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THE SYNTHESIS RATE AND TURNOVER TIME OF 5-HYDROXY-
TRYPTAMINE IN BRAINS OF RATS TREATED CHRONICALLY WITH
MORPHINE
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1 Four schedules of subcutaneous pellet implantation were used to induce tolerance to and physical
dependence on morphine in Sprague-Dawley rats.

2 The schedules included implantation of four morphine pellets (each containing 75 mg of morphine
free base) during a 3 day period (schedule 1); six pellets during 3 days (schedule 2); six pellets
during 7 days (schedule 3) and ten pellets during a 10 day period (schedule 4).

3 A high degree of tolerance and dependence on morphine, comparable to that induced in mouse
by implantation of a single morphine pellet for 3 days, was produced with schedule 4.

4 Brain 5-hydroxytryptamine (5-HT) turnover rates as measured by rate of accumulation of 5-HT
after monoamine oxidase inhibition by pargyline were not different in rats rendered tolerant to
and dependent on morphine according to schedules 1 to 4 when compared with corresponding
placebo pellet-implanted rats.

5 The turnover rates of 5-HT in brain of morphine-and placebo pellet-implanted rats (schedule 4)
from which the pellets had been removed for 24 h were also similar.

6 It is concluded that tolerance to, and physical dependence upon morphine in the rat is not

associated with changes in brain 5-HT dynamics.

Introduction -

Although the 5-hydroxytryptaminergic component of
the central nervous system has been implicated in the
pharmacological effects of morphine, its precise role
in the chronic effects of morphine is still far from
clear. Since the early observations of Way, Loh &
Shen (1968) that tolerance to, and physical depen-
dence on, morphine in mice is associated with in-
creased brain 5-hydroxytryptamine (5-HT) synthesis,
several reports have appeared in the literature con-
firming or contradicting the above hypothesis. Whole
brain 5-HT turnover rates were found to be increased
in morphine-tolerant mice (Shen, Loh & Way, 1970)
and rats (Haubrich & Blake, 1969). However, several
investigators (Algeri & Costa, 1971; Cheney, Gold-
stein, Algeri & Costa, 1971; Marshall & Grahame-
Smith, 1971; Bhargava & Matwyshyn, 1977) have
been unable to confirm the above findings.

Another approach to study the possible involve-
ment of brain 5-HT in tolerance and physical depen-
dence on morphine has been to alter the functional
activity of the 5-hydroxytryptaminergic system by
pharmacological manipulations. Such studies have
also produced conflicting data. For example, deple-
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tion of whole brain 5-HT by p-chlorophenylalanine
has been shown either to inhibit (Shen et al., 1970;
Ho, Lu, Stolman, Loh & Way, 1972; Maruyama,
Hayashi, Smits & Takemori, 1971) or to produce no
change (Algeri & Costa, 1971; Marshall & Grahame-
Smith, 1971) in the development of tolerance to mor-
phine in mice or rats.

The discrepancy in the results from various investi-
gators could possibly be accounted for by either the
species and strain differences or by the degree of toler-
ance and physical dependence induced. Multiple in-
jections of morphine have been used to induce toler-
ance and physical dependence in the rat (Maynert
& Klingman, 1962; Martin, Wikler, Eades & Prescor,
1963; Francis & Schneider, 1971). In these studies,
the presence rather than the degree of tolerance and
physical dependence on morphine was described.
Bhargava & Matwyshyn (1977) quantitated the toler-
ance and dependence induced by injecting increasing
doses of morphine for two weeks and observed only
a low degree of tolerance and physical dependence
which was not associated with changes in brain 5-HT
turnover.
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Many investigators have also utilized the subcu-
taneous implantation of one or two pellets, each con-
taining 75 mg of morphine base, for a period of 3
days in rats and assumed that sufficient tolerance and
dependence developed without providing a quantita-
tive measure. Under the above conditions, it has been
shown (Bhargava, Afifi & Way, 1973; Bhargava, 1977;
Bhargava, 1978) that an extremely low degree of toler-
ance and dependence develops in the rat. Further-
more, implantation of 1 or 2 morphine pellets in the
rat does not alter the brain 5-HT turnover (Algeri
& Costa, 1971). It has been argued that the lack of
an effect on the brain 5-HT dynamics may be related
to the degree of tolerance and dependence on mor-
phine.

More recently, a high degree of both tolerance to
(Bhargava, 1978) and physical dependence (Bhargava,
1977) on morphine in the rat has been developed,
comparable to that produced in mice after implan-
tation of one morphine pellet containing 75mg of
morphine base for three days (Bhargava & Way,
1976). In the present study, a series of schedules of
morphine pellet implantation were used which pro-
duced different degrees of morphine tolerance and
dependence, and brain 5-HT turnover rates have been
measured. Brain 5-HT dynamics have also been stud-
ied in morphine-dependent rats that were withdrawn
from morphine for 24 h.

Methods

Induction and quantitation of morphine tolerance and
physical dependence

Male Sprague-Dawley rats weighing 150 to 200g
(Locke Erickson Laboratories, Inc., Melrose Park,
Illinois) were housed 3 to a cage, given food and
water ad libitum, and maintained on a 12 h dark-light
cycle (light from 06 h 00 min to 18 h 00 min) in a room
with controlled temperature (23 + 1°C) and humidity
(65 + 2%). Rats were housed under the above condi-
tions for at least four days before use.

Rats were rendered tolerant to, and physically
dependent on, morphine by subcutaneous implan-
tation of pellets as described previously (Bhargava,
1977; 1978). Four different schedules of pellet implan-
tation were used. Each pellet contained 75 mg of mor-
phine free base. The control rats received pellets con-
taining the excipients but no drug. Briefly, in schedule
1, two pellets were implanted on the first day and
two more 1.5 days later. All pellets were removed
1.5 days after the second implantation. In schedule
2, one pellet was implanted on the first day, two on
the second, and three on the third day. All the pellets
were removed on the fourth day. In schedule 3, one
pellet was implanted on the first day, two on the third

day, and three on the fifth day. All were removed
on the eighth day. In schedule 4, one pellet was im-
planted on the first day, two on the third day, three
on the fifth day, and four on the eighth day. All pellets
were removed on the tenth day. After pellet removal,
the tail-flick analgesic dose (ADs,) of morphine fol-
lowing its intraperitoneal administration was deter-
mined, as described by Bhargava (1978).

For assessment of physical dependence on mor-
phine, the antagonist (naloxone) induced withdrawal
jumping response, which has been shown to be a
highly characteristic response of morphine-depen-
dence, was used. A reciprocal relationship exists
between the dose of naloxone required to induce the
jumping response in 50% of animals (EDso) and the
degree of morphine-dependence in rodents (Way, Loh
& Shen, 1969; Bhargava, 1977). The EDs, for nalox-
one was determined in rats from all schedules of mor-
phine-treated rats as described earlier (Bhargava,
1977). The ADs, of morphine sulphate, the EDs, for
naloxone and their 95%, confidence limits were deter-
mined by the method of Litchfield & Wilcoxon (1949).

Determination of brain 5-hydroxytryptamine turnover
and concentration

Steady state kinetics were used to determine the syn-
thesis rate and turnover time of brain 5-HT as de-
scribed by Tozer, Neffl & Brodie (1966). Rats were
implanted with morphine or placebo pellets according
to schedule 1 as described above. The only difference
was that the pellets were not removed; instead the
rats receiving placebo or morphine were subdivided
into 2 groups. Rats in 1 subgroup were given 0.9%
w/v NaCl solution (saline) (1 ml/kg, i.p.) while those
in the second subgroup received pargyline hydrochlo-
ride (75mg/kg; ip.) in 1mlkg volume. Thirty min
after either saline or pargyline, the rats were guillo-
tined, their brains collected and frozen at —20°C until
analyzed for 5-HT. Similar experiments were carried
out in rats implanted with pellets according to

. schedules 2, 3 and 4. An additional experiment was
‘carried out with rats implanted with morphine or

placebo pellets according to schedule 4. The pellets
were removed from these rats under light ether anaes-
thesia and 24 h later they were treated with saline
or pargyline as described above.

To test the linearity of the rate of rise of brain
5-HT following monoamine oxidase (MAO) inhibi-
tion with pargyline, groups of naive rats were killed
at 0, 10, 20, 30, 45 and 60 min after pargyline and
brains were analyzed for 5-HT. Since a linear increase
in 5-HT was noted for 30 min this time interval was
used as above. A linear relationship was also found
between the logarithm of 5-HT concentration and the
time after pargyline administration. In some experi-
ments instead of measuring 5-HT concentration at
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only 0 and 30 min, measurements were made at 0,
15, 30 and 60min after pargyline treatment. Brain
5-HT concentration was determined by a modified
o-phthaldialdehyde (OPT) method described by Cur-
zon & Green (1970). Whole brain was homogenized
in 5ml of cold acidified n-butanol with a Polytron
homogenizer (setting No. 4) for 60s. The homogenate
was centrifuged at 28000 g for 8 min in a refrigerated
Lourdes Betafuge. Two 2ml aliquots of the super-
natant were mixed with 5ml n-heptane and 1.2 ml
of 0.1 N HCI containing 0.1%, cysteine. The mixturce
was vortexed for 30s followed by shaking for 5min
in a mechanical shaker (160 oscillations/min). It was
centrifuged at 3000 rev/min at 4°C for 5min; 1 ml of
the aqueous phase was transferred to another tube
containing 0.4 ml of 0.012%;, OPT in 10N HCI. The
mixture was vortexed for 15s and heated on a boiling
water bath for 15 min. After cooling, the fluorescence
of the solution was read at 470 nm after being excited
at 360 nm on an Aminco-Bowman Spectrophotofiuor-
ometer. The concentration of 5-HT was determined
from the recovery curves obtained by the addition
of known amounts of 5-HT to brain homogenates.

For each experiment, the logarithm of 5-HT con-
centration was plotted against time. The lines were
drawn by linear regression analyses and the slopes
and their standard errors were calculated. The func-
tional rate constant, turnover rate and turnover time
of 5-HT were calculated according to the method of
Tozer et al. (1966). The 5-HT parameters were tested
for statistical significance by Student’s ¢ test.

Results

Effect of pellet implantation on morphine tolerance and
physical dependence

Implantation of morphine pellets in the rat resulted
in the development of analgesic tolerance to mor-
phine as shown by increases in the ADs, values of
morphine over the placebo pellet-implanted rats.
Morphine ADsqs in rats implanted with placebo
pellets according to schedules 1 and 4 did not differ.
Calculation of the ratios of morphine sulphate ADsqs

in morphine pellet- to placebo pellet-implanted rats
indicated 6, 8, 13 and 15 fold tolerance in morphine
pellet-implanted rats according to schedules 1 to 4,
respectively (Table 1).

A high degree of dependence was observed when
ten morphine pellets were implanted during a 10 day
period, whereas, a low degree of dependence devel-
oped in rats implanted with four morphine pellets
in 3 days. As shown in Table 1, the naloxone EDg,
in morphine-dependent rats from schedule 1 was
35 mg/kg, whereas rats from schedule 4 had a nalox-
one ED;, of 2.5mg/kg for the withdrawal jumping
response. Since naloxone EDs, is inversely related to
the degree of morphine dependence, schedule

. 4-treated rats were 15 times more dependent than

schedule 1-treated rats.

Effect of morphine pellet implantation and withdrawal
on body weight.

Implantation of morphine pellets in the rats produced
a significant reduction in the body weight gain,
compared with the placebo pellet-implanted rats. As
shown in Table 2, rats implanted with ten morphine
pellets gained 28 g in 10 days, whereas, those receiving
placebo pellets gained 40 g. More importantly, when
the pellets were removed, the placebo pellet-
implanted rats showed no loss in their body weight;
however, the morphine pellet-implanted rats lost 34 g
within 24 h.

Effect of morphine pellet implantation and morphine
withdrawal on the synthesis rate and turnover time of
brain 5-hydroxytryptamine

When the brain concentration of 5-HT was plotted
against time after pargyline administration, a linear
increase was noted for 30 min with regression coef-
ficient r = 0.94 (P < 0.00005) and for 60 min with
r = 0.92 (P < 0.00005). However, when the logarithm
of brain 5-HT concentration was plotted against time
an excellent linearity (r = 0.966; P < 0.00005) was
obtained for 30 min values. In all the experiments the
functional rate constant for the rise of 5-HT with time

Table 1 Effect of pellet implantation on the development of tolerance to and physical dependence on morphine

Morphine sulphate

Schedule
no. Pellets Days
Control — —
1 4 3
2 6 3
3 6 7
4 10 10

Naloxone EDs,

ADs,, mg/kg
(95%, limits)

3.6 (1.6-8.3)
23.3 (6.6-82.0)

28.8 (13.1-63.6)
46.7 (22.9-94.9)
53.1 (29.0-97.2)

mg/kg
(95% limits)

34.6 (20.2-59.2)

304 (14.7-62.6)

11.7 (5.7-23.8)
2.4 (1.4-4.3)
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following pargyline administration was calculated
from the slope of log [5-HT] vs. time curve.

The steady state concentration of 5-HT, the func-
tional rate constant, turnover time and the turnover
rate of brain 5-HT were unaffected in rats rendered
morphine-dependent by pellet implantation according
to any of the schedules used. In rats implanted with
placebo pellets the steady state brain levels, rate con-
stant, turnover time and turnover rate of 5-HT were
found to be similar to those reported by Tozer et

al. (1966). There were slight differences in these par-
ameters in some shipments. Experiments with rats
treated according to schedule 1 were repeated twice
and those treated according to schedule 4 were
repeated four times. As shown in Table 3, in all the
experiments the brain 5-HT dynamics in placebo-
and morphine pellet-implanted rats according to
schedules 1 to 4 were similar. Thus, the brain 5-HT
turnover rate or turnover time in morphine-depen-
dent rats were unaffected. Rats withdrawn from mor-

Table 2 _Effect of morphine pellet implantation and removal on body weights of rats

Body weight (g)

. Day
Treatment* 1 3 S 8 10 11
Placebo 202.2 + 4.7 2142 + 44 2232 +42 229.2 + 3.3 241.8 + 4.1 239.8 + 2.6
(20) (20) (20) (20) (20) (10)
Morphine 198.0 + 3.0 2142 + 35 219.7 + 3.7 220.0 + 3.8 226.7 + 4.1 1922 + 4.2
(28) (28) (28) (28) (28) (14)

Values are mean + s.e. mean

* Rats were implanted subcutaneously with one pellet on day 1 (dl), 2 pellets on d3, 3 pellets on d5, and
4 pellets on d8. All the pellets were removed on d10. The weights on d11 represent the rats from which the
pellets had been removed for 24 h. The figures in parentheses represent the number of rats used.

Table 3 Synthesis rate and turnover time of whole brain 5-hydroxytryptamine (5-HT) in rats tolerant to and
physically dependent on morphine

Rate constant

Brain level of SHT of 5-HT rise 5-HT turnover Turnover rate of 5-HT
before MAO blockade after MAOI time (ng g~ 'h~! £ se)
Treatment (ng/g + s.e.) (k(h™Y) + s.e) (min + s.e.) (n=235)
Schedule 1
A Placebo 531.0 + 160 0.90 + 0.04 66.7 + 3.0 478.1 + 21.2
Morphine 543.0 + 31.0 0.87 + 0.05 68.7 + 5.2 474.1 + 272
B  Placebo 3774 £ 199 0.86 + 0.10 69.8 + 8.1 324.6 + 37.7
Morphine 4342 4+ 13.2 0.79 + 0.09 76.0 + 8.7 343.0 + 39.1
Schedule 2
Placebo 4340 + 170 1.19 + 0.07 504 + 3.0 516.7 + 304
Morphine 432.0 + 19.0 1.11 + 0.08 54.1 + 3.7 4794 + 34.6
Schedule 3
Placebo 489.0 + 24.0 0.84 + 0.11 714 +£ 9.0 4109 + 53.8
Morphine 473.0 + 140 1.00 + 0.06 60.1 + 3.6 471.8 + 284
Schedule 4
A Placebo 4920 + 7.0 0.80 + 0.04 750 + 34 393.6 + 19.7
Morphine 501.0 + 8.0 0.85 + 0.05 70.6 + 3.8 4259 + 25.1
B  Placebo 411.0 £+ 27.0 0.79 + 0.14 76.0 + 13.5 3250 + 575
Morphine 423.0 + 15.0 091 + 0.08 659 + 5.8 385.1 + 33.8
C  Placebo 438.2 + 19.7 0.71 + 0.06 845+ 7.1 311.1 +£263
Morphine 426.7 + 9.1 0.76 + 0.06 789 + 6.2 3243 + 256
D Placebo 390.6 + 21.0 0.79 + 0.16 76.4 + 15.6 306.6 + 62.5
Morphine 403.3 + 229 0.83 £+ 0.15 72.5 +13.1 3339 +60.5

MAO = monoamine oxidase; MAOI = monoamine oxidase inhibitor.
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phine for 24 h (i.e., removal of morphine or placebo
pellets from schedule 4 treatment) also did not show
altered brain S-HT dynamics. As shown in Table 4,
the 5-HT turnover rate and turnover time in mor-
phine-dependent rats were similar to those in the
placebo-implanted control rats.

Discussion

The present studies indicate that chronic administra-
tion of morphine in the rat is not associated with
changes in brain 5-HT turnover rates and turnover
times as measured by the rate of rise of brain 5-HT
following monoamine oxidase inhibitor, pargyline.
These results are in agreement with those of Algeri
& Costa (1971); Yarbrough, Buxbaum & Sanders-
Bush (1973), Theiss, Papeschi & Herz (1975) in rats
and of Marshall & Grahame-Smith (1970), Cheney
et al. (1971) and Cheney & Goldstein (1971) in mice;
however, they are in contrast to those of Haubrich
& Blake (1973) in rats and of Way et al. (1968), Shen
et al. (1970) and Maruyama et al, (1971) in mice.

The possible reasons for the differences in the
results of various investigations on the effect of
chronic morphinization on brain 5-HT dynamics are
(a) species and strain differences (b) methods used to
determine the 5-HT turnover (c) methods used to in-
duce tolerance to, and physical dependence on, mor-
phine and consequently the degree of tolerance and
dependence achieved. In experiments described in this
paper a high degree of tolerance to morphine was
produced by schedules 3 and 4 as shown by the in-
creases in the tail-flick analgesic ADs, values of mor-
phine in the tolerant rats compared with the ADsos
of morphine in the placebo pellet-treated rats. The
degree of tolerance produced was comparable to that
produced in the mouse by implantation of one mor-
phine pellet (Bhargava & Way, 1976). Similarly, a
high degree of dependence was observed in schedule
3 and 4 rats as shown by low EDj, values for nalox-
one in the jumping response.

In general, a lower degree of tolerance to, and
dependence on, morphine is produced wheri either a
multiple injection method is used (Bhargava &
Matwyshyn, 1977) or when 2 to 4 morphine pellets
are used to induce tolerance and dependence in the
rat. Recently, it has been shown that the degree of
tolerance produced by pellet implantation was di-
rectly related to the plasma and brain levels of
morphine (Bhargava, 1978).

Although some assumptions are made in calculat-
ing the turnover rates (Tozer et al., 1966). It is found
that the turnover rates measured either from an intra-
venous infusion of labelled tryptophan or from the
rate of rise of 5-HT following MAO inhibition by
pargyline or tranylcypromine are very similar. In a
number of previous investigations the increase in
5-HT during a 30 min period following MAO inhibi-

. tion was multiplied by a factor of 2 to obtain the

turnover rate; this could yield erroneous results. In
the calculation of the turnover rates of 5-HT it is
important to determine the functional rate constant
and its variance and these should be multiplied by
the concentration of 5-HT before MAO inhibition,
instead of multiplying the functional rate constant
and the concentration of 5-HT and its s.e. before
MAQO inhibition. The former procedure automatically
allows for the variations in the steady state concen-
tration of 5-HT.

In the present investigation, the brain 5-HT turn-
over rates were unaffected in rats rendered dependent
on morphine by four schedules of pellet implantation.
In spite of the fact that a high degree of tolerance
to and physical dependence on morphine was in-
duced, the tolerant-dependent rats failed to exhibit
changes in 5-HT dynamics. It must be noted that
although the morphine-dependent rats from schedules
3 and 4 consistently showed a higher absolute value
for the 5-HT turnover rate compared with the corre-
sponding placebo pellet-treated rats, a statistically sig-
nificant change could not be observed. These results
differ from those of Theiss et al. (1975) for rats. These
authors used the accumulation of S-hydroxyindole-

Table 4 Synthesis rate and turnover time of whole brain 5-hydroxytryptamine (5-HT) in morphine-tolerant-

dependent rats withdrawn from morphine for 24 h

Brain levels of 5-HT
before MAO blockade

Rate constant of
5-HT rise after

5-HT turnover time  Turnover rate of 5-HT

Treatment* n (ng/g + s.e) MAOI (k(h™1) + s.e.) (min + s.e.) (ng g 'h™! + s.e)
Schedule 4

Placebo 5 336.8 + 17.3 1.36 + 0.115 4.1 + 5.1 458.1 + 38.7
Morphine 7 315.0 + 133 1.60 + 0.115 375+ 43 504.0 + 36.2

* Rats were implanted subcutaneously with one pellet (morphine or placebo) on day 1 (d1), 2 pellets on d3,
3 pellets on dS, and 4 pellets on d8. All the pellets were removed on d10. Brain 5-HT dynamics was studied

24 h after the pellet removal.
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acetic acid (5-HIAA) following probenecid treatment,
as an index of 5-HT turnover, and found that a low
or medium degree of tolerance increased the 5-HT
turnover, while, the highest degree of tolerance (im-
plantation of 21 morphine pellets in 9 days) had no
effect on 5-HT turnover. The explanation for such
findings are not apparent. If indeed, 5-HT turnover
is enhanced, then even the highest degree of tolerance
should have produced some change in 5-HT dyna-
mics, irrespective of the method used to determine
it.

An attempt to relate 5-HT dynamics with the toler-
ance to the thermoregulatory effects of morphine in
the rat was also unsuccessful (Warwick, Blake, Miya
& Bousquet, 1973). Thus the results of the present

References

ALGERI, S. & CosTA, E. (1971). Physical dependence on
morphine fails to increase serotonin turnover rate in
rat brain. Biochem. Pharmac., 20, 877-884.

BHARGAVA, H.N. (1977). Rapid induction and quantitation
of morphine dependence in the rat by pellet implan-
tation. Psychopharmac., 52, 55-62.

BHARGAVA, H.N. (1978). Quantitation of morphine toler-
ance induced by pellet implantation in the rat. J.
Pharm. Pharmac., 30, 133-135.

BHARGAVA, H.N,, AFiFI, A H. & Way, E.L. (1973). Effect
of chemical sympathectomy on morphine antinocicep-
tion and tolerance development. Biochem. Pharmac., 22,
2769-2772.

BHARGAVA, H.N. & MATWYSHYN, G.A. (1977). Brain sero-
tonin turnover and morphine tolerance-dependence in-
duced by multiple injections in the rat. Eur. J. Phar-
mac., 44, 25-33.

BHARGAVA, HN. & Way, E.L. (1976). Morphine tolerance
and physical dependence: influence of cholinergic
agonists and antagonists. Eur. J. Pharmac., 36, 79-88.

CHENEY, D.L. & GoOLDSTEIN, A. (1971). The effect of
p-chlorophenylalanine on opiate-induced running, anal-
gesia, tolerance and physical dependence. J. Pharmac.
exp. Ther., 177, 309-315.

CHENEY, D.L., GOLDSTEIN, A., ALGERI, S. & Costa, E.
(1971). Narcotic tolerance and dependence: lack of rela-
tionship with serotonin turnover in the brain Science,
171, 1169-1170.

CuRzON, G. & GREEN, AR. (1970). Rapid method for the
determination of 5-hydroxytryptamine and S-hydroxy-
indoleacetic acid in small regions of rat brain. Br. J.
Pharmac., 39, 653-655.

FraNcIs, D.L. & SCHNEIDER (1971). Jumping after nalox-
one-precipitated withdrawal of chronic morphine in the
rat. Br. J. Pharmac., 41, 424-425P.

HausricH, D.R. & BLAKE, D.E. (1969). Effect of acute and
chronic administration of morphine on the metabolism
of brain serotonin in rats. Fedn. Proc., 28, 793.

Ho, LK, Lu, S.E.,, StoLMAN, S., Lon, H.H. & Way, E.L.
(1972). Influence of p-chlorophenylalanine on morphine
tolerance and physical dependence and on regional

study are not consistent with the view that brain
5-HT dynamics are of importance in the development
of tolerance and physical dependence on morphine
in the rat. It is possible that there may be some
regional differences in the central 5-HT dynamics as
a result of tolerance to, and dependence on, morphine
in the rat. Such studies are in progress in this labora-
tory. The evidence so far presented does not show
a causal relationship between the 5-HT dynamics and
the tolerance and physical dependence on morphine
in the rat.

The author is indebted to Dr Alan Rubin of Endo Labora-
tories, New York, for the gift of naloxone, Dr N.R. Farns-
worth for his interest and Mr George Matwyshyn for the
excellent technical assistance.

brain serotonin turnover studies in morphine tolerant-
dependent mice. J. Pharmac. exp. Ther., 182, 155-165.

LitcHFIELD, J.T. & WiLcoxoNn, F. (1949). A simplified
method of evaluation of dose-effect experiments. J.
Pharmac. exp. Ther., 96, 99-113.

MARSHALL, I & GRAHAME-SMITH, D.G. (1971). Evidence
against a role of brain 5-hydroxytryptamine in the de-
velopment of physical dependence upon morphine in
mice. J. Pharmac. exp. Ther., 179, 634-641.

MARTIN, W.R., WIKLER, A., EADES, C.G. & PRESCOR, F.T.
(1963). Tolerance to and physical dependence on mor-
phine in rats. Psychopharmacologia, 4, 247-260.

MARUYAMA, Y., HAvAsHI, G., SMiTs, S.E. & TAKEMORI, A.E.
(1971). Studies on the relationship between 5-hydroxy-
tryptamine turnover in brain and tolerance and physi-
cal dependence in mice. J. Pharmac. exp. Ther., 178,
20-29.

MAYNERT, E.W. & KLINGMAN, G.I. (1962). Tolerance to
morphine 1. Effect of catecholamines in brain and
adrenal glands. J. Pharmac. exp. Ther., 135, 285-298.

SHEN, F.H., LoH, H.H. & WAy, E.L. (1970). Brain serotonin -
turnover in morphine tolerant and dependent mice. J.
Pharmac. exp. Ther., 175, 427-434.

THEIss, P., PapescHl, R. & HErz. A. (1975). Effects of mor-
phine on the turnover of brain catecholamines and
serotonin in rats: chronic morphine administration.
Eur. J. Pharmac., 34, 263-271.

Tozer, T.N., Nerr, NH. & Brobig, BB. (1966). Appli-
cation of steady state kinetics to the synthesis rate and
turnover time of serotonin in the brain of normal and
reserpine-treated rats. J. Pharmac. exp. Ther., 153,
177-182.

WARWICK, R.O., BLAKE, D.E., Miva, T.S. & BousQUET, W.F.
(1973). Serotonin involvement in thermoregulation fol-
lowing administration of morphine to non-tolerant and
morphine-tolerant rats. Res. Commun. Chem. Path.
Pharmac. 6, 19-32.

Way, EL, Lon, HH. & SHeN, F.H. (1968). Morphine
tolerance, physical dependence and synthesis of brain
5-hydroxytryptamine. Science, N.Y., 162, 1290-1292.

Way, E.L, Lod, HH. & SHEN, F.H. (1969). Simultaneous



CHRONIC MORPHINIZATION AND BRAIN 5-HT TURNOVER 317

quantitative assessment of morphine tolerance and
physical dependence. J. Pharmac. exp. Ther., 167, 1-8.
YARBROUGH, G.G. BuxBauMm, D.M. & SANDER-BusH, E.
(1973). Biogenic amines and narcotic effects. II. Sero-
tonin turnover in the rat after acute and chronic mor-

phine administration. J. Pharmac. exp. Ther., 185,

328-335.

(Received July 17, 1978.)



