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Accosting :o the views mo3t widely held at present, the property possessed by sodium nitrite to weaken 
and by b~rium chloride to s~rengthen the contractions of smooth musculature Is a result of its direct influence 
upon the muscle. Howcvero it should be noted that this question has not bccn studied in recent yea• espcclally 
from the viewpoint of analyz~.ng the basic biochemical proccses ue.derlylng the act of smoo~h muscle, contraction 
and studying those biochcmlcal reactions which n'~dla~e the nerve impulse. 

According to the literature [16, P.,0, 25], the ementlal action of the nitrites upon biocl~mical r~actlor~ 
comists in blocking those rcactior, s which enable thc organism to synthcsize or utilize the adcnotriphophorir acld 
which, according to present day concepts, is the basic source of uhe energy employed by ~e organiSmo It is known 
that adenotriphosphoric acid has to bc present if rhcsc rcactiom arc to take pl~ce and C~cy are at the b~se of all 
mu~cularo including the smooth, contraction [,~]. This does not warranl the conclusion that the nitrites act direct- 
ly upon the muscle tissue It~Ifo Thus brain tissue manifests a much greater .,cnsitivity to lack of adenotriphos- 
phoric acid than does muscle tissue [21] especially if this takes place during a period of oxygen deprivation. It 
should also not be forgotten that muscle ~i~suc llas a much greater capacity for the resyn~hesis of adenotriphos- 
phoric acid than do ether tissues as, for this purpo.m, aside from respiration, glycoly, is may be u:ilized. In addi- 
tion, muscular tlss,~es use tt~ energy derived from creatine phosphoricxid, Among the biochemicM processes 
occurring in brain and nerve tis, ues attention fl~ovld be drawn to the participation of adenophospl~.oric acid in the 
events of the chollnergic cycle, in particular the synthesis of acetylcholinc [6, 27]. 

Description of the details of the influence exerted by barium chloride salts upon biochemical processes 
were not found in the literature available to us. Nevertheless, some facts spcaki~ig of t2~eir of fee: upon biochem- 
ical proccs~s lying at tim bas~ of the activity of nervous tissu~ a~ known. Thus, a~tention is drawn to the weak- 
enin.g of intestinal response to barium cMoride In the presence of thia,~lln avitan~nosi s [17]; t ~  role played by 
the same vitamin B t In the normal activities of the nervous system, partially In the flow of the normal cholincrgic 
processes, being well known. From the studies of A. I~ Poskalcnko [1~], it can L,~ seen that such fcrmcntadv~ 
poisons as fluorine or the cyanides, ~#liich upset carbohydrate metabolism, depress also the action of barium cl io  o 
ride and the influence of acctylcholine. 

F~om this l tmay  be assnn~d that barium chloride sMts affect carbohydrate metabolism whilo zhotm proces- 
ses directly a.~oclated with the contraction of smooth musculatur~ are sclatcd to the ~o-called adenyltc cycle 
[4, S]. 

Finally,it should be rccailed that, according to the findings of N. V. Ermakova and G. G. Dyadyusht [3~ 
preventing the access of barium chloride to the intramuscular portion of the Inncrvation apparatu~ m~rked|y 
weakens file influence of barium upon frog striated muscle. 

* Presented at conference commemorating the ~)th ar~Iversary of the death of Academician N. P. Kravkov. 
Ryazan. ltme 1054. 
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All thc.'e con.~lderatloas give ground fvt the sappositl.~n lhat nitrites and barium ~,dt, ,~ct t~pon smooth 
mmcles primarily b~, tMluenctt,g the nerve ttmtt~ regtllating die smtx~th mmctdatu~,  parllally thr~ug|t th,  
medium of [nfltmn~es elf coted with tile aid o~ the n~edlatloa of acet~lchold;i,. 

The experimental verification of thil suplx~s~tion it [he basis M the present study. 

EXPERIMENTAL M E T H O D S  

Expettn~nts were performed upon the l iver ~sscl~(of a fro~ isolated by the method of V. L Berezin. 
The livert were taken from pot~J frogs of the ~ut~mm collection as well as from fre~hly-cat~ght spring frogs. The 
pressure trader which the solutions were perfu,ed through the liver vessels varied In the various experiments b~- 
tween 2.5 and 3.$ cm water column reading*. 

At firth it w-*s neccssar/ to  clarify the nature of acetylch~line action arid o ~ e r  cholinergic sub~tancelt 
upon the frog lives ves•ls. 

An analysis ofexperimentsperformed by numerous investigators [ t l , 14 , !g .19Lp~mlu  th,  following dexluc- 
t io~:frog liver ve~-~eI~ are sensitive to sub*tancesof the acet~lchoLtne group{acet~'lcholine, cartx~c!vMfneoarecholine . 
and pilocarpinc)and also of the nicotine grou~nicotine,lobeline and cytisine).Alzo active are cbol i~ , -~mit iz tng 
tub, tance.~ e.g..physo, tigminr and pro~rine.AIl of the~e have a va$c~constrlcting actiend~tcottne.pilocarpine and~ 
partiaUy,physost~gmine.after a two-hour perfusior.,.and an Initial vasocom~tctio,%di|ate the liver ves,els.Of th ,  
cholinetytie sub~ta~ceswe studied atropine a.qd plat~phyUiP, e.Atro~ine even when perfuse~ for along tirrm narrow! 
the liver vesseL~ removing however the consh'icting capaci,ies of arecoline and earlx~cl',oltne. Platyphylltne raidera 
�9 e frog liver ves~e~s; occasionaLly,when rimingplatyphylline out.some eomtricttonof the y e s ,  Is is ob~rved.  

Analysis of ibis data permita ~ e  supposition '.hat the liver vessel Met has present within it N(nicotfne - 
ser$ittve) choline-reactive ~'~tetns, as cla~sified by S. V. Anichkov [1]. In favor of this L~.eor~ is tI~ two pha.~ 
action of tricotine as well as the ~e~iti~"it~, of the frog liver ve.~els ~o lobelirm and cytlsine. Al~o, attention lit 
drawn to :lie ~,'o phase action of pilocarpinr which is similar to its effect or; the N choline reactive ~ystem in 
the cardiac vagal ganglion [9]. 

La order to verify that the vasodilatlng action of pla~yphyllinc is a ~ c [ a t e d  wi~  a blocka~e of the M 
(mu~arine  ~nsitive) choline reactive system, we investigated the effect exe~cd b,~ this sub ,an te  upon the ac-  
tion of acetylc~oline. Altogether 15 te~ts were performed. Marriott ves.~Is wcie u.~ed to c~ntain ~ e  perfust~3n fluid-. 
a clear~lut ion of normal Ringer's as well as a bitartrate solution of platyphyltine. With the a~d of a syringe, l l ~  
was added to the perfuming fltiid 0.2 cc of a 1:1000 solution of acetylcholine. 

Platyphytline did not remove the acetylcholine actt6n from the frog liver ve~sels. Thu.% when Introduc- 
tion of acetylcholine during perfusion of the liver with I~i~lger's ~olution diminished, on the average, the ~umt~r 
of drops flowing out of the liver veim by 63,%. agaimt a preliminar] rinsing of ~ liver with platyphyUine 
(1:200~), when ~ e  dilat,ttion of the vessels had re~ched a stable extent, ur~der ~ e  influence o~" acetylcholln, 
the ntmaber ~f drops decrea.~ed aM average ~,9-.%. 

The ability of atropine to remove the va.~con~tricting effects of arccoline ~nd cazbocholir, e can be 
completely att,'ibmed to the influence exerted by atropine upon '.he N choline ~ u i t i v e  ve~el system, at least 
as far as there is, for example, data on ~ c  ability of atropine to block them in ~ e  sympathetic ganglia [23,24]. 
it ks aL~o known that arccoline can stimulate al~o the N choline ~er~itiv,~ sy~terr~ as, e.g.. stria~ed muscles ['2]o 
The ability of ardopine to ~ct , k e  acetylcholine in constricting the f:og liver vt.s,els M~o i~ contrar~ to th,  
concept of it blocldng the M choline semitive systeml and 15 more to ~ explained by the anLicholfnestera~ 
action of the atropine "a~ch is a properr~ more or less common to all substances capaMe of competing with 
acet~Icholi~ because of their choline sensitive structure [5]. This antich~line estera~e action l~.,ay b~ ttm 
ten-,ors for platyphyllirm reenforcing the aceDjlcholine action in our experiments. We have already pointed out 
that, according to the literature, typical antieholinesterase substances such as phy~$tigmlar and proserine*d~o 
exert a va.~3comtricti~g influence upon frog liver vessels. At this point it should be noted that. according to 
many opinions [7, 10, i1, 12]. the regulalion o~ vasomotor tone, aside from central influences, is mediated by 
a nervo~ mechanism present In the ves~el walls. In this maimer, the analysis of the literature and our own data 
leads ua to ~ e  cor~clu~ion that the choline reacting vessel s~/stems in the frog liver belong to the nicotine sen- 
sitive group. 
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According to l.~panc.r investigators [2~]. acetylcholine exerts a nlcotlar 11~0 action ttpon tJut yes.Is  Ia 
the frog r~at llmbt, 

In t~rdet to de~rmltm wh~ther the vasodllatlng action of sodium nitrite It a result of a blockade of th~ 
cholitm ~r ty=temth ,de utJllzed the antagonism beiwccr,, proserine and the choILlnelytic actlott of certain 
pharmacological substances. As it known, thll action is regarded as a manifestation of the attticholtnestera~ 
Influence of proseflne as a result of which rite competing telatlon~ of the spontaneously forming aeetylcholln, 
and chollnelytlc agent~ within the tissues are altered in their similarities to their choline sensitive strdcture; 
the sensitivity of the latter becoming re~tored. 

Firth we had to investigate whether we could demonstrate this antagonism In our expeflmental object. 
We studied the lnfK~nce of proserine (1:4000 and 1:2500) upon vasodilation produced by large conceat~atlon~ 
oi r the nicotine like substance anabaslne (1% and 1.,50/~. It has been established that large concentratiom of 
nicotine like substances block N choEne sensitive systems. 

As can be seen from Table 1, in the trog liver vessels, proserlne manifests the capacity of removing the 
blockade of the N choline reactive systems. 

TABLE 1 
Influence of Pro.,ednr Upon the Vasodilatlng Action oF 
Anabaslne (experiment performed April "2, 195~ 

Time . . . .  i 
from ] 
start of tPerfuslon fluid Drops per minu~ 
cxp.I'mirO[ 

0- -6  

7 1 5  

16-  21 

22--101 

I fr'2-- i~-6 
!06- 120 

Normal Ringer solution 

A nabasinel : 100 

Anabasine I : I f f f }+  Probe- 
r i m  1:2,500 

Rinsing with t~tn~er solu- 
tion 
Ringer solution 
Anabasinel : iO0 

51. 51, 51. 5l. 51. 
51 
~S. 54. 55. 56. 57. 
58. 5a. t~L ~2 
59. 57. 5| .  49. 49. 
49 

5o. 51. 50. 50 
5i. 5l. 52. 52. 54. 
5 3 . 5 5 . 5 5 . 5 6 . 5 8  
57. ,57. 61. 

In the succeeding 40 experiments we Investigated the influence of pro~erlne (1:4r and I:~000} upon 
the v~odilatlng action of tedium nitrite (~:~,0.000 and 1:10,000). The protocol of ot~e such experiment of this 
series is shown in Table 2. 

As A. A. Nlk~ln [14] has .~hown. at a pit of 8.3 sodium nitrite constricts the frog liver ve~els. But at we 
have shown In our experiments neither pJtrite nor it, mtxtme with prosertne altered the reaction of Pdnges sol- 
ution medium. Hence, the varodtlating action of sodium nitrite mint be associated with a blockade of the N 
chqllr~ reactive structures in the frog liver vessels. 

To analyze the effect of barium chloride upon the frog liver result ,  we decided to observe the influence 
dimedrol*had upon the vasocomtrictlng power of barium as dimedrol had been shown l:r/ M. D. Mashkovsky and $. 
S. Llberman [13] to have the ability of blocking N choline reactive syst, tm. To coMirm this ability of dimedrol 
to block the N choline reactive system, ~n the frog liver vesgels we decided to t~ t  the influence of dimedtol upon 
the vasocons~rtcting power of anabasi~xe sulphate (X0 experimentt~; taking for thLt puJposr 0.,5 cc of a 6~ anaba~ine 
solution, prepared in Ringer solution and introduced directly Into the stream of the F.erfusing fluido 

It became apparent that dtmedrol dilated the frog liver ve,s~ls. "fl',~ vatocomtrtcting action of anabasino 
was not manifested if the liver vessels had been first perfused by dirr~drol which dilated the liver vestals to a 
constant width. 

To coavinc~ our~lves that the vasodilatlng and c.holinelyttc action of dimedrol ts a~ociated with its 

* Russian t}ade name. 
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ins162 tim cholin~ reactive systems and is not a direct effect upon the bit~chem,cal procem~! underlying 
the act of\muscle contraction, in this ~-Jries of experiments, at with those done with ~odlum nRrlta, wa tett~d 
in 10 ~tperamentt the influenca o~ pmterine upon the vasodilattng action of dlmedrol (Table ~ ,  

We :co that pmserlnr remover the dimcdtol action; it follows that the vasodllatlng effect of dim~drol 
it associated with a blockade of ~r  N choline reactive system, in ~ e  vessels of the frog liver, 

After thLt we investigate4 the influence of dimedrol upon the vasocon, L, icting action of baflum chloride= 
(~0 expedient3}.  0.w cc of a 6% solution of barium chloride introduced into the peffusion fluid (Table 4). 

T A B L E  
Influence of Pm~dne Upon the Vasodilatmg Action of 
Sodium Nitrite {February 2~ 195~ 

Time 
from 
start of 
exp.(rain 

Perfusion fluid 

! 

I Drops per minute 

o--5 
6--26 

27--32 

33 --67 

68--71 
72--82 

83--94 

95--136 

137--t 40 

Normal Ringer 
radium nitlite I: 10000 

Sodium nitritel: 10 O)O-|- 
Pfoserine 1 : 2 000 

Pdnsing wifh Ringer 

Pd nSe r solution 
Sodium nitrite 1 : 10000 

Sodium nit~,te h lO ( ~ -  
+ proscrine 1:2CO0 

Rinsing wi:h Ringer 
solurdon 
Riuger solution 

42. 41. 42. 41. 42 
42. 43. 43. 44. 46. 
46. 46. 46. 47. 48. 
47. 49. 49. 48. 49. 
,50.51.51. ,50. 51, 
51 
31. 49. ~ .  38. 37. 
35 

4'2. 41. ~ l  41 
41. 42. 43. 46. 47. 
48..49. 49. 50. 50. 

49, 49.4~ 43, 40. 
38. 37. 36. 32. 27. 
23. i5 

35. &5. .~ .35 

TABLE 3 
Influence of Proserine Upon the Vasodilating Action of 
Dlmed~ol (experiment performed January 2'1. 1953) 

Time ] 
fro ~n st art, of exp. IPCrfusing fluid 
(miO [ 

0--5 
6--I0 
l 1--39 
40--43 
44-- 49 

50--79 

~'} - 83 

t~rmal Ringer solution 
Dimedrol i : f~J 

Sa irag 

Dimedml I : 500 + Prose~ 
fine I : 2 

Rinsing with Ringer 

Ringer solution 

Drops per minute 

46. 45. 45. 46. 45 
46. 45. 45. 45. 45 

52,52.52.52 
48 .45 .  4q. 39. 39 
i}7 

45. 46. 46~ 46 
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Them expedmentt r4mw that dimedrol blochs the vasocomtdctlng acUon of b~dt, m c h ~ * . ,  it follows 
that the aoUott of b idum chloride 11 atlociated with ttlmulation of the N choline reactive tylterm In ~'m V e r b  
of the frog liver." 

T A B L E  4 
Influence of Dlmedrol Upon the Vasocomtdctlng Action 
of Barium Chloride (experiment performed Pebrum 7 8. 
19Sa) 

T ime!  
fromstart ~ 
of exp. Pcrfusing fluid 
(mlnO 

Drops p~t minute 

0--4 
5.--14 

I5--18 
19--47 
48--51 
52--64 

~-- !30  

131--134 
135--145 

Normal Ringer solution 
Barium chloride 

Dimedrol 1 : 500 
Same 

t+ i+ 

Barium chloride 

Rinsing with Ringer 
~Iution 

Ringer solution 
Barium chloride 

43. 43. 43. 43 
52. 44. 41, 38 37 
38.38.39.38 ~9 
38. 40, 39. 38 

47. 48 48. 48 
48. 48. 49. 48. 48 
48. 48 48. 48. 48 
48. :48 48 

43 42.42.42 
4G. 4l. 39. 38. 38. 
38. 37. 37. 35. 36. 

EXPERIMENTAL R E S U L T S  

Pharmzcolo~tcal analysis thows ~t vasomotor tone regulation in ".he frog liver ves,*-r [s a~ociatcd with 
chollrmtglc mechanisrr~o The choline reactive vessel systems i~ the frog liver belong to ~ rdcotlr~e sensitive 
group (S. V. Ardcl-&ov cla~ificatlon}, The vasodilating action of sodium nitrite appears to b~ zssc<:lated, ap- 
parently, with the influence of this substance upon chollnerglc proccncs and not with a direct Inte~ferenc~ with 
the chcmodynamlcs of ~e smooth blood vessel musculature a, has been suppo;ed, 

The same remarks apply to the vasocorat~icting action of barium chloride, 
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