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Accoréing to the views most widely held at present, the property possessed by sodium nitrite to weaken
and by barium chloride to strengthen the contractions of smooth musculature is & result of its direct Influence
upon the muscle, However, it should be noted that this question has not been studied in recent years especially
from the viewpoint of analyzing the basic blochemical processes underlying the act of smooth muscle contraction
and studying those biochemical reactions which mediate the nerve impulee,

According to the Hterature [16, 20, 23], the essential action of the nitrites upon biochemical reactions
consists in blocking those reactions which enable the organism to synthesize or utilize the adenotriphophoric acid
which, according to present day concepts, is the basic source of the energy employed by the organism, It {s known
that adenotriphosphorlc acid has to be present if these reactions are to take place and they are at the baseof all
muscular, including the smooth, contraction [4], This does not warrant the conclusion that the nitrites act direct~
Iy upon the muscle tissue Itself, Thus brain tissue manifests 2 much greater sensitivity 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 tissue has a much greater capacity for the resynthesis of adenotriplios-
phoric acid than do cther tissues as, for this purpose, aside from respiration, glycolvsis may be utilized. In addi-~
tion, muscular tissues use the energy derived from creatine phosphonc aiid, Among the bicchemical processes
occurring in brain and nerve tissues attention should be drawn to the participation of adenophosphoric acld in the
events of the cholinergic cyele, in particular the synthesis of acetylcholine [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 speaking of their effect upoa biochem-
ical processes lying at the base of the activity of nervous tissue ar= known. Thus, aitention Is drawn to the weak-
ening of intestinal response to bartum chloride in the presence of thiamla avitaminost s [17) the role played by
the same vitamin By in the normal activities of the nervous system, pantfally in the flow of the normal chollnergle
processes, being well known, From the studies of A, I, Poskalenko [15], it can be seen that such fermentadve
poisons as fluorine or the cyanides, which upset carbohydrate metabolism, depress also the action of barfum chle-
ride and the influence of acetyicholine,

From this it may be assumed that barlum chloride salts affect carbohydrate metabolism while those proces-
ses directly assocfated with the contraction of smooth musculature are related to the so-called adenylic cycle
{4, 8}

Finally,it should be recalled that, according to the findings of N, V. Ermakova and G, G. Dyadyushi (3},
preventing the access of barium chloride to the Intramuscular portion of the innervation apparatus, markedly
weakens the influence of barlum upon frog striated muscle,

* Presented at conference commemorating the 30th araiversary of the death of Academician N, P. Kravkov,
Ryazan, June 1954,
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All these considerativas give ground for the suppositisn that nitrites and barium salts act upon smooth
muscles primarily by influencing the nerve tenus regulating the smooth musculature, pantially through the
mediutn of influences effected with the aid of the mediation of acetyicholisa,

The experimental vertfication of this supposition is the basis of mclpxese;u study,

EXPERIMENTAL METHODS

Experiments were performed upon the liver vessels (of a frog) {solated by the method of V, I, Berezin,
The livers were tahea from pond frogs of the autumn collection as well as from fmshly-caught spring frogs, The
pressure under which the solutions were perfused through the liver vessels varied in the various experiments be-
tween 2,5 and 3.5 cm water column readings,

At first, it was necessary to clarify the natwre of acetylcholine action and other cholinergic substances
upon the frog liver vessels,

Ananalysis of experiments performed by numerous investigators {11,14,18,15] permits the following deduc~
tions:frog liver vesselsare sensitive to substances of the acetylcholine group{acetylcholine, carbocholine, arecholine .
and pilocarpine)and also of the nicotine group{nicotine,lobeline and cytisine).Also active are choline -sensitizing
substances e.g.,physostigimine and protetine. All of these have a vascconstricting action Nicotine,pilocarpine and,
partially,physostigmine, after a two-hour perfusion, and an inftial vasocomstriction,dilate the liver vessels, Of the
cholinelytic substances we studied atropine and platyphylline, Atropine even when perfused for along time namows
the liver vessels removing howeverthe constricting capacivies of arecoline and carbocholine, Platyphylline widens
the {rog liver vesse.s; ovcasionally,when rinsing platyphylline out,some comstriction of the vessels is observed,

Analysis of this data permits the suppesition that the liver vessel net has present within it N {nicotine -
sensitive) choline-reactive systems, as classified by S. V. Anichkov [1}. In favor of this theory is the two phase
sction of nicotine as well as the sesitivity of the frog liver vessels o lobeline and cytsine, Also, attention i»
drawn 1o e two phase action of pilocarpine which is similar to its effect on the N choline reactive system in
the cardiac vagal ganglien [33,

In order to venfy that the vasodilating action of platyphylline is sssoclated with 2 blockade of the M
{muscarine sensitive) choline reactive sysiem, we investigated the effect exericd by this substance upon the ac-
tion of acetylcholine, Altogether 15 tests were petformed, Marriott vessels were used to containthe perfusion fluide
2 clearsolutienof nonmal Ringer'saswell asa bitartrate solution of platyphylline. With the aid of a syringe, there
was added to the perfusing fluid 0.2 cc of a 1:1000 solution of acetylcholine, '

Platyphylline did not remove the acetylcholine acticn from the frog liver vessels, Thus, when Introduc~
tion of acetylcholine during perfusion of the liver with Ringer's solution diminished, on the average, the number
of drops flowing out of the liver veins by 63%, against a preliminary rinsing of the liver with platyphylline
{1:2000), when the dilatation of the vessels had reached a stable extent, under the influence of acetylcholine
the number of drops decreased an average 83%. '

The ability of atropine to remova the vasoconstricting effects of arccoline  2nd carbocholine can be
completely attributed to the influence exerted by atropine upon the N choline sensitive vessel system, at least
as far as there is, for example, data on the ability of atropine to block them in the sympathetic ganglia [23,24],
It is 2lso known that arccoline can stimulate also the N choline sensitive systems ay, e.g., stiated muscles {2),
The ability of atropine te act wke acetylcholine in constricting the frog liver vessels also 13 contrary to the
concept of it blocking the M choline sensitive systems and is more to be explained by the anticholinesterase
action of the atrcpine which is 2 property more of less common to all substances capable of competing with
acetyichivline because of their choline sensitive structure [5]. This anticholine esterase action may be the
reason for platyphylline reenforcing the acetylcholine action in our experiments, We have already pointed out
that, according to the lterature, typical anticholinesterase substances such as physostigmine and proserine® also
exert a vasoconstricting influence upon frog liver vessels, At this point it should be noted that, according to
many opinjons [7, 10, 11, 12}, the regulation of vasomotor tone, aside from central influences, Is mediated by
a nervous mechanism present in the vessel walls, In this manner, the analysis of the literature and our own dats
leads us to the conclusion that the choline reacting vessel systems in the frog liver belong to the aicotine sen-
sitive group,

® Russian trade name,
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According to Japant.e Investigatons [22], acetylcholine exerts a nicotine line action upon the vessels in
the frog rear Himbs,

In order to determine whether the vasodilating action of sodfum nitrits {3 a result of a blockade of the
choline reactive systems, we utilized the antagonism between proserine and the cholinelytic action of certain
pharmacologlcal substances. As is known, this action s regarded as a manifestation of the anticholinesterase
influence of proseiine as a result of which the competing relations of the spontaneously forming acetylcholine
and cholinelytic agenus within the tissues are altered in their simtlarities to their choline sensitive structure:
the sensitivity of the latter becoming restored,

First, we had to fnvestigate whether we could demonstrate this antagonism In cur experimental object,
We studied the influencs of proserine (1:4000 and 1:2500) upon vascdilation produced by large concentrations

of the nicotine like substance anabasine (19 and 1,59}, It has been established that Jarge concentrations of
nicotine iike substances block N choline sensitive systems,

As can be seen from Table 1, in the frog liver vessels, proserine manifests the capacity of removing the
blockade of the N choline reactive systems, '

TABLE 1
Influence of Proserine Upon the Vasodilating Action of
Anabasine (experiment performed April 2, 1952

if:mfe”
sif-,’ﬁ’ of Perfusion fluid Drops per minute
expd min)
06 INormalRinger solution g: 51. 51, 51, 51,
7---15 lAnabasinel : 100 o A5, 54, 55, 56. 57.

38. 58, v). 82
16— 21 !Anabasine | : 100 4 Prose-1 53, 57, 5i1. 49, 49,

rine  1:2000 49
22--101 {Rinsing v'ith Singer solu- -
tion
112--1i/5 | Ringer solution 5, 51, 50, 50
{06~ 120 |Anabasinel : 100 5i. 5). 52 52. B4.
53, 55. 55. 56, 58.
57. 57. 61. 60

In the succecding 40 experiments we investigated the influence of proserine (1:4000 and 1:2000} upon

the vasodilating action of sodium nitrite (£:20,000 and 1:10,000). The protocol of one such experiment of this
serles is shown in Table 2,

As A, A. Nikulin {14] has shown, ar a pH of 8.3 sodium nitrite constricts the frog Uver vessels, Bur as we
have shown In our experiments neither nitnte nor its mixture with proserine altered the reacifon of Ringer's soi-

ution medium, Hence,the vasodilating action of sodium nitrite must be associated with a blockade of the N
choline reactive structures in the frog liver vessels,

To analyze the effect of barium chloride upon the frog liver vessels, we decided to observe the influence
dimedrol™had upon the vasoconstricting power of barfum as dimedrol had been showa by M, D. Mashkovsky and §,
§. Liberman [13] to have the ability of blocking N choline reactive systems, To confirm this ability of dimedrol
to block the N chollne reactive systems 'n the {rog liver vessels we decided to test tie Infiuence of dimedrol upon
the vasoconstricting power of anabasine sulphate (10 experiments); taking for this pwpose 0.5 cc of a 64 anabasine
solution, prepared fn Ringer solution and introduced directly into the stream of the perfusing fluid,

It became apparent that dimedrol dilated the frog Uver vessels, The vasoconstricting action of anabasine

was not manifested {f the liver vessels had been first perfused by dimedrol which dilated the liver vessels to a
constant width,

To convince ourselves that the vasodilating and chiolinelytic action of dimedrol is associated with its
* Russian trade name,
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influence upon the choline reactive systems and Is not a direct effect upon the biechemical processes underlying
the act ofJ muscle contraction, (n this series of experiments, 24 with thote done wWith sodium nitrite, we tested
in 10 expcumenu the influencs of proserine upon the vasodilating action of dimedrol (Tabls 3,

We e that proserine removes the dimedrol action; it follows that the vasodilating effect of dimedeol
is sstociated with a blockade of the N chollne reactive systems in the vessels of the frog Uver,

After this we investigated the Influence of dimedrol upon the vasocenstricting action of barum chloride
{20 experiment). 0.5 cc of a 6% solution of barium chloride intteduced into the perfusion fluid (Table 4),

TABLE 2
Influence of Pruserine Upon the Vasodilating Action of
Sodium Nitrite (February 22, 1959

Time
g{g? of [Perfusion fluid " Drops per minute
cxp.(miq

05 | NormalRinger 42. 41, 42, 41. 42

6—26 1sodium nitrite 1: 10000 [42, 43. 43, 44, 46.
Fodium mittte 46, 46, 46, 47, 48,
47. 49, 49, 48. 49,
54, 51, 51, 50, 51,

51
27--32 | Sodium nitritel: 10000431, 49, 44, 38. .
Proserine 12000 35
33—67 | Rinsing with Ringer ’ -
6871 |Ringer solution 42,41, 31 4

7¢--82 {Sodium mtmel 10000 141, 42, 43, 46, 47,
48, 49. 49, 50, 50.

&
8304 |Sodiumnitrite 1: 10 600-{- 49, 49, 4€ 43, 40,
+ proserine 11200 38, 37. 36. 22. 21.
23. 15
95--136| Rinsing with Ringer -
sotution
137--140 ] Ringer solution 35. 35, 36, 35
TABLE 3

Influence of Proserine Upon the Vasedilating Action of
Dimedrol (experiment performed January 27, 1953

Time
gf"g;“f“ Perfusing fluid Drops per minute
(minf
05 |NormalRinger solution |46, 45. 45, 46. 45
610 [Dimedrol 1:500 46, 45. 45, 45, 45
1§—~39 | Sane -
4043 | » » 52, 52. 52. 52
44—49 |Dimedrol 1: 506 4 Prose-} 48, 45. 49, 33. 39
rine  1: 2000 a7
50--79 | Rinsing withRinger -
A0 -83 | Ringer solution 45, 46, 16. 46
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Thess experlments show that dimedrol blochs the vasoconstricting action of baduem chicrifs, it follows
that the sction of barium chioride is associated with stimuiation of the N choline reactive systems {n the vessels
of the frog liver,*

TABLE 4
Influence of Dimedrol Upon the Vasoconstricting Action
of Barlum Chloride (experiment performed Pebruary 8,

1953)
Time
g?ré;s;fn Perfusing fluid Drops per minute
(min)
0—4 {NonmalRinger solution 143, 43. 43. 43
5—14 |Barium chloride 52. 44. 41, 38 37
38, 38. 39. 38 &9
15—i8 |Dimedrol § ;500 38, 40, 39. 38
19--47 | Same .-
4851 I » » 47. 48 48. 48
52—64 i i 48, 48, 49, 48, 48
Barium chloride 18, 48 48, 48 48
48. 48 48
65—130 | Rinsing with Ringer o
solution
131134 Ringer solution - 143, 42, 42, 42
135—145 | Barium chioride 46. 41. 39, 38, 3§,
g‘ 37. 37. 35. 36.
b

EXPERIMENTAL RESULTS

Pharmacologlcal analysis shows that vasomotor tone regulation in the frog liver vessels Is astociated with
cholinergic mechanisms, The choline reactive vessel systems in the frog liver belong to the nicotine sensitive
group {S. V. Anichkov classification), The vasodilating action of sodium nitrite appears 1o be associated, ap-
parently, with the influence of this substance upon cholinergle processes and not with a direct interference with
the chemodynamics of the smooth blood vessel musculature as has been supposed,

The saine remarks apply to the vasoconstiicting action of barium chloride,
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