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Abstract Morphine, used clinically for pain management for its
potent analgesic effects, has a high abuse potential. In this study, we
utilized the conditioned place preference (CPP) paradigm and tail-flick
latency to examine the effects of the endotoxin lipopolysaccharide
(LPS) on sensitivity to morphine. Rats were pretreated with either
LPS (250 μg/kg) or saline, followed by either a higher dose of LPS
(2 mg/kg) or saline. Rats were then given either morphine (3.5 mg/kg)
or saline every other day for 6 d starting 72 h after the last dose of
LPS or saline as part of the conditioning phase. Drug preference was
assessed during the postconditioning phase. LPS-treated rats displayed
a stronger and prolonged morphine preference during the 20 d of
extinction testing. A parallel analysis revealed that tail-flick latencies
were significantly longer in LPS-treated rats. Together, our data
indicate that systemic infections can increase sensitivity to morphine
both physiologically and behaviorally.
Keywords systemic infection; LPS; morphine

1. Introduction
Morphine’s potent analgesic effects make it optimal for
use in clinical pain management. However, it’s euphoric
neurochemical effects cause a high potential for abuse and
addiction [1]. In addition to its addictive properties, chronic
morphine exposure can lead to immunosuppression, thereby
increasing the susceptibility to bacterial infection [2, 3, 4].
Systemic infection can affect behavior, leading to
cognitive complications and depression [5, 6]. Many studies
have reported that prolonged neuroinflammation can also
interfere with cognition and initiate depression [7, 8, 9,
10]. In addition, neuropsychological complications, such
as the development of depressive disorders, can occur
after exposure to proinflammatory cytokines and bacterial
endotoxins in both humans and animals [11].
Lipopolysaccharide (LPS) is a bacterial endotoxin
that is widely used in research to investigate pathogeninduced inflammatory responses [12]. In the rodent model,
LPS induces sickness behavior, which is characterized by
depression-like behavior such as loss of appetite, subdued
motor activity, and decreased cognitive function [13, 14].

Repeated exposure to an endotoxin can lead to endotoxin
tolerance, where the balance between proinflammatory and
anti-inflammatory cytokines is lost and the immune cells
become unresponsive to an additional endotoxin challenge.
This can induce immunosuppression, which can lead to
septic shock because of the immune cells’ inability to
produce sepsis-protective proinflammatory cytokines [12].
Conditioned place preference (CPP) procedures are
widely used in animal studies to assess the rewarding
effects of substances with the potential for abuse [15].
Morphine can induce CPP in the rodent model, particularly
in Fischer 344 (F344) rats used in our study [16, 17, 18].
We hypothesized that systemic exposure to bacterial
infection may increase the animal’s sensitivity to morphine
and, thus, increase the potential for morphine abuse and
dependence. In this study, we examined both physiological
(pain sensitivity) and behavioral (CPP) parameters in F344
rats to evaluate their sensitivity to morphine following LPS
treatment.
2. Materials and methods
2.1. Animals
Adult male Fischer 344 (F344) rats, 10 weeks old, were
purchased from Harlan Laboratories (Indianapolis, IN,
USA). The rats were group-housed in ventilated cages
(4/cage) immediately upon arrival and remained in cages
throughout the experiment. The rats were kept in a temperature and humidity controlled room (21–22 °C, 50–60%
humidity) with a 12 h light-dark cycle. Food and water were
provided ad libitum throughout the experiment. The rats
were acclimatized for two weeks and handled for 1–2 min
on three consecutive days before the beginning of testing.
The animals were three months old when the experiments
were conducted. All experiments were performed in the
light phase (8 AM–2 PM) of the light-dark cycle. All
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animals were treated according to national and institutional
standards, and the experimental protocol was approved by
the Institutional Animal Care and Use Committee (IACUC)
at Seton Hall University, South Orange, NJ, USA
2.2. Tail-flick latency in response to morphine after LPS
treatment
To evaluate the antinociceptive effects of morphine
following treatment with LPS (2 mg/kg) or saline (control),
tail-flick latency tests were performed on the adult F344
rats, and the tail-flick latency measurements were recorded.
The rats were then injected subcutaneously (SC) with
0.3 mg/kg of morphine, and tail-flick latencies were again
measured after 30 min. The dose of morphine injected
was subsequently increased to 0.56, 1, 1.75, 3, 5.6, and
10 mg/kg, and tail-flick latencies were recorded 30 min after
each injection until there was no further increase seen in
tail-flick latency and the rats failed to show signs of pain,
as reported previously [19, 20]. A dose-response curve was
generated, and the ED-50 score was calculated. An ED-50
score denotes the morphine dosage at which 50% of the
maximum possible antinociceptive effects are elicited [21].
2.3. Morphine-induced conditioned place preference (CPP)
2.3.1. Animal handling
The animals were handled for 1–2 min on three consecutive
days (days 1–3) before the beginning of testing.
2.3.2. Body temperature and body weight
Body temperature was recorded using a digital thermometer (Fisher Scientific, Suwanee, GA, USA) on days 4–7. To
obtain baseline temperatures, each rat was monitored the
day before the test session. On the test day, temperatures
were recorded immediately before (T = 0) and at 10 h and
24 h (T = 10 and T = 24, resp.) after injection of either LPS
(day 5: 250 μg/kg or day 6: 2 mg/kg) or saline.
On test days, body weight (BW) was measured before
(T = 0) and at 24 h (T = 24) after injection of either LPS
(day 5: 250 μg/kg or day 6: 2 mg/kg) or saline.
2.3.3. Drug administration
E. coli LPS (L6511, Sigma St. Louis, MO, USA) was
dissolved in sterile saline (0.9% NaCl) and injected SC.
Morphine sulfate (Sigma, St. Louis, MO, USA) was
administered at a dosage of 3.5 mg/kg. Control animals
were injected with saline only.
F344 rats (n = 5–8 per group, 12 weeks old) were randomly assigned to the following groups as per their treatment protocol.
Control group
Group 1 (SS+S)+S. Two injections of saline (SS) were
given on day 5, followed by one injection of saline (S) on
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day 6. From days 9–14 (conditioning phase), saline (S)
injections were given every day.
Experimental groups
Group 2 (SS+S)+M. Two injections of saline (SS) were
given on day 5, followed by one injection of saline (S) on
day 6. From days 9–14 (conditioning phase), morphine (M)
injections (3.5 mg/kg) were given every other day, alternating with saline.
Group 3 (SS+L)+M. Two injections of saline (SS) were
given on day 5, followed by one LPS (L) injection (2 mg/kg)
on day 6. From days 9–14 (conditioning phase), morphine
(M) injections (3.5 mg/kg) were given every other day, alternating with saline.
Group 4 (LL+L)+M. Two LPS (LL) injections (250 μg/kg)
were given on day 5, followed by one LPS (L) injection
(2 mg/kg) on day 6. From days 9–14 (conditioning phase),
morphine (M) injections (3.5 mg/kg) were given every other
day, alternating with saline.
2.3.4. CPP and extinction procedures
The CPP apparatus (MED Associates, East Fairfield, VT,
USA) consists of an 18 cm × 20 cm white chamber with a
grid floor and an 18 cm × 20 cm black chamber with a rail
floor. The apparatus has guillotine doors in the middle of
the two chambers that can be closed to isolate each chamber. Animal movement and time spent in each chamber was
recorded by an infrared camera, and ANY-maze software
(Stoelting ANY-maze, Wood Dale, IL, USA) was used to
analyze the video footage and measure the time spent in each
chamber.
The experiment was divided into five phases (Table 1).
During the preconditioning phase, the rats were placed in
the center of the apparatus with the guillotine doors open to
allow them to explore the entire box for 15 min. Preconditioning 1 (P1) was done on day 4 following handling, and
preconditioning 2 (P2) was performed on day 8, one day
before the start of the conditioning phase. The chamber preference during the 15 min P1 phase indicated that the CPP
apparatus used in this study was biased in that the rats tended
to prefer one chamber over the other. Thus, a biased procedure was used for the study, meaning that the morphinepaired chamber was determined based on the chamber in
which each animal spent the least amount of time (the nonpreferred chamber).
The conditioning phase lasted six days. During that
phase, the rats were injected with either 3.5 mg/kg of
morphine or the equivalent volume of saline every other day
and placed in the preassigned morphine-paired chamber. On
alternating days, the rats were injected with the equivalent
volume of saline and placed in the saline-paired side, with
the chamber door closed for 30 min.
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Table 1: Time-line of the conditioned place preference (CPP) test.
Groups
Group 1
(SS+S+S)

Handling Preconditioning
Handling Preconditioning 1
BW, BT

Group 2
(SS+S+M)

Handling Preconditioning 1
BW, BT

Three-day treatment
Two injections
SS+S
(saline)
One injection
BW, BT
(saline)
BW, BT
Two injections
SS+S
(saline)
One injection
BW, BT
(saline)

Behavior analysis
NT
CPP
Extinction
BW, BT Preconditioning 2
SS+S+S
Postconditioning Extinction 1 Extinction 2
Blood collection Conditioning:
Blood collection
Daily
Alternate day
saline, daily
NT
CPP
Extinction
BW, BT Preconditioning 2
SS+S+M
Postconditioning Extinction 1 Extinction 2
Blood collection
Daily
Alternate day
Blood collection Conditioning:
morphine or
saline, alternate
days

BW, BT
SS+L
NT
CPP
One injection BW, BT Preconditioning 2
SS+L+M
(LPS 2 mg/kg)
Blood collection Conditioning:
morphine or
saline, alternate
days
BW, BT
Group 4
Handling Preconditioning 1 Two injections
LL+L
NT
CPP
(LL+L+M)
BW, BT
(LPS 250 µg/kg) One injection BW, BT Preconditioning 2
LL+L+M
BW, BT
(LPS 2 mg/kg)
Blood collection Conditioning:
morphine or
saline, alternate
days
BW, BT
Days
1–3
4
5–7
8–15
Group 3
Handling Preconditioning 1
(SS+L+M)
BW, BT

Two injections
(saline)
BW, BT

Extinction
Postconditioning Extinction 1 Extinction 2
Blood collection
Daily
Alternate day

Extinction
Postconditioning Extinction 1 Extinction 2
Blood collection
Daily
Alternate day

16–27

28–44

BT-body temperature; BW-body weight.

In the postconditioning phase (1 d), the rats received neither a drug nor saline. Each rat was placed in the center of
the apparatus and allowed free access to the entire box for
15 min.
For the first 12 d of the extinction phase (extinction 1),
the rats were put in the side chamber and given free access
to the box for 30 min. After extinction 1 testing, there was
no evidence of extinction, so the extinction procedure was
altered to test every other day, which was continued from
extinction day 13 through day 28 (extinction 2). Two weeks
after extinction 2, another extinction test (extinction 3) was
conducted.
2.4. Measurement of inflammatory cytokines
Tail vein blood was collected immediately after preconditioning (day 8) and postconditioning (day 16).
Serum was isolated from the whole blood and stored at
−80 °C. Protein levels of IL-1β, TNF-α, IL-4, IL-5, IL13, KC/GRO, and IFN-γ in the serum were determined
using a 96-well inflammatory cytokine kit [7-plex MSD
assay kit, MesoScale Discovery (MSD), Gaithersburg, MD,
USA]. Measurement of electrochemiluminescent signal
intensity was determined on the SECTOR 2400 instrument
(MesoScale Discovery, Gaithersburg, MD, USA).
2.5. Statistical analysis
Statistical analysis was performed using the Graphpad
Prism 5.0. Differences between and within treatment groups
were analyzed by a one- or two-way ANOVA, followed by
a Newman-Keul’s or Bonferroni’s post hoc test. ANOVA

was also used to study the interaction between phases
(preconditioning, postconditioning, and extinctions 1 and 2)
and drugs (morphine-paired, saline-paired). The statistical
mean and standard deviation of the absolute time spent
in each chamber were calculated in all phases of the
experiment. A value of P ≤ .05 was considered statistically
significant.
3. Results
3.1. Effect of LPS on response to morphine in the tail-flick
latency test
Tail-flick latency was measured to evaluate the antinociceptive effects of morphine on F344 rats treated with
LPS (Figure 1). Tail-flick latencies were significantly
greater (∗ P < .05) in the rats treated with 2 mg/kg LPS
in response to increased dosages of morphine (0.56, 1.0,
1.75, 3, and 5.6 mg/kg) compared to the saline-treated
animals. The ED-50 for the LPS-treated rats was less
(0.78 ± 0.09 mg/kg, n = 5) than that of the saline-treated
animals (2.64 ± 0.29 mg/kg, n = 5).
3.2. Effect of LPS on body weight
Body weight of each rat was measured on days 4–10
(Figure 2, Table 2). Body weight was significantly reduced
within 24 h after injection with LPS, both at dosages
of 250 μg/kg and 2 mg/kg. Rats in the LL+L group lost
20.2 ± 5.1 g of body weight (∗ ∗ ∗ P < .001, n = 8, Table 1)
24 h after pretreatment with 250 μg/kg LPS on day 5, and
another 10.8 ± 5.3 g (∗∗ P < .01, n = 8) 24 h after the
2 mg/kg LPS injection on day 6.
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Figure 1: Effect of LPS on response to morphine in the tail-flick latency test. Tail-flick latencies (s) were determined in adult
F344 rats treated with 0, 0.3, 0.56, 1.0, 1.75, 3.0, 5.6 or 10 mg/kg morphine, followed by either 2 mg/kg LPS (n = 5) or
saline (n = 5); ∗ P < .05.

Figure 2: Effect of LPS on body weight. Adult F344
rats were randomly divided into four groups (SS+S+S;
SS+S+M; SS+L+M; LL+L+M) and pretreated with either
saline or nonpyrogenic LPS (250 μg/kg), followed by either
saline or 2 mg/kg LPS during the three-day treatment. Body
weight was measured before and after LPS administration.
The data represent the mean ±SEM, n = 5–8 rats per group;
∗ P < .5; ∗∗ P < .01; ∗ ∗ ∗ P < .001; ∗ ∗ ∗∗ P < .0001.

Figure 3: Effect of LPS on body temperature. Adult F344
rats were randomly divided into four groups (SS+S+S;
SS+S+M; SS+L+M; LL+L+M) and pretreated with either
saline or nonpyrogenic LPS (250 μg/kg), followed by either
saline or 2 mg/kg LPS during the three-day treatment.
Body temperature was measured before and after LPS
administration. The data represent the mean ±SEM, n = 5–
8 rats per group; ∗ ∗ ∗∗ P < .0001.

Rats who were pretreated with saline (SS+L) lost 23.0 ±
7.8 g (∗∗ P < .005, n = 8, Table 1) of body weight 24 h after
the subsequent 2 mg/kg LPS injection on day 6, and another
2.7 ± 2.4 g on day 7. There was no significant reduction in
body weight in the saline treated control rats (SS+S) (see
Table 2).

3.3. Effect of LPS on body temperature
Body temperature was measured before (T = 0) and 10 h
after (T = 10) LPS injection (day 5: 250 μg/kg or day 6:
2 mg/kg) on days 5–7 (Figure 3). The body temperatures of
the rats in the LL+L group increased by an average of 0.8 °C
(∗ ∗ ∗∗ P < .0001, n = 8) 10 h after the pretreatment injection

Journal of the International Drug Abuse Research Society

5

Table 2: The effect of LPS on body weight (g).∗
Group
SS+S
SS+S
SS+L
LL+L

Day 4
264.2 ± 6.9
261.9 ± 6.6
268.1 ± 13.4
270.1 ± 7.0

∗ Mean ± SEM

Day 5
268.7 ± 6.6
265.3 ± 7.8
272.2 ± 14.1
258.5 ± 7.4∗ ∗ ∗

Day 6
267.7 ± 6.9
264.1 ± 7.7
249.2 ± 11.5∗∗
247.7 ± 9.8∗∗

Day 7
272.06 ± 6.6
267.5 ± 8.5
246.5 ± 11.8
251.5 ± 9.9

Day 8
268.3 ± 6.4
265.0 ± 8.2
247.8 ± 11.0
251.3 ± 7.8

Day 9
266.9 ± 8.4
272.2 ± 9.3
249.4 ± 11.4
255.0 ± 8.3

Day 10
258.1 ± 10.6
259.7 ± 8.1
246.5 ± 8.9
251.2 ± 7.9

(n = 5–8 rats per group). ∗∗ P < .01; ∗ ∗ ∗ P < .001.

(a)

(b)

Figure 4: Morphine preference during the CPP experiment. Adult F344 rats were randomly divided into four groups
(SS+S+S; SS+S+M; SS+L+M; LL+L+M) and pretreated with either saline or nonpyrogenic LPS (250 μg/kg), followed by
either saline or 2 mg/kg LPS during the three-day treatment. Preconditioning 2 (P2) was performed 48 h after LPS treatment.
During the conditioning phase, 72 h after LPS treatment, the animals were given either saline or 3.5 mg/kg morphine on
alternate days. (a) Estimated total time (s) spent in the morphine-paired chamber during P2 compared to CPP. (b) Mean
change in preference (s) from P2 to CPP. The data represent the mean ±SEM, n = 5–8 rats per group; ∗ P < .5; ∗ ∗ ∗ P < .001;
∗ ∗ ∗∗ P < .0001.
of LPS (250 μg/kg) on day 5. No significant change was
observed after the 2 mg/kg LPS injection on day 6. However, the body temperatures of the rats in the SS+L group
increased by an average of 1.09 °C (∗ ∗ ∗∗ P < .0001, n = 8)
10 h after the 2 mg/kg LPS injection on day 6. By 48 h after
the 2 mg/kg LPS injection, the body temperatures of the rats
in both the SS+L and LL+L groups had returned to normal
(37.4 °C).
3.4. Morphine-induced conditioned-place preference (CPP)
A biased CPP procedure was used for this study meaning
that rats showed a preference for one chamber over the
other in preconditioning testing. Morphine was paired with
the nonpreferred side for the rats that showed a preference
during preconditioning. One day following the end of six
sessions of conditioning with 3.5 mg/kg morphine, CPP
was established in the rats, with and without LPS treatment
(Figure 4(a)). In the postconditioning phase, after CPP was
achieved, all rats in the morphine treatment groups spent
significantly more time in the morphine-paired chamber
(SS+S+M: 566.1 s, ∗ ∗ ∗ P < .001, n = 7; SS+L+M: 542 s,

∗ ∗ ∗∗ P

< .0001, n = 8; LL+L+M: 510 s, ∗ ∗ ∗ P < .001,
n = 8) than in the saline-paired chamber compared to the
preconditioning 2 (P2) phase (SS+S+M: 345.7 s, n = 7;
SS+L+M: 275.2 s, n = 8; LL+L+M: 313.15 s, n = 8). There
was no difference in the time spent in the morphine-paired
chamber before (349.7 s) or after (333.4 s) CPP in the
control group (SS+S+S, n = 5).
The change in preference for the rats that received
LPS and morphine injections (Figure 4(b)) was greater
(SS+L+M: 327.9 s, n = 8; LL+L+M: 290.7 s, n = 8) for
the drug-paired chamber compared to the group that did
not receive LPS treatment (SS+S+M: 255.5 s, n = 7). In
particular, the group that received only the 2 mg/kg LPS
injection (SS+L+M: 327.9 s, ∗ P < .05, n = 8) showed a
greater change in preference compared to the saline-treated
control (SS+S+S: 195.8 s, n = 5), and also compared to the
endotoxin-tolerant (LL+L+M) group (290.7 s, n = 8).
The extinction phase, which lasted for more than 20 d,
was longer for the rats in the morphine treatment groups.
In extinction 1 (Figures 5(a), 5(c)), the total time spent
(12 d) in the drug-paired chamber was the greatest for the
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(a)

(b)

(c)

Figure 5: Extinction phase. Adult F344 rats were randomly divided into four groups (SS+S+S; SS+S+M; SS+L+M;
LL+L+M) and pretreated with either saline or nonpyrogenic LPS (250 μg/kg), followed by either saline or 2 mg/kg LPS
during the three-day treatment. During the conditioning phase, 72 h after LPS treatment, the rats were given either saline or
3.5 mg/kg morphine on alternate days. To test for extinction, the rats were given free access to the CPP apparatus for 30 min
every day (extinction 1) until day 12, and then on alternate days (extinction 2) until day 28. Mean time (s) per day spent in
the morphine-paired chamber during (a) extinction 1 and (b) extinction 2, and (c) the total time (s) during extinctions 1 and
2 were compared. The data represent the mean ±SEM, n = 5–8 rats per group; ∗ P < .5; ∗∗ P < .01; ∗ ∗ ∗ P < .001.
SS+L+M group (13934.2 s, ∗ ∗ ∗ P < .001, n = 8), followed
by the LL+L+M group (12864 s, ∗∗ P < .01, n = 8), then
the SS+S+M group (11361.2 s, ∗ P < .05, n = 7) compared
to the control (SS+S+S: 7416 s, n = 5). During extinction
2 (days 13–40, Figures 5(b), 5(c)), there was no significant
difference observed between any of the groups.
3.5. Serum cytokine analysis
LPS-induced cytokine production was examined in
the serum of the rats after preconditioning 2 (P2) and
postconditioning (Figure 6). The serum TNF-α levels
were significantly decreased in the postconditioning phase

(SS+S+S: 32.6 pg/mL, ∗∗ P < .01, n = 5; SS+S+M:
23.1 pg/mL, ∗∗ P < .01, n = 7; SS+L+M: 36.6 pg/mL,
∗∗ P < .01, n = 8; LL+L+M: 40.8 pg/mL, ∗∗ P < .01,
n = 8) compared to the P2 phase (SS+S+S: 18.9 pg/mL,
n = 5; SS+S+M: 18.1 pg/mL, n = 7; SS+L+M: 13.7 pg/mL,
n = 8; LL+L+M: 9.9 pg/mL, n = 8) in all groups. IL-5
and IFN-γ levels were not significantly different in the
postconditioning phase compared to that in the P2 phase
in all groups. IL-1β, IL-4, and KC/GRO levels were not
significantly different after either the P2 or postconditioning
phases. IL-13 cytokine levels were only detected in the
LL+L+M group, and were significantly higher in the
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Figure 6: Comparison of serum cytokine levels within groups after preconditioning 2 (P2) and postconditioning. The protein
levels of the cytokines, IL-1β, TNF-α, IL-4, IL-5, IL-13, KC/GRO, and IFN-γ following P2 and postconditioning were
compared for each group using an electrochemiluminescent (MSD) assay. Data are represented as the mean ±SEM, n = 5–8
rats per group; ∗ P < .05; ∗∗ P < .01.
postconditioning phase (LL+L+M: 70.2 pg/mL, ∗ P < .05,
n = 8) compared to that in the P2 phase (LL+L+M:
7.1 pg/mL, n = 8).
Between groups (Figure 7), IL-1β serum levels were
significantly higher in the SS+L+M (53 pg/mL, ∗∗ P < .01,
n = 8) and LL+L+M (46.1 pg/mL, ∗∗ P < .05, n = 8)
groups compared to the SS+S+M (20 pg/mL, n = 7) group
after P2. However, after CPP, there was no significant

difference in serum IL-1β levels between groups. KC/GRO
serum levels were significantly higher in the LL+L+M
group (147.8 pg/mL, ∗ P < .05, n = 8) compared to the
SS+S+M (87.2 pg/mL, n = 7) group after P2; there was
no significant difference between groups after CPP. There
was no significant difference in TNF-α, IL-4, IL-5, IL-13
or IFN-γ serum concentrations between groups after P2 or
CPP.

8

Journal of Drug and Alcohol Research

Figure 7: Comparison of serum cytokine levels between groups after preconditioning 2 (P2) and postconditioning. The
protein levels of the cytokines, IL-1β, TNF-α, IL-4, IL-5, IL-13, KC/GRO, and IFN-γ following P2 and postconditioning
were compared between the four groups (SS+S+S, SS+S+M, SS+L+M, LL+L+M) using an electrochemiluminescent (MSD)
assay. Data are represented as the mean ±SEM, n = 5–8 rats per group; ∗ P < .05; ∗∗ P < .01.
4. Discussion
Extensive research indicates that there are converging
pathways between the nervous, endocrine, and immune
systems [8]. Activation of an innate immune response
induces the secretion of inflammatory cytokines, including
IL-1, IL-6, and tumor necrosis factor-α (TNF-α) which,
in turn, affect the complex neurochemical circuit of
the central nervous system (CNS), and, consequently,
modulate behavioral responses. An increased inflammatory
response in the brain can trigger a plethora of behavioral
dysfunctions, such as cognitive decline and sickness-related

depression [7, 8, 9, 10]. Consistent with these findings,
our study demonstrates that an endotoxin challenge can
contribute to behavioral disturbances.
Because of morphine’s potent analgesic effects, it is
widely used in clinical pain management, particularly
in terminal diseases [1]. One of the ways to evaluate
morphine’s effects in rats is to examine its antinociceptive
properties using a tail-flick latency test. The longer the
tail-flick latency, the more profound is the analgesic effect
of morphine. In the present study, tail-flick latency was
significantly greater for rats pretreated with LPS compared
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to the saline-treated group. The rats given LPS had a
stronger response to morphine than those given saline,
suggesting that LPS exposure alters the responsiveness to
morphine, thereby prolonging its antinociceptive effects.
Before the start of the conditioning phase, body weights
and body temperatures of the rats did not show any basal differences pre- and post-LPS treatment. The body weights of
the rats pretreated with LPS (LL) dropped significantly after
the first injection of a nonpyrogenic dose of LPS, but did not
drop further after the challenge with the higher LPS dosage
(LL+L). Similarly, body temperature in the rats increased
after the first LPS pretreatment injection (LL), but not after
the injection with the higher dose of LPS (LL+L). The lack
of response to the higher challenge dose of LPS in terms of
body weight and body temperature confirm that endotoxin
tolerance was achieved in the LPS pretreated group.
Serum cytokine levels were measured after the P2
phase and after the completion of CPP. The cytokine
levels, particularly TNF-α, were significantly higher after
P2 in comparison to after CPP. This was expected since
LPS treatment likely induced sickness behavior, which is
often observed during increased secretion of TNF-α [22].
However, TNF-α levels were also higher after P2 in the
groups that were not given LPS. This may be due to
increased TNF-α production in response to the physical
stress from handling, the body temperature procedures,
and the preconditioning handling [23]. As expected, IL1β serum concentrations were significantly higher in the
groups given LPS (SS+L and LL+L) compared to groups
without LPS (SS+S) after P2, confirming that LPS was
able to induce an inflammatory response [12]. However,
after CPP, there was no significant difference observed in
any of the cytokine levels in the serum, suggesting that
the inflammatory response after the LPS injections had
diminished and reached basal levels.
In the present study, morphine-induced CPP was successfully established after six conditioning sessions. In the
groups given the higher challenge dosage of LPS (SS+L and
LL+L), the change in preference for morphine from P2 to
CPP was greater than in the group that was not given LPS
(SS+S). Moreover, the groups given the higher LPS dosage
demonstrated a sustained response to the morphine-paired
chamber as evidenced by greater than 20 days of extinction and a significantly longer time spent in the morphinepaired chamber during extinction. Collectively, these findings indicate that LPS enhances the sensitivity of morphineinduced CPP and that an inflammatory response that occurs
during morphine use may result in more extensive behavioral changes than previously thought.
There is an imbalance between proinflammatory and
anti-inflammatory cytokines during endotoxin tolerance,
and the immune cells become desensitized to an additional
endotoxin challenge [12]. In this study, an endotoxin
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tolerance effect was observed in the group of rats pretreated
with low dose LPS (LL). The LPS pretreated group spent
less time in the morphine-paired chamber compared to the
group that did not receive the low dose LPS pretreatment.
These data suggest that the inflammatory response that
would normally be elicited in response to a high dose of
LPS is essential for enhanced morphine-induced CPP.
Morphine’s effects are elicited, in part, through opioid
receptors, in particular, the mu-opioid receptor (MOR).
Our previous studies showed that abuse of opioids such
as morphine can alter neuronal and immune pathways
via modulation of MOR gene expression [24, 25]. We
have recently shown that, in vitro, MOR expression
is significantly increased in human astrocytic U87MG
cells with and without morphine-induced desensitization
after treatment with the inflammatory cytokine, IL1β [26]. In addition, conditioned medium from LPSstimulated macrophage cells increases MOR expression in
neuroblastoma cells via inflammatory cytokines [27]. These
findings suggest that the MOR signaling pathway may be a
convergent point for the inflammatory response to opioids
and bacterial endotoxins such as LPS [28].
The bidirectional interaction between the immune
system and the CNS is essential for proper physiological and
behavioral responses. Overstimulation or dysregulation of
either system can detrimentally affect the other. Currently,
there is increasing interest in uncovering the details of
the role of the immune system in behavioral disorders.
The results of our study suggest that, in the presence
of systemic infection, the sensitivity to the rewarding
effects of morphine is enhanced, both physiologically and
behaviorally, thereby increasing the potential for morphine
abuse and addiction.
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