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ABSTRACT : The immune system is partially under the control of the sympathetic and parasymphathetic
nervous systems through the regulatory feedback loop. Methamphetamine (MA) is a neurotoxic chemical
which affects the neurotransmitter system. The objective of this study was to investigate the immunotoxic ef-
fect of MA on the major immune target organ and lymphocyte proliferation to the various mitogens. Female
Balb/C mice, 15 to 20 g, were injected subcutaneously with 0, 0.5, or 5 mg MA/kg for 14 consecutive days.
In MA treated mice, the body weight gain and relative spleen and thymus weight were decreased in dose-
related manner. Histopathologically, there was a paucity of lymphoid follicles and germinal centers in the
spleen, and thymic cortical atrophy with lymphophagocytosis was prominent. Apoptosis also occurred in
germinal centers of spleen and thymic cortex. The threshold and peak of lymphocyte proliferation at various
concentration of mitogens showed similar patterns. However, the response to lipopolysaccaride (LPS} and
pokeweed mitogen (PWM) in the 5 mg MA/kg treated group showed threshold and peak proliferation at
high concentration of mitogens (25 ug LPS/ml for MA vs 15 ug LPS/ml for control; 60 ng PWM/ml for MA vs
45 ng PWM/ml for control), which suggest that MA impairs T cell dependent-B cell function. This prel-

iminary study indicated that MA affected the lymphoid organs and immune function.
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I. INTRODUCTION

Methamphetamine (MA) is one of the many am-
phetamine derivatives (James et al., 1989), which
was dumped into civilian markets after World War
II. MA use is emerging as an important drug abuse
problem since the mid 1960s in Korea.

MA appears to affect the neurotransmitter by
release of dopamine and norepinephrine from the
presynaptic neuron and blocking the reuptake of ca-
techolamines by presynaptic neurons (Azzaro et al.,
1974; Carlsson, 1970). This chemical is well known
as a neurotoxic phenethylamine which produces
long-term deficits in brain dopaminergic, sero-
tominergic neuronal system, and morphological evi-
dence of nerve terminal degeneration (Hotchkiss et
al., 1980; Ricaurte et al., 1982; Wagner et al., 1980).

Immunohistochemical studies from many in-
vestigators have shown the presence of autonomic

nerve fibers in specific compartments of both pri-
mary and secondary lymphoid organs. In the lym-
phoid tissues, sympathetic nerve endings contact
postganglionic sympathetic fibers that richly in-
nervate lymphoid organs and lymphocyte at a dis-
tance which is even shorter than that in a synapse
(Felten et al., 1985, 1987). In the spleen, the neu-
rotransmitter acts in the spleen as both a paracrine
secretion, available to receptors on cells in the white
pulp, and a localized neurotransmitter in nerve ter-
minals that directly contact T lymphocyte in the peri-
arteriolar lymphocyte sheath (PALS) (Felten et al.,
1986). Therefore, the communication from the ner-
vous system to the immune system may occur via in-
nervation of lymphoid tissues, with neurohormones
and endocrine hormones influenced by neu-
rohormones or neuropeptides. Despite the wide a-
buse of MA, there has been little research on the ef-
fect of this drug on the immune system. The need
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for such studies has become more important be-
cause of the increased susceptibility to infection with
various diseases, and the high prevalence of AIDS
among abusers (Harold et al., 1985; Nestor et al.,
1989). This study was designed to assess the effects
of repeated exposure to MA on lymphoid organs and
lymphocyte proliferation to the various mitogens.

II. MATERIALS AND METHODS
1. Animals

Female Balb/C mice weighed 15 to 20 g were ob-
tained from KRICT. The animals were randomly dis-
tributed in polypropylene cages on sawdust bedding
(B-chip) with tap water and commercial rodent chow
pellet (Sam yang) available ad libituum.

2. MA Treatment

MA was obtained from Korean authorities. and
dissolved in saline prior to use. Mice were injected
subcutaneously for 14 consecutive day at 0.5 mg
MA/kg or 5 mg MA/kg, while conirol mice were
given saline as a vehicle.

3. Pathology

Animals were weighed every two other days. On
day 14, blood was drawn from t(he retro-orbital
plexus in order to perform a blood count. Animals
were terminated by cervical dislocation. The weight
of spleen and thymus and cellularity of spleen were
measured as a part of the immunotoxic evaluation.
Results were analyzed as absolute weights, and re-
lative weight to body weight. The tissue samples
from spleen and thymus were fixed 10% neutral
buffered formalin. then processed routinely. sec-
tioned at 4 microns, stained with hematoxylin and
eosin (H & E), and examined by light microscopy.

4. Spleen Cell Suspension

Splenocyte suspensions were prepared by gently
squeezing the organs in cold RPMI 1640 (Gibco) and
passing the cells though a nylon filter with a pore
size of 53 pm (Spectrum. USA). Following red blood
cell lysis by hypotonic shock and wash. cells were

resuspended in complete culture media. The culture
medium was RPMI 1640 supplemented with gen-
tamycin sulfate (100 mg/L), L-glutamine (2 mM),
Hepes buffer (10 mM), and 10% fetal caif serum
(Gibco). Cell numbers were determined with a hemo-
cytometer and viability was measured by exclusion
of trypan blue (Leslie et al., 1989).

5. Mitogen-induced Lymphocyte Proliferation
Assays

Proliferation assays were carried out in 96 well
flat-bottomed microtiter culture plates (Falcon). 100
ul containing 4x 10°/ml of splenocytes suspension
was added to wells with 50 pl of medium and 25 ul
of various concentrations of concanavalin A (Con A;
Sigma, Type IV). lipopolysaccharide (LPS; E. Coli
0111:B4), and pokeweed mitogen (PWM: Gibco).
Every assay was performed in triplicate. The plates
were incubated at 37°C for 42 hr in a humidified 5%
CO, incubator. 'Ti-thymidine incorporation into the
cells was measured by adding 0.5 uCi (83 Ci/mM,
Amersham. New England) 18 hr prior to harvesting
the cultures onto fiber glass filter paper (Flow la-
boratories) using a multiple automatic cell har-
vester (Inotech., Swiss). The resulting filter paper
spots were dried and placed in minivials to which 2
ml of scintillation cocktail solution (PPO 5 g. POPOP
100 mg, toluene 1 L) was added. Incorporated ra-
dioactivity into DNA of dividing lymphocytes was det-
ermined in a -liquid scintillation counter (Pockard.
USA) (Gin et al., 1990).

6. Statistical Analysis

The data were analyzed using paired Student's t-
test and considered significant at p<0.05.

III. RESULTS
1. General Observations

The observable behavioral effects of MA treated
mice were rapid locomotion, frequent head shaking,
bristling of hairs and salivation. These responses oc-
curred soon after the drug treatment, and there was
a subsequent elevation of body temperature was not-
ed in most mice.



2. Pathology

The growth rate of treated groups was decreased
in a dose dependent manner. Even with con-
siderable variation among the individuals, the body
weights of 5 mg MA/kg treated group dropped on
day 4 and showed the greatest significant difference
from the control. After that, the growth of this
group tended to increase (Fig. 1). The number of
peripheral leukocytes was affected only in the high
dose treated group (4.45+0.57x10° cell/mm® for
MA vs 6.29+0.69x10" cell/mm’ for MA).
Meanwhile, the splenic cellularity was decreased in
a dose dependent manner. The decrease in splenic
cellularity was associated with the decreased spleen
weight (Table 1).
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Fig. 1. Effect of methamphetamine in the Balb/C mice in-
jected MA for 14 days. Body weights were measured every
2 other day. Data expressed as mean : SD (n=4).

from
control Balb/C mice and melthamphetamine treated mice
at a dose of b mg/kg for 14 days. (A} Control spleen and
(B) thymus: (C) MA lreated spleen and (D) thymus. HE X
90. Note the decrease in the number of white pulps with
germinal center in the spleen and moderate cortical a-
trophy and relalively increased medulla in the thymus.
Apoptotic cells were characlerized by capping nuclei and
well defined halo within the germinal center (E}, and
phagocviized by neighboring macrophages in the thymic
cortex (F) (Starry-sky apperance). HE X930.

Table 1. Final body weight, absolute and relative organ weight and celluarity of Balb/C mice injected MA for 14 days.

gm mg
Group Body Wt Spleen Wt (%)’
Control 24.54-1.21 1521 17 (0.61)
0.5 ng MA/kg 23.78 + 0.93 140+ 13 (0.58)*
5 mg MA/kg 21.24+0.94 10411 (0.49)*

Thymus Wt (%)

m Cellularity

Spleen X 107 WBC (X10%)"
11216 (0.41) 9.52: 0.60 6.29:10.69
109 16 (0.46) 8.93+0.54* 6.00~0.82
844 8 (0.39)¢* 7.391 0.54* 4.45 1+ 0.75*

On day 15, body and lymphoid organs were weighed (mean = SD: n=4). Blood was collected from retro-orbital plexus.

“Expressed as percentage of body weight.
"white blood cell.
*, **Significantly different from control; *p<0.05, **p<0.01.
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Fig. 3. Effect of methamphetamine on splenic lym-
phocitic proliferation at different concentration of Con A
(A), LPS (B) and PWM (C) (mean +SD; n=3). Balb/C mice
were injected with MA for 14 days. On the 15th day.
Splenocytes (4% 10°/ml) were cultured in complete media
contraining mitogen. Cells were harvested at 42 hr and
assayed "H-thymidine uptake.

The relative splenic weights of the high dose treat-
ed group showed obvious atrophic change (0.49%
for MA vs 0.57% for control). Changes in the thy-
mus were similar, although not as marked.His-
topathologically, lymphoid organs of control an-
imals showed relatively normal architecture (Fig. 2A,
2B). However, the spleens of the treated group show-
ed a paucity of white pulp including lymphoid fol-
licles and germinal centers (Fig. 2C). Cell death in
the germinal center occurred singly characterized
by capping surrounded by a well defined halo (Fig.
2E). The thymus revealed moderate cortical atrophy
with an accopmanying widening in medulla (Fig.
2D). Lymphophagocytosis (Starry-sky appearance)
was observed (Fig. 2F). Apoptosis was characterized
by single cell death without infiltration of in-
flammatory cell, which was phaogcytized by neig-
boring macrophages.

2. Mitogen-induced Lymphocyte Proliferation

The threshold and peak concentration for the prol-
iferation response of the spleen celis to Con A, a T
cell mitogen, were similar among the three groups.
However, the magnitudes of the response were de-
creased in the 5 mg MA/kg treated group as com-
pared with control (Fig. 3A). At 16 pg Con A/ml, the
maximum stimulating concentration in the high
dose group was nearly half of those of control. In
the high dose group the threshold and peak prol-
iferative response to LPS was shown at 25 pug LPS/
ml, while those of control showed at 15 pg LPS/ml
(Fig. 3B). Similarly, response to PWM was shown at
a higher concentration of mitogen (60 pg PWM/mi
for 5 mg MA/kg vs 45 pg PWM/ml for 0.5 mg MA/
kg and control) (Fig. 3C).

IV. DISCUSSION

Within the past 10 years, research concerned
with the relationships among brain, behavior, and
immunity has expanded rapidly (Ader et al., 1987).
Although systemic research in psychoneu-
roimmunology is relatively new, the range of the
phenomena that bear on brain and immune system
interaction is quite broad (Ader et al., 1990, Mad-
den et al., 1995).

Weight and morphology of lymphoid organs are



the first parameters studies in toxicity assessment.
The data from this study showed that daily ex-
posure to MA in Balb/C mice affected the lymphoid
organs and altered lymphoblastic response. The
body weight gain in MA treated mice was decreased
and some studies supported this data by saying
that the site of anorectic action of this drug is prob-
ably in the lateral hypothalamic feeding center. Alt-
ernation in diet and nutritional status could be one
of possible indirect effects of MA in changing im-
mune function (Chandra et al., 1994).

In the thymus, absolute weight of MA treated
mice was reduced, but the relative weight to body
was not overtly changed. The cortical thymocyte,
mainly CD***, CD*** and CD***’", possessing
scant cytoplasm, makes up about 85% of the total
thymic lymphocyte population. Pathologic finding in
the spleen included a defect in lymphoid follicles
and germinal centers indicating B cell deficiency.
Apoptosis was observed in thymic cortex with tin-
gible body macrophage and splenic germinal center.
Currently, apoptosis is emphasized in toxicologic
field. This removal mode of dead cell is generally
benifical to the organism and not biologically
threatening because toxic contents of dying cells are
phagocytized and internally digested (Corcoran et
al., 1994).

MA seemed to have a lymphocytolytic effect in
mice associated with splenic cellularity as well as
peripheral leukocytes. Considering most circulating
mouse leukocytes are T cells (David et al., 1990),
their loss seemed to be related to substantial dam-
age of the thymus, which may prevent or delay the
migrating process of T cells into the peripheral
blood. Decreases in WBC count of MA treated mice
was thought to somewhat commensurate with
results of Manuel F.G. et al. (1991) who reported
the quantification of blood cellularity.

Mitogens are commonly used to assess lym-
phocyte function. The lymphocyte proliferation in
MA treated mice was decreased with Con A, which
stimulates the T cell via direct binding to the T cell
Receptor (TCR) and TCR associated molecules. LPS
and PWM either randomly insert into the lipid bi-
layer or attach to multiple surface receptors of large
numbers of B cells. PWM predominantly reflects T
cell-dependent B cell proliferation or the ability of T-
helper cells to communicate with and stimulate B
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cell proliferation (Paul, 1989). The peak proliferation
of the 5 mg MA/kg treated group was shifted to
higher concentrations of LPS and PWM than that of
control. Based on these results, it appears that MA
impairs T cell dependent B cell function. This data
might support the report provided by Johnson et al.
(1981) that lymphocyte responsiveness to Con A
and LPS was found to be suppressed following ex-
posure of B, adrenergic receptor(AR) selective agon-
ist, norepinephrine or epinephrine. However, this is
contradictory to other study (Ader et al., 1990).

The findings suggest that methamphetamine has
a immunotoxic effect to lymphoid organs and in-
hibits the lymphoblastogenic response to various mi-
togens. More detailed immuno-toxicological as-
sessments of MA will be further studied.
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