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Immunomodulating effects of morphine microinjected into

periaqueductal gray'

BIAN Tong-Hua, L1 Xiao-Yu®

(Shanghai Institute of Materia Medica .Chinese Academy of Sciences, Shanghai 200031, Ckina)

AIM.: To study the eifecits of morphine on
immune system through rat brain periagueduc-
tal gray (PAG). METHODS: Three hours
after microinjection of marphine through the
implanted steel tubes ta PAG. splenic cyto-
kines interleukin 2 (IL-2), interleukin 6 (IL-
67, tumor necrosis factor (TNF}, and natural
killer cells {(NK) activity were measured.
RESULTS. Microinjection of morphine (0,5
gL, 3872 ng) into PAG region had no influ-
ence on IL-6 and TNF-e {production of
splenic macrophages, suppressed the natural
killer cell {NK) activity and enhanced T-lym-
phocyte [unctions, including concanavalin A
{Con A)-induced T-cell proliferarion, IL-2
and TNF-B production. Both the suppressive
and stimulating actions were blocked by PAG
preinjection of the p opiovid receptor antagonist
naloxone (0.5 pL., 1 pg)» which alane showed
the contrary effect 1o morphine. CONCLU-
SION: Morphine affected immunofunctions
through opioid receptors in PAG, and the in-
fluences on varicus immunocompetent cells
were diflerent.

KEY WORDS morphine; naloxone;
periaqueductal gray; T-lymphocytes;
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Opiates play a key role in the neurcim-
munomodulating network. Opiate addicts re-
duce host immuno-defence functions. which
increase susceptibility to the infections of bac-
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teria and fungi as well as virus. In addition to
the direct effects of opiates on the immuno-
cytes, these effects on immune function are
mediated indirectly by the central nervous sys-
tem {CNS). Morphine binds specificelly to
opioid receptors. In CNS, periaqueductal gray
(PAG) is one of the regions containing p opi-
aid receptors, In this paper, the effects of mi-
croinjection of morphine into rat brain PAG on
the functions of T—cells, splenic macrophages.,
and NK cells were studied to show the neu-
roimmunomodulating effects of morphine me-
diated hy the CNS.

MATERJALS AND METHODS

Reagents Morphine was produced by Qinhai
Pharmaceutics and recrystallized by Ir YIN Dun
-Xiang, Department of Orgenic Synthesis of our Insti-
tute. NMNaloxone, (Con A),
lipopolysaccharides (LPS), dactinomycin (Dac), aod
deoxyribonucleazes (DMase) were from Sigms Co.
Methyl-a-d-tmannoside was from Bucha Co. 3-(4, 5-
Dimethyl-2-thiazolyl -2, 5-diphenyl-2H-tetrazolium
bromide (MTT) was from Fluka Co. RPM1 1640
medium (Gibeo Co) containing media were supple-
mented with HEPES buffer 10 mmol=L"', penicillin
100 kUL, streptomycin 100 mg-L™', L-glutamine
2 mmol-L~', Z-mercaptoethanol 50 pmol-L~', and 10
% newborn bovine serum, pH 7. 2. Human recombi-
nant interleukin 2 (hrlL-2) was kindly supplied by
Prof L1U Xing — Yuan, Shanghai Institute of Biochem-
istry. Trypsin was from Shanghai Institute of Biologi-
cal Products, Chinese Ministry of Public Health.
Crystal violet (AR} was Irom Shanghai Chongming
Chemical Reagent Factory. [*H]TdR was from Shang-
hai Institute of Muclear Research, Chinese Academy of
Sciences.

Anlmals

concanavalin @ A

[CR mice, ¥ , 3-month old, weighing
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2uts 2 g, Sprague-Dawley (S-D) rats. ¥ . weighing
215+ s 15 g, were from Shanghai Animal Center.
{Chinese Academy of Sciences,

Cell line  YAC-1 cell line (a Moloney leukemia
virus-induced mouse T-lymphoma cell) and 1929 cell
line ¢tumorigenic murine fibroblast) were purchased
from Shanghai Insticute of Cell Biology. Chinese
Academy of Sciences. The two cell lines were subcul-
rured with 10 % newborn bovine serum RPMI 1640
medium. MH60. BSF2 cell line was kindly supplied by
Dr TIAN Zhi —Gang. Shandong Medical Academy of
Sciences, and cultured with 10 % pewborn bovine
serum RPMI 1640 medium containing human recombi-
nant intecleukin 2 (hrll-2) 2¢ kUL

Imptantation into PAG  5-D raws were implanted
under barbiturate anesthesia with @ 0. 7 mm stainless
steel tubes (anterior-posterior 2. 7 mm, medial-lateral
+0. 8 mm, dorsal-ventral 5. 5 mm). One week later,
drugs were injected; control group saline (0.5 pL +
¢. 5 pL); morphine group saline (0. 5 pL) + meor-
phine (0.5 gL, 3672 ng’; naloxone group naloxone
(0.5 pL. 1 pg) + saline (0.5 uL); naloxone blocked
group naloxone <0. 5 L, 1 pg? + morphine (4. 5 ul,
3672 ng). After 3 h. spleen was mechanically dissoci-
ated inro cells, washed twice. and suspended in RPMI
1640. The histelogic examination of implantation was
confirmed by aminc black 10B injected into the site
after experiment.

Lymphocyte proliferation
pension was added to 96-well plate {(with Con A 5 mg

The splenic cell sus-

‘L7 final volume 200 ul and cell concentration 2 X
10°-L7"3, 5 wells for each sample. After incubation at
37 Cin a 5 % CO; incubator for 72 h, the cultures
were added with ["H]TdR (24, 5 kBq/well} for the [i-
nal 6-h incubation and were harvested on glass fiber
filters. Cell proliferation was expressed as dpm/2 X
10° cebls.

IL-2 production’'”’ The splenic cells (2 x 18
*L™" 1 mL/well ) were cultured with Con A (5 mg
L7} in 24-well plate, at 37 C in an incubator with
5 % CO, for 24 h, 2 wells per sample. Alfter incuba-
tion. all the supernatants containing IL-2 were collect-
ed and clanfied by centriflugation (600X g, 10 min).
The supernatants were stored at — 25 C until assay
for IL-2 actviry.

IL-2 assay  IL-2 activity was measured by pro-
liferation of Con A-activated T-cells. Splenocyte sus-

pensien of ICR puce was added to the 25 ml culture
withCon A5mg+L""'. Aflterincubationat3? Cina5 %
CQ; incubator for 72 h, the cells were washed three
times, and resuspended in RPMI 1640 with methyl-a-
d-mannoside (235 mmol = L™} to 2 X 10° cells/well.
This suspension was distributed over a 96-well plate.
To the suspension, 1080 gL of cell culture supernatant
or wvarious concentrations of standard hrlL-2 were
added. The cultures were incubated at 37 C ina 5 %
CO; mcubaror lor 24 h. These cultures were added
with [*HITdR (9. 25 kBq /well} lor the final 6-h incu-
bation and were harvested onto glass fiber filters. 11.-2
activity was calculated from the'standard hrIL-2.

Spltenic macrophages  The splenic cell suspen-
siont (1 mL. 4 % 10" cells/well) was added to 24-well
plate. 2 wells for each sample. Afier incubation at
37 Cin a 5 % CO; incubator for 2 h. non-adherent
cells were removed by washing twice with RPMI 1640
medium, The adherent cells were used as splenic
macrophages,

TNF prodoction™® The splenic cells (1 mL. 4
X 10% cells/well ), for TNF-f or rthe splenie
macrophages. for TNF-a, were cultured with Con A
(s mg+L.7" or LPS (10 mg-L™") in 24-well plate, at
37 Cinas % CO,incubater for 6 h, 2 wells per sam-
ple. Afrer incubarion. all the supernatants conraining
TNF were collected and clarified by centrifugation
(600 X g, 10 min). The supernatants were stored at
—25 C until assay for TNF activity.

TNF assay The TNF activities in different sam-
ples were determined by the cytotoxicity assay against
L9209 cells (5. X 10* celis /100 gL ) seeded in the 96-well
plate and incubated at 37 C in 5 % CO; atmosphere
for 24 h. The culture medium was removed, TNF su-
perpatant (100 pl )} and RPMI 1640 medium contain-
ing Dac (final concentration 1 mg+L™') were added.
Plates were reincubated for 20 h. The cells stained
with 0. 3 2 crystal violet {(containing 3. 2 % formalde-
hyde isotonic solution) for 15 min., Plates were rinsed
and dried. The residee was dissolved in 47. 5 %
ethanol (100 pL/well} which was measured ar 570 nm
on an ELISA autoreader. TNF activity was calculat-
ed:

Cytotoxicity (%) = tControl — Test) /Control X
10094,

IL-6 production™
(] mL. 1. 3 x 10" cells/well } was added to 24i-well

The splenic cell suspension


http://www.cqvip.com

BIBLID. 185N 0253-9756

Acta Pharmacologica Simra

1495 Mar, 16 (20 « 123«

+ & #HEEH

plate with LPS 6. 25 mg-l.7". 2 wells for each sample.
Afrer ineubation at 37 i a 5+% CQ; incubator for
61 h. 1L.-8 was collected and clarified by centnfugation
L6040 < g, L0 min). The supernatants were stored 4t
— 25 € untl assay for 1L-6 activity.

IL-6 assay'®
was performed using an 1L-6 dependent B cell hybrido-
ma. MHG0. BSFZ. The MHg0. BSF2 cells (1 .7 10*
presence of

The proliferation bicassay for 11.-6

cells ‘well ¥ were cultured in the
macrophage and L9290 cell supernatants collected. Af-
ter 24 h or 48 h. depending on the growth condition of
MHE0-BSF2. MTT 20 pl. {10 g+L.7') were added for
5 h and then 100 gL of 10 %7 SDS-0. 0lmol L' HC1
were added to each well after mixing slightly on a plate
mixer. The culture plates were incubated at 37 C ina
5 % CO; incubator for another 12 h. The absorbance
(A} at 570 nm was measured by ELISA spectro-
photometer.

NK cell nctivity assay NK cell activity was as-
sessed in a ["H]TdR release assay with YAC-1, a
murine lymphoma cell line as targets. [*H] TdR
labeled YAC-1 cells 100 pl.. 2 = 10%-L " ‘were added ro
each well of 86-well plate containiag splenic cells (100
pL. 2 X 10 cells/well) with the effector/target ratias
of 10011, 3 wells for each sample. Maximal release of
[(*H]TdR was determined by incubating targets with
100 pI. Triton » 100, spontanecus release was deter-
mined 8s the amount of radicactivity released in the
presence of media alone. After incubation at 37 C in
5 % COQy incubator far 7.5 h, the cultures were added
with trypsin {0, 15 24) and DNase (0. 0125 °3) for 30
min. The cultures were harvested onto glass fiber fil-
ters. The specific lysis €%;) was calculated ;

Specific lysis (%) = {Experimental release -
Spontaneous release ) / (Maximal release - Sponta-

neaus release) = 1003 %
RESULTS

T-cell functions. including IL-2, TNF-8
production. and the proliferation induced by
Con A were enhanced 3 h after injection of
morphine into PAG. The enhancements were
blocked by preinjection of naloxone. which
PAG mi-
croinjection of morphine had no influence on
IL-6 nor TNF-m
macrophages. MNaloxcne had no influence on

per se inhibited T-cell funcrions.

production of splenic
these cytokines either. No antagonistic effects
between morphine and naloxone were detect-
ed. The NK cell-inhibiting effect of morphine
was blocked by prior microinjection of nalox-
one into PAG (Tab 1).

DISCUSSION

The present study demonstrated that mi-
croinjection of morphine into rat brain PAG
had various effects on different immune com-
petent cells, stimulating IL-2, TNF-8 produc-
tion and the proliferation of Con A-induced
splenic T-celis . but inhibiting the NK cell ac-
tivity. The blockage of both the stimulating
and inhibiting effects by prior microinjection

Tab 1. Effects of microinjection of morphine and naloxone inte rat periagueductal gray on Con A-induced IL-2.
TNF-£ production. and splenic T-cell prolil’erall_on (expressed as dpm of [*H]TdR uptake}. LPS-induced IL-6.
TNF-a preduction of splenlc macrophages. and NK cell activity (effector: target=100:1). X+5. "P<70.05.

° P<70. 01 v saline.

" Saline Morphine Maloxone Naloxone +~Morphine
T- cell proliferation (dpm > 1071} 5 5.1E1.0 10.t==0. 7 1. 60 0F 5.440. 7
IL-2 acovity (kU-L™ 1) a 256411 291 4° 162+ 36" 297459
TNF-B activity (specific lysis % 5 380440 54,042, 20, 0=4. 32.0=4.0
IL-6 activity (A 570 pm} q 1.57+ 0.3 1. 62+0. 10 1. 6140, 01 1. 3B+ 0.01
THNF-a activity Lspecific lysis %5) 4 28.94+2. 86 2BU2 6 28.9+2.6 26.312. 8§
NK acnvity (specific cytotoxity i) 3 63.3=3.8 45. 51 2.5 71. 542 2° 53.44+9.5
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of naloxone into PAG indicated that the ef-
fects were pharmacologically specific and sug-
gested that the immunomodulating effects of
morphine én vivo could at least partially medi-
ated by CNS, specially by opioid receptors in
PAG.

Faoot-shock, during which endogenous
opiates are released in PAG™, suppressed NK
cell activity™. Microinjection of morphine in-
to PAG suppressed NK cell activity in rats,
and this suppression can be blocked by in-
traperitoneal injection of naltrexone 5 min be-
fore PAG microinjections of morphine™ and
preinjection of naloxone into PAG, suggesting
that PAG might be one of the primary central
nervous sites involved in neurcimmuno-
modulation of opiates. ]

Our study also showed that microinjec-
tion of morphine into PAG had no eff'ect on
splenic macrophages, including the production
of IL-6 and TNF-e. In our another experiment
(data not shown), direct inhibiting effects of
morphine on mouse peritoneal macrophages.,
including 1L-1 and TNF-a production were ob-

served in vitro suggested that a direct suppres-

sive effects of morphine on reticuloendothelial

system might exist.
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