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The concept of opiates as immunomodulatory agents 
dates to the turn of this century [l, 21. By the 194Os, 
many studies had been carried out on the effects of 
opiates on immune cells and on resistance of animals 
to infection [reviewed in Ref. 31. Also, most of the 
infectious disease complications of intravenous 
opiate abuse were well recognized [4]. Several 
decades elapsed, however, before interest in this 
topic was rekindled by the observation that cell- 
mediated immune function is impaired in heroin 
addicts [5] and by reports in 1979 and 1980 that the 
major cell types involved in cell-mediated immunity- 
T-lymphocytes and mononuclear phagocytes-pos- 
sess opiate receptors [6-8]. Thus, the stage was set 
in 1981, the outset of the acquired immunodeficiency 
syndrome (AID%) epidemic, for intensive research 
in this area of immunology, once it became 
established that injection drug use was a prominent 
risk factor for this devastating infectious disease [9]. 

In addition to the potential relevance of opiate- 
induced immunomodulation to AIDS, progress in 
this area has been spurred by developments in two 
related fields. First, major advances have been made 
in the field of opiate pharmacology, especially in the 
delineation of selective classes of opioid receptors 
[reviewed in Ref. lo]. Second, new concepts have 
been derived from the field of “psycho- 
neuroimmunology” regarding bidirectional com- 
munication between the neuroendocrine and immune 
systems [reviewed in Refs. 11 and 121. Studies 
in this multidisciplinary area of research have 
demonstrated a dynamic interaction between these 
two systems through chemical mediators, including 
endogenous opioid peptides. Not only have all three 
classes of endogenous opioid peptides been shown 
to affect immune cell function, but immunocytes 
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have been demonstrated to be a source of several 
classes of opioid peptides [reviewed in Ref. 131. 

The effects of exogenous opioids on immune cells 
have been studied as well. In this area of 
study (“pharmaconeuroimmunology”), the naturally 
occurring opiate alkaloid, morphine, has been 
investigated most extensively. Although a large body 
of evidence indicates that this opiate has multiple 
effects on the immune system (Table l), and that 
these effects may compromise host defenses against 
a variety of microorganisms, relatively few studies 
have examined the mechanisms of morphine-induced 
immunomodulation. These studies are the focus of 
this article. As in most areas of research, it has 
become clear that there are more questions than 
answers and that much work needs to be done. 

SITES OF MORPHINE ACTION 

One of the major efforts in research on the 
mechanisms of opiate-induced immunomodulation 
has been to determine the primary site(s) of the 
action of morphine at an organ-system level (Fig. 
1). Work with morphine-dependent rodents has 
demonstrated that one of the primary sites of action 
of morphine is within the central nervous system 
(CNS), with secondary effects on the immune 
system being mediated through a stress-responsive 
neuroendocrine pathway, i.e. the hypothalamo- 
pituitary-adrenal (HPA) axis. In addition to this 
indirect mechanism, studies with cell cultures from 
rodents, swine, and humans have shown that 
exposure of immune cells to morphine results in a 
variety of functional disturbances. Only recently 
have the mechanisms underlying these direct effects 
of morphine been ascertained. 

CNS-mediated effects of morphine 

In 1984, Shavit et al. [21] reported that splenic 
natural killer (NK) cell cytotoxicity against a tumor 
cell target was suppressed in rats subjected to 
inescapable footshock stress. The suppressed NK 
cell activity was blocked by administration of the 
opiate antagonist naltrexone, and similar suppression 
was induced by high doses of morphine. Subsequent 
studies by Shavit et al. [22] demonstrated that the 
morphine-induced suppression of NK activity was 
also blocked by naltrexone treatment, and that 
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Table 1. Morphine effects on immune cells* 

Cell type Effect 

T-lymphocytes 

B-lymphocytes 
Natural killer lymphocytes 
Lymphokine-activated killer cells 
Monocytes/macrophages 
Polymo~honuclear leukocytes 

E-rosette marker (-) 
TH, Ts markers (-) 
Mitogen-induced proliferation (- , +) 
Interferon-y production (-) 
Antibody production (-) 
Cytotoxicity (-, + , 2~) 
Cytotoxicity (-) 
Respiratory burst activity (-); phagocytosis.( -); chemotaxis (-) 
Chemotaxis (-); respiratory burst activity (-); phagocytosis (-) 

* Compiled from a number of in uivo and in vitro studies reviewed in Refs. H-20. Key: (-) inhibition; (+) 
stimulation; and (+) no effect. 

1MMUNE S~SlEM: bone 
marrow, lymph nodes, thymus, 
spleen, somatic tissues, vascular 
spats 

Fig. 1. Targets of opiate-induced alterations of the immune 
system. Research on the mechanisms whereby morphine 
affects immune cell function suggests that both indirect 
effects (i.e. via CNS neuroendocrine pathways) and direct 

interactions with immune cells are involved. 

the immunosuppressive effect of morphine was 
associated with the development of tolerance 
after 14 days of morphine administration. These 
investigators went on to show that the NK- 
suppressive effect of morphine was mediated by 
opiate receptors in the brain 1231. In 1989, Weber 
and Pert f24j provided evidence that opiate receptors 
within the pe~aquedu~tal gray matter of the 
mesencephalon served as the primary target for 
morphine-induced NK cell suppression. Although 
the precise cell type within the brain and the efferent 
pathway involved in the effect of morphine on 
splenic NK lymphocytes were not determined, both 
groups of investigators (23,241 proposed that 
signaling between the CNS and the immune system 
was relayed through neuroendocrine pathways, such 
as the HPA axis or sympathetic innervation of 
lymphoid organs. 

Support for the hypothesis that the HPA axis is 
involved in morphine-induced immunomodulation 
has been provided by in viva studies of the effects 
of morphine on T- and B-lymphocyte function. In 
1979, Ho and Leung [25] demonstrated that 
lymphocytes from the peripheral blood and lymph 
nodes of morphine-addicted mice were significantly 
less responsive to the T-cell mitogen concanavalin 
A (Con A), a phenomenon that was blocked by 
simultaneous treatment of mice with naloxone. 

These investigators speculated that the mechanism 
by which morphine exerted its immunosuppressive 
effect involved the neuroendocrine system [25]. In 
a series of more recent studies using implantation of 
a 75mg morphine peliet in C3H/HeN mice as a 
model of chronic morphine treatment, Bryant et al. 
[26-281 demonstrated that the HPA axis plays an 
important role not only in morphine-induced 
suppression of the proliferative response of splenic 
T-cells to Con A but also in impaired splenic B-cell 
responsiveness to lipopolysa~cha~de (LPS) in vitro. 
Additionally, the HPA axis was found to be involved 
in morphine-induced inhibition of delayed type 
hypersensitivity and graft vs host responses in uivo 
[29]. In the animal model of Bryant et al., morphine- 
pelleted mice were found to have significant 
elevations of serum corticosterone associated with 
adrenal hypertrophy, as well as marked reductions 
in spleen and thymus weights. In adrenalectomized 
mice, the morphine-induced effects on splenic and 
thymus size and on immune cell function were 
abrogated. Effects similar to adrenalectomy were 
found‘ in mice given a glucocorticoid receptor 
antagonist [28]. While the exact sequence of events 
in the glucocorticoid-mediated effects on immune 
cells were not determined in these studies, Bryant 
et af. (301 have suggested that the macrophage and 
certain of iis products may play a pivotal role. 

Consistent with the hypothesis that morphine- 
induced immunomodulation is mediated indirectly 
via the HPA axis, Sei et al. [31] have reported that 
thymic hypoplasia and phenotypic changes of 
thymocytes in mo~hine-pelleted CS7BL/6J mice 
are glucocorticoid dependent. T-cell-dependent 
antibody responses also have been shown to be 
suppressed by implanation of a 7%mg morphine 
pellet in mice [32,33], and such effects on humoral 
immune responses appear to involve the triggering 
of the HPA axis [34]. All of these findings are 
compatible with high concentrations of morphine 
being localized to the hypothalamus [35] and with 
the well-recognized effects of morphine on the HPA 
axis [36]. 

In contrast to the findings in studies using the 
chronic (75mg morphine pellet) C3H/HeN mouse 
model, Bayer et al. [37] found in a rat model of 
acute morphine administration that the HPA axis is 
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not involved in opiate-induced immunosuppression. 
In this study, morphine-induced impairment of 
splenic NK cell activity and of peripheral blood 
lymphocyte responsiveness to Con A was blocked 
by naltrexone treatment; however, serum cortico- 
sterone levels were not reduced in animals receiving 
morphine plus naltrexone. These investigators 
suggested that in addition to activation of the HPA 
axis, other factors appeared necessary to elicit the 
immunosuppressive effects observed in morphine- 
treated rats [3’7]. Subsequent studies by this 
group of investigators [38] revealed that the 
immunosuppressive effects of acute administration 
of morphine on rat immune cell function are not 
due to a direct effect of morphine on immune cells. 

Evidence for a glucocorticoid-independent mech- 
anism of morpbine-induced immunomodulation has 
also been provided by Sei et al. [39] in CS7BL/6J 
mice treated with 75-mg morphine pellets. Using an 
assay of calcium mobilization in response to Con A, 
these investigators found that morphine-induced 
inhibition of intracellular [Ca2+] uptake by splenic 
B-cells was not altered by adrenalectomy, even 
though naltrexone blocked this morphine-induced 
effect on B-cells. Int~g~ngiy, morphine-induced 
inhibition of [Ca2+] uptake by Con A-stimulated CD4 
splenic lymphocytes was abolished by adrenalectomy ; 
however, naltrexone did not block the action of 
morphine on this lymphocyte population [39]. To 
further complicate matters, Bussiere et al. [40] 
recently found that the in uiuo effect of morphine 
on the primary antibody response of murine splenic 
B-cells in vitro varies markedly among mouse strains 
and that both classical (naloxone-reversible) and 
non-classical (naloxone-insensitive) opioid receptor 
mechanisms are operable. 

Direct effects of morphine on immune cells 

Although direct effects of morphine on immune- 
cell function have not been found in some studies, 
a considerable literature derived from in vitro culture 
systems indicates potential for such direct effects in 
viuo. Following the initial reports that T-lymphocytes 
and mononuclear phagocytes possess specific (nal- 
oxone-inhibitable) opiate receptors 16-81, several 
groups of investigators have further characterized 
the nature of these receptors. In studies with 
the relatively nonselective opiate antagonist [3H]- 
naloxone, Mehrishi and Mills [41] found evidence 
of a p-type opioid receptor in lymphocytes from the 
peripheral blood of healthy humans. Madden et al. 
1421 determined that human T-lymph~ytes have a 
low-affinity binding site for naloxone with a Kc of 
50.6 + 2.4nM. The bound naioxone was partially 
displaceable not only by morphine but also by /3- 
endorphine and 6 opioid receptor agonists [42]. 
Gvadiaetal. [43], however, found that rat splenocytes 
had f3H]naloxone binding sites that displaced with 
morphine but not with opioid peptides. In this study, 
the binding of naloxone was shown to be sensitive 
to Na+ and to guanosine S-0-(3-thiotriphosphate) 
(GTPyS), suggesting that a GTP-binding regulatory 
protein that couples receptors to adenylate cyclase 
is involved in opiate binding to lymphocytes. Similar 
results were obtained in a later study with [3H]- 

etorphine [44], a ligand with broad opioid receptor 
specificity. 

The opioid receptor binding site on murine T- and 
B-lymphocytes has been investigated by Radulescu 
et al. [45]. Using highly selective opioid receptor 
ligands, these investigators delineated a p-class 
binding site of 58 kDa, similar to that of the ,u-site 
for neuronal tissue. Furthermore, the opioid receptor 
in T-lymphocytes, but not in B-lymphocytes, 
appeared to be coupled to calcium-uptake pathways 
[45]. From the results of their studies, these 
investigators also suggested the ~ssibility that 
murine lymphocytes have distinct, yet interacting, 
p, a-, and K-opioid binding domains [45]. In a 
similar context, Taub et al. [46] demonstrated that 
the p-selective agonists morphine and Tyr-D-Ala- 
Gly-N-Me-Phe-Gly-ol (DAMGE), as well two x- 
selective agonists, inhibit the capacity of splenic 
lymph~~es from immunized mice to generate 
antibodies to sheep erythrocytes (SRBC) in vitro. 
In this lymphocyte culture system, however, opioid- 
mediated regulation occurred by way of classical p 
and K receptor-ligand pathways, without apparent 
cross-reactivity [46]. Recent studies by Rogers et al. 
[47] of murine splenic T-cell proliferative responses 
and of the secondary antibody response of mouse 
splenocytes to SRBC have demonstrated direct 
immunosuppressive effects of both fl receptor 
agonists (morphine and DAMGE) and K agonists. 
As was found in their in uivo studies [40], marked 
differences in these in uitro effects of opioids were 
observed among mouse strains [47]. In ongoing 
studies of human T-lymph~~es, Madden et al. [48] 
have reported provocative evidence for a high- 
affinity binding site for [3H]naloxone within the 
interior of these cells. 

In addition to studies of the direct effects of 
morphine on lymphocytes, this opiate also has been 
shown to affect the function of mononuclear 
phagocytes via an opioid-receptor mechanism. 
Phagocytosis of immunoglobulin G-coated SRBC by 
mouse peritoneal macrophages [49], chemotaxis by 
human blood monocytes [50], and generation of 
superoxide (“respiratory burst activity”) by blood 
monocytes from humans [51] have all been shown 
to be suppressed by in vitro exposure to morphine. 
In all of these studies, the functional effects of 
morphine were blocked by naloxone. 

In our laboratory, research has focused on the 
involvement of cytokines in the mechanism of 
morphine-induced immunomodulation. Initial 
studies indicated that exposure of human peripheral 
blood mononuclear cells (PBMC) to morphine 
resulted in the suppressed production of the 
lymphokine interferon (IFN)-y upon stimulation of 
PBMC cultures with Con A or a viral antigen [52]. 
The mechanism of this naloxone-inhibitable process 
appeared to involve an interaction of morphine with 
monocytes as the primary target cells in the PBMC 
cultures, with secondary inhibition of IFN-y 
production by lymphocytes occurring as a result of 
suppressive monocyte products-reactive oxygen 
intermediates and prostaglandin E2 [52]. Elliott 
et al. [53] also have reported that peritoneal 
macrophages from morphine-dependent rats release 
enhanced amounts of prostaglandin Ez; these 
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investigators suggested that this arachidonic acid 
metabolite is involved in the immunosuppressive 
effects of morphine. 

Recently, we have shown that incorporation of 
morphine in cultures of LPS- or phytohemagglutinin 
(PHA)-stimulated PBMC results in the amplified 
release of another cytokine, transforming growth 
factor (TGF)-/3 [54]. Since TGF-/3 is known to have 
diverse immunologic effects, we suggested that 
morphine-induced augmentation of TGF-/3 release 
could explain some of the immunomodulatory 
properties of morphine. For example, morphine- 
induced suppression of monocyte respiratory burst 
activity [51] could be related to an enhanced release 
of TGF-/I. Also, the increased growth of human 
immunodeficiency virus (HIV)-1 in human PBMC 
cocultures containing morphine [55,56] could be 
due to a morphine-induced potentiation of TGF-/3 
release, since this cytokine is capable of stimulating 
HIV-l replication in PBMC cocultures [57]. 

We also have demonstrated that morphine 
treatment of PBMC results in the suppressed release 
of bioactive tumor necrosis factor (TNF) when these 
cells are stimulated with LPS or PHA [58]. This 
suppressive effect on PHA-stimulated TNF release 
was blocked by naloxone, whereas the suppressive 
effect of morphine on the response to LPS was 
not. The results of this study suggested that the 
mechanism of morphine-induced suppression of TNF 
release is counteracted by the potentiating effect of 
morphine on TGF-8 release [58]. 

Finally, morphine may also exert an immu- 
nomodulatory effect on immune cells by altering 
their response to cytokines. Roy et al. [59], for 
example, have shown recently that bone marrow 
cells from mice treated with 75-mg morphine pellets 
are less responsive to the cytokine macrophage 
colony-stimulating factor. This finding could be 
mimicked by direct exposure of bone marrow cells 
from untreated mice to morphine in culture, and the 
opioid peptide /I-endorphin was even more potent 
in this regard. 

CONCLUSIONS 

It has become clear that morphine can alter a 
variety of immune responses via indirect (CNS- 
mediated) and direct effects on immune cells (Fig. 
2). The finding that morphine can affect both 
immune cell and neuronal cell function is consistent 
with the view that the immune system and the brain 
are “connected”. Following the lead of prodigious 
research on the nature of neuronal opioid receptors, 
investigators of opioid receptors on immunocytes 
have uncovered both similarities and unique features. 
The effects of opiate drugs within both the brain 
and the immune system appear to be inextricably 
linked to the function and regulation of endogenous 
opioid systems. Researchers in this field will no 
doubt determine the location of these receptors in 
immunocytes, their coupling mechanisms to second- 
messenger systems, and interactions between the 
different opioid receptor types. The recent cloning 
of a 6 opioid receptor from neuronal cells [60] is 
likely to accelerate progress of this work. Other 
questions that need to be explored more fully are 

Fig. 2. Proposed mechanisms of morphine-induced 
immunomodulation. Morphine can act: (1) indirectly via 
triggering opiate receptors within the periaqueductal gray 
matter of the mesencephalon, resulting in activation of the 
HPA axis, with subsequent glucocorticoid-mediated effects 
on immune cells, or (2) directly by stimulating opiate 
receptors of immune cells. In this schema, modulation of 
macrophage production of cytokines in response to various 
stimuli plays a pivotal role in the action of morphine on 
immune cells. Morphine can also act via non-opiate 
(naloxone-insensitive) mechanisms and can have macro- 

phage-independent effects on lymphocyte function. 

the cellular and molecular bases for interindividual 
variability in the effect of morphine on certain 
immune responses, the immune cell types which 
serve as primary targets for morphine, and the 
involvement of immune cell products (e.g. cytokines, 
free radicals, and arachidonic acid metabolites) in 
morphine-induced immunomodulation. 

Now that it has been shown that chronic (75-mg 
morphine pellet) opiate administration in mice 
results in immunosuppression via a neuroendocrine 
pathway, questions regarding genetic-, gender-, and 
age-related influences are being examined. Given 
the multiplicity of confounding variables in human 
studies in this area of research, there is a need to 
extend these studies from rodents to other animal 
species. Indeed, such studies are presently underway 
in primate and swine models. Since the biological 
significance of opiate-induced immunomodulation is 
best appreciated in studies of infectious disease 
pathogenesis, research with animal models should 
increasingly relate mechanisms to infectious disease 
outcomes. Considering the overwhelming import- 
ance of AIDS and the link between this infectious 
disease and injection drug use, animal models of 
retroviral infection and of relevant opportunistic 
pathogens are increasingly being used. The results 
of some of these studies [reviewed in Ref. 611 are 
provocative in that primates or swine that are’ 
chronically maintained on morphine demonstrate 
benefit in terms of reduced pathogenesis of certain 
types of viral infection. Opiate withdrawal, on the 
other hand, may be highly deleterious due to stress- 
induced impairment of host defenses [61]. 

Research in this area of pharmaconeuro- 
immunology has implications beyond the possible 
relationship to AIDS. Effects on immunocompetence 
should be an area of concern in the development of 
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all novel opiate-related pharmaceuticals [29]. Studies 
of the mechanisms of opiate-induced immu- 
nomodulation may also lead to new therapies in 
areas such as transplantation and autoimmune 
disease, as well as in protection against host- 
mediated inflammatory injury associated with 
infectious agents. 

Acknowledgements-This work was supported in part by 
U.S. Public Health Service Grant DA-04381. The authors 
thank Dr. James Kaufmann and Jacqueline Ostroum for 
assistance in the preparation of this manuscript. 

REFERENCES 

2. Archard C, Benard H and Gagneux C, Action de la 

1. Cantacuzene J, Nouvelles researches sur le mode de 
destruction des vibrions dans I’organisme. Ann Inst 

morphine sur les proprietes leucocytaires. Leuco- 

Pasteur 12: 273-300, 1898. 

diagnostic du morphinisme. Bull Mem Sot Med Hop 
Paris 28: 9X-966, 1909. 

3. Eddy NB, Action on the blood. In: The Pharmacology 
of the Opium Alkaloids (Eds. Krueger H, Eddy NB 
and Sumwalt M), pp. 415-434, U.S. Dept. Public 
Health Reports, Suppl 165, 1941. 

4. Hussey HH and Katz S, Infections resulting from 
narcotic addiction: Report of 102 cases. 

5. Brown SM, Stimmel B, Taub RN, Kochwa S and 
Rosenfield RE, Immunologic dysfunction in heroin 
addicts. Arch Intern Med 134: 1001-1006, 1974. 

6. Wybran J, Appelboom T, Famaey J-P and Govaerts 
A, Suggestive evidence for receptors for morphine and 
methionine-enkephalin on normal human blood T 
lymphocytes. J Immunol 123: 1068-1070, 1979. 

7. McDonoueh RJ. Madden JJ. Falek A. Shafer DA. 
Pline M, -Gordon D, Bokds P, Kuehnle JC and 
Mendelson J, Alteration of T and null lymphocyte 
frequencies in the peripheral blood of human opiate 
addicts: In oivo evidence for opiate receptor sites on 
T lymphocytes. J Immunol 125: 2539-2543, 1980. 

8. Lopher A, Abood LG, Hoss W and Lionetti FJ, 
Stereoselective muscarinic acetylcholine and opiate 
receptors in human phagocytic leukocytes. Biochem 
Pharmacol29: 1361-1365, 1980. 

9. Des Jarlais DC, Friedman SR, Choopanya K, 
Vanichseni S and Ward TP, International epidemiology 
of HIV and AIDS among injecting drug users. AIDS 
6: 10.53-1068, 1992. 

10. Simon EJ, Opioid receptors and endogenous opioid 
peptides. Med Res Rev 11: 357-374, 1991. 

11. Weigent DA and Blalock JE, Interactions between the 
neuroendocrine and immune systems: Common 
hormones and receptors. Zmmunol Rev 100: 79-107, 
1987. 

12. Dantzer R and Kelley KW, Stress and immunity: An 
integrated view of relationships between the brain and 
the immune system. Life Sci 44: 1995-2008, 1989. 

13. Teschemacher H, Koch G, Scheffler H, Hildebrand A 
and Brandtl V, Opioid peptides: Immunological 
sienificance? Ann NY Acad Sci 594: 66-77. 1990. 

14. D&ahoe RM and Falek A, Neuroimmunomodulation 
by opiates and other drugs of abuse: Relationship 
to HIV infection and AIDS. In: Psychological, 
Neuropsychiatric, and Substance Abuse Aspects of 
AIDS-(Eds. Bridge TP, Mirsky AF and Goodwin FK), 
PP. 145-158. Raven Press, New York, 1988. 

15. Donahoe RM, Drug abuse and AIDS: Causes for 
the connection. In: Drugs of Abuse: Chemistry, 
Pharmacology, Immunology and AIDS (Eds. Pham 
PTK and Rice K), NIDA Research Monograph 96, 
pp. 181-190. GPO, Washington, DC, 19%. 

16. Arora PK, Morphine-induced immune modulation: 
Does it predispose to HIV infection? In: Drugs of 
Abuse: Chemistry, Pharmacology, Immunology, and 
AIDS (Eds. Pham PTK and Rice K), NIDA Research 
Monograph 96, pp. 150-165. GPO, Washington, DC, 
1990. 

17. Peterson PK, Molitor TW, Chao CC and Sharp B, 
Opiates and cell-mediated immunity. In: Drugs of 
Abuse and Immune Function (Ed. Watson RR), pp. 
1-18. CRC Press, Boca Raton, 19%. 

18. Bayer BM and Flares CM, Effects of morphine 
on lymphocyte function: Possible mechanisms of 
interaction. In: Drugs of Abuse and Immune Function 
(Ed. Watson RR), pp. 151-174. CRC Press, Boca 
Raton, 1990. 

19. Madden JJ and Donahoe RM, Opiate binding to ceils 
of the immune system. In: Drugs of Abuse and Immune 
Function (Ed. Watson RR), pp. 213-228. CRC Press, 
Boca Raton, 19%. 

21. Shavit Y, Lewis JW, Terman GW, Gale RP and 

20. Pillai R, Nair BS and Watson RR, AIDS, drugs 

Liebeskind JC, Opioid peptides mediate the suppressive 
effect of stress on natural killer cell cytotoxicity. Science 

of abuse and the immune system: A complex 

223: 188-190, 1984. 

immunotoxicological network. Arch Toxic01 65: 609- 
617, 1991. 

22. Shavit Y, Terman GW, Lewis JW, Zane CJ, Gale RP 
and Liebeskind JC, Effects of footshock stress and 
morphine on natural killer lymphocytes in rats: Studies 
of tolerance and cross-tolerance. Brain Res 372: 382- 
385, 1986. 

23. Shavit Y, Depaulis A, Martin FC, Terman GW, 
Pechnick RN, Zane CJ. Gale RP and Liebeskind JC. 
Involvement of brain opiate receptors in the immune: 
suppressive effect of morphine. Proc Nat1 Acad Sci 
USA 83: 7114-7117, 1986. 

24. Weber RJ, and Pert A, The periaqueductal gray matter 
mediates opiate-induced immunosuppression. Science 
245: 188-190, 1989. 

25. Ho WKK and Leung A, The effect of morphine 
addiction on concanavalin A-mediated blastogenesis. 
Pharmacol Res Commun 11: 413-419. 1979. 

26. Bryant HU, Bernton EW and Holadav JW, Immu- 
nosuppressive effects of chronic morphine treatment 
in mice. Life Sci 41: 1731-1738. 1987. 

27. Bryant HU-, Bernton EW and Holaday JW, Morphine 
pellet-induced immunomodulation in mice: Temporal 
relationships. J Pharmacol Exp Ther 245: 913-920, 
1988. 

28. Brvant HU. Bernton EW. Kenner JR and Holadav 

29. 

30. 

31. 

32. 

JW, Role ‘of adrenal cortical activation in the 
immunosuppressive effects of chronic morphine 
treatment. Endocrinology 128: 3253-3258, 1991. 
Bryant HU and Roudebush RE, Suppressive effects of 
morphine pellet implants on in vivo parameters of 
immune function. I Pharmacol Exp Ther 255: 410-415, 
19%. 
Bryant HU, Bernton EW and Holaday JW, Immu- 
nomodulatory effects of chronic morphine treatment: 
Pharmacologic and mechanistic studies. In: Drugs of 
Abuse: Chemistry, Pharmacology, Immunology and 
AIDS (Eds. Pham PTK and Rice K), NIDA Research 
Monography 96, pp. 131-148. GPO, Washington, DC, 
1990. 
Sei Y, Yoshimoto K, McIntyre T, Skolnick P and 
Arora PK, Morphine-induced thymic hypoplasia is 
alucocorticoid-dependent. J Immunol 146: 194-198. 
i991. 
Weber RJ, Ikejiri B, Rice KC, Pert A and Hagan AA, 
Opiate receptor-mediated regulation of the immune 
response in vivo. NIDA Res Monogr 76: 341-348, 
1987. 



348 P. K. PETERSON, T. W. MOLITOR and C. C. CHAO 

33. Eisenstein TK, Meissler JJ Jr, Geller EB and Adler 
MW, Immunosuppression to tetanus toxoid induced 
by implanted morphine pellets. Ann NY Acad Sci 594: 
377-379, 1990. 

34. Pruett SFI, Han Y-C and Fuchs BA, Morphine 
suppresses primary humoraf immune responses by a 
predominantly indirect mechanism. .I Pharmacol Exp 
Ther 262: 923-928, 1992. 

35. Bhargava HN, Villar VM, Rahmani NH and Larsen 
AK, Time course of the distribution of morphine in 
brain regions and spinal cord after intravenous injection 
to spo&aneously~ hypertensive and normotensive 
Wistar-Kvoto rats. J P~armacol Exv Ther 261: 1008- 
1014,199i. 

I 

36. Holaday JW and Loh HH, Endorphin-opiate inter- 
actions with neuroendocrine systems. In: Neuro- 
chemical Mechanisms of Opiates and Endorphins, 
Advances in Biochemical Psychopharmacology‘(Eds; 
Loh HH and Ros DH). vv. 227-258. Raven Press. 
New York, 1979. 

37. Bayer BM, Hernandez M and Irvin L, Suppression of 
lymphocyte activity after acute morphine administration 
appears to be glucocorticoid independent. Prog Clin 
Biol Res 325: 273-282, 1990. 

38. Bayer BM, Gastonguay MR and Hernandez MC, 
Distinction between the in vitro and in vivo inhibitory 
effects of morphine on lymphocyte proliferation based 
on agonist sensitivity and naltrexone reversibility. 
~mm~nopha~acolog~ 23: 117-124, 1992. * 

39. Sei Y. McIntvre T. Fride E. Yoskimoto K. Skoinick P 
II 

and Arora PK, Inhibition of calcium mobilization is an 
early event in opiate-induced immunosuppression. 
PASEB J 5: 2194-2199, 1991. 

40. Bussiere JL, Adler MW, Rogers TJ and Eisenstein 
TK, Differential effects of morphine and naltrexone 
on the antibody response in various mouse strains. 
I~unop~a~~ol Immu~toxicol14: 657-673,1992. 

41. Mehrishi JN and Mills IH, Opiate receptors on 
lymphocytes and platelets in man. Clin Immunol 
Immunopathol27: 240-249, 1983. 

42. Madden JJ, Donahoe RM, Zwemer-Collins J, Shafer 
DA and Falek A, Binding of naloxone to human T 
lymphocytes. Biochem Pha~acoi~: 41034109,1987. 

43. Gvadia H, Nitsan P and Abramsky 0, ~haracte~ation 
of opiate binding sites on membranes of rat 
lymphocytes. j Neuroimmunol21: 93-102, 1989. 

44. Ovaida H and Abramsky 0, Opiate binding sites on 
rat lvmohocvtes. Pron Neuroendocrin Immunol4: 121- 
125;19%1. - - 

45. Radulescu RT, DeCosta BR, Jacobson AE, Rice KC, 
Blalock JE and Carr DJJ, Biochemical and functional 
chara~te~ation of a p-opioid receptor binding site on 
cells of the immune system. Prog Neuroendacrin 
lmmunol4: 166-179, 1991. 

46. Taub DD, Eisenstein TK, Geller EB, Adler MW and 
Rogers TJ, Immunomodulatory activity of p- and K- 
selective opioid agonists. Proc Nat1 Acad Sci USA 88: 
360-364, 1991. 

47. Rogers TJ, Taub DD, Eisenstein TK, Geller EB and 
Adler MW, Immunom~uiatory activity of kappa-, 

mu-, and delta- selective opioid compounds. NIDA 
Res Monogr 105: 82-88, 1991. 

48. Madden JJ, Falek A, Donahoe R, Ketelson D and 
Chappel CL, Opiate binding sites on cells of the 
immune system. NIDA Res Monoar 105: 103-108. 
1991. - 

49. Caseha AM, Guardiota H and Renaud FL, Inhibition 
by opioids of phagocytosis in peritoneal macrophages. 
Neuropeptides 18: 35-40, 1991. 

50. Perez-Castrillbn J-L, Perez-Arellano J-L, Garcia- 
Palomo J-D, Jimenez-Mnez A and De Castro S. 
Opioids depress in uitro human monocyte chemotaxis: 
Immunop~~cology 23: 57-61, 1992. 

51. Peterson PK, Sharp B, Gekker G, Brummitt C and 
Keane WF, Opioid-mediated suppression of cultured 
peripheral blood mononuclear &II respiratory burst 
activity. J Immunol 138: 3907-3912. 1987. 

52. Peterson PK, Sharp B, Gekker G and Keane 
WF, Opioid-mediated suppression of interferon-y 
production by cultured peripheral blood mononuclear 
cells. J C&r Invest 80: 824-831, 1987. 

53. Elliott GR, van Batenburg MJ and Dzoijic MR, 
Enhanced prostaglandin Es and thromboxane B2 
release from resident peritoneal macrophages isolated 
from mornhine-deoendent rats. FEBS Lett 217: 6-10. 
1987. A ’ 

54. Chao CC, Hu S, Molitor TW, Zhou Y, Murtaugh MP, 
Tsang M and Peterson PK, Morphine potentiates 
~ansformin~ growth factor-s release from human 
peripheral blood mononuclear cell cuitures. J Phar- 
macol En0 Ther 262: 19-24. 1992. 

55. Peterson PK, Sharp BM, Gekker G, Portoghese PS, 
Sannerud K and Balfour HH Jr, Morphine promotes 
the growth of HIV-l in human peripheral blood 
mononuclear cell cocultures. AID.9 4: 869-873, 1990. 

56. Peterson PK, Gekker G, Schut R, Hu DS, Balfour HH 
Jr and Chao CC, Enhancement of HIV-1 renlication 
by opiates and cocaine: The cytokine conneciion. In: 
Drugs of Abuse, Immunity, and AIDS (Eds. Friedman 
H, Klein T and Specter S). Plenum Press, New York, 
in press. 

57. Peterson PK, Gekker G, Chao CC, Schut R, Molitor 
TW and Balfour HH Jr, Cocaine potentiates HIV-1 
replication in human peripheral blood mononuclear 
cell cocuhures: Involvement of transforming growth 
factor-p. J Immunol 144: 81-84, 1991. 

58. Chao CC, Molitor TW, Close K, Hu S and Peterson 
PK, Morphine inhibits the release of tumor necrosis 
factor in human peripheral blood mononuclear cell 
cultures. Inr J Immun~pharmacol, in press. 

59. Roy S, Ramakrishnan S, Loh NH and Lee NM, 
Chronic morphine treatment selectively suppresses 
macrophage colony formation in bone marrow. Eur J 
Pharmacof 195: 359-363,199l. 

60. Evans CJ, Keith DE Jr, Morrison H, Magendzo K and 
Edwards RN, Cloning of a delta opioid receptor by 
functional expression. Science 258: 1952-1955, 1992. 

61. Donahoe RN, Neuroimmunomodulation by opiates: 
Relationship to HIV-l infection and AIDS. Adv 
Neuroimmunol, in press. 


