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CERLETTI, C., S. H. KEINATH, M. M. REIDENBERG AND M. W. ADLER. Chronic morphine administration: plasma
levels and withdrawal syndrome in rats. PHARMAC. BIOCHEM. BEHAV. 4(3) 323327, 1976. — Morphine, administered to
Sprague-Dawley rats over a period of 65 hr either by the simultaneous implantation of two 75 mg pellets, or by a series of
twice daily 20 or 30 mg/kg injections, produced dependence as indicated by the precipitation of the abstinence syndrome
with the antagonist, naloxone. Plasma morphine levels, analyzed fluorometrically at various times during the treatment
procedures, revealed peak concentrations that were 3 or 4 fold higher for injected animals than the maximum steady-state
level established in the pellet-implanted animals. The calculated plasma concentration of the drug over time was not
statistically different for the groups. It is noted that although the 2 methods of morphine administration produce a
qualitatively identical dependent state, the pellet implantation technique causes greater weight loss and a higher incidence

of jumping and wet-dog shakes during withdrawal.
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PHYSICAL dependence to a narcotic agent is determined
by the development of a specific physical abstinence
syndrome following withdrawal of the agent either by
termination of narcotic administration or by treatment
with a narcotic antagonist such as naloxone. In order to
produce physical dependence in the experimental animal,
many investigators have administered a series of injections
over a period of weeks, using a schedule of increasing doses
of the narcotic drug [5,13]. Recently, Frumkin [9]
reported that as few as 3 once-daily injections of 10 mg/kg
IP of morphine sulfate given to rats resulted in an
abstinence syndrome following naloxone administration.
Maruyama and Takemori [14], however, noted that doses
above 20 mg/kg of morphine 3 times a day for 3 days were
required to produce naloxone-precipitated jumping in mice.
In discussing drug administration and dependence, Deneau
and Seevers [8] stated that the daily dose of a drug should
be “administered at such intervals that the organism is
continuously exposed to the drug’. Some investigators have
used methods in which the animal is exposed to an
apparently constant, low amount of the narcotic agent by
continuous intraperitoneal infusion [17], or through sub-
cutaneous implantation of a morphine reservoir [11] or
one or more morphine pellets [4, 7, 18].

Establishing and quantitating the withdrawal syndrome
is essential in studies of physical dependence. Body weight
loss during narcotic withdrawal is considered the most
reliable index of addiction by some investigators [2,11];
scoring the motor and autonomic signs appearing during
abstinence can likewise provide data for assessing the
severity of withdrawal. No previous studies have been
reported comparing the withdrawal syndrome in animals
made dependent by the injection versus the pellet method.

The primary objective in undertaking this study was to
determine whether the more critical factor in producing
dependence is (1) continucus or intermittent exposure of
the organism to morphine or (2) the total amount of drug
to which the animal is exposed. To answer this question,
equivalent total areas under the plasma morphine concen-
tration versus time curve (integral of plasma concentration
over time) were produced either by twice daily injections
(intermittent exposure) or by pellet implantation (continu-
ous exposure). The precipitated abstinence syndromes were
then compared.

Owing to the scarcity of published data on morphine
blood levels after injections or pellet implantation in the
rat, a second objective of this study was to measure drug
levels in the plasma of treated animals.

! The work in this study was supported by USPHS Grants DA 00049 and DA 00376 from the National Institute of Drug Abuse.
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METHOD
Animals and Treatment

The animals were adult male, Sprague-Dawley rats (Zivic
Miller) initially weighing 330—370 g. For the duration of
the experiment, the animals were housed in groups of 6 per
cage (stainless steel, approximately 60 x 50 x 20 cm) at 22
+ 2°C and at a relative humidity of approximately 60%.
Lights were cycled on a standard 12 hr light-—-dark schedule
and food and water were available ad lib except during
withdrawal testing.

Eighty rats “were implanted subcutaneously with 2
morphine pellets in the middorsal region under light ether
anaesthesia. The pellets were formulated according to the
method of Gibson and Tingstad [10], each containing 75
mg of morphine base. Groups of 6 animals were decapitated
at 10, 16, 20, 24, 34, 48, 58, 72, and 92 hr after implanta-
tion and the blood collected. The dose of morphine given
by injection was chosen on the basis of preliminary experi-
ments as that which would be expected to produce the
same integral of plasma concentration over time as does the
pellet dosage.

For the injection group, morphine sulfate (Mallinckrodt)
dissolved in physiological saline was given subcutaneously
twice a day (8:00 a.m. and 6:00 p.m.) in the middorsal
region of 90 animals on the following dosage schedule: 10
mg/kg body weight at time 0, and 20 mg/kg at 14, 24, 38,
48 and 62 hr (Treatment A). At short time intervals (i.e.
30, 60, 120, and 180 min) after the first, second and fourth
injections, groups of 6 animals each were decapitated and
blood collected.

In an additional experiment, higher morphine doses were
used to inject the animals, according to the following
schedule: 10 mg/kg at O hr, 20 mg/kg at 14 hr, and 30
mg/kg at 24, 38, 48 and 62 hr (Treatment B). Groups of 6
animals each were sacrificed at 30, 60, 120, and 180 min
after the fourth and the sixth injections. Blood was
collected in heparinized tubes, and plasma samples obtained
by centrifugation were stored in a freezer until analyzed for
morphine content.

Determination of Morphine Levels

Morphine plasma levels were measured by the methods
of Kupferberg et al. [12] and Takemori [16] with minor
modifications. The plasma samples (1—3 ml), deproteinated
with trichloroacetic acid (5.25% final concentration) and
extracted with 10% n-butanol in chloroform, were sub-
sequently reextracted in 1.2 ml of 0.1 N HCL The oxida-
tion of morphine to pseudomorphine was performed in a 1
ml acid volume with the addition of 1 ml of 0.1M sodium
pyrophosphate, pH 8.5, and 0.1 ml ferri-ferrocyanide
reagent composed of 57.7 mg K3Fe(CN) and 4.9 mg
K4Fe(CN)g per 100 ml distilled water diluted 1:10 just
prior to use. The fluorometric readings were determined
with a Farrand Spectrofluorometer Mark I with excitation
wavelength 250 mu (uncorrected) and emission 430 mp
(uncorrected). Fluorometric readings of serial dilutions of
morphine in plasma were linear but did not pass through
zero: For this reason, a standard plasma morphine curve
was run with each analysis and the fluorometric readings
were plotted against concentration. Morphine concentra-
tions for unknown samples were determined by simultane-
ous graphing with standard samples. The sensitivity of this
method was approximately 0.1 upg/ml; its precision, 97 %
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7% of the amount present. The total amount of the drug to
which the animals were exposed was ascertained using a
Keuffel and Esser compensating polar planimeter to
measure the area under the curve.

Precipitation of Withdrawal

The abstinence syndrome was precipitated by the intra-
peritoneal injection of 1.0 mg/kg of naloxone hydro-
chloride dissolved in physiological saline. The antagonist
was administered 3 hr following the final injection of
morphine (65 hr after the initial injection), or 65 hr after
implantation for the pellet group. Pellets were not removed
prior to testing. Each animal was placed into a Plexiglas test
chamber (20 x 26 x 30 cm) covered with transparent red
plastic to minimize visual exposure to neighboring animals
and to the experimenters. Following a 20 min acclimatiza-
tion period, naloxone was administered and observations
were conducted on a blind basis for a period of 30 min.
Animals were weighed prior to naloxone administration and
again 1 hr later.

Using modifications of previously reported methods for
measuring withdrawal behavior [1, 4, 18], 2 classes of signs
were distinguished: counted and checked. Counted behav-
iors, for which the actual number of occurrences was
recorded, include jumping (all 4 paws off the cage floor),
teeth chattering (number of episodes), wet-dog shakes
(involving whole body), and writhing (abdominal stretch-
ing). For checked behaviors, only presence or absence
during the 30 min test period was noted. These signs
include chromodacryorrhea, diarrhea, eyetwitch, ptosis,
rhinorrhea, and salivation. Although a number of additional
signs were tabulated (e.g. exploring, grooming, chewing,
digging, dyspnea), only those generally accepted as
specifically indicative of morphine abstinence were used in
assessing the presence and severity of withdrawal.

RESULTS

Figure 1 depicts the temporal course of morphine levels
in the plasma of rats treated with the methods used to
produce physical dependence. Peak values for morphine in
plasma after each of the injections measured were between
3 and 5 fold higher than the maximum level attained with
pellet implantation, but morphine disappeared rapidly from
the plasma after each injection. From a period beginning
approximately 4 hr after a morphine injection until the
subsequent administration, the plasma levels of morphine
fell beneath the sensitivity of the fluorometric method (0.1
ug/ml) with all 3 injection doses (10, 20, 30 mg/kg) used.

In morphine pellet-implanted rats, a maximum drug
plasma level of 0.72 pg/ml is reached after 10 hr, decreasing
to a plateau level averaging 0.43 ug/ml maintained between
16 and 72 hr. At 92 hr, plasma levels had dropped
markedly and were not accurately measurable.

The total amount of morphine, expressed as ug/ml x hr,
to which the animals were exposed after multiple injection
treatments or pellet implantation was calculated by deter-
mining the area under the plasma concentration of
morphine versus time curve and is shown in Table 1. The
measured peak levels as well as the calculated half-life
values are nearly the same for the second and the fourth
injections of 20 mg/kg and for the fourth and sixth injec-
tions of 30 mg/kg; for this reason, averaging the areas under
the plasma concentration time curve of measured injections



PLASMA LEVELS AND WITHDRAWAL SYNDROME IN RATS 325

.

4

INJECTION TREATMENT A

E
? °% o+ 20 30 4 s0 e0 0 M
g sl
= i
<
= ’ . H
Z 4
w
r4
o
<
s
c 2
: INJECTION TREATMENT
z
. \ \ \
w
¥,
z \
I
o
S
¢ ¥ Y 20 ¢ 30 [ 450 6o 4 70 HRS.
2
PELLET - INPLANTATION
1
/‘\
° 10 20 30 50 ® oo

FIG. 1. Morphine plasma concentration in rats after different treatments. All graphed points represent

mean values. The number of animals per mean was between 4 and 8 with an average of 6. The arrows

on the graph show injection times. Injections (mg/kg) in order given are A: 10; 20; 20; 20; 20; 20, B:
10; 20; 30; 30; 30; 30.

was deemed significantly accurate for estimating the areas
of unmeasured injections.

The total areas for injection groups A and B were
obtained by combining the calculated and estimated values
for all injections in each group. Although the shape of the
curve was very different with the 2 methods of morphine
administration (i.e. injections and pellet implantation), the
areas under the curve representing the total amount of drug
in the plasma were similar: injection A treatment (20 mg/kg
final dose) resulted in a total area lower only by 9% than
the pellet implantation method. To ensure that the small
difference in the areas did not account for the difference in

our withdrawal results, the dosage of morphine in treat-
ment B was raised to 30 mg/kg final dose. The resulting
total area under the plasma concentration time curve was
almost 6% higher than that of the pellet implantation
method.

In Table 2 the signs generally accepted as most charac-
teristic of the morphine abstinence syndrome and the
proportion of rats showing each sign after naloxone
precipitated withdrawal are shown.

The pattern of the withdrawal syndrome, as well as the
body weight loss, was not significantly different for injec-
tion treatments A and B. Consequently, the withdrawal

TABLE 1

TOTAL AREAS UNDER THE MORPHINE PLASMA VS. TIME CURVE IN THE RAT AFTER DIFFER-
ENT TREATMENTS

Treatment

Area (ug morphine/ml x hrs)

1. Morphine Sulfate Injections (065 hr)
A. Final dose 20 mg/kg
B. Final dose 30 mg/kg

2. Pellet Implantation (065 hr)

25.69*
29.78*

28.09

*Sum of calculated areas for measured injections and estimated areas for unmeasured injections (see

Results.)
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TABLE 2

PROPORTION OF RATS SHOWING VARIOUS ABSTINENCE SIGNS FOLLOWING NALOXONE PRE-

CIPITATION OF W

ITHDRAWAL*

Injection: Treatment

Signs Pellet Implantation A+B
N=18 N=26
Jumping 0.94 + 0.42
Wet-dog Shakes 0.94+ 0.38
Teeth Chattering 0.89 0.61
Writhing 0.50 0.50
Chromodacryorrhea . 0.28 0.08
Diarrhea 0.61 0.42
Eye twitch 0.11 0.04
Ptosis 0.94 0.85
Rhinorrhea 0.33 0.15
Salivation 0.44 0.15
Body Weight Loss (Percent+S.D. 9.40+2.04% 4.37%3.13

*Control animals exhibited none of these signs no

r body weight loss.

+Significantly different with chi-square test at p<0.001.

tSignificantly different with t-test at p<<0.001.

data from the 2 experimental injection groups were pooled
and compared to the withdrawal signs shown by the pellet-
implanted animals.

Both methods, pellet implantation and short-term
injection of low doses of morphine, result in narcotic
dependence as determined by the appearance of a
naloxone-precipitated abstinence syndrome.

DISCUSSION

Judging by the rate of disappearance of the drug from
the plasma and the absence of fluorometrically measurable
plasma levels several hr following morphine injection, it
appears that only exceedingly small amounts of the drug
are present in plasma for about 5 hr prior to the next
injection of a series. Such a finding does not necessarily
imply that there is no morphine present in other body
compartments. In fact, it is important to note that our
experimental animals did not evidence any overt signs of
withdrawal between consecutive injections. Furthermore,
nanogram amounts of morphine have been detected in the
rat cerebral cortical hemisphere 24 hr after a single 10
mg/kg subcutaneous injection of '4C morphine [15]. In
our laboratory, it has been shown that the rate of dis-
appearance of morphine after acute administration in rats is
much slower from the brain than from the plasma
(unpublished data).

Blasig et al. [4] estimated the amount of drug absorbed
from pellets implanted subcutaneously by comparing the
amount of morphine in 2 intact pellets with that remaining
in the subcutaneous depot at various times after implanta-
tion. From these data they postulated an absorption
pattern that attains a steady state only after several days.
The present study does not support this view and actual
measurements of morphine plasma levels after pellet
implantation show that a constant level is attained in some-
what less than 1 day.

The plasma morphine levels measured after pellet
implantation are basically in agreement with the report of

Berkowitz et al. [3] where the same plasma concentrations
were reported 10 hr after morphine pellet implantation.
The minor difference in the plateau of morphine concentra-
tions could be explained by the fact that they implanted
the 2 pellets at different times.

The precipitated abstinence syndrome resulting from
both treatments is qualitatively similar, as reported in an
earlier study from this laboratory [6]. The more complete
work reported here demonstrates that there are some
quantitative differences. We have repeatedly found that the
proportion of rats showing each sign is a more consistent
measure of withdrawal than the actual number of occur-
rences of each. This observation is in agreement with Wei
{91 and other investigators. The syndrome in pellet-
implanted rats results in a greater incidence of jumping and
wet-dog shakes and in higher body weight loss than in
injected animals. It is possible that variations in treatment
procedures, such as anesthesia, surgery, and handling, might
account for some part of the differences observed in the
incidence and magnitude of withdrawal signs. It is more
likely, however, that the quantitative differences arising
from the 2 methods of narcotic administration are due to
either: (1) unequivalent integrals of brain morphine levels
over time; or (2) different shapes of the concentration vs.
time curves for morphine in the brain. At present, it is
impossible to distinguish between these 2 possibilities. It
seems appropriate to conclude that, at equivalent total
plasma levels of morphine over a short period of time,
continuous exposure to the opiate produces a greater
degree of dependence than intermittent exposure.
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