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SUUMARY

physiologically baeed models provide a basis for extrapolation of
toxicokinetic data from laboratory animals to man. Our previous
studies provide data for validation of a model deecribing the
t.oxicokinetics of the toxic stereoiBomera of C(t)P(t)-Eoman and some

toxicant-specific parametere needed for development of the model ' The

present report completes thie eet of toxicant-specific parameters for
the guinea Pi9, i.e., tiesue/blood partition coefficients,
concentratione of covalent binding sites, rate conetants for covalent
hinding by c(rlp(-)-l4c-roman and half-life times for hydrolysie of
C(-)P(-)-goman. Parameters were determined in blood, and in
homogenates of brain, Iiver, kidney, Iung, and a skeletal muscle

lgasirocnemiue et eoleus). In addition, the cardiac output and tissue
blood flowe were determined under circumstancee prevailing during
measurement of the relevant toxicokinetic data.
The tieeue/btood partition coefficients for the diaetereoisomers of
C(t)p(tI-Eoman were eimilar. These coefficients were obtained from
the partition coefficients determined for btood/air and tiseue
homogenate/air by gae chromatographic analysis in the air phaae by

ueing a head-space injection technique. Elimination of C(t)P(i)-soman
by covalent binding in blood and tiesue homogenate was effectivel-y
blocked by pretreatrnent with 2-butenyl methylphoephonofluoridate'
which rapidly reacte r*ith covalent binding eites, but ie also rapidly
dealkylated to a nonvolatile methylphosphonofluoridic acid. EnzYmatic

hydrolysis was stopped by lowering the pH to 3 ' 3 '
Relatively high concentratione of gitee for covalent binding of
C(tlp(-)-l4g-so*"r, were found in liver and kidney homogenates,
r*hereas these concentratione were low in the target organs, i.e',
brain and mugcle, OnIy a fraction of the available covalent binding
sites in guinea pig blood and tiesue homogenates reacts rapidly with
C( r) p(- ) -aoman. Indicatione were obtained for contribution of
C(tlP(+)-soman to covalent binding in guinea pig liver and kidney
homogenate when treated with an eguimolar mixture of c(t)P(-)-14c-
Eoman and c(tlP(+)-soman. The method used wae not adequate for
evaluation of the contribution of C{t)P(+}ieoman to covalent binding
in homogenates of the other tiesues or in blood. The haLf-Iife times
of hydrolysis for C(-)P(-)-8oman in guinea pig plaema and in varioue
tissue homogenatee were similar to the values obtained in a previous
study for C(+)P(-)-soman hydrolysis. The hydrolytic activitiee for
C(tlP(*)-soman in target tiesuee (brain, muecle) of the guinea pig
are lower than in rnost of the tissuee participating in central
elimination, eimilarly to the binding capacities for C(tlP(-)-6oman
in these tiesues.
Cardiac output and blood flow distributione in varioug tiseues were

determined in anaesthetized, atropinized and artificially ventilated
guinea pigs before as weII as 10 min after intravenouB adminietration
of 2 and 6 LDSO C(tlP(t)-soman- Neit'her the cardiac out'put nor the
blood flow diEEribution was significantly affected by the
intoxication.
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I. INTRODUCTION

During the laet couple of years we and others have performed a number
of studies on the toxicokinetics of L12r2-trimethylpropyl
methylphosphonofluoridate IC(t]P(t)-soman, 1-11J and related
organophoephates ( 1,2-15 ) . These studies afforded a better insight
into the persistence of the agente in the body, from which
improvements of therapy and pretreatment of organophosphate
intoxication could be conceived ( 3, 4, 16 ) .

fn our etudiee performed in rat, guinea pig, and marmoset, the
biochemical and toxicological implications of the chirality of
C(tlP(t)-aoman have been taken into account. The nerve agent conEists
of four etereoieomerE denoted as C(+)P(+)-, C(+)P(-)-, C(-)P(+)-, and
C(-)P(-)-Eloman, in which C stande for the aslnrmetric carbon in the
pinacolyl moiety and P for the asymmetric phosphorus atom. Only the
C(tlP(-)-isomers are highly toxic (17). Our toxicokinetic studies
showed that these isomers are much more persistent in the three
species than the relatively nontoxic C(tlP(+)-isomers. It was
estimated from the data obtained that toxicologicalLy significant
Ievels of C{t}P(-}-soman persist at intravenous (i.v. ) doees of 6
LDSO for approximately 5, 2, and l" h in the rat, guinba pig, and
marmoset, reepectiveJ.y (2-41 . Such leve1s persist in the guinea pig
for approximately 4 h after subcutaneous (s.c. ) admlnistration of 5
LDSO of the agent (5), and for approximately O.S h after i.v.
infusion with O.8 LDSO (8) and after reepiratory exposure to O.8
LCTSO ( 7 ) of the agent. We further concLuded f,rom these studies that
the guinea pig is a better model for a primate than the rat from the
point of view of toxicokinetics. Additional inveetigations of the
elimination pathways indicated that the c(tlp(-)-isomers are
preferentially eliminated by covalent binding, for inetance, to
carboxylesterasesr while elimination of the C( t ) P ( +) -isomers mainly
proceeds by way of enzymatic hydrolysie ( 3 r 4 ) .

The relativery high pereistence of the toxic c(tlp(-)-isomere
suggeets that scavengers applied in a therapeutic situation ehould
support the effecte of the conventional treatment of C(tlP(t)-soman
intoxication with atropine and oxime. Furthermore, computer
eimulations showed that the efficacy of the pretreatment of C(tlp(t)-
soman intoxication, €.![. I with pyridoetigminer nay be limited i-n
particular by the persistence of C(t)P(-)-ieomers in the terminal
elimination phase (15). AIso for this reason, the use of additional
antidotes that accelerate the terminal elimination, such as
scavengers, may subetantially improve the efficacy of the
pretreatment.

Although the resulte of the toxicokinetic studiee already lead to
valuable suggeetions with respect to therapy and pretreat,ment of
c(t)P(t)-Eloman intoxication, these conclugions would be more
generally applicable if the toxicokinetics can be described in a
physiologically based model (18-21). These models represent the
mammalian syetem in terms of Epecific tissues or groups of tiseuea,
all connected by arterj-al and venous blood flow pathways, The models
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use physiotogical parametersr such as tissue volumes and blood flow
rates, and parametere specific for the chemical agent under
investigation, such as tissue/blood partition coefficients and
metabolic parameters. The models consist of a set of mass-balance
differential equations for the varioue tissues and grouPs of tissuee.
Based on these differential eguatione time-dependent toxicokinetic
data can be simulated. The coherent relationship among anatomical and
phyaiological characterigtice of different species provides the basis
for cross-Bpeciee scaling of toxicokinetic data described in euch a

model and extrapolation eventually to man. Haxwell et aI. (11)
deecribed a firet phyeiologically based model for C(tlP(t)-soman and,
recently, Gearhart et aI, (221 developed a eimilar model for
diisopropyl phosphorofluoridate (DFP) r a toxic agent cloeely related
to C(tlP{t}-Eolllirn.

In addition to the physiological and toxicant-specific parameters,
which are needed for development of a physiologically baeed model,
kinetic data should be available on which the developed model is
validated. A direct validation is carried out by comparieon of the
time course of blood concentrations predicted on the basie of the
model r,rith theee data measured for the toxicant. The modele for
orgranophosphates deecribed so far, howeverf were validated by using
the time course of acetylcholinesterase (AChE) inhibition, the target
for the toxic effecte of the organophoephatee. Probably, the limited
number of data available for blood levele of the agents was
ineufficient for proper teetlng of the models'

Our etudiee on biochemical and toxicological implications of
chirality in C(tlP(t)-Eoman clearly indicate that discrimination
between the toxic C( t ) P(- ) -isomere and the nontoxic e( t ) P(+) -isomers
ie essential when modelling the toxicokinetics of the agent. These
paira of isomere differ not only with reepect to toxicity ( 17 ) , but
alao with reepect to elirnination l2-4I as mentioned before.
Therefore, it is concluded that a physiologically based model for the
toxicokineties of Eoman ehould be based on toxicant-epecific
parameters for the toxic C(tlP(-)-ieomerg and should be validated on
levels measured for these igomers.

The latter data are provided by our toxicokinetic etudieeT i.@.1 time
courses of blood levels for C(tlP(-I-soman following i.v. and 8.c.
bolue admLnistrationr EB well aE during and after L.v. infusion of
C(tlp(t)-Boman and respiratory exposure to the agent. Rate conetants
for abaorption phasee after adminiatration (8.c., i.v' infusion and
respiratory expoeure) were aleo determined. l{oreover, data are
aval-lable on the major elirninatlon pathway for the toxic ieomers,
i.e., quantities of C(tlP(t)-soman covalently bound L h after l.v.
administration of the agent.

In the course of our studies on the toxicokinetics of C(t)P(t)-Boman
we obtained some toxicant-epecific parameters, euch as totally
available binding sites for C(+)P(-)-aoman and half-life times for
hydrolysis of C(+)Pt-)*aoman in plasma and a number of tiesues' In
thie report we describe the determination of additional toxicant-
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epecific parametere of C(t)P(-)-soman as we1I aB physiological
parameters of C(tlP(tI-soman intoxicated animals that were needed for
modelling. Since our toxicokinetic studies indicate that the guinea
pig ie a better model for primatea than the rat, thie apecies should
be the epeciee of choice for toxicokinetic modelling.

The results will he used for develolmrent of a physioJ.ogically based
model for the toxicokinetics of C{t}P(-}-soman and for subeequent
validatlon of the model from compariaon of predicted values with our
experimental data (2-5), in a joint effort with the U.S. Army litedical
Reeearch Instltute of Chemical Defenge.

Phyeiologically based modela consist of both organ-specific and
Iumped compartments. Organ-specific compartmente are directly
involved in the acute toxic effect of the agent or have a major
influence on the toxicokineticg. The lumped compartments are grouPs
of tissues that have common characteristice and can jointly be
deecribed without significant lose of critical information. In thie
atudy we determined toxicant-epeciflc parameters in bl-ood' brain,
Iiver, kidney and lung aa organ-Bpecific compartmente. Furthermore,
theee parametere were determined l-n liver and ekeletal muscle, which
are coneidered as representative tLssuee for richly perfueed and
elowly perfused tissuee, reapectively.

The follot'ring toxicant-specif ic parametere were determined.

(i) Parameters for partitioning of the C{!)P(r)-soman stereoisomers
betlreen hlood and tissues

These parametere, which are not yet available for guinea pig blood
and tiseues, will be obtained by equilibration of C(t)P(t)-soman in a
liquidlgas system, e.gt., bloo{/air and tiesue homogenate/air, and hy
eubsequent analyais of C(*)P(tl-soman in the head Epace by meanE of
gas chromatography (23 1241 . The parametere will be identical for
enantiomers of a chj.ral eompound, but may be different for the two
enantlomerlc paire of C(*)P{t}-Eomanr i.€.1 [C(+]P(+)- + C(-]P(-]-
EomanJ and [C(+)P(-)- + C{-lP(+)-eoman]. Our experimental eatup
allowed the simultaneoue determination of the partltion coefficients
for these two pairs of enantiomers.

(ii) Parameters for sovalemt binding
From a toxicological point of view, the rnost important binding
proseas of C(tlP(t)*soman is ite reaction with AChE which induces the
intoxication by the agent. The molar grrantities of AChE and of other
cholineaterases, however, repregent only a very ema1l percentage of
the total hinding eitee Ln mamrnale ( 3,4 ) , which can be neglected from
a point of view of C(tlP(t)-soman elimination. Conseguently,
diecriminatlon between binding to cholinesteraees and bindJ-ng to
other sites will not be necessary for a description of the
elimination of C ( * ) P(t)-soman.
fn the courae of our previous inveetigations (314) we already
collected data on the binding capacity for C(+IP(-!-soman in various
tisEues and data for the occupation of the binding eites by C(tlP(t)-
soman t h after i.v. administration of 2 and 6 LDSO C(tlP(t)-Eoman.
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In the preErent etudy the overall hinding capacitiee for the toxic
C(tlP(-I-Boman were determined in the various tissues. Apart from
parametere for toxicokinetic modelling, the concentrations of binding
sitee obtained were needed for determination of rate constantB for
the binding reactions. Probably, various proteins may Eerve aEI

binding sitee, which may have widely varying reactivities for
C(tlP(-)-Eoman hinding. Thereforer w€ determined overall rate
constante for binding in blood and in homogenates of the tieeues of
choice. Since we obeerved in previous etudies (4) that covalent
binding sitee are occupied mainly, but not exclusively, by C(t)P(-)-
Eoman after i.v. adminietration of C(tlP(t)-Eoman to guinea Pigs,
determinations of the rate congtante for binding were carried out in
the preaence of C(tlP(+)-aoman in order to account for the possible
contribution of these isomerg.

( iii I Parameters tor enzymatic hydrolysis
Parameters have already been obtained for enzymatically catalyzed
hydrolysie of C(+lP(-)-Eoman from hydrolyeie of the ieomer in plasma
aE well as In 25 t homogenate of various tieauee and 10 * muscle
homogenate ( 3 ) . Similar experiments wetre now carried out for the
other toxic iaomer. Since our toxicokLnetic etudiee indicated that
hydrolyeie of C(tlP(-)-Eoman contributee to ite elimination to a much

Iarger entent in the terminal phase than in the initial phaser wE

choee an initial Ct-)P(-)-Boman concentration of ca. 40 ng/ml, i.e-,
corresponding r+ith the concentration preeent in blood after the
initial rapid concentration decay following administration of 2-6
IDSO C(tlP(tI-Eoman. The reactione were followed by gas
chlEmatographic analysie of the reeidual concentration of the ieomer.

(iv) Parameters for tjssue btood flaw and cardiac output
The al-m of our toxicoklnetic atudiee l2-5) ie to provide more insight
into the pereietenee of C(tlP(t)-soman in the body, in order to
improve therapy and pretreatment of intoxication by the agent.
Therefore, we performed theee studiee at lethal doeec of C(tlP(t)-
soman, i.e., 2 and 6 LDS,, in atropinized animals. Since data
obtained from these studles will be ueed to validate the
physJ-ologLcally based model to be developed, the phyaiological
parametere of interest ehould be determined under conditiona eimilar
to thoee prevailing when the toxicokinetic data were obtained. Within
this context it should be noted that C(t)P(t}-soman is rapidly
distributed over the body after adminietratlon 12 ,3, 5 ) . In accordance
wlth this rapld dlEtribution, there Ia a rapld onaet of the effects
of the lntoxication. Con6equently, changea in cardiac output and
tlssue blood flowe induced by C(tlP(t)-Boman intoxLcation at high
dose wL1l occur ahortly after adminietratlon of the agent' For thie
reasonr w€ determLned the cardiac output and tissue blood flowe in
anaeathetLzed, atropinized and artificially ventilated animals in
order to obtain these physiological parameters for the eonditions
prevailing in our toxicokinetic etudies ehortly before C(tlP(t)-soman
adminigtration. In addition, these physiological parameters were
determined in anaeethetized, atropinized and artificiaLly ventilated
animals 10 min after i.v. administration of 2 and 6 LDS' C(tlP(t)-
Eoman, in order to evaluate changes in the parameters due to
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C( t ) P( t ) -soman intoxication.
ueing radioactively labelled
aI. (25).

These determinations were carried out by
microapheres as reported by Peetera et
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I I . I.IATERIALS AND HETHODS

II . 1. lilateria]-s

C ( t ) 
p ( t ) -L ,2, 2-Trimethylpropyl methylphosphonofluoridate ( soman ) ,

2, 2-dimethylpropyl methylphoephonof Iuoridate and 2-butenyl
methylphoephonofluoridate were prepared at TNO Prins l{aurite
Laboratory from reaction of the appropriate alcohol with
methyl-phosphonic difluoride and methylphosphonic dichloride according
to the procedure of Bryant et aI. (26). The compounde were distilled

wae obtained. C(t ) P(t) -L,2, 2-Trimethylpropyl 14C-methylphosphono-
fluoridate tc(tlP(t)-14C-romanJ wae a gift of the Centre d'Etudes du
Bouchet (Vert Ie Petit, France) and had a spgcific activity of ].-7
TBqfmole. The internal standard C(tlP(+)-tU-2n lL r2, 2, -trimethylpropyl
methylphosphonofluoridate I C ( t ] P ( + ] -Dt3-"oman J , C ( t ] P ( + ) -soman,
C(tlp(-)-l4c-"om"r, and C(-IP(-)-soman] were obtained aE described
previoualy (2 r27 t28l ,

Isopropanol (Brocacef, Rijswijk, The Netherlande) was distilled over
a column packed with Dixon rings (plate number 8O; NGW' Wertheim,
West Germany). The following products were obtained commercially and
were ueed without further purificationl ethyl acetate (Merck,
Darmstadt, Germanyr EuE Riicketandanalys€), eaponin (BDH, Poole, UK)'
aluminium sulfate.L6 HzO (BDH Ana1ar, ? 98t), sodium bicarbonate
(Lamens en Indemans, 'e-Hertogenboech, The Netherlands, > 99.5t),

Analyse, > 99.5*), atropine eulfate (Brocadee Stheeman, Haarlem, The

Netherlands), sodium harbital (Brocades Stheeman), halothane
( Trofield, Eug, Switzerland) , heparin ( 50OO I . U. /mI, -Kabi Vitrum,
Stockholm, Sweden), fentanyl and fluanisone lnypnormR; Duphar,
Ameterdam, The Netherlande), pentobarbital eodium (NembutalR; Sanofi,
l,laaseluis, The Netherlande ) , toluene ( Lamens and Pleuger, ' s-
Hertogenboschr The Netherlands, > 99. 3t ) , sulfuric aeid (I'[erck' zur
Analyse), ieobutanol (UCB, BruEBeIs, Belgiumr pour analyse), Hionic-
Fluor (Packard Instruments 8.V., Groningg*, The Netherlands),
Soluene-gEO (Packard Instrumente B.V. ), 14c-h**adecane (Epecific
acitivity 340 kBq/mmole, Amersham, Houten, The Netherlande), and
hydrogen peroxide (lrlerck, 30t, zur Analyse). Compreeeed gaBes for
inhalation anaesthesial i.€.1 oxygen for medical Purposes and nitrous
oxide, were obtained from Hoek-Loos (Amsterdam, The Netherlands).

NEH-TRAC microspheree (mean size 15.5 t 9:1 Fm) Iabel-Ied with 141gs,

specific activity t4?.6 UEq/gr and with 103Ru, specific activity
183.1 HBqI/g, were purchased from DuPont (Boston' lilA} . Since the
preparatione contained 3. 65't 105 microspheres/mg, the specif ic
activitiee correspond with 24 dpm/microsphere for the 141ce-Iabelled
product and 30 dpm/microephere for the ruJg*-labelled product. The

microspheres were obtained as euEpenstons in 10 * dextran with O. 01 B

Tween 80. These Buspeneions were diluted ca. LZ timee with sterile
saline. The microsphere suspensions were stored at 2-5 oC.
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SepPak Ctg columns were procgred f rom l,til I ipore ( Waters Associatee ,

Milford, MA).

1I.2. Animals

tlale albino outbred guinea pigs of the Dunkin-Hartley type were
purchaeed from Charles River (Sultzfeld, Germany). The animals were
allowed to eat and drink ad Tibitum. They were allowed to acclimatize
to their new environment for at least 1 week before they were used in
any experiment.

II.3. Collection of ti-seues ueed in the determination of
partition coefficents and metabolic parameters

The animale were anaesthetized with 2.5t halothane in Nr0/oxygen
(62138) using a Fluotec 3 Continuous Flow VaSrorizer (BOC Health Care,
Ohmeda, Steeton, UK). The flow rates of oxygen and NrO were
determined with f lortr meters (Rota, oef lingen, Germany) and were
adjusted with high precision flow regulators. Blood was ohtained by
heart puncture with heparinized eyringes. Plasma was prepared by
centrifugation for 20 min at 1200 g.
After collection of blood from the animale, tiaeues of intereet were
removed. For the bJ-ochemical experimente, homogenates were made 25+
(w/w) for brain, liver, and kidney, 15t for lung, and IOt for
gastrocnemiue et soleue muecles, in O.01 H veronal buf,fer containing
sodium chloride (9 g/Ll, pH 7.5, r+ith a Polytron PT 1OS

homogenizator. For the det.ermination of the partition coef f icients,
all homogenatee were 25 * (w/v) in O.9 t sodium chloride in water
( saline ) .
Plaema and homogenates were pooled from six guinea Pigs.

II.4. Determination of tiseue/blood partition coefficients

Partition coefficients were determined according to the procedure
descrlbed by Sato and Nakajima (23) and by Gargas et aI. 1241. All
equilibration vials (volume t 9 .28 mI; Chrompaek, Fliddelburg, The
Netherlands) used were silanized. Initially, enzymes in blood diluted
with ealine (1:3, vlvl and in the tiesue homogenatee were inactivated
by treatment for 30 min at 90 oC or by acidif ication with 2 l.l acetate
buf fer, pH 3.3, ( 25 prl/m1 of blood or homogenate) . In the f inal
experiments, inactivation r*ae achieved by acidif ication r*ith 2 l,t

acetate buffer, pH 3.3, (25 pI/mI of blood or homogenate) after which
2 pI of a Z-butenyl methylphosphonofluoridate solution ( 5 mg/ml
ieopropanol) wae added per mill-iliter of blood or homogenate oEr in
case of liver and kidney homogenate, 1 pl of the neat compound was
added per milliliter. After incubation for 5 min at 37 oC, L ml of
treated homogenate, diluted blood or ealine wae pipetted into an
eguilibration vial to which 1 gI of a solution of 6.65 mg C(tlP(t)-
soman/ml isopropanol was added. The same volume of this C(tlP(t)-
soman solution was added to the reference vials which contained 0,75
ml gal ine or were empt,y vials in case of the determinat ion of the
ealine/air partition coefficient. After equilibration for 2 h at 37
oC, the concentrations of [C(+]P(+]- + C(-)P(-)-somanl and of
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[C(+]P(-)- + C(-]P(+]-somanl in the air phase were analyzed with a
Carlo Erba HRGC Series 4160 gas chromatograph equipped with a Carlo
Erba HS 25O head-space sampler. The volume of the gas sample loop was
1 mI. The two pairs of aoman enantiomers were Beparated on a CPSiI I
CB fused eilica column (Iength, 50 mi i.d., 0.32 mmi film thickness'
L.2 Fmi Chrompack, The Netherlands).pfter injection, the column was
held for 2 min at 80 oC, programmed to 130 oc at 5 oC/min, and
subeeguently held at 130 oC for 4 min. Carrier gas helium was uEed at
a flow of 3.?5 ml/miqJ and fLows of air, hydrogen and make-uF gas
hetium through the alkali flame detector were 326, 4L and 13 ml/min,
reepectiyely. The injector wae held at 150 oC, the detector block at
3OO oC. 

fufnder these conditions the retention times for the two pairs
of soman enantiomers were L2-13 min. The determinations were
calibrated on the basis of analyses performed for the vapor
originating from 1 5 pI of a solution of 10 pg C{t)P(t}-soman/ml
isopropanol pipetted into an empty vi.a]_._.f
Complete inactivation of enzyme activity was checked from gas
chromatographic analysie of the four stereoisomers of C(tlP(t)-soman
in a 0.2-mI aample of treated blood or tiseue homogenate to which 0.6
mI of a stabilizing O.2 l{ acetate buf fer, pH 3. 5, containing 2 mM

aluminium sulfate and 0.9 pg 2,2-dimethylpropyl methylphosphono-
fluoridate/ml waE added aa well aE 10 pI of a eolution of the
internal etandard C(t)P(+)-Dr=-eoman (5O0 ng/ml ieopropanol). The
mixture was extracted with 3-mI ethyl acetate. Gas chromatographic
analyeie of the Boman etereoisomers in the ethyl acetate phase was
performed on a Chirasil-Va1 fueed eilica cblumn as described
previously (271.
The partition coefficiente (Pi) were calculated according to

Cref(Vvial-Vsal) - Ci(Vrri"l-vgal-Vi) + (Cref-Ci)PealVsal
Pi=

civi

in r.rhich Cref and Ci are the head-space concentrations in the
reference vlif and Etre test vial , resPect ively , Vvial VeaI and Vi
are the volumeg of the empty vial (9.28 mI), the refeience saline
(O.?5 mI) and the tissue (O.25 mI) in the diluted blood or
homogenate, respectivelyr Errd PsaI is the ealine/air partition
coefficient. Eegentially, the eillne/air partition coefficient $rae

also calculated according to this equation which reduces, however, to
Eqrration (2) since the reference vial is empty, L.e., VeaI = O mI.

crefvviar ci (v*ri"r-vi )

PeaI
civi

IL 5. Determination of covalent binding capacities for
C(tlP(-)-soman in blood and tissue homogenates

The method ueed is based on the procedure applied previously ( 3 l to
the separate determination of intact soman, hydrolyzed soman (Ltz12-
trimethylpropyl methylphosphonic ac j-d), and covalently bound soman,

(1)

(2)
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which was developed by Harris et a}. (29) and by Fleisher and,Harris
(3O). Samples (0.6 g) of blood diluted with a twofold or eightfold
weight of O. 01 I.I veronal buf f er, pH 7 .5 , containing sodium chloride
(9 gll.l and saponin (1 mg/m1),0.9-g eamples of homogenates of brain
(25t, wlw) and skeretar muecle (10* w/w), and O.G-g samples of
homogenatee of liver (2.5t or o,2*, w/w|, Iung (Ls* or St, w/wlr and
kidney (1o* or 2*, w/wl, were incubated with c(rlp(-)-14c-.o**r, in a
two-fold (eatimated) molar excess over the total binding capacity,
for 15 min at 37 oC. Total radioactivity in the incubate was
determined in a O.l-mI sample. Intact soman still present after the
incubatlon period wae extracted from a 0.1-mI aample with 0.225 mI
toluene. The radioactivity in the toluene was determined in order to
check whether gufficient excess of C(tlP(-)-l4c-eo**r, had been used.
The residual incubate waa acidified with eulfuric acid (5 4L/O.L g
incubate) and subseguently extracted with isobutanol/toluene (111,
vlvi 0.235 mI/0.1 g incubate) in order to remove hydrotyzed and
intact soman. The two phaeee were mixed with a vortex orr in the caae
of lung and muEcle homogenate, by ueing a Polytron homogenizer.
RadLoactivlty was then determined Ln hoth phaees,
Radioacti.vity wae measured by Iiguid scintillation spectrometry in a.

Tri-carb 4430 (United Technologies Packard, Downers Grove, IL).
Samples of the organic layera were mixed with LA ml of the liguid
scintillation cocktail Hionic-Fluor. Diluted blood and acidified
Iayers obtal-ned af ter extraction of blood samples were f irst
incubated with a mixture of 1.5 mI of Soluene-3s0/isopropanol (1r1,
v/v) and O'5 mL of 30t HZC.Z at room temperature for 10 rnin and
eubeeguently at 40 oC for 20 min. Next, L2 ml of Hionic-Fluor were
added. Homogenatea and acidified layers obtained after extraction of
homogenatee were incubated with 1.5 mI and 3 ffil, reepectively, of
Soluene-350 at room temperature for 3O min and aubeeguently at
45-50 oC for 2 h. Next, LZ mI of Hionic-Fluor were added. Samplee
were measured for 20 min or until the etandard deviation of the
counting measurement was lees than O.5t. Counting efficiencies were
determined by external standardizatj-on. Calibration curves were made
from quenehing of 14c-h"*adecane by various amounte of ieobutanol/-
toluene and of diluted blood and liver homogenate (zst, w/w)
acldifted with Eulfuric acid.

II.5. Determination of overall rate conetants for binding of
C(tlP(-)-soman in blood and tieeue homogenatee

Blood dl-Iuted wl-th an eJ-ghtfold r*eJ-ght of O . 01 M veronaL buf f er, pH
7.5, contaLning eodium chloride (g g/I) and aaponin (1 mg/ml) and
homogenates of brain (25t, wlwl , river (o.2t, wlwl , rung (5t, wlwl ,
kidney (2*, w/w) and skeletal muscle (1Ot, wlw) were ueed. A fraction
( 1-2 g) of diluted blood or homogenate used in a run was incubated
(PH 7.5, 37 oC) with C(tlP(-)-14c-so*an in an eetimated twofold molar
exceEB over the total concentration of binding eitea, in order to
determine the overall binding capacity. A sample was taken after ca.
15 min. The residuar part vras incubated (pH 7 ,i | 3? ocl with
c(tlP(-)-14c-"o*"n and C(t)P(+)-soman, both in a concentration which
was eetimated to be equimolar to that of the binding sites in the
diluted blood or homogenate. Samples were taken at various timee.
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After taking the laet sample, additional C(tlP(-)-14C-toman wae added
to the reaction mixture, thus obtaining a final C(tlP(-)-14C-to*an
concentration which was LO-fold higher than the estimated overall
concentration of the binding sites. After ca. 2 min a sample was

taken from this mixture. AII eamples (ca. 0.4 g or ca. 0.7 g in the
caae of lung and muscle homogenate) were acidified and subsequently
extracted with ieobutanol/toluene as described in eubeection II - 5.
Radioactivity was determined in the two phases, Total radioactivity
in the incubates was determined in a 0,1-mI sample. Radioactivity
meagurements were carried out as deecribed in subsection II.5.

II. T. Determination of rate constants for hydrolyeis of
C(-lP(-)-soman in blood and tissue homogenates

The determinations were carried out as described previ-ously for
hydrolysie experimente with C(+)P(-)-soman (3I' Reactione vrere
started by addition of 1-20 pI of an appropriate C(-)P(-)-aoman
solutlon in acetonitrile to 1-4 mI plasma or homogenate eguilibrated
at pH 7.5 and 3? oC. If neceBeary, small volumes of 1 N NaOH or O.1 N

HCI were added to maintain the pH at 7.5t0.1. Samples (200 FI) were
taken from the reaction mixture after various times to fo1low the
decreaee of C(-)P(-)-soman concentration. In order to determine the
concentration at zero time of reaction, a sample (2-1OO Frl) was taken
from 0,01 H veronal buffered ealine to which the C(-)P(-)-Eoman
solution was added
For work-up, samples were mixed with 600 prl of the etahilizing
acetate buffer containing aluminium sulfate , 2 r Z-dimethylpropyl
methylphoephonof luoridate ( O. 6 trgl , and the internal etandard
C(t)P(+)-Drr-soman (4 ng) and paesed through a SepPak Crt cartridge,
as describEd previousty for toxicokinetie meaEurements 12t27l. After
washing with O.I l.t aqueous NaHCO, (3 ml) and water (6 mI), the
cartridge waa eluted with ethyl acetate ( 1 mI ) .

Gae chromatographic analyses of the eluates were performed with a

Carto Erba HRGC 5160 (Mega Series) gas chromatograph equipped with an

alkali flame detector and a cold on-column injector. Samples (1-2'5
IrIl were injected on a CPSiI I CB fused silica column (Iength, 5O mi

i. d. , O.32 mmi f ilm thickness, 1.2 lrmi Chrompack, The Netherlands ) -

The column rrrag fitted with a retention gap (Carlo Erba) consisting of
a piece of uncoated and deactivated fused siltca (Iength' 2 mi i.d.,
O.SO mm). For each chromatographic run, the column wae heated from 8?

to 12O oC at a rate of 20 oc/mLn. The detector block r+ae hetd at 2 50
oC. Carrier gas hellum was used at a flow of 1.5 ml/min, and flowe of
air and hydrogen through the detector were 350 and 35 ml/min'
respectively. l,take-Up gae for the detector wae helium, at a f low rate
of 40 m!/min. Under these conditione, the retention timeE of the
soman etereoiBomerg were ca. I min'

II.8. Determination of cardiac output and tissue blood flows

The cardiac output and blood flow distribution were determined in
anaeethetized, atropinized and artificially ventilated guinea Pigs,
before and 10 min after i.v. administration of doees of C(t)P(t)-
aoman corresponding l.rith 2 and 6 LDSO. The guinea PigB rrrere weighed
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(450-600 g) and were anaeethetized according to the procedure
deecribed in eubseetion II.3. Cannulas were ineerted into the left
femoral artery and the right carotid artery, The latter cannula wae
advanced into the left ventricle of the heart. The animal wasl

heparinized via the femoral artery cannula. Next, a tracheal cannula
wag inserted, the inhalation anaesthesia was terminated, and the
animal was rapidly transported to the radionuclide laboratory. The
animal was placed under a heating lamp and anaesthetized with a
combination of HypnormR (L ml/kg, i.p.) and NembutalR (1O m9/k9,
i,m). Next, atropine sulfate (17.4 mg/kg) was administered
intraperitoneal Iy. The f emoral artery cannula r.ras connected to a
peristaltic pump (LKB 2232 I'licroPerpex S Pump, Pharmacia LKB
Biotechnology, Uppsa1a, Sweden) via a calibrated polyethylene tube.
The pump flot'r rate waa adjueted with water to O.8 mI/min prior to the
experiment. The pump was started about 4.5 min after atropine
administration. Thirty eeconds later, when a etable flow rate had
been attained, a suspension of l-41ce-Iabelted microspheres ( 1 ml/kg,
corresponding with ca. 5OO,OO0 microspheree/kg body weight , 2-3 IrCi)
in saline, shaken on a whirlmixer and subeeguently sonicated up to
the moment of inJection, waa injected via the carotid cannula in a 20
sec time period. Blood was drawn at a constant flow rate for a period
of 2 min from the start of the injection of the microepheres. The
flow rate was calculated from the length of the calibrated tube
filled with blood during the 2 min sampling period. The withdrawn
blood volume was replaced with saline. Five min later, a dose of
C(tlP(tl-soman coruesponding with 2 or 6 LBSO, 55 ttg/kg and 165

ugl)rcgl, reepectively, was injected i.v. into the dorsal penie vein
(injection volume l" ml/kg). Ten min later, a euspeneion of 1O3Ru-

labelled microepheres (1 mI/kg, corresponding with c&. 600,OOO
microspheree/kg body weight, 2-3 FCi) in ealine, shaken on a
whirlmixer and subsequently eonicated up to the moment of injection,
was injected via the E€rme procedure aE decribed above. Ten min after
injection of the second radionuclide. the animal was killed by
intracardial injection of an overdose of NembutalR. The heart, Iungs,
diafragrm, liver, kidneys, gastrocnemius et soleus muscle, and brain
were collected. Next, the remaining carcass was homogenized wi.th a
houeehold meat-grinder, and samples were taken for analyeis. iThe ' t,

tiseue samplea were dissolved in two volurneg of potaesium hydroxyde'
(5 N) during 24 h. A 4-ml aample was taken from these homogrenates, '*,,

which was counted in a gamma-Epectrometer (Packard Cobra QC Auto- l

Gamma Counting System l.todel 5002 / 5003 , Downers Grove, IL, USA l . A

data proceesi-ng progrtrm was used for concomitant analysis of 141gs

and 1o3Ru in the eampres.
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III RESULTS A^bID DISCUSSIOH

III. 1. Tissue/blood partition coefficients

Coeff,icients for partitioning of the C(t)P(t)-soman enantiomeric
pairs betvreen tiesues and blood were determined according to the
method described by Sato and Nahajima (23I and by Gargas et' aI. (24)'
Eseentially, the partitioning between blood and air, tisaue
homogenate and air, and between the reference salinen i.e., the
medium in which the tissuee are homogenated, and air, was determined
by gas chromatographic analyais of the eoncentrations of the
enantiomeric paire of C(tlP(t)-8oman in the air phaee by ueing a

head-epace inJection technique. Although the vapour preBsure of
C(tlP(t)-soman ie onJ.y approximately 50 Pa at 25 oC (311. its
volatility ie eufficiently high to aPply this method when the
senaitive a1kali flame t{P detector is used. The gas chromatographic
regolution of the enantiomeric pairs of C(tlP(tl-soman [C{+}P(+}- +

C(-)P(-)-eotran and C(+)P(-)- + C(-)P(+)-somanJ was achieved by
analyais on a capillary CPSiI I column (2),4 representative gaB

chromatogram of the anal,yeee of the enantiomeric paire of C(tlP(t)-
aoman carried out in the air phase eqrrilibrated with blood or
homogenatee ig given in Figure 1.

o 10 tim€ (min)

Figure l. Gas chromatograru of the two enantlomeric pairs of C(t)P(t)-
soman determj.ned in an l-ml sanple of the air phaae ( 8.28
mI) eqgilibrated with guinea pig lung homogenate (25t. 1

mI) which wae incubated with 6.65 pI C(tlP(t)-soman after
acidification r*ith 2 l.t acetate buffer, PH 3.3, and
pretreatmgnt with 2-butenyl methylphoephonofl,uoridate

Initially, it was attempted to lnactivate the elimi.nation processes
for C(tlP(t)-soman, i.e., covalent binding and hydrolysis, by heat
treatment (9O oC, 30 min). The reLative concentrations of the
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enantiomeric paira of soman were determined by gas chromatographic
analysis of a sample of heat-treated blood and homogenate incubated
for two houre with C(tlP(t)-Eoman at 37 oC in order to check complete
inactivation. The ratio for the blood concentrations of tC(-)P(+)- +

c(+)p(-)-somanl/ tc(+Ip(+)- + c(-)P(-)-BomanJ was inereaeed frorn 55/ 45

(the common value in C(t)P(t)-somanf see ref. 17) to 65/351
indicating incomplete inactivation, In a second attempt, blood and

the homogenatee were acidified by addition of 0.2 l{ acetate buffer,
pH 3.3, (25 pI bufferlml blood or homogenate). It was previously
found that enzymatic hydrolysis of the etereoisomera of aoman is
inhibited at acidic pH (271, whereas reactions of organophoephates
with esteraeea are generally aleo elowed down. Gas chromatographic
analysis of acidified blood incubated for two hours wit'h C(tlP(t)-
soman at 3? oC showed the correct ratio for the enantiomeric paire
indicating complete inactivation. However, hardly any of the four
stereoisomers could be found in the acidified homogenate6 of liver
and kidney treated in a similar manner.

In previoue experiments we found much higher concentrations of
covalent binding sites in liver and kidney than in various other
tiesuee from the guinea pig (3). Therefore, we presumed that the
degradation of Eoman found in acidified homogenates of the two
tiesuee is due to ongoing reaction of Eoman with covalent binding
sites even at the relatively low pH. In the final procedure for
inactivation of the elimination proceases, tnle preincubated blood and
the homogenates with 2-butenyl methylphosphonofluoridate. This
analogue of Eroman. which is very unstable in aqlueous solution, wiII
be eub j ect to two eimultaneous reactions l rapid reaction wit'h
covalent binding sites and rapid dealkylation to a nonvolatile
methylphoephonofluoridic acid- Additional acidification led to
complete inactivation of the elirnination proceseea for C(tlP(t)-soman
as determined from gae chromatographic analysis of the four
stereoisomera in a eample incubated with the agent for 2 h at 37 oC,

provided that a much higher 2-butenyl methylphoephonofluoridate
concentration was ueed in liver and kidney homogenate than in the
other homogenatee and in blood.

The partition coefficients obtained are summarized in Table 1 - The

reproducibility of the determj-nations was low, although the Eoman

concentrations determined in the head space were far above the
minimum detectable concentration and complete inactivation of
elimination procesaea was obtained. The two enantiomeric pairs of
aoman do not show any gtereoselectivity in partitioning between
tisEue and blood.

In a previoue etudy (3) concentrations of intact, hydrolyzed and
covalently bound C(tlP(t)-soman were determined in blood and varioue
tissues of the guinea pig t h after i.v. administration of 6 LDSO

c(tlp(t)-l4c-soman. The tissue/blood ratios for the concentrations of
intact aoman calculated from these data are also given in Table 1.
These values differ only slightly from the partition coeffieients
obta.ined in the present etudy, except for the much higher in uiuo
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Tab1e 1

Partition coefficients (Pla at 37 oC for saline/air and guinea pig
blooC/air and tiseue/air of the enantiomeric paire [C(+]P(+]- +

c(-)P(-)-somanJ and IC(+]P(-]- + c(-]P(+]-eomanJ. Partition
coefficients for tiesue/blood aE calculated from theee valueg are
also given. Determinations were carried out by head-space Gc analysis
in tieeue homogenates and diluted blood in which covalent binding
sites were occupied with Z-butenyl methylphosphonofluoridate and
enzymatic hydrolyeie wae precluded by acidification to pH 3.3,

Tiseue C(+)P(+) -lgl-)P(-) -soman C(+)P(-) -le(-lPt+)-soman
10-3'tp P L0-3'tP P

tissue/air tissue/btood tiasue/air Tissue/bloodb

Saline 2.1 * 0.6
Blood L2 t 6
Brain 6 t 2 0.5
Liver 20tg t.7
Kidney 11 t 3 1.0
Fat 6t6 O.5
Lung 5 * 3 O.5
liluscle 5 * 2 0.4

2.2 t O.5
9r4
6 r 3 0.6 (1.1)

2A t 9 2.1 (2.1)
11 t 4 1.2 (7.O)
6 r 5 0.6
5 t 3 O.5 (1.2)
5 t 2 0.5

& t{ean t S.D.; n = 3.
b Data in parentheEreB are ratioe of the C(tlP(t)-soman concentratione

determined previouely in tissue and blood t h after i.v.
administration of 6 LD'O C(tlP(t)-soman (3).

value for the kidneylblood ratio. The relatively high C(tlP(t)-14c-
Eoman concentration found in guinea pi-g kidney, which wae €lven much
more pronounced in rat kidney, ie not weII underetood (6). Gearhart
et al. (22) reported tigsue/blood partitlon coefficients for the
analogoue organophoaphate diieopropyl phoephorofluoridate determined
in heat treated blood and tisgue homogenatee. The data for
brain/blood, liver/blood and kidney/blood partttioningl i.P. I O.7 ,
1.5 and 1.6, respectively, are simitar to the preeent values obtained
for the soman diastereol-somers.

III.2. Covalent binding capacities for C(tlP(-)-Boman in blood
and tiseue homogenatee

The covalent blnding capacitiee for C(t)P(-)-Eoman in blood and
tiseue homogenatee were determined radiometrical,ly by uaing c{t}P(-}-
l4c-ao*".rr. The epimerlc pair of stereoisomere was isolated from
C(tlP(t)-14C-=o*an after treatment with rabbit plasma in order to
hydrolyae the C(tlP(+l-isomerE, in the usual manner (28). A solution
of 7.g pg CttlP(-)-14c-eoman/m1 acetonitrile was obtained, which
contained 1.1 trg C(tlP(+)-14C-*oman/ml. The specific activity of the
l4c-labelled isomers was 1.6 GBq/mmole, as determined by mass
spectrometry.
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Diluted blood and the tiesue homogenates were incubated vrith the
C(tlP(-)-l4C-so*"r, preparation for L5 min. Our previoue experimente
ghowed that covalent binding ie a rapid process, which should be
almoet complete within a few minutes at the conditione used in the
present etudy. ExceBB of intact Boman and hydrolyzed Boman, which ie
also formed during incubation, were removed by acidificdtion of the
incubates and eubsequent extraction with isobutanol/toJ-uene (1:1). A
similar procedure waB previously adopted for the determination of
covalently bound C(tlP(t)-14c-uo*an (3). At the end of the incubation
period, a small fraction of the total sample was extracted with
toluene removing the intact Eornan on1y. The radioactivity in the
toluene phase wae at least 30t of the total radioactivity added,
indicating that a sufficient molar excess of soman was used. The
resulte are summarized in Table 2.

Table 2
concentration of covaLent binding elteea (ng soman eguivalente/g
tiseue * s.D.) ae determined from the binding of c(tlp(-)-14c-eoman
in blood and homogenates of varioue tissues from guinea pig (pH 7 .5 r
37 oCl. Previous results ohtained from in vitro experiments r,rith
C(+)P(-)-Eolnan and the concentrations of binding eites occupied t h
after i.v. administration of 6 LDSO of C(tlp(t)-14C-uo*ur, (3) are
included.

Tissue This study Previous results

8lood dJ-Iution/
homogenate
concentration
uaed

Concentration
covalent
binding sites

(ng eoman/g)

From in vitro After
experiments 6 LDSO

(ng eoman/g) (ng soman/g)

BIood
PIaama
Brain
Lung
Liver
Kidney
SkeIetaI

muacleb

3-foId

25r
15r
2,5 t

108
10r

90
20
30 90
90 370
2000 300
600 780
50

t10

t10
r 160
r1.60
r80

')r 96f5

{E* ",'- r *?

f,r r'

ilu,; "'
i'. J *l

20
115. 5

10 | 400
Lr790

22

r2
r 0.4
r 400
t50
*L

160 r
20+
50t

121000 r
2f000 t

60t

aa

b
I[ a 3.
Gaetrocnemius et eoleus muscles.

The preeent results confirm the relatively high binding capacities of
liver and kidneys estimated from previous rn vit,ro experiments with
C(+)P(-)-Boman. The much lor+er binding capacities found for brain,
lung, and Ekeletal muscle could not be eetimated accurately in the
previoue in vitro experiments, which were primarily aimed at
determination of the rate of hydrolysie of C(+)P(-)-aoman in the
homogenatea. The concentration of binding eites in bLood is ahout
half the concentration in plaema, J-ndicating that moet of the binding
aites of blood are sl-tuated i-n plaema. Comparison of the preaent
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results with the concentrations of binding- sitee occupied L h after
i.v. adml-nietration of 6 LDSO of C(tlP(t1-14g-so*at reveale that the
binding eites in blood have*Eeen eaturated after this intoxication,
but that the occupation of the eitee in liver and kldney ie far from

comptete even after i.v. administratipn of 6 LDso of the agent' These

obeervations were described on the baeis of "firet comet fj'rst
served', ( 3, 4 ) . It is remarkable that the concentratione of binding
sites occupied in lung- +nd esPecially in brain after administration
of 6 LDEO of C(t)P(t)-14c-"o*"tt are eignificantly higher than the
total binding capacities found in the homogenates of theee tissueg'
These reeulte need further investigation. It may suggest that not aII
binding sites Ln the two tissuea are acceesible in the homogenates or
that a fraction of the binding sites ie deetroyed during
homogenrzation. However, it ehour"d be kept in mind that differenceEl
betr*een th6 reEuItE of two eeries of experiments may occur eince
outbred guinea Pigs were studiedo

Addit,ional information on the concentrations of covalent binding
eitea in diluted brood and tiseue homogenateg was obtal,ned from

experiments in which the rate constants of binding were determined'
These reaulte will be diecussed in euhsection III ' 3 '

IIr.3. Overall rate conetants for binding of c(tlP(-)-soman in
blood and tiaeue homogenates

Eeeentially, the technique ueed for determination of the
concentratione of overall binding sitee (Eec eubeection rrr"2) waa

aLeo applied for determinatl,on of rate conetanta for binding by

*ii f p(:j -l4c-"o*"rr. However, equimolar concentratione of binding
eitee and C(tlP(-)-l4e-so*an were used and the degree of, binding wae

eetimated at various periods of time after incubatlon. c(tlP(-)-14c-
aoman wag isolated from c(tlp(*)-14c-"o**n as described in subsection '

rrtr.2. A eolution of 24g yg C(rlt(-)-l4c-Eomanfmr acetonitrile r^ras

obtained, in which no c(t)p(+)-f4c-"oman could be detected by gas

chromatographic analysis. The specific activity waa 1'6 GBg/mmole' as

determlned by masa spectrometry. In previoua studiee (4) we obeerved

that covarenl bindinl eites are occupied marnl-y, but not exclueivery'
by c(tlP(-)-Eomar after l.v. admLnietratLon of c(tlP(t)-soman to
gruinea p1g8. Thereforg, the determi-nationE of the rate conatante for
bindlng by C(t)P(-)-l4g-toman were carried out in the preBence of an

eguimolar concentration of c(tlP(+l-soman in order to account for the

possible competition of the nontoxic isomers. Furthermore, it was

ittempted to evaluate the contribution of c(tlP(+)-aoffiar to
occupation of the binding eites from the difference between the

concentration of arl ptnding sitee and the concentration of bound

;8ffi:;:iA;-";;; determined arter addition or "!:):l-l-14c-'o**" 
in

a nineford exceaE with reepect to the totally avai.rabl-e binding sitea
eubseguently to taking the last data point '

rn all tiseue sampree, the binding of c(*)p(-)-14c-romarr proceeded in
two phases; i.€.1 a rapid occupati.on of a fraction of the binding
sites followed by a very slow reaction or hardly any increase in
hound radioactivity. An example of the time course of c(tlp(-)-14c-
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soman binding in brain homogenate is given in Figure 2. Data points
for the fast binding reaetions eould only be measured when the
reactions in lung, kidney and liver homogenates were carried out in
more diluted samples than used for determination of overall
concentrations of binding sites. Figure 3 shows an example of binding
in a 2* kidney homogenate. Even in ninefold dilut,ed blood the initial
binding was almoet complete within I min as shown in Figure 4.

20

eo 40 60 80 100 120 140

time (min)

Figure 2. Course of C(tlP(-)-14C-eoman binding (pH 7.5, 37 oC) to
eetimated eqrrirnolar eitee (27 rrl,t) in brain homogenate (25t)
in the presence of an eqrrimolar concentration of C(t)P(+)-
soman
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120

Figure 3. Course of C(tlP(-l-14g-"oman binding (pH 7.5t 37 "C) to
estimated eguimol.ar sites ( 2OO nH) in kidney homogenat'e
(2t) in the preaencp of an eguimolar concentration of

.c(tlP(+)-soman

e 1OO
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40
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tirne tnin)

Figure 4. Course of C(tlP(-)-14C-Eoman binding (pH 7 .5, 3? oC) to
estimated equimolar sitee ( 60 n!.1) in ninef old diluted bLood
in the preaence of an equimolar concentration of C(tlP(+)-
soman

Rate conetants for the fast binding processes were eatifiated in the
following manner. The concentration of rapidly reacting binding gites
( [free fast b.s.lo] was esti-mated from extrapolation of the course of
the elow binding in a plot for the concentration of bound C(tlP(-)-
l4C-eoman vE tirne (s€e for inetance Figures 2-4). Then, the rate
constant (k) was calculated from the data points obtained for the
fast binding procesa according to the equation for a bimolecular
reaction:

tc(r)P(-)-14C-smnl t
[n( )=

lfree fast b.s.I1

tC(t)P(-)-l4c-smnl o
[n( ) + (IC(*)P(-)-I4C-smanlo - [free fast b.s.lo]*k*t (3]

lfree fast b.s.lo

The calculated rate conEtants aa well aa the estimated concentrations
of fast reacting binding siteg are summarized in Tabre 3.
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Table 3

Rate conetantsd (pH 7,5r 3? "C) for reaction of C(tlP(-)-l4c-to*"tt
with rapidly reacting binding sites in blood and tigsue homogenatee
from guinea pigs determined in the presence of an equimolar
concentration C(tlP(+)-soman. The estimated concentrationea of
rapidly reacting binding sites in blood and the homogenatee are also
given.

Tiseueb Rate constant for
fast binding
(l{*lmin-11

Estimated concentration of
rapidly reacting binding eitesc
(ng Eoman equivalent/g tiasue)

Blood (9x)
BraLn ( 25t )

Lung ( 5t l
Liver ( O.2t I
Kidney ( 2t I
SkeIetal

muscred ( lot )

= 3'tL07
(2.3tO.5)*107

(9t3)*106
( 8t2 ) *tO6
(612)*tOS

( 1.4t0.6 ) *107

6312 (66*)
1211 (60rl
6516 (s6t)

37OOt2O0 (36t)
10001100 (53t)

611 (27rI

a
b

I.Iean t S.D., n = 4.
The figruree within parentheses denote the blood dilution or
homogenate concentration at which the rate congtante were
determined.
The fLgures within parenthesea denote the rapidly reacting binding
sites aa percentagre of the totally available binding sites ( see
Table 2 ) .
Gaetrocnemius et soleus mugcles.

l{ore than 50t of the totalLy available binding sites in bIood, brain,
lung and kidney show a faet reaction with C(tlP(-)-14C-"oman' The

percentage of these binding sites in liver and muecle is much less-
The relatively high rate conetante point to a reaction of C(tlP(-)-
14C*soman r+ith enzymes that are highly reactive towarde
organophosphatee, i.e., cholLnesteraseg and carboxyleaterases-'Since
the molar concentratione of cholinegteragea are generally much lower
than thoee of carboxylesterases, the latter enzymes are probably
mai.nly involved in the f aat bindl-ng proceEEes. Rate conetants f or
theee enzymea from guinea pig tiseuee have not been reported in
Iiterature so 

.far. The rate constants for fast binding are somewhat

Iorrrer than the mean values for I'nhibition (pH 7.7 r 25 oCl by
c(rlp(-)-l4c-eo*an of bovine erythrocyte AChE ald horse aerum

butyrylcholineeterasel i,€.7 Z.tO7 and 5.107 U-lmin-l (32),
reepectively, but are at leagt one order of magnitude higher than the
rate constant for inhibition (PH 7.'l , 25 oc)_by cltlP(t)-Eoman of
horse liver carboxylesteraee, i.e., 2.105 H-lmtn-l (33)' excePt for
the binding l-n guinea pig kidney homogenate.

The present reeults do not allow to evaluate the slow bindJ-ng phaee.

In thie phase the concentrations of bound c(tlP(-)-14c**t*"t increase
very slightly or do not increase at aII. Changee are mostly within
the experimental error. Furthermore, hydrolysie of C(t)P(-)-soman
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cannot be neglected as a compet.itive reaction for the sloh, binding,
complicating the kinetic analysis of the ongoing reactions. HaIf-Iife
times for hydrolyeis of ca. 300 min in liver homogenate and of ca.
70-L3O min in the other eamples were extrapolated from our hydrolysis
data (eee subsection III.4), taking into account the concentrations
of homogenates and of diluted blood at which the binding experimente
were performed.

As already mentioned, C(tlP(-)-14C-soman was added to the reaction
mixture in a ninefold excesa with respect to the totally available
binding sites eubseguently to taking the sample for the Last data
point, in order to evaluate the contribution of C(t)P(+)-Eoman to the
binding. Surprieingly, the concentratione of bound C( t ) P (- ) -l4c-som"r,
in the samples taken after addition of C(tlP(-)-14C-rom"n at the end
of the binding experiments for blood, brain, kidney and muscle were
higher than the concentrations of total binding sites determined
simultaneously in the same sample of diluted blood or homogenate aEr a
reference value by usingr a twofold excees of c(t)P(-I-14C-"o*"r,
without adding C(tlP(+)-Boman. Regults are sumrarized in Tab1e 4
(third and second column, respectively) together with the other
values for the concentratlon of binding sitee obtained in the present
etudy, Consequently, the present investigations do not allow to
evaluate the contribution of C(tlP(+)-aoman to the occupation of
binding sites. However, the reeults of the inveetigatione for liver
and lung homogenate indicate that at the end of the binding
experiment a fraction of the binding sites was no longer available
for reaction with c(tlP(-)-l4c-soman and was, consequently, occupied
by C(ilP{+}-aoman (Tab1e 4}.

The aurvey of the valuee for the concentratione of binding sites
obtained under varioue conditions (Tab1e 4) suggeets that these
concentrations may depend on the c(tlP(-)-14C-aoman concentration
used in the experiment, aB is obvious from comparison of the values
presented in the first and third column aE well aa in the second and
fourth column. The data presented in the firet column were obtained
from the inveetigatione on the ratee of binding aB the data points
after 15 min of reaction, Theee experimente rrere performed in the
presence of an eguimolar concentration of C(*)P(+l-soman. Subgeguent
addition after 1-3 h of c(tlP(-)-14c-soman up to a tenfold higher
concentration lncreasee the concentrati-on of bound radioactlvity
significantly (column 3). The values given in the fourth column are
derived from eubeection III.2. These valuee were obtained from
experl-mente carried out with lese diluted blood and with more
concentrated homogenatee and, consequently, with higher C(t I P( - I -14C-
Eoman concentratl-ons than used in the experiments described in thie
eubaection, except for brain and muscle homogenate. As the expected
concentrations of binding sitee in brain and muscle homogenate were
higher than actually measured, higher C ( t ) P ( - ) -l4C-so*"rt
concentrations were also ueed in the experiments described in
aubsection Iff.2 for these homogenatee than in the determinations of
a reference value for the total binding sitee carried out
simultaneously with the experiments on the rate of binding (Table 4,
eecond column). Comparieon of the values presented in the second and
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fourth column revealg a larger amount of bound soman in liver' kidney
and skeletal muscle homogenate when using a higher concentration of
c(tlP(-)-l4c-"oman.

Table 4
Amounte of C(tlP(-)-14C-eoman covalently bound in blood and
homogenates of varioug tissues from guinea pig (pH 7-5, 37 "C) after
incubation with various C(tlP(-)-I4c-"oman concentratione, indicated
as valuee relative to the concentration of binding siteea, at various
experimental conditione (A-Dlb for L5 min (A,B'D) or 2 min (Cl

Tissuec Bound C(tlP(-)-14C-*o*"r, (ng/g tiseue t S.D')d
measured with various C(tlP(-)-l4C-soman
concentrations at conditions A-D

1a
Ab

104
cb

;e1
2a
Bb

Blood (9x/3x)
Brain (25t)
Lung (st/ls*)
Liver lO .2* I 2. 5t )

Kidney ( 2tl1o+ )

SkeIetal
muecref (lot)

66r2
12r1
64r8

3600*700
7sor70
5. OrO.5

89+7
20t2

L13i20
8300j700
1300r200

7lt

9311L
22t3

100r13
6000r400
15001200

17t3

e6rs (6)
2O!2 (3) "l

1l-5.5r0.4 (4) l,f
1O4OOr4oO (29) I I

1-79Ot5O ( 11) ;i ,t

22!L (?) :

d
e

Abeolute C(tlP(-)-14c-"o*.r, concentrations used at condition A,
i,e., At relative CongentratiOng of !, t^Iere 10.7, 5, 6, 2L, 36, and

2.2 ng/m1 for reaction with diluted blood and with the homogenates
of brain, lung, Iiver, kidney and muecle, reepectively.
A-Cl highest blood ditution or lowest homogenate concentration; D:

loweat btood dilution or hi"ghest homogenate eoncentration'
Al C(tlp(+)-aoman added at relative concentrat,ion of 1'; C: aa A but
ryith a subseguent addition of C(tlP(-)-14C-"o*"tt up to a relative
concentration of 10 after t h, 2 h (hidney) or 3 h (muecl"); B and

D: no C(tlP(+)-Eoman added.
The figuree in parentheses denote the blood dilutions and
homogenate concentrationa used.
N=4forA-C;n=3forD.
Data from Table 2i the figuree in parentheses denote the relative
c( t ) P ( - ) -l4C-*o*"tt concentratione.
Gaetrocnemiue et eoleus muBCIeg.

The concentrations of C(tlP(-)-l4C-toman bound in lung and muscle
homogenate at the conditions of the experimente surnmarised in third
column are lower than the values obtained from the experiments
described in aubsection III.2 (fourth column), although the c(tlP(-)-
I4c-"om"r, concentratione used in the former experimente were higher.
Thie ie probably due to concurrent binding by C(tlP(+)-aoman which
wag initially present in an equimolar concentration (vide Bupra). The

presence of C(tlP(+)-Boman has probably also decreased the valuee for
liver and kidney homogenates given in the third column. Summarizing,
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C(tlP(-I-l4c-soman concentration should be sufficiently high to.
occupy also the less reactive binding sites within the incuhation
period (15 min). The survey of Table 4 indicates that the best
estimates for the total concentratj-ons of binding sites are the
values presented in eubsection III.2 (Table 2 and Table 4t fourth
column).

The dependence of the extent of binding on the concentration of
C(tlP(-)-l4C-ro*"r, was studied in a eeparate experiment with the
homogenatee in which clearly different results were found at the
various conditions used in the experiments eurnmarized in the eecond
and fourth column of Table 4, i.e., Iiver, kidney and muscle. The
results of this experiment given in Table 5 clearly ehow that more
C(tlP(-)-l4c-eoman is bound when the homogenates are treated with a
hJ-gher concentration of the isomers. For comparison of the results
presented in the Ta.blea 4 and 5, the aErme absolute C(tlP(-)-14c-"o*"r,
concentratione were set equal to 1. The somewhat higher
concentrations of bound Boman found in kidney and muscle homogenate
than found in previoue experiments at correaponding C(tlP(-)-14C-
soman concentrations (compare Tables 5 and 4) are probably due to the
age of the homogenates which had been stored at 20 oC for eeveral
months. The increaeed levels of binding sitee upon storage which t^re

also observed in other studiee (unpubliehed reeulte) might be caused
by bacterial contamination.

Table 5
Amounts of C(*)P(-)-l4c-ro*"n covalently bound in homogenatee of
guinea pig liver, kidney and skeletal muscle (pH 7.5t 37 "C) after
incubation t+ith various c{*}P(-}-}4c-ro*"n concentrations, indicated
aB values relative to the concentration of binding sitesa, for LS min

Tissueb Bound C(tlP(-)-14C-soman (ng/g tissuelc

Concentratione of C(tlP(-)-l4c-eo*an
relative to that of the binding eites
24Lo

Liver ( O.2t )
Kj.dney ( 2t )
Ske1etaI

muecled ( 1ot )

6900-8300
1800-1900

10-11

8100-8700
2300-2400

15-1s

8800- r,oooo
3000-3100

34-35

a The abaolute c(tlP(-)-l4c-Eo*an concentrations eet equal to L in
Table 4 were also taken as a reference value for these datal i,e..
2Ir 36 and 2.2 ng/ml for reaction in liver, kidney and muecle
homogenate, reepectively.
The concentration of homogenate is given within parentheaee.
Results of duplicate experiments. 

_

Gastrocnemius et goleus muscle.

According to our description of the binding processes, the
differences between the values given in the second column of TabLe

b
c
d
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and the eetimated valuee for the concentrations of rapidly reacting
binding sitea (Table 3) ehould represent the concentrations of elow1y
reacting binding sitee occupied by C(*)P(-)-14C-eoman when incubated
with a twofold molar excess of the agent for 15 min. From these
differences rate constants for slow binding were calculated according
to the eguation for a bimolecular reaction, analogous to Equation 3.
The rate conetants, whieh ranged from l.'tLOs to 6't106 U-lmin-I, were
eubsequently ueed to calculate the degree o{-slow binding that ehould
be achieved after incubation with C(tlP(-)-l4C-=oman at an equimolar
concentration relative to the totally available binding sites
(conditions for the firet column of Table 4) for l, 2 h (kidneyl or
3 h (muecle). These calculations predict a much higher occupation of
the slowly reacting binding eites by C(tlP(-)-14C-somar, (> sOt, or
4Ot for the muscle homogenate) than we actually found in our kinetic
experiments, in which lees than 25t of the alow binding sitee had
reacted ( aee Figuree 2-41. Theee resulta point to a more complex
mechanism of C(t)P(-)-soman binding than initially aesumed- A
detailed etudy wiII be needed in which the effect of the C(tlP(-)-
Boman concentration, the blood dilution and the homogenate
concentration on the degree of binding and on the relative
concentrations of rapidly and slowly reacting binding sites is
inveet igated .

The results preaented in thie subsection indicate that incomplete
occupation of bindiirg siteg even after treatment with a twofold
exceas of C(tlP(-)-14C-soman ia due to a very low reactivity of a
fraction of the binding sitee. However, this limited etudy does not
provide information, which allows to speculate whether the low
reactivity is due to difficult accessibility of the binding sitee
that is improved by increaeing the homogenate and/or C(tlP(-)-Eoman
concentration, for instance, by affecting the degree of dissociation
of aggregatee of the moleculee containing the binding eites.

III.4. Rate conetants for hydrolysis of C(-)P(-)-soman in blood
and tissue homogenates

The decrease of the C(-)P(-)-aoman concentration in plaema and tiegue
homogenates proceeded in two phaaee. In our previoua atudy on the
hydrolysis of C(+)P(-)-aoman (3), we made almilar observations and
attributed the rapid initiat removal of a fraction of the soman

iEomer to covalent binding. In the present experiments thie process
was complete within a few minutes. our toxicokinetic studiee
indicated that hydrolysia of C(tlP(-)-soman wiII mainly contribute to
its elimination eubsequent to the initial rapid concentration decay
follor.ring i.v. administration of 2-6 LDSO C(tlP(t)-Boman. After thie
initial decay, the concentration of C(tlP(-I-soman in blood was ca.
40 ng/rn}. Therefore, the initial C(-)P(-)-soman concentration was

chosen in such a way that the concentration decrease of C(-IP(-)-
soman from 40 to 20 ng/ml was within the second phaee.

Upon incubation of C(-)P(-)-soman in plasma and tissue homogenates'
an almoet immediate concentration decrease was observed foltowed by a
further decrease according to first-order kinetice ( see Figure 5 for
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an example), except for the hydrolysis in kidney homogenate'
Apparently, covalent binding proceeds somewhat elower in the Iatter
homogenate, which ie in accordance with the results presented in
eubsection III.3 (eee Tab1e 3). The results ohey firet-order kinetics
after an initial reaction time of ca. 9 min (Figure 5I. The half-life
timee evaluated for the firet-order reactions are collected in Tab1e
6.
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Figure 5. SemilogarLthmic plot of the decrease of C(-)P(-)-Boman
concentration in a 25 t homogenate of guinea Pig liver at
pH 7.5 and 37 oC. The line represente the optimal fit
according to Iinear regreesion to aII data except the data
point at tl-me polnt zero.
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Figure 6. Semilogarithmic plot of the decrease of C(-)P(-)-Boman
concentration in a 25 t homogenate of guinea pig kidney at
pH ?.5 and 37 oC. The-Iine repreeente the optimal fit
according to Linear regreeeion to the data points from time
point I min.
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Table 6
Half-life timeea for hydrolyeis of C(-)P(-)-soman in plasma and 25 t
homogenatesb, c of various tiesues f rom guinea pig, at pH 7 ,5 and 3't
oC. Previoue results (3) on the time perioda needed for decreage of
the C(+)P(-)-Eoman concentration from 40 to 20 ng/ml tt(40-20) I are
included.

Tiesue HaIf-Iife time
ct-)P(-)-Eoman
(min )

r ( 40-20 )
c(+)P(-)-Eoman
(min )

PIasma
Brain
Lung
Liver
Kidney
SkeIetaI

musclec, d

7.O t
70r
41 t

5.2 r
Lor
77t

o.2 (4)
6 (s)
sb
o.3
L (4)
7

7r1
72+L4
29+7

2.4 + 0.5
11 +1
81 t 15 (4)

Et

b
c
d

t{eans * s.D., n = 3 unreee otherwise noted in parentheses.
The lung homogenate used in the preeent study wae l"E *.
The homogenateg of the akeletal muecle waE 10 t.
Gastrocnemiue et soleug muecle-

The results obtained for the two P(-)-isomers are rather similar. The
alower hydrolyeis of C(-)P(-)-Boman in lung homogenate is probably
due to the use of a more diluted homogenate ( 15 t instead of 25 t ) in
the present experiments. The catalytic activities in the homogenates
of tiesues that are considered to be target organs for the toxic
action of Eoman; i.e., brain and skeletal muecle, are much lower than
in plasma and the other homogenates, which are part of the central
compartment.

IIf.5. Cardiac output and tissue blood flowe

Tiseue blood flows were determined from the distribution of
radioactively labelled microspheres as descrihed by Peeters et aI.
(25). The time needed to install the cannulas varied considerably
between the animals. Thereforer w€ decided to perform the surgical
manipulatione under inhalation anaestheeia, which ie very suitable
for controlled, prolonged anaestheeia. Since there are no facilitiee
for inhalation anaesthesia in the radionuclide Iab, injection of
anaeethetics waa necessary subsequent to halothane anaesthesia.
Ketamine was our firet choice as an injectahle anaeethetic.
Unfortunately, eeveral animals died shortly after i.m. adminietration
of this cornpound. It seems that halothane anaeethesia followed by
ketamine is not very weII tolerated by guinea pige. we replaced
ketamine vlith the combination of HypnormR (L ml/kg, i.m. ) and
NembutarR (10 mg/kg, i.p.), which in previous toxicokinetic
experiments appeared to be very euitabre for guinea Figs, in
particular subsequent to halothane anaestheeia (S).
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We encountered eonsiderable difficulties in advancing the femoral
artery cannula into the abdominal aortar EEI was described by Peeters
et aI. (25), leading to a high failure incidence due to piercing of
the artery with the tip of the cannula. After exteneive practice our
dexterity improved, but nevertheless only 1 out of 3 cannulations was

succesaful. In discussions with scientiste experieneed in thie
technique with small animals, it was suggested that positioning of
the tip of the cannula in the aorta is not essential to obtain a
reference flow rate. As long as the eample is drawn from a peripheral
artery at a constant flow rate, which must not be unrealistically
high for thie arteryr tro adequate reference flow rate is obtained.

we decided not to use a eeparate control groupr EtB originally
proposed, but made two subsequent injections of differently labelled
(141ce and 103Ru) microspheree to each animal, which has the
advantage that each animaL can serve aE its own control. Since only
2-3 t of the capillaries are blocked upon each injection, it is
possible to perform more than one injection per anLmal, without too
much impairment of the blood flot*s. Unfortunately, in Eome cases the
blood flow frrom the femoral artery cannula wae not congtant or too
low during either the first or the second eampling, necessitating
additional experiments.

The tissue blood flow rate wag calcul-ated from

tigsue flow rate =
dpm in the tissue

* refeEence flow rate (4)
dpm in reference sample

aE reported by Peeters et aI. (25). The cardiac output was calculated
aB the sum of alL tiseue flowe.

The values obtained for the tiseue blood flotr rates and cardiac
output in the individual animals are preeented in Tables 7 and 8.

The mean valuea for the cardiac output before and after
administration of C(tlP(t)-Boman are preeented in table 9"

The mean control vaLue for cardiac output comprisee all successful
experiments (n = 12) with the l41ce-labelled microapherea. Our mean

control value ie ahout twofold lower than that reported by Peetere et
aI. (25), However, the latter etudy r,,rae performed with animale which
were neither anaesthetized nor atropinized. Furthermore, theee
authors ueed female guinea pigE weighing ca. 1 kg, whereae our male
animale weighed 55O-?OO g. In table 9, control data are also
presented for both soman doee groups separately. These data were
obtained from the studieg in which the injections of both label1ed
microspheres were suceegsful.

The data in Table 9 indicate, that the administration of 2 and 6 LDSO

C(tlp(t)-soman does not alter the cardiac output at 10 min after
administration, which is in agreement with the findings of Haxwell et
aI. (10) for O.84 LDSO C(t)P(t)-Boman in the rat-
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40 Results and Discussion

Mean cardiac output (t B.e.m. )
artificially ventilated guinea
LO min after adminietration of

table 9

of anaeethetized, atropinized and
pigs, weighing ca. 500 g, before and
2 and 6 LDSO C(tlP(tI-soman

Cardiac output
(mI.min-1. t g-1 )

Control ( n=12 )

Control for the 2 LDSO group
After 2 LDSO C(t)P(t)-soman

Control for the 5 LDS' group
After 6 LDSO C(tlP(t)-soman

Literaturea (n=5 )

(n=5)
(n=5)

(n=5)
(n=5)

134 r 24

101_ t 20
90*ls

L85 r 44
L82 r 84

280 r 38

a Data taken from Peetere et al. (2S)

The mean values calculated for the distribution of the cardiac output
are presp-nted in Table 10.

Table L0
Distribution (percentage t s.e.m. ) of the cardiac output in
anaeethetized, atropinized and artificially ventilated guinea pigs,
weighing 550-?OO gr before and 10 min after adminietration of 2 and 6
LDSO C(tlP(f)-aoman

Tissue Control
(n = LZI

2 LDSO
(n = 6)

6 LDSO
(n = 6)

Literaturef,

Kidney 7.1 t 1.O 4.O t 1.O
Liver 1.5 t 0.5r L.2 t o.2 5

Lung 7.L t 1.4 3.9 t O.g
Brain 1.8 t O.2 2,6 t 0.2
Musc1e 0.6 t 0.3 * 0,._4 t O.1 u.

Diaphragrm O. 16 + O. 03 0. 23 t O. 06
Heart 6.2 t 2.7 4.4 t 1. 1
CarcaEs 77.8 t 1.5 . 83.0 t 2.A ,.

6.4 r L.g
1.6 + O.4 r

4.6 + 1.0
2.L t 0.4
0.4 + 0.2

0,20 r o.04
2.6 + 0.9

g2.l t 0.8

14.3 r O.s
o.3 t o,L

5*1
2.1 t 0.5

,r. t. b

11 .r.
4.O r O.5

?4. 3c

a Data taken from peeters et
b Not reported.
c The literature data are not

etudied l-n our experiments.

aI. (25).

reported on exactly the Erame carcass as

The control data are in reasonable agreement with those reported in
Iiterature. The blood flow to the kidneys is ahout twofold lower in
our animals, which may be due to the anaesthesia. No drarnatic changes
occur in the blood flow distribution at 10 min after administration
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of C(tlP(t)-soman. Some trends appear to be present in kidney, Iung.
brain, and heart, hut there are no significant changee due to the
high atandard errore of the data. This Eeems to disagree with the
findings of ltaxwell et aI. (10) after O.84 LDSO in the rat, in whieh
etudy the blood flowe to the brain, Lung, mueile, kidney and heart
changed signif icantly. However, the rate were gf atropl-nised in
their study. Apparently, atropine reducee the infLuence of C(tlP(t)-
Eoman on the tiesue blood flow dietribution. It cannot be ruled out,
however, that coneiderable changes in cardiac output and/or blood
flow distribution take place during the initial l0-min period of
C ( t) P ( t) -soman intoxication.
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IV. CONCLUSIONS

L. The preeent etudy providea toxicant-specific parameters of
C(tlP(-)-soman as weII aE tiseue hlood flow and cardiac output
needed for physiologically based modelling of C(tlP(t)-soman
intoxication of guinea pigs.

2. C(tlP(t)-soman is sufficiently volatile to determine the
partition coefficients of its stereoisomers for blood/air and
tissue homogenate/air by gaa chromatographic analysis in the air
phaee, using an head-space injection technigue.

3. The heat treatment procedure reported in literature forj-nactivation of elimination processes for organophosphate in
blood eamples and tissue homogenates wae not euitable for
C(tlP(t)-Eoman.

4. Elimination of c(t)P(tI-soman by coval-ent binding in blood
eamplee and tiesue homogenatee can effeetively be stopped by
pretreatment with Z-butenyl methylphosphonofluoridate, which
rapidty reacts with covalent binding sites, but is also rapidly
dealkylated to nonvolatile methylphosphonofluoridic acid.

5. only a fraction of the available covalent binding sites in guinea
pig blood and tissue homogenates reacts rapidty r.rith C(t)p(-)-
Boman.

5. Due to a very low reactivity of the remainingr fraction of the
binding eitee the deternrination of the total concentration ehould
be carried out with a sufficiently high concentration of
C(t)P(-)-sofitan.

7. Indications were obtained for a contribution of C(tlp(+)-soman to
covalent binding in guinea pig liver and kidney homogenate when
treated with C(t)P(t)-soman; the method used was not adequate to
evaluate the contribution of C(tlP(+)-aoman to covalent binding
in homogenates of other tieeLres or in blood.

8. The rateg of hydrolysis of c(+)p(-)-soman and c(-)p(-)-soman in
guinea Pig plaema and ln varioug tiseue homogenates are eLmilar.

10.

Both hydrolytic activity and binding capacity for c(tlp(-)-soman
in target tissuee (braln, muscre) of the guinea pig are rower
than in most of the tissues participating in central elimination.

rntravenous administration of 2 and 6 LDs, c(t)p(t)-soman to
anaesthetized, atropinized and artificially ventilated guinea
pigs does not affect the cardiac output determined L0 min after
intoxication.

9.
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No significant changee in blood flow dietribution over various
tissuee wag observed 10 min after intravenous adminietration of
C(tlp(t)-soman to anaesthetized, atropinized and artificially
ventilated guinea Pigs.

The influence of covalent hinding of C(tlP(-)-soman on ite
elimination in vivo is not full-y undergtoodi in this connection,
it may be r^rorth while to study in vitro whether the
concentrations of C(t)P(-)-soman and/or of tiseue homogenates

affect the concentration of totally available binding sites and

the ratio between rapidly and slowly reacting binding sites'

Further investigatione are needed to eetablish whether changee in
cardiac output andlor blood flow distribution take place during
the initial lQ-min period of intoxication with C(tlP(t)-Boman-

L2,

13.
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