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Equianalgesic Doses of Subcutaneous but Not
Intratbecal Morphbine Alter Pbenotypic Expression
of Cell Surface Markers and Mitogen-induced
Proliferation in Rat Lymphbocytes

Jena G. Hamra, Ph.D.,* Tony L. Yaksh, Ph.D.t¥

Background: Surgical trauma and opioids are linked with
suppression of immune function. Evidence suggests a probable
supraspinal action of morphine in altering immune function,
although the role of spinal systems have not been evaluated.
Therefore, this study compared the effect of equianalgesic
doses of subcutaneous and intrathecal morphine on lympho-
cyte proliferative responses and phenotypic expression of
lymphocyte cell surface markers in rats.

Methods: Equianalgesic doses of subcutaneous (10 mg/kg)
or intrathecal (30 pg, by a chronic intrathecal catheter) mor-
phine were given twice for 5 h (time 0 and 2.5 h). Immediately
after the 5-h period or 24 h after the initial injection, spleens
were harvested and lymphocytes isolated. Mitogen-induced
(phytohemagglutinin, concanavalin A, pokeweed, lipopoly-
saccharide) lymphocyte proliferation and monoclonal anti-
body labeling of cell surface markers (T cell, B cell, CD4+,
CD8 1) were then performed.

Results: Subcutaneous morphine acutely suppressed lym-
phocyte proliferation to the mitogens phytohemagglutinin,
pokeweed, and concanavalin A by 37%, 21%, and 20%, respec-
tively; however, proliferative responses returned to baseline
within 24 h. Morphine treatment did not alter the response
to lipopolysaccharide. The number of splenic lymphocytes
also decreased, whereas the percentage of lymphocytes ex-
pressing the CD4 + marker (T helper/inducer cells) modestly
increased. Intrathecal morphine did not alter lymphocyte
proliferative responses, nor did it change phenotypic expres-
sion of cell surface markers.

Conclusions: Subcutaneous morphine inhibited lymphocyte
proliferation, decreased splenic lymphocyte number, and al
tered phenotypic expression of cell surface markers, whereas

equianalgesic doses of intrathecal morphine did not. Although
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these results suggest that spinal opioids may have theoretical
benefits for the analgesic management of immunocompro-
mised patients, further studies are clearly indicated. (Key
words: Opioids: morphine, intrathecal. Immune function:
lymphocyte.)

CONSIDERABLE evidence suggests that opioids interact
with the immune system.'™ High dose opioid anes-
thesia (morphine, fentanyl, and sufentanil) suppresses
natural killer (NK) cell activity in both mechanically
ventilated and spontaneously breathing rats," > whereas
intermittent morphine administration is associated with
decreased resistance to bacterial infection and de-

pressed phagocytic function in mice.” In addition,
acute subcutaneous administration of morphine sup-
presses Concanavalin A (ConA)-stimulated peripheral
blood lymphocyte proliferation in rats. This effect is
partially reversed by naltrexone.” Chronic opioid ad
ministration (morphine, heroin) results in depressed
lymphocyte proliferative responses and reduced ex-
pression of cell surface antigens specific to T-lympho
cytes and T-helper/inducer (CD4+) and T-suppressor/
cytotoxic (CD8+) lymphocyte subsets in mice.™” Al
though there is surprisingly little data in humans re
garding the effects of acutely administered opioids on
immune function, chronic exposure to opioids results
in a reduction in lymphocyte proliferative responses,
decreased levels of T cells, and depressed levels of the
ratio between their CD4+ and CD8+ cells.'”"" In ad
dition, 90-150 mg oral morphine for a 36-60 h period
results in a significant decrease in antibody-dependent
cell eytotoxicity by peripheral blood mononuclear cells
in human volunteers.'”

I'he mechanism by which opioids influence immune
function is not clear. In vitro, morphine inhibition of
lymphocyte proliferative responses occurs at concen
trations that are two orders of magnitude greater than

the plasma concentrations resulting from subcutancous
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administration, which suppress lymphocyte prolifera-
tion and produce analgesia in vitro."” In contrast to
morphine, systemic administration of N-methyl mor-
phine, a quaternary analog of morphine that does not
cross the blood—brain barrier, has no effect on NK cell
activity."" These findings suggest that brain opioid re-
ceptors are involved in the immunosuppressive effects
of opioids, independent of direct drug effects on cir-
culating lymphocytes. The thesis that opioids act cen-
trally to alter immune function is directly supported
by the observation that morphine injected into the lat-
cral cerebral ventricle or the periaqueductal gray mat-
ter (PAG) of the mesencephalon in rats results in a
powerful suppression of NK cell activity.

Although opioids may have deleterious effects on
immune function, surgical trauma leading to a pain

state is also linked with suppressed immune compe-
16,17

14,15

tence. Evidence suggests that postoperative im-
munosuppression may be induced neurogenically by
the high intensity afferent input generated by injury.'®"”
The evidence that pain may suppress immune function
emphasizes the need for aggressive control of both
acute and chronic pain states. However, the accumu-
lating body of data that suggests that opioids may neg-
atively influence immune competency is disconcerting.
Because no appropriate clinical outcome data exist,
these observations raise the possibility of deleterious
effects of effective analgesia that may be magnified in
patient populations that have prior impairment of im-
mune competency, such as patients with human im-
munodeficiency virus (HIV) or cancer.

It is known that opioids may exert their analgesic
actions at several points along the neuraxis, including
the brain and spinal cord in humans and animals.?" !
Previous studies have shown a probable supraspinal
action of morphine in altering immune function,'*"’
but the influence of spinal systems on immune com-
petency have not been examined systematically. There-
fore, this study compared the immunomodulatory ef-
fects of equianalgesic doses of subcutaneous and in-
trathecal morphine. To assess immune status and to
differentiate between alterations in T and B cell func-
tion, lymphocyte proliferative assays were performed
using the T cell mitogens, phytohemagglutinin (PHA)
and ConA, a T and B cell mitogen, pokeweed mitogen
(PWM), and a B cell mitogen, lipopolysaccharide. In
addition, opioid administration reportedly alters the
number of splenic and circulating lymphocytes and the
number of lymphocyte subsets in some compartments
of the immune system.'”"'"** These changes may reflect
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alterations in lymphocyte trafficking and/or expression
of receptors necessary for primary activation of the T
cell in the immune response. Therefore, the effect of
subcutancous and intrathecal morphine on the total
number of spleen lymphocytes and the number of T
and B cells present in the spleen were assessed. In ad-
dition, expression of the CD4+ and CD8+ molecules
were measured. The selection of these assays provides
a broad assessment of lymphocyte function and/or ac-
tivities.

Materials and Methods

Experimental procedures conformed to guidelines
established by the Council of the American Physiologic
Society and were approved by the Animal Care Com-
mittee of the University of California, San Diego.

Subjects

Male Sprague-Dawley rats (300-350 g; Harlan In-
dustries, Indianapolis, IN) were maintained on a 12-h
light-dark cycle, with free access to food and water.
Rats were housed two per cage and allowed to accli-
mate for 1 week after arrival.

Animal Preparation

For intrathecal administration of a drug, chronic in-
trathecal catheters were implanted under halothane
anesthesia, using a modification of the method de-
scribed by Yaksh and Rudy.?® Briefly, a polyethylene
(PE-10) catheter was introduced through an incision
in the atlanto-occipital membrane and advanced cau-
dally, extending to the rostral edge of the lumbar en-
largement, under aseptic conditions. After implanta-
tion, rats were housed individually and allowed to re-
cover for 7-10 days. Animals with any sign of
neurologic deficit were not used.

Drugs and Injections

The drugs were dissolved in sterile saline for both
intrathecal and subcutaneous administration. Subcu-
taneous morphine sulfate (Merck, Rahwah, NJ) was ad-
ministered in a dose of 10 mg/kg between the scapula,
whereas intrathecal morphine sulfate was given as 30
pg in 10 ul saline. Intrathecal drugs were delivered in
a total volume of 10 ul, followed by 10 ul saline to
flush the catheter. Naltrexone hydrochloric acid (Na-
tional Institute on Drug Abuse) was administered in a
dose of 1 mg/kg subcutaneously.
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Nociceptive Threshold Measurement

Nociceptive thresholds were determined using the
paw withdrawal reflex to thermal stimulation.?' Rats
were individually placed in clear plastic chambers with
a glass floor and allowed to acclimate for 30 min. Floor
temperature was maintained at 30°C by a thermister-
controlled heater unit. After the acclimation period, a
radiant heat source was positioned under the glass floor
directly beneath a hind paw. The trial was started by a
switch that activated the radiant heat source and an
clectronic timer. When the rat briskly lifted its paw,
the switch was released manually, stopping the timer
The radiant heat source was a high intensity projector
lamp bulb located 40 mm below the glass floor and
projecting through a 5 mm X 10 mm aperture in the
top of a movable case. Lamp voltage was adjusted to
give baseline latencies of 7-10 s. A cutoff of 20 s was
assigned to prevent tissue damage.

Experimental Paradigms

Time Course of Analgesic Effects of Subcuta-
neous and Intrathecal Morphine. In the first exper-
iment, equivalency of analgesia produced by intrathe-
cal and subcutancous morphine was defined. Groups
of rats were given saline or morphine subcutancously
or intrathecally two times during a 5-h period (at time
O and at 2.5 h), and nociceptive thresholds were mea
sured as described above. Subcutaneous administration
of 10 mg/kg morphine to rats results in a rapid rise in
plasma morphine concentrations to 2 ug/ml, peaking
within 30 min, with a half-life of approximately 2 h.*’
Theretore, this dosing regimen resulted in rapid sys-
temic effect, which lasted for approximately 5 h

Effect of Subcutaneous and Intrathecal Mor-
phine on Immune Function Assays. Studics to in
vestigate the effects of morphine on mitogen-induced
lymphocyte proliferation and the phenotypic expres
sion of lymphocyte cell surface markers were carried
out with subcutancous and spinal (intrathecal) drug
delivery, using equianalgesic doses as defined in the
time course study outlined carlier

I'he effects of systemic morphine were examined in
rats without implanted catheters randomly assigned on
receipt into one ol hive groups: cage controls, subcu
tancous saline, subcutancous morphine, subcutancous
naltrexone, and coadministration of subcutancous
morphine and naltrexone. Rats received one injection
at time zero and another 2.5 h after the first. Five hours
after the first injection, the rats were Killed by decap

itation and the spleens aseptically removed Lympho
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cytes were isolated, and immune functions assays were

performed as described later. In a separate group of

animals, the rats were sacrificed 24 h after the first in-
jection and tissues isolated and processed as described.

The effects of intrathecal morphine were assessed in
rats prepared with intrathecal catheters as described
previously. Seven to 10 days after placement of in-
trathecal catheters, rats were assigned randomly to one
of four groups: cage controls, intrathecal controls (no
injection), intrathecal saline, and intrathecal morphine.
Rats received one injection followed by the second in-
jection 2.5 h later. As in the systemic studies, rats were
killed 5 h after the first injection, and the spleens were
removed for lymphocyte function analyses.

Physiologic Responses to Systemic Morphine

In a separate group of animals, the effect of subcu-
tancous morphine, injected as described previously,
on heart rate, mean arterial blood pressure, and blood
gascs was assessed. Animals were anesthetized briefly
with halothane (1.5%), and the tail artery was cannu-
lated for systemic arterial blood pressure measurement
and blood sampling. The rats were placed in rodent
restrainers and allowed to recover from the anesthetic
and acclimate for 45-60 min. The tail artery cannula
was connected to a Grass polygraph (Model 7, Quincy,
MA), and heart rate and mean arterial blood pressure
were monitored for a 15-min baseline period and
throughout the 5 h of drug treatment. Arterial blood
samples (150 ul) were taken during the baseline period
and at 0.5, 1, 2, 3, 4, and 5 h after the morphine in
jections, and arterial oxygen pressure, partial pressure
of carbon dioxide, and pH were measured (by blood
gas analyzer, Model 1306, Instrumentation Labs, Mil
ano, ltaly)

Lymphocyte Function Assays

Lymphocyte Proliferation Assay. Splenocytes
were isolated using a modification of the method of
Reynolds and coworkers.”® Briefly, spleens were dis
sociated into a single cell suspension by teasing the
spleens apart with two sterile needles into calcium and
magnesium-free Hanks' balanced salt solution. The cells
were centrifuged in 50-ml tubes at 400 X g for 30 min
over 10 ml Ficoll-Hypaque (Histopaque, Sigma Chem
ical, St. Louis, MO) to produce mononuclear cells. Cells
at the interface were collected and washed twice with
Hanks' balanced salt solution and resuspended in RPMI
1640 tissue culture medium (supplemented with 10%

heat-inactivated fetal bovine serum, 2 mM L-glutamine
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1% penicillin-streptomycin, 20 mM Hepes and 2 X 10 2
M 2-mercaptoethanol) at a concentration of 2 X 10°
cells/ml. Cells were counted on a Coulter cell counter
(Model ZF, Hialeah, FL) and cell viability always ex-
ceeded 95%, as determined by trypan blue exclusion.

Lymphocyte proliferation was performed using a
modification of a previously described method.?’
Briefly, 100 ul of the cell suspension (2 X 10° cells/
well) were incubated with increasing concentrations
of the mitogens phytohemagglutinin, PWM, ConA, or
E. coli lipopolysaccharide in a total volume of 200
wl in 96 well round-bottom microtiter plates. At each
mitogen dose, cultures were plated in triplicate.
Cultures were incubated for 4 days (phytohemagglu-
tinin, PWM, ConA) or 6 days (lipopolysaccharide)
in a humidified atmosphere of 5% CO,/95% air.
Eighteen hours before harvesting, the plates were
pulsed with 1 uCi tritiated thymidine (New England
Nuclear, Boston, MA) per well. Samples were har-
vested with a Skatron cell harvester (Model 11000,
Sterling, VA) onto glass fiber filter paper and then
beta-scintillation counter (model
1900CA, Packard, Downers Grove, IL). Results were
expressed as counts per minute of mitogen-stimu-
lated cultures minus counts per minute of unstimu-
lated cultures from each animal.

Lymphocyte Cell Surface Marker Analysis. T
celllNBRcelliNandsI

counted on a

cell subset enumerations were
identified by flow cytometry, using a modification of
the method of Batuman and coworkers.*” Fluorescein-
labeled monoclonal antibodies directed at pheno-
typic cell surface markers (Pharmingen, San Diego,
CA) were used. Mouse anti-rat antibodies were used
toNidentiyeNINcells¥(clonciOX52) MBRcellsi(clone
OX33, anti-CD45), T helper cells (clone OX38, anti-
CD4), and T cytotoxic/suppressor cells (clone OX8,
anti-CD8). Optimal antibody concentrations were
determined empirically. Cells (1 X 10°) were in-
cubated with appropriate concentrations of antibody
in phosphate-buffered saline in a total volume of 300
ul on ice for 60 min. The cells were then washed
with 3 ml cold phosphate-buffered saline, centri-
fuged at 400 X g, and resuspended in 0.5 ml cold
phosphate-buffered saline. Fluorescence was ana-
lyzed using an Ortho cytofluorograph model 50-H
(Ortho Pharmaceuticals, Raritan, NJ). Positive cells
were calculated as a percentage above a threshold
defined by the negative control (monoclonal anti-
body omitted). Average percent fluorescence of neg-
ative controls was 1-2%.
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Statistical Analysis

Experiments for immune function were analyzed by
a one-factor or two-factor analysis of variance and
posthoc Tukey’s for specific comparisons. Experiments
that involved physiologic parameters and nociceptive
thresholds were analyzed using repeated measures
analysis of variance and linear contrasts for specific
comparisons. Significance was assigned at the P < 0.05
level.

Results

Time Course of Analgesia

Both subcutaneous and intrathecal administration of
morphine resulted in maximal paw withdrawal latency
values over the majority of the 5-h period (fig. 1) and
were significantly increased when compared with sub-
cutaneous or intrathecal saline over all times (n = 4—
5, P<0.001). However, latencies after subcutaneous
morphine began to return to baseline 2.5 h after both
injections, whereas latencies decreased after the first
intrathecal morphine injection only. Coadministration
of subcutaneous morphine and naltrexone demon-
strated a complete blockade of the analgesia, as

—&— Saline
—O— SalineIT

—®— Morphine
—O— Morphine IT

Paw withdrawal
latency (sec)

Morphine+Naltrexone

% 100 T 200 300 400

Time (minutes)

Fig. 1. Time course of paw withdrawal latencies after subcu-
taneous saline, subcutaneous morphine, subcutaneous mor-
phine + naltrexone, intrathecal (IT) saline, and intrathecal
morphine. Arrows indicate time of injections. Both subcuta-
neous and intrathecal morphine were significantly different
from subcutaneous and intrathecal saline, respectively (P <
0.001). Subcutaneous morphine + naltrexone also differed
significantly from subcutaneous morphine (P < 0.001).
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Fig. 2. Lymphocyte proliferative responses to the mitogens
phytohemagglutinin (A), pokeweed mitogen (B), and Conca
navalin A () after systemic saline, morphine, and/or nal
trexone. The proliferative responses to all three mitogens after
systemic morphine differed significantly from systemic saline,
naltrexone, and morphine naltrexone (P < 0.001). Naltrex
one significantly increased the response to pokeweed mitogen
(B, P~ 005)

latencies in this group differed significantly from sub
cutancous morphine (n 5, P < 0.001) but not sub

cutancous saline

\nesthesiology. V 85 No 2. Aug 1996

Effect of Subcutaneous Morphine on Immune

Function Assays

Lymphocyte Proliferation. The effects of subcu-
tancous morphine and/or subcutaneous naltrexone on
the proliferative response to the mitogens phytohe-
magglutinin, PWM, ConA and lipopolysaccharide were
examined. Morphine significantly suppressed the re-
sponse to phytohemagglutinin, and naltrexone reversed
this effect (fig. 2A; n = 9, P < 0.001). Previous studies
in our laboratory showed that saline injections alone
do not alter proliferative responses when compared
with home cage control animals (data not shown). Nal-
trexone alone had no effect on phytohemagglutinin-
stimulated lymphocytes. Morphine also suppressed the
proliferative response to PWM, and this effect also was
reversed by naltrexone (fig. 2B; n 9, P< 0.001)
However, naltrexone significantly increased the pro-
liferative response to PWM when given alone (n = 9,
P < 0.05). Lymphocyte proliferative responses to ConA
were suppressed by morphine, and again, these effects
were blocked by coadministration of naltrexone (fig
2C: n 9, P < 0.001). Naltrexone had no effect on
ConA-stimulated lymphocyte proliferation. Systemic
morphine had no effect on lipopolysaccharide-stimu-
lated lymphocyte proliferation (fig. 3). Proliferative
responses to phytohemagglutinin, PWM, and ConA re-
turned to control values within 24 h of treatment (fig
tA, 4B, and 4C)

Cell Surface Markers. The effect of 5 h of subcu
tancous morphine analgesia on total number of splenic
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Fig. 3. Lymphocyte proliferative responses to the mitogen i
popolysaccharide acutely after systemic saline or morphine
injections did not significantly differ

202 YoIe €} uo 3sanb Aq 4pd-81000-000809661-27S0000/ 1991 6€/SGE/2/S8/4Pd-ajon1e/ABojoISaUISBUR/WOD IIBYIIBA|IS ZESE//:dRY WOl papEOjUMOQ]




’———i'

360

J. G. HAMRA AND T. L. YAKSH

ol

S 2.0

12 7
10 - A
Ssg
>
—
% 6
=
B
2 Saline
—#&— Morphine
1

0.0 0.5 1.0

16 PHA (pg/well)
14
B B
S
S o J
s
(&)
A
2 r T T T - v \
0 1 2 3 4 5 6 7
o - PWM (ng/well)
20
= C
= 5
o)
é’ 10
e
(&)
5

0 T v .
0.1 0.2 0.3 0.4 0.5 0.6

ConA (pg/well)

Fig. 4. Lymphocyte proliferative responses to the mitogens
phytohemagglutinin (4), pokeweed mitogen (B), and Conca-
navalin A (C) 24 h after systemic saline, morphine, and/or
naltrexone did not significantly differ.

lymphocytes and the expression of cell surface markers
for T, B, T helper (CD4+), and cytotoxic T (CD8+)
lymphocytes was examined. Morphine significantly de-
creased the total number of splenic lymphocytes (fig.
5A,n =10, P<0.001). Coadministration of naltrexone
blocked this effect, whereas naltrexone given alone had
no significant effect on the total number of lympho-
cytes. However, morphine had no effect on the per-
centage of lymphocytes that were T, B, or CD8 + cells
(fig. 5B). Morphine caused a slight, but significant, in-
crease in the number of CD4+ lymphocytes (n = 6, P
< (.05,
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Effect of Intrathecal Morphine on Immune

Function Assays

Lymphocyte Proliferation. Placement of intrathe-
cal catheters without drug injection increased prolif-
erative responses to the mitogens phytohemagglutinin,
PWM, and ConA, but these increases were not statisti-
cally significant. Intrathecal morphine did not alter
proliferative responses to the mitogens phytohemag-
glutinin, PWM, or ConA (Figure 6A, 6B, and 6C, re-
spectively). Intrathecal morphine also did not alter the

i E ls\‘:':rn:hine A
3 Naltrexone
2.0 [ M Morphine+Naltrexone
®
£<
%5 1ESHE
EE 10 f
05
0.0
501 B
40 %ﬁg [4 Saline
;‘:.’.) %/C% B Morphine
B %

PanT Pan B

Monoclonal Antibody

Fig. 5. Number of splenic lymphocytes after subcutaneous sa-
line, morphine, and/or naltrexone (4) and percent of lym-
phocytes expressing cell surface markers for T lymphocytes
(Pan T), B lymphocytes (Pan B), T helper cells (CD4), and cy-
totoxic T cells (CD8) (B). Morphine significantly decreased
the total number of splenic lymphocytes (4; *P < 0.001). Mor-
phine significantly increased the number of CD4+ lympho-
cytes (B; *P < 0.05).
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proliferative response to lipopolysaccharide (data not
shown)

Cell Surface Markers. Intrathecal morphine did not
alter the number of spleen lymphocytes when com-
pared with animals with intrathecal catheters that had
no injections (intrathecal controls) or intrathecal ani-
mals that received saline (fig. 7A). However, intrathecal
animals as a whole had lower numbers of splenic lym-
phocytes when compared with cage control animals
(n 7, P < 0.05). Intrathecal morphine did not sig-
nificantly alter the percentage of lymphocytes that ex-
pressed cell surface markers for T, B, or CD8+ lym-
phocytes (fig. 7B). Although intrathecal morphine ap-
peared to increase the number of CD4+ lymphocytes,
the increase was not statistically significant.

Effect of Subcutaneous Morphine on Physiologic

Parameters

Subcutaneous injection of morphine resulted ina 13%
decrease in heart rate and a 16% increase in blood pres-
sure from baseline, which returned to near baseline by
5 h. Arterial blood pH decreased 24% below baseline,
whereas partial pressure of carbon dioxide increased
1 3% above baseline and arterial oxygen pressure de-
creased 23% below baseline. However, all returned to
near baseline by the end of the 5-h treatment period.

Discussion

The current study demonstrates that equianalgesic
doses of morphine given by a subcutaneous or spinal
route display significantly different effects on lympho-
cyte proliferation and phenotypic expression of lym-
phocyte cell surface markers in rats. Systemic, but not
spinal, morphine suppressed splenic lymphocyte pro-
liferative responses to the mitogens phytohemagglu-
tinin, PWM, and ConA, but not lipopolysaccharide. The
most robust response to subcutancous m()rphm(‘ was
observed with the T cell mitogen phytohemagglutinin,
with a smaller response noted with the T and B cell
mitogen PWM. However, no response to morphine ad-
ministration was observed with the B cell mitogen, li-
popolysaccharide. These data suggest that subcuta
ncous morphine modifies T cell, but not B cell, pro
literative responses in the rat. In addition, subcutaneous
morphine resulted in a decrease in the number of
splenic lymphocytes, although the percentages of T
B, and cytotoxic T lymphocytes did not change. Sub
cutancous morphine, however, modestly increased the
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Fig. 6. Lymphocyte proliferative responses to the mitogens
phytohemagglutinin (A), pokeweed mitogen (B), and Conca-
navalin A (C) after intrathecal (IT) saline or morphine did
not significantly differ.

percentage of CD4+, or T helper lymphocytes. The
decreased number of lymphocytes present in the spleen
may reflect migration of lymphocytes from the spleen
to the peripheral circulation in response to morphine
treatment. In addition, the increased percentage of
CD4+ cells may result from either preferential move

ment of other lymphocyte subsets (Z.e., CD8+, B cells)
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Fig. 7. Number of splenic lymphocytes (4) and percent of lym-
phocytes expressing cell surface markers for T lymphocytes
(Pan T), B lymphocytes (Pan B), T helper cells (CD4), and cy-
totoxic T cells (CD8) (B) after intrathecal (IT) saline or mor-
phine. The number of splenic lymphocytes in animals with
intrathecal catheters differed significantly from cage control
animals (4; *P < 0.05). Intrathecal morphine did not signifi-
cantly alter the percentage of T, B, CD4+, or CD8+ cells (B).

out of the spleen or increased expression of the CD4
molecule which is required for antigen recognition.
Importantly, these effects were reversed by naltrex-
one, an opioid receptor antagonist, suggesting that the
effects of subcutaneous morphine were mediated
through opioid receptors. Naltrexone alone signifi-
cantly enhanced the response to the mitogen PWM
while also affecting the response to phytohemaggluti-
nin and ConA, although without statistical significance.
These data are consistent with others*® that point to a
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tonic inhibitory effect of endogenous opioids on lym-
phocyte proliferation which is blocked by opioid an-
tagonists. In addition, the effects of morphine were
acute and did not persist much longer than the period
of analgesia as lymphocyte proliferative responses were
normal 24 h after morphine treatment.

In marked contrast to the actions of subcutaneous
morphine, intrathecal morphine at doses that produced
a comparable antinociceptive action for an equivalent
time period or longer did not significantly alter lym-
phocyte proliferative responses or cell surface marker
expression when compared with intrathecal saline
treatment. However, animals that were implanted with
intrathecal catheters but received no treatment had el-
evated proliferative responses, although not statistically
significant, and decreased numbers of lymphocytes in
the spleen. These responses reflect inflammatory re-
sponses to the presence of a chronic intrathecal implant
(1-2 weeks) and presumably would not be noted in
acute intrathecal injections. In addition, it is important
to note that morphine did not alter either proliferative
responses or cell numbers when compared with ani-
mals receiving intrathecal saline.

The present results are consistent with others that
report suppressed proliferative responses after acute
systemic administration of morphine in rats and hu-
mans.*” ' The changes noted in the number of splenic
lymphocytes are consistent with those studies report-
ing decreased spleen cellularity after chronic mor-
phine administration®; however, both decreased and
increased numbers of CD4+ cells have been ob-
served.”?? Although systemic morphine reportedly
suppresses splenic NK cell activity in rats, Bayer and
coworkers'® demonstrated suppression of proliferative
activity of peripherally circulating, but not splenic,
rat lymphocytes, whereas Lysle et al®’ report
suppression of mitogen-induced proliferation in both
splenic and blood lymphocytes, but not in lympho-
cytes from the mesenteric lymph nodes. However, our
results demonstrated suppression of T cell-mediated
proliferation of splenic lymphocytes. The differences
between these studies may result from differences in
the dosing regimens and from compartment-specific
effects. In this study, the rats received two subcuta-
neous injections of morphine 2.5 h apart and were
sacrificed 2.5 h after the second injection. Bayer and
coworkers, in contrast, injected the rats once and sac-
rificed the animals 2 h after the injection. Extended
periods of exposure to subcutaneous morphine may,
therefore, result in significant effects on not only pe-
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ripherally circulating lymphocytes, but also those se-
questered in the spleen.

Intervening Systems Mediating Opioid Effects on

Immune Response

The mechanisms whereby subcutaneous morphine,
acting through opioid receptors, alters immune func-
tion is not known. Increasing evidence indicates that
the in vivo effects of morphine are mediated through
central opioid receptors.'*~'> Two possible pathways
that have been implicated in the mediation of the im-
munomodulatory effects of morphine are the hypo-
thalamic-pituitary-adrenal axis and/or the sympathetic
nervous system. Although the hypothalamic-pituitary-
adrenal axis appears to be partially involved in the
suppression of immune responses after chronic mor-
phine treatment,” the suppression of lymphocyte pro-
liferation after acute morphine administration is ap-
parently glucocorticoid independent.” Recent evidence
implicates the sympathetic nervous system in the
suppression of NK cell activity, primarily through ac-
tivation of alpha adrenoceptors.’' Indeed, endogenous
catecholamines are associated with alterations in lym-
phocyte trafficking and suppression of T cell func-
tion.** " In addition, morphine and related opioid ag-
onists were found to increase concentrations of plasma
catecholamines after central administration.***> Addi-
tional evidence has shown that stimulation of opioid
receptors at discrete hypothalamic and brainstem sites
increase sympathetic outflow.* As the spleen is directly
innervated by noradrenergic fibers,”” morphine im-
munomodulation may occur through local release of
catecholamines in the spleen

Opioids have potent effects on respiratory and car-
diovascular function, resulting in hypoxia, hypercarbia,
and acidosis.*® In addition, hypoxia reportedly stimu-
lates increases in catecholamine concentrations.” Be
cause such changes are not typically observed after the
spinal delivery of opioids in humans or in the present

rodent model these physiologic alterations may
account for the differences observed between these two
routes of administration in the current experiments
Mild hypercarbia and hypoxia were observed for short
intervals immediately after subcutancous injections
Given that morphine has potent central effects that re
sult in stimulation of sympathetic outflow, which can
directly affect cells in the spleen, it seems unlikely that
the effects noted in this study were a result of increases
in plasma catecholamines resulting from mild hypoxia

In addition, opioid anesthesia suppresses NK cell ac
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tivity in both mechanically ventilated and free-breath-
ing rats, suggesting that hypoxia resulting from a large
dose of opioids is not responsible for the resulting im-
mune suppression.’ Systemic morphine, which has po-
tent supraspinal effects, but not intrathecal morphine,
modulated lymphocyte function, providing further ev-
idence that the immunomodulatory actions of mor-
phine are centrally mediated. The lack of effect of spi-
nally administered morphine suggests that spinal opioid
receptors are not involved in morphine immunomod-
ulation, and indicates a dose-response relation at su-
praspinal opioid receptors.

Clinical Relevance

As reviewed in the introduction, the limited data
available in human and animal models suggest that
stress and pain states can deleteriously influence im-
mune competency. Such observations, though tenta-
tive, argue strongly for the appropriate control of cen-
tral nervous system activity produced secondary to high
threshold afferent input. Conversely, it appears that the
principle pharmacologic route of modifying this affer-
ent input, the opioids, may negatively modulate im-
portant components of the immune system. It seems
certain, given these contrary influences of pain and
opioids on immune function, that complex outcomes
are to be expected. For example, Provinciali and
colleagues'' observed decreased NK cell activity and
increased lymphokine-activated killer cell activity after
cither oral or intrathecal morphine in patients with
cancer. However, oral treatment with morphine re-
sulted in a greater induction of lymphokine-activated
killer cells than did intrathecal. However, this study
could not control for the degree of pain and progression
of discase, and therefore cannot eliminate the effect of
pain or stress, because both are known to decrease NK
cell activity. """ In addition, morphine analgesia at
tenuates surgery-induced enhancement of metastases,'”
suggesting that the negative immunomodulatory effects
of postoperative pain may outweigh those of morphine
alone. These data are supported by Yeager and Colac
chio,”” who observed decreased tumor burden in rats
given daily subcutancous morphine injections the day
before and 2 days after colon cancer cell inoculation
In contrast, acute but not chronic administration of
morphine in mice augments mortality associated with
Friend virus'” and Toxoplasma gondii® infections

I'hough not clear, the lack of effect on lymphocyte
function after intrathecal morphine, as indicated in this
study, suggests that the spinal administration of mor
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phine may have some theoretical advantages in patients
where immune competency is of importance. Morphine
was shown to promote the growth of HIV in human
peripheral blood mononuclear cells®® and reactivate
HIV reproduction in human Kupffer cells.™” In addition,
it was suggested that chronic exposure to morphine
may predispose to HIV infection.”” However, other
factors are clearly relevant to this issue, including the
incidence of catheter- or injection-related infections in
’ In addition, epi-

51-5

immunocompromised patients.
dural opioids have been associated with an apparent
increase in the reactivation of Herpes simplex after
Caesarean section.’* > Again, neither the pharmacology
nor the mechanism of this effect is known. These issues
are pertinent to the use of spinal anaigesics in the pain
patient and require ongoing consideration. The need
to manage pain has long been acknowledged to be im-
portant for the psychological wellbeing of the patient.
However, continued work in this area is particularly
significant because of deleterious effects that pain-
evoked afferent input may have on outcome after tissue
trauma in healthy patients and, more importantly, in
patients with compromised immune systems.
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