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Abstract: In this study, the immunomodulating effects of levamisole, selenium and tocopherol
on blood neutrophils and peritoneal macrophages of goat were evaluated in vitro and in vivo.
The functions of blood ncutrophils and peritoneal macrophages were assayed by random and
direct migration, phagocytosis of S aureus, production of superoxide and hydrogen peroxide.
The results obtained were summarized as follows:
® In vitro trials

1. Levamisole treatment enhanced the random and direct migration of goat blood mneutrophils
when compared with untreated cell, and a significant (p<{0.01) enhancement was noticed at
the concentration of 100xg for direct migration and 50pg~1,000xg per ml of culture medium
for random migration. There was no influence of selcnium and tocopherol on random and
direct migration of neutrophil at all of treatment concentration.

2, Neutrophils produced higher levels of superoxide by lcvamisole trcatment at the concentration
of 100xg and by selenium treatment at the concentration of 1.0gg, but the production of
hydrogen peroxide was not increased. Tocopherol had no cffect on the production of antim-
icrobicidal oxygen metabolites of neutrophils at various concentrations.

3. No differences of phagocytic activity were observed when neutrophils were treated with
three substances.

o In vivo trials

1. Blood neutrophils of goats orally administered levaraisole showed significantly (p<(0.05)
higher random migration from 2 to 24 hours after feeding (2. 5mg/kg of body weight).
Augmentation of random migration of neutrophil frora goats orally administered selenium-
tocopherol mixture (selenium 100#g-tocopherol 200IU/hcad/day) was observeds at 10 days
and the significant (p<{0.05) increasc was shown from 30 days after feeding and continued

throughout the feeding periods.
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2. There was no effect on phagocytic activity and production of antimicrobicidal oxygen

metabolites of neutrophils from goats

mixture.

administered levamisole or selenium-tocopherol

3. Random migration, production of superoxide and hydrogen peroxide and S aureus phagocytic

activity of peritoneal macrophages of goats administered 300ml of levamisole-thioglycollate

medium mixture (2.5¢g/ml) into peritoneal cavity increased significantly (p<{0.01 or p<

0.05) when compared with those of goats administered thioglycollate medium alone.

Key word: Korean native goat, levamisole, selenium, tocopherol, blood neutrophil, peritoneal

macrophage.

A B

SEANY TEFE oEE AdFSed Ad =AA
2@sle Az FAugEe GAH 4T HLed Jt
A BFHA 4L 35 dFNS Bt T2
Alzoleh b2 A FE AV o8 2Fe FEIFHA
upolgle: 2 Mz ZAuBES g4 AF, H=
Fol FAEA AF L JzT BYELE 454
Y27 7 5& FAAAG? #A dF 5T
2244 A FE YA el HY4E FEEE B4
AMrgold A 2 Azaddelx 3 iAoz el
She WG A Eol e

olel gt M ES Y 5H FAL B L ¢
o Jge dAHY 2Eds, 4F vl 9l
AR, 2oz QA ERY S st Agsle

o9} e A% goe] BE AAAE 7 5ATE
B B sE AWe g dusy] 3t olEd
BAL ZAANE ddz4A9 A L o &d T
gus #9532 e} levamisoled &3 &9 7%
Az Agsgdedt 2% A9%5% 5347 ke Aol
vl oA ol BAMEZ 5o #AAHE Catd Al
AN 29 F9z43% cGMPRE FAA BT
$353 A15E ¥dd= s
g 3ka e A 27 AAE O v
H,0,% 333} catalase, glutathione peroxidase %
superoxide dismutase 7-& FaAle] FFALLoEA
Axe] FATF A AAFEEE Az A 2
AREE nide, A9 L Azdy 5 #4 F
Asted Bad 4HRole, %0

tocopherol® HF FFa2A seleniumst f-AHs}
A FastA 2 Fgste]l FAY3HE oxygen radicalzt
peroxidased #ajdted MELE Rustzm A4 AL
W5 AFAA Gz sty ! 2 dAAA A
F5 o] AAEY FTEoNY ol LdTFE BA %od
%ol Aot AFl AFE AAHA FA T A

Selenium-&

Ho WAE Jge Azuadt oFrE opz Gy
ul7b el

2 o Fo] A& levamisole,
ol FAA XY s WAL FFE v e 9
Bhe] o]l F FAE AEEtd FITAUARFY UAF nF
70 Bk A Fe 7] 5e Aol Al Aol
AL A g etgl o

selenium % tocopherol

Mz Uy

HHEE AF 16~20kgd @A Ak 14F
A8l 5FE AL UF IFTY B4 dAFE
Bt AgPFlels] JdFE AT FH oz 43
go5, 95 354 3722 Yy levamisoled o
T, selenium-tocopheroldolF @ Feodta ¢z
Tog 3o FAE ALFzAd A ASEH A A
A9 g At

FMDFE ZFTY AT Ba5g Agsr] 4
3o} = u] = National Animal Discase Centerol] A] ¥
ofuke. Staphylococcus aureus NewbouldF (ATCC
29740) & AF&351< o}

Levamisole 3! selenium-tocopherol?| AtQt£0 :
levamisole® 4tet A% kgw 2.56mge 15 714 o

[S 1]

5., selenium-tocopherol &< & selenium 100xg}
tocopherol 200IU% 15 ¥o =2 ¢ 149 134 56971
Az FdadA 2FTE FYstd A ¥RAAE s
gow, B3 P19 7% levamisole$ thiogly-
collate brothel $al&le] (2.5pg/ml) 352 Abckel
300ml¥ & E4He FIetHs 259 Hzagds
72 <k9 thioglycollate brothut¢ F<1& & 244 71
of A FF sl AFsg o

= 357 % 8Z dyF e ¥F IFTE
AAW o7 HE 45mle WN & AYslo F§zAa
2*ACD9 (sodium citrate 22, 52g,
dextrose 22.0g, distilled water 500ml) 5mle} 3 3}3)
3 2,500rpm 2047 1A ¥ &t buffy coatd Al A

citric acid 8. 0g,

— 286 -



3 % 20ml lysing® (sodium phosphate dibasic 1. 5g,
sodium phosphate monobasic 0.32g, D.W 1, 000ml,
pH7.2)2.2 4027 €347 7% 10ml¥ restoringy
(sodium phosphate dibasic 1.5g, sodium phosphate
monobasic 0. 32g, sodium chloride 27g, D.W 1,000
ml, pH7. 2)& 7tsled SR A o3¢ 1,500
rpme @ 537 AAFE A=A e AAs lysinge 2
restoring®} 2 8 130l A utEAH g o2 PBS(0.01
M, pH7. 2)2 13 944 3 3kel 0.5mle] RPMI 1640
ul 7] (Sigma)ell §-f3tz & A 47| (Fisher) & #) 53}
o 5ETFE Al = 2o A EHAE 8
9 o,

B4 WA TFE AGE s4dstd 548 ANt 4
F3e] PBSE 174¢ ARstd WETE £ ¥
PBSz 33 94433tz 24 %€ RPMI 1640 v} #|
of BgaAA zAuw kg plated] 5Smld EF3e 5%
CO, F&7)el A 447k Wl oFslch. vl Feo] B 5 ol
Ao FA FRAZEL AAY F37°C= 7128 PBS
2 13 A H3taz Eehagwd FA3d A FE At
& PBSz A3 FAstd AZFE z2qsd AP
o =t

AMELRY 3FTF2 levamisole, selenium % toco-
pherol # 2| : levamisole hydrochloride(Sigma), so-
dium selenite(Sigma) @ dl-a tocopherol(Sigma)$-
7z} z A ok-gul 2] (RPMI 1640% %] (Sigma) 88%,
fetal bovine serum 10%, L-glutamine(200mM) 1%,
4 A Y (penicillin 200IU/ml, streptomycin 200xg/
mD) 1%)2 $5% 2eldte] AT AN} Axs
st CO, F27)elA 37°C, 3087 A L&A F
2% J) A4S st

Random 2! direct #F& = Al : agarosejo] 2]&
G557 A S 915te} agarose type I (Sigma) 0.8g¢
80ml ZH4 =2 719 L5t 50°C Aslxz, uF3t
g} fetal calf serum 10ml¢} 10* Medium 199 (Sigma)
omi& 71§% pHE 7.22 2439 ZAA 60mme =
Zull kg Apslel 5SmlY -
o et

random §F%& a

3te} agar plated wHE

agar plated] gel dF712 =2AA
3mm¢| holeg urEo] A ELE-F(10/ml) 10405 7
g 5% CO, &-e7lolA 37°C, 18417 F4-A 7ot
8% 8% glutaraldehydez 2~34 7k A Lo 3
&t ¥ agarose gel & A A&z Wright's/Giemsa 3
At o g 18-7F A8l objective micrometer (Nikon)
2 5FTY 5494 ¢ 4840 F, FFA =z
(%-F71 2] kA E)2—n(hole kAl &)

direct# 52 dmm ZtH o2 AA 3mme hole 3
AE wtEel sbgd holes Al L¥f9 (107/ml) e
2} % hcleo] PBS¢} opsonized zymosan serum (OZS)
& 722t 10pdd 7}8tan 5% CO, g2 716l A 37°C, 44]
LA ¥ 24 QA direct §5 72 & obje-
ctive micrometer% o] &3}o] ZAH &Y k. Z, direct

7} 2] (chemotactic difference) =0ZS% o 2§33l
71?4 —PBSZ o= 433 A,

ZEMTR E4eE EA . S gqureus® 37°C, 1847
Wl kg 5 PBSE A A sl g2 FH(2x10%/ml) 100
ul, Earl's balanced salt solution(EBSS, Sigma) 100
ul, 1002 B S aqureus §HA 1005 T3
F 37°C, 30%7 AL olsizto] A=d F ¥
o] BAAME(@2x105/ml) 100uE 13 FA 9
37°Cell A 247 28A 7 9 ATFH S 2EHH
Hges JFFE 2] BAEE AT

35T S aureus HA 4 S AR Aoz B
7 Al WSz g A2E FYstd 3% (v/v)
glutaraldehyde, 0.1M osmium tetroxide 2 ethanol
2 Aelde FAAAE A (Hitachi, S-570)2.2 2
Hel & bR

ZMEB(0,) MM HAL: A k& flat bottom
microplate(Costar) & A8t 44 2 (2x10%/ml)
50pl9t EBSS 50pl% £33 2, @A A £ 50pde] EBSS
25pl 2 opsonized zymosan(OZ) 25plE EF{3 AL
2 welld) £F35 37°Cel A 30 FgA7 o 7
welle] nitroblue tetrazolium (NBT) & (2mg/ml) 1004I
A& sbuted b A 30¥-7E ukg A7l Fo] IN HCI 25040
£ Jhste] db-gg FA A ol 9ol HF A
A A% formazang FLANA 150k AxA7 Fg
DMSO 100plE »}3tel microplate shakero] A =1 g3}
o Eol ¥ #Hz F49F 560nmel A WMAA o ut
£ %35 (0D)E ELISA reader(Titertec multiscan)
2 55t 079 A %S FA48A

a2t (H0,) MM&E A zAw g fat
bottom microplated] A1 A L (2% 10%/ml) 50plst

EBSS 50pl% E¢% A, 3% 50uls] EBSS 254l 2
OZ 25pl% 2% A& 2 welld) EF3 F 37°Col

A 308 AH&A7 b2 7+ wellol phenol redd] (NaCl
140mM, potassium phosphate buffer 10mM, pH7. 2,
dextrose 5.5mM, phenol red 0.28g/l, horse radish
peroxide 19IU/ml) 100p4 ¢ 748ted o} A 37°Cel) 4]
308 ukg A7l IN9 NaOH 25p40F o] w1 &g 3
+ A= F49%4 600nmel 4o Al x o
% & ELISA readerz s}+53}e] Hy0, A4 o



& zasrel e,

4 ot
Levamisole, selenium %! tocopherol0] A|& atiH
Ml =P random % direct S0 Olx= o
g AGHNA AN FAGA FrEe TFFE A

F S st A E G A,
19 random$¥ 50pgel A 1,000pg74A] 2] ol
A Aol 17.81~20. 13mm?e. g F-Ae) ol 24l %
9] 14.53mm?) v|dte] @AGF K359 FAE v
Wl o (p<0.01), directfF+= 100xgol 4] 1. 33mm
24 2432 1.04mmeo] u]dle} K9 skA  Frteh
S et
Selenium = g}
F57 g4l

F 5ol A &

levamisole®] v 3

FFFE 5. 0pgol A random ¥ direct
A s 9] ot 0. 25ugel Al 1. 0pg7t=] 9]
HzAzdg S48 FF5E% vded

feld ol ol

Tocopherol-& A @ 3, 121U A} 100IUZ A 9] 2] )
Al wF e el 9 g el A 9F okl (Table
.

Levamisole, selenium 2! tocopherol0] Aj& 2Ly
wﬁig?ﬂofgluh&wMMﬂégﬁiﬂﬂ
Wi §F 4 Avlete] NBT assayz Oy Abg & 7
1&gk A ) levamisole 100pg 2 sclenium
A el st &= ODH 7 0.9915F 0. 7695241
0. 8692} 0. 6210l gkl Qp AL oko] fj3slAl &7tk

L. Opgo

t]] 1/( 3% 04

ol ok (p<0.05) tocopherol2 o & iz 9
ket
H.O, AL L. levamisole 25ugell 4] 100/15*77}‘1] sele-

nium 0. 25pgel A 0.5pg7hA 9] FrelAl F-He dz
Ao voko] B el ARG ok FAA el
ol} ¢l e} (Table 2).

Table 1. Effect of in vitro treated levamisole, selenium and tocopherol on the migrations of blood

neutrophil of Korean native goat

Subsances Concentrations Mltgratlon of neutrophil (n 5)
treated of substances Random migration (mm?) Direct m1grat10n (mm)
2,500pg 14. 064-2. 34 1. 01£0. 29
1,000 7. 8143, 58% 1.03+0. 21
500 17.94+5,11% 1. 04£0. 15
Levamisole 100 20. 134, 92%* 1. 3340, 21%+
50 18. 3142, 49%* 1. 2140. 22%
25 15.18-k1. 45 1.1240.28
Control 14.5370. 98 1.0440. 28
5. 0pg NM? NM
1.0 22,2841, 22 1. 24:40. 16
0.5 22.52:1. 70 1.244-0. 14
Selenium 0.25 22.34£1.59 1.18+0.12
0.12 21.564+1.53 1. 23:4-0. 21
0. 06 z1.62%1.46 1.08%0. 17
Control 21.07%1.51 1. 13+0. 57
100IU 6.55+1, 22 1. 2040. 39
50 6.491+1. 06 1.28+0. 19
25 6.77+1.87 1.24+0. 35
Tocopherol 12.5 6.9441.01 1. 35+0. 16
6. 25 6.95+1. 03 1. 2140.23
3.12 7.2411.17 1.2140. 24
Control 6. 75+1. 06 1

.2340.12

a: No migration.
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Table 2. Effect of in vitro treated levamisole, selenium and tocopherol on the production of oxygen
metabolites of blood neutrophil of Korean native goat

Substances Concentrations Productior. of oxygen metabolites of neutrophil

treated of substances Superoxide (OD 560nm) Hydrogen peroxide (OD 600nm)

2,500pg 0.785%:0. 20 0.75940. 12

1, 000 0.881%0.24 0. 769+0. 62

500 0.912+0.22 0.76410. 11

Levamisole 100 0.991-+0. 25* 0.812+0. 82

50 0.938+0. 20 0. 795%0. 90

25 0.885+0. 18 0. 875+0. 32

Control 0.869+0. 14 0.720%0. 16

5. 0rg 0. 385=%0. 16 0.344+0. 25

1.0 0. 769+0. 18* 0.597+0. 21

0.5 0.72610. 34 0.627+0.13

Selenium 0.25 0. 718+0. 36 0.61240. 25

0.12 0.636+0. 28 0.519+0. 20

0. 06 0.634=%0. 30 0.560+0. 19

Control 0.62140. 32 0.570%0. 20

100IU 0.265%0. 09 0. 46310. 14

50 0.260%0. 11 0. 450+0. 12

25 0.249+0. 15 0. 4560, 14

Tocopherol 12.5 0. 267+0. 09 0. 4500, 15

6. 25 0.262+0.12 0. 450%0. 15

3.12 0. 256340. 15 0. 458+0. 21

Control 0. 259+0. 14 0. 4561-0. 19

_-Thc cells were stimulated by opsonized zymosan at 37°C for 30 minutes before addition of NBT or phenol
red solution.

Table 3. Effect of oral administration of levamisole on neutrophil functions of Korcan native goat

Functlons of neutrophll aftcr oral admlmstranon

Experiments
Pre administration  Post Z hours Post 24 hours Post 7 days
Random migration(mm?) 26.713.27 37.3:+4. 35% 43. 644, 37%F 32.04+4.25
Direct migration(mm) 1. 2040, 24 1. 36:+:0. 15 1. 2340.31 0.9640.11
Superoxide production(OD) 0. 785+0. 22 0. 866:+0. 27 0. 840--0. 30 0.77440. 28
Hydrogen peroxide production(OD) 0. 849+0. 33 0.992:+0. 33 0.92120. 40 0. 823=+0. 29
S aureus phagocytosis(%) 81.344.9 83.3:£7.5 81.04:6.3 81.6+8.3

The levamisole(2. 5mg/kg of body weight) was administered 4 times at an intervals of a week to 3
Korean native goat.

o5 AAHelA TFF EEATT A SdE 75'7‘:"043}1 Foid, FAF 247, 24473 2 794
o & el R gkt AF55FY 715 243 A5}, random {FF= F

Levamisole 2017} 4% FT9 7|s0 O|XE  oAF 2433 244 el @A A Z7bs1h o (p<0. 01
&1} Ak 3F ol levamisoled A F kg 2.5mgH ¢ @ p<0.05). ey 79 FelE Padld FoA B
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Table 4. Effect of oral administration of levamisole on neutrophil functions of Korean native goat

Funct1ons of neutrophll after oral adm1n1strat10n

Experiments " Pre admini- Pos: 10 Post 30 “Post 45 Post 56
stration days days days days
Random migration(mm?) 17.3:0. 91 16.3-70. 94 27.3:01.06%%  24.04:1.95 2260, 17
Direct migration(mm) 1.00:+0. 16 1.30--0.16 1.2140. 15 1.1840.04 1. 1520, 08
Superoxide production(OD) 1.012-+0.475 1.210zz0.358 1.2522-0.383 1.191£0.442 1.166--0.428
Hydrogen peroxide production(OD) 0.6610.28 0.754--0.31 0.772+0.33 0.764+0.24 0.752:-0.23

S aureus phagocytosis(%) 85.2+6.40  82.64:7.32 79.0:£9. 38 81.6+7.39 82.2:-8.47

The selenium (100xg) and tocopherol(200IU) were administered once daily for 56 days.
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Fig 1.

Fig 2.

Fig 3.

Fig 4.

Legends for figures

Scaning electron micrograph of 3 leukocytes whose surface consist of protruding pseudopods,
characteristic of active neutrophil at 5 minutes after stimulation with opsonized zymosan.
X 8, 000.

The neutrophil plasma membrane has begun moving about an attached bacterium at 5 minutes
after neutrophil and § aureus were mixed. The pseudopod and attached S aureus (arrow) are
shown. X6, 000.

S aureus (arrows) has attached to the surface of neutrophil at 5 minutes after neutrophil and
S aureus were mixed. x5, 000.

Bacteria has been engulfed completely by the plasma membrane of neutrophil at 10 minutes
after mixture of neutrophil and S aureus. x4, 000.
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