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Lab. of Chemistry, Nat. Inst. of Arthritis and Metabolic Diseases and Lab. of Clinical Science
Nat. Inst. of Mental Health, Bethesda, Md.

Chronic administration of morphine to rats
causes a striking diminution in ability of liver
microsomal-supernatant preparations from
these rats to N-demethylate narcotic drug
substrates(1,2). After abrupt withdrawal of
drug from rats treated with morphine chroni-
cally, complete recovery of this enzyme ac-
tivity occurs within 12 days(1.3). Recently
L-thyroxin stimulated incorporation of amino
acids into protein(4), suggesting that it ac-
celerates protein synthesis. Since recovery of
N-demethylase activity after withdrawal of
narcotic drugs may represent enzyme resyn-
thesis, it was of interest to study the effects
of thyroxin on this process.

Methods. Forty-four NIH male black
rats, each weighing 200-300 g, were divided
into 4 groups so matched that average weight
of each group was the same. The 4 groups
were treated as follows. For 30 days, Group
M received intraperitoneal injections of mor-
phine sulfate in gradually increasing doses
from 20 mg/kg to 100 mg/kg twice daily.
Group MTh received morphine in same
amounts and on same schedule as Group
M and, in addition, a daily intraperito-
neal injection of 90 pg of L-thyroxin
in 0.5 ml of 0.01 N NaOH for 7 days
prior to abrupt withdrawal of morphine and
throughout period of withdrawal until day of
sacrifice. Group Th received only thyroxin
in same amounts and on same schedule as
group MTh. Animals in group C were un-
treated controls. At 19 hours, 96 hours, and
8 days after termination of morphine admin-
istration, animals from the 4 groups were sac-

rificed and their livers prepared for enzyme
assay by method of Axelrod(5). Enzymatic
activity was measured by estimating the
amount of formaldehyde formed by the N-
demethylation of morphine, as described pre-
viously (2).

Results of representative experiment are
summarized in Fig. 1. Nineteen hours after
withdrawal of morphine and 7 days after ini-
tiation of thyroxin treatment in groups receiv-
ing the hormone, the N-demethylation of mor-
phine by liver preparations from animals in
group M was 6.7% of untreated-control value,
and the activity in preparations from animals
in group MTh was about one-half that of
group M (p<.01). Preparations from ani-
mals receiving L-thyroxin alone for 7 days did
not differ in N-demethylase activity from un-
treated controls. By 96 hours after with-
drawal (and after 10 days of thyroxin admin-
istration in thyroxin-treated animals) N-de-
methylating activity began to recover in both
groups M and MTh, and no significant dif-
ference between them was observed (p>>.05).
Then, a marked depression of activity was
observed in animals treated with thyroxin
alone (group Th). Eight days after morphine
withdrawal, enzymatic activity of liver prepa-
rations from rats in group MTh was still less
than one-fourth of control preparations
(Group C) and had not increased appreciably
from values obtained previously. On the
other hand, N-demethylase activity for ani-
mals in Group M showed at this time an al-
most complete return to normal. Administra-
tion of thyroxin for 14 days had depressed
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FIG. 1. Effects of administration of thyroxin on

recovery of N-demethylating activity after mor-
phine withdrawal.

liver N-demethylase in Group Th even more
than previously.

To examine further the effects of chronic
administration of thyroxin alone on iz vitro
N-demethylation of morphine, a group of
male NTH black rats was given 90 ug of L-
thyroxin daily to 29 days before liver enzyme
activity was assayed. Table I compares en-
zyme activity after this treatment with that
in untreated control rats of the same age and
weight. Again, no effects of thyroxin were ob-
served after only 7 days of administration,
but after 10 days a distinct lowering of N-
demethylase activity was observed. By 14
days enzyme activity was reduced to approxi-
mately half that found in control animals,
and it remained at about this level until the
end of 29-day period. Thus, thyroxin alone
depresses ability of rat-liver-microsome prepa-

TABLE I. Effect of In Vivo Administration of I
thyroxin on In Vitro N-demethylation of Morphine.

Days on Aetivity
thyroxin (9% of control)*t
7 100.9
10 65.7
14 54.4
21 43.0
29 57.7

* Bach value represents mean of 7-10 thyroxin-
treated animals compared to mean of 4 control
animals sacrificed on same day.

t Enzymatic activity was measured by estimat-
ing amount of formaldehyde formed by N-demeth-
ylation of morphine hydrochloride.

505

rations to N-demethylate morphine. This de-
pression reaches a maximum in 10-14 days
and remains at approximately the same level
for at least an additional 2 weeks.

These results indicate that thyroxin admin-
istration prior to and during withdrawal nei-
ther prevents morphine-induced diminution of
N-demethylase activity nor increases its rate
of recovery after withdrawal of morphine; in-
stead, it causes a significant decrease in ac-
tivity beyond that seen with morphine alone
early in withdrawal, and a significant delay in
recovery of enzyme activity. Under our condi-
tions, administration of thyroxin during with-
drawal period seemed to prevent recovery al-
most completely.

The significant difference between Groups
M and MTh during early withdrawal, ob-
literation of this difference during middle pe-
riod of withdrawal, and, finally, the markedly
retarded recovery of demethylase activity in
Group MTh during period when virtually
complete recovery in Group M was observed
are puzzling but reproducible phenomena.
They may indicate a tendency for thyroxin to
speed recovery obscured by another action
simulating or perhaps potentiating the action
of morphine.. The nature of the mechanisms
underlying the effects on N-demethylase ac-
tivity by morphine and thyroxin singly and
together remains, however, unknown.

Summary. The effect of in vive adminis-
tration of L-thyroxin on i vitro N-demethyl-
ation of morphine by rat-liver enzyme prepa-
rations from normal and morphine-treated
rats has been investigated. Thyroxin given
7 days to otherwise untreated control animals
has no effect on N-demethylating activity, but
after 10-14 days it significantly depresses this
activity. Administration of thyroxin for 7
days prior to and during morphine withdrawal
reduces further the enzyme activity already
markedly depressed after chronic administra-
tion of morphine, and prevents almost com-
pletely recovery of activity which occurs
some 8-10 days after morphine withdrawal.

We express appreciation to Elmer Dyson and Don-
ald Shaw for invaluable technical assistance.
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Post-irradiation protection of lethally ir-
radiated mice by injection of heterologous
(rat) marrow is associated with rapid repopu-
lation of the host’s depleted hematopoietic tis-
sue by the transfused marrow cells(1.2). The
treated animals initially recover from radia-
tion induced injury, but a significantly large
percentage of deaths characteristically occur
after third week of irradiation treatment(3.4).
Although direct immunological evidence is
still lacking, it is generally accepted that the
pathogenesis of these “late deaths” is im-
munologic in origin. It is still uncertain
whether the host or the transplanted graft
initiate the immune reaction, nor is it known
whether the pathological foundation of “late
deaths” is circulating or fixed tissue anti-
bodies. The experiments to be described were
performed to compare time and incidence of
deaths in lethally irradiated mice injected
with bone marrow from normal rats and with
bone marrow from rats immunized against tis-
sues of the recipient strain of mice. On the
basis of a graft vs. host reaction, it would be
expected that both time and incidence of
death would be accentuated following injec-
tion of pre-immunized rat marrow. resulting
from direct restimulation of transplanted cells
by the host’s antigens. In contrast, if a host
vs. graft reaction occurred or if colonization
of immunologically active donor cells was un-
successful no difference would result between

* Opinions or assertions contained herein are those
of authors and are not to be construed as official or
reflecting views of Navy Department or of Naval
Service at large.

groups receiving normal or pre-immunized
marrow. Our results favor the latter conclu-
sion.

Materials and methods. Sprague-Dawley
albino rats, 12 to 18 weeks of age, were im-
munized against spleen and bone marrow sus-
pensions prepared from normal adult LAF,
((C57LxA)F;) mice. The mice were sacri-
ficed by cervical dislocation. Spleens were
excised, pooled, minced with fine scissors, then
pressed through a 60x60 mesh stainless steel
wire gauze. The cells were suspended and
washed twice with chilled Tyrode’s solution.
Large clumps were removed by filtration
through surgical gauze, and a cell count made
in a hemacytometer. The desired concentra-
tion of cells was prepared by addition of Ty-
rode’s solution. Mouse marrow cells were ob-
tained by aspiration from the femurs and a
suspension was prepared in Tyrode’s solution.
Three separate experiments were performed
differing only in number of immunizing injec-
tions administered to the rat donors and in
time after immunization at which the rats
were sacrificed for collection of bone marrow
and spleen cells. Tn the initial experiment, 2
intravenous injections of 1x10® nucleated
spleen cells were given 9 days apart followed
by sacrifice 3 weeks after last injection.
Serologic test of pooled sera from 10 rats
showed a hemagglutinating titer of 1:512
against washed LAF; mouse rbc. In the sec-
ond experiment, rats were given 2 intravenous
injections of 1x10® spleen cells a week apart
followed by a third injection 2 weeks after-
wards. These donor animals were sacrificed



