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Acute Morphine Administration Reduces Cell-Mediated Immunity
and Induces Reactivation of Latent Herpes Simplex Virus Type 1
in BALB/c Mice

Shafi Mojadadil, Abbas Jamali">*, Behzad Khansarinej ad”>?, Hoorieh Soleimanjahi2 and
Taravat Bamdad®

Acute morphine administration is known to alter the course of herpes simplex virus infection. In this study, the
effect of acute morphine administration on the reactivation of latent herpes was investigated in a mouse model.
Because of the important role of cytolytic T lymphocyte (CTL) activity in the inhibition of herpes simplex virus
type 1 (HSV-1) reactivation, the effect of acute morphine administration on CTL responses was also evaluated.
Furthermore, lymphocyte proliferation and IFN-y production were evaluated for their roles in the induction of the
CTL response. The findings showed that acute morphine administration significantly reduced CTL responses,
lymphocyte proliferation, and IFN-y production. Furthermore, acute morphine administration has been shown to
reactivate latent HSV-1. Previous studies have shown that cellular immune responses have important roles in the
inhibition of HSV reactivation. These findings suggest that suppression of a portion of the cellular immune
response after acute morphine administration may constitute one part of the mechanism that induces HSV

reactivation. Cellular & Molecular Immunology. 2009;6(2):111-116.
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Introduction

Herpes simplex virus type 1 (HSV-1) is an infectious agent
that causes a variety of diseases worldwide (1). Natural
infection with HSV activates both T and B lymphocytes and
induces specific humoral and cellular immune responses (2).
Following primary infection in the eye, the virus establishes
latency in the trigeminal ganglia, from which it periodically
reactivates and causes recurrent episodes of corneal
inflammation, known as herpetic stromal keratitis (HSK) (3).

It has been proven that morphine alters the course of
HSV-1 infection (4-6). Our previous work has shown that
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acute morphine administration increases mortality during
HSV-1 infection in BALB/c mice (7). In humans, morphine
administration induces reactivation of latent herpes simplex
labialis (8). Recurrent HSV-1 ocular disease results from
reactivation of the latent virus in the trigeminal ganglia, often
following immunosuppression or exposure to a variety of
psychological or physical stressors. For example, epinephrine
iontophoresis, cyclophosphamide, and dexamethasone (Dex)
administration, UV irradiation, and transient hyperthermia
induce reactivation of the virus in animal models (9).

The association between stress and HSV-1 reactivation is
well established in mice, but a specific mechanism by which
stress facilitates HSV-1 reactivation has not been elucidated
(10). Several factors, such as corticosteroids, IL-6, and
reduction of cell-mediated immunity, especially CD8" T
cells, have been shown to have important roles in HSV-1
reactivation (11). However, in this study we only evaluated
the effect of acute morphine on cellular immune responses.
Cellular immune responses, especially HSV-specific memory
cytolytic T lymphocyte (CTL) activation, have critical roles
in the control of HSV replication and reactivation (10).
Suppression of specific cytokines, such as IFN-y, has
previously been shown to reduce HSV-specific memory CTL
activation in the spleen (12, 13).

In vivo administration of morphine is known to affect
immune responses by altering lymphocyte proliferation,
antibody responses (14), and T lymphocyte-mediated cytoto-
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xicity (15), influencing the delayed-type hypersensitivity
reaction, and decreasing the production of cytokines, such as
IFN-y and IL-12 (16, 17). Based on morphine’s similar effects
on the immune system, the present study was conducted to
determine whether acute morphine administration could
induce the reactivation of latent herpes simplex virus 1 in a
mouse model.

Materials and Methods

Cells and viruses

The Vero cell line was used for propagation of viruses. Cells
were cultured in Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 10% heat-inactivated fetal
bovine serum (FBS). Wild HSV-1 was isolated from a cold
sore lesion of a patient. The virus was confirmed as HSV-1
by IFA using an HSV-1 specific monoclonal antibody (18).
The neurovirulence of the virus was confirmed by injection
of the virus into mice and subsequent isolation of the virus
from the brains of dead mice. Wild HSV-1 and KOS (non-
virulent strain) were grown on Vero cells, titered, and stored
at -70°C.

Infection and treatment of mice

Six to eight-week-old female BALB/c mice were obtained
from the Pasteur Institute of Iran (Karaj, Iran). Animals were
handled in accordance with the Animal Care and Use
Protocol of Tarbiat Modares University. The mice were
anesthetized by an intraperitoneal injection of 100 mg/kg
ketamine (Parke-Davis, Pontypool, UK) and 10 mg/kg
xylazine (Bayer, Bury St, Edmunds, UK); each cornea was
scratched 10 times with a 26 gauge needle. The corneas of
mock-inoculated mice were treated with DMEM medium
(Gibco BRL) containing fetal calf serum, and the corneas of
the test group were treated with 3 ul medium containing 5 X
10* plaque forming units (pfu) of wild-type HSV-1; the mice
were monitored to determine the success of the infection, as
previously described (19). Thirty days after infection, when
latency had been established (20), one group of mice
received 75 mg/kg morphine subcutaneously (HSV-Morphine
group), while the control mice received saline (HSV-Saline
group). A third group of mice was hyperthermically stressed
(HSV-Hyper group) by a published protocol (19). Briefly,
mice were placed in 50 ml restraining tubes with 5 mm
diameter holes drilled throughout each tube. The mice were
gently placed into the water bath at 43°C. The mice were
situated such that the water level did not exceed the neck
region, so no physical effort was required by the animal to
remain above the water level. However, the mice were
constrained in the tubes, which limited their movement,
suggesting some degree of restraint. Following a 10-min
bath, the mice were removed, gently blotted with paper
towels, and placed in a warm room (34°C) for 30 min to
prevent hypothermia.

Isolation of virus from eye washings
Immediately before heat shock or acute morphine admini-
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stration and three days after treatment, the mice were
anesthetized and eye washings were collected and placed
onto Vero cells for the isolation of the virus. These cultured
cells were examined for signs of viral reactivation and
cytopathic effects (CPEs) for up to 7 days. Then, cells which
displayed CPE were analyzed by PCR to determine whether
the HSV-1 genome was present.

Extraction of DNA from HSV-1 infected cells

The cells were harvested and subjected to freeze-thawing
three times. Equal volumes of the harvested samples and
lysis buffer [0.1 M Tris-Cl (pH 8.0), 0.01 M EDTA, and 1%
sodium dodecyl sulfate containing 28.5 ul of proteinase K
(20 mg/ml)] were incubated at 56°C for 4 h. The tubes
containing the mixture were vortexed every 30 min. The
DNA solution was extracted three times with phenol-
chloroform and once more with chloroform, and then
precipitated with ethanol overnight. After centrifugation,
DNA was dissolved in 20 pl of double-distilled water (DDW)

@21).

Polymerase chain reaction

The primer set used in this study (5’-TAC CCG AGC CGA
TGA CTT AC-3° (forward) and 5’-GCG CTT GTC ATT
ACC ACC GC-3’ (reverse)) has been described by Mitchell
et al. and amplifies a 130 bp fragment of the thymidine
kinase (TK) gene of HSV-1 (22). Amplification reactions
were performed in 25 pl volumes containing the extracted
genomic DNA, 2.5 pl of 1x PCR buffer (10 mM Tris-Cl (pH
8.3), 50 mM KCl, 0.01% gelatin), 1.5 mM MgCl,, 200 uM
each deoxyribonucleotide triphosphate, 2 U Taq polymerase
(MBI Fermentas, Hanover, MD), and 0.5 uM each primer.
The amplification profile consisted of a single cycle of initial
denaturation at 94°C for 4 min, followed by 34 cycles each
consisting of denaturation at 94°C for 35 s, annealing at 58°C
for 30 s, and extension at 72°C for 30 s. The amplified
products were analyzed by gel electrophoresis on a 2%
agarose gel containing 0.5 pug/ml ethidium bromide and were
visualized by UV light.

CTL assay

Twelve hours after acute morphine administration, spleno-
cyte single cell suspensions were prepared without in vitro
stimulation. The WEHI-164 target cells were infected with 5
Multiplicity of Infection (MOI) HSV-1 (KOS) for 4 h and
washed three times with the assay medium. CTL activity was
measured by the lactate dehydrogenase (LDH) release assay
in 96-well round-bottom plates (23). Target cells (2 x 10*
cells/well) in a 100 pl volume were incubated with 100 pl of
effector cells at various effector/target ratios (10 : 1 or 50 : 1)
for 4 h in phenol red-free RPMI 1640 (GIBCO-BRL, UK)
medium containing 3% FCS. After centrifugation, the
supernatants (50 ul/well) were transferred to the 96-well flat-
bottom plates, and lysis of target cells was determined by
measuring LDH release using the LDH assay kit (Takara
Company), according to the manufacturer’s instructions. PBS
buffer and a 0.1% Triton X-100 solution in PBS buffer were
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Figure 1. Acute morphine administration induces reactivation of
the latent HSV-1. Cytopathic effect (CPE) of Vero cells caused by
HSV-1 reactivation after inoculated with eye washings (A) or
uninfected (B) for up to 7 days and observed with microscope. (C)
Vero cells with or without CPEs were collected for PCR analysis.
Lane 1, cell culture without CPE; Lane 2, DNA size marker; Lane
3, cell culture with CPEs (a 130 bp product of the HSV TK gene).

used as controls. The LDH-mediated conversion of the
tetrazolium salt into the red formazan product was measured
at 490 nm after incubation at room temperature for 30 min.
The percentage of specific cytolysis was determined by the
following formula: The specific cytolysis (%) = (optical
density (OD) of experimental LDH release - OD of
spontaneous LDH release of effector cells - OD of
spontaneous LDH release from target cells)/(maximum LDH
release of target cells - OD of spontaneous LDH release of
target cells) x 100%. All determinations were performed in
triplicate.

Lymphocyte proliferation assay

The lymphocyte proliferation rate was measured by using the
MTT assay. Under sterile conditions, the spleens were
removed and single cell suspensions were prepared in phenol
red-free RPMI 1640 medium. RBCs were lysed by treatment
with 0.75% NH4CI in Tris buffer (0.02%, pH 7.2). The
concentration was adjusted to 1 x 10° cells/ml in phenol red-
free RPMI 1640 medium supplemented with 10% fetal calf
serum, 2 mM L-glutamine, and 25 mM HEPES. One hundred
microlitres of diluted cell suspensions were dispensed into
96-well flat-bottom culture plates. Mitogen phytohemag-
glutinin-A (PHA), at a final concentration of 5 pg/ml (positive
control), or 5 MOI of the heat-inactivated KOS strain was
added to each well, and the volume was adjusted to 0.2 ml.
After incubating for 72 h at 37°C in a humidified atmosphere
containing 5% CO,, cell proliferation was determined by the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(thiazolyl-blue) dye (MTT) assay (24). Briefly, 20 pl MTT
was added to each well, and the plates were further incubated
at 37°C for 4 h. Following the incubation, the supernatant
from each well was aspirated carefully and formazan crystals
were solubilized by adding 100 ul DMSO to each well. The
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Table 1. Acute morphine administration induces HSV-1
reactivation in mice

Groups n Reactivated mice Percent of reactivation
HSV-Hyper 9 3 33%
HSV-Morphine 9 2 22%
HSV-Saline 9 0 0%
Mock 9 0 0%

Immediately before heat shock or acute morphine administration and on day
3 after such treatment, mice were anesthetized and eye washings were taken
and put onto Vero cells for the isolation of viruses. These cultured cells were
examined for the signs of viral reactivation, CPEs, for up to 7 days. These
results are summaries of two (for Mock group) to three (for HSV-Hyper,
HSV-Morphine and HSV-Saline groups) experiments per treatment regimen.

absorbance of each well was then determined at a wavelength
of 540 nm.

IFN-y assay

Twelve hours after acute morphine administration, spleens of
individual mice were removed aseptically and homogenized
in RPMI 1640 medium supplemented with 10% FCS and
antibiotics. Red blood cells were osmotically lysed using
ammonium chloride buffer (NH4CI 0.16 M, Tris 0.17 M).
Cells were washed twice with RPMI 1640 medium and
counted, and the viability was determined by trypan blue
(0.4% wi/v) exclusion. A total of 1 x 10° spleen cells (1 x 10°
cells per well) were added to each well of a 24-well plate
using RPMI 1640 medium supplemented with 10% FCS, 100
IU/ml penicillin, 100 pg/ml streptomycin, and 5 x 10° M
2-mercaptoethanol. Two wells were considered for each
mouse. The cells were restimulated in vitro with 5 MOI of
heat-inactivated virus. Plates were incubated at 37°C in 5%
CO,, and 48 h after stimulation, the supernatants were
removed and kept at -70°C for evaluation of the secreted
IFN-y levels. The concentration of IFN-y in the supernatants
was estimated using a commercial ELISA kit (R&D
systems).

Statistical analysis

CTL responses, lymphocyte proliferation, and IFN-y production
were analyzed by one-way ANOVA followed by tukey’s test.
Values of p < 0.05 were considered to be significant.

Results

Acute morphine administration induces reactivation of the
latent HSV-1

To determine the effect of acute morphine on HSV-1
reactivation, three days after morphine treatment, mice were
anesthetized and eye washings were collected and put onto
Vero cells. The results showed that Vero cells inoculated with
eye washings displayed CPEs (Figure 1A). The cytopathic
Vero cells were analyzed by PCR to determine whether the
HSV-1 genome was present. As shown in Figure 1B, a 130
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Figure 2. Acute morphine administration reduces CTL
responses. Thirty days after HSV infection, mice (5 mice per
group) were treated with morphine or exposed to hyperthermic
stress. Twelve hours later, splenocyte single cell suspensions were
prepared without in vitro stimulation. The WEHI-164 target cells
were infected with 5 MOI HSV-1 (KOS) for 4 h and washed three
times with assay medium. CTL activity was measured by LDH
release assay in 96-well round-bottom plates. Values are the mean +
SEM of three experiments. **#p < 0.0001, compared to HSV-Hyper
and HSV-Morphine groups.

bp product from thymidine kinase (TK) gene of HSV-1 was
obtained from cytopathic Vero cells, but not those without
CPEs. The results were further analyzed and shown in Table 1.
Both hyperthermic stress (33% of mice) and acute morphine
administration (22% of mice) induce reactivation of HSV-1,
and no reactivation of HSV was found in saline-treated or
mock-infected groups.

Acute morphine administration reduces the specific CTL
response against HSV-1

Twelve hours after acute morphine administration, the CTL
response was examined using the LDH release assay. As
shown in Figure 2, evidence of the CTL response was
observed in all HSV-1 infected mice compared to the
mock-infected mice (p < 0.001). However, the CTL response
was significantly reduced in mice treated with the morphine
or exposed to hyperthermic stress compared to saline-treated
mice (p <0.0001).

Acute morphine administration reduces lymphocyte
proliferation

Since lymphocyte proliferative responses are generally
considered a measure of cell-mediated immunity, HSV-1
antigen specific lymphocyte proliferation was evaluated
using MTT assay. As shown in Figure 3, all HSV-1-infected
mice have significantly higher lymphocyte proliferation rates
compared to mock infected mice (p < 0.05). However, the
lymphocyte proliferation response was significantly reduced
in mice which treated with the morphine or exposed to
hyperthermic stress compared to saline-treated mice (p <
0.0001).
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Figure 3. Acute morphine administration reduces lymphocyte
proliferation. Thirty days after HSV infection, mice (5 mice per
group) were treated with morphine or exposed to hypothermic
stress. Twelve hours later, the spleens were removed and
lymphocyte proliferation was evaluated by the MTT assay. Values
are the mean + SEM of three experiments. *#*p < 0.0001,
compared to HSV-Hyper and HSV-Morphine groups.

Acute morphine administration reduces IFN-y production
Twelve hours after acute morphine administration, the
spleens were removed and IFN-y levels were evaluated. As
shown in Figure 4, all HSV-l-infected mice have
significantly higher levels of IFN-y production compared to
mock-infected mice (p < 0.001). Furthermore, the results
showed that IFN-y production was significantly reduced in
mice treated with morphine or exposed to hyperthermic
stress, when compared to saline-treated mice (p < 0.0001).

Discussion

Previous studies have shown that morphine induces
reactivation of the latent herpes simplex virus in humans, but
the reactivation mechanism remains to be investigated in
human or animal models.

In this paper, we showed that administration of a single
dose of morphine after HSV-1 infection modulated some
aspects of the cellular immune response and induced
reactivation of latent HSV-1 in BALB/c mice. Opiates have
been found to have many physiological and immunological
effects that influence the pathogenesis of infectious diseases
(17). In humans, it has been reported that morphine
administration induces reactivation of latent herpes simplex
labialis (8). In this paper we showed that acute morphine
administration, similarly to hyperthermic stress, reduces CTL
responses, lymphocyte proliferation, and IFN-y production
and induces reactivation of latent HSV-1 in a mouse model.

A previous study has shown that the maximum
suppression of immune responses occurs 12-48 h after acute
morphine administration (25). In this study, we use one
single dose of 75 mg/kg morphine, based on previous studies
that have shown this dose induces maximum immuno-
suppression in mice (7). Richards et al. have shown that HSV
reactivation induces cellular immunity 4 to 7 days after

Volume 6 Number 2  April 2009



Cellular & Molecular Immunology

1000 - -
900 W HSV-Saline
900 @ HSV-Hyper
- 1 O HSV-Morphine
'E 700 1 B Mock
o 600 -
=y T
-~ 500 - L
5
7 400 -
= 300
200 -
100 A
0 d

Figure 4. Acute morphine administration reduces IFN-y
production. Thirty days after HSV infection, mice (5 mice per
group) were treated with morphine or exposed to hyperthermic
stress. Twelve hours later, the spleens were removed and homo-
genized in RPMI 1640 medium. A total of 1 x 10° spleen cells (1 x
10° cells per well) were added to each well. Plates were incubated at
37°C in 5% CO,, and 48 h after stimulation, the supernatants were
removed for evaluation of the secreted IFN-y levels. The
concentration of IFN-y in the supernatants was estimated using a
commercial ELISA kit (5 mice per group). Values are the mean +
SEM of three experiments. ***p < 0.0001, compared to HSV-Hyper
and HSV-Morphine groups.

reactivation (26). Therefore, in order to prevent interference
between the primary immune response and secondary
immunity induced during HSV reactivation, the effects of
morphine administration on immune responses to HSV-1
reactivation were evaluated quickly (12 h) after the injection
of morphine. So, this time and dose were selected to evaluate
the effects of acute morphine administration on immune
responses to HSV-1 reactivation in the nearest time after
acute morphine administration with maximum of immuno-
suppression.

Reactivation of HSV-1 from latency may be closely tied
to the effect of glucocorticoids on the immune response (26).
It is now clear that opioids have a wide array of immuno-
modulatory effects on the innate and acquired immune
systems through the hypothalamic-pituitary-adrenal axis by
increasing glucocorticoid levels (13, 14). Glucocorticoids
have previously been shown to moderately induce
reactivation of latent HSV-1, both in vitro (27) and in vivo
(28). Moreover, there is clinical precedence for herpes virus
reactivation following systemic glucocorticoid administration
(29, 30). Furthermore, blocking glucocorticoid production
during hyperthermic stress has been shown to inhibit
reactivation of HSV-1 (11).

This study has shown that both acute morphine
administration and hyperthermic stress significantly reduce
lymphocyte proliferative responses to HSV, and because the
lymphocyte proliferative responses are generally related to
cell-mediated immunity, it can be deduced that cell-mediated
immune responses to the HSV-1 virus have been suppressed
by both, acute morphine administration and hyperthermic
stress.
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There is a general agreement that morphine admi-
nistration leads to suppression of several immune parameters
(31). Thomas et al. have shown that opioids directly induce
suppression of CTL activity when cultured with splenocytes
(32). Furthermore, acute morphine administration suppresses
IFN-y production in rats (33). Another study has shown that
morphine suppresses CTL activity and IFN-y production in
alloimmunized mice. The authors concluded that morphine
exposure suppresses CTL activity though a pathway that may
peripherally involve IFN-y production (34).

In the present study, both acute morphine administration
and hyperthermic stress exposure reduce CTL responses.
Previous studies have shown that HSV-specific CD8" T cells
are closely associated with latently-infected murine ganglia,
and that these cells prevent HSV reactivation in vitro (10,
35). It has been reported that CD8" T cells do not prevent the
reactivation of recombinant HSV, but do inhibit murine MHC
class I in mice (36). These findings suggest that efficient
inhibition of MHC class I by HSV is a key factor in its ability
to reactivate in humans. CD4" T cells and IFN-y have
important roles in the induction of the CTL response to
resultant lysis of infected cells and restriction of viral
replication (37). IFN-y can overcome HLA class 1
down-regulation and the resultant enhancement of the CTL
response against HSV-infected cells (38). Hence, reducing
IFN-y production and lymphocyte proliferation through
morphine treatment may be one of the mechanisms that
induces HSV reactivation.

In conclusion, the results of this study have shown that
administration of acute morphine induces reactivation of
HSV-1 in a mouse model and may be caused by reduction of
a parameter of cell-mediated immunity. However, future
studies are needed to evaluated HSV-1 titer during
reactivation and inducing clinically evident following acute
morphine administration.

Furthermore, the mechanism by which stress facilitates
HSV-1 reactivation has not yet been elucidated. Follow-up
studies are needed to test other factors, such as IL-6 and other
proinflammatory cytokines, that have important roles in
HSV-1 reactivation during acute morphine administration.
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