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Rheological Property and Adjuvant Effect of /-Carrageenan

Bum Soo Kim, Kwang Jae Lee, Jong Hyuk Lee, Due Hyeon Cho,
Youn Jung Kim, Byung Wook Jung and Ha Hyung Kim®
College of Pharmacy, Chung-Ang University Seoul 156-756, Korea

Abstract — The present study investigated the rheological properties and adjuvant activity of IgG preduction of /-car-
rageenans prepared using two different methods : incubation at 37.4 °C after either being heated or not beir g heated at 60°C
for 10 minutes. The carrageenan exhibited plastic flow with thixotropy in both cases, but the viscosity of the sample that
had been heated was significantly higher C57BL/6 mice were then immunized intraperitoneally with e'ther of the car-
rageenans containing protein antigens. The maximum adjuvant effect was found when using the nonhea‘ed carrageenan,
especially in terms of IgG2a, IgG2b, and IgG3 production. In contrast, IgG1 antibody production was the sarie for both types
of carrageenan. Furthermore, when administered orally, neither type of carrageenan resulted in the production of any anti-

bodies.
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Alef — & Aol AMgE C57BL/6 PRt IS AE S E
el A 789 en, I-CAR, k-CAR, A-CAR, Freunds
complete adjuvant, Freund's incomplete adjuvant, fetuin,
polyethylene sorbitan monolaurate(Tween 20), tristhydroxy -
methyl)aminomethane, 2,2'-azino-bis(3-ethylbenzthiazoline-
6-sulfonic acid), mouse monoclonal antibody isotyping reagent
IgGl, 1gG2a, IgG2b, IgG3, monoclonal anti-goat/sheep IgG
clone GT-34 peroxidase conjugate Sigma Co., Ltd. 2 F¥
T84t} Potassium aluminum sulfatet= Lancaster synthesis
Ltd2 FE 73Ut 1 2ol #48 Aok B dF &2
E5E A3

7P|t 8o K= — CAR(-, x—, AT 0.2%, 0.5%, 1.0%
7} ©1 %2 10 mM phosphate bufer, 0.15M NaClZ &3]3} 12
37.4°CellA & AIZE WA et 2991 60°CollA] 1087 7Hgsta
37.4°CellA & A7k A3 B 310 20 ml ¥ A Z3IST
&, 0.5%, 1.0% I-CARS] 7ol 40°Co A 1087+ 7Hdsln
37.4°CellA & AR |3 H9-E F71E Azt

Rheological data?] Z&Z=71 -Brookfield Digital
Rheometer, Model DV-II*]] Brookfield TC 5002 % SC4-21
Type?] spindles AME3t$ 2™, Shear rate/shear stress
rheogram®) 790l shear rateZ 18.6°14 186 s7}+] 30%
it} 185 s F7HAZ T, BhA] 186 TR A7) EA
273153 11, viscosity/rpm flow curved) Z9-olE mpmS 200
AEE 200712] 30wttt 208 AR F, ©fA] 20704 A
A71EA F48%H

npeA HY - ARFEE 7958 T2 CO7BL6E AME8t
QOow, 7 Zoli= 3679 PRPAE o] §Bl] BYFAF T

Table I - Viscosity of /-, k- and A-CAR

BFEAE 31t WA, 50 ugdl T fetuind T3 -CAR
O]FFHE 400 WE Ax3le] 37.4°ColA 1A)7 St W3t A
$, 60°CollA] 1032 7HskaL oAl 37.4°CollA 1A1Z B9t
2% AE A2 vhend A9 B R8T, 37 F
FYUE e TGS AXSIGIT tiRTe2E 4 50
ugE 0.9% saline 400 well 3271 AL o]FFHE glo] ¥7
FAYS 734, 0.5% I-CARS] saline £ 34 glo] B4 FA}
3t A2 3T, A4z 3F Fof] FYd WPHoR FUPEAGS
2859, Freund's adjuvant$®} aluminum saltel] &3t 739
E on] Bug el Eak] AAEITE vpe-A FaloA
gyFes 13 299 2 68 %, 20 Fof] 2z AAE)
FoH, FFHoRE 23 WAYRHE 10€ & & 13} "W
25E 3194 Foll AN 1 99 BE gRT uleAE
22} AEzRE 102 3 = 13 QY2 RE 319 o ¥3
& FHaRok vk AL heparin Al FHE F FA
4°CellA] 10,000 g2 1083t AARslaL, I A5HE -20°C
B3

IgG2| subclass¥ MMEO] — 3 fetuinof] thSh F2] A
&% H)wsP7] 9%t microplate®] T8 % ELISAHPHS ojn] 1.
23 o]l Falo] AAlEldTh?

A H 1

[F7RP | Boo] Mz —[.CARS 37.4°Col 1A WAE 7
L 02%; 05%, 1L.0%E 57} 718458 ALr} 3.71+1.36
cp, 11.85£0.43 cp, 100.09+5.24 cpE FZAsHA Flslgict. &
A -CARE 60°CollA 1027t 71F88kar 37.4°CellA 1A )
B Foll= 0.2%0A 22.28%3.74 cp, 0.5%°04] 56.05+9.48 cp
& vERleH 1.0%2] ZfolEs A& 34331 A=E 53
4 ¢IQck(Table D). 221v} 40°Coll 1087 71d3kar 37.4°Co)
A A7 RS Feole BE whe HEL A ERIE

Tsotype Concentration Viscosity
(w/v) 37.4°C 40°C — 37.4°C 60°C — 37.4°C
0.2% 3.71 £ 1.36 cp - 22.28 + 3.74 cp
I-CAR 0.5% 11.85 = 0.43 cp 11.43 £ 046 ¢p 156.05 £ 9.48 cp
1.0% 100.09 £ 5.24 cp 132.26 £ 3.12 ¢p Rigid gel
0.2% 3.90 * 0.8 ¢p - ~1 ¢p
x-CAR 0.5% 1.86 = 0.43 cp - ~1 cp
1.0% 15.40 £ 0.62 cp - 1257 £ 0.75 ¢p
0.2% 4.86 * 0.86 cp - ~1 cp
A-CAR 0.5% 12.13 + 1.19 ¢p - 3023 £ 1.09 cp
1.0% 66.79 * 351 cp - 78.55 £ 10.02 ¢p

Each value represents mean=S.D. of 6-9 samples

Vol. 46. No. 1. 2002



8 L N

O} FUS wrolA 718 A & 9 A9 AR A
7} vebdet. 5, 1-CARS A 57 F71eel nlet d=rt
Z7Vahe 40°CollA 7Hdsl7] Boh= 60°ColA 1053 71 s
7350l FTYE w2l tisl] Bt AR Tk A4S
ERATE

k- W ATRPILt oo MT —«-CARY A-CARS| 7% 0.2%,
05% 10%Z 557t S7VErE F5e F7hs E1E%0eH
37.4°Col|l A 3t AJzE W% Z3-9-off B8] 60°CollA 1083 71
Bk 37.4°CellA gk Alzh RS A9 s Hxe] Wshe &
A dgron, 23])8 k-CARS Z-9-oll= 3t %}* = E
7} Vebth(Table ). ©] A= x-CARF A-CARE F5/d%
o] & A9 F7h= AAT 7HEAE] o7l AaHH Fe
AE AR Aol e 352 Ve CARI= &
AsHA BT APt o 548 veRich

[F1EP |4 8o RSZM - I-CAR €949 4% 05%] 5%
oA 37.4°Cell 1AIZF W=t Z39-¢] =S} 60°ColM 1083 7
Bt & 37.4°CollA] A3 A9-0] Aot dAe 2HE VERY
THTable D). o]2jgt Wart 45814 ddells ofH 9&e vl
BAg ERIEP] Aot 7] F e R A% 0.5% -CAR
Flol ] A=A spindle®] rpme 200041FE 2007H4] 208 F
721 7358k 200914 2071A] FAAIZTEA ZF rpmellA] 302
7+ E4slo] do Ak Hy AGLETO {524 (Shear stress/
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curve)d Fig. 1, 20 27} ERth. o] -9 Hxs} daed
9] HFE 374°ColA 1117 WX$ A HAHT 11.85%
0.43 cp, M7t A28 10.61+0.35 dyne/cm®]21 0.0, 60°Col
A 1083 71 3 37.4°CollA Rst 29 B35 156.05+
9.48 cp, B ALY 112.09+5.17 dyne/cm?Z LJERGTE &,
37.4°Coll A 1A1ZF A3 AR}k 60°CollA 10827t 7Hdstn
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Fig. 1 - Rheogram of 0.5% [-CAR incubated at 37.4°C after either
being heated (I; upcurve, @ ; downcurve) or not being
heated ( 0 ; upcurve, O ; downcurve) at 60°C for 10 minutes.
Each point represents mean = S.D. of 6 sariples.
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Fig. 2 — Flow curve of viscosity vs. rpm of 0.5% I-CAR incibated at
37.4°C after either being heated (M; ircreased, @; decreased)
or not being heated ( [ ; increasad, () ; decreased) at 60°C
for 10 minutes. Each point rep:-esents mean * S.D. of 6
samples.
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Table II - Comparison of IgG subclass production from the serum of C57BL/6 mice immunized with antigen

CAR CAR (p.o.) Ag only CAR only Alum Freund
Subclass Treatment
6 day 20 day 31 day 31 day
37.4°C 0.038 = 0.457 = 0.381 = 0.048 £
IeG1 0.007 0.042 0.016 0.005 0.057 = 0.046 * 0.174 * 0.353 =
g 60°C — 37.4°C 0.028 = 0.454 = 0371 = 0.056 = 0.004 0.003 0.009 0.017
) 0.005 0.052 0.015 0.005
37.4°C 0.023 £ 0213 = 0.268 £ 0.030 £
IeG2a 0.004 0.041 0.017 0.003 0.042 = 0.039 + 0.077 £ 0.247 £
g 60°C — 37.4°C 0.022 £ 0.046 = 0.235 = 0.035 = 0.003 0.002 0.008 0.015
’ 0.005 0.013 0.019 0.002
37.4°C 0.026 = 0.225 = 0.283 * 0.049 =
1oGZb 0.004 0.035 0.011 0.005 0.049 = 0.051 = 0.125 * 0.303 =
g 60°C — 37.4°C 0.023 £ 0.062 £ 0221 £ 0.059 = 0.003 0.003 0.007 0.014
’ 0.004 0.007 0.009 0.006
37.4°C 0.028 £ 0.069 = 0.078 * 0.039 £
G3 0.004 0.009 0.004 0.002 0.044 = 0.043 = 0.058 = 0174 =
I 60°C — 37.4°C 0.028 = 0.038 = 0.069 = 0.034 = 0.003 0.002 0.004 0.012
' 0.004 0.003 0.003 0.003

C57BL/6 mice were i.p. injected except CAR(p.0.).

Treatment : Incubation at 37.4°C after either being heated or not being heated at 60°C for 10 minutes.

Each value represents mean =S.D. of 6-9 samples
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