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When the ceniral action of cholinolytic substances is being assessed, differences in effect are sometimes at-
tributed to variation in the ability of these drugs to pass through the blood-brain barrier (BBB). For example, the
absence of agy marked central cholinolytic action of many compounds containing 2 quaternary’ ammonium group is
associated with the fact that they pass through the BBB with difficulty. In conwast to these, many compounds whose
molecule contains a tertiary nitrogen atom passess 2 well-marked central cholinolytic action, It is therefore assumed
that all tertiary cholinolytics pass readily through the BBB, while the differences in their central cholinolytic effects
are ascribed to actual differences in cholinolytic aectiviry.

Interesting results have been obtained by comparing the central effects of cholinolytics when injecied directly
into the brain and into the general circulation [1, 6], and also into the blood vessels supplying mainly certain divisions
of the brain [8]. It has been found that tertiary and quaternary cholinolytics, if injected into the cerebral ventricles,
give the same cholipolytic effect, although the cholinolytic activity of the latter far exceeds that of the former,

If cholinolytics are injected into the blood stream, the tertiary compounds have a marked central action while the
quaternary give no such effect, No differences have been found as regards the passage of individual tertiary cholinc-
lytics through the BBB.

in the present investigation tests were made of the ability of three chelinolytics to pass through the BBBE: one
quaternary ~ lachesine { 8-benziloyloxyethyldimethylethylammonium chloride [13]) and two tertiary = atropine
(sulfate of the tropine ester of tropic acid) and amizil {hydrochloride of the 2-diethylaminoethyl ester of benzilic
acid), with the following structural formulas:

7N c!m /CH;;
/>”‘““—-—»~\< > C— coocmw&r{—cﬁs . HCI
N\ J AN
C.H,
Lachesine
N — CH, CH — CO0-—~CH i/ N/ |
! | « H,S0,, HO
CHy— CH———CH, ~  CH,OH
Atropine
€1
{Jn‘é(: -
o

1245



EXPERIMENTAL METHOD

The method of perfusion of the cerebral ventricles, suggested by Adam and co-workers [11], was used to assess
the passage of the cholinolytics through the BBB. A. P. Golovin [4] used this method in 1948 to study the effect of
drugs on the dog's respiratory center. In our experiments we used the technique of perfusion of the cerebral ventricles
suggested by Bhattacharya and Feldberg [12] for cats,

The lateral and third ventricles, the aqueduct, the fourth venuicle, part of the subarachnoid space, and the
suboccipital cistern. Ringer-Locke's solition was first heated to 3% and aerated. Perfusion was carried out ar the rate
of 7-8 drops per minute. It was important in these experiments to maintain an optimal temperature of the solution
(39°) and to perfuse at a constant rate, For this purpose we adapied a type TS 15 M ulirathermostat,

The investigation was conducted on 27 cats. The cholinolytic drugs were injected into the carotid artery in a
dose of 4 mg/kg body weight. This dose did not produce toxic effects in the experimental animals, The perfusion
fluid was collected from the suboccipital space every 30 min and its cholinolytic acrivity was xmmedxately tested on
the isolated rat's ileurn, Usually the first sample of perfusion fluid before injection of the cholinolytic was the con~

trol, 2nd the other samples collected after injection were the test samples. A single injection of the cholinolytic
was given,

To determine the concenmation of the cholinolytc in the perfusion fluid s calibration curve of the concentra»
tion of the drug in the rat's ilium was first plotted. Both the cholinolytic activity of the perfusion fluid and the cali-
bration curve of the cholinolytics were determined by their power to diminish the acetylcholine contracture of the
rat's intestine by a given. amount,

Control experiments showed that the perfusion fluid alone had no effect on the acetylcholine conwracture of the
rat's intestine. It should be noted, however, that the sensitivity of the rat's intestine to cholinolytics varies in dif-
ferem animals; in each experiment s;maltar'eous ‘determinations were therefore made of the calibration curve of the
cholinolytics and of the cholinolytic activity of the perfusion ﬂmd on the szme segmeants of ilium of the same rat,

EXPERIMENTAL RESULTS

The calibration curve of the diminution of the acetylcholine conmracture of the ilium of a rat under the in-
fluence of atropine is given in Fig. 1. The broken line shows that the first sample of perfusion fluid obtained after
injection of arropine in a dose of 4 mg/kg caused a reduction of 52% of its initial value in the acetylcholine con-
tracture, corresponding to an atropine concentration of 0.39 pg/ml, Since the sample contained 10.2 mi of perfusion
fluid, calculaiion showed that the cholinolytic acrivity of this sample of perfusion fluid was equivalent to 4.1 ug of
atropine. Hence, knowing the concentration of cholinolytic in the sample of perfusion fluid, and the volume of fluid
in the sample, the amount of cholinolytic in the sample of perfusion fluid could be determinad.

The results of an investigation of the passage of amizil, attopine, and lachesine through the BBB are given in
Fig. 2. The height of the columns coiresponds to the concentration of cholinolyties in the first samples of perfusion
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fluid obtained 30 min after their infection in a dose of 4 mg/kg, determined from the calibration curve. When only
one injection of this dose of the cholinolytic was given, the drugs were found only in the first sample of perfusion
fluid, whereas in subsequent samples they could not be detected. It is clear from Fig. 2 that, after injection of the
cholinolytics into the animals in & dose of 4 mg/kg, the mean concentration of amizil in the first sample of perfusion
fluid was 9.0 ug (£ 0.35), and of aopine 4.6 pg (2 0.26). No lachesine could be detected in any of the sampks of
perfusion fluid, Only after injecticn of lachesine in large doses, such as 40 mg/kg, could it be found in the first
sample of perfusion fluid, in a meaa amount of 8.3 pg (£0.32).

It is clear from these findings that lachesine, which contains a quaternary nitrogen atom in its molecule, passes
much less readily through the BBB than amizil and atropine,whose molecules contain a tertiary nitrogen atom. These
results are in full agreement with those obtained by other workers {1, 2, 5, 10].

It was found, however, that the tertiary compounds also differ in their ability to pass through the BBB. For
instance, amizil passes through the BBB approximately twice as easily as atropine. These results agree with those ob~
tained by A. T. Selivanova [8], whe showed by a conditioned~reflex method that amizil has a more marked central
cholinolytic action, atropine far exceeds amizil. Consequently, the more marked central cholinolytic action of
amizil by comparison with atropime may be explained by the fact that it passes more easily through the BBB than
atropine,

The results show that differences in passage through the BBB exist not only between the tertiary and quaternary
chelinolytics, but also between individual tertiary cholinolytics, and these must be borne in mind when their effect
on the central nervous system is ssudied.

SUMMARY

A method of perfusion of cerebral ventricles was used to study the penétration of cholinolytics through the blood-
brain barrier (BBB) of cats. 30 min after injecting cholinolytics in a dose ot 4 mg/kg into the carotid artery the aver-
age penetration through the BBB of amizil was 9 yg (£ 0.85) and of auopine - 4.6 pg(:0.26), whereas lachesine did
not penierate through the BBB at 21l. These data indicate that there is a difference in penetration through the BBB
not only between the tertiary and quétemary cholinolytics,but also between various tertiary cholinolytics.

LITERATURE CITED

1. A.E, Aleksandrova, Farmakol, 1 toksikol,, 2, 109 {1960).

2. 8. V. Anichkowv, New Drugs in Experimental and Clinical Practice {in Russian] (1958, p. 5.

3. S. V. Anichkov, Farmakol. 1 toksikol,, 3, 194 (1980).

4. A.P,Golovin, Byull, kspez. biol., 28, 1, 68 (1843),

5. E. V. Zeimal' and M. Ya. Mikhel'son, Tissue-Blood Barriers [in Russian], p. 166, Moscow (1961)

6. E.V.Zeimal' and Z. Votzva, Activ, nerv. sup. {Prague) (1861), 3, p 2786,

7. S.G. Kuznetsov and S, M, Golikoy, Synthetic Amopine-like Substances [in Russian], p. 192, Leningrad (1962).
8. V. E.Ryzhenkov and L. L. Grechishkin, Procesdings of the 10th All-Union Conference of Pharmacologists,

Toxicologists, and Chemaserapists on Diseases of the Cardiovascular Systern [in Russian], Volgegrad (1962},
p. 310,
9, A. T. Selivanova, Zh, vy=h, nervn, deyatr., 2, 296 (1982).
10, E. V. Cha-i’:&ovskag:a, Farrrzkol, 1 toksikel,, 1, 58(1959).
11.  H. M, Adam, R, A, McKa1l, S, Obrados et al., 1. Physiol, fLondon) (1538, 93, p. 45.
12. B. K, Bhattacharya and W. Feldberg, Ibid. (1957), 135, p.4..
13, H.R.Ing. Brit, med, Bull., {1948}, 4, p. 91,

1251



