék
a L. monocytogenes intraperitonealn& v koncentra-
ci 1.10° bunék.

SRBC (ovei erytrocyty) byly ziskany z piné krve
trojnasobnou centrifugaci a pfed pouzitim byly
promyvany PBS (fyziologicky roztok tlumeny fosfa-
tem). SRBC a bakteridlni nutriéni média byly za-
koupeny v Narodnim centru pro infekéni a parazi-
tarni nemoci v Sofii, Bulharsko.

Akutni i.m. LDs, aplikované latky TMPhF byla
stanovena metodou Litchfielda a Wilcoxona (2)
a ¢inila 50,4 (46,7-56,7) mg/kg.

Experimentaini skupiny a sledované parametry:
Laboratorni zvifata byla pouZita nasledovné: 20
potkanu bylo intoxikovano i.m. aplikovanym TMPhF
v davce 1/10 LDso (5 mg/kg) po dobu 5 dni (1. sku-
pina); 20 potkanu bylo intoxikovano 1/10 LDso latky
TMPhF a o minutu pozdéji Ié¢eno i.m. podanou
latkou HJ-1 (20 mg/kg) a MC-2 (10 mg/kg) po dobu
5 dni (2. skupina); ostatnim 20 potkaniim byl po-
davan im. 0,9% roztok NaCl po dobu 5 dni
(3. skupina).

Nekroticka reakce kiuZze po subkutanni inokula-
ci Ps. aeruginosa (1.10°a 1.10° bunék) provedené
1 den po posledni aplikaci noxy byla méfena 1., 2.,
4. a7.den.

Bakterialni clearance L. monocytogenes ze sle-
ziny a peritonedlni lavaze po i.p. inokulaci (1.10°
bunék) jeden den po posledni aplikaci toxické latky
potkanim byla stanovovana ve 3 intervalech - 1., 3.
a 4. den. Peritonealni lavaz byla separovana centri-
fugaci a bylo stanoveno mnozstvi CFU v sedimen-
tu a supernatantu.

Pocet slezinnych bunék tvoficich plaky (buriky
tvofici IgM protilatky proti ov&im erytrocytim) byl
uréovan metodou Cunninghama a Szenberga (3).
Imunizace ovéimi erytrocyty byla provadé&na 3 dny
po poslednim podani TMPhF, TMPhF a antidot ¢&i
samotného roztoku NaCl laboratornim zvifatim.

Pocet peritoneainich bunék ziskanych od neinfi-
kovanych potkan( byl stanoven ve vSech skupi-
nach 3. a 10. den.

Vysledky a diskuse

U zvifat 1. a 2. skupiny se b&hem podani sa-
motného TMPhF nebo TMPhF a antidot neprojevily
fyziologické poruchy.

Udaje o nekrotické reakci na kdzi jsou uvedeny
na obr. 1. Po&ate¢ni zanétlivé nekroticka reakce
(d1) je nejsiingjsi u potkanu ze skupiny intoxikova-
né TMPhF a lé¢ené antidoty. Mezi experimentalni a
kontrolni skupinou nebyly shledany vyznamne
rozdily. Velikost reakce u kontrolnich potkan( vSak
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the reaction in the control rats on the 7th day sug-
gests that local mechanisms of defence in this
group are more effective.

Total number of peritoneal cells received from
non-infected rats did not show significant differen-
ces between groups (Fig. 2), but could be noted
their increase in TNPhF group especially on the 3rd
day.

Persistence of L. monocytogenes in spleen and
peritoneal lavage after i.p. inoculation of 1.10° mi-
crobe cells is given on Fig. 3 and Fig. 4a,b,c. The
elimination of the infectious agent is the most rapid
from rats intoxicated with TMPhF without antidote
treatment. Number of colony forming units in sedi-
ment is an indicator phagocytated bacteria and vice
versa. The results suggest that phagocytic activity
in TMPhF-group is strongest although there is not
significant difference between this and control
groups. The antidote treatment with HJ-1 and MC-2
seems to retard the elimination of L. monocytoge-
nes in regard to dynamic of bacterial clearance in
this group. This assumption is in good corelation
with the number of peritoneal cells enumerated at
the 1st and 3rd days after i.p. inoculation of L. mo-
nocytogenes (Fig. 5).

Significant difference was found between the
number of plaque forming cells determined 8 days
after the last cherhical exposure of the rats. PFC
were decreased in TMPhF intoxicated rats (p«< 0.05)
and twofold increase of PFC was observed in
group with antidote treatment after intoxication, in
comparison with control rats (Fig. 6).

From experiments carried out with Ps. aerugino-
sa and L. monocytogenes, it could be assumed
that multiple subacute dose (1/10 LDs, i.m.) of TM-
PhF does not suppress nonspecific mechanisms of
bacterial defence and cell mediated immunity as
far as they are responsible to the resistance to both
infectious agents. Contrary effect of TMPhF on the
IgM response to T-dependent antigen is available.
Suppression of IgM response to SRBC in mice
after acute intoxication with malathion and para-
thion were described (4). Alternation of humoral-
mediated immunity in vivo and in vitro investiga-
tions caused with O,0,S-trimethyl phosphorothioa-
te (0,0,S-TMP) were also observed (5). There are
different hypotheses for the possible mechanisms
by which organophosphorus compounds alter im-
mune response (6). It is very difficult to explain the
effects of this class of chemicals on the immune
system with anticholinesterase activity only becau-
se of the fact that alteration of immune functions
are established in cases when used doses do not
cause symptomes of intoxication. On the other
hand, the type of chemical structure, mode of ap-
plication and metabolitic properties of the concrete
compound are very important conditions for its
immunotoxic effects.

Previous investigations have reviewed that so-
man causes relatively rapid release of histamine in

7. den ukazuje, Ze mistni obranné mechanismy
jsou v této skupiné ucinngjsi.

Celkovy pocet peritonedinich bunék ziskanych
od neinfikovanych potkani neukazal vyznamny
rozdil mezi skupinami (obr. 2), ale mohlo byt za-
znamenano jeho zvySeni ve skupiné TMPhF hlav-
né 3. den.

Perzistence L. monocytogenes ve sleziné a peri-
tonealini lavazi po intraperitonealni inokulaci 1.10°
bunék mikrobu je uvedena na obr. 3 a obr. 4a,b,c.
Eliminace infekéniho agens je nejrychlejsi u potka-
nu intoxikovanych TMPhF bez |é¢by antidoty. Pocet
CFU v sedimentu je ukazatelem fagocytovanych
baktérii a naopak. Vysledky ukazuji, Ze fagocytarni
aktivita ve skupiné TMPhF je nejsilngjsi, ackoli
neni vyznamny rozdil mezi touto a kontrolni skupi-
nou. Zda se, Ze lé¢ba antidoty HJ-1 a MC-2 zpoma-
luje eliminaci L. monocytogenes s ohledem na dy-
namiku bakterialni clearance v této skupiné. Tato
domnénka koreluje s poétem peritonealnich bunék
stanovenych 1. a 3. den po i.p. inokulaci L. mono-
cytogenes (obr. 5).

8. den po poslednim podani noxy potkanim byl
zjistén vyznamny rozdil mezi poétem bunék tvofi-
cich plaky. Poget bunék tvoficich plaky klesl u pot-
kant intoxikovanych TMPhF (p< 0,05) a zdvojna-
sobil se ve skupiné l&¢ené antidoty po intoxikaci ve
srovnani s konfrolnimi potkany (obr. 6).

Z experimentd provadénych s Ps. aeruginosa a
L. monocytogenes by se dalo shrnout, Ze vicena-
sobna subakutni davka (1/10 LDs i.m.) TMPhF
nepotlacuje nespecifické mechanismy bakterialni
obranyschopnosti ani imunitni odpovéd zprostied-
kovanou burikami, pokud odpovidaji za rezistenci
na obé infekéni agens. Opacny vliv TMPhF na IgM
odpovéd na T-dependentni antigen je evidentni.
Bylo popsano potlageni reakce IgM na ovéi erytro-
cyty u mysi po akutni intoxikaci malathionem a
parathionem (4). Byla také sledovana zména hu-
moralné zprostiedkované imunitni odpovédi v ex-
perimentech in vivo a in vitro zpGsobené O,0,S-
trimethyl thiofosfatem (O,0,S-TMP) (5). Existuje
nékolik hypotéz o moznych mechanismech, kterymi
organofosfaty méni imunitni odpovéd (6). Je slozité
vysvetlit viiv chemickych latek této tfidy na imunitni
systém pouze anticholinesterdzovou aktivitou. DG-
vodem je fakt, Ze zména imunitnich funkci se obje-
vuje v pfipadech, kdy pouZité davky noxy nevyvo-
laji pfiznaky intoxikace. Na druhé strané typ che-
mické struktury, zplsob aplikace a metabolické
vlastnosti konkrétni slouéeniny jsou velmi dllezité
podminky jejich imunotoxickych G&inka.

Pfedchozi sledovani uvadéla, Zze soman zpuso-
buje relativné rychlé uvolfiovani histaminu v expe-
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Fig. 1 Skin necrotic reaction after s.c. inoculation of P. aerugi-
nosa (1.10° cells)

Obr. 1 Nekrotické reakce kuZe po podkoZni inokulaci P. aerugi-
nosa (1.10° bunék)
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Fig. 2 Number of peritoneal cells received from noninfectious
with L. monocytogenes rats

Obr. 2 Pocet peritoneédinich bunék ziskanych z neinfekénich
potkanu s L. monocytogenes
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Fig. 3 Clearance of L. monocytogenes from spleen

Obr. 3 Odstranéni L. monocytogenes ze sleziny
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Fig. 4a Colony forming cells in total peritoneal lavage after i.p.
inoculation of L. monocytogenes in rats

Obr. 4a Buriky tvoiici kolonie v celkové peritoneéini lavazi po
i.p. inokulaci L. monocytogenes potkanum
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Fig. 4b Colony forming cells from supernatant after i.p. inocula-
tion of L. monocytogenes in rats
Obr. 4b Buriky tvofici kolonie ze supernatantu po i.p. inokulaci
L. monocytogenes potkanum
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Fig. 4c Colony forming cells from sediment of peritoneal lavage
after i.p. inoculation of L. monocytogenes in rats

Obr. 4c Bunky tvorici kolonie ze sedimentu peritoneaini lavaie
po i.p. inokulaci L. monocytogenes potkanim
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Fig. 5 Number of peritoneal cells after i.p. inoculation of L.
monocytogenes in rats

Obr. 5 Pocet peritonedlnich bunék po i.p. inokulaci L. monocy-
togenes potkanim

in vivo and in vitro experiments (7). Authors
concluded that histamine is an important mediator
of soman-induced patophysiological responses
in the rat. The role of histamine release induced by
organophosphorus compounds may contribute to
hypersensitivity responses observed with this class
of chemicals.

It is difficult to discuss the data obtained from
rats that were intoxicated and then treated with
HJ-1 and MC-2 because of the lack of control anti-
dote group in this investigation. The reactivator of
cholinesterase and cholinolytic were applied 1 min.
after intoxication, thus, it could be assumed that
results from SNR, bacterial clearance of L. mono-
cytogenes from spleen and peritoneal lavage and
number of plaque forming cells are related to the
effects of the used antidotes. The presence of
three different compounds with specific interaction
between them is a complicated phenomenon and
explanation of the altered immune function obser-
ved in this case requires more profound investiga-
tion.

In conclusion, it could be that multiple subacute
doses of TMPhF used under conditions of this in-
vestigation do not alter host resistance to infec-
tious agents - Ps. aeruginosa and L. monocytoge-
nes but decrease in the number of plaque forming
cells when sheep red blood cells as an antigen are
used.
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