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Background/aim: Treating animals repeatedly with intermittent and increasing morphine doses has been suggested to allow some
withdrawal during each dosing interval, which causes repeated stress. The present study aimed to test this hypothesis and assess sex-
related differences in withdrawal signs and their suppression by clonidine.

Materials and methods: Male and female rats and mice were administered with increasing doses of morphine twice daily at different
dosing intervals. Rats were given clonidine in drinking water (5 pg/mL). Spontaneous and naloxone-precipitated withdrawal signs and
novelty-induced grooming were evaluated.

Results: Male rats and male and female rats displayed manifestations of morphine withdrawal at the end of 14-h and 24-h dosing
intervals, respectively. Clonidine attenuated the severity of the withdrawal signs. Male but not female mice displayed withdrawal signs
at the end of 12-h and 17-h dosing intervals. Female mice exhibited less pronounced naloxone-precipitated withdrawal syndrome.
Grooming did not reflect a “stress-like state” in morphine-treated animals.

Conclusion: These findings indicate intermittent morphine treatment-induced spontaneous withdrawal in rats and mice and sex-
related differences in spontaneous and naloxone-precipitated withdrawal signs in mice. Since the treatment protocol closely parallels
the drug use pattern in opioid addicts, further experiments are needed to clarify the stress associated with the treatment and the efficacy

of sedatives.
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1. Introduction
The effectiveness of morphine and other opiates in the
management of pain is limited by the development of
tolerance and physical dependence with prolonged or
repeated administrations (1). Following long-duration
opiate intake, abrupt drug withdrawal results in multiple
aversive somatic signs and behavioral changes that may
play a key role in maintaining continued drug use (2). The
alpha 2-adrenergic agonist clonidine alleviates most of the
somatic signs of opiate withdrawal syndrome (3).
Experimental studies in animals have shown that long-
term exposure to morphine induces physical dependence
manifested by somatic withdrawal symptoms when
the drug is withheld or soon after the administration of
naloxone or other opiate antagonists. Several studies have
demonstrated sex-related differences in the expression of
withdrawal signs (4-8). Many techniques were developed
to render rodents rapidly dependent on morphine. These
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include constant treatments provided by infusions (9,10) or
implanted slow-release pellets (11,12) and daily injections
of constant or escalating doses (6,8,13-16). Treating
animals repeatedly with intermittent and increasing
morphine doses is suggested to mimic opiate use patterns in
humans (8). In contrast to constant treatments, injections
of morphine in escalating doses at 12-h intervals result
in elevated basal plasma adrenocorticotropic hormone
and corticosterone concentrations. A “stress-like” state
is suggested to occur in response to repeated cycles of
partial withdrawal associated with intermittent treatment
regimen (17,18). It is well known that stress contributes
to the development and course of addictive behavior in
humans (19). Stressors in animals also reinstate heroin
self-administration (20) or increase morphine intake (21).

The aims of the present study were to assess the “stress-
like” state and spontaneous withdrawal associated with
intermittent morphine treatment in male and female
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rats and mice, the sex-related differences in spontaneous
as well as naloxone-precipitated morphine withdrawal
symptoms, and the effect of clonidine on withdrawal
signs associated with intermittent treatment. Novelty-
induced grooming behavior was used to evaluate the stress
response. Clonidine was given during dose intervals.
Because repeated injections may cause additional stress,
the drug was added to the drinking water of the animals
(22-24).

2. Materials and methods

2.1. Animals

Inbred male (280-380 g) and female (220-255 g) Wistar
albino rats and male and female (25-30 g) BALB/c mice
were obtained from the Animal Care Unit of the Institute
for Experimental Medicine of Istanbul University. Sixty-
three rats and 60 mice were used in the study. The animals
were housed 5 (rats) and 6 or 7 (mice) per cage under a
regular light/dark schedule (lights on at 0700 hours) for at
least 1 week prior to experimentation and were allowed free
access to both food and water. All studies were approved
by the Local Ethics Committee on Animal Experiments
(Istanbul University, 08/2009, 66-67/2010).

2.2. Drugs

Morphine (Verenigde Pharmaceutische Fabriken BV,
Holland) and naloxone hydrochloride (Sigma, St.
Louis, MO, USA) were dissolved in saline. Clonidine
hydrochloride (Sigma) was added to tap water. Rats were
injected with morphine and naloxone subcutaneously
(s.c.) in a volume of 1 mL/kg body weight. Mice were
injected with morphine intraperitoneally (i.p.) and with
naloxone s.c. in a volume of 10 and 1 mL/kg body weight,
respectively. Drug solutions were prepared fresh every day.
Clonidine dose was chosen according to our previous study
(24). Naloxone dose was chosen according to the studies
referred to for the induction of morphine dependence in
rats and mice, as indicated below.

2.3. Induction of morphine dependence in male and
female rats and mice

In Experiment I, development of spontaneous withdrawal
associated with intermittent morphine treatment and
effect of clonidine administration on spontaneous and
naloxone-precipitated withdrawal signs were assessed
in rats. The intermittent treatment regimen employed
was based on studies by Caille et al. (25) and Houshyar
et al. (17,18). In this regimen, morphine was given twice
daily at 12-h intervals with increasing doses each day. A
modification was made in the injection schedule that
provided interdose intervals of 10 and 14 h. Because
extension of the time interval between doses may induce
more withdrawal, clonidine was given during the 14-h time
period. Male rats were randomly divided into 4 groups

(n = 10 animals): control (saline; tap water), clonidine
(saline; tap water with clonidine), morphine (morphine;
tap water), and morphine + clonidine (morphine; tap
water with clonidine). For 4 days, the animals received
saline twice a day (at 0830 and 1830 hours) or increasing
doses of morphine as follows (in mg/kg of body weight):
day 1 (10, 10), day 2 (20, 20), day 3 (30, 30), and day 4 (40,
40). The final saline and morphine (40 mg/kg) injections
were delivered at 0830 hours on day 5. Throughout the
experiment, control and morphine groups received plain
tap water. Clonidine and morphine + clonidine groups
received tap water containing clonidine (5 pug/mL) from
1830 to 0830 hours (14-h withdrawal) and plain tap water
from 0830 to 1830 hours. Water consumption during
14-h dosing intervals was measured every morning in
all groups. Mean daily water consumption per rat was
calculated by dividing the total daily water consumption
by the number of animals present in the cage. Two animals
died (one in the morphine group and one in the morphine
+ clonidine group) during the course of the experiments.

In Experiment II, development of spontaneous
withdrawal associated to intermittent morphine treatment
and sex-related differences in spontaneous and naloxone-
precipitated withdrawal signs were assessed in rats. The
intermittent treatment regimen employed in the present
study was based on a study by Streel et al. (26). Male and
female rats were randomly divided into control (saline)
and morphine groups (n = 5-9 animals). For 3 days, the
animals received saline twice a day (at 1000 and 1600
hours) or increasing doses of morphine as follows (in mg/
kg of body weight): day 1 (10, 20), day 2 (30, 40), and day
3 (50, 50). During the next 3 days, the rats received saline
or a regular dose of morphine once a day (at 1200 hours).
The doses were as follows (in mg/kg of body weight): day 4
(50), day 5 (50), and day 6 (50).

Intermittent morphine treatment is widely used in mice
for the induction of dependence (8,14,16). Therefore, in
Experiment III, development of spontaneous withdrawal
associated with intermittent morphine treatment and
sex-related differences in spontaneous and naloxone-
precipitated withdrawal signs were also assessed in mice.
The intermittent treatment regimens employed were
based on studies conducted by Papaleo and Contarino (8)
and Li et al. (14). Male and female mice were randomly
divided into control (saline) and morphine groups (n =
6-10 animals). In the first regimen (M-10/50), the animals
received saline twice a day for 5 days (at 0800 and 2000
hours) or increasing doses of morphine as follows (in mg/
kg of body weight): day 1 (10, 10), day 2 (20, 20), day 3 (30,
30), day 4 (40, 40), and day 5 (50, 50). The final saline and
morphine (50 mg/kg) injections were delivered at 0800
hours on day 6. In the second regimen (M-20/100), the
animals received saline twice a day for 5 days (at 0900 and
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1600 hours) or increasing doses of morphine as follows (in
mg/kg of body weight): day 1 (20, 20), day 2 (40, 40), day
3 (60, 60), day 4 (80, 80), and day 5 (100, 100). The final
saline or morphine (100 mg/kg) injections were delivered
at 0900 hours on day 6.

2.4. Measurement of stress response and spontaneous
withdrawal signs

Animals were placed individually into wire mesh
observation cages (width and length 30 cm, height 25
cm) just before the final injections (at the end of a 14-h
dosing interval in Experiment I, 24-h dosing interval
in Experiment II, and 12- and 17-h dosing intervals in
ExperimentIII). Following a 1-min habituation period, rats
were observed for 5 min and mice for 10 min for grooming
behavior and spontaneous withdrawal signs. Grooming
activities were considered as scratching of body and face
and licking of body fur, tail, limbs, and genital area. Total
time spent grooming was also measured in rats. Grooming
frequency was recorded in mice by giving a score for the
presence of grooming behavior every 15 s (27). Teeth
chattering, ptosis, urination, cheek tremors, freezing,
eye blinking, sniffing, and wet dog shakes were assessed
as somatic signs of spontaneous morphine withdrawal
in rats. Ptosis, urination, cheek tremors, freezing, eye
blinking, and diarrhea were assessed as somatic signs of
spontaneous morphine withdrawal in mice. One point was
attributed for each observed sign and a global withdrawal
score was calculated for each animal by summing up all
the checked signs (28).

2.5. Measurement of naloxone-precipitated withdrawal
signs

Animals were treated with 1 mg/kg naloxone 2 h after
the final injections and were then placed individually
into observation cages. The occurrence of escape jumps
(jumping frequency) was recorded for 15 min. Animals
were weighed before and after the naloxone challenge to
determine body weight loss. On test days, the animals
were acclimatized to the experimental room 1 h prior to
experimentation. Experiments took place under quiet
conditions and in dim light. The observation cages were
cleaned thoroughly with wet and dry cloths between
each test. A trained observer who was blinded to the
treatment given to each group carried out all behavioral
measurements.

2.6. Statistical analysis

All data analyses were performed using SPSS 21.0. One-
way analysis of variance (ANOVA) was used to compare
global withdrawal score, duration and frequency of
grooming, body weight loss, and jumping frequency data
collected from the animals. The Bonferroni test was used
for group comparisons. Significance was accepted at the P
< 0.05 level. For the estimation of the statistical power of
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the study, post hoc power analysis was performed using
G*Power 3.1.9.2 Statistical Analysis. Power analysis for
prediction of water intake, grooming duration, global
withdrawal score, weight loss, and jumping in Experiment
I and II, and for global withdrawal score and jumping
in the M-10/50 group and grooming frequency, global
withdrawal score, and jumping in the M/20-100 group in
Experiment III revealed a statistical power of more than
80% for our sample size, with an a error of 0.05. Power
of grooming frequency was 50% in the M-10/50 group.
Power of body weight loss was 8% and 13% in the M-10/50
and M-20/100 groups, respectively.

3. Results

In Experiment I, average water consumption for each rat
during the 14-h time period was calculated as 22.4 + 0.86,
13.1 £ 1.85, 10.8 * 2.74, and 6.5 + 1.35 mL in the control,
clonidine, morphine, and morphine + clonidine groups,
respectively. One-way ANOVA revealed significant
differences among the groups in terms of water intake
[F (3,34) = 12.704; P < 0.001]. Clonidine, morphine,
and morphine + clonidine groups had lower water
consumption compared to the control group (P < 0.001).
Approximate average dose of clonidine consumed daily
by each rat was 65.5 + 8.59 and 26.6 + 4.77 ug/mL in the
clonidine and morphine + clonidine groups, respectively.
Novelty-induced grooming behavior and spontaneous and
naloxone-precipitated withdrawal in rats determined on
day 5 are shown in Figure 1. At the end of the 14-h dosing
interval, one-way ANOVA revealed significant differences
among the groups in terms of grooming duration [F(3,34)
= 6.023; P < 0.01] and withdrawal signs [F(3,34) = 8.282;
P < 0.001]. Total time spent on grooming was less in the
morphine (P < 0.01) and morphine + clonidine (P < 0.05)
groups compared to the control group. Animals in the
morphine (P < 0.001) and morphine + clonidine (P < 0.01)
groups showed marked global withdrawal scores compared
to the control animals. Withdrawal was less severe in the
morphine + clonidine group compared to the morphine
group (P < 0.05). One-way ANOVA revealed significant
differences between the groups in body weight loss [F(3,34)
=3.785; P < 0.05] and jumping frequency [F(3,34) = 9.362;
P < 0.001] after naloxone administration. Animals in the
morphine (P < 0.05; P < 0.001) and morphine + clonidine
(P < 0.05; P < 0.01) groups exhibited marked weight loss
and number of jumps compared to the control animals.

In Experiment II, novelty-induced grooming behavior
and spontaneous and naloxone-precipitated withdrawal
signs in male and female rats determined on day 6 are
shown in Figure 2. At the end of the 24-h dosing interval,
one-way ANOVA revealed significant differences between
the groups in terms of withdrawal signs [F(3,21) = 19.083;
P < 0.001], although not in grooming duration [F(3,21) =
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Figure 1. Spontaneous withdrawal and grooming activity observed at the end of the 14-h dosing interval, and naloxone-precipitated
weight loss and jumping observed 2 h after the final injections in intermittent morphine administration in rats. Animals were injected
s.c. with saline or morphine (10-40 mg/kg) for 5 days (twice daily on days 1, 2, 3, and 4 and once daily on the morning of day 5).
Clonidine (5 pg/mL) was given in drinking water during the 14-h time period. Withdrawal signs and calculation of global withdrawal
score were described in the text. Results are presented as means + SEM (n = 9-10 rats for each group). Number of jumps in the control
and clonidine groups are 0.0 + 0.00.

*: P <0.05**: P <0.01, ***: P < 0.001 difference from the control group; #: P < 0.05 difference from the morphine group.

2.183; P > 0.05]. Both male and female rats treated with P < 0.001] and jumping frequency [F(3,21) = 10.795; P <
morphine showed marked global withdrawal scores 0.001]. Male (P < 0.01; P < 0.05) and female (P < 0.05)
compared to their relative control groups (P < 0.01). rats in the morphine groups exhibited marked weight loss
One-way ANOVA also revealed significant differences and number of jumps compared to the same-sex control
between the groups in body weight loss [F(3,21) = 9.017; animals.
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Figure 2. Spontaneous withdrawal and grooming activity observed at the end of 24-h dosing interval, and naloxone-precipitated weight
loss and jumping observed 2 h after the final injections in intermittent morphine administration in male and female rats. Animals were
treated s.c. with saline or increasing doses of morphine (10-50 mg/kg) for 6 days (twice daily on days 1, 2, and 3 and once daily on days
4, 5, and 6). Withdrawal signs and calculation of global withdrawal score were described in the text. Results are presented as means +
SEM (n = 5-9 rats for each group). Number of jumps in male and female control animals are 0.0 + 0.00.

*: P <0.05, **: P < 0.01 difference from the same-sex control groups.

In Experiment III, novelty-induced grooming
behavior and spontaneous and naloxone-precipitated
withdrawal in male and female mice determined on day
6 are shown in Figure 3. At the end of the 12-h dosing
interval in the M-10/50 dose regimen, one-way ANOVA
revealed significant differences between the groups in the
global withdrawal score [F(3,28) = 7.377; P < 0.001] and
grooming frequency [F(3,28) = 3.366; P < 0.05]. Male
mice but not female mice treated with morphine showed a
marked global withdrawal score compared with the same-
sex control animals (P < 0.01). Post hoc analysis did not
reveal significant differences between morphine-treated
and control animals for the grooming activity. One-way
ANOVA also revealed significant differences between the
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groups in the body weight loss [F(3,28) = 3.055; P < 0.05]
and jumping frequency [F(3,28) = 7.275; P < 0.001] after
naloxone administration. Male animals but not females
treated with morphine had higher body weight loss (P
< 0.05) and number of jumps (P < 0.01) compared to
same-sex control animals. At the end of the 17-h dosing
interval in the M-20/100 dose regimen, one-way ANOVA
revealed significant differences among the groups both in
global withdrawal score [F(3,24) = 9.779; P < 0.001] and
grooming frequency [F(3,24) = 5.979; P < 0.01]. Male
mice but not female mice treated with morphine showed
higher global withdrawal score (P < 0.001), and both
male and female morphine-treated mice showed a lower
number of grooming actions (P < 0.05) compared to their
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Figure 3. Spontaneous withdrawal and grooming activity observed at the end of 12-h (M-10/50) or 17-h (M-20/100) dosing intervals,
and naloxone-precipitated weight loss and jumping observed 2 h after the final injections in intermittent morphine administration in
male and female mice. Animals were treated s.c. with saline or increasing doses of morphine (10-50 or 20-100 mg/kg) for 6 days (twice
daily on days 1, 2, and 3, and once daily on days 4, 5, and 6). Withdrawal signs and calculation of global withdrawal score were described
in the text. Results are presented as means + SEM (n = 6-10 mice for each group). Number of jumps in M-10/50 and M-20/100 male

and female control animals is 0.0 + 0.00.

*: P <0.05*: P <0.01, ***: P < 0.001 difference from the same-sex control groups.

relative control groups. One-way ANOVA also revealed
significant differences between the groups in body weight
loss [F(3,24) = 6.944; P < 0.01] and jumping frequency
[F(3,24) = 8.830; P < 0.001] after naloxone administration.
Morphine-treated male mice had higher body weight loss
and number of jumps (P < 0.01), and female mice had
higher number of jumps (P < 0.05) compared to the same-
sex control animals.

4. Discussion
This study was designed for the following purposes: first,
to investigate the hypothesis that induction of morphine

dependence by intermittent injections may induce stress
and allow some withdrawal during treatment; and, second,
to evaluate the sex-related differences in withdrawal
symptoms. Our results showed that novelty-induced
grooming behavior could not imply a “stress-like state” in
rats and mice treated intermittently with increasing doses
of morphine. The treatment protocols, however, produced
marked manifestations of spontaneous withdrawal at the
end of the dosing interval. Administration of clonidine
during dose intervals attenuated the withdrawal signs.
The expression of spontaneous and naloxone-precipitated
withdrawal syndrome, on the other hand, did not
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significantly differ in male and female rats, but appeared
somewhat less pronounced in female mice compared to
males.

The degree and severity of physical dependence on
opioids is influenced by dose, frequency (dosing interval),
and duration of drug administration (9,29). It has been
suggested that frequency is the most important factor
(29). In studies with daily morphine injections, animals
receive each dose at equal (6,18,25,30) or unequal dosing
intervals (6,13,15,31). In the present study, animals were
given intermittent morphine injections with different
interdose intervals for a better assessment of spontaneous
withdrawal associated to the treatment regimen.

Following long-term morphine administration,
abrupt withdrawal elicits spontaneous withdrawal in rats
as expressed by wet dog shakes, jumping, paw tremor,
diarrhea, ptosis, teeth chattering, piloerection, eye blinking,
salivation, grooming, body weight loss, and reduction
in food consumption and water intake (9,15,25,28,32).
Somatic signs of spontaneous morphine withdrawal in
mice are diarrhea, body weight loss, jumping, wet dog
shake, ptosis, paw tremor, and head shaking (8,14,30). In
the present study, spontaneous withdrawal evaluated just
before the final morphine dose was manifested as teeth
chattering, ptosis, wet dog shakes, urination, cheek tremors,
freezing, eye blinking, and sniffing in rats and freezing,
diarrhea, tremors, eye blinking, and ptosis in mice. The
variety of withdrawal signs appears to be similar to those
observed in chronic morphine use in rodents. Male and
female rats treated intermittently with increasing doses
of morphine displayed higher global withdrawal scores at
the end of the 14-h and 24-h dosing intervals, respectively
(Figures 1 and 2). Intermittent morphine treatment also
produced higher global withdrawal scores in male mice
at the end of the 12-h and 17-h dosing intervals (Figure
3). These results support the suggestion that intermittent
injections of morphine allow withdrawal during dosing
intervals (18). The withdrawal symptoms observed in both
species are obviously less pronounced than those reported
in previous studies. This indicates that partial withdrawal is
associated with intermittent morphine administration. The
severity of the withdrawal score between male and female
rats is inconsequential. This finding is not in agreement with
the finding that male rats have more severe spontaneous
withdrawal syndrome than females (7). In contrast to
rats, mice showed sex-related differences in withdrawal
scores in both treatment regimens. These results contradict
previous observations that M-10/50 and M-20/100
morphine regimens allow spontaneous withdrawal in both
sexes (8). This discrepancy between the two studies may be
due to the differences in testing times (just before the last
dose vs. several hours after the last dose) and/or test session
durations (10 min vs. 30 min).
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Several withdrawal signs have been observed following
naloxone challenge in morphine-dependent animals
(5,6,11,16,30,31). Weight loss and jumping are considered
predominant signs for quantification of naloxone
withdrawal in both rats (33,34) and mice (6,11,35).
Accordingly, naloxone precipitated withdrawal weight
loss and jumping in morphine-treated male and female
rats (Figures 1 and 2). Both M-10/50 and M-20/100 male
mice also displayed significant weight loss and jumping,
and M-20-100 female mice exhibited significant jumping
following naloxone administration (Figure 3). There were
no sex-related differences in the expression of naloxone-
precipitated withdrawal signs in rats. In contrast, M-10/50
female mice did not show withdrawal signs, and M-20/100
female mice had less severe withdrawal (only jumping)
in respect to M-20/100 males. Studies on sex-related
differences in the expression of morphine withdrawal
syndrome precipitated by naloxone have produced
inconsistent results both in rats (4,7) and in mice
(5,6,11,35). Our results agree with the previous finding
showing that naloxone-precipitated withdrawal syndrome
is similar in male and female rats (7). Moreover, data
obtained from mice support the previous findings that
female mice are less prone to developing signs of naloxone
withdrawal syndrome than male animals (5,35).

Noradrenergic neurons from the locus coeruleus
are thought to be an essential component of opiate
withdrawal (36). Clonidine has been shown to alleviate
most of the somatic signs of opiate withdrawal with its
ability to reduce firing of these neurons via presynaptic
stimulation of a -adrenoceptors (3,36). Acute or repeated
clonidine administration before (25,26,32,37,38) or after
(28,36,39) the cessation of morphine treatment effectively
decreases both spontaneous and naloxone-precipitated
withdrawal symptoms. Accordingly, in the present study,
self-administration of clonidine in the drinking water
for 4 days during the dosing interval attenuated the
spontaneous withdrawal associated with intermittent
morphine treatment in rats. Reduced water consumption
in the clonidine groups suggests achievement of adequate
amounts of clonidine, as the drug was shown to elicit
marked reduction in water intake (23,40). It has been
hypothesized that clonidine coadministration during long-
term morphine treatment might diminish noradrenergic
hyperactivity and consequently the development of
dependence and withdrawal signs (37). Distinct from
the spontaneous withdrawal, the severity of naloxone-
precipitated weight loss and jumping did not differ between
morphine and clonidine + morphine groups. This finding
implies that clonidine self-administration during dosing
interval could not affect the development of dependence
on morphine. Repeated coadministration of clonidine
with morphine has been shown to either decrease (38)
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or potentiate (37) naloxone-precipitated withdrawal
symptoms. Neither of these contradictory findings was
supported by this study.

Considered a response to stress, novelty-induced
grooming has long been studied in neurobehavioral stress
research in mice and rats (41,42). Stress-evoked alterations
in grooming activity were reported with dramatic
increases in its frequency and duration (43,44). It has been
shown that withdrawal syndrome in morphine-dependent
rats is combined with the development of stress, reflected
by increased duration of grooming behavior (45,46).
Our results, however, do not imply a “stress-like” state
associated with spontaneous withdrawal syndrome in
animals treated intermittently with morphine (18). We
found that neither the duration (Figures 1 and 2) nor
the frequency (Figure 3) of grooming activity increases
in the novel environment in morphine-treated male and
female rats and mice. Instead, rats had reduced grooming
duration at the end of the 14-h dosing interval (Figure 1),
and both M-20/100 male and female mice had reduced
grooming frequency at the end of the 7-h dosing interval
(Figure 3). These results suggested sufficient blood
morphine levels after dosing intervals to affect grooming,
since grooming decreases in the first week of a repeated
morphine treatment regimen after animals receive daily
morphine injections (47). On the other hand, it has been
shown that injection of clonidine into the brains of rats
decreases grooming duration (48). Its administration in
drinking water, however, could not produce a similar effect
(Figure 1). Interestingly, grooming duration did not differ
between the morphine + clonidine and control groups.
Since clonidine has a sedative effect (48), this finding

References

1. Williams JT, Christie MJ, Manzoni O. Cellular and synaptic
adaptations mediating opioid dependence. Physiol Rev 2001;
81:299-343.

2. Schulteis G, Koob GF. Reinforcement processes in opiate
addiction: a homeostatic model. Neurochem Res 1996; 21:
1437-1454.

3. Gowing L, Farrell M, Ali R, White JM. Alpha,-adrenergic
agonists for the management of opioid withdrawal. Cochrane
Db Syst Rev 2009; 3: CD002024.

4. Craft RM, Stratmann JA, Bartok RE, Walpole TI, King SJ.
Sex differences in development of morphine tolerance and
dependence in the rat. Psychopharmacology 1999; 143: 1-7.

5. Diaz SL, Kemmling AK, Rubio MC, Balerio GN. Lack of
sex-related differences in the prevention by baclofen of the
morphine withdrawal syndrome in mice. Behav Pharmacol
2001; 12: 75-79.

might suggest an antistress activity during dose intervals.
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In conclusion, intermittent injections of increasing
doses of morphine produce manifestations of spontaneous
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mice, attenuated by administration of clonidine during
dose intervals. Novelty-induced grooming behavior in
the animals, however, could not reflect a withdrawal-
induced stress associated with the treatment regimens.
Absence of significant spontaneous withdrawal signs
and presence of somewhat less pronounced naloxone-
precipitated withdrawal signs in female mice appear as
sex- and species-related differences in the development
of physical dependence on morphine. On the other
hand, opiate withdrawal syndrome powerfully motivates
drug-seeking and abuse in humans (2). Therefore,
spontaneous withdrawal associated with intermittent
morphine treatment in animals needs further evaluation
for its possible role in maintaining continued drug use and
response to drugs possessing sedative activity.

Acknowledgments

The authors would like to thank David Chapman
(language editor, Istanbul Faculty of Medicine) for editing
the manuscript. This work was supported by the Scientific
Research Projects Coordination Unit of Istanbul University
(Project No: BYP 9354).

6. Kest B, Palmese CA, Hopkins E, Adler M, Juni A. Assessment
of acute and chronic morphine dependence in male and female
mice. Pharmacol Biochem Behav 2001; 70: 149-156.

7. Cicero TJ, Nock B, Meyer ER. Gender-linked differences in
the expression of physical dependence in the rat. Pharmacol
Biochem Behav 2002; 72: 691-697.

8.  Papaleo F, Contarino A. Gender- and morphine dose-linked
expression of spontaneous somatic opiate withdrawal in mice.
Behav Brain Res 2006; 170: 110-118.

9.  Langerman L, Piscoun B, Bansinath M, Shemesh Y, Turndorf
H, Grant GJ. Quantifiable dose-dependent withdrawal after
morphine discontinuation in a rat model. Pharmacol Biochem
Behav 2001; 68: 1-6.

10. Lenard NR, Roerig SC. Development of antinociceptive
tolerance and physical dependence following morphine i.c.v.
infusion in mice. Eur ] Pharmacol 2005; 527: 71-76.

1387


http://dx.doi.org/10.1007/BF02532385
http://dx.doi.org/10.1007/BF02532385
http://dx.doi.org/10.1007/BF02532385
http://dx.doi.org/10.1007/s002130050911
http://dx.doi.org/10.1007/s002130050911
http://dx.doi.org/10.1007/s002130050911
http://dx.doi.org/10.1097/00008877-200102000-00009
http://dx.doi.org/10.1097/00008877-200102000-00009
http://dx.doi.org/10.1097/00008877-200102000-00009
http://dx.doi.org/10.1097/00008877-200102000-00009
http://dx.doi.org/10.1016/S0091-3057(01)00600-1
http://dx.doi.org/10.1016/S0091-3057(01)00600-1
http://dx.doi.org/10.1016/S0091-3057(01)00600-1
http://dx.doi.org/10.1016/S0091-3057(02)00740-2
http://dx.doi.org/10.1016/S0091-3057(02)00740-2
http://dx.doi.org/10.1016/S0091-3057(02)00740-2
http://dx.doi.org/10.1016/j.bbr.2006.02.009
http://dx.doi.org/10.1016/j.bbr.2006.02.009
http://dx.doi.org/10.1016/j.bbr.2006.02.009
http://dx.doi.org/10.1016/S0091-3057(00)00442-1
http://dx.doi.org/10.1016/S0091-3057(00)00442-1
http://dx.doi.org/10.1016/S0091-3057(00)00442-1
http://dx.doi.org/10.1016/S0091-3057(00)00442-1
http://dx.doi.org/10.1016/j.ejphar.2005.10.031
http://dx.doi.org/10.1016/j.ejphar.2005.10.031
http://dx.doi.org/10.1016/j.ejphar.2005.10.031

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

ALLAHVERDIYEV et al. / Turk ] Med Sci

Blum K, Eubanks JD, Wiggins B, Wallace JE. Morphine
withdrawal reactions in male and female mice. Am J Drug
Alcohol Ab 1976; 3: 363-368.

Koyuncuoglu H, Nurten A, Yamantiirk P, Nurten R. The
importance of the number of NMDA receptors in the
development of supersensitivity or tolerance to and dependence
on morphine. Pharmacol Res 1999; 39: 311-319.

Zhou H, Ge X, Wang LZ, Ma L, Pei G. Attenuation of morphine
tolerance and dependence in scopolamine-treated rats.
Neuroreport 1999; 10: 2007-2010.

Li T, Hou Y, Cao W, Yan CX, Chen T, Li SB. Naloxone-
precipitated withdrawal enhances ERK phosphorylation
in prefrontal association cortex and accumbens nucleus of
morphine-dependent mice. Neurosci Lett 2010; 468: 348-352.

Cobuzzi JL, Riley AL. Spontaneous withdrawal in opiate-
dependent Fischer 344, Lewis and Sprague-Dawley rats.
Pharmacol Biochem Behav 2011; 98: 28-43.

Rehni AK, Singh N, Rachamalla M, Tikoo K. Modulation of
histone deacetylase attenuates naloxone-precipitated opioid
withdrawal syndrome. N-S Arch Pharmacol 2012; 385: 605-
619.

Houshyar H, Galigniana MD, Pratt WB, Woods JH. Differential
responsivity of the hypothalamic-pituitary-adrenal axis to
glucocorticoid negative feedback and corticotropin-releasing
hormone in rats undergoing acute and chronic morphine
withdrawal: possible mechanisms involved in facilitated and
attenuated stress responses. ] Neuroendocrinol 2001; 13: 875-
886.

Houshyar H, Gomez E Manalo S, Bhargava A, Dallman ME
Intermittent morphine administration induces dependence
and is a chronic stressor in rats. Neuropsychopharmacology
2003; 28: 1960-1972.

Kreek MJ, Koob GE. Drug dependence: stress and dysregulation
of brain reward pathways. Drug Alcohol Depen 1998; 51: 23—
47.

Shalev U, Morales M, Hope B, Yap J, Shaham Y. Time-
dependent changes in extinction behavior and stress-induced
reinstatement of drug seeking following withdrawal from
heroin in rats. Psychopharmacology 2001; 156: 98-107.

Raz S, Berger BD. Social isolation increases morphine intake:
behavioral and psychopharmacological aspects. Behav
Pharmacol 2010; 21: 39-46.

Meyer DR, El-Azhary R, Bierer DWS, Hanson SK, Robbins
MS, Sparber SB. Tolerance and dependence after chronic
administration of clonidine to the rat. Pharmacol Biochem
Behav 1997; 7: 227-231.

Abdel-Rahman AA. Alcohol abolishes the hypotensive effect
of clonidine in spontaneously hypertensive rats. Hypertension
1994; 24: 802-807.

Enginar N, Koyuncuoglu H, Hatipoglu I, Digci R, Eroglu
L. Chronic clonidine administration-induced behavioral
hyperactivity: effects of imipramine, propranolol and
diazepam. Med Bull Istanbul 1996; 29: 77-81.

1388

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Caillé S, Espejo EE Reneric JP, Cador M, Koob GE Stinus L.
Total neurochemical lesion of noradrenergic neurons of the
locus ceruleus does not alter either naloxone-precipitated or
spontaneous opiate withdrawal nor does it influence ability of
clonidine to reverse opiate withdrawal. ] Pharmacol Exp Ther
1999; 290: 881-892.

Streel E, Dan B, Campanella S, Meyvaert A, Hanak C, Pelc
I, Verbanck P. A pharmacological modulation of opiate
withdrawal using an up-/down-regulation of the noradrenergic
system in opiate-dependent rats. Int ] Neuropsychoph 2006; 9:
621-626.

Marroni SS, Nakano FN, Gati CDC, Oliveira JAC, Antunes-
Rodrigues J, Garcia-Cairasco N. Neuroanatomical and cellular
substrates of hypergrooming induced by microinjection of
oxytocin in central nucleus of amygdala, an experimental
model of compulsive behavior. Mol Psychiatr 2007; 12: 1103—
1117.

Ruiz E, Fournié-Zaluski MC, Roques BP, Maldonado R. Similar
decrease in spontaneous morphine abstinence by methadone
and RB 101, an inhibitor of enkephalin catabolism. Brit ]
Pharmacol 1996; 119: 174-182.

Deneau GA, Seevers MH. Pharmacological aspects of drug
dependence. Adv Pharmacol 1964; 3: 267-283.

Papaleo F Ghozland S, Ingallinesi M, Roberts AJ, Koob
GE, Contarino A. Disruption of the CRF, receptor pathway
decreases the somatic expression of opiate withdrawal.
Neuropsychopharmacology 2008; 33: 2878-2887.

Palucha-Poniewiera A, Novak K, Pilc A. Group III mGlu
receptor agonist, ACPT-I, attenuates morphine-withdrawal
symptoms after peripheral administration in mice. Prog
Neuropsychopharmacol Biol Psychiatry 2009; 33: 1454-1457.

Hu Z, Deng Y, Hu C, Deng P, Bu Q, Yan G, Zhou J, Shao X, Zhao
J, LiY et al. '"H NMR-based metabonomic analysis of brain in
rats of morphine dependence and withdrawal intervention.
Behav Brain Res 2012; 231: 11-19.

Trujillo KA. Effects of noncompetitive N-methyl-D-aspartate
receptor antagonists on opiate tolerance and physical
dependence. Neuropsychopharmacology 1995; 13: 301-307.

Zhou Y, Bendor J, Hofmann L, Randesi M, Ho A, Kreek M]J.
Mu opioid receptor and orexin/hypocretin mRNA levels in the
lateral hypothalamus and striatum are enhanced by morphine
withdrawal. ] Endocrinol 2006; 191: 137-145.

Sadeghi M, Sianati S, Anaraki DK, Ghasemi M, Paydar MJ,
Sharif B, Mehr SE, Dehpour AR. Study of morphine-induced
dependence in gonadectomized male and female mice.
Pharmacol Biochem Behav 2009; 91: 604-609.

Maldonado R. Participation of noradrenergic pathways
in the expression of opiate withdrawal: biochemical and
pharmacological evidence. Neurosci Biobehav Rev 1997; 21:
91-104.

El-Kadi AO, Sharif SI. The influence of chronic treatment with
clonidine, yohimbine and idazoxan on morphine withdrawal.
Psychopharmacology 1997; 132: 67-73.


http://dx.doi.org/10.3109/00952997609077204
http://dx.doi.org/10.3109/00952997609077204
http://dx.doi.org/10.3109/00952997609077204
http://dx.doi.org/10.1006/phrs.1998.0443
http://dx.doi.org/10.1006/phrs.1998.0443
http://dx.doi.org/10.1006/phrs.1998.0443
http://dx.doi.org/10.1006/phrs.1998.0443
http://dx.doi.org/10.1097/00001756-199907130-00003
http://dx.doi.org/10.1097/00001756-199907130-00003
http://dx.doi.org/10.1097/00001756-199907130-00003
http://dx.doi.org/10.1016/j.neulet.2009.11.030
http://dx.doi.org/10.1016/j.neulet.2009.11.030
http://dx.doi.org/10.1016/j.neulet.2009.11.030
http://dx.doi.org/10.1016/j.neulet.2009.11.030
http://dx.doi.org/10.1016/j.pbb.2010.12.003
http://dx.doi.org/10.1016/j.pbb.2010.12.003
http://dx.doi.org/10.1016/j.pbb.2010.12.003
http://dx.doi.org/10.1007/s00210-012-0739-x
http://dx.doi.org/10.1007/s00210-012-0739-x
http://dx.doi.org/10.1007/s00210-012-0739-x
http://dx.doi.org/10.1007/s00210-012-0739-x
http://dx.doi.org/10.1046/j.1365-2826.2001.00714.x
http://dx.doi.org/10.1046/j.1365-2826.2001.00714.x
http://dx.doi.org/10.1046/j.1365-2826.2001.00714.x
http://dx.doi.org/10.1046/j.1365-2826.2001.00714.x
http://dx.doi.org/10.1046/j.1365-2826.2001.00714.x
http://dx.doi.org/10.1046/j.1365-2826.2001.00714.x
http://dx.doi.org/10.1046/j.1365-2826.2001.00714.x
http://dx.doi.org/10.1038/sj.npp.1300271
http://dx.doi.org/10.1038/sj.npp.1300271
http://dx.doi.org/10.1038/sj.npp.1300271
http://dx.doi.org/10.1038/sj.npp.1300271
http://dx.doi.org/10.1016/S0376-8716(98)00064-7
http://dx.doi.org/10.1016/S0376-8716(98)00064-7
http://dx.doi.org/10.1016/S0376-8716(98)00064-7
http://dx.doi.org/10.1007/s002130100748
http://dx.doi.org/10.1007/s002130100748
http://dx.doi.org/10.1007/s002130100748
http://dx.doi.org/10.1007/s002130100748
http://dx.doi.org/10.1097/FBP.0b013e32833470bd
http://dx.doi.org/10.1097/FBP.0b013e32833470bd
http://dx.doi.org/10.1097/FBP.0b013e32833470bd
http://dx.doi.org/10.1016/0091-3057(77)90138-1
http://dx.doi.org/10.1016/0091-3057(77)90138-1
http://dx.doi.org/10.1016/0091-3057(77)90138-1
http://dx.doi.org/10.1016/0091-3057(77)90138-1
http://dx.doi.org/10.1161/01.HYP.24.6.802
http://dx.doi.org/10.1161/01.HYP.24.6.802
http://dx.doi.org/10.1161/01.HYP.24.6.802
http://dx.doi.org/10.1017/S1461145705006024
http://dx.doi.org/10.1017/S1461145705006024
http://dx.doi.org/10.1017/S1461145705006024
http://dx.doi.org/10.1017/S1461145705006024
http://dx.doi.org/10.1017/S1461145705006024
http://dx.doi.org/10.1038/sj.mp.4002015
http://dx.doi.org/10.1038/sj.mp.4002015
http://dx.doi.org/10.1038/sj.mp.4002015
http://dx.doi.org/10.1038/sj.mp.4002015
http://dx.doi.org/10.1038/sj.mp.4002015
http://dx.doi.org/10.1038/sj.mp.4002015
http://dx.doi.org/10.1111/j.1476-5381.1996.tb15691.x
http://dx.doi.org/10.1111/j.1476-5381.1996.tb15691.x
http://dx.doi.org/10.1111/j.1476-5381.1996.tb15691.x
http://dx.doi.org/10.1111/j.1476-5381.1996.tb15691.x
http://dx.doi.org/10.1016/S1054-3589(08)61114-X
http://dx.doi.org/10.1016/S1054-3589(08)61114-X
http://dx.doi.org/10.1038/npp.2008.8
http://dx.doi.org/10.1038/npp.2008.8
http://dx.doi.org/10.1038/npp.2008.8
http://dx.doi.org/10.1038/npp.2008.8
http://dx.doi.org/10.1016/j.pnpbp.2009.07.029
http://dx.doi.org/10.1016/j.pnpbp.2009.07.029
http://dx.doi.org/10.1016/j.pnpbp.2009.07.029
http://dx.doi.org/10.1016/j.pnpbp.2009.07.029
http://dx.doi.org/10.1016/j.bbr.2012.02.026
http://dx.doi.org/10.1016/j.bbr.2012.02.026
http://dx.doi.org/10.1016/j.bbr.2012.02.026
http://dx.doi.org/10.1016/j.bbr.2012.02.026
http://dx.doi.org/10.1016/0893-133X(95)00088-U
http://dx.doi.org/10.1016/0893-133X(95)00088-U
http://dx.doi.org/10.1016/0893-133X(95)00088-U
http://dx.doi.org/10.1677/joe.1.06960
http://dx.doi.org/10.1677/joe.1.06960
http://dx.doi.org/10.1677/joe.1.06960
http://dx.doi.org/10.1677/joe.1.06960
http://dx.doi.org/10.1016/j.pbb.2008.09.015
http://dx.doi.org/10.1016/j.pbb.2008.09.015
http://dx.doi.org/10.1016/j.pbb.2008.09.015
http://dx.doi.org/10.1016/j.pbb.2008.09.015
http://dx.doi.org/10.1016/0149-7634(95)00061-5
http://dx.doi.org/10.1016/0149-7634(95)00061-5
http://dx.doi.org/10.1016/0149-7634(95)00061-5
http://dx.doi.org/10.1016/0149-7634(95)00061-5
http://dx.doi.org/10.1007/s002130050321
http://dx.doi.org/10.1007/s002130050321
http://dx.doi.org/10.1007/s002130050321

38.

39.

40.

41.

42.

43.

44.

ALLAHVERDIYEV et al. / Turk ] Med Sci

Feily A, Abbasi N. The inhibitory effect of Hypericum
perforatum extract on morphine withdrawal syndrome in rat
and comparison with clonidine. Phytother Res 2009; 23: 1549
1552.

Pinelli A, Trivulzio S. Quantitative evaluation of opioid
withdrawal signs in rats repeatedly treated with morphine
and injected with naloxone, in the absence or presence of the
antiabstinence agent clonidine. ] Pharmacol Toxicol 1997; 38:
117-131.

Ferrari AC, Camargo LA, Saad WA, Renzi A, de Luca LA,
Menani JV. Clonidine and phenylephrine injected into the
lateral hypothalamus inhibits water intake in rats. Brain Res
1990; 522: 125-130.

Leggio GM, Micale V, Le Foll B, Mazzola C, Nobrega JN, Drago
FE. Dopamine receptor D3 knock-out mice exhibit increased
behavioral sensitivity to the anxiolytic drug diazepam. Eur
Neuropsychopharmacol 2011; 21: 325-332.

Rodriguez Echandia EL, Broitman ST, Foscolo MR. Effect
of serotonergic and catecholaminergic antagonists on mild-
stress-induced excessive grooming in the rat. Behav Neurosci
1983; 97: 1022-1024.

Kalueft AV, Tuohimaa P. The grooming analysis algorithm
discriminates between different levels of anxiety in rats:
potential utility for neurobehavioural stress research. J
Neurosci Meth 2005; 143: 169-177.

Fukushiro DE Frussa-Filho R. Chronic amphetamine
transforms the emotional significance of a novel but not
a familiar environment: implications for addiction. Int ]
Neuropsychopharmacol 2011; 14: 955-965.

45.

46.

47.

48.

49.

50.

51.

Kazakov VN, Panova TI, Panova LE. Stress in morphine-
addicted rats: antistressor properties of comenic acid.
Neurophysiology 2003; 35: 392-397.

Goeldner C, Lutz PE, Darcq E, Halter T, Clesse D, Ouagazzal
AM, Kieffer BL. Impaired emotional-like behavior and
serotonergic function during protracted abstinence from
chronic morphine. Biol Psychiat 2011; 69: 236-244.

Taraschenko OD, Rubbinaccio HY, Shulan JM, Glick SD,
Maisonneuve IM. Morphine-induced changes in acetylcholine
release in the interpeduncular nucleus and relationship to
changes in motor behavior in rats. Neuropharmacology 2007;
53:18-26.

Yamazato M, Sakima A, Nakazato ], Seseko S, Muratani H,
Fukiyama K. Hypotensive and sedative effects of clonidine
injected into the rostral ventrolateral medulla of the conscious
rats. Am ] Physiol-Reg I 2001; 281: R1868-1876.

Kalueft AV, Tuohimaa P. Experimental modeling of anxiety and
depression. Acta Neurobiol Exp 2004; 64: 439-448.

Komorowska J, Pellis SM. Regulatory mechanisms underlying
novelty-induced grooming in the laboratory rat. Behav Process
2004; 67: 287-293.

Rodgers R]. Animal models of ‘anxiety’ where next? Behav
Pharmacol 1997; 8: 477-496.

1389


http://dx.doi.org/10.1002/ptr.2807
http://dx.doi.org/10.1002/ptr.2807
http://dx.doi.org/10.1002/ptr.2807
http://dx.doi.org/10.1002/ptr.2807
http://dx.doi.org/10.1016/S1056-8719(97)00050-6
http://dx.doi.org/10.1016/S1056-8719(97)00050-6
http://dx.doi.org/10.1016/S1056-8719(97)00050-6
http://dx.doi.org/10.1016/S1056-8719(97)00050-6
http://dx.doi.org/10.1016/S1056-8719(97)00050-6
http://dx.doi.org/10.1016/0006-8993(90)91586-6
http://dx.doi.org/10.1016/0006-8993(90)91586-6
http://dx.doi.org/10.1016/0006-8993(90)91586-6
http://dx.doi.org/10.1016/0006-8993(90)91586-6
http://dx.doi.org/10.1016/j.euroneuro.2010.05.006
http://dx.doi.org/10.1016/j.euroneuro.2010.05.006
http://dx.doi.org/10.1016/j.euroneuro.2010.05.006
http://dx.doi.org/10.1016/j.euroneuro.2010.05.006
http://dx.doi.org/10.1037/0735-7044.97.6.1022
http://dx.doi.org/10.1037/0735-7044.97.6.1022
http://dx.doi.org/10.1037/0735-7044.97.6.1022
http://dx.doi.org/10.1037/0735-7044.97.6.1022
http://dx.doi.org/10.1016/j.jneumeth.2004.10.001
http://dx.doi.org/10.1016/j.jneumeth.2004.10.001
http://dx.doi.org/10.1016/j.jneumeth.2004.10.001
http://dx.doi.org/10.1016/j.jneumeth.2004.10.001
http://dx.doi.org/10.1017/S1461145710001379
http://dx.doi.org/10.1017/S1461145710001379
http://dx.doi.org/10.1017/S1461145710001379
http://dx.doi.org/10.1017/S1461145710001379
http://dx.doi.org/10.1023/B:NEPH.0000015570.53133.0c
http://dx.doi.org/10.1023/B:NEPH.0000015570.53133.0c
http://dx.doi.org/10.1023/B:NEPH.0000015570.53133.0c
http://dx.doi.org/10.1016/j.biopsych.2010.08.021
http://dx.doi.org/10.1016/j.biopsych.2010.08.021
http://dx.doi.org/10.1016/j.biopsych.2010.08.021
http://dx.doi.org/10.1016/j.biopsych.2010.08.021
http://dx.doi.org/10.1016/j.neuropharm.2007.04.010
http://dx.doi.org/10.1016/j.neuropharm.2007.04.010
http://dx.doi.org/10.1016/j.neuropharm.2007.04.010
http://dx.doi.org/10.1016/j.neuropharm.2007.04.010
http://dx.doi.org/10.1016/j.neuropharm.2007.04.010
http://dx.doi.org/10.1016/j.beproc.2004.05.001
http://dx.doi.org/10.1016/j.beproc.2004.05.001
http://dx.doi.org/10.1016/j.beproc.2004.05.001
http://dx.doi.org/10.1097/00008877-199711000-00003
http://dx.doi.org/10.1097/00008877-199711000-00003

