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Studies on the coirelation of chemical structu-re and pharmacologic action were carried out on four groups 
of anticbollue agent,: 1) the pentaphen or diethylaminoethyi ester of pbenyleyclopentarre car~xyl le  acid 
group [9, 10, 1. 4, 3]. ~ ff, e dip~hazine or diethylamdnoacetylphenoflflazlne group [8, 4, 3], 3) the alphamethyl- 
diphazlne group containing a methyl group in the alpha position with respect to the nitrogen of ~ e  atrdnoacetyl 
part of the molecule [7]. 4) fie a~irenal cr dfethylaminopmpylamide of diphenylacetie acid [10, 3|. 

Each group was comp~ed of t.~ee preparattor6: the hydrochloride containing a tertiary nitrogen ator-~ 
and two alky! iodides(methyl iodide andc'd~yliodide)containMg a ~Jatemary nitrogen atom. In tim penLaphen 
and dlphazine groups there were alvo the methyisulfome'd~ylates. The ~tructure of all the~ compounds is ~hown 
in the table (see below). Tie maJo~it-/of the substances were synthesized by N. B. Khromov-F, orl~ov and A. M. 
Tanovit~ka~ a (I LM0, the arpenaI group was D nr2~esized in Professor A. L. t~h~dzhoyan's Laboratory (Academy 
of Sclcnces of the Armenian SS~, while ~entaphen hydmchloride was obtained from VNIKhVL 

EXPERt MENI'AL METHODS 

Experiment, were pe r fo rn~  oa cau under urethane and hexenal anesthesia and on decerebrate animals. 
The vago~ympathetic trunk~ were dissected in the animal's neck;tim sympathetic nerve was isolated oa the left, 
and the vagt~ on the right. Ligarure~ were e??lied to the nerves, tb~ nerves were cut and Introduced Into cannula- 
like electrodes. During the experiment the preganglionJc sympathetic nerve trunk was subJccted to prolonged 
stimulation with square-wave pul~s from an electronic stimuIator at a frequency of 16 per second (duration of 
each pulze 0.1 millisecond). The preparation~ wcm injected h~travenously. The effect of d~e substances on trans- 
mission in the superiorcervicahympa~etic ganglion was determined by their ability to lower the height of con- 
traction of ~ e  nictitating membrane [6] (Fig. 1). In control experiments it was established rd~at the preparatlora 
In ~imilar do*.es did not affect contractions of the nictitating membrane elicited by stimt~lation of postgangllontc 
ftben ,:Fig. ~ and adrenalin.. 

The peripheral segment of fl~e vagus wa~ subjected for 5 seconds wlbh an Interval of 3-5 mlnutez to periodic 
stimulation with induction current with a frequency of 3.5 impulses per I second. The effect of the compounds 
on conduction in the vagus was determim~ by their ability to abolish the fall of blood press,ire caused by stimula- 
tion of this nerve (Fig. I) .  

Th~ effect of fl'~_ preparatlora oa the musearlne-sensitive choline-reactive systems was evaluated by their 
ability to abolish lhe fall of blood pressuxe occumng tn response to intravenous administration of acetylchollne 
(Fig. :~. 

The blocking effect of the pre/~ar~tions on the nicotine-semltlve choline-reactive sy3tems of the adrenals 
and th~ carotid ~lnus z.or~es wa, detenrdaed by their ability to abolish respiratory, stimulation and rise of blood 
pressure following lnt2aveaous adminixtration of nicotine (0.02-0.03 mg/kg) or of dleholine ester of subede acid 

" CommtuLicated at ~e  603rd meeting of the I.M. Sechenov Society. Leningrad on April 19. 1955, 
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(0.01 mg/k 8) (Pig, ~), Tt~ pressor effect of the~ preparations is determined chiefly by the action on adrensl rrm- 
dulla, while the rcspit~tory stimulating effect-by the action on tim chemorccepton of the carotid stnu~ zones [5], 

RESULT8 

The results of the experiments are presented in the table. All the prcp~ratlora being studied revealed ant!- 
choline action, In each group of lubstanccs the alkyl iodides containing a quaternary nitrogen atom showed much 
stronger anti-acetylcholln: action than the corresponding hydrochloridcs containing a tertian/nitrogen atom. In 
this respect the present data agree wit,q the rc,ulu obtained in studies on other ~nticholine preparations ~7,11~18 , 
14]. Thus, as rega.rdt the ability to abolish the mmcarirte-ltke effect of acetylchollne, tlm alkyl iodides exert t 
2-3 times stronger effect than the corre~.op.,Jing hydrochlorldes. This feature is still more clearly ~cw,'l by the 
determinstion of the ability of ~ e  preparatiom to prevent the depressor action of the vagus. Pentaphcn and dlph- 
azine hydrochlorides block vagal conduction in doses of 1.0-2.0 mg]kg, a r~nal  and alph~mcthyldlphaz|ne hy- 
drocMotides - in dose..s of 0..~-0.5 mg]kg. All the al~yl iodides block vagal conduction when used in doses of 
0.03-0.05 mg/~g, excceding in stxength of their action that of the cozrespending hydrcchlorldcs by ~0-d0 rdnzi 
for the pcnthaphen and dipha~.inr groups, and by 6-10 ttmcs for the arpenal and alphamethyldiphazine groups. 
It was thus found that all file preparations bel~.,g studied prevented the depressor effect of stimulaxion of the vagus 
in doses tens of times smaller than tho~ required to abolish the depre,sor effect cf aeerjlcholine on intravenous 
iMcctlon, The difference in the doses which block tim depremor effects of the vagus ~.ad acetylcholine mayaho 
depend on the fact that on stimulation of the vagt~ this effect arises as the re*ult of action on tim bears only, 
while the dcpressor effect of intravenous acctylcholine is determined predominantly by action on the vessels, 
Cor~quently, the difference in the doses of the preparations which Mock t~he~ effects :nay defend on different 
sensitivity of the "M"-CholJ'~e reactive systems of the heart and ~,'. vessels. However, admlMstaation of a pure- 
ly antl-muscarixe agent - adrenaJ.in - is not a, sociated with st~ch a difference, the two d~.~cs being almost ldeno 
tlcal, This suggests dtat the preparations bclng studied may block vagal cr at the level of the intramural 
ganglia of the cud-organ. Nevertheless, it is Impossible to dismh~ t~e hypothesis ~at ,  unlike atropine, these 
substances may also differ in their ability to block muscartnc-~nsitlve receptors of the heart ~nd vessel~. 

Fig. i, The influence of dlphazin~ rra~thyl iodide on the dcp~c~o: effccLt 
of vagal stimulation and on cont_#action of the nictlta~ng mcmb~a~m ellc- 
lied by prolonged stlmtdation of prcganglionlc sympatl~tle fiben. Cat,2,7 
hg. Hexenal 150 mg/kg subcutaneot~ly. P, ccords from above down: blood 
pressure in common carotid artery, contractions of the nictitating mem- 
brane, marker for stimulation of sympathetic nerve, marker for stimulation 
of the p~rlpher~l segment of the vagus,time marke~ (I  minute). Arrows in- 
dicate intravenous injections of dipit~iiie m~.~,~)'l iodide in doses of 0,$ 
and .~0 mg/kg. 
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Fig. 2. The influence of pentaphea methyl iodide on 
contraction.~ of the nictitating membrane elicited by 
stimulation of pre- and postganglionlc sympathetic 
fibers. 
C2t, 3.2 kg. Urethane 1 g/kg intra/~eritoneaIly. Records 
from above down: blood p~essure, conuactions of tim 
nictitating membrane, mariner for ~timul~tion of pre- 
ganglionic (a) and p,ostga.ngiioalc ( ~} sy:-:path.etle fibers, 
Lime market (I mLnu~). Arrows Indicate intravenous 
injections of pentaphen m.=thyl iodide in dt~,es of 0.3 
m J k g .  

Fig. 3. The influence of pcnthaphcn iodomehh)'ta~e on the effect: of ~r.~tyl- 
choline and of dicholine ester of ~beric acid. 
Cat, 3 kg, Urethane 1 g] kg Inttaperitoneally, P, ecozd; from above dowm 
respiration, blood pres~ureo conttact.*ons of the nictitating membrane, t im,  

marker (1 minute). Arrows indicate ~L, avenous trdections: AC -acetyl- 
choline 1 �9 10-s In dose of l wa. D-6 dlcholtne ester of sulmrlc acid In 
dose of 0.0i mg]kg, IM - pentaphen methyl Iodide In dose of 3 mg]kg. 

Larger doves of the preparations are required for diminution cf tran:,miz, ion in the superior cervical 
sytrq~athetic ganglion, but the relative strengths of action between the substances with tertiary nitrogen atom, t and 
with quaternary nitrogen atorr~ in their molecules are preserved. Pcataphen and arl~nal hydrocMorldes exert this 
action In do~s of 2.0-3.0 m J k g .  alpha-mcth)lated diphazine hydrochloride - in doses of S.0-'I.0 m~tk~ and 
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Mi~m~tl Don= of Anttcholino 6ub=tancel (in zng/hg lnttawrmt~ly) ~md Their Actioa 

......... Chemical Itructure o| the p,epa~atloa ~ j 
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diphazine hydrocMortde only in the tonic dose of 20 m~,/kg. The alkyl todl6e p:cparatiorg In adi ttlr groui~s 
block sympathetic ganglionic uaramisflon in do=ea ~-10 times smaller than tim c" trc=ponding hydrocMcrt6u 
(tee table). 

Abolition of prestor effecth respiratory Jtlmulatlon and contractlora of the nictitating n~mbr=no cUcited 
by the dichollne ester of suberic acid was aclfleved by administration of large do~cJ of d~e p~paratlont~ althou#t 

this care, too, the blocking activity proved to be more pronounced la compomads containing a quaternary ni- 
trogen ~tom in their molecules. 

The radical at the quaternary nitrogen atom it alto of ,ul~tantlal Importance. Among the alhyl iodides 
the icdon~ethylate= showed rtrongez antlcholine action in most cases as compared with Iodoethylatet. 

~ r  comparivon of Iodomc~ylates (methyl |odldet) of pentaphen and di~,azine with the corre~pottdlng 
methyisulfomethylar~ failed to reveal ally difference in the action of the~c preparations. At the same time tim 
the solubility of the latter is much higher than the solubility of methyl iodides. 

The% the main co~l, tent  feature traced in all four groups of =ub~tances being studied it the manifold 
l n c r e ~  of peripheral antichollne effect.t on transition from hydrochlorides to alkyl i~dldes. In cormection with 
this it It interesting to note that the central anticholine ~ction of the same preparatior~ (anticonvuisant action, 
ability to influence higher nervous activity} ol~. the contrary either dlmini~es markedly or dtsapI~eart completely 
oa tradition from hydrochlorides to alkyl iodides, and methyl iodides prove to be the Iea~t active (4, 3]. 

Another feature ha= been noted: introduction of a methyl group Into ~e  alpha pos!tio:: , ~  r~pect to 
�9 e nitrogett atom of the aminoacetyl part of the dlphazlne molecule lncrea.~..s considerabl'/its ar~tichclL,~ action. 
ThLt becomes particularly noticeable on comparison of the corretpo~.dlng hTdrocMcc'~ea ( ~  ~ablc:), 

All the compound~ studied showed mort pronounced ability to block traatmlssl,-~i i,: ',.~tl~u'=~; S~nglta, 
Pen'.aphen and ~,ipha~lne block conduction in the vagus In the same do~es a= tetraethylamraonium [~. 2~ ~rpen~l 
~nd alpha-me~yldiphazlne - in do~s which are 3-5 tlrves smaller. Their alkyl iodide derivatives p~ved to be 
20-30 times stronger theft tetraethylammoMum. The blocking action of the compounds trader Investigation oa 
ttar~mission in the superior ccrvical sympathetic ganglion proved to be markedly lc~ pronounced th~n that of 
tetraethylammoaium, al~ough compound, with a quatenary nluogen atom (alkyl iodides} approached tetraethyl- 
ammenitun in this respect. All the compound~ ~tudied thus show first of all. on intravenot~ l~ectlon~ a blocking 
effect on conduction in the vagu,, the. with i~cteasing do~cs, a blocking effect on transmission tn the superior 
cervical ~ympathctic ganglion, and in still larger do~e~ exert a bloching effect on d~e mu~aHne-~n~itive arid 
nice ;ne-semitivc choline-reactive systems of the carotid sinus zonea and the adrenaL% 

Some of the comi~ounds studied, the methyl iodides In particular, may be of interest as substances exert- 
ins a ~lcctive blocking effect on conduction in the vagus. Comidcratioa of the discovered correlatlor~ may 
facilitate fvrther ~a,'ch for anticholinc substances with selective nesters. 

SUMMARY 

Four groups of anticholine agents were studied. Each group comtsted of three prepanior~s: t~e hydrochlor- 
lde containing a tertiary nitrogen atom, and two aL~yl iodides (methyl iodide and ethyl iodide) contaiMng a 
quaternary nitrogen atom. All of the preparatton~ with a quartemary nitrogen atom we~ ~everM time* more 
acttvr r theft tertiary analogue, blocking all peripherical choline-reactive systems. In r ~ e t  to ~etr  ~nsi- 
~ivity to tbe~ prep~at!om, the choline-reactive systerm may be grouped at follows: the most se~',sitiu ~r ~r 
chelJr~-re~vctlve systems of the cardiac branches of the vagus nerve, then the ,uperlor cervlcM syr~i~ahbefir 
gamglloa, ~igt la*h d~e carotid sinus zones and the adrenals. 
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