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Abstract. Our previous studies have demonstrated a number of effects of cocaine on 
macrophage (Mar) functions. The present studies were initiated to ascertain the effects 
of cocaine on virus production in vitm C57BL/6 mice were injected intraperitoneally 
with thioglycollate broth, and the peritoneal Mar collected 4 days later were cultured in 
96-well microtiter plates as continuous monolayers. Various concentrations of cocaine 
were incubated with Mar for up to 5 days. Mouse hepatitis virus (MHV) was added to 
these cultures, which was followed by a methyl cellulose overlay. Cocaine caused a 
dose-dependent inhibition of viral plaques after 48 hr of incubation. The inhibitory 
activity was transferable to fresh cultures of Mar, inhibiting both plaque size and 
number. Specific polyclonal antibodies to CY + p-interferon but not tumor necrosis 
factor or transforming growth factor-p partially reversed the inhibition of both plaque 
size and plaque number. It appears that MHV induced interferon in cultured Mar, an 
effect that was enhanced by cocaine. Since cocaine has been reported to interfere 
with calcium mobilization, studies were done using ionomycin, a calcium ionophore, 
in order to reverse possible effects on intracellular calcium that could affect virus 
production. The presence of ionomycin completely reversed the inhibition of virus 
production by cocaine. The antiviral effects of cocaine appear to be caused by modula- 
tion of intracellular calcium and, to a lesser extent, by the enhancement of inter- 
feron production. [P.S.E.B.M. 1997, Vol 2151 

ocaine has been shown to have immunomodula- 
tory effects on certain immune parameters (1). C Studies by others (2) have described a number 

of immune abnormalities in mice exposed to cocaine, 
including an enhancement of neutrophil phagocytosis, 
a reduction of T-cell responses to the mitogen phytohe- 
magglutinin, and a depression of cytotoxic activity of 
immune spleen cells. In a series of studies, Lefkowitz 
et al. (3-6) reported that cocaine can have profound 
effects on macrophage (M@) functions. These investiga- 
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tors demonstrated an increase in the respiratory burst 
with a concomitant increase in phagocytosis of opso- 
nized zymosan and a decrease in M@-mediated cytotox- 
icity (MMC) with a reduced ability to produce nitric 
oxide. We have demonstrated that exposure to cocaine 
in vivo can cause a temporary loss or alteration of certain 
cell surface receptors (unpublished observations). A 
number of recent studies have demonstrated that mouse 
M@ exposed to cocaine, either in vitro or in vivo, can 
inhibit the production of cytokines (7-9). In a series of 
publications, Peterson et al. (10-12) reported an en- 
hancement of HIV replication in cultures of human 
monocytes via an induction of transforming growth fac- 
tor+ (TGFP) and tumor necrosis factor-a (TNF-a). 
An increase in p24, one of the internal viral proteins, 
was used to quantify viral replication. A recent study 
(13) also associated TGFP, as well as interleukin-6 (IL- 
6), with M@ exposed to cocaine. These investigators 
reported that supernatants from cocaine-exposed M@ 
cultures modulate mesangial cell proliferation in vitro. 
At the present time, the influence of cocaine on various 
disease states is somewhat ambiguous, and studies need 
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to be done to ascertain the relative role of cocaine on 
induction and/or enhancement of certain latent infec- 
tions. 

The present study was undertaken to ascertain the 
effects of cocaine on virus production by murine perito- 
neal M@. The system utilized was the replication of 
murine hepatitis virus (MHV) in cultured thioglycollate- 
induced M@. The results obtained suggest that under 
the conditions employed, cocaine can inhibit production 
of MHV and that this inhibition can be transferred by 
culture supernatants. Evidence that this inhibition was 
caused by modulation of intracellular calcium and an 
enhancement of interferon production is presented. 

Materials and Methods 
Experimental Animals. Male or female, 6- to 8- 

week-old C57BL/6 mice were purchased from Jackson 
Laboratories (Bar Habor, ME). All mice were housed 
in the Texas Tech University Health Sciences Center 
Vivarium or at the Biological Sciences Building of the 
Texas Tech University. These animals were cared for as 
stated in the policies and regulations of the Institutional 
Animal Care and Use Committee. 

Culture Media and Reagents. Dulbecco’s modi- 
fied Eagle’s medium (DMEM) (Gibco, Long Island, 
NY) was supplemented with 2% fetal bovine serum 
(FBS) (Intergen, NY), 25 mM N-2-hydroxyethyl-pipera- 
zine N’-2-ethanesulfonic acid (HEPES) (Research Or- 
ganics, Cleveland, OH), and 50 mg/l gentamycin sulfate 
(U.S. Biochemicals, Cleveland, OH). Phosphate-buf- 
fered saline (PBS) at pH 7.2 was also used. 

Rabbit polyclonal anti-a + p-interferon (IFN-a + p) 
(55,000 U/ml) and anti-IFN-P (10,000 U/ml) were ob- 
tained from Lee Biomolecular, Inc. (San Diego, CA). 
Polyclonal anti-TGFpl was obtained from R&D (Min- 
neapolis, MN). Polyclonal anti-TNF-a was received as 
a gift from Dr. George Gifford, Department of Microbi- 
ology at the University of Florida (Gainesville, FL). 
Ionomycin and dimethyl sulfoxide were obtained from 
Sigma Chemical Co. (St. Louis, MO). Cocaine hydro- 
chloride was obtained from National Institute of Drug 
Abuse (NIDA). Cocaine was dissolved in DMEM with 
2% FBS and filtered through a 0.2-p filter prior to use. 

Mar Collection and Preparation. Mice, 8-16 weeks 
of age, were injected i.p. with 1 ml of thioglycollate 
broth (Baltimore Biological Laboratories, Baltimore, 
MD). After 4 days, the animals were sacrificed by cervi- 
cal dislocation. Peritoneal lavage was performed using 
10 ml of PBS. Peritoneal M@ were centrifuged at 2508 
for 10 min, and the sedimented cells were resuspended 
at 1.5 X lo6 celldm1 in DMEM containing 2% FBS. One 
hundred microliters of cell suspension were added to 
each well of a Costar (Cambridge, MA) 96-well tissue 
culture plate. After 2 hr of incubation, cells were washed 
with DMEM to remove nonadherent cells, and 200 pl 
of DMEM containing 2% FBS were added to each well. 

After overnight incubation, supernatants were re- 
moved, and media containing various dilutions of co- 
caine, from 1 to 100 pg/ml, were added to wells con- 
taining adherent M@. Incubation intervals varied from 
1 to 120 hr. After the allotted time, media were removed 
and the viral plaque assay performed. 

Viral Plaque Assay. Mouse hepatitis virus (MHV), 
strain MHV-JHM (ATCC VR-765), was obtained from 
American Type Culture Collection (ATCC, Rockville, 
MD). Macrophages were incubated with various con- 
centrations of cocaine. Following incubation, the super- 
natants were discarded. Fifty microliters of MHV di- 
luted in DMEM containing 2% FBS, which induced a 
plaque number of approximately 40/well, were added. 
After incubation of M@ for 1 hr at 37”C, 100 pl of overlay 
consisting of DMEM, 1% methyl cellulose containing 
2% FBS, were added. The plate was incubated for 18-24 
hr. The supernatants were discarded and the monolayer 
stained with 1% Crystal Violet (Sigma) in 80% metha- 
nol. The extent of viral plaque formation was then quan- 
tified. 

Transfer of Antiviral Activity. Two plates of mac- 
rophages were set up with confluent monolayers as de- 
scribed above. In the first plate (Plate A), cocaine was 
added and incubated for 48 hr. The supernatants from 
the second plate (Plate B) were discarded and replaced 
with supernatants from Plate A. This transfer was done 
either as a 1:l well-to-well exchange or by pooling super- 
natants from a number of wells from Plate A. Plate B 
was incubated for 24 hr with the supernatants from 
Plate A, which was followed by a viral plaque assay as 
described above. 

Effects of Antisera. When the effects of IFN were 
determined directly on cocaine-exposed cells, the super- 
natants from the cultured macrophages were discarded, 
and 20 pl of a 1:6 dilution of anti-IFN in DMEM were 
added. After 30 min of incubation, the viral plaque assay 
was performed as described previously except the anti- 
IFN was not discarded before virus was added. Virus 
was adjusted so that all wells received the same concen- 
tration. Two different designs were utilized when anti- 
sera were added to supernatants which were transferred 
to fresh cultures. Plates A and B were plated out as 
described. One hundred microliters of supernatants 
from Plate A were transferred to Plate B. In the first 
design, 20 pl of anti-IFN diluted to a concentration of 
1:20 using DMEM containing 2% FBS were added to 
the supernatants of Plate B. In the second design, the 
supernatants from Plate A were pooled and incubated 
with anti-IFN for 1 hr before addition to the M@ in Plate 
B. The plates were incubated for 24 hr, and then viral 
plaque assays were performed as described above. 

Effects of Calcium lonophore. Ionomycin was 
dissolved in dimethyl sulfoxide at a concentration of 
1.25 X M, which was subsequently diluted with 
DMEM containing 2% FBS to a final concentration 
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of 1.25-2.5 X M. Cocaine-treated culture fluids 
contained 100 pg/ml, and 100 pl of the mixtures were 
added to each well. Control cultures received either 
ionomycin or cocaine only. After 48 hr of incubation, 
cultures were infected, and the virus plaques were al- 
lowed to form as described above. 

Statistical Analysis of Data. All of the above ex- 
periments were repeated at least three times in order 
to insure reproducibility. A Student’s t test was used to 
determine the significance between various treatments. 
A one-way analysis of variance and Newman-Keuls’ 
multiple range testing was used to determine signifi- 
cance among multiple groups. All values are reported as 
mean t SEM. Differences were considered significant at 
P < 0.05. In general, significance is reported between 
control and experimental values unless otherwise noted. 

Results 
Li popolysacc haride Contamination. Because of 

the sensitivity of M@ to minute traces of lipopolysaccha- 
ride (LPS), it was essential to rule out contamination 
of cocaine by LPS. Using the Limulus amoebocyte lysis 
test (LAL), the amount of LPS was <0.5 ng/mg cocaine, 
which was insufficient to account for the amount of 
antiviral activity detected considering the dilutions of 
cocaine employed were 10.1 mg/ml. 

Effects of Cocaine Concentration on Virus Pro- 
duction. Initial studies were done in order to determine 
if cocaine would affect virus production. It can be seen 
in Figure 1 that, when M@ were incubated with cocaine 
48 hr prior to infection with MHV, a significant reduc- 
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Figure 1. Monolayers of murine thioglycollate-induced macrophages 
were exposed to cocaine concentrations of 1-1 00 pg/ml followed 
by incubation for 48 hr. After removal of media, these cells were 
infected with mouse hepatitis virus, an overlay added, and the mono- 
layers stained with crystal violet in 80% methanol after the ap- 
propriate incubation. The diameters of the plaques from treated 
cells were measured and compared with controls (156 ? 4.5 pm). 
**P < 0.01; ***P < 0.001. 
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Figure 2. Monolayers of murine thioglycollate-induced macrophages 
were incubated 48 hr with different concentrations of cocaine dis- 
solved in DMEM containing 2% FBS. After removal of media, these 
cells were infected with mouse hepatitis virus, an overlay added, and 
the number of viral plaques quantitated. ***P < 0.001. 

tion in viral plaque size was evident even at the lowest 
concentration used (1 pglml). To determine if cocaine 
had a dose-dependent effect on virus production in vitro, 
cocaine levels of 1, 3, 11, 33, and 100 pg/ml were incu- 
bated with M@ for 48 hr prior to infection with MHV. 
An inhibition of virus production was observed by a 
decrease in both plaque number and size. A reduction 
in plaque number can be seen in Figure 2, with a leveling 
off of antiviral activity at 33 pg cocaine/ml. As little as 
3.5 pglml cocaine significantly ( P  < 0.001) reduced viral 
plaque numbers. After noting this antiviral effect, an 
experiment was done to determine the kinetics of antivi- 
ral activity. While the cocaine concentration was kept 
constant at 100 pg/ml, the incubation time was varied 
from 12 to 120 hr. Increases in antiviral activity were 
seen as early as 12 hr but differences were not significant 
until 24 hr. Figure 3 illustrates the time course between 
48 and 120 hr. Antiviral activity continued to increase 
for as long as 120 hr. However, in other experiments a 
leveling off of antiviral activity was noted by 72 or 96 hr. 

In the above studies, cocaine was left on the M@ 
monolayers during the entire incubation period. In an- 
other series of experiments, cocaine was removed from 
the M@ and the media replaced. When cocaine was 
removed from the Me monolayers between 3 and 6 hr, 
and replaced with fresh media, no antiviral activity was 
found after 24 and 48 hr, in contrast to when cocaine 
was left on the cells. 

Transferring of Antiviral Activity. In order to de- 
termine if antiviral activity was transferable to M@ that 
were not directly exposed to cocaine, a transfer of super- 
natants from cocaine-exposed M@ to nonexposed M@ 
was done followed by infection with MHV. In this exper- 
iment, transferred supernatants produced similar antivi- 
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Figure 3. Monolayers of murine thioglycollate-induced macrophages 
were incubated for various intervals with 100 pg/ml of cocaine dis- 
solved in DMEM containing 2% FBS. After removal of media these 
cells were infected with mouse hepatitis virus, an overlay added, and 
the number of viral plaques quantitated. ***P < 0.001. 

ral effects in Mqj cultures as seen in cocaine-exposed 
cultures. It can be seen in Figure 4 that supernatants 
from cultures exposed to different amounts of cocaine 
were antiviral in a dose-dependent manner. Although 
differences were noted in supernatants from cultures 
exposed to 3 pg cocaine/ml, only those exposed to 11 
pg/ml or more were significantly different ( P  < 0.05) 
from the controls. 

80 

60 

40 

20 

0 

€ 

T 
0 
1 
1 3.3 

* * 

l- 
11 

* * *  * 

-r 
33 

* * *  * 

-r 
100 

Cocaine (pgrnl) 
Figure 4. Monolayers of murine thioglycollate-induced macrophages 
were exposed to either control media or to cocaine for 48 hr. Superna- 
tants from these cultures were removed and transferred to fresh 
cultures. After 24 hr, the supernatants were removed and these cells 
were infected with mouse hepatitis virus, an overlay added, and the 
number of viral plaques quantitated. *P < 0.05; ***P < 0.001. 

In order to determine how much of the antiviral 
effect was caused by cocaine transferred in supernatants, 
rather than by the presence of a newly synthesized anti- 
viral substance, a number of different experimental de- 
signs were employed. The first design was set up to 
determine if cocaine needed to be present continuously 
for an antiviral effect to be exhibited. Two groups of 
Mqj, Groups A and B, were exposed to cocaine for 
48 hr. After 48 hr, supernatants from Group A were 
discarded, replaced with DMEM not containing co- 
caine, and allowed to incubate an additional 24 hr prior 
to infection by virus. Group A showed a 70% reduction 
in virus production, which was only slightly less than 
the viral reduction noted using Group B (80%) where 
the cocaine was “present continuously” (Fig. 5A). Simi- 
lar effects were also noted using media from Me exposed 
to cocaine for either 24 or 72 hr followed by media 
removal and 24 hr incubation. 

In the second design, two sets of M@ were set up 
to determine if the antiviral action of cocaine could be 
transferred in the culture media of cells not exposed to 
cocaine continuously. Both sets of Mqj were incubated 
with cocaine for 48 hr. The supernatants in Group A 
were then removed and replaced with fresh DMEM 
not containing cocaine, and allowed to incubate for an 
additional 24 hr. Mqj in Group B had continuous expo- 
sure to cocaine for the entire 72-hr period. After the 
72-hr incubation period, the supernatants from both 
Group A and B were removed and added to two sepa- 
rate plates of Mqj. These plates were then incubated for 
24 hr prior to infection with MHV. With the M@ exposed 
to the supernatants from Group A, there was approxi- 
mately a 25% reduction of viral plaque formation 
compared with the control. Supernatants from Group 
B resulted in a 55% reduction of viral plaques (Fig. 
5B). Essentially the same effects were also noted in 
experiments using supernatants from either 24- or 72- 
hr exposures with a 24-hr wash prior to transfer of super- 
natants. 

Effect of Specific Antisera and lonomycin on 
Virus Production. In order to identify the antiviral 
agent(s) involved in cocaine inhibition of MHV, four 
different antisera were tested. Anti-TGFP and anti- 
TNF-a had no effect on the antiviral activity in superna- 
tants from cocaine-exposed M@ (data not shown). The 
addition of either anti-IFN-a+ P or anti-IFN-P, how- 
ever, had an effect on both plaque number and size. 
The presence of one or the other anti-IFN caused an 
increase in plaque size over that of either the virus 
control plaques or those exposed to cocaine (data not 
shown). Anti-IFN caused a significant increase in plaque 
number ( P  < 0.01) compared with wells treated with 
cocaine only when added to the transfer supernatants 
on a well-to-well basis, as illustrated in Figure 6. The 
increase in plaque size as well as number was seen when 
either anti-IFN-a+ P or anti-IFN-P was incubated with 
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Figure 5. (A) Monolayers of murine thioglycollate-induced macro- 
phages were exposed to either control media or to 100 pg/ml cocaine 
for 48 hr. Supernatants from Group A were discarded and replaced 
with fresh media for an additional 24 hr. Supernatants from Group 
B were left undisturbed. Both groups were then infected with mouse 
hepatitis virus, an overlay added, incubated, and the number of viral 
plaques quantitated. (B) Cultures were treated exactly as in Panel 
A except that the media from both groups were transferred separately 
after the 72-hr incubation to fresh M0, incubated for an additional 
24 hr, and infected with mouse hepatitis virus, an overlay added, 
and the number of viral plaques quantitated. ***P < 0.001. 

pooled supernatants from cocaine-exposed M@. The size 
difference was frequently, but not always, significantly 
different from the control M@ without antisera. 

In order to determine if the effect of cocaine on 
virus production depended on intracellular calcium lev- 
els, ionomycin was added to cocaine-treated cultures. 
The addition of ionomycin to cultures and its subsequent 
removal resulted in an increase in the number of viral 
plaques similar to that of the controls without cocaine. 
It can be seen in Figure 7 that ionomycin when added to 
cocaine-exposed M@ completely reversed the inhibitory 
effects of cocaine. 

Control Cocaine Cocaine+Anti-IFN 

Treatments 
Figure 6. Supernatants from macrophage cultures incubated with 
100 pg of cocaine for 48 hr were transferred to fresh macrophage 
cultures and incubated with or without antisera to p-interferon. After 
24 hr, the media were removed, and these cells were infected with 
mouse hepatitis virus, an overlay added, and the number of viral 
plaques quantitated. The difference between cells exposed to cocaine 
only and those exposed to cocaine and anti-IFN was considered 
significant (P  < 0.01). ***P < 0.001. 

Discussion 

The metabolism of cocaine by M@ in vitro has not 
been studied. Preliminary studies by the present investi- 
gators indicated that cocaine was still present in the 
culture supernatants by 72 hr, but at considerably lower 
levels. Benzoylecgonine, a major metabolite of cocaine, 
was found at high levels. However, these levels were 
similar to those occurring in media in the absence of 
M@. This suggests that the conversion of cocaine to 
benzoylecgonine in the cultured supernatants was 
due to spontaneous hydrolysis and not to M@ metab- 
olism. 

Peterson et al. have reported that cocaine enhances 
viral replication (10). The present studies demonstrate 
an inhibition of virus production. A number of obvious 
differences exist between our studies and theirs, includ- 
ing the host species involved as well as the nature of 
the viral agent. The M@ used in the present study were 
induced by thioglycollate, which is a classical inducer 
of inflammatory M@. These M@ would be more likely 
to inhibit a viral infection than the normal human mono- 
nuclear cells used by the other investigators. Another 
major difference is that production of infectious virus, 
as determined by plaque assay, was measured in the 
present studies rather than an increase in viral proteins 
such as p24. Finally, the properties of the antiviral sub- 
stance described in the present study suggest those of 
an inducible cytokine that was transferable. The fact 
that neither anti-TGFP nor anti-TNF reversed the anti- 
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Figure 7. Monolayers of murine thioglycollate-induced macrophages 
were incubated for 48 hr with 100 pg/ml of cocaine and with or 
without 1.25 x 1 0-6 M ionomycin dissolved in DMEM containing 2% 
FBS. After removal of the media, these cultures were infected with 
mouse hepatitis virus, an overlay added, and the number of viral 
plaques quantitated. ***P < 0.001. 

viral effect appears to rule out a similar mechanism 
reported by Peterson et al. (11,12). It should, however, 
be emphasized that these investigators utilized consider- 
ably lower levels of cocaine (10-6-10-9 M )  than we did, 
which could possibly dictate not only the amount but 
also the type of cytokine produced. Further studies are 
needed to clarify this point. 

The present studies have reported an increase in 
both plaque size and plaque number after addition of 
anti-IFN. It is apparent that MHV induced IFN in the 
present system without the addition of cocaine, since 
plaque size was increased in the presence of the antisera 
even in the controls. In order to maximize the effect 
of anti-IFN, a number of different designs were used, 
including direct exposure of cocaine-exposed cells to 
the antisera as well as to the supernatants that were 
transferred from cocaine-exposed cells to fresh cells. In 
both experimental designs, both plaque size and number 
were increased in the presence of anti-IFN. In certain 
experiments, control viral plaques were slightly larger 
in the presence of the antisera. In general, there ap- 
peared to be more of an effect on plaque size in the 
direct exposure studies and a greater increase in plaque 
number in the transfer experiments. This could be ex- 
plained, in part, by different experimental designs. In 
direct studies, a higher concentration (1:6) of antisera 
was added, incubated for 30 min, prior to dilution with 
the virus and overlay. Whereas, with the transfer super- 
natants the antisera was diluted with the supernatants 
prior to addition to fresh cells. 

The greater effect of anti-IFN-a+ P compared with 
anti-IFN-P on both plaque size and number suggest 
that cocaine induced both types of IFN. Since the other 
rabbit antisera employed did not affect virus production, 
it appears that IFN levels were involved. These data fit 
the literature which reported that M@ produce predomi- 
nantly IFNP. It should be emphasized that anti-IFN 
only partially reversed the antiviral effects of cocaine. 
It was noted previously (1) that cocaine needed to be 
continuously present in order to function in certain sys- 
tems. In the present studies when culture fluids con- 
taining cocaine were removed from cells prior to 12 hr 
of exposure, an antiviral effect was not demonstrated. 
However, when media containing cocaine were re- 
moved after 48 hr of exposure and replaced with DMEM 
not containing cocaine for 24 hr (Figs. 4 and 5 ) ,  a signifi- 
cant, but reduced, antiviral effect was still found in the 
fresh supernatant, suggesting that cocaine induced the 
production of an antiviral substance and that cocaine 
did not have to be present continuously. This supports 
the concept that cocaine induces the production of an 
antiviral substance that is transferable and requires 
longer than 12 hr to be detectable; however, continual 
presence of cocaine in culture fluids does appear to 
enhance antiviral activity. Interestingly, maximal levels 
of IFN were obtained after 48 hr, suggesting that this 
may not be a direct effect of cocaine on IFN induction 
but rather an indirect effect, since maximal IFN-a + P 
induction in vitro is usually in about 6 hr using a classical 
inducer such as poly 1:C. 

It was reported that cocaine interferes with calcium 
mobilization (14). Further studies (15,16) indicated that 
both calcium inhibitors and cocaine interfere with induc- 
tion of reactive oxygen intermediates and reactive nitro- 
gen intermediates by M@. It has been reported that 
calcium antagonists inhibit the replication of certain 
viruses including influenza virus (17) and vesicular sto- 
matitis virus (18). The stimulation of virus production 
in cocaine-exposed cultures by the calcium ionophore 
ionomycin indicates a similar effect in the present study. 
It appears that intracellular calcium levels are involved 
in the inhibition of virus production. This is further 
supported by the observation in this study that early 
removal of cocaine from M@ cultures prevents produc- 
tion of the antiviral effect. This study demonstrates that 
cocaine induces an antiviral effect in M@ that is mediated 
in part by interferon and in part by intracellular calcium. 

The observed decrease in plaque formation due to 
cocaine exposure is indicative of at least two possibili- 
ties. Cocaine is inhibiting either the adsorption of virus 
to the M@ or viral replication. Preliminary experiments 
currently being conducted suggest that cocaine is affect- 
ing MHV replication. The transfer of antiviral activity 
from supernatants that were obtained from M@ exposed 
to cocaine, washed, and then incubated with media with- 
out cocaine for 24 hr supports an effect at the synthesis 
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phase of replication. That the addition of anti-IFN, a 
known inhibitor of viral replication, or ionomycin was 
able to reverse partially the effects of cocaine supports 
this conclusion further. However, a downregulation of 
the MHV receptor cannot yet be ruled out. 

The present study was carried out under rather re- 
stricted conditions in vitro. Possible extrapolation to in 
vivo conditions is not currently justified. Nevertheless, 
the induction of cytokines by M@ exposed to cocaine, 
which includes TGFP, IL-6, and now IFN indicates the 
immunomodulatory potential of cocaine. Regulation of 
intracellular calcium further underscores the broad ac- 
tions of this substance. 
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