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Absolute Quantification of Carminic Acid in Cochineal Extract by Quantitative NMR
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A quantitative NMR (qNMR) method was applied for the determination of carminic acid.
Carminic acid is the main component in cochineal dye that is widely used as a natural food
colorant. Since several manufacturers only provide reagent-grade carminic acid, there is no
reference material of established purity. To improve the reliability of analytical data, we are
developing quantitative nuclear magnetic resonance (QNMR), based on the fact that the intensity
of a given NMR resonance is directly proportional to the molar amount of that nucleus in the
sample. The purities and contents of carminic acid were calculated from the ratio of the signal
intensities of an aromatic proton on carminic acid to nine protons of three methyl groups on
DSS-dg used as the internal standard. The concentration of DSS-dg itself was corrected using
potassium hydrogen phthalate, which is a certified reference material (CRM). The purities of the
reagents and the contents of carminic acid in cochineal dye products were determined with
Sl-traceability as 25.3-92.9% and 4.6-30.5% based on the crystalline formula, carminic acid
potassium salt trihydrate, which has been confirmed by X-ray analysis. The gNMR method does
not require a reference compound, and is rapid and simple, with an overall analysis time of only
10 min. Our approach thus represents an absolute quantitation method with Sl-traceability that
should be readily applicable to analysis and quality control of any natural product.
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pEESh TV AY BlllETRE, RAdskoaRbo
BFEESOLEBEAEEICHEET S LM TE, SHEBHE
A e LCRIEEICER TS, FE, BlillEEc ks
SEHRE, thoRAEROBEICLIEAShTEY, &
hid, RAAROBFZOHEMD—REAINCH— T2 { BhY
DPOHERINTVE I LIEMAT, TN T _NTCDER
AR 2 AFT 5 &b AAETH LD, FFNTH
BEHBANS O EICIEE B AE L CBB kT 5 o &
TERWALTLH S, Lal, BMMEETH, RICK
BEBRHC T S BRES LA Do B2 R EA

LTWioELTh, #REHBITELVWETTEL, &F
L RAEEHOBREBE T W T hIEHECKD 5 2
EMTERVWEVWIREND 3.

—7, BREPORABRORMYPEEEOSITICE,
F & L THREED BN - HPLC?™Y, LC/MS® % TLC i
L BB ERINTWS, saw b 73 7k,
M F BBEERNOTEEHEELICHT 2 HIERERD
- EEE» SERSERESRKD N LDOTHY,
REMROERBRIBESPBAFTERVES, EELTEE
SRBTELV. L L, RAFERORI©E B OFE
EREESFIEEALSKBEL TR WY, TEAEES
HAFRARERIE S, —BICE SHEERR T L 328K
LEbo, ba0ImiEsTRARESORBREL
teou=w b vkickaartThbh Tk, HRE
LAt &moMEMSEECRESATHWEWELL, ok
ETBohiniTERoEFERIEECBEVWEFEAS. &
OMBEA KRNI ThE, st s okicL %R
SO KRB R ORI B BRI & o RS ER ST
AlREL 15, BENBFONTEOEEN: bR cH By
5HEEDbNS,

IDESBHEEN D, Fr g, EHEBEBEMNES)ICES
CEFE b L—9 Y F 4 — RS NI LTRSS
WrHED 1o & LT, NMR 4 HWi-EEH (Quantitative
NMR (QNMR)) OBF AT > T 5710 gNMR i3, 'H-
NMR 2 <7 bV EiCEHES N 3{LEYWO v 7+ VimRL
MAFhoff4so@EERE EFo7o b vEIIFlT 22 &%
FALTWS, 2 >0{L5MHEICELAT IS, v 7
FNLERBHIR 2 >OLEMo e VBRI KT 5 2 &h
5, —HOEMOME L BESHSrTHENE, b5—
HoEMOHES s VIIEEEBEs NS v/ 4 VI
HEARE OB E, Sk o b, Lich->T, gNMR
i, BERREE—oEMOEEREERELE L
3, BBV % BLE & L CERSNATIRESEEER
HETHY, SIIE b L — Y T AH—IREEITEED S b,
—KIBEHRE, Tbb [YERORUE L5 25|03
WEERV, FhiolEicsuTHNOLFEOWE
BAANS ] OBREAFENCET S, KkEHvR
3, HoWw s {bAYOEHRESFTRENCIEE IR 5
LRI TR, ZOHEEHGIEE AW,

Bad, BEHCBWT, BRY Y REBEA VYT A

v F Y yEEROENTRICGQNMR 2B L, B
FHCIETE M A RY, TIREEROo » rlThER
NN R ZalfEtE Ao L o,

AR T, aNMR O & 57 5 5 HER o7 % BiY
i, BRI F=— VERETELU20TEZROH
W3 VvBOSEMELTIRINTH S L 3 SRR
COVWTEE GE) MEL{T-7. Z0S, gNMR
ok, AL TAAfETh - a7 = BRER B L
Ohov y vEEHEIG RS o h oL L RO EEE
FRNCIETEICRD 5 C EDTEETH 5 &R HFD TRV
Uiz, £7, Ak, S oBERET TR, Boh
72 gNMR 2 =7 b V57— 9 BEHEOSVREERICE
YTchsrEEZ LN

R
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EBA &

1. HESIUHEHE

EHRE A v 3 VBB (highly purified carminic acid) G
B & L TARBREMARFERFIES s TR L D nE
LTwhkZuicborMui, 5k, #E1 EEEHP
R XBRERFc L A S v A Y A1 37K
%7 (carminic acid potassium salt trihydrate (carminic
acid ~H™ +K* +3H,0=CzH ;9013 K™+ 3H.0)) D b2k
EHHAS b0 TH B i, oy vEEHREREEET
B GHE2~8) BEAEA - -ZvBEALLLOE
Huwic, BB+ =—viER 485 GIH 9~
12) B3R - 27« TAHKESHI 0S5 LT
vz boasfvnis, ERCRLEE 1~12 0fEH
% Table 1 {Tin L /2.

KA QNMR BEEME & L CEHE 2- VA F 1-2-v 5
Ny Y VB ANT y VEEds F Y v A (2-dimethyl-2-
silapentane-5-sulfonate-ds sodium salt (DSS-dg)) (FI3¢
MEETEM®DHESS), ogNMRAIEHERE & L TEK
(D;0) (Isotec #EY) A\, FME 7 ¥ VEEKFEH Y
% L {potassium hydrogen phthalate: PHP) 2 iF {24
(certified reference material: CRM) (5 & NMIJ] CRM
3001a: #HifE 100.00+0.027%) & (i) EEEE MR AR
prElA MW, B, PHP I, RMO@RAEICGEY, &
CHELIER, 120°CTH L RRIINAAL, 7+ — 9 —HT
Bustk, HRHER & L7

2. %8

BN~ 7 ORBIc i, UToRSRxH V-

@#EEKR s o< 757 4+ — (HPLC): Agilent 1100
series (7Y L Vb« 77 /0 v—FDHED

S EES (NMR): 4 — F ¥~ 7" 5 — £ & JNM-
ECA600 (600 MHz) (HAEF (). gNMR @ 4 3
Ay 7 b EG, DSS-de AEHEE Y 74 (0 ppm) & L,
S{E% ppm HEITERL 2.

3. HPLC I &394

HE(1~12) 85 mg 28D WY KICEMEL, 1.0 mg/
mLICEAL o b 0% HPLC itk & Lic. DI o&H
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Table 1. Sample information about carminic acid reagents and cochineal dye products

No. Sample type

Catalog specification

Manufacturer .. .
Content of carminic acid

Carminic acid
1 Highly purified sample for X-ray analysis

Obtained from Dr. Baba (Osaka University of —

Pharmaceutical Sciences.)

2 Reagent

3 Reagent Merck KGaA

4 Reagent

5 Reagent

6 Reagent

7 Reagent Acros Organics

8 Reagent (for analysis of food additive)

Wako Pure Chemical Industries, Ltd.

>70% (HPLC)
>959% (Spectrophotometric)

Sigma-Aldrich Co. —
Extrasynthese S.A. —
MP Biomedicals, LLC 95%

70~90%

Wako Pure Chemical Industries, Ltd. —

Cochineal dye product
9 Food additive (powder type)

San-Ei Gen F.F.I, Inc. —

10 Food additive (powder type (low allergen)) San-Ei Gen F.F.I, Inc. —

11 Food additive {(powder type)
12 Food additive (liquid type)

San-Ei Gen F.F.L, Inc. —
San-Ei Gen F.F.L, Inc. —_

D HPLC I L, 1829t Az v —
s EEAERY . HPLC &M dAE, 50ul; 75 4,
Waters XTerra RP18 (2.1 X150 mm, 5 um (Waters
&), h 5 HEE, 40°C; BEIME, 0.1% FEUKER @ A
Y / —=95:5 (0 min)—5: 95 (25-30 min); K&, 0.2
mL/min; BEFE, 490 nm.

4. qNMR IZ &L 55347

4.1 qNMR ZEROFES & U DSS-ds DRERIE

DSS-ds #5100 mg ZEF B VY, D0 50 mL I
FERL f. TOEE%E DO THEFRLALLDE gNMR
B & Lo, gNMR $§HERTP 0 DSS-ds DiRE 4005+
28 ug/mL (n=3, AVESD) & FadicfEw, PHP LD
RIELTKR®E, bbb, CRMO15TH5%PHPH
30 mg AFEICEOERDY, gNMR EH#E% 1.0 mL (c /a7
Lt COE#R 0.6 mL % NMR #HEE (5 mm ¢ X 200
mm, Stype (FDEHZETHE@EORD) wHALLLD %
DSS-de IEFERIEMEEAIR & L. T DA% gNMR
iZftL, PHP®7 = =) 7o b v PhH X4 (5 7.57 ppm,
7.72 ppm) BL U DSS-dg D A FIVE T 0 b >~ CH3X3 (8
Oppm) ok % v 7+ vl HTE RELGEEL
(1 ic{RA L, oNMR #Ei#giEho DSS-de DRE 2 KIE L
7.

Mpss XIpss , Mpup X Ipnp Peup
1% - X 1
oS ( Hpss Hpyp X Wpnp ) 100 (1)

1212 L, Woss, WPHP:DSS'dﬁ Bk ¢* PHP @(%E% (mg/
mL), Mpss, Mpup=DSS-ds 3 & &F PHP ® 3 F8 (MW
224.36 B X OF 204.22), Ipss, Ipup = DSS-de 3 & UF PHP
DIERD & 7 WiEHE, Hpss, Hpur = DSSds B & O
PHP O4FEH D 7 o b v (DSS-ds=CH; X 3, PHP =
PhH X 4), Ppyp=PHP O#EE (100.00%).

4.2 gNMR [Tk ZHERE

SHEA LV GO D, Avy vEETHEEE G
¥ 2~8), BLUARRRII 2 F = - v RS G
9~12) 2 FhFhP20mg BEICEVRY, Ho50L

HIHEBIL 72 gNMR HIESE R 10 mL iciaf L 1z, o
% 0.6 mL % NMR SBRE ICHAL e b0 A aliEm s L
to. T OEEA gQNMR ot L, DSS-dg @ & 7 4 VI,
A VEBICHET 3 2N ENORE Y 7+ v OEE
& oTE EEnEEX @ IIRAL, #vy VER(CA)
DHIE (B8 (w/wi) ZE L1,
Ica/Hea , Mca/Wea
Ipss/Hpss™ Mbpss/ Wpss

1212, Wopss, Wea=DSS-ds 8 & ' CA D EE (mg/
mL), Mpss, Mca=DSS-ds 5L F CA OnF8 (DSS-dg=
CsHgDgNaO3SSi (MW 224.36) 8 X U carminic acid =
CaoH20013 (MW 492.39), carminic acid —H* +K* + 3
H20 = CypH19013~ K - 3H0 (MW 584.53), Ipss, Ica =
DSS-ds 5L U CA OFFERED v 7+ VIS, Hpss, H
ca=DSSds BL U CADEERD 7o b VE(DSS-ds=
CH3 x3, CA=PhH X 1), Pca=CA O#E (&) (w/w
%).

4.3 gNMR MESEG& L UREHTLE

gNMR il FE & 4 O B K EH 1E Table 24278 L #.
gNMR 57— # f@iricid, Bohk FID ¥ - ¥ 2B
V7 by =7 (BRETFEORFS) EA L CHEHLE
Liz. §bb, OV 7927 ET, gNMRF— %
7 — 1y M (Window % function=exponential,
BF =0.12 Hz, zero filling=1, T1=T2=0%, T3=90%,
T4=100%) BL CHBUIEAEZTV, DSSdeBL T
BE Y 7+ VvORSERL EA2EER HOoMLEDANL
2 DSS-de 5 £ UM ORE (mg/mL), HF& FEED
7ok v S oLEYER P O BT AEETTOL, A
(G5 (w/w%) 21 (@) kit WEH Lk,

Pcpy=

X100 (2)

HBEBLUER

1) HPLC 2 & 354

S v v GREFD, v BTSSR
GREL 2~8) BXUARRERIY 2 F = — )V EFTERE S,
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Table 2. Instruments and acquisition parameters

Spectrometer

Probe

Spectral width

Data points

Auto filter

Flip angle

Pulse delay

Scan time

Sample spin

Probe temperature
Solvent

gNMR reference material
Primary standard material

ECA600 (JEOL)

5 mm broadband autotune probe

—5-15 ppm
32,000
on (8 times)
45°
30 s (>5*Ty)
8
no spin
25°C
D0
DSS-dg

Potassium hydrogen phthalate (PHP) (NM1J CRM3001a)

International System of Units (S1)

calibration not
available

o]
% Sl traceable

¢} OH

Carminic acid
CpoHp0043 (MW: 492.39)
{Carminic acid potassium salt rihydrate}
{C22H19013’K* 3H,0 (MW: 584.53))"

OH

Sl traceable

calibration o

Potassium hydrogen phthalate (PHP)
NMIJ CRM3001a (100.00£0.027 %)
CgHsKO4 (MW: 204.22)

Step 1
calibration

D D O
¢j \4/ X/wy
Step 2 / \\0
calibration

D D D 3]

DSS-ds
CoHgDgNa0,SSi (MW: 224.36)

Fig. 1. Strategy of Sl-traceable quantification based on gNMR

* The crystalline formula was confirmed by X-ray analysis.

GUE 9~12) 2 HPLCIZfF L2 & T A, &K 490
nmicBWT, R 1825l v Y vEIcHlikd B
-7 0AaBEESH, AFHFCBVTHICFET X
-7 3BEshish -1, Fig 2icid, ToREMNE S
ow b ad LTHIREE G 2 XU 3) ofFERE
RUL7z. F7z, Table3ici3A s VYBO - 7 EEER
L. TRAEor s o /@B E LT A2
HPLCIick 3 h 3 YEEOESE 70% LI, &¥ 3 3t
ko kv 95% LI ELECE S TV (Table 1). @E®
MRAEMFICEHO VL YV RROSBENEL VW ETH
i, TiooBERX GRA)) o, #E3dorvi vk
SEIEEE 2521 & Lze%, 14~10 EHEFEN 3,

Contentsampies _ 95~100

Contentsamprez ~ 10~100
wic, A—{taYoREt B 2 HPLCOE— 7
BolhiRzofdBolbicHF L wa Ehs, 2K
URE 3 RSk VI YBBO E— 2 EE ERE
WAkt G (@).

=14~1.0 (A)

480 nm
Sampta No. 3

Sample Na. 2

0 ] 10 15 20 25 30
mmn

Fig. 2. Typical LC profiles of carminic acid reagents

The LC conditions are described in the experi-
mental section.

AreasampleS — 19189340 =3.0 (B)

Areasmpies 6439525
A (A) » SRDIHEEMED (B) i SRO L EifEE —
BlLiznwl Eho, MELEHINTWEEREBEDDEL
Eb—HIKEVPH L ETFRENL SBENGEEHINT
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Table 3. Quantitation of carminic acid in different reagents and cochineal dye products, calculated from the content of

cariminic acid in the samples using qNMR, and the peak area on LC

No. Sample type

peak area at 490 nm

LC

gqNMR

(% as carminic

(% as carminic acid

acid) potassium salt trihydrate)®
Carminic acid
1 Highly purified sample 20682647 81.8 97.1
2 Reagent 6439525 21.3 25.3
3 Reagent 19189340 78.3 92.9
4 Reagent 21172301 68.3 81.1
5 Reagent 19028131 68.1 80.8
6 Reagent 20561664 77.2 91.6
7 Reagent 19521465 72.9 86.5
8 Reagent (for analysis of food additive) 7079698 24.4 29.0
Cochineal dye product
9 Food additive (powder type) 5785440 216 25.6
10 Food additive (powder type (low allergen)) 6519563 235 27.9
11 Food additive {powder type) 7006552 25.7 30.5
12 Food additive (liquid type) 1232696 3.9 4.6

a) The crystalline formula (carminic acid —H" —3H,0+K™) was reported by Dr. Baba.

WhEB e BLURB T bERE, HTEEE
A —Eee 4, MRAE B w2 E8EN AV
I VEEOETHBART bOTREWT EATREB I, &
OFEEFRE, REBdkofbay T, LEAMENROLE
MOTHGREBAFTELLELTOREA - - T DM
WBAFI L TWAHIT TRV E WD BUROREZ i
IRLTW, Lich-T, a5 =— BRSO H v
P vEEERE, WIhomiG RS EEREERON
H&EE LT, HPLC THIEEICRD o v L0
Banhi.

2) gNMR LB NIV E VEEOHBITEE

gNMR i X 3 EEAIE, "HNMR LB W THES L
LEnEn Y 7 ¥ VERERSSFrh o 4 OB R EoK
HETHOtHIST 2R ARB L hEETH L. 2o
DY TF VBRI AEDA B IcHERST AR
%oy 7+ Vit & (LEMORE BRI (3) TRI T
EMTED.

Iy Hams _ HaWa/Ma

Pt = 3
Iy Hgmy HyWa/My ®
P o= Isamplc/Hsample X Msamplc/Wsample
T Iaa/Hsa Maa/ Wi
X Pya )

fetZl, I=v 7+ VilEiE H=fHERD 7o b v ¥
m=tVEE W=28 M=5"F8 P=HE%
sample=gtkl, std=HEYH.

£-T, ALBobaYD5b5, AL L THEMNIHS
IS FIEME (std) A Vg, Ttk BRORERIED
BARD SEIEN R O/LEY B (sample) D 5 & (ME) %
HRETEBBER @) MR LD, gNMR Tk 2 EES
i, BaHRl @) #FAI L, MED 2 W ZBESEIOR

MV (std) £ & S UHIMA idiRhcliERRobE
¥ (sample) ® 'H-NMR iISEE & T\, Bohicr~<s b
FroBEsh2EEYE D) EMEFROLEY
(sample) ICER T 5~ 7+ VIETE, KEHB L CRBERL
rOoERELRNT A HETH S,

gNMR K LK B3 EBHWTE, &v 7+ Vvl o EEM
EREEICHERT B EWARRTH B fosh, Table 2 17K
FRIERNAE L. £/, oNMR BEEYE & L TQ,
B B Lw T ~F Y x F Y ¥ T v (hexamethyl di-
silane (HMD)) A #45 U 7245, HMD @RKIcRNETH B 12
¥, %< OFBHEECANETRICAEL AV VEROMEIE
ISV, £ T, KB D DSS-de & qNMR H I
B E LCRALL BV SRR, gNMRICX
BEBMBODOSI FL— Y F 4 —%, Fig 212K AK
TERLK, TbL, FFEFMNCZYEFIRCL - TE
Huah, M LY ) 7 — IR X N 1233
BEMECRM)D12TH L7 9 VEEIKEHY U 4
(PHP) & —/XiZi#E & L TV, qNMR Ei#ERho DSS-ds
DEE % PHP ([ & WIZIE L o kic, DSS-de % _(RiEiE
&L TSERRILAT O gNMR BISE AT 5 2 B0 B R
ZEWAEILELE.

Fig. 31213, qNMR EEYE & L T DSS-de % 0.4005
mg/mL &4 gNMR ZBHERICSHE A Vv VYRR GR D
% 1236 mg/mLBELESODOERO R~ L AF &
LTmUL7. & 0ppm i DSS-dg @ # F VB, 6 1.9 ppm,
5 35~47ppm BLU 66 ppmicHv YED SO
A FVEE (8Me), C-Z7 V3 Y E(CGle) BLUT v 5
+/ vEREDOSO 7 x =7 a b v (PhH)(E-H) 8
Bxht, gNMROSEER Y7+ L TR, ¥ 7+
BRI DEELTWBE T L, RO v 7L B
STV EMHEENTH B, £, —fBIYIC NMR 2 <7
AT, SRESE » EHENO v 7 VOB HLE
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DSS-dg
loss

&Me

5-H
lea

,JLM A

g8 75 7 65 6 55 5 45 4 35 3 25 2 15 1 05 0 05
ppm

TFig. 3. gNMR profile of highly purified carminic acid

sample (1)

The spectrum was obtained in D,O containing
DSS-d¢ as a gNMR reference material. The
concentrations of sample and DSS-dg were 12.36
mg/mL and 0.4005 mg/mL, respectively. The
intensities of target and reference signals were
measured, and the values (Ipss=9.00, Ica=
11.51), weights (Wpss = 0.4005 mg/mL, Wey
12.36 mg/mL), number of protons (Hpss=9, Hca
= 1) and molecular weights (Mpss - 224.36, Mc,
=492.39 (free form) or 584.53 (salt form)) were
substituted into formula (2) to calculate the
content (purity) (w/w%) in the sample.

VIO BRI AL~ 7 F v ERL, fioRH0 » 7
WEBH->TLESBEHRESED. 22T HE1~12
ZTE L AR, oozl & v 7 VB R
bBIFTH->-PhH G A TEH Y 7+ v &L,
gNMR BEYE O DSS-de B L U H v VEEDO v 7 F b
Tl Upss BL U Ica) ZHIEL, TN ZNOBEE (Wpss
BEO Wen), 70 b v# (Hpss BL U Hen), BT E
(Mpss BE U Mca) 2K Q) ICfRAL TEEEE kD 1.
Fig. 403, SEAEL 250 3 v ETHRRE G
2~8) BLUASHRNY 2 F = —vaRElg G o~
12) ® gNMR R -27 k&R L 1o (Fig. 4). 3k 3~7 €
136 1.9~2.2 ppm OFPHIC A F VLE (8-Me), 6 6.5~6.7
ppm @ i 1< PhH (5-H), 6 35~4.7 ppm @ #i ] [T
CGlc ED v 7+ VB h, SHE v v G
D LEERE—DRRy by —vaERLEk £k, &
B2 8~114, BEMELTHBOWAEREELEFTR
P vicHisRE B v uhi 6 3.3~54 ppm ICEIER S 1,
k12 GRIAEED i, Btk T eEL Y7

ag—nicihiskd A v 7 06 11, 34, 3.5, 3.9 ppm) ME
gwaht, HE 2,9 121cH>0wWTHE, A VERICHST
BZAFNEBLPPhHH GH O 7 F oy 7 b4
LB » Thhs, sy, BEAS 503 pH
HEER|IGLSOEBI LA bDEEL o 1, KR
LT #E~ OMIEHEOHREESTFEE L THRLA,
gNMR Tld, 27 b AVF— 9 ZDLDONERMEAE-
Thky, Fv 7/ VEEEEET S LiIcky, 8GO
RENMbLARETH D L EZ S

iz, chooitEdoa: vEBOSE HE) 2%
QIcEnER Lk TOBR Ay v (7Y K
CaoH30013 (MW 492.39) & LT, &MEH» v v R
k1) 10 81.8%, # vy vEETERGLEE 7T 8IG GAH 2~
S)cm3~m3% aF = —NVEFR4ABE (CAI~12)

I39~257%oaEMER I N, F/o, HEERL T
BohrgEs vy vk GUE D B, XEERETEL
DA VA Y U 18 3 IKE) (carminic acid potassi-
um salt trihydrate) O{LE#EE2H T 5 &GS
TWAB I &EH 512 CeuHigOi3 K - 3H0 (MW 584.53)
ELTHEELAELCS, aftEr» v vE GRE D 1«
971%, 7 ov v T EREETHEE GIH2~8)
253~916%, 7 F = —wEFE4E G GRo~12)
46~305%DEBEHIN:, SHES L o G
D dioAn s vEEHY 9 448 3 kY (carminic acid po-
tassium salt trihydrate) & L O S&E M 971% & 313
100%IEWETHEE SN &6, X REREIT 0
ErELuv ErEEEES N
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The spectra were obtained in gqNMR solution (D;O) containing DSS-ds (Wpss=0.4005 mg/ml

.). The sample

concentrations (Wea (mg/mL)) were as follows: 1=12.36, 2=27.16, 3=20.15, 4=26.56, 5=22.85, 6=18.52, 7=
2354, 822508, 9=25.22, 10=26.16, 11=27.92, 12=37.15. The marked signals (*) were used as target and

reference signals, and the contents were calculated.
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Abstract 'H-NMR  spectroscopy was successfully
applied to the quantitative determination of atractylon in
Atractylodis Rhizoma (dried rhizomes of Atractylodes
ovata and A. japonica) and Atractylodis Lanceae Rhizoma
(dried rhizomes of Atractylodes lancea and A. chinensis).
The analysis was carried out by comparing the integral of
the H-12 singlet signal of atractylon, which was well sep-
arated in the range of 6 6.95-7.05 ppm in the NMR
spectrum, with the integral of a hexamethyldisilane (HMD)
signal at 6 O ppm. The atractylon contents obtained by the
"H-NMR spectroscopy were consistent with those obtained
by the conventional HPLC analysis. The present method
requires neither reference compounds for calibration
curves nor sample pre-purification. It also allows simulta-
neous determination of multiple constituents in a crude
extract. Thus, it is applicable to chemical evaluation of
crude drugs as a powerful alternative to various chro-
matographic methods.
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Introduction

Atractylon is a major sesquiterpene compound accumu-
lated in rhizomes of Atractylodes japonica and A. ovata
(Compositae). This compound exhibits various pharmaco-
logical activities including anti-inflammation {1}, cytotoxi-
city against various human cancer cell lines [2, 3],
acaricidal activity [4], and inhibition of Na* K*'-ATPase
activity [S], and, therefore, it has been considered that
atractylon is one of the constituents responsible for phar-
macological action of the crude drug, Atractylodis
Rhizoma (dried rhizomes of A. japonica and A. ovata).
Furthermore, since atractylon is hardly detected in
Atractylodis Lanceae Rhizoma (dried rhizomes of A. lan-
cea and A. chinensis), it has been used as a marker con-
stituent for discrimination of Atractylodis Rhizoma and
Atractylodis Lanceae Rhizoma [6]. Thus, atractylon is an
important compound for quality control of these two crude
drugs. For quantitative estimation of atractylon in Atract-
ylodis Rhizoma, HPLC is currently been used. However, it
is difficult to obtain a standard sample of atractylon unless
isolated from plant materials. Atractylon is chemically
unstable and readily oxidized during isolation and storage,
and we are unable to unambiguously determine the purity
of an atractylon sample used for preparation of a calibra-
tion curve. Thus, accurate quantitative evaluation of
atractylon is difficult by chromatographic analyses.

NMR spectroscopy has been shown to be a powerful
tool not only for structure elucidation of organic com-
pounds, but also for chemical characterization of agricul-
tural and food products [7, 8]. Proton-specific quantitative
NMR (qgHNMR) has been shown to have an enormous
potential for quantitative analysis of natural products [9].
gHNMR has various advantages over other quantitative
analysis methods including HPLC: (1) it is rapid,
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non-invasive, and does not require laborious sample pre-
cleaning steps; (2) no standard compounds are required to
prepare calibration curves; and (3) all the compounds
present in the extract can be simultaneously detected.
These features may make gHNMR the method of choice
for quantitative determination of chemical constitueats in
crude drugs. In the present paper we describe the appli-
cation of qHNMR for quantitative determination of
atractylon in Atractylodis Rhizoma and Atractylodis Lan-
ceac Rhizoma obtained in markets.

Materials and methods
Chemicals

High-performance liquid chromatography (HPLC)-grade
acetonitrile and methanol were purchased from Nacalai
Tesque, Inc. (Kyoto, Japan). Methanol-d; (99.8 at.% D)
and chloroform-d (99.8 at.% D) were purchased from
Isotec, Inc. (Miamisburg, OH, USA). Hexamethyldisilane
(HMD, Sigma-Aldrich, Inc., St. Louis, MO, USA) was
used as an internal standard for NMR measurement.
Potassium hydrogen phthalate (PHP, NMIJ CRM 3001-a)
was purchased from Wako Pure Chemicals (Osaka, Japan)
and used as a certified reference material. The purity of this
compound is certified to be 100.00 £ 0.027%. Silica gel
BW-200 (Fuji Silysia Chemical, Ltd., Kasugai, Japan) was
used for column chromatography.

Crude drugs

Atractylodis Rhizoma (Lot. No. 6KO6M) was purchased
from Daiko Shoyaku (Nagoya, Japan) and used for isola-
tion of atractylon. Crude drug samples (Table 1) were
purchased in local markets in China, and voucher samples
were deposited in the Department of Pharmacognosy,
Graduate School of Pharmaceutical Sciences, Nagoya City
University. The origins of the crude drug samples were
confirmed by the DNA authentication method as described
previously [10].

Isolation of atractylon

Atractylon was isolated from Atractylodis Rhizoma as
described by Zhao and He [11]. Thus, powdered Atracty-
lodis Rhizoma (100 g) was extracted with 700 ml ethyl
acetate three times at 70°C for 1 h. The combined ethyl
acetate extracts were concentrated at 35°C under reduced
pressure. Then, the extract was purified by silica gel col-
umn chromatography, eluting with hexane and chloroform
(3:1) to give atractylon fraction (2.18 g). No further puri-
fication of the atractylon fraction was carried out because

@ Springer

Table 1 List of crude drugs used in the present investigation

Crude drug Origin® Place of Date of
name and code production collection
or habitat (year.month)
Atractylodis Rhizoma
ByJ-1 A. ovata Shaanxi 2004.12
Byl-2 A. ovata Zhejiang 2004.01
Byl-3 A. ovata Zhejiang 2004.01
Byl-4 A. ovata Zhejiang 2004.12
Byi-5 A. ovata Zhejiang 2004.12
Byl-6 A. ovata Hunan 2004.12
Byl-7 A. japonica Heilongjiang 2003.12
Byl-8 A. japonica Heilongjiang 2004.06
BylJ-9 A. japonica Inner Mongolia 2004.12
BylJ-10 A. japonica Heilongjiang 2004.12
Byl-11 A. japonica North Korea 2004.12
BylJ-12 A. japonica Ningxia 2004.10
ByJ-13 A. japonica Inner Mongolia 2004.08
BylJ-14 A. japonica Jilin 2004.09
Byl-15 A. japonica Heilongjiang 2004.10
Byl-16 A. japonica North Korea 2004.12
Atractylodis Lanceae Rhizoma
Sol-1 A. chinensis Hubei 2004.08
SoJ-2 A. chinensis Hubei 2004.08
Sol-3 A. chinensis Anhui 2004.10
SoJ-4 A. chinensis Hebei 2004.10
Sol-5 A. chinensis  Liaoning 2004.12
SoJ-6 A. chinensis Inner Mongolia 2004.12
SoJ-7 A. chinensis Shaanxi 2005.01
SoJ-8 A. chinensis  Inner Mongolia ~ 2005.01
SoJ-9 A. chinensis Shaanxi 2005.01
SoJ-10 A. chinensis Shaanxi 2005.01
SolJ-11 A. chinensis Shaanxi 2005.01
SoJ-12 A. chinensis Shaanxi 2005.01
SoJ-13 A. chinensis Shaanxi 2005.01
SolJ-14 A. chinensis Shanxi 2005.01
Sol-15 A. chinensis Shaanxi 2005.01
SolJ-16 A. chinensis Henan 2005.01
Sol-17 A. lancea Anhui 2005.01
Sol-18 Hybrid" Shaanxi 2004.07
So0J-19 Hybrid Hubei 2005.01
SoJ-20 Hybrid Shaanxi 2005.01

* Origin of crude drugs was determined based on the nucleotide
sequences of ITS regions of ribosomal DNA

® Interspecific hybrid between A. lancea and A. chinensis

atractylon was rapidly degraded; instead, purity of atract-
ylon was determined by qHNMR analysis as described
below and used for preparing a calibration curve for HPLC
analysis. The 'H-NMR spectrum of the isolated fraction
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was completely identical to that of atractylon [11].
'"H-NMR (500 MHz, CDCls, TMS): 0.76 (3H, s, 14-H),
1.4-1.7 (5H, m), 1.95 (3H, s, 13-H), 2.0-2.4 (6H, m), 4.70
(1H, s, 15-H,), 4.86 (1H, s, 15-Hy,), 7.06 (1H, s, 12-H).

"H-NMR apparatus and parameters

'H-NMR spectra were recorded on a JEOL JNM-ECAS500
(500 MHz) spectrometer. NMR acquisition and processing
were essentially performed as described by Saito et al. [12].
For each sample, eight scans were recorded with a 90°
pulse and a 60-s relaxation delay. Start and end points of
the integration of peak area were selected manually.
Chemical shifts are given in § values (ppm) relative to
HMD as an internal standard.

Determination of HMD concentration
in qHNMR reference stock solution

HMD (40 mg) was dissolved in methanol-dy (20 ml) as a
gHNMR reference stock solution. The accurate concen-
tration of HMD in the stock solution was analyzed by
gHNMR with PHP as an internal standard. PHP (10.0 mg)
was weighed and dissolved in methanol-ds (2.0 ml). The
PHP solution was added to the gHNMR reference stock
solution (0.50 ml) and 0.60 m! of the mixed solution was
subjected to 'H-NMR measurement. The HMD concen-
tration in the gHNMR reference stock solution was cal-
culated by using the ratio of the signal integral at 6 0 ppm
(HMD) to that at 6 8.20 ppm or 7.53 ppm (PHP). The
concentration of HMD was calculated from Eq. (1):

CHMD =8 x <IHMD> X CpHp (1)
Tpyp

where Cymp is molar concentration of HMD in the

qHNMR reference stock solution, Cpyp is molar concen-

tration of PHP in the standard PHP solution, Iyyp is signal

intensity per proton at § O ppm (HMD), and Ipgp is signal

intensity per proton at ¢ 8.20 or 7.53 ppm (PHP).

Determination of atractylon by gHNMR

Powdered crude drug samples (150 mg) were sonicated in
1.0 ml methanol-d; at room temperature for 30 min. A
0.25-ml aliquot of the qHNMR reference stock solution
(2 mg/ml HMD in methanol-ds) was added to the extract
which was then centrifuged for 3 min. The supernatant
(0.60 ml) then underwent '"H-.NMR measurement. The
atractylon concentration was calculated based on the ratio
of the peak integral at § 7.00 ppm (H-12 of atractylon) to
that at 6 0 ppm (HMD). The concentration of atractylon
(ATR) was calculated from Eq. (2):

I
Catr = 0.25 x (IATR

) X CHMD (2)
HMD

where Carr is molar concentration of atractylon in the
methanol extract, Cymp is molar concentration of HMD in
the qHNMR reference stock solution, Ispr 1is signal
intensity per proton at § 7.00 ppm (H-12, atractylon), and
Igmp is signal intensity per proton at é O ppm (HMD).

HPLC analysis of atractylon

The remaining crude drug extract was diluted tenfold with
methanol and subjected to HPLC chromatography
(Nucleosil 5C18, 4.6 x 250 mm, Chemco Scientific,
Osaka, Japan), using isocratic elution with acetonitrile~
water (3:1). Flow rate was 1.0 ml/min and the elution was
monitored at 220 nm.

Results and discussion

NMR analysis and purity of atractylon

For the quantitative analysis of atractylon (Fig. la), H-12
was selected as a target signal in the 'H-NMR spectrum

because this signal was fully separated from other signals
of the molecule (Fig. 1b). The signal was clearly identified
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Fig. 1 a Chemical structure and b 'H-NMR spectra of atractylon and
crude drug extracts. A typical 'H-NMR spectrum of the methanol
extract of ¢ Atractylodis Rhizoma (ByJ-1) or d Atractylodis Lanceae
Rhizoma (SolJ-1) are also shown
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Relative Intensity (% of HMD)

Atractylon concentration (mg/ml)

Fig. 2 Relationship between atractylon concentration and ratio of the
integral of H-12 signal of atractylon to that of HMD signal

when the methanol extract of Atractylodis Rhizoma was
subjected to NMR analysis (Fig. Ic). The signal was not
detected in the extract of Atractylodis Lanceae Rhizoma
and the overall signal profile in the '"H-NMR spectrum was
quite different from that of the Atractylodis Rhizoma
extract (Fig. 1d).

In the present investigation, HMD was used as an
internal standard for 'H-NMR measurement instead of
tetramethylsilane (TMS). HMD is less volatile and, there-
fore, can be more readily weighed than TMS. We can
accurately determine the HMD concentration in the refer-
ence stock solution by comparing signal integral at o
0 ppm with aromatic hydrogen signals of PHP at ¢
7.73 ppm and/or 6 8.20 ppm, because we can purchase
PHP standard whose purity is strictly confirmed. Thus, the
qHNMR method leads to absolute quantification of HMD
and atractylon.

The ratio of the signal integral corresponding to H-12 of
atractylon to that of HMD was proportional to the atract-
ylon concentration in the range of 0.16-10.5 mg/ml as
shown in Fig. 2. However, it should be noted that no cal-
ibration curves are necessary for quantitative assay of
atractylon because the integral of a signal per one hydrogen
atom is proportional to the amount of the compound and
the same for all the organic molecules. The purity of
atractylon was calculated to be 54.4 & 0.3% (mean
+ standard deviation, n = 3) from the ratio of the peak
intensity to HMD. The quantification limit of atractylon
was 0.16 mg/ml. For estimating recovery rate of atractylon
by the present gHNMR method, 1.0 mg atractylon was
spiked into 150 mg Atractylodis Rhizoma. Three sets of
the spiked samples and a blank extract (without addition of
atractylon) were subjected to gHNMR analysis. The
recovery rate was determined to be 100.6%.

@ Springer

gNMR determination of atractylon content
in Atractylodis Rhizoma and Atractylodis
Lanceae Rhizoma obtained in markets

Sixteen samples of Atractylodis Rhizoma and 20 samples
of Atractylodis Lanceae Rhizoma obtained in Chinese
markets were quantitatively analyzed for atractylon content
by using the gHNMR method. Of the 16 Atractylodis
Rhizoma samples six were identified as A. ovata and 10 as
A. japonica based on the nucleotide sequences of the ITS
region in ribosomal DNA. Of 20 Atractylodis Lanceae
Rhizoma one sample was identified as A. lancea, 16 as
A. chinensis, and three as hybrid species between A. lancea
and A. chinensis. For all the Atractylodis Rhizoma samples
either from A. ovata or A. japonica, the signal derived from
H-12 of atractylon was detected as a well-separated signal
from other signals, and no interfering signals were detected
in the range of 6 6.75-7.25 in the NMR spectrum as typ-
ically shown in Fig. lc. The atractylon contents varied in
the range of 1.37-23.3 mg/g dry weight (Table 2).
Atractylon was detected in three samples of Atractylodis
Lanceae Rhizoma from A. chinensis. The atractylon con-
tents of these samples were somewhat lower than those of
Atractylodis Rhizoma but still comparable to the atractylon
contents of some Atractylodis Rhizoma samples. The
presence of atractylon in Atractylodis Lanceae Rhizoma
was also described in earlier papers [13, 14].

Finally, to confirm the efficiency of the present gHNMR
method for quantitative determination of atractylon, the
results obtained by the gHNMR assay were compared with
the data obtained by HPLC analysis. As shown in Fig. 3,
atractylon contents determined by qHNMR were quite
consistent with those determined by HPLC. The coefficient
of correlation was calculated to be 0.986, and the slope of
the regression line was very close to 1 (0.937).

Wang et al. [2] analyzed atractylon contents of Atract-
ylodis Rhizoma purchased in Taipei by using HPLC.
Atractylon contents in the raw crude drugs varied in the
range of 1.67-5.87 mg/g dry weight with an average con-
tent of 2.87 mg/g dry weight. The average content
decreased to 1.92 mg/g dry weight in the processed
Airactylodis Rhizoma because atractylon was readily oxi-
dized to atractylenolides II and I during processing. The
atractylon contents in the dried rhizomes of A. ovata and
A. japonica were also evaluated by gas—liquid chroma-
tography (GLC) [15]. The average atractylon content was
13.0 mg/g dry weight in A. ovara rhizomes and 22.0 mg/g
dry weight in A. japonica rhizomes. The high atractylon
contents may be due to the fact that the rhizomes of freshly
collected plants were used for analysis and that atractylon
might be spontaneously oxidized in the commercial crude
drug samples during storage. Thus, the present results were
comparable to these previously described data.
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Table 2 Atractylon contents in Atractylodis Rhizoma and Atracty-
lodis Lanceae Rhizoma obtained in markets

Crude drug Origin Atractylon content
name and code (mgl/g dry wt.)
Atractylodis Rhizoma
BylJ-1 A. ovala 8.91 + 0.17*
BylJ-2 A. ovata 3.62 £ 0.04
Byl-3 A. ovata 11.5 £ 0.06
Byl-4 A. ovata 315 £ 0.04
ByJ-5 A. ovata 10.3 £ 0.05
Byl-6 A. ovata 7.58 £ 0.10
ByJ-7 A. juponica 1.37 & 0.06
ByJ-8 A. japonica 8.62 £ 0.15
ByJ-9 A. japonica 233 +0.11
Byl-10 A. japonica 10.8 £ 0.10
BylJ-11 A. japonica 1.75 + 0.04
Byl-12 A. japonica 15.2 £ 0.08
Byl-13 A. japonica 9.44 + 0.04
Byl-14 A. japonica 7.19 4+ 0.01
ByJ-15 A. japonica 4,10 £ 0.03
ByJ-16 A. japonica 2.15 £ 0.04
Atractylodis Lanceae Rhizoma
Sol-1 A. chinensis ND
Sol-2 A. chinensis ND
So0l-3 A. chinensis ND
Sol-4 A. chinensis ND
Sol-5 A. chinensis 1.93 + 0.04
SoJ-6 A. chinensis 3.89 £+ 0.05
Sol-7 A. chinensis ND
Sol-8 A. chinensis 346 £+ 0.12
So0l-9 A. chinensis ND
SoJ-10 A. chinensis ND
Sol-11 A. chinensis ND
Sol-12 A. chinensis ND
SoJ-13 A. chinensis ND
Sol-14 A. chinensis ND
Sol-15 A. chinensis ND
Sol-16 A. chinensis ND
Sol-17 A. lancea ND
SolJ-18 Hybrid ND
SolJ-19 Hybrid ND
Sol-20 Hybrid ND

ND not detected

* Average -+ standard deviation from triplicate measurements

In conclusion, the atractylon content of the crude drug
Atractylodis Rhizoma can be determined by 'H-NMR
spectroscopy. The method is simpler and more rapid than
conventional chromatographic analyses. Furthermore, no
calibration curve is required for determination and, there-
fore, alractylon can be quantified without the standard

15

10 -

0 i i ! 1 I
0 5 10 15 20 25

Atractylon content by HPLC (mg/g dry wt.)

Atractylon content by NMR (mg/g dry wt.)

Fig. 3 Relationship between atractylon content
gHNMR and the content determined by HPLC

estimated by

sample. It is also interesting to note that overall profile of
organic compounds in the extract is obtained by "H-NMR
analysis and simultaneous determination of constituents
present in a crude drug extracts is possible. The present
method is also applicable for determining purities of
standard samples of natural products either isolated or
commercially obtained. Further application of gHNMR to
the crude drug evaluation is under investigation.
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