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Immunoadjuvant Activity of Chlorogenic Acid

Yongmoon Han®
Department of ImmunoMicrobiology, College of Pharmacy, Dongduk Women’s University, Seoul 136-714, Korea

Abstract — We have been focussing on discovery of natural compounds that have immunoregulatory activities for many
years. In the present study, we investigated if chlorogenic acid (CRA), a polyphenolic compound, has an immunoadjuvant
activity. Prior to examining the immunoadjuvant activity, effect of CRA on proliferation of T- or B-lymphocyte was deter-
mined. Results showed that CRA enhanced the proliferation of those lymphocytes in dose-dependant manner (P<0.05), and
the proliferation enhancement by CRA was appeared to be more effective to B-cells than to T-cells. Based on these obser-
vations, it was tested with bovine serum albumin (BSA) and Candida albicans cell wall (CACW) as antigenic sources if CRA
has an immunoadjuvant activity. In experiments, BSA alone or a mixture of BSA plus CRA was injected intraperitoneally
to mice (BALB/c strain). For a negative control, mice were given only diluent (DPBS) by the same route. In other exper-
iment, CACW was tested by the same way as did with BSA. Three weeks after the first immunization these animals were
boosted. Antisera collected from the mice one week after the booster were analyzed by ELISA. Results displayed that the
induction of anti-BSA antibody was increased in mice that received the mixture of BSA and CRA as compared to anti-BSA
induction in BSA only-given mice groups (P<0.05). In case of CACW, a similar observation as did with BSA was made,
resulting in that there was app. 40% increased production of the anti-CACW antiserum from the combination (CACW plus
CRA)-received mice as compared to antiserum induction from CACW alone-given animals. Taken all together, these data
indicate that CRA has an ability of enhancing antibody production regardless of nature of antigenic sources. Presumably, acti-
vation of B-cell proliferation by CRA may plays an important role in the immunoadjuvant activity of the polyphenolic com-

pound.

Keywords [] chlorogenic acid, immunoadjuvant, T-lymphocyte, B-lymphocyte, BSA, CACW
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Fig. 1 - Chemical structure of chlorogenic acid (CRA).
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A= 6~7 32 BALB/c ¢+ A7 (Orient Inc.-Charles
River Lab, Seoul)Z 1-}1310] TE4 oA 1543t 284
70 5 Aol ARg-al o, Har¥ filter-top cageoll X EtE
AR B s AR A Sl S el S 25 20+
2°C, %5 50=10%= FA18I31aL 2 1241k 7HA 0= it
s 2Rl sedEe sy FEvEhTYel
2} FHEsiich

C. albicans®} L=

C. albicans 15+ 7] 7l 540 8% CA-1 strain®>*”
< ARSI, o] S FHlE, AE A el 37°CelA] GYEP
(Glucose-Yeast Extract Peptone) SAui<|oA 2417 7HA 0 =2
33| wljofst & &% o) AxE YR o st
T QAE=89(DPBS; pH 7.4; 4°C)C& 33] oA AlX sl
ARgBITE AAE FEAI717] I8t AIE 4= hemocytometer
(Gibco, USAYE AHg-atol S7d3I3lth.

Chlorogenic acid

Chlorogenic acid(CRA)Y= Sigma(C-3878)°ll4 3} o,
230 ALg317] el endotoxin 2G-S A€ endotoxin
kit(Sigma)ys AF&31] endotoxin A5 &<l 3 U230 ¥
Aol ARgSISAT

22l (Antigenic sources)

srgo 7= e A Bovine Serum Albumin(BSA)Zh
BslE= A Coalbians AEE (CACW)S AE8815ItE. BSA
= Sigma(A6793, Fraction V)ollA 1slo] & Ao ALg-513]
ow], CACW= 2 A7-delA Hay WS AMgsiolet 1019
o] M-S 7HeFs] 7|wstd, GYEP HA|uf=]of wjefFst C
albicans TS YAEE Y o7 4=7]8}aL 4°C DPBSZ A2 3t
t}Sof disodium EDTA(0.1M; pH 7.5)¢} trisodium EDTA
(0.1M; pH 9.0)2 A5A 28k Ff 0.3 M B-mercaptoethanol=
30% B3 A2elx] Aelsto] Aeds FElailth e s
Mg AU (membrane cut-off=12,000 Da)oll 93 Hite 2ol
T 3Y E1F FASITE FAo] ekny Fof] FA ) -
wdE st 50°CelA FAske] $Ax1%7](Eyela FD-1000,
Tokyo, Japan)= 713281500}, 7439 AXEHELS desiccatorqtel A
skl ARt

0 orlo 4

CRA2| T-lymphocyte2} B-lymphocyte ZA[0] Cist S}
SAAEIE A 2 Aale] 7] Aol ARg-st
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w3198 A g519irt, BALB/c AF ol splenocytess F-it%
zkoz AHsl] AT gal fAow APTE AAT vhael,
RPMI 1640(Sigma) culture mediumell 232 37°C-5% CO,, %
Z1ollA 24A17F ek F A g]ef ARE-SFITE ©] splenocytes(5x
10% cells/wel)®] concanavalin A(Con A: 5 pug/m/; Sigma
C2010)5 Fofakar thofst 520 CRAS 3713t &, st vl
Fxz oA 72413 v thE-oll CCK-8(Cell Count Kit-8;
Dojindo Lab; Japan)8--S AFE-5}¢] T-lymphocytesel] th3t <
A& A8 B-lymphocyte 521 &3 A2 ollx= 247
W s ds S ARE-EEE, Con A th4lell LPS(lipopoly-
saccharide; 10 pg/m)Z 2|81l CRAE 718t S2839=
=73}tk Con AX Twcell mitogen®]™, LPS:= B-cell
mitogen® 2 %A Irt1?

CRAQ| Hoi x| SHjZ{AM

CRA®] W RZA] G35 FAE| 2184, BSA = CACW
5 FPoE = WAlAIES Azt HalAES CRAG
mg/m)2} BSA0.1 mg/m)Z &35 == CRA(1 mg/ml)e}t
CACW(I mg/m)= Z383t 3 oil2 9 A ¥ IFA(Incomplete
Freund's Adjuvant)s- 1t 1 ¥|&= %7}35}L sonicationd}e]
Sk Efe] WMAARES AZSIITE HAHTS BAAEEE B
814 A7 (BALB/c strain)oll 13} HHF3tar 21 Fof 23}
AAHZTS stch 22k AF 7Y Foll BF 9 aelsdelx] A3
st} NS FElsklh 3ds Aol gt anti-BSA &HA|
L+ anti-CACW 34 AJ/d o] - ELISA(Enzyme-linked
immunosorbant assay) 'S ARE-Ele] AASIATE =% &
ol thst anti-CACW(C. albicans) A 2] /4 oJF+= ELISA
whH o R AT, ELISA RS & A7-dollx Agehe W

& ARSI o] ELISA WS 7heks] 7)sshd vkt
2}, 96-well flat bottomed plateo] &9 © 2 BSAE 0.5 ug/
well 557 I8 CACWE 2 pg/well? FH I & 4°ColA
thek 167131 vkt 16413F w5, AlEstar =3l D&
1:1000% 343lo] THE welell 718l LA 37°C 5%-
CO, HiF71ellx] ket 1 Fof 3418 (DPBS)C= Alst
a1 poly Ig's @Al (secondary antibody)Z 37t} 4717k AF
71AE Fdg wjkxel ] viekstgitt. DPBS® 33] Al|=gt
& OPD €9 H7Islo] 30 F<F Aelsta ks F
-5-2 X171 2ol microplate reader(Bio-Lab, USA)

[e}e]
o=
=T Z9sl0] FAYY olE Frlsct.

SA X2

AFAI = H +EF Q2 X (Mean+S.E)= AXrslsdom, 7}
T 7F oA 5L Student's t-tests AESIA T Fho] 5%
u|gkd ool f-eAde] Sl Aow st

T-lymphocyte2} B-lymphocyte ZA10]| CisF S1}

BALB/c A ZHFE splenocyteE 4351 Con AS H7Ish
3L TR 559 CRA(, 1, 2, 4 pg/m)Z A2)sle o, 4 ug
CRA/m F== AHEH Tcelld] T2419] 9+ CRAZ A3t
A QR STl vIshA oF 28% 0] FAo] ¥
HAcHP<0.05)(Fig. 2). 281, T-celle] ZA8 AnAlog 3
A= ANt FRo|EH 02 FABIITHEFE. 2). $H, AF
2] splenocyte®l] B-cell mitogenq! LPSE #715lal CRAS #
S 7AFole Bcell®] T20] T O FAEI o,
ojufe] FA1E-L- Tecell T2412] 73-%-9} vl vi-¢- dA 9=
ok 27} 2l 9lthFig. 3). Yol &, LPSE A 2]9 splenocytesol]
CRA(4 pg/m)= H7Fels w, o/doiz=a ] nlaeha 26 o]
&) B-cell T2o] #5HA o] 2ol SAIBHA 0= {94
o] 3Ith(P<0.05)(Fig. 3).

CRAZ2| BSA chiiEIstelo| stx[AAMo] st Mj=ExS1}

AHA (BAL/c strain)Z 41502 F-F3to] 34N (DPBS: &
Juzh), CRA, BSA, BSAY| CRAS &3t&0l 717t IFAS &
7Fsto] emulsion® 2] 02 AEIAIZ] WAAES ZF W2l
AAHFTS o § st 7k Ao Uigk 3 BSAZ A (anti-BSA
antibody)®] /3455 ANSISITE 14 A}, BSAZ} CRA
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Fig. 2 — Effect of CRA on the proliferation of T-lymphocytes. The
CRA treatment increased proliferation of T-lymphocytes
that were stimulated by Con A (concanavaline A). This
proliferation activity was dose-dependent. Error bar: SE.
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Fig. 3 — Effect of CRA on the proliferation of B-lymphocytes. The
CRA also enhanced proliferation of LPS (lipopolysacchardide)-
activated B-lymphocytes in dose dependant manner. The
proliferation activity of CRA to B-cells appeared to be
more effective than to T-cells as shown in Fig. 2. Error
bar: SE.
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Fig. 4 — Addition of CRA to BSA antigen enhances induction of
antibody specific for BSA in mice. The vaccine formulae of
BSA plus CRA induced anti-BSA antiserum than did BSA
alone. Mice groups that received GRA or DPBS (diluent)
resulted in no induction of the antiserum, displaying values
of the ELISA experimental backgrounds. This observation
indicates that CRA may function as an immunoadjuvant.
BSA and IFA stand for bovine serum albumin and
incomplete Freund's adjuvant, respectively. Error bar:
SE.

Vol. 54, No. 6, 2010

o4 & BSAZHA (anti-BSA antibody)2] A3 =5 ELISARYH
o7 FHPS u], BSANEC E Wl HEe AR U=k 18%
A=) FAI7F B A EATHP<0.05)(Fig. 4). 38, CRATHS
ol W2 BHTIFAN TS dH o SAANE SAuET
(DPBSRES 70 Wk A 153)°] 57973-9-9F vlarel] 2 anti-
BSA antibody”} A=A 23kCh(Fig. 4). 5927} CRATH
o] WkE AF1Fo|AE BSA Bold dA7F AAGEH] sl
8|2 o] A3k= CRA7} BSA viAdro] ShalarAS B
Zohs AREA G} S-S & 5 AU o] AE wke
07 3] A5/ (immunogenicity)©] TR g o B] S
A R wrslEaldel uist CRAS WAR a5

At

CRA2| CACW2| EXIREN HiEx5a@I}

BSAS] Af2l skl AF el CACW w5 B CACWel
CRAZ &3¢t IMAIYS HEst ol ZF AFIENA DS
3810 anti-CACW antibody A3 =5 S48t o] A3
A7}, CACW ©52] 9ol a7t F=284 =ARE, CACW
o] CRAZ} EFHUS o o] FA F=AS A2 40% =
SR 5 o) M (Fig. 5), @2 &<l BSAS] -9} npxriA| 2
CRAE &Hr3lE ol el ® dodnzAlaap) olos &
F7F Ak thxTo 2 ARgE CRARES 2 HEd AF 1F

0.7
.
E 0.6 -
S
N 0.5 1
v
® 0.4 1 T
Q
S 03 -
5
S 02
W
B
< 0.1
0.0 p) Q c C
‘g %, o, o
%4 T
< %
75

Fig. 5 - Immunoadjuvant activity of CRA confirms increased
induction of antiserum in mice. As examined with BSA
protein antigen, CRA also helped carbohydrate antigen, C.
albicans cell wall (CACW), to induce enhancement of
antibody specific for the antigen. These results confirm
that CRA has immunoadjuvant activity. IFA stands for
incomplete Freund's adjuvant. Error bar: SE.
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A FRsE oM e ldst A H anti-CACW antibody= 7
A2 kQkTh(Fig. 5).

-

&% W HE

£ A5 A4= polyphenolic A3+-?1 CRA(Chlorogenic acid)®]
A KA G}E FARIGITE WA Tlymphocyte?t B-
lymphocyte S5-21¢ll tist CRAS] a2s AR $lsiA, A7
9] spleencX] 47313} splenocyte= Con AZ *|2|akal TheFst
FE(1 ug/mielA 4 pg/mhe] CRAZ 25138 ], T-cells 5
A& FrRoEHoR F7FsI oM Con A ti4le] LPSZ Az
H 7ol Bcells?] F20] sLolEH 02 T8I o] &
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H, CRA= A e Holsl= B-cell®] S2]0l o] 3131do]
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