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Comparison of immune response and HPLC analysis
for combination of Aconiti Lateralis Radix Preparata and Glycyrrhizae Radix
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Herbal Medicine EBM Research Center, Korea Institute of Oriental Medicine, Daejeon, 305—811, Korea

ABSTRACT
Objectives : To investigate the immunological activities, we evaluated the combination ratio of Aconiti Lateralis
Radix Preparata and Glycyrrhizae Radix (AG) on murine macrophage cell line (RAW 264.7) and

ovalbumin/aluminium (OVA/Alum)—immunized mice.

Methods : The cellular proliferation and the production of nitric oxide were examined in a macrophage cell line,
RAW 264.7 cells, in the presence of the combination ratio of Aconiti Lateralis Radix Preparata and Glycyrrhizae
Radix, C57BL/6 mice were immunized intraperitonially with ovalbumin/aluminium (100 z g/200 g g) on day 1,
8, and 15, The combination ratio of Aconiti Lateralis Radix Preparata and Glycyrrhizae Radix (1 g/kg/day) was
On day 22,
proliferation, lymphocyte subpopulation by flow cytometry and measurement of AST (Aspirate aminotransferase),
ALT (Alanine aminotransferase), and antibodies (OVA-—specific antibodies of the IgG, IgGl, and total IgM
classes)

Results : Aconiti Lateralis Radix Preparata treatment had no influence on immune responses, The proliferation

orally administrated for 3 weeks, splenocyte and plasma were collected for mitogen—induced

and NO production of macrophage and proliferation of splenocyte were increased as the higher ratio of
Glycrrhizae Radix, The proliferation of splenocyte, lymphocyte subpopulation and production of antibody (total
IgM, OVA-—specific IgG and OVA-—specific IgG1l) were increased as the higher ratio of Glycrrhizae Radix on
OVA—immunzed mice,

Conclusions : These results suggest that the higher ratio of Glycyrrhizae Radix can increase immunological
activities such as NO production in RAW264.7 cells, splenocyte proliferation and immunoglobulin production in

OVA—-immunized mice,
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Table 1. The Combination Ratio of Crude Drugs
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Figure 1. Chemical structures of five compounds in AG.
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Aconitine, hypaconitine, mesaconitine, liquiritin %
glycyrrhizin £5E& WEES o]83te] 1,000 ug/mLZE
Azst F AAROR B4t BEgUoR gt ¥
Aol 7z o] wigt Bled AEQ AG-1~AG-55 ZHZF 100
mg& F3t%] methanol 10 mLE o HYo= et

3 7171 & &4 =4

HPLC= solvent delivery unit, on-line degasser,
column oven, autosampler ¥ PDA detector2 TAE
ShimadzuAte] LC—-20A (Kyoto, Japan) A|AElS ARESIH
o, data #Z& LCsolution software (Version 1.24)Z
AFESEETE Columne Gemini C18 column (250% 4.6
mm,; particle size 5 um, Phenomenex, Torrance, CA,
USA)E AR89, column temperature= 40CE S
gt 8458 1.0 mL/min®E 3FY2H, detector= 254
nm® 280 nmolA AT o542 Table 29} o]
gradient system2 ARESIEon, RE AEE 0.20 m
syringe filter2 o3t & 10 WE FYst] E43H5t

Table 2. Gradient Composition of the Mobile Phase for HPLC
Analysis

Combination Ratio of Crude Drug Time (min) Flow (m[/min) A (%) B (%)
Crude drug " 0 1.0 95 5
AG'-1 AG-2 AG-3 AG—4 AG-5 10 10 %5 75
B2} Aconiti Radix Lateralis Preparata 10 8 5 2 0 45 1.0 0 100
50 1.0 0 100
#2 Glycyrrhizae Radix 0 2 5 8 10 55 1.0 95 5
Yield (%) 156 158 18.4 242 258 70 1.0 95 B
* © AG = Mixing of Aconii Radix Lateralis Preparata and A: 30 mM ammonium bicarbonate; B: acetonitrile
Glycyrrhizae Radix o
2) CHAIMIIZZO| 2hMSH ZiAH
9. Ay upy (1) dAAE e
AF gIAAIEF RAW 264.7 M|EFE= American Type

1) HPLCE 0I8%t M2 &M

(1) AoF 2 23 24

HPLC 24& ¢t water, acetonitrile ¥ methanol
J.T Baker (Phillipsburg, NJ, USA)?] HPLCH &9& A}
€392, ammonium bicarbonate= Sigma—Aldrich (St
MO, USA)9 EgAlekE ARgstatt, AZEE
aconitine (=X 95% ©]AH)L Sigma—Aldrich (St Louis,
MO, USA)|A] hypaconitine, mesaconitine, liquiritin @
glycyrrhizin (% 98.0% ©]4)2 Wako (Osaka, Japan)
oA 22 dste] ARESFATE (Fig. 1).

Louis,

Culture Collection (ATCC, MD, USA)01]/\-] FoF wlo} A3}
Atk RAW 264.7 N3EE= 5.5% fetal bovine serum (FBS;
Gibco Inc,, NY, USA), 100 U/mL penicillin and 100 ug
/mL NY, UsA)e] ZH7pd
Dulbecco's modified eagle's medium (DMEM; Gibco Inc.,
NY, USA) #jzlo]| 37°C, 5% CO, 7oA wjoFstsct,

streptomycin  (Gibco Inc.,

(2) AN F25 AM

Bl 7z wfigdel] wE N EF] F4lo] njAE &
= A7) $J5te] RAW 264.7 HJZE 3x10° cells/well
(96 well plate)2 £33t BEx1e} 1% uig 252 PBS
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o gafiste s=EE FrIetet AZFA] Aol thgt H]
WEZZ lipopolysaccharide (LPS: Sigma Chemical Co,
MO, USA)E AMEsIETh 48A17F vokst & tetrazolium
salt?l CCK—8 kit (Cell Counting Kit—8; Dojindo
Laboratories, Tokyo, Japan) solutiong Z7}5Fo] 4A|7F
g ujeF3t th2 ELISA reader (Ceres UV 900C, Bio—tech
instrument, USA)E ©]&3}4] 450 nmolA TFP=E A
sttt izt BlaE Sl A NE F45 (% of
control)= A4ksttt,

(3) Nitric oxide (NO) AHF &4

RAW 264.7 NJEZ 2.5x10° cells/well (48 well plate)
2 OESshl oY HAdo] gl W9 YA FEEER
(20~1000 ug/mL) A&|3te] 18A1ZF F<t wiekstct A4
H NOY %2 =Xst7] sk wi¥F ASHY nitrite ¥
Griess reagent (Promega, WI, USA)E AFE3lo] A|RAL)
AR wet Egdtgon FAdRFLLE LPS (10, 100
ng/mL)& ARSI

3) HIFAM|EZL| HES St ZM

(1) vAZ vy

6539 43 ICR AF (zjdEHole, AhHE F5F
ot IS T uFE FE3ch HES B3-S Hank's
Balanced Salt Solution (HBSS: Sigma—Aldrich Co, MO,
USAE Al&sta FAP|E ol&ste HAAZE Hedt &
RBC lysing buffer (Sigma Chemical Co, MO, USA)Z &
FA4LE AAstAY. EEE HEAEE 10% FBS®E 100
U/mL penicillin and 100 wg/mL streptomycin®] FH7}&
RPMI 1640 (Gibco Inc,, NY, USA) Hjx|o|| 37T, 5% COs
Z7oA Hjgstgct.

(2) BN E] F25 AN

el 2wl wE HIANE F4& AME] Y5t
o] 2ajgt HANEZES 5x10° cells/well (96 well plate)=
E5ota Aol 2hx wit EEE PBSO| &3fst] =4
2 kg NESA ade] g HunER=
Concanavalin A (Con A; Sigma Chemical Co, MO,
USA)E AREsSIgTh 48417 vloFst & CCK-8 solution
ARt A AE F4% (% of control)E HAMEIA
=3

4) OVA ZH2F MF oM HY 2435 AM

(1) AE5E 4 JUER Fo

5589 7 C57BL/6 AF (dEHR|e, JHE 2
= 23+3C, AUEE 50+10%, 12X7F 7HFo=z ggto]
AR = ASAA 1597 B4 H-33kes 37 &
gz (NC), Ovalbumine (OVA; Thermo, IL,
USA)/Aluminium  (Alum; Sigma—Aldrich Co, MO,
USA)/Saline Foj7 (OVA), OVA @ Rxie} 7tz wjg &
A (AGLE HeEste Ao ARSIt OVAE AF
100 ug/200 ug/100 wl && 14, 8%, 15¥] EHFH
st A S FEstEen NCE2 5Y%H9 salines
27 Bd3lgth. NCZI OVAZLS R4S, AG B9FL

ZF iR FEES A2AF 1 g/kg/dayR OVA A&} &
Alofl 2197 - Fostgin). 220 AHE st S

Aol AEE F Hge AZsHact

(2) OVA &E AF vFAEe S5 Y (mitogen
effect)

HES vgoA Goxel e o R HGMEE B
3] 5x10° cells/well (96 well plate)2 £323}3 control
(1% PBS), OVA (10 wg/mL), LPS (2 ug/mL)¢} Con A (4
ug/mL)E Z¥zb A7bstdeh. 48417 B9t wigst & CCK-8
solutionZ ARE3te] AfAQl HZ ZA1% (% of control)E

A,

(3) FAIZ BE4S 53t WA Z Id 53 AN

Bag ugAZE 1x10° cells® FACS tube (BD
biosciences, USA)e| Yo YAHES Y ASHS W
anti—-B220, CD3, CD4, CD8 3¥AE (BD biosciences,
USA) 71t & 4ol 3087 vHSAIFT. 2% FBS7F 37t
E PBSE 23] A&AH3 ZTof] FACS Calibur (Becton
Dickinson, USA)E ol&3stdq Az §38& A3

(4) Y o Ayz}sk B

Ao HEd dAL Hemavet 950 FS (Drew
Scientific Inc., CT, USA)S AF&3le] WBC (White blood
cell, &) RBC (Red blood cell, ZHEF), Hb
(Hemoglobin, dM#), Hct (Hematocrit, ZHELEF),
lymphocyte (FZ+), monocyte (F3) 5 A B
(complete blood cell count, CBC)E &%3}3ct EAAHE
E4E  Hstd EEE  @FeE AST
aminotransferase)®t ALT (Alanine aminotransferase)2
23S S5k

(Aspirate

(6) % FA B9F =3
AFA At EHLS 3000 rpmoA 2087F HAE

st =3 @AoA YA S SHsHATE HIEolF
(total) IgM E+= 7HzF oz ARE3E OVAS High Eol3
(OVA—specific) Immunoglobulin (Ig)G, IgGl ¥ IgG2as
enzyme—linked immunosorbent assay kit (ELISA;
Bethyl Laboratory, Inc., Texas, USA)E ARgslo] A5}
f Wye o2y Zoh Total IgME &3317] $lstd]
IgM antibody (Ab)E carbonate buffero]] 1:1002.2 34
slo] 100 wl/well® 713F & 4TOA 24X7F WH-SAIA AbS
B HTE OVA—specific IgG, IgGl 9 IgG2ad Z4s}
7] €3k OVA (10 wug/mL in carbonate buffer, pH 9.6)
SHS 100 w/well® 7kt & 4CollA 24A7F BRGAIA
OVAE HZA T Z+2b wash buffer (50 mM Tris, 0.14
M NaCl, 0.05% Tween 20, pH 8,0)2 3¥ A3 =
blocking buffer (50 mM Tris, 0.14 M NaCl, 1% BSA,
pH 8.0)8 200 wl/well¥ 7}3to] AF-2olA] 3087 W3}
o H|Eo|HQl AURAE AFsgTt. Wash buffer2 A3
3 % 1:10,000 (total IgM) EX 1:1000 (OVA-—specific
IgG, OVA-—specific IgGl), 1:5 (OVA—specific IgG2a)2
2 3435 @3S 100 wl/well® ZFstal Ar2oA 1A|7F BF
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SAFT A=A z horseradish peroxidase
(HRP)—conjugated AbS 1:100,0002.2 3|X3ta] 100 wl
[welld  7ZFspal  Ak2olld  1AZF BRE T AIFSHAT
3,3',5,5'—Tetramethyl—benzidine (TMB)&%< 100 wl
/well2 7}ste] HE Apgstar A2ox 5E7F 9hgAIZl &
2 M H3SOE 100 wl/well2 7}3le] A ur-2-o ZAHA]Y|
I 450 nmoA FF=E S5

5 EAX 24
= A¥ZAFARY AFEE= mean+S EMLSZE UgdoH
SYSTAT Z2IHE o|gste] YR ELHEA (one—way
ANOVA)E AAsigct, Z+ & 7H9] Zpol& AF3H7] ¢85k
bonferroni multiple comparison testE o] 83to] ALZEA
S AABHEL, p<0.05 FEAA F24S A5

Z2 3
1. HPLCE o|-43 A& &4

BAel Fa  AE
mesaconitine®} %9 FQ liquiritin &
glycyrrhizin 5 5% d&9 §A £4% #% HPLC &4
27L& ¥t olFAE 300 mM  ammonium
bicarbonate (A)Q} acetonitrile (B)S o]&3te] 7]27]-&0)
z7o2 EAHsth, PDA B4 o2
hypaconitine, mesaconitine % glycyrrhizin 254 nm,
liquiritin& 280 nm& AAst] Z+ AR peak WAL =
Heidch, A% oY 2Hz0) 5ol 2t 4Re) peak
areas ©]83}%] ZAJ3t calibration curve AI+= Table 3
3 o, md oYY AWl o AGY w47
aconitine, mesaconitine @ hypaconitine 5 37}x] 2[4
22 AsEHA gten, »zY AEQ  liquiritind}
glycyrrhizin2 729 H|Eo| E&+E Wo| HEHIH
(Fig. 2, Table 4).

aconitine, hypaconitine,

=]
gEel

aconitine,

Table 3. Regression Data, Linear Range, and Correlation

Coefficient for Marker Compounds (n=3).

Compound Lilzizl}niit;ge Slope  Intercept COS%Z?SEO&2)

Liquiritin 15.63-500.00 4376.1 10104 0.9999
Glycyrrhizin ~ 6.25—-200.00  9478.7 8019.4 0.9999
Mesaconitine  3.13-100.00 928.8 1307.6 0.9999

Aconitine 3.13-100.00 972.4 47444 0.9993
Hypaconitine  3.13—100.00 910.3 425.7 0.9998

Table 4. Contents of 5 compounds in the AG by HPLC (n=3).
Content (Mean+SD: mg/g ext)

Sample ————— — - iy ,
Liquiritin ~ Glycyrrhizin Mesaconitine  Aconitine Hypaconitine
AG-1 ND* ND ND ND ND
AG-2  6,08£0.06 4.85+0,22 ND ND ND
AG-3  16,27+1,18 11,49%0.62 ND ND ND
AG-4 13,09+0.42 13.80%0,19 ND ND ND
AG-5 23,12+1,07 35.83+0,39 ND ND ND

®ND: Not detcetd
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Figure. 2. HPLC chromatogram of a standard mixture and sample
at 254 nm (A) and 280 nm (B). Liquiritin (1), glycyrrhizin (2),
mesaconitine (3), aconitine (4), and hypaconitine (5).
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RAW 264.7 A2l FAte} =z FEES
48A17F F}t kst AN EZ FAS BAeIgE ES
o] vlgo] Fos, &2 Wiy Udde sRoEHeR o
MMz it SHEIE YT (Fig. 3A). HAA2S]
243t A# NO TS ST 23 dizzolM= NO
Aol FEEA ko g2 vlEo] 25 NO A4
< FESIAT (Fig. 3B).
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Figure 3 The Effect of AG in RAW 264.7 murin macrophages (A)
Cells were treated with LPS or AG for 48 h, and cell proliferation
was determined using the CCK—8 reagent. (B) Cells were treated
with LPS or AG for 18 h and nitrite accumulation was measured
as described in  Materials and Methods. The units of
concentrations of LPS and AG are ng/mL and pug/mL,
respectively. Data are given as meantSEM. and are
representative of triplicate experiments. *X0.05 compared with
control.
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3. HIZAIZ A5 vA= 4%

HIZEA3Eo] HAjel ZHx wigt FEES AEete HIA| e
AL st 1 A3t YANHRT SR ARSEE Con A
FroEHoR HANEE FAANHL, B} Fx gt &
£E94E 500 wg/mLolA AG—-1 100.37+1.85%, AG—2
109.46+£2.35%, AG—-3 112,06%+1.57%, AG—4 11521+
2.17%, AG-5 117.87+1.86% (p<0.05)&2 Z%9] H|&o]
E24E vAANEY g S45TE YEeERTH (Fig, 44).
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F2ek 7tz i FEE0] A WolA dHIRke] mlX]
= TS A Yot Bt dx uie FEES Y
gt AF ] A ZE Eejste] FgYOR AMESE OVA, B
g FAE §EskE LPS, T HZF $4& §%3H= Con
Aol st FAEIE HAEE NCET OVATS OVA,
LPS, Con A°] 93t F212 zfo]7h §lSith. AGE2 OVA
g Al AG-1 176.66%, AG—2 187.33%, AG—3 228.68%
(p€0.05), AG—4 173.54%, AG-5 179.49%2 AG—3°]A]
7 A UERgT LPS A& Al AG-1 267.64%
(p€0.05), AG—-2 320.48% (p<0.05), AG—-3 370.48%
(p€0.05), AG—4 266.92%, AG—5 244.69%= A AG-3
oA 7H =A Uebdth Con A X7 A] AG-1 272.04%,
AG—2 423.57%, AG—3 412.87%, AG—4 380.49%, AG-5
514.29% (p<0.05)& 29| H]Lo] =42 vAAN|Zo| o
gt SAaIE Vet (Fig. 4B).
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Figure 4. The effects of proliferation on AG in splenocyte. (A)
Cells were treated with Con A or AG for 48 h, and cell
proliferation was determined using the CCK—8 reagent. The units
of concentrations of LPS and AG are ng/mL and pug/mL,
respectively. Data are given as meantSEM., and are
representative of triplicate experiments. *X0.05 compared with
control. (B) Mice were immunized intraperitonially  with
ovalbumin/aluminium (OVA; 100 ug/200 ug) on day 1, 8, and 15.
The AG mixtures were orally administered for 3 weeks,
Splenocytes were prepared from NC, OVA or AG mice on day 22
and cultured with OVA, LPS or Con A for 48 h. Cell proliferation
was shown as a percentage of the control (vehichle) using the
CCK—8 reagent. Data are given as mean+SEM. #0X0.05
compared with OVA. Abbreviations: NC, normal control mice;
OVA, OVA-immunized mice; AG, mixture of Aconiti Radix Lateralis
Preparata and Glycyrrhizae Radix—treated and OVA-immunized
mice.

4, QIAMZ {3l vX+= a3

Ao A HApel HAE wig FEEC] Qs HIME
Hl-g W3S ERIsly] 8 ME ZHel| Adlske IAE &
At & gAIZE BAL st HAE F B HELS] ]
€& AG-1 22.15+0.64%, AG-2 22.240.43%, AG-3
21.36+£1.82%, AG—4 19.84+0.78%, AG-5 8.59+0.66%
o7 Az Hlgo| 224F AT T F=4Y H&2
AG-1 40.83+0.914%, AG-2 41.51+0.89%, AG-3
41.91+1.81%, AG—4 46.04+0.51%, AG-5 60.64+
1.09%02 Zz9] H|&o] &5 J7iegct. E3h The
H&2 AG-1 17.97%, AG-2 23.33%, AG-3 22.07%,
AG—4 26.44%, AG-5 36.34%2 ZF%9] H|go] E=L4E
7kttt 28y CTLY] Hl&2 B}t Tz ufigel dis)
Ae 93 o7t glov Fxw FAqd 15 (AG-5)°lA
ovA aExt Z715at (p<0.05) (Table 5).

rr

Table 5. Effects of AG on the Percentage of Lymphocyte Subsets in Mouse Spleen

Lymphocyte Combination Ratio of Crude Drug
subsets NC OVA AG-1 AG—-2 AG—3 AG—4 AG—5
B220" 18,83+0,.80 20,97+0.72 21,39£0.91 18.55+1.42 22,43+1,77 22.56+0.49 8.59+0.66™
CD3" 44,93+1.86 44,30+1.09 40.83+0.91 41,51+0.89 41,91+1.81 46,04+0,51% 60.64+1,09%
CD4'CD3" 16.65+0,54 21.66+0.48 17.97+1.62 23.33+1.13 22.07+£0.99 26.44+0.89% 36.34+1,05%
CD8'CD3" 32.31+0.78 31.95+0.12 33.62+1.10 34.96+0.46 33.56+0.86 35.52+0.84 48.31+1,68*

Mice were immunized intraperitonially with ovalbumin/aluminium (OVA; 100 ug/200 ug) on day 1, 8, and 15. The AG mixtures were orally
administered for 3 weeks. Each value represents a meanxSE.M. Abbreviations: NC, OVA—unimmunized mice; OVA, OVA-immunized
mice; AG, mixture of Aconiti Radix Lateralis Preparata and Glycyrrhizae Radix—treated and OVA—immunized mice: *X0.05 compared with

respective OVA values.

5. doNsrs B4

CBC, AST ¥ ALTE AARE 23, nE AgdolA FA-
2 HY W +=XE Uetdlery NC# vy o f2gt
Zo)7k vrehtA] ¢kt (do not shown).

6. A WX A Bl v IF

AR W A B2 AAZE 23, total IgM level2
AG—1 418.6 ug/mL, AG—2 422.5 ug/mL, AG-3 671.1
ug/mL  (p€0.05), AG—4 824 ug/mL (p<0.05), AG-5
696.4 ug/mL (p0.05)2 Fr=9] H|go| F&FE VI8t

AG—47F 7 =4 JEldth (Fig, 5A). OVA-—specific 1gG
level2 AG—-1 10.4 ug/mL, AG-2 11,2 ug/mL, AG-3
91.6 ug/mL, AG—4 25.7 ug/mL, AG—5 22.2 ug/mLZ 7+
29 Hlgo] F2FF IVI AG-F TP %o
OVAZI} ulmsle] BAHOR Solsh skt (Fig. 5B).
OVA-—specific IgG1= AG—-1 64.5 ug/mL, AG—2 63.2 ug
/mL, AG-3 117.3 ug/mL, AG—4 107 ug/mL, AG—5
100.2 wg/mLZ #H29| H]Eo| 255 F7I8l AG—39]
7P ey OVARY Blustey] SAZ = RosHA] 3t
ot (Fig. 5C). 28y OVA—specific IgG2a level> A A
Aol thal detection limito]d2 24T 4= it whaba
Aotz wid FE2E2 AUA A8S st total IgM,
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OVA-specific IgG E IgGl levelE = A HIL =
X7 AR Algdr

(a) (B)

NC OVA AG1AGI AG3 AGH AGS

3

)

OVA-specific [g01 jugnl.)

OVA-specific gl (pgimL)

NC OVA AG1AGIAGI AG1 AGE NC OVA AGLAG2 AGI AGA AGS

Figure 5. The plasma levels of total IgM (A), OVA—specific IgG (B)
and OVA-specific IgG1 (C) on OVA—immunized mice. Mice were
immunized intraperitonially with ovalbumin/aluminium (OVA; 100 z
g/200 ug) on day 1, 8, and 15. The AG mixtures were orally
administered for 3 weeks. Plasma was collected on day 22 and
analyzed by ELISA. Data are given as mean=SEM. #£0.05
compared with NC. *X0.05 compared with OVA. Abbreviations:
NC, normal control mice; OVA, OVA-immunized mice; AG,
mixture of Aconiti Radix Lateralis Preparata and Glycyrrhizae
Radix—treated and OVA—immunized mice.
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