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Abstract—BALB/c mice were intraperitoneally injected with methamphetamine (5 mg/kg) to obsetve the effect
of methamphetamine on the immune system. Body weights were decreased in both acutely treated group
(twice for 2 weeks with 7 days interval) and subchronically treated group (daily injection for 14 days). The
relative spleen weights and the numbers of splenocytes were unexpectedly increased (p<0.05) in acutely
treated group, but subchronically treated group showed the trend of decrease without significance. But there
was no significant effect on antibody formation to hen egg lysozyme which was immunized during the treatment
of methamphetamine and on plaque forming cell number. The relative thymus weights of both groups were
significantly decreased by the treatment of methamphetamine (acutely treated group, p<0.05; subchronically
treated group, p<0.01). These results suggest that the effect of methamphetamine on the immune system

may be caused by thymic dysfunction.
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Cocaine, morphinee FFAIZFEAZH WA
thE 77 vl gds] o] FoiA cocaine®} 73-F- in-
terferon-¥, interlenkin-42-2 lymphokine§ A3 A s}(Fra-
ncesco =, 1992) concanavalin A(Con A)v} lipopolysac-
caride(LPS)oll w3l Al 22459 A5t @ Ay #H)
ks A5l Feol Buse] 9)li(Watzl=} Waston, 1990),
morphine?] 7% interferon, IL-2 AAIA 3], &4 F o]
B8543}, AFAANE 49435 L Con Aol digt A
545 A Fo] Rasn glrk(Jessop? Taplits
= 1991; Pruett %, 1992). Amphetamine#| 42X F
ZAAFRARY ez} HIF yEHE F co-
rticosterone?] Eu]|E Z71A]71: Ao AT g}
(Monjan™} Collector =, 1977; Keller 5, 1988; Weiss
£ 1989; Khansari &, 1990). 22> 5L 55
AgH o) 233 53 ATA 99% AE AL (G
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rabal 5; 1991), &= AEHA 2T 2ol FedtA &
Bl=l = corticosterone 8] WiiEwlAle] T2E oA:
e AEE 2Yse Aoz ARz glvh(Watzl#h
Waston, 1990). o)2jgF WAL e]ale] FHAAEE
A9 AAAQl 2ol 7]PshER] T FHAATYA
2 Qg WEHA ZEE o)Al 2% kA<l zhgal
A= GAstA] GriWatzldh Waston, 1990). Tjv} ¢
gutetel A FA o] F25 3 9)E methamphetamine®]
w3 Ao wjx]e gk ofg AT =5 AA o) B
Al g o] 41 methamphetaminee] HAA o] w]X)= 438
o] s}l oo} ¥ A} methamphetamine o & oo
Z71 g ogkA A elx = gdske sty

NEFE

223 g4 HE 53
MESE | €4 BALB/c u}$2(A%E 25~309)F =
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HE A TAA L) A FFibel ALS-3taa ¥
e F ToE JFre] 79 E<) methamphetamine 5
mg/kgS vy #3Fe gl o e A=Ay
£ Foddnh Fof 444 HeF HYF(sRBC, 5X10°
AE/ml) 0.1 mls vhgL 7R Folsle] A3l
gt sAAAAEY WIS Sea A A FE(plaque
forming cel)ZA¥ oz Pastac)

Eala g4 ME S5 vl aE AFETEeE g
AAZ) & H)Fe AESe] wAE L= A AR A
H|ZANEE 52471 % Earle’s balanced salt solution
(EBSS). 22 1,500 rpmol| 4] 108-7F 33 A H 7 F 1X10°
AE/mi D22 NFEFE 2AF9E DEAE dextran
(Sigma Chemical Co., St. Louis, Mo, USA)e] Sojgle
0.4% agar(Difco Laboratories, Detroit, Michigan, USA)
2 Az3le] 47C el B 50 g et vl
A E 100 (X 1054 %), P Ad=E 335] A& S}
A2 Wk ¥ 25 % guinea pigell A & EA(Si-
gma Chemical Co.) 25 W9} 42 % petri dishel] T
24X40mm cover glassE 4® Wik olw 7] %7}
A7 @3 I2A FAEEZ petri dishS 7PHA F
=77 agaroses w3 T petri dish 5748 94| humi-
dified 5% CO, ¥kl A 37T, 3412k v ok H ). w2
T Y% 23 5 Ao] 1X10° wgA xS 92
Aakslel i 7 Algde 28 Alaste] 1 HPgs A
skt
HAMZ|IFA R MO HE F5H

AMHEZ ¢4 BALB/cr-2(25~30 908 3ToE
el Al F-of -2 methamphetamine 5 mg/kgs 1
dA e} 8YMel AH £ 23] E7hN Fo3lL bz
drhs AEARAeE FoJsis] 2n, 1kX(subchronic)F-
AT E8L vjd E7ME 1447t Seisieict Me-
thamphetamineF-o{of| W& A7}e] WHILE £ 357
#15ted hen egg white lysozyme(HEL, Boehringerma-
nheim GmbH, Germany)-& & o 8 Alsled 1952}

Hen egg lysozyme ¢
2mg/mouse

8 wl-imd 2mg/0lmid Brhy A Fok
Methamphetamine $-oJ 2} HEL7}2Fo] Z-& ol 313
7% methamphetaminee Foigt 30% Fo HELE
A Z et g9 AR Fd AE2TE 15 33
o % % 23] HELE A3 chFig 1).

HAEV9 2A EH % AU FH vy E AF
1594 odlZut A A A5 SAsta AR AP &
v 2 FAg HEstd 22 FAE A5k A1)
A Exs HolA J€d Yo JPn FHFE o
238k hypotonic shock¥l§ o2 HIETE AAY F
RPMI 16408} =](Gibco Laboratories, Grand Island, NY,
USA)Z AH Al-slgc). v £ UB= automatic
cytochemical counter(Techicon Instrument Co., Tarry-
town, NY, USA)e]&-aled A =p3 Sxs=d] AME3]
93 x| v A E= 10% o} " A (Gibco Labo-
ratories, USA), 10 mM N-2-hydroxyethylpiperazine-N'-
2-ethanesulfonic acid(HEPES), penicillin(100 units/m/),
streptomycin(100 ug/ml), L-glutamine(2 mM)e] &%
RPMI 1640 #A]e] 1X1004 £/ mlz2 REE =4 4]
o} 72 &) HEL)] tg) v~ 34 7)}= enzyme-lin-
ked immunosorbent assay(ELISA)Ho® Z]3lgct
(Francesco -5, 1992). HEL-&- carbonate buffer(pH 9.6)<]]
50 pg/miz wHE*] o] HHAZ EIA plate(Costar Co.,
Cambridge, MA, USA)®] 7+ welld 100 W¥ 717t 3
37C A 2 wkxsle] RAAZch tfd plates
0.05% tween 20°] ¥4 A4t 95449 5(PBST, pH 74)
Z A& T 5%(vol/vol)2) normal goat serum(Gibco
Laboratories.)o] 4% PBSTE Zb wellsd 200 % ¢
< F W7 < 37C oA wkAEel #4-2 1:100
22 A F 100 W4 7Fka 37C oA 9087k HbH
ShelR 2 o1& plated PBSTE 433l & peroxidaser}
225 goat anti-mouse IgG(Sigma Chemical Co.)& 1:
50008 E4ste] 100 4 F}aF F 37C o4 903
wH-§-A| 7). PlateS t}A] A& % o-phenylenediamine
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Fig 1. Treatment schedule of methamphetamine and hen egg lysozyme in BALB/c mice: BALB/¢ mice were intraperitoneally
immunized with hen egg lysozyme (2 mg/mouse) and injected with acute methamphetamine treatment (5 mg/kg/day on day
1 and day 8) and with subchronic drug treatment (5 mg/kg/day for 2 weeks). Control mice were injected with normal saline
instead of methamphetamine. Blood was collected before and after drug administration by tail-bleeding.
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Table 1. Effect of methamphetamine administration on body weight

Treatment No. of Body weight Final body % change of
group mice at t=0 (g* weight (g) body weight**
Control 9 26.21:4% 2.13%+* 30,37+ 2.39 117.17+ 17.57
Methamphetamine
5mg/kg, acute 6 2097+ 1.78 3045+ 1.47 101.68+ 1.57F
5 mg/kg, subchronic 6 29.30+ 155 2230+ 1.12 76,16+ 2517
Treatment schedule of methamphetamine is described in the legend of Fig. 1.
* Body weight was measured just before the treatment.
**% change of body weight= (final body weight/body weight at t=0)X100.
***Mean=+ S.E.
+p<0.05 vs. control group.
+ +p<0.01 vs. control group.
(H:0.71 )44 100 g 743t Abgo Al 1583F w4 A o
A7) F 25N HSO&NE 50 4 7hake] 98- B :
A7l PAREE 490 nm] A4 ELISA reader n
(Molecular Devices Co., Menlo Park, CA, USA)E & ? 0.2] -
— o3 = . ST 2D - =
Fx g FAsisdctk 2 €42 duplicate® AR c o
o] FFRT o] ARHA ehe ) welle] 77k g | R oo e
Aolgte Ak $4lo] o]-gheic. o )
SHXZ|
2E A¥A3s one way analysis of variance 0.0 . . .
(ANOVA)%' 0]%_5.]_04 %ﬂ]iﬁiq %]'93\3’—- p<005 _3;1_‘0? p< Control (9)¥ Acute (6) Subehronlc (8)
001 FFA AL AAstack B 100 -
Az g ° °
. _ ) } § .07 — satsn07*
Methamphetamine 50{7} OFRA HE#H3pl| o|x|= 1 g o
of 5 o a0 «§~ 3974035 g 4Mi1-53‘g'
>
Methamphetamine, 5mg/kge 157Y 71Hez 23 o ©
Folah FATATH 14U )Y Fei DAl &
AL B2g A7 HELE Foi3 9279 AFwste 10 . : .
11717+ 17.57%°] 5 2 F4Fo72 101.68+ 1.57%(p o Control ()¢ Acute(6)  Subchronic (5)
<0.05), T F AT 76,16+ 251%(p<0.01) 2 = 3}3}e] %
HzT Bef 2 9A A FEvlge] 3t e w(Table
. [
D o] Hate daTe] T AT F7H4 10022 7] e | o
F9e W A FATITE AFAIE 868, WA g o
T8 AlF W3 6500 sigstsich ‘0{7 o -
- +
Methamphetamine F0{7} 0rRA HAZEZ|M| Olx|= - Bososior g t
oSk & o o ° 5as+|.so-§-
Methamphetamine®] 3} 7)o w]x]3= od ke w7 o
o BA, MAAES FARAS WHz DI : , ;
9 FA, vAANEF, FAFAY #WHIP=2 fBEFSA Control (¥  Acute(s)  Subchronic (s)

8]ZS] FA= FA FoJFE 01711 0.064 go. 2 Hj 2T
(0.120+ 0.008)K.c}k 2] 29l Al(p<0.05) 713ty T4
EolF-2 0008+ 0032 go2 tRTFHT) Fisle Ak
< Bgont £AA o= gk v FAL Wil
AFe 2ed ANA v)A FA[relative spleen wei-
ght=spleen weight(mg)~body weight(g)]= #& 314
o g4 FATE 56112072 RTH3.97%0.35)

Fig 2. Effects of methamphetamine on spleen weight and
relative spleen weight and cell number. Treatment schedule
of methamphetamine is described in the regend of Fig. 1.
A, final spleen weight. B, relative spleen weight which is
calculated from spleen weight (mg) divided by whole body
weight (g). C, Numbers of total splenocytes. Horizontal bar
indicates a value of mean. Each data is presented as a
meant SE. *p<0.05 vs. control group, #No. of mice.
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Fig 3. Effects of methamphetamine on thymus weight and
relative thymus weight. Treatment schedule of methamphe-
tamine is described in the legend of Fig. 1. A, final thymus
weight. B, relative thymus weight is calculated from thymic
weight (mg) divided by whole body weight (g). Horizontal
bar indicates a value of mean. Each data is presented as
a meant S.E. *p<0.01 vs. control group, **p<.0.05 vs. control
group, #No. of mice.

¥)5le] 2890 A(p<0.05) F7IEtge, HAAEFE
[(12.40+521) X 107] & | &=F[(8.93% 1.67)X107]¢] ®)
&ked 229Ul (p<0.05) S7tsbalct. bR T o] Aol
WA 2A = 444+ 15624 =397+ 0.35)&.14- =4
F7Hlg et §AA Y97t gleled uAAEsE 7
sk AFE HYov EAX] 9o f9HFig 2).
Wi A A FA5A [relative thymus weight=thymus
weight(mg) -+ body weight(g)]1+ 344 F(1.13£ 0.18)
vk Fodr(0.52+ 0.15) BT o) 27(1.53+ 0.31)¢])
H)3ke] SJgIA(FA FoIF, p<0.05; LA FoiF, p<
0.01)7+2~ 3} ciFig. 3).
Methamphetamine £0{7} EA[EME0| o|x|= H&
Methamphetamine, b mg/kgg 747} Fo438l7 sRBC
T Hd9y & A Eela $dyo2 sRBCo it &kl
A4 E<(antibody forming cell)) HE-E owjAdg o
2 #3% Z3} methamphetamine2 %3k T(3,771t
4373 N Z2F(3,879% 259)A el BA Al A4 A)
42 Aol flsicKTable In). &l FA3<ke] W3E

Table II. Effect of methamphetamine administration on the
antibody forming response of splenocytes in BALB/c¢ mice

Treatment No. of mice AFC* (/1X 10° splenocytes)
Control 6 3,879+ 250**
Methamphetamine 5 3,711£ 437

Five BALB/c mice of methamphetamine-treated group were sub-
cutaneously in jected with methamphetamine (5 mg/kg/day for
7 days), and six control mice were injected with normal saline.
sRBC (5X10° cells/ml, 0.1 m)were intraperitoneally injected on
the fourth day and plaque forming cell assay was done on the
eighth day.

*Antibody forming cells per 1X10° splenocytes.

**Meant 5.E.

Table II. Effect of methamphetamine administration on the
humoral response to HEL in BALB/c mice

Treatment No. of mice Aggonm*
Control 9 1.407+ 0.957%*
Methamphetamine

5mg/kg, scute 6 1.685% 0.500
5 mg/kg, subchronic 6 2116+ 0410

Treatment schedule of methamphetaine is described in the le-
gend of Fig. 1. Hen egg lysozyme (2 mg/mouse)was intraperito-
neally treated on the day 1 and day 8. The ELISA was performed
on the 15th day with nonpooled sera.

*Absorbance at 490 nm by ELISA.

*Meant S.E.

o A&3s) BAs]) Y& TAE o& sgew odwal
HEL(Allen %, 19872 15Y7td e 8 Fa}8 wosl
A methamphetamine-2- FA3 "oz Fojslgic}
(Fig. 1). §4-Fod72 HELF%{ ¢} 543§ goll metham-
phetamine-g F-of3t9lx ghAdFo]F& HEL 7h2t7]7kq]
149 FaF vid Fo3lgich HELS] oigt E3x=2 4
3= ELISA &A% ZAa g4 §Fo7(1.685+% 0.500)7
b T F(2.116+ 0410) BF i FT(1.407+ 0.957)5)
vlazste] 2)&gleE WaEE #3T F godi(Table ).
il &

Methamphetamineo] AW HH o v|a|+ 3L 7
Ze}7) $)5}ed sRBCe) gt 3 z% A A ETE
PAweg 223 Ad g2t % Apol 7} Sl
T oldieh A AAdoke] WHEaE HFsr] st v
°"‘E A FA 5T AFATeE 1R
HELZ wWdA|z] 5 HELe| o 34 AAHEE £
sle] A A5 vlAe deE P A oz}
7kl A%E Byot 2 Hols: faAg 4 gl
methamphetamineO] A QAo E oduko] gle-L o

T Ak o] AP 2P Eet FEE F4 A BE
1mmunoglobulm7<]7]- A}y 2718, =5 A|g3
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Well A Lz YEZFZE cocaine™ THE 2]&A mi-
togenq! pokeweed mitogen(PWM)o.2 A}=51%3<S df
A EE immunoglobuling-& PWM o5 FoTz &
ol7h gle A9} AR cMartinez?t Watson,
1990). Francesco £(1992)-2 BALB/c w=}$-~¢ HEL
Fod3lr] 3087 E& 12417 Fell cocained A F|sfar
154 Fof HELe] digt &A715 SA4s148S A5 9
ololeE FAIE A4S WA ¢ ot 7U7 A%
cocaines HAsleS ASdE =T Aols BT
2= 9o cocaineo] A8 A9 inductive phased]] °F 32
F= 7o ® By 3gck v 7 A4 cocaine?
At 47| A7 = D] methamphetamined FAHL 2 Fo
T3 o R Fodk oA A A F ofvfo]
I olf= £ ol dFseio} slejzl A
Methamphetamine3 4 ¥-2 7 FofT EFofA
A o] JoglA| Ztrde AL T Hel o] E2 ¢ E
FHA7 ZEAG vl PA R ALAF] gk HAhe
2 A=Y B3 uigo g B Foidt oA AT
a7k vS A elis Ze® Mol ¢339l 9
Bo4 9 Faxtsel AT e dnkE we
gt A= A E v FAe} vl 2] A
F4 FATE dzyrc F7)te] 7]de) o & A5
yepgigich o] dale FA Fod 6vke wpgs F 2
ulelol A wiAbeoj(d Fa| AT AR 24 oA FT))e
23k dabsh sado] gloh elel e w[AMu|d e} w]R
A E57} Z7H8e B ofd & 4 glend, o] ekEol
28 7|34 FPAL AZF] Y AEZFA e v]H=
okl thdlel FAo] HadFch WAHRATHNMEZ ¥
e FAE 6vke] vk F 1nfe]elA] wAE|gr}
slgict. o) T AR v)A FA L} v AN EFY HTF
Wi bAade Aeke BRI B4 o= glsivh
©]% methamphetamines] WjgF WAde] A7 B off
olz}z AJZtHc}(Johanson®} Fischman, 1989). F-41¢
FAE T4 £ g Fo4 T EFoA STl vshed
2)9)9lA #43tE ) Amphetamined F¢J3k w}-§-~2)
TR =T ZAub-23} Listeria monocylogenesd| &
gejo] dojx] F#E E wf(Garabal 5, 1991) metha-
mphetamine Fojol] wWZ W75 A= FHU
=3} Fgalo) g ez Azt 9 A3 AheH
HEL sg1e TAZ &4 FQo=2(Allen F, 1987)¢]
shedel g Al Aolrt glv WAL ThAl 29
sRntE ThAZe] 7)5e) o]ide] Q& 2R A%

. 200
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