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Decreased rat brain acetylcholine utilization after heroin and cross
tolerance to [-methadone*

(Received 31 July 1974; accepted 4 October 1974)

It is well known that morphine and related narcotic analge-
sics decrease acetylcholine (ACh) release from the peripheral
and central nervous system [1-4]. In addition, brain ACh
utilization and turnover are decreased [5, 6]. ACh utiliza-
tion is an indirect measure of ACh turnover, since the com-
pound used to inhibit its synthesis does not have an imme-
diate effect. When the synthesis of ACh is reduced by hemi-
cholinium-3 (HC-3) or acetylseco HC-3, drugs can be given
at various times in order to determine if ACh utilization has
been altered. A drug that alters brain ACh to a level below
or above that found with an ACh depletor alone is inter-
preted to increase or decrease ACh utilization respectively.
Narcotic analgesics, including I-methadone, antagonize
brain ACh reduction produced by the ACh anti-synthesis
agents like HC-3 and acetylseco HC-3 [5]. The present
study summarizes results which indicate that acute
administration of heroin causes a decrease in brain ACh uti-
lization. Rapid partial cross tolerance to this action of her-
oin can be demonstrated to [-methadone given twice daily
for only 4 days.

Male Holtzman rats, 20-24 days old (60-80g), were
housed 10-13/cage. They were on a 7:00 a.m. to 12:00 p.m.

* Supported by a grant from the Domino family and
USPHS DA 00830.

light and 12:00p.m. to 7:00a.m. dark cycle. They were
given food and water ad lib. All drug doses were calculated
as base. Two different treatments were used on various
groups of animals. One group received 2-5 mg/kg of I-meth-
adone i.p. for 2 days b.i.d., 12 hr apart and then 5 mg/kg for
the remaining 2 days on the same dose schedule. The other
group of rats was given 0-9%, NaCl in a volume equivalent
to those receiving /-methadone b.i.d. for 4 days. This dose
schedule of I-methadone allowed the young rats to gain
weight at the same rate as the 0:9% NaCl controls. About
5-10 per cent of the animals given methadone died. On day
5, the rats were given simultaneously heroin ip. and 5 ug
acetylseco HC-3 (0-25 ug/ul) intraventricularly (ivt.) under
diethyl ether anesthesia 30 min prior to being guillotined.
Acetylseco HC-3 is especially useful because it is a choline
acetyltransferase inhibitor that causes significant decreases
in brain ACh compatible with survival [7].

The brain minus the cerebellum was rapidly removed,
weighed and homogenized in acetonitrile to which
25 nmoles proprionylcholine (PCh) iodide had been added
as internal standard. The samples were prepared for pyro-
lysis gas chromatography (GC) by the method of Szilagyi et
al. [8]. However, the GC conditions were slightly altered for
convenience. Stainless steel columns, § ft in length, packed
with Chromasorb W (HMDS) coated with 20% Carbowax
6000, were used. Column temperature was 145°, flame ioni-

Table 1. Effects of heroin on brain acetylcholine utilization in rats treated with 0-9%, NaCl or [-methadone

099, NaCl {-Methadone
Mean + S.E. ACh Mean + S.E. ACh
Treatment N (nmoles/g) N (nmoles/g) P value*
Controls 11 239 + 07
Acetylseco HC-3 (5 ug) 9 11+ 05 <0001
Acetylseco HC-3 (5 ug)
+ heroin (mg/kg)
01 8 129 + 11
032 9 156 + 1-0 9 123 + 08 <001
0-56 10 179 + 0-8
1-0 9 238 + 15 9 147 + 09 <0001
32 9 171 + 12 9 184 + 1-1 NS
100 13 151 + 04

* Group comparison “t” in which the effects of acetylseco HC-3 alone were compared to controls, or the 0-9%, NaCl-
and /-methadone-treated groups were compared. Heroin plus acetylseco HC-3 was given to rats treated 4 days with 0-9%
NaCl or I-methadone. NS = not significant.
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zation detector, 200°, N, was 75 ml/min, air, 1-51/min, and
H, flow adjusted to given maximum response. Peak areas
were calculated by determining the height x width at 4 the
height. The retention times for the demethylated ACh and
PCh were 4-5 and 6-0 min respectively.

As noted in Table 1, 0-99, NaCl-treated rats given increas-
ing doses of heroin and 5 ug acetylseco HC-3 showed an in-
crease toward control levels in mean brain ACh compared
to rats that received only acetylseco HC-3. This effect of her-
oin was maximal at 1 mg/kg and then declined. With
3-2 mg/kg of heroin, the rats exhibited a catatonic syndrome
and aversion to touch. A dose of 10 mg/kg of heroin plus
5 ug acetylseco HC-3 was 95 per cent lethal. In rats treated
for four days with /-methadone, heroin caused less of an in-
crease in brain ACh compared to the 0-9% NaCl-treated
rats. The maximal increase was found with 3-2 mg/kg of her-
oin plus 5 ug acetylseco HC-3. A dose of 10 mg/kg of heroin
plus 5 ug acetylseco HC-3 was not lethal in the /-metha-
done-treated animals. Rats at this dose exhibited rigidity
and aversion to touch, as the 0-99, NaCl-treated animals
given heroin did. They did not appear sedated.

It can be seen from the data in Table 1 that l-methadone-
treated rats show a dose-effect curve to heroin which is
shifted to the right. The I-methadone-treated rats exhibited
a decreased ability to prevent the depletion of brain ACh
after heroin and ivt. acetylseco HC-3. Hence, one can con-
clude that cross tolerance is present. Qur previous studies
indicate that rats receiving morphine for only 1-4 days show
a similar lack of response to morphine [5], indicating rapid
tolerance to this narcotic effect. Of interest is the fact that
cross tolerance is marked to doses of heroin below 1-0 mg/
kg, in contrast to the effects of doses of heroin above 3-2 mg/
kg. However, since [-methadone was given for only 4 days,
this is not surprising. Longer treatment periods with [-meth-
adone should also be studied to determine if cross tolerance
is more marked. The inverted “V”-shaped dose-effect curve
of heroin plus acetylseco HC-3 on brain ACh utilization
resembles our previous findings with narcotic agonists such
as codeine and meperidine [5]. Inasmuch as these agonists
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are more “stimulant”, it may be that this phenomenon is
related to “stimulation” occurring with the larger doses.

The present results are interpreted to indicate “cross
tolerance” on the assumption that methadone does not
change the shape of the dose-response curve via a
mechanism other than cross tolerance. This assumption
seems valid in view of the lack of data to the contrary. We
have previously shown that the effects of heroin on brain
ACh are similar to those of morphine, methadone and
related narcotic agonists [5].

The finding of cross tolerance between I-methadone and
heroin is further evidence that reduction of brain ACh utili-
zation and turnover is a specific agonist action, probably
related to the depressant effects of narcotics.
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