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Abstract-Human lymphocytes possess a cocaine-sensitive high-affinity transport system for [3H]dopamine. 
[3H]Dopamine uptake was saturated with increasing dopamine concentrations and followed Michaelis-Menten 
kinetics. The uptake was temperature, sodium, and chloride dependent and was affected by the co-addition of 
ouabain, phloridzin, potassium cyanide, gramicidin, and other metabolic inhibitors. The uptake of dopamine was 
blocked significantly in a concentration-dependent manner by cocaine and its congeners. Furthermore, prelim- 
inary evidence is presented linking the possible relationship between decreased lymphocyte [3H]dopamine 
uptake and chronic cocaine abuse in humans. 
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A wide variety of studies have demonstrated that inter- 
actions occur between the immune and neuronal systems 
[l-3]. Several neurotransmitters influence immune reac- 
tivity [4]. Serotonin has been shown to affect the func- 
tion of natural killer (NK) cells, macrophages, T cells 
and pre-B lymphocytes [5-91. For such interactions to 
occur, immune cells may require specific receptors to 
mediate an intracellular event that leads to enhancement 
or suppression of immune processes. More recently, se- 
rotonin receptors have been identified and partially char- 
acterized on Jurkat cells [lo]. Pharmacologic analysis 
revealed that these receptors resemble the 5-HTla re- 
ceptors found in the brain. Sympathetic innervation of 
lymphoid tissue has been described [ll]. Mann et al. 

[ 121 demonstrated fi-adrenergic receptors on peripheral 
lymphocytes that can be used as an accessible and con- 
venient marker of f%adrenergic responsiveness. Further- 
more, LeFur et al. [ 131 reported the presence of specific 
binding sites for the D2 dopamine receptor antagonist 
spiroperidol on rat and human peripheral lymphocytes. 
A significant increase in [3H]spiroperidol binding was 
described in lymphocytes of schizophrenic patients [ 14- 
161. In contrast, a decrease in the binding capacity for 
the dopamine receptor has been detected in lymphocytes 
of patients with idiopathic Parkinson’s disease [17], a 
neurological disorder characterized by pronounced de- 
generation of dopaminergic neurons in basal ganglia. 

The observation that human lymphocytes possess do- 
pamine binding sites that share functional characteristics 
with those of D2 dopamine receptors in brain suggested 
to us that perhaps an uptake mechanism for dopamine 
may exist in human lymphocytes. In support of this the- 
sis, we reported that freshly isolated lymphocytes from 
human blood are capable of active dopamine transport 
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[18]. We also showed that cocaine, which is known to 
block the uptake of dopamine, serotonin and norepineph- 
rine in central and peripheral sympathetic neurons [ 19- 
21], caused a marked inhibition of dopamine uptake in 
human lymphocytes. These findings raised two ques- 
tions. How specific is the inhibition by cocaine of do- 
pamine uptake into human lymphocytes? Do the lym- 
phocytes isolated from the blood of chronic cocaine 
abusers transport dopamine differently from the lympho- 
cytes of non-cocaine users? The aim of the present in- 
vestigation, therefore, was to determine the structure- 
activity relationship of cocaine and its congeners in in- 
hibiting the uptake of [3H]dopamine by human 
lymphocytes. Moreover, preliminary evidence is pre- 
sented linking the possible relationship between de- 
creased lymphocyte [3H]dopamine uptake and chronic 
cocaine abuse among cocaine addicts. 

MATERIALS AND METHODS 

Materials 

The chemicals used were purchased from the follow- 
ing sources: l-cocaine hydrochloride, ecgonine methyl 
ester hydrochloride, (WIN 35,428x RTI-55, a-CIT, 
GBR 12909, Lu 19-005, bupropion dihydrochloride and 
nomifensine from Research Biochemical, Inc. (Natick, 
MA); dopamine hydrochloride, ouabain octahydrate, io- 
doacetic acid (sodium salt), phloridzin, gramicidin, and 
Hanks’ balanced salts containing calcium chloride 
(0.185 g/L) from the Sigma Chemical Co. (St. Louis, 
MO); and 3,4[ring-2,5,6-3H]dopamine hydrochloride 

YAbbreviations: WIN 35,428, (2fi-carbomethoxy-3&(4-flu- 
orophenyl)tropane 1,5-naphthalene disulfonate.; WIN 35,065-2, 
2Eaabomethoxv-3t3-~hen~ltmmu1e hvdmchloridez WIN 3.5.065-3. 
i enantiomer of \iriN 35,0&i-2; R&55,2@&omethoxy-36 
(4-iodophenyl)tropane tartrate; a-CIT. 2a-carbomethoxy-3B- 
(4-icdophenyl)tropane 1.5-naphthaJene diiulfonate; GBR 12909, 
l- [2-bis(4-fluorophenylmethoxy)ethyl]-4-(3-phenylpropyl)-pi- 
perazine dihydrochloride; Lu 19-005, (*))rruns-3-(3,4_dichloro- 
phenyl)-iV-methyl-1-indanamine hydrochloride; RPM1 1640, 
tissue culture medium supplemented with 10% calf serum and 
1% glutamine; and LSM, lymphocyte separating medium. 
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(sp. act. 31 Ci/mmol) from the DuPont Co. Biotechnol- 
ogy Systems (Wilmington, DE). A RPM1 1640 was ob- 
tained from Gibco Laboratories (Life Technologies, Inc., 
Grand Island, NY); and LSM from Organon Teknika 
(Durham, NC). The cocaine analogs WIN 35065-2, and 
WIN 35065-3 were obtained from the National Institute 
on Drug Abuse, Addiction Research Center (Baltimore, 
MD). All other chemicals were of analytical grade. 
Mazindol was a gift from the Sandoz Research Institute 
(Hanover, NJ). 

Subjects 

The cocaine addicts evaluated in this study consisted 
of six female and four male adults between the ages of 
20 and 45 years (31 * 14). Of these addicts, six were 
black and four were white. They were admitted for in- 
patient treatment at the Addictive Disorders Unit of Em- 
ory University Hospital. The cocaine addicts selected for 
this investigation met the DSM-III-R criteria for cocaine 
dependence [22]. The patients had positive urine drug 
screen for cocaine upon initial presentation to the hos- 
pital. Cocaine addicts who were co-dependent on alcohol 
and other substances of abuse were excluded from the 
study. Patients who were HIV positive or had active liver 
disease, cancer, or primary psychiatric illness were ex- 
cluded from the study. The control group consisted of six 
female and four male adults that were age-, race- and 
sex-matched with the patients evaluated in this study. 
They were members of the faculty and staff of Emory 
University School of Medicine. These individuals had 
no history of alcoholism or cocaine addiction, had no 
physical or psychiatric illness, were on no medications, 
and had no history of any chronic medical problem. 
Informed consent, approved by the Human Investiga- 
tions Committee of Emory University, was obtained 
from all subjects prior to enrollment in the study. Blood 
samples were taken in the morning after an overnight 
fast. 

Sample collection 

Blood samples for the determination of [3H]dopamine 
uptake were drawn from a peripheral vein into evacuated 
tubes containing heparin as an anticoagulant. 

Preparation of lymphocytes 

Human lymphocytes were isolated on a Ficoll Hy- 
paque gradient according to a modified procedure of 
Faraj et al. [ 181. Ninety milliliters of heparinized blood 
was layered over 30 mL of LSM, and this was centri- 
fuged at 400 g for 30 min at 18”. The upper plasma layer 
was aspirated and discarded. The mononuclear cell layer 
containing lymphocytes, platelets, and monocytes was 
withdrawn with a plastic transfer pipette into a tissue 
culture flask (Coming) and diluted with RPM1 1640 and 
incubated for 30 min at 37”. Nonadherent cells (mainly 
lymphocytes) were dislodged from adherent monocytes 
by gentle agitation and poured into a polypropylene 
graduated conical tube and centrifuged at 200 g for 30 
min at 18”. The supematant containing platelets was 
removed and discarded. The lymphocyte pellet was 
washed three times with Hanks’ buffer and centrifuged 
as described above; the final pellet was resuspended in 
Hanks’ buffer and counted with a hemocytometer. Via- 
bility of isolated suspended lymphocytes assessed by 
trypan blue exclusion was found to be greater than 90%. 

Contamination with platelets accounted for less than 1% 
of the total lymphocyte preparation. 

[3H]Dopamine uptake assay 

The [3H]dopamine uptake assay was performed by 
incubating 1 x lo7 cells of suspended lymphocytes in 
Hanks’ buffer (1 mL) (pH 7.2) with a 3-500 nM con- 
centration of [3H]dopamine for 10 min at 37”. The in- 
cubation buffer contained L-ascorbate ( 1 O-’ M) and par- 
gyline (10m5 M) to retard oxidative metabolism of do- 
pamine. For competition experiments, each assay tube 
contained buffer or buffer plus test drug (l-100,000 
nM), [3H]dopamine (20 nM) and 1 mL of lymphocyte 
suspension (1 x lo7 cells). The incubation was termi- 
nated by removing the samples to an ice water bath for 
2-4 min, and then the mixture was centrifuged at 400 g 
for 15 min at 10’ to collect particulate matter. The su- 
pematant was discarded, and the lymphocyte layer was 
washed twice with 1 mL of Hanks’ buffer, as previously 
described. The lymphocyte’pellet was then homogenized 
in 1 mL of buffer by sonication (3 times at 15 set at 40 
W). An aliquot of the lymphocyte homogenate (0.5 mL) 
was added to a scintillation vial containing 10 mL of 
liquid scintillation fluid. The radioactivity in the sample 
was counted to an accuracy of f2%. Non-specific accu- 
mulation of [3H]dopamine was determined by measuring 
the uptake of [3H]dopamine in the presence of 100 pM 
non-radioactive dopamine. 

Statistical analysis 

Correlation analyses were done using Pearson prod- 
ucts moment estimates of linear association. Comparison 
of lymphocyte [3H]dopamine uptake between cocaine 
addicts and controls was done using the Kruskal-Wallis 
test. Correlation between IC,, values obtained for the 
compounds in inhibiting the uptake of [3H]dopamine by 
human lymphocytes with IC,, values reported for the 
same compounds in inhibiting the uptake of [3H]dopa- 
mine by human lymphocytes with IC,, values reported 
for the same compounds in inhibiting the uptake of 
[3H]dopamine into brain tissue preparation was deter- 
mined by linear regression analysis. Statistical signifi- 
cance was set at the 0.05 level. 

RESULTS 

General characteristics of lymphocyte 
[3H]dopamine uptake 

The uptake of [3H]dopamine by human lymphocytes 
was concentration dependent, with evidence of saturable 
kinetics (Fig. 1). Specific uptake of [3H]dopamine, ob- 
tained by subtracting the non-specific uptake in the pres- 
ence of 100 FM dopamine from total uptake, was 5-6 
times greater than non-specific uptake. Kinetic analysis 
of the uptake data as computed by regression analysis 
from Lineweaver-Burk plots yielded a K,,, of 102 f 20 
nM and a V,,,, of 10.0 f 3.11 pmol/107 cells. When 
NaCl was present in the uptake buffer, uptake of 
[3H]dopamine at a concentration of 20 nM was very 
rapid and increased with time. The uptake was linear for 
at least 10 mitt; this incubation time was used in further 
experiments. However, when NaCl in the uptake buffer 
was replaced by choline chloride, uptake of [3H]dopam- 
ine was reduced markedly at all time points (Fig. 2). The 
sodium-dependent dopamine uptake into lymphocytes 
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Structure-activity relationship for the ability of 
cocaine and its congeners to inhibit 13H]dopamine 
uptake by human lymphocytes 

[SH)-Dopamine (nM) 

Fig. 1. Uptake velocity observed in the presence of various 
concentrations of [3H]dopamine (3-506 nM) in lymphocytes 
isolated from blood of controls (R-H) and cocaine addicts 
(x-x). Each point represents the average of six experiments. 

The range was ~10% of each value. 

exhibited an absolute requirement for Cl-. Substitution 
of Cl- with gluconate drasticall 
[3H]doparnine. The uptake of [ ?Y 

reduced the uptake of 
Hldopamine by human 

lymphocytes was also temperature dependent. Maximal 
uptake occurred at 37”. At O-4”, specific uptake was 
represented by about 5% of the uptake that occurred at 
37” (Fig. 2). 

[3H]Dopatnine uptake by human lymphocytes was in- 
hibited by cocaine and its congeners with a wide range 
of potencies. The result of this study showed that ste- 
reochemistry was very important for determining the po- 
tency of cocaine. WIN 35065-3 is a pure enantiomer of 
WIN 35,0652; the two compounds are d- and I-isomers, 
respectively, of the phenyltropane analog of cocaine. 
The I-isomer (WIN 35,065-2) was markedly more effec- 
tive in inhibiting the uptake of [3H]dopamine by human 
lymphocytes (IC,, = 70 f 20 nM) than its d-isomer (WIN 
35$X5-3; IC,, = 15,000 f 2,000 nM) (Table 1, Fig. 3). 
Epimerization of RTI-55 at C-2 produced a-CIT, which 
was 800-fold less potent than RTI-55 in inhibiting the 
uptake of [3H]dopamine into human lymphocytes (Fig. 
3, Table 1). Modification to the C-3 substituent produced 
significant changes in inhibitory potency. Substitution of 
an hydroxyl group for the C-3benzoxy group of E-co- 
caine resulted in the inactive compound l-ecgonine 
methyl ester. l-Ecgonine methyl ester (IC,, > 100,000 
nM) was about lOOO-fold less potent than I-cocaine (IC,, 
= 100 + 30 nM) in inhibiting the uptake of [3H]dopamine 
by human lymphocytes (Table 1). In contrast, elimina- 
tion of the ester linkage between the phenyl group and 
the tropane ring of cocaine, resulting in direct attachment 
of the phenyl group to the C-3 carbon, produced cocaine 
analogs that were more potent than cocaine in inhibiting 
the uptake of [3H]dopamine by human lymphocytes 
(RTI-55 > WIN 35,428 > WIN 35,065-2 > Z-cocaine) 
(Fig. 3, Table 1). 

80 

66 
t / 

Effects of other monoamine uptake inhibitors on 
lymphocyte C3H]dopamine uptake 

70 

60 

Mazindol, Lu 19-005, GBR 12909, bupropion and no- 
mifensine all inhibited the uptake of [3H]dopamine in a 
concentration-dependent manner, with Lu 19-005 and 
mazindol being the most potent compounds (Table 2). 

I/ 
Studies in humans 

Patient profile. A majority of the subjects evaluated in 
the study smoked crack cocaine. The average amount of 
cocaine used was 5 g/week. The reported presence of 
alcoholism and drug addiction among immediate family 
members of cocaine addicts studied here was about 50%. 

0 10 20 30 40 60 60 

Time (min.) 
Fig. 2. Time course of [3H]dopamine uptake by human lym- 
phocytes. Uptake of [3H]doparuine by lymphocytes was deter- 
mined in a medium containinn NaCl W), choline chlo- 
ride (H), and sodium giuconate‘ (m). Uptake of 
[3H]dopamine by lymphocytes in a medium containing NaCl 
at 4’ (+-_*) was also measured. The concentration of 
[3H]dopamine in the uptake medium was 20 nM. Each point 
represents the average of five experiments. The range was 

~10% of each value. 

Characteristics of [3H]dopamine uptake into lympho- 
cytes of cocaine addicts and controls. Dopamine uptake 
was determined in lymphocytes isolated from the blood 
of cocaine addicts and controls. In this preliminary in- 
vestigation, a significant (P < 0.002) decrease in the 
uptake of [3H]dopamine (assayed at 100 nM [3H]dopam- 
ine concentration) was observed in lymphocytes of co- 
caine addicts (N = 10; velocity = 2.0 + 0.75 pmol/lO’ 
cells) as compared with controls (N = 10; velocity = 4.8 
+ 1.12 pmol/lO’ cells) (Figs. 1 and 4). Kinetic analysis 
revealed a substantially lower (P c 0.01) maximal ve- 
locity (V,,,,) for the uptake of [3H]dopamine in lympho- 
cytes of cocaine addicts (V,,,, = 4.0 f 2.22 pmol/lO’ 
cells) as compared with that of controls (V,, = 10 * 3.1 
pmol/lO’ cells). The changes in the values for the ap- 
parent affinity constant (K,) of the uptake system for 
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Table 1. Inhibition of lymphocyte [‘Hldopamine uptake by cocaine congeners* 

Compound R, R2 R3 

(-)Cocaine 
WIN 35,0652 
WIN 35965-3 
WIN 35,428 
RTI-55 
a-CIT 
Bcgonine methyl ester 

COOCH, 
COOCH, 
COOCH, 
COOCH, 
COOCH, 
H 
COOCH, 

H 
H 
H 
H 
H 
COOCH, 
H 

OCO&H, 
GH, 
GH, 
C,H,F 
GHJ 
C6HJ 

OH 

I%t (nM) 

loo + 30 
70 * 20 

I5,ooo f2,ooo 
25 + 5.1 

1.9f 0.3 
850 + 51 

>loo,ooo 

* [3H]Dopamine (20 nM) and lymphocyte preparation (1 x 10’ cells/ml) were incubated with various concentrations of 
competing drugs (l-100,ooO nM), as described in Materials and Methods. 

t The rcs,, values represent the means * SD of four or five independent experiments, each performed in duplicate; lc50 is defined 
as the concentration of the drug required to produce 50% inhibiton of the specific uptake of [3H]doparnine by human lymphocytes. 

[3H]dopamine in lymphocytes of cocaine addicts versus 
controls were not significant (cocaine addicts, K,,, = 63 f 
29 nM, controls, K,,, = 102 f 20 nM). 

This preliminary study showed that among cocaine 
addicts no significant difference in lymphocyte dopa- 
mine uptake was observed between African-Americans 
and Caucasians, as well as between male and female 
subjects. Also, no difference in dopamine uptake was 
observed in lymphocytes of white versus black and male 
versus female individuals within the control group. 

Correlation analysis. A significantly inverse associa- 
tion was noted between the V,,,, of [3H]dopamine up- 
take and the reported amount of cocaine used (y = 
-0.403x + 6.421; r = 0.60, P < 0.05) (Fig. 5). A signif- 
icant correlation was noted between IC,, values of co- 
caine analogs and non-tropane compounds that inhibited 
the uptake of [3H]dopamine by lymphocytes with that of 
the same compounds in inhibiting the uptake of 
[‘Hldopamine by brain (Fig. 6; y = 0.76~ + 0.36; r = 
0.77; P < 0.005). 

@--@ RTI-55 
O--Cl u CIT 
A-7!L (-) Cocaine 

M Ecgonine methyl ester 
w Win 35, 065-2 

ti Win 35,0653 

Concentration (nM) x lo2 

Fig. 3. Inhibition curves depicting pharmacological sensitivity of [‘H]dopamine uptake (20 nM) by human 
lymphocytes in the presence of various concentrations of cocaine congeners [(-)cocaine, RTI-55. a-CIT. WIN 
35,065-2, WIN 35.065-3, and ecgonine methyl ester]. Each point represents the average of five experiments. The 

range was ~10% of each value. 
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Table 2. Comparison of the inhibition of [3H]dopamine uptake 
in lymphocytes by cocaine analogs and other monoamine up- 
take inhibitors with the reported inhibition of these compounds 

of the uptake of [3H]dopamine in brain preparations 

~c,, (nmoVL) 

Compound 

Lymphocyte Brain 
[3H]dopamine [3H]dopamine 

uptake uptake 

Phenyltropane 
(-)Cocaine 
WIN 35,428 
WIN 35.065-2 
WIN 35,065-3* 
RTI-55 
a-CIT 
Ekgonine methyl 

ester 
Non-phenyltropane 

GBR 12909 
Lu 19-005 
Mazindol 
Nomifensine 
Bupropion 

* Compound WIN 
35.065-2. 

100 600 WI 
25 100 [24] 
70 400 LW61 

15,000 10,000 [25,26] 
2.00 1.6 [27] 

850 87 [27] 

>100,000 >lO,OOO [24] 

l,OOfl l WI 
3.5 12 [29] 

30 29 [30] 
700 240 [31] 

10,000 1,300 [32] 

35$X5-3 is an enantiomer of WIN 

DISCUSSION 

Data presented in this study demonstrate that lympho- 
cytes from human blood possess a high-affinity active 
uptake process for dopamine. This uptake system shares 
certain characteristics that are in common with the active 
transport of monoamine neurotransmitters in neurons of 
the peripheral and central nervous systems [19-211. 
These characteristics include: (a) dependence on a so- 
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Fig. 4. Scattergram of [3H]dopamine uptake by lymphocytes of 
controls and cocaine addicts. 

10 

6 

1011 

Fig. 5. Inverse relationship between the V,, of [3H]dopamine 
uptake into lymphocytes of cocaine addicts with the amount of 
cocaine used among these subjects (y = -0.403x + 6.421; r = 

0.60. P c 0.05). 

dium and potassium gradient across the cell membrane, 
(b) the ability to transport substrate “uphill” against a 
concentration gradient, (c) saturability, i.e. initial uptake 
rates follow Michaelis-Menten kinetics, (d) temperature 
sensitivity, and (e) specificity for the inhibition of the 
uptake by certain inhibitors of monoamine transport. 

Cocaine, which has been shown to block the neuronal 
uptake of dopamine, serotonin and norepinephrine [ 19, 
211, caused a marked inhibition of dopamine uptake in 
human lymphocytes. Furthermore, structure-activity re- 
lationships were determined for cocaine and its conge- 
ners to inhibit the uptake of [3H]dopamine by human 
lymphocytes. The structure of cocaine consists of a cen- 
tral tropane ring with substituent groups at C-2 and C-3 
(Table 1). Both substituent groups are attached in the 
B-configuration, relative to the tropane nitrogen, and the 
molecule exists as the levorotatory (r) isomer. Analogs 
of cocaine representing these three major structural mod- 
ifications were tested in this study. 

Stereochemistry was very important for determining 
the potency of cocaine in inhibiting the uptake of dopa- 
mine by human lymphocytes. WIN 35065-3 is a pure 
enantiomer of WIN 35,065-2; the two compounds are d- 
and f-isomers, respectively, of the phenyltropane analog 
of cocaine. WIN 35,065-3 was about 200-fold less po- 
tent than WIN 35,065-2 in inhibiting the uptake of do- 
pamine by human lymphocytes. This was in agreement 
with Clarke et al. [25] and Kuhar et al. [26], who dem- 
onstrated similar stereospecificity for the interaction of 
these compounds with the dopamine transporter in neu- 
ronal tissues. The marked stereospecificity noted here 
was comparable to that of I-cocaine, which was exceed- 
ingly more potent than d-cocaine in inhibiting the uptake 
of dopamine by neuronal tissue [24]. Stereochemistry at 
C-2 has the second largest effect on activity. Epimeriza- 
tion of 2B-carbomethoxy-3&(4&dophenyl)tropane (desig- 
nated as B-CIT under the code RTI-55), producing 
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%3eni”e l . WIN 35.065-3 

WIN 35.0652 0 

WIN 35.428 0 

Lu19-005 
0 

r=0.77 
pco.005 

0 
FIT65 

GBR12909 

O-l I I I 7 1 I I # I 1 

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 

Log&, Lymphocyte [Wj-DA uptake, nM 

Fig. 6. Correlation between the q0 values of various phenyltropane and non-phenyltropane compounds in 
inhibiting the uptake of [3H]dopamine (DA) into lymphocytes with the IC 5O values of the same compounds in 

inhibiting the uptake of [3H]dopamine into brain (P < 0.005, r = 0.77). 

a-CIT, resulted in an 8OO-fold decrease in inhibiting the 
uptake of [3H]dopamine by lymphocytes. These results 
were consistent with the findings of Neumeyer et al. 
[27], who demonstrated that fi-CIT (RTI-55) had a much 
higher affinity for the dopamine transporter in baboon 
and rat brains than its C-2 epimer c&IT. 

Moreover, the uptake of dopamine into lymphocytes 
was affected markedly by cocaine analogs with various 
substituents at the C-3 position. Phenyltropane deriva- 
tives of cocaine, which lack an ester link between the 
phenyl group and the tropane ring and have para-substi- 
tutions on the phenyl ring, are 10-100 times more potent 
than cocaine in inhibiting the uptake of dopamine by 
human lymphocytes. Our findings are in agreement with 
those of Boja et al. [33], Cline et al. [34] and Madras et 
al. [35], who demonstrated that these compounds were 
more potent than cocaine in binding to the cocaine re- 
ceptor and in inhibiting the uptake of [3H]dopamine by 
brain synaptosomal preparations. 

A key structural feature of the phenyltropane mole- 
cule required for the inhibition of the uptake of dopa- 
mine is the existence of a phenyl ring moiety at C-3. 
Ecgonine methyl ester, a hydrolytic metabolite of co- 
caine, was a very weak inhibitor of dopamine uptake in 
human lymphocytes. This is in agreement with previ- 
ously reported studies [24], which demqnstrated that 
ecgonine methyl ester was a poor inhibitor of dopamine 
uptake in brain synaptosomal preparation. 

Moreover, we compared the ICY values obtained for 
the cocaine analogs used in inhibiting the uptake of 
[3H]dopamine by human lymphocytes with the IC,, val- 
ues reported for the same compounds in inhibiting the 
uptake of [3H]dopamine by brain synaptosomal prepa- 
rations. A significant correlation was noted between the 
lcso of these compounds in inhibiting the uptake of 
[3H]dopamine into lymphocytes with that of the uptake 

of [3H]dopamlne into brain. With the exception of GBR 
12909, a similar association was noted between the ICED 

of the non-tropane compounds (Lu 19-005, mazindol, 
nomifensine and bupropion) in inhibiting the uptake of 
[3H]dopamine by human lymphocytes with that of the 
uptake of [3H]dopamine by animal brain tissue prepara- 
tions (Pig. 6). It is not certain as to why GBR 12909, a 
very potent and selective inhibitor of dopamine trans- 
porter [28], was a thousand-fold less potent in inhibiting 
the uptake of f3H]dopamine into lymphocytes as com- 
pared with the inhibition of the uptake of [ Hldopamine 
into brain. The results with GBR 12909 suggest that the 
uptake of dopamine by lymphocytes occurs via a mono- 
amine transporter system that may not be identical to the 
one described in brain [36]. Recently, Ramamoorthy et 
al. [37] provided evidence for the existence of a high- 
affinity uptake system for dopamine in human placental 
syncytiotrophoblast. The uptake of dopamine was inhib- 
ited very effectively by cocaine but much less effectively 
by bupropion and GBR 12909. Molecular and pharma- 
cologic studies of this uptake process indicated that it is 
the norepinephrine transporter, not the dopamine trans- 
porter, that is responsible for the uptake. 

Apart from the fulfillment of a specific structural ac- 
tivity requirement, the inhibition of [3H]dopamine by 
cocaine occurred at pharmacologically significant con- 
centrations. Blood levels of cocaine in humans that are 
associated with the subjective feelings of a “high” are 
in the nanomolar range [38]. This concentration range is 
in close proximity to the IC,, of cocaine in inhibiting the 
uptake of dopamine by human lymphocytes. This pre- 
sented us with an opportunity to use the lymphocyte 
preparation as a readily accessible tissue to examine the 
influence of cocaine use on the uptake of [3H]dopamine 
in humans. Consequently, we carried out a preliminary 
study to determine whether or not the uptake of 
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[3H]dopamine by lymphocytes of chronic cocaine abus- 
ers is different from that of non-users. 

The results of this preliminary study demonstrated 
that cocaine addicts, upon initial presentation to the hos- 
pital for in-patient treatment, had a significant decrease 
in the uptake of [3H]dopamine by their lymphocytes 
compared with controls. Kinetic analysis revealed that 
changes in uptake among cocaine addicts were due pri- 
marily to a change in maximum velocity (V,,,) with 
only a moderate change in the affinity constant (K,) of 
the uptake system toward dopamine. In spite of individ- 
ual variability, we noted a significantly inverse correla- 
tion between the V,,,, of [3H]dopamine uptake and the 
reported amount of cocaine used. The results noted here 
of decreased dopamine uptake by lymphocytes of co- 
caine addicts closely resemble the diminished uptake of 
serotonin in platelets of cocaine patients [39]. 

In view of the disproportionate representation of 
blacks among cocaine addicts, it is imperative that racial 
variability be taken into consideration before conclu- 
sions on differences in lymphocyte dopamine uptake can 
be drawn between addicts and non-addicts. Appropriate 
statistical analysis was performed and the results of the 
study revealed that the difference in dopamine uptake 
between the two groups was not race-related. 

The effects of cocaine abuse on dopamine uptake into 
peripheral blood lymphocytes noted in this study may be 
mediated by direct and indirect mechanisms. The direct 
mechanism may be representative of the blockage of 
neuronal dopamine reuptake by cocaine. Inhibition of 
neuronal uptake of released dopamine by cocaine may 
expose more of the dopamine to metabolism in non- 
neuronal tissues. In support of this thesis, Faraj et al. 
[40] observed that cocaine abuse caused a marked in- 
crease in the concentration of the extracellular metabo- 
lite of dopamine, dopamine sulfate, in the plasma of 
chronic cocaine abusers. The indirect mechanism may be 
indicative of putative alterations in dopamine uptake, 
probably as a result of long-term neuronal adaptation to 
chronic cocaine exposure [41]. 

Inhibition of the active transport of dopamine in lym- 
phocytes by cocaine may have significant implications. 
Lymphocytes represent a critical effector arm of the im- 
mune system and are responsible for both the cell-me- 
diated responses (T-lymphocytes) and antibody produc- 
tion, or the humoral response (B-lymphocytes). Like the 
opiates, cocaine is known to alter certain immune func- 
tions [42, 431. Effects of cocaine on immune function 
represent an important concern in light of the findings 
that drug abusers have a much greater risk of exposure to 
HIV and the subsequent development of AIDS [44]. 
While sharing of HIV-contaminated drug paraphernalia 
is most likely the primary culprit for the elevated rate of 
HIV infectivity, there is now some evidence to suggest 
that cocaine and other drugs of abuse themselves may 
also be important contributors. Peterson et al. [45] dem- 
onstrated that cocaine potentiated the replication of 
HIV-l in human lymphocytes. It remains to be estab- 
lished whether the inhibition of dopamine transport by 
cocaine in human lymphocytes partly contributes to the 
effect of cocaine on immune function. Van Dyke et al. 
[MS] suggested that the significant increase in natural 
killer cell activity following exposure of human subjects 
to cocaine in vivo may be related to the stimulatory 
effect of cocaine on catecholamine release or to an in- 
hibition of catecholamine reuptake. 

In summary, human lymphocytes possess a high-af- 
finity transport system for dopamine. The transport sys- 
tem exhibits characteristics that are similar to those of 
the transport of monoamines in neuronal tissues. The 
data presented here showed that the uptake of dopamine 
is markedly sensitive to cocaine inhibition. Important 
similarities were found among the structure-activity re- 
lationship for cocaine and its analogs in inhibiting the 
uptake of dopamine in human lymphocytes to that re- 
ported in neuronal tissues. The uptake of dopamine in 
lymphocytes isolated from the blood of cocaine addicts 
was reduced significantly as compared with controls, 
and an inverse relationship was noted between the V,,,,, 
for the uptake and the severity of cocaine use among 
these subjects. This may be an important finding in view 
of the recent report that the pleasurable effects of co- 
caine and the reinforcement that makes it habit-forming 
have been linked specifically to its inhibition of dopa- 
mine uptake [47]. This raises the possibility, therefore, 
that the measurement of plasma dopamine uptake in pe- 
ripheral blood lymphocytes in conjunction with the mea- 
surement of plasma dopamine sulfate [40] may poten- 
tially present us with a specific biochemical marker for 
assessing the severity of cocaine addiction in humans. 
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