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This publication was prepared under contract for the
Joint Publications Research Service as a translation
or foreign-language research service to the various
federal..-govrnment deparpments. ,. ,,..

The C9 -ptes: of.4hiss mterIa1 in n %way',rpresent the
policies, views .or att"i ttude-s 6b4: t S-;- U. CSov~rnmnt
or of the partips to any.,dIs.,ribution, arrangement.
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All JPRS reports may be ordered from the Office of TechnicalServices. Reports published prior to I February 1963 can be provided,
for the most part, only in photocopy (xerox). Those published after
I February 1963 wi.ll be provided in printed form.

Details on special subscription arrangements for JPRS socialsicience reports will be provided upon request.

No cumulative subject index or catalog of all JPRS reportshas been compiled.

All JPRS reports are listed in the Monthly Catalog of U. S.
Government Publications, available on subscription at $4.50 per year
($6.00 foreign), including an annual index, from the Superintendent
of Docutnents, U. S. Government Printing Office, Washington 25, D. C.

All JPRS scientific and technical reports are cataloged andsubjnclt-Indexed in Technical Tran.slatiotis, pbli shed semimonthly by
the Office of Technical SCL'LTJeS, and also available on subscription
($12.00 per yenr doutestici $16.00 foreign) from the Superinteudent
of Docnielits. Sellaitgi).al ,* ecluitcal Tvaiations are
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L701MLMis A trn~lti~ ofAn~ ax+iCUe by R. 1. VoJ1cova,
N o o G do iko .. 1 Ka al" ~ k L e .G *M agaS An k.,T o A *

eA~trytkon, M., Too MJkheol, soft, CiK. LRohkov,LKN.
Ifruyenov and V. A. lTakovlov of the Laboratory of Phum~oolOGY
And Biocboiizistry of Bidlogical],y Active Substanoes of the
Secbenov Institmte of Evolutionary Rptuiology of the UMR
Acadear of Sciences and the Laboratory of Organophosphorvo
Compo.mds of the Institute of Organcmta~4c Ccu~onpodo of
the UMS AcadwV of Sciences, Leningrad, In the Russian..

lag~OPeidia 1E mdteiM d-Ld (Problems
in MIedical MedubVl 1$N#3 91 aa20

*e know that the action of nitrogen-contOaini ph=naacologioal3q
active substances on choline recePtors and cholinesterases is amuul3v
intensified when the tertiary nitrogen of these co~ounda is caonvrted
into a qutaeniary. The same increased activity is obserezrd in a umaber
of su2.fmr-coubai32ing ccoWoxid Won the divalent sulfifte sulfi Is con-.
verbed into a trivalent sulfoniwm saura This applies both to cholino-.
lytio and ohlnovetc bstancein and to a likes degree to inhi1Ldtore
of cholinesterases and thir bistratex /V. It has been shom that
wo find anel1ogous behavior in Sganopaiospiorim coqmpoie which contain
nitrogen & and ou2.fur LT# 3--6/ In particular, we have pronucnced.
intensification. of pbysiologioa3. activity when we comqar the two

coq~iadaGD-? (O-atbylS-betaetIr3rcaptoetbyJ notI;Lt~d~ophoepbd.mte)
and CMID- (mgty~aulfonotbylate of GD..?) (Cf. Table) W7.
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In a iudy, of the reaction with oholinsterase of certain cho-
2±nolbtic s~staaoes i.th a structiwe similar to aoety.cho2ine and
capable of produ:c.g reversible inition of cholinesterase (diphacyl ,
arpeml, p•neaphe• e and other substances and their' iodomtb•lates), we
obebmved that the conversion of tertiary nitrogen into quatern=z7 almost
alwap had an effect on the reaction of the substance with the enzyme.
However tbU effect depends on the position of the nitrogen in the
molecule a7.

If the nitrogen is separated from the ether oMen by two inthyl
grovs as in aoetylchol3e p , m.thylation produces a much, stronger
reaction vit~h eoieea' ( WAtIon bf. diphaicyl - diotbrIaWnootbv1.
acid). But in the se of metbylation of nitrogen sepopaited from the
ether oxen by t.ree imetbyam g$ru (arpenal - dietbylaminopropyJ
ester of diphearlacetic acid), ve do not have a stronger reaction Ath
the cholinestexwae.

In order to eluidate the effect of the position of the atom
carrying a positive charge on the biological activity of organo-
phoephorim oompoui&mde synthesized 'tou' O-eth~iiA*tby2ar'oqpto-
4l3a~metytldiophosphinates (A) and their' corresponding zetzylsulto-
mstIVLates (B).

CIt$S(Cna)r-$--< 0Cen, n- 1(M-1JU); n-.. l'f-?0),

,,-a (cfla)aS-P.- .ocn] To, 1(- ,{-), " gr-l

The co.om• M-33, (-7 and G.-8U were synthesized throngh the
action of cblort %•etau~tide, betac odietbylsulfide and delta-.
cbbtlt a~ierespectivy wit O,.ooe'tZ :m tZ~lto-
pheiiaesodium.

I CS 3  e s c,0. a0
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Caouxi&~ COD-78 va~s synthesized through the reaction of 0estb~l.
8-gam-bo.~ropn~t~IWiiahoephmyizmte andi sodium et y2mroapft&6S

co.H a-," o ' 's(C M2)3 Br + ~ ~ o +N(fl~ MAP

C~OR)OWds -14371 GD-&2., OD-79 and OD-65 vare obt~aend truhthe
action of dimtbylaiflfate on the appropt1.ate 0-.tW.L--etbV'1sroapto.
an WlQWUW~1tbiophosp14nateg.

!nd Ma3sis: mothodologjr

1. O-ot1~l o-ti rcraptonutbylintbylth:Lophoepbinate (-14.36).

To a molution of 6.6g (0.04 mol) of 0-o.oetbVinIm2tbq~hiphosphdJ~t6
sodi~u in 30Ml dry acetone ve tirred in 6.7g (0.06 mol) of ohlarveth1..
at1hrlaulfide Se,. The resulting =Lxta'e was heated in a vater bath at
600 for 2 hows- aftear t±ch the sodium chloride precipitate was flitered
off 0 the acetone distilled off and the residue sulbJinitd in a vacwmi.
Pboduation 4. 8g of 0-t~-eb~watmbVmhlbcmbzhi
(M14.36). Iiel4 5% of theoretical, boiling point 101..101.50 at Ion Hg,

By Dina3lrsis: C - 33.2 33*4; H - 7.2 7 3%; P - J14.4. i166%; S
29?.6 29.5% C,64H)$5202- Calculated C - 33-5%: H1 - 7.ig%; P - 31&.9%j
S - 29.8%.

2. Oetbl -3~bota-et1bVl captoeth3lmt1q1tbziophoaphirnate (OD.7).

To sodium at1~1ate,% obtained from 2.3g (0.3. grami Uto sodium And
50m. absolube alcohol, "ar added l14g (0.1 mci) 0-MMQt4vAmtkI3thiqphos..
phinate., then sl.owly at 50 vas added 12,lig (0.1 mol) beta. 3.wAjetI~2..
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sulfide, inixctuie bonLed in a water' bath for 2 hours and the residin
sublim~ted in a vacmun. Pnduoe 18g at 0-et! ..8-beta-*t1jymrcaptbo-

*thV1wtbVVdqyos9II* 07) Yeld &$ Of theoa'ttioals %.-L)A II-

point 98-990 at buu Ego V I!11, d,20 1.311290 4R &01142W 60 55
calculated 60.62.*

By anft~via: C 37.C%., 36o6%; H 7.5, 7.6%; P 13.%j, .33.2%.
074' 7 PS202 .

Calculated: C 3698%j H 7.,6%j P 13.5%.

3. o0ethvl 4.-delta-etI1inroapt.ob y3~t ithiophospadint. (aD-814)o

Prodce~d bv the abmv uwthod from 0-muoemt3br1zt~vlthIo~psboepAdte
sodium and freshly distilled delta.-chlobbWletIW1sulfi9 Llrort.
delta-cahobubylet!b1aulfide synthesized from de3.ta-oxybiu-Itby1et
sulfide 17 reaction with tbhcayl 58hmlo'ds 17 n~eld 60% of thsoietioals
boiling point 7is-75O at 6 =m 45 e%1 Very ustable c0-o-V0d.
Data in lIteratw'e gives boiling point 97-1040 at 20=u Ng & 1
Yield 55% of theoretical., boiling point 126-126.50,at 3= q;unf
1-5094., d2CD 1.09M0, ft ama3ved 69.843, calculated 69.86.

By awlysis:- 0 42.0, 4j2.2%; H 8.2, 8.l4%; P 11.6, 11.7%. COH21P8 2020

Calculated: c 42.1%; H 8.2%; P 12.2%.

4. O-t~--ambouq~mblbohsbms

Alcohol solubion of 0-monoe b3i=tb1ltb:opohosphirst sodium,
obtaineid from 28& (0.2 aol) 0- onot V1mtIW1tb:LqphosphinAte and 0.2
aol sodium etbylste in 70 ml absolute alcohol., added at 500 to a ixLture
of 3I40g (0.7 mol) 1.3-dibrompropane and 30 ml. absolute alcohol.
Resultant mixture boile in water bath for 2 hour's, after wbich the
separ'ated sodium broaisde filtered off., alcohol and excess l.3-dibroirpropaw
distilled aff and the residue sublirated in a vacuw*t Production 27.JZ
of) -oti~rl- gemma-11,ow~opyljzt&lrltbiophosphizs.-. Yi!leld 53% of
theoretical, bailIng point 106-107 at lii VSg, n2O% 1.5162, d2%D 1.40Wk,
XRD analyzed 55.78, ealculAted 55.73.

By awl3~wss: 0 27.7, 27.7%1 H 5.6s 5.5%S P 12.2, 12.2%. C6 ft14 2
02 Bro

Calculated:. C 27.6%; H 5.4~%j P 11.8%4
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* iat (GD-78).

x~o 1.,6g (0.0? Pzami Atemi) of aod±li (dividad by BrubIhs fthod 9
in7N ageolute ather wa~s added lOg (0.16 mol) etlW~mrc aptan aMntd

iiiztii'ostfrred imftl there was total Cessation of hb'dogeh. liberation
-aftar vd~ch 18,2g (0.07 Sol) 6f 0ý-.th1.8-geam-brcqtopý2stI~lth~io.
phosphbiznstea se added a drop at a timew Then the aiztvr wa" bojled
In a vnate bath, for' 2 howes, the separated sodiun br'od~de *as Altered
offs the ether and excess et1kW~sroaptAun distilled aft and the iuxid=
subliitated in a vacuame Prodwtior. mks 9*5g of) -aQW1.4.gaaws..

M4R, a t~atd 6~0,calculAted. 65* 24*

Dy ane3Iste 0 .3ý9*4, 39.4,%j R 7*.8, 84c%; P 12.4, 12.l4%, C8

Caculated: C 39.6%; A 7.9%; P 12.8%.

6. Ht~Abyuf ovetbrlate of 0,tWI-8-rtbu~roatptomthy2methy2..

th-ioplixephItato (14-137).

Pb* a gd 1.Og (0@075 wul) of dsxtzbylaulphAte in 3 x1 absolute benaezs
heated for I howr in a vater bath., Then the bonzene'vas &1iveu off in
a yrawix and tho ronm±xzing syr~~ twice precipitated from okloratormu b
ether, After the ether was reove~d there remadzed azi aIoot colorless
sywr vetbkls~fatbr2ate of 0-ty-t~moapct~mkthc
pasphiLnsto (M-2.37). Yield 2 .2g (olose to quAntita-bive).

R~y &Wnve'sts C 27*9, 27.6%; H 3-.5x 3.6%; P 8.7, 8.8%. C8f21P8306.

Oraklmaated C 28.3%; H 3.6%j P 9.1%.

I:n a ativila mannr the fo11oiz~g cwqmoiaids provid4ed yields,
CIA*$ to glrrt4tative:

7, Hot4 lulfometW xato of 0-aetyl-beta-et1q1meroaptcet1i4..
tk~W~tphepbi~te(O-42), n2%D 1.52100

A!#- &ini=.17sis 0 29.2,ý 29.3%; H 6*5A 6.Ij%a 0942P83066

CuLoixtedt C 29#2%, K 6.3%.
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8, * 1thylszufometby1ate of 0-etyl-S-gam.-etbylmrcaptopropyl-

mqthryjthiophosphin-ate (GD-79), n20% 1 .5169.

By analysis: C 32.5, 32.h%; H 6.7, 6.7%; CIOH2Ia5PS306.

Calculated: C 32.6%; H 6.8%.

9. •etlsulfometbylate of 0-ethyl-S-delta-etbylmeroaptobuyl-
metbylthiophosphinate (GD-85), n2 0D 1.5138.

By analysis: C 34.6, 34.7%; H 7.1, 7.-2; P 8.0, 7.9%.

CulH27PS306.

Calculated: c 34.8%; H 7.1%; P 8.1%.

Anticholinesterase activity with relation to pseudocholinesterase
was tested by two methods. For purified horse serum (preparation
purified 40 times) we determined the constants (Ell) of inhibition
rate at pH 7 and.40O (second of the two methods described in an article
by R. I. Volkova and V. A. Iakovlev, 1959 ZT)) in the absence of
acetylcholine and uith concentrations of the organophosphorus copoumnd
and cholinesterase close to stoichlometric.

For raw horse serum we determined JSO - the concentration of
the organophosphorus comp d which reduces cholinesterase activity by
50%.

For true cholinesterase of defibrinated cowss blood we determined
only Jq5 O. Following conditions observed in mIdng deterrinations. To
lml blood we added 2 ml water or an inhibitor solution. After 10-12
mins of prelimnary contact between the blood and the inhibitor
acetylcholine chloride was added (l ml 1010-3). After 2 minutes the
reaction between the cholinesterase and the acetylaholine Was stopped
by the addition of trichloracetic acid. The amount of acetylcholine
remaining undecorposed was determined by Hestrints method X_7. The
entire experiment was performed in a controlled water chamrTr at 380.

The pharmacological effect was rated on the basis of the effect
of the preparation on the transverse and smooth musculature of animals.
The effect on tonic muscle fibers was studied on an isolated m. reotum
abdominis of a frog. We determined the concentrations of the organo-
phosphorus conpouds capable of doubling the tonic oxntraction caused
by acetylcholine and the concentrations which induce residual contrac-
tion with stimulation from the nerve.

'7-



Iai evaluab±ng the offset an~ the nontmioL imisoies of warmi-blooded
a imas wodisetnedu. the xiu~xm doas" ibich inbtzaify the peaf±13.

raotion of the gastrooinudius of a cat (awetbamm anewthed) ulth high
frab~fim abmaiatictn of a pet'ipberal sopm.b -of the uciatdi nerve

in arkder to &evaute the effeot on the smooth zuole. we deter-
ndxed the m5.xwuI. dome whioh injected inUvenwoaly oaiusd'total. spasm
at the b'oaohial wsOiulature. The Conoett-aessle Ta'pw ushod
v" s ed 0419~~.

No, IgouItenWU A

B~~~ - iha'vfoi tm
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No. CH2 r'oups between sulfurw atoms

Fig* 2 Pharwaoological act~vity of the substanoes stwiMed.
1 - do9e (in ma./kg) otaUSM total l t'001±l spasem i a cat; 2
oonoentat.on (in ,ol) CaUng L residual oontraoatur of a.
rectum abdadvis of a frog. Obher syubols as as, in ft. 1.
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1iessach Results

All the datba m tbs Wiclo~tcal effects of
cq~omidis ares rnwize~d in tbe tableo TA Wig. 1 in have a papydio

repmoent~ft~o. of wrealt;# of detervidatng the ato~aitwa
acti,±tys, in Wig. 2 the Camo lcg3 effect.

Prom the table a a oansee that in series of compounds (1) there.
an no real or regm~la changss in biological activity when the nmder
of mtwi1ens groups n chapsg~ from I to 14. All four preparations
possess sI.1r3 and ComVertIve3y liar biologioa3. activity. All the
aeorsponding nuctoam convoimds (nI) we awh mum aotuve.,

M~ot fr~ctazzt is the Iftat that q~azittatiwmy the incrase in
aftivityr with the appearance of a positive ohex'ge habanges abruptlyv
empendIog = the niuber of net1l2an groups between the sulfomi=
and the etb e~tow of sultfrr. Wben ther an oza or two imtblene
groups uath~lation intemsifies act&,vity huzmft~' or even thousadAs
of tims (=Voir ;maresrt±ims K.436 and M-)37j, M.-7 a&W Mail) We
there ofe tbree, methy3n groups ist between the Ircrease in lwes
lywnoovoed (Jfl.78 and GD.-029 ' With four groves the intensification~
is miniml GD~-84~ and QD-e5

With respect to cozuteant of rate of Utiz±5tieG of chol4neliterase
activity the romirl Increase was obOserved th a separation of a
vin~gle iioeth gr 'oup~ (X-1.36 and X-.13?). In deterndin the JS0 of
tra1 choliuesteree and the doamp indwoing 1b'oxhWa @pan,, Ie ftOmd
the nkz~ml inw2'8S5 in activity then two met1y~ groups intervrns
(CID-.7 a&W ID.442)* It is possible tWat this in related to the .xtrege
instablity of the su2.tosmiu oompowd vith a single ne+AWns poup
Constanbs of inblbltion rate were deterudned in other casm but in
det.~ntngM two types of biological &cftivit the va~d tQ+4o2Vs~s of
the preparation in a weter aium may distart results towvzd lower
activity ar render dsterAinatian completely Iuposeible,

m 10 m



In the min phAimocologlua3 effects varied parllel to the change
In anticbolineterase activity. This agrees v4th the concept that
the phamcological activity of the organophosphorus cc.poWd under
stuOy is based on their ability to inbibit choleistease, Qualitatively
the changes mere alurqu the same: both the anticholins•terase and
pharmacological activity increased vith mtyhlation. Quantitative
differences ray depend on the fact, that the phwrmacoogical activity
is effected by such factorn as the rate of development of the inhibitory
efftaat. the ability* of the or'ganophosphorua caipoimda to activate or
inactivat in the bodc'. (Iwdrowiis), their capasLty for reacting PA
only with chcirnesterase but other -nzymes and protein bodies, the
distribubion of Vo organophosphorum compowd in the body, their greater
or lesser ability to stimilate (nonanticholinaterase activity) the
choiAne receptors direct3S, etc.

Particlly indicative in this respect are the results of
eriments on an isolated m. rectuo abdontas of a frog. The survival

conditions of the isolated organ were reduced to a4ndnim and thus
redUced the effect of zmV of the above mentioned side factors.

et. it ivas this object which produced the most svftkb results.
With two merlene group between the sulfir atoms a preparation of
the sulfonium type - 0D-42 - was 8000-10000 times stronger than its
,alog Aith divalent suJIu (GD-7). With three meftqlens groue the
inease was only i66-7. ti•ms (aD-78 and aD-79), with fora
xethylene grome (Of. table) betieen the sulfur atom the appearance
of sulfonimu sulf= increaeed activity only 26-30 times (GD-84 and

-_chanism of Activity Increase As A Function of Onium Gr2owMg

'he question of the importanoe of the free positive charge and its
position in the orgaraphospborus molecule for the biological activity
nost be discussed on the basis of modern concepts of the chemical
reaction between choUnesterase and acetylcholine and organophosphorus
ocapounds GS-2_27

Two hypotheses are possible in -the light of these concepts.

I. The costant positive charge asssures the establishment of
an i= bond between the cation center of the substance and the aron
point of the enzw and thus orients the phosphorus or.ganic rolecule
with relation to the active vutace of the cho.iuesteraesa, facilita-
ting the roactimi of the ester growVing of the substance and the
esterase poLnt of the enuzyme.

- 1



2. The •.J.•ve champ his an J ud•,t•q• offo• oa tha '•d.o-
e•ze• •o• ¢t. •Zzs • •, • the
e•et• •ve eh,• m •ho l• s• az• tlzu ta•A•
tim z,•ezz wAt, h 'the •.

S• • effects nmst •eX•tats tho •Zzosl•ez't•.on ot
the eho•v•,

Zt 4,, Zz•r • t, hat, beth •eb•zs Z• •z • 4,, tlzs z.oaee•
at a• wad ehoZ.••,

X•a.on •ztr, Zautezame Zx•
•OH•bt• • •cmepraM•u

),•.._ e;c-c•,
(c,, cn,..--c,•-o/•o•" ..

S'ohe s•.•c, zl.m • • •z •z•ch the
• the m•• na,,_--'P•r aad 'Size plz•• is ¢•eoet, to •bo
•Lst, mzoe • 'bbs • ntt•,oCen • • eax'boz•Z, e•rb• •.n

S•cho•zs wlec•le (a) •.ie • z'•l•cn •z •zls •stsnes

•hollnestera•e

S........

•,"• . • .e•-•'P"

In oases b az• c +.,,be :L"omz'b:Lon o• an :Lon bond b•'•se, zz
su•oniu• s•Q•" s•l-•he saLm IxAn• o• the en,•m •acl.•a•es •o a

•azzol•ospbor'•s •cr,.t•d •'bh 'P.,bs os•e•ue po'•_•b c• •he •o

w•zTl•ms •p"o•p • •mu• bot,,,se.,z *.,be e'ol.t'•. • Z•hoaphoz'us (•.,'•1•o)
is ne•e• •o •he •Ls•nce between • •• •t•o•wn •
e•rbo•z e.trb• • a•r•o•.m (,•.?Ao).



Thus tho xlecm-xrent v~eakening of the effect. of the charge in
the organphosphortue compouads stndted as the nurixer of methylene
grou3 Iincreased from I to 4 agree 'vex we3l vitli the ltypothesis that
the injortancs of the charge lies in its affect, in orientat~ion,

D. Indwtioxi eftect * Let us navr consider anot'her possible
exp13l~nation fax' the increase in activity Alien the charge eqpear'e on
the sCi!.ur, atom, Tho, cat~ion center deve&Lopaig in thme molecule has an
indu~ction effact. i sa i-t inducea a shift in. the electron cloud al~ong
the at-on. chain -:md aotivates the etier portion of the kniaue.,
facilitating the nmmceophilie. attack tfromi the estermae poinrt of the

enymd inareasil-T the mobility of the P-41 bond ighich is disrupt~d
In phosphorylation of the anzy2v,

If thia is sc, ii niidght eacpact that in an org=ncphosphoxrw cmT~ourd
of a auWfonium structure there is an increaze In reaotive capacity not
onl3y tmoird the cliolimeateraoe but toward w~wt~r as weU since -the
reactionr o.C ain organuphosphox'u& compo~und writh iwator and tqdox,>i. ions
in &a.elogot in maehuxLsm to the reactiLon. of the, orgar hosp'horus
eupowid Wi~htheU. ostserase, 1xint of cho3.ii esrase IT /.Or course
the oy'entkltioa i-nf1.u-nee is not of: iMŽort.anwe In the: reAction width

The U ti&of the hq'drolyais of sW uJ,4niw hou
comoundsi sttzeek in an alk livs wedimii at 2,20 by potantiOrjte.%c
titration. VOhies OfC logar'ithrms of bimolecialar constants of the rate
of'reaction of orgaxiophosphorus compowuns vith C11 are coumpared w1ith
constanta of the reaction rate of cholinesterase of blood seriva in



Fig* 3., We can see that the reaction capacity of sulf mium
orgamophospbomu caqo~mda wi~th regard to OH- ions increases
regu'Lwly With a deexvase in the distance behmAen the cation
center ot the laiU~iI and the phosphoryl group# This increa~se
occurs aoomitan.tl&y with, the Inorease in antioholirnaterase
activity. The greatest autichoIlinst~erase activity

Vt

4 1
4;1

No* f C2 gr~s atme S tom

Fig. H 3.Ktrhlmtraeatvt ntamn ~rlsao ufn

kao.m of Hdroyi~s hoftwganohsor Sopo aton

logm-.,itmic seals). Ot~her designations seal as in Figs. 1 and 2.



Jgfognd in that gMpaation (with oe Mtb.ene group) wbich is
h s rapidly 0 d, As the number of mtbylene groups

between the sulfur ators increases both anticholinesterase activity
and bydro37sis become weaker. These facts agree very well with the
bypothesis that the mechanism of activity increase in organophospherm
compounds as related to the sulfonlun sulfur in the molecule is an
inductiom effect which grows weaker as the chain grovs longer.

The results obtained maV be interpreted as deriving from the
bypothesis of the imortance of the orientation effect of the onium
center in the phosphors organic compound molecular as wel• as from
the hypothesis that the decisive role is played ty the induction affect
produced by the iadum center on the ester group of the organophos-
phorus molecule.

It is still dificult to decide which effect is the more inpor-
taut since the structwre with a single mothylene group was most
adtantaeous for both the orientation and the induction effect: as
the nmer of 01,ylerns groups increases therm is a conconitant
weakening of both effects along with biological activity. A quantita.
tive evaluatica of both proposed mechanisms rill be the subject of
future investigations.
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