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Effects of Nalbuphine on the Primary Humoral
Immune Response in Mice

Hee- Eun Yun and Myoung- Yun Pyo™
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ABSTRACT

In order to investigate the effects of nalbuphine on immune system in mice, we examined the various

immunological parameters. After single oral administration of nalbuphine (130, 260, 390 mg/kg, i.p.) to female

ICR mice, the weights of bodies and organs (thymus, spleen, liver, kidney), and hematological parameters were -

examined on day 2, 4, 6, and 8. The increased rate of body weight, relative weight of organ, and hematological

parameters in nalbuphine-treated groups, were not significantly changed when compared with control group.

However, number of WBC was decreased by the treatment of nalbuphine. To assess the effects of nalbuphine

on humoral immune responses, splenic IgM plaque forming cell (PFC) and serum IgM were assayed. When

nalbuphine was administered after immunization with SRBC, but not before immunization, splenic IgM PFC

and serum IgM level against SRBC were significantly lowered in a dose—dependent manner. These results

indicate that the suppressive effects of nalbuphine on primary humoral immune response may be dependent on

the timing of its administration relative to the initial antigenic sensitization.
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Nalbuphine hydrochloride (N-cyclobuthyl-me-
thyl-7, 8—dihydro—-1, 4 hydroxynormorphine hydro-
chloride, ©]%} nalbuphinee)g} #3H= ujefrd s}
A) ¢l naloxoned} 732 wlekAl 21 &=A Q) oxymor-
phines} FzHow §AlsH, ABRdog Pt
oi} 2 A F ALLE T )} (Cada et al., 1999).
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45 A9 ¢glvr o4E2 HuHe (Reynolds, 1993)  Jd72=HE Foplol wgatasl B AHE
o] M= wlekFE EFEHAY WA A A FFEEA AP EEANA 2~3F7E A7)
£ w3 Q1A g2 AlA ol ¥, 73T oFast 6~8F3 (25+2¢)9] w4

I3} McBride (1996)= A A E3] nal-
buphine #aF-& AFHoz X435 AFEAAM
g2 P FHEAF shek dgelat ek 4
A Z71A] 328.9] o8 W 18} A, nalbuphine
of Wy FARle] APEsE Ae FAshdct
w3t ehtele] A FYseaAATE Bel
sjeh HAA SlokE % A 2R, £
ZXg A2 AFHT & methamphetamineo) 7}
o] wlAA 1 F3}7] YA}t methamphetamine
9 dgo=w 1991 o|F=E nalbuphineo] F£5
7] A}zl 2.1, nalbuphine *d-8-0] methamphe-
tamine Z-2ol ™)l 19920l 2.7%, 199334
7.7%2. svitt Fo1sla Qe AR el MaEgY
(Yoo et al., 1995). o] &} o] FoA =7} A=A
o) a}g} nalbuphineg 2001 1o sFAlA 9]
HE2 AHete] FAIST 3leh (Chung, 2002).
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&}9dct. Nalbuphine®] $-ol §-5F8 AA3}7] 93}
ICR §t5l whg-2el &8H 2 (500, 550, 600, 650,
700, 750 mg/kg) 13] B3 FAEE F QAR E
14947} &35} 31 Litchfield & Wilcoxon (Litchfield
and Wilcoxon, 1943)& o] &3}e] LDsye AFS38T 2
3}, LDs (i.p.) 650 mg/kgo|glet. oe} Zreo] ARz
= nalbuphine®] LDsp9] 20, 40, 60%¢) 3] =33}
130 (A-4-3p), 260, 390 (2-8-%) mg/kg§-F& w2
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4. gHstA parameter £

wh-9- 0] o} whZoj|A] heparinized capillary
(Chase instruments Co.)& & sle] EDTA (K3)7}
Z0]¢)3= A8 3 (Sherwood medical)el] #3}32 roll
mixerZ &3}t & WBC (white blood cell), RBC
(red blood cell), HGB (hemoglobin), HCT (hemato-
crit), MCV (mean corpuscular volume), MCH (mean
corpuscular hemoglobin), MCHC (mean corpuscular
hemoglobin concentration), PLT (platelet)3- Coulter
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counter (T-890, Coulter)® ZA3}¢iv}. Coulter
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HGB, HCT, PLTZS &8} 27 wAst &
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tﬂ‘% 9 APEd FoiF 9 FYs whyor

Babla, HdFAL F 4dAol) AFSEY A
%01]/‘1 heparin 2|5 A k& mA#o=z A3}
a1, 37°Cel| A 2A17E WhAlEle] SRR & AR
2] (3,200 rpm, 15 min, 4°C)3le] AL sl A
#3l7] A7bA] —20°Cell A Rt

2) IgM gtxl E3

AgAA Ba" AL S6°CellA] 3087 W
Aehol BBAT A7 ALg3hed o, enzyme linked
immunosorbent assay (ELISA)2. A & IgM3}a]
£ ZA3lgr} =, anti-mouse [gM& 0.05% NaNj3
-PBS (1: 100002 3]A3}e] 96well microtiter tray
o welld S0uL® =23 & 4°CollA 18417+ 8}
Z])3}e] anti—-mouse IgM o] well v}te]] HAE w =
sae.

Zred anti-mouse IgM2-H-& A A3 . wellS
washing solution© 2 33] A|Aslglom, w5 X
#AL ole}t FAHA skt Milk protein 1 g2
PBS-N& 100 mLo) £38j4)7) blocking bufferZ
7+ well®r 50uL® 718E 3 37°CeollA] 3087t 1)
% ¥ Arelich 2 AR EES] w2 A
2 QAL blocking bufferz Ad sl 7+
well g 100uLA 71} vhe 37°ColN 141 e
Hx)g & ¥ AAstm M8k} Blocking
buffer2 500u] 3]A§t anti-mouse IgM alkaline
phosphatase conjugate S Z+ wellel] 100 uL% 7}3}1
of 37°CellA] 1A12F WAL ¥ 7134 (p-nitro-
phenyl phosphate) 100 pL/well& 7}8le] 37°Cel| A
308 A3 & IN-NaOHZ 7} well} 50ulL¥ 7}
sled HES-& Z A|Zith Microplate reader (Dyna-
tech MR5000, U.S.A)2 7+ well®] optical density
(OD., 405 nm)E =xety 2ze] EFwol u
wasie.
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AHed Fode AL 7|E(100)22 3t
7 Agde AF Z718E #2323, nalbuphi-
ned] AHF Zrl&L 27 A8 E (Table 1).

=3 7t AL A g A7) 5AY F=F
M) FE-g FoFlx] ok Wzl Hlws] B
94 gl w3ke JehdA] gkol (Table 2) nal-
buphine 13] Fofoll Jsjriy AlF 2 A7 FAE
A odekg A g Zlez Beldh

2. g@UstX parameteroll DjAlE= P&

ul$ 2o nalbuphineg £ (130, 260, 390
mg/kg)2 o3 F 2, 4,6, 847 cPL=IH

Table 1. The increased rate of body weight (%) after nalbuphine administration

Exp. groups (mg/kg) Day 0 Day 2 Day 4 Day 6 Day 8
Control 100 104.3£2.2 107.2+£6.9 102.5+7.5 108.7+£6.0
130 100 106.8+£2.3 101.7+£2.6 102.6£4.7 102.9+1.5
260 100 104.6£2.0 1044+1.8 104.4£5.5 104.3£2.0
390 100 1054+1.6 104.54£2.6 98.3+3.4 103.7+4.1

Nalbuphine was administered with dose 130, 260, 390 mg/kg to ICR mice. Mice were sacrificed on day 2, 4, 6, 8 following administration of
nalbuphine. The increased rate of body weight = (final weight/initial weight) X 100. Each value is the mean = 8.D. of 6 mice.

Table 2. Relative weight of organ in mice administered nalbuphine

Exp. groups (mg/kg)  Thymus/b.w. X 100 (%)

Spleen/b.w. X 100 (%)

Liver/b.w. X 100(%) Kidney/b.w. X 100 (%)

Day 2

Control 0.26£0.01 0.38+0.07 5.12+0.31 1.27+£0.05
130 0.32+0.04* 0.44+0.15 5.204+0.18 1.38%0.08
260 0.30+0.02* 0.40+0.06 4.81+0.39 1.29+0.11
390 0.24+0.07 0.40+0.07 5.06+0.69 1.15+0.07*

Day 4

Control 0.30+0.04 0.43+0.09 4.534+0.50 1.29+0.12
130 0.32+0.07 0.41+0.05 4.87%0.19 1.38+0.09
260 0.34+£0.04 0.44+0.19 4.734+0.48 1.32+0.06
390 0.26+0.04 0.46+0.12 4.904+0.64 1.35+0.13

Day 6

Control 0.26+0.03 0.434+0.06 4.7140.19 1.37+£0.08
130 0.33+£0.04* 0.45+0.05 4.62+0.56 1.42+0.13
260 0.29+0.07 0.48+0.09 5.044+0.29 1.39+0.09
390 0.25+0.06 0.47+.0.04 4.684+0.34 1.374+0.03

Day8

Control 0.29+0.07 0.44+0.10 4.56+0.28 1.20+0.10
130 0.29+0.05 0.38+0.08 4.56+0.26 1.17£0.06
260 0.25+0.09 0.42+40.11 4.75+0.36 1.2740.11
390 0.24+0.02 0.44+0.04 431%0.19 1.29+0.18

See legend to Table | for experimental details. Each value is the mean+S.D. of 6 mice. Significant difference from control (*p<0.05).
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ule] Relstal AALe A8 Asl= Table 33} 72+ (4.90+1.36)0] )2 (9.13+3.03)¢]] v]sled =A
o}, ZF4g] o), 8UA (10.78 £ 1.69)e| = o) 2+ (9.50
W] 4= (WBC)= 130 mg/kg Bod-ZolA 64 +£0.10)7 u]|$s)A= A Mgt 260 mg/kgH

Table 3. Hematological parameters in mice administered nalbuphine.

Exp. groups (mg/kg) Day 2 Day 4 Day 6 Day 8

WBC (10*/mm*)

Control 6.48+1.76 8.50+2.85 9.13+3.03 9.50+0.10
130 7.95+1.95 8.38+2.63 4.90+1.36 10.78+1.69
260 6.25+ 1.40 7.98+1.10 6.16+1.55 8.70+0.60
390 5.83+1.23 7.3043.45 4.73+0.38 6.24 4 1.28%*

RBC (10*mm®)

Control 8.55+0.32 8.65+0.72 8.13+0.44 8.69+0.23
130 8.41+0.22 7.9940.40 8.24+0.24 8.55+0.12
260 8.46+0.58 8.49+0.22 8.18+0.09 8.71+0.12
390 8.26+0.29 8.40+0.27 8.32+0.50 8.60+0.17

HGB (g/dL)

Control 17.13+0.21 16.30+2.52 16.60+0.58 17.2240.68
130 16.554+0.48 16.08+1.11 16.60+0.42 17.40+0.64
260 16.98+1.18 17.0540.31 16.70+£0.44 17.50+£0.83
390 16.9540.58 16.8540.60 16.83+1.31 16.93+0.40

HCT (m/dL)

Control 42.5042.07 42.95+3.55 417754275 477784243
130 40.88+1.38 40.65+1.82 4225+1.08 44.60+2.34
260 41.70+2.90 44.00+1.30 41.6041.90 45.73+4.01
390 4133%1.19 43.15+1.88 43.25+3.30 44,98 +2.25

MCV (um’)

Control 49.70+1.73 48.53+1.13 51.45+3.66 53.304+2.04
130 48.70+2.09 50.90+0.61% 51.284+1.94 53.05+2.72
260 49.35+2.45 51.8342.70 50.80+1.97 53274275
390 50.03+0.98 51.3340.84%* 51.90+1.90 53.80+1.70

MCH

Control 20.05£0.59 18.8041.66 20.45+0.87 20.02+0.29
130 19.37+0.21 20.18+0.79 20.13+0.68 20.46+0.54
260 20.054+0.51 20.10+0.39 20.43+0.33 20.13+0.63
390 20.53+0.43 20.05+0.25 20.18+0.55 19.90+0.27

MCHC (g/dL)

Control 40.40+1.68 38.68+3.20 39.85+1.43 38.1240.68
130 4043 +1.68 39.60+ 1.46 39.28+0.52 38.55+1.65
260 4075+ 1.14 38.85+1.38 40.184+1.08 38.38+1.37
390 41.00+0.34 39.03+0.33 38.88+0.51 37.25+1.63

PLT (10%/mm*)

Control 707.25+186.95 760.25+122.74 836.33 £ 66.58 950.334107.40
130 916.50+314.69 825.25+242.47 784.50+169.10 894.80+156.71
260 845.00+ 182.76 857.254206.57 856.25+£99.52 1127.00+62.85*
390 805.75+126.27 793.75+68.14 847.25+169.75 984.00+ 156.32

See legend to Table 1 for experimental details. Hematological parameters were assayed by Coulter counter. Each value is the mean=+S.D. of
6 mice. Significant difference from control (*p<0.03, **p<0.01).
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Fig. 1. [gM plaque forming cell (PFC) to SRBC in mice
administered nalbuphine on the 2nd day before im-
munization. Nalbuphine was i.p. administered with
dose of 130, 260, 390 mg/kg to ICR mice on day-2.
Mice were i.p. immunized with SRBC-antigen on
day 0. Splenic IgM PFC was assayed on day 4. Each
value is the mean+S.D. of 16 mice. Significant dif-
ference from control.

Vol. 20, No. 4

Table 4. Serum IgM level in mice administered nalbuphine
on the 2nd day before immunization

Exp. IgM level (O.D))
groups
(mg/kg) Raw 1:2 1:4 1:8
Control  0.47£0.20 0.374£0.09 0.28+0.06 0.18+0.05

130 0.59+0.08 0.41£0.15 0.31+0.09 0.20%0.06
260 0.47+0.18 0.35£0.16 0.2710.12 0.18+0.05
390 0.48+0.10 0.34:0.10 0.27+0.09 0.18+0.04

See legend to Fig. 1. for experimental details. Serum [gM was
assayed by ELISA. Each value is the mean+S.D. of 16 mice.

sk A AlEpe} HA F IgM3AEEE £33
o] nalbuphineo] Uz} AHRA WHAulLe] wx]=
3e& obobr it

Fig. 1o]A ®i nje} o] migAl=z 1090
PECAYA 43 HzZo) B8 130, 260 mg/kge) 7
+ A2 gov g e A Bolx,
390 mg/kg Foi2-9 A5l HELH v]5skA
o}

AYEES 84 F IgMIAF (Table H= =2
2ol ¥]|3] nalbuphine 130 mg/kgiEe] ol A okzh
F7keHe e Byovt foAe dden, v
w72 ool sleiM A wikdle] PRECY &
Argl Aag el gl

o] AAEE ¥ 9 FUHS Aol nalbuphine ¥
A% & Agele vAAE £ PFCHY 8% 1eM
A eko] =A Wk=A] okol U} AYA wWut
Soll & 4 vAA] = Ao Hejzld.

2) E2IEE 20| nalbuphine0| S0{E(US AP

Nalbuphineo] SRBC3Ho] i3t Jx} A4 o
ub-goll WA= JTE B $13te] ddFAF 29
% nalbuphineg v}-$-eof 130, 260, 390 mg/kg & 2.
Fodsta, HAFAL £ 4ol AdEEe] wA
A HFsled vIAAE F 1gMIA A A=
o} @A F0) M3 A =S SAsldh

Fig. 2]A Hex|&= ulel bo] WA E 10°7)
@ PFCaE iz vl f3o)EXor 74
sldal, 53] LDso2] 60%9l #l33l= nalbuphine
390 mg/kgFod ol M Hl2el vld f2lAA
(p<0.01) AA3] Frastadet

¥F gMIA= PFCe] A} Zro] djzio|
HJ3] nalbuphine FoiZ9] IgMaA a2 S3kolE
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Fig. 2. IgM plaque forming cell (PFC) to SRBC in mice
administered nalbuphine on the 2nd day after im-
munization. Mice were i.p. immunized with SRBC-
antigen on day 0 and i.p. administered with nal-
buphine (130, 260, 390 mg/kg) on the day 2. Splenic
IgM PFC was assayed on day 4. Each value is the
mean+S.D. of 16 mice. Significant difference from
control (*p<<0.05, **p<0.01).

Table 5. Serum IgM level in mice administered nalbuphine
on the 2nd day after immunization

Exp. IgM level (0.D.)
groups
(mg/kg) Raw 1:2 1:4 1:8
Control  0.49+0.09 038%+0.12  0.28%0.09 0.18+0.03

130 0.46%£0.10 033£0.12  0.24%0.10 0.17+£0.04
260 0.35£0.12% 0312009 0.24+0.11 0.14£0.05
390 033+£0.13% 024+£0.06%F 020+£0.09 0.14+£0.03

See legend to Fig. 2. for experimental details. Serum [gM was
assayed by ELISA. Each value is the mean+S.D. of 6 mice.
Significant difference from control (*p<0.05, **p < 0.01).
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