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Establishment of Determination Method
for Polyphenol Glycosides in Herbal
Medicines

Kuo-Ching Wen
China Medical University

ABSTRACT

Polyphenol glycosides are widely distributed in natural plants. In the recent
years, the fates of polyphenol glycosides in vivo are gradually understood through
pharmacokinetic studies. Most of researches indicated that polyphenol glycosides
are hydrolyzed to lower polar aglycones by enzymes or bacteria in the intestine
after oral ingestion and then become absorbable by the intestinal cells. In the
current status, there are limited items for the quality control of crude drugs, and in
which only monoglycosides or aglycones are required to be assayed in
pharmacopeias of many countries. Recently, chromatogramic fingerprints are used
as another index of quality control. However, those quality controls could be
difficult to reflect the activity or the efficacy of Chinese herbs. It will be more
reasonable if the total glycosides of active ingredients could be assayed.

In this study, the contents of polyphenol glycosides in seven Chinese herbs
including Rhei rhizoma, crude Polygoni multiflori radix, processed Polygoni
multiflori radix, Polygoni cuspidati rhizoma, Aloe, Rumecis radix and Cassiae
torae semen were studies. The contents of aglycones were determined for
decoctions of the seven herbs before and after hydrolysis. The aglycones assayed
were aloe-emodin, rhein, emodin, chrysophanol and physcion for Rhei rhizome;
emodin and physcion for crude and processed Polygoni multiflori radix; emodin
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and resverstrol for Polygoni cuspidati rhizome; aloin and aloe-emodin for Aloe;
emodin, chrysophanol for Rumecis radix; and chrysophanol, physicon for Cassiae
torae semen. The total glycoside contents were calculated by substracting the moles
of the aglycones (without hydrolysis) from those of the total moles of the aglycones
(after hydrolysis). The results indicated that the contents of aglycones mentioned
above for Rhei rhizome, crude Polygoni multiflori radix, Rumecis radix and
Cassiae torae semen increased after hydrolysis. The content of emodin in Polygoni
cuspidati rhizome increased with hydrolysis, whereas resveratrol content decreased.
However, the contents of emodin and physcion in processed Polygoni multiflori
radix, aloin and aloe-emodin in Aloe showed no significant difference prior to and
after hydrolysis. The decrease of resveratrol content after hydrolysis might be
associated with thermal decomposition.

The method developed in this study can be applied to the determinations of the
contents of aglycones and their glycosides in these Chinese herbs except Polygoni
cuspidati rhizome for their quality control.

Keywords: Chinese herbs, Anthraquinone glycosides, HPLC

83



PEEEER F2600 54

2
B

N

A4
—

By

TR I Rt %7 4~ 5 flavonoid  isoflavone -
anthraquinone -~ lignan % aromatic acid ¥ #f > 1 & M et 2 255\ B 4
FENWEL R F M AR IR B Ap 0 B RIS E K g/ﬁr
B < SEE TN S RRMAES G Y P
% K A R PR 0 S R A e s e g 2t r’v?

R X I 2 Fiwe 2 (b &1 2§ &R0 sulfates ~ glucuronides

o T &ﬂ?ﬂ}"l%‘._u_uw o
ﬁp;¢@zﬁ%&%%ﬂ%%%*@ﬁﬁiﬁpﬁ’ﬁf%ﬁ%
B2 AL SEY BTG ) PR AR TR
4o morin® ?~rhein®; A # # % fis 4o quercetm naringenin ~ hesperetin »
baicalein ~ daidzein - emodin - aloe-emodin % chrysophanol FRAE N
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chrysophanol # ¥ %3 05% > ® g & =& 2,3, 5, -2 55 - F¢ ’fﬁ
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L.~ B + ¥ % § Rheum tanguticum Maxim. ex Balf.&% & * % § Rheum
officinal Baill.sngz %13 2 12 & - 7 537 2. Anthraquinones = 4 >

4r aloe-emodin, rhein, emodin, chrysophanol, physcion, isoemodin,
laccaic acid D, % & 3]z Anthraquinones = 4 - 4 aloe-emodin
1-O-B-D-gluco-pyranoside, rhein 1-O-B-D-glucopyranoside, emodin
1-O-B-D-glucopyranoside, emodin 3-O-B-D-glucopyranoside, emodin
8-0O-B-D-glucopyranoside, chrysophanol 1-O-B-D-glucopyranoside,
chrysophanol 8-O-B-D-glucopyranoside, physcion-8-O-3-D-gentiobioside,
physcion 1-O-B-D-gluco-pyranoside °

- ~PE B @2627) = 3 Fe 4 Polygonum multiflorum Thunb.Z_ 5z 343 >
7 phenolic compounds, flavanoids, anthraquinones (emodin and physcion),
stilbenes (2,3,5,4-tetrahydroxystilbene 2-O-B-D-glucopyranoside) # tannins.

v A ROy % #4424+ Polygonum cuspidant Sieb. Et Zuce. 5z % 12 & {r
12 > 7z anthraglycoside A (emodin-6-methoxy-8-O-D-glucoside),
anthraglycoside B (emodin-8-O-D-glucoside) and resveratrol ° stilbene
glucosides : piceatannol glucoside (3,5,3’,4’-tetrahydroxystilbene
4’-O-B-D-glucopyranoside), resveratroloside (3,5,4’-trihydroxystilbene
4’-O-B-D-glucopyranoside), piceid (3,5,4’-trihydroxystilbene 3-O-B-D-
glucopyranoside).
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Aloe ferox Miller. 2 B @ i {g ¥ * R k453 % ¥ - 7 aloin,
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hylchrysophanol,1,2,8-trihydroxy-6,7-dimethoxyanthraquinone, alizarin,
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(=) bt g s
J.T. Baker, Inc.
(Phillipsburg, NJ, U.S.A.)
J.T. Baker, Inc.
(Phillipsburg, NJ, U.S.A.)
J.T. Baker, Inc.
(Phillipsburg, NJ, U.S.A.
Riedel-deHaén AG
(Seelze, Germany)

Acetonitrile (LC Grade)

Methyl alcohol (LC Grade)

Ethyl acetate

Ortho-phosphoric acid (85%)

Hydroic acid W1 FROLG F 2 P (Taiwan)
Aloin Sigma Chemical Co.

(St. Louis, MO, U.S.A.)
Sigma-Aldrich

(St. Louis, MO, U.S.A.)
Aldrich Chemical Company

Aloe-emodin

Chrysophanol (Milwaukee, WI, U.S.A.)
_ Sigma Chemical Co.

Emodin .

(St. Louis, MO, U.S.A.)
Resveratrol Sigma Chemical Co.

(St. Louis, MO, U.S.A.)
Physcione Sigma-Aldrich

(St. Louis, MO, U.S.A.)
Rhein Sigma Chemical Co.

(St. Louis, MO, U.S.A.)

- ®
Milli-Q™ plus water Millipore corporation

(Milli-Q®) (Billerica, MA, U.S.A.)
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(C)EHERE

GRS Hermle Labotechnik GmbH
HSTANGTAI CFT-6000 (Wehingen, Germany)

iff 4% F % Vortex Genie G-560  Scientific Industries Inc.
(Bohemia, NY, U.S.A.)

423 4= T % Soniclean 2000HT ~ SONICLEAN.PTY.LTD
(Australia)

¥ Ak ‘ﬁ"ﬁ' 7 ¥ N-EVAP 112 R-MT Organomation Associates Inc.
(Berlin, MA, U.S.A.)

A 35 % T AB 104 Mettler Toledo (Switzerland)
8 A% % 8
Pipette 2-20uL, 10-100uL, Gilson S.A.S. (Entrepreneurs,

20-200uL, 100-1000uL Villiers Le Bel, France )
‘KR F F £ Eyela Aspirator A-2S  Tokyo Rikakikai Co. Ltd.
(Tokyo, Japan)
BOURAPEAT R KRR E
(High Performance Liquid
Chromatography —UV) & 35:

(D3
Shimadzu LC-10AT vp (Japan)
k% 173
Apollo C18 5u (4.6x250mm ) Alltech Associates, Inc. (U.S.A)
(3) % ¢k ki jp & Shimadzu UV-VIS detector
SPD-10A vp (Japan)
4)p B 16 F Shimadzu SPD -10AF (Japan)
Orf# X& ERC-3415(Japan)
ECEIADER G o o = Terumo Medical Corporation
1.0 mL syringe (0.45x13mm) (Elkton, MD, U.S.A.)
Vi N AN Axygen Scientific, Inc. (Union
Tips (200uL, 1000uL) City, CA,U.S. A)

Mg 3o ¥ Microtubes (1.7mL) Axygen Scientific, Inc. (Union
City, CA, U. S. A)

457 Millipore carrigtwohill,

Millex® (0.45um, 13mm) Co.(Cork, Ireland)
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1. B if AL Rk A 2 #E 3t
K F A A ] 12N ~ 24N B AL ok iR
2.5 i F R R 2 473
K B A A w2 80°C ~ 100°C 4x £ -k 2
3B F OB PR 2 4734
,kﬁf}rg@lz} L0512 456 PricHokfz
4.7 dedny 1V A2 475
Jp e Ffol e (100mg/ml ~ S0mg/ml) 2+ it
S kBT 2 3R
LR KRR
(=) % »r4pk +7 (HPLC) % i* 2 3834

) L 22 b EYSRTEN o sae o1 (46
L‘%‘;ﬂﬁﬁﬂﬁﬁlﬁﬁﬁﬁu

=

7 ¢ : Apollo C18, 5pm (4.6x250mm)

# # 4p 1 A:Methanol  B:0.1% HsPO4 (#- B i* 3% ) 57:43
(Omin), 57:43 (3min), 90:10 (20min), 90:10 (35min),
57:43 (40min), 57:43 (50min)

pind # ¢ 1.0mL/min

LA & ¢ 254nm

N 4% & butylparaben (4pug/mL)
2. AP S 2 A e

R 47 ¢ : Apollo C18, Sum (4.6x250mm)
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# # 48 0 A Methanol B :0.1% H;PO* (#- & # # )
57:43 (Omin), 57:43 (3min), 90:10 (20min), 90:10
(35min), 57:43 (40min), 57:43 (50min)

pin # 1 1.0mL/min

Pl £ 1 254nm

po & & D propylparaben (10pg/mL)

s,

CE B R A R

A 2
R A

& 7 ¢ : Apollo C18, 5um (4.6x250mm)

# # 4p ¢ A Acetonitrile B :0.1% H;PO, (#- & % 4% )
15:75 (Omin), 13:65 (8min), 35:65 (12min), 75:25
(22min), 75:25 (32min), 15:75 (40min), 15:75
(45min)

i # : 1.0 mL/min

¥ Bk £ ¢ 254nm

po e & ethylparaben (Spg/mL)

A AR AT

R 47 ¢ : Apollo C18, Sum (4.6x250mm)

# # 4p * A Acetonitrile B 0.1% H3PO4 (#-A " #% )
24:76 (Omin), 24:76 (12min), 50:50 (22min), 24:76
(40min), 24:76 (50min)

proe i# ¢ 1.0mL/min

¥ B £ 254nm

pooR & 6,7-dimethoxycoumarin (50pg/mL)

FExUE s hERZRU

#% F2 -2~ aloe-emodin ~ rhein ~ emodin ~ chrysophanol %

physcion fh 2 54 W73 30 7 R & L REH B o T FBRAFR
fe@l- x3k &2 B R %™ 120.00 ~ 10.00 ~ 5.00 ~ 2.50 -
1.25~ 0.63ug/mL o B~} iR 872 % 4e & % 7 1% butylparaben
dug/mL 2. 7 FEiA % R &394 {5 7 HPLC A 4



PEEEER F200 54
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FE#=P~ chrysophanol 2 physcion &3 &4 |73 3t 7 A %]
S IFE‘]‘%/‘:'”Q ° ”nﬁ%‘ﬁ?%§ ]ﬁ“ﬁ"g\l" %7 /%)i-»’f%-g'/{ani"k‘-"
T 12500~ 12.50 ~ 6.25 ~ 3.13 ~ 1.56pg/mL o B~ b i LA %
‘v & % 7 M & propylparaben 10pg/mL 2. ¥ g3 7% R £353 {4
i& {7 HPLC % 47 °
TR~ EHkERZgH
% & #%P~ emodin ~ chrysophanol % resveratrol 1 # & 4 %]
B EE L REE AR T B prEl- APRR 2R
% % 4e™ 1100.00 ~ 50.00 ~ 25.00 ~ 12.50 ~ 6.25 ~ 3.13pg/mL °
Be b AR ER R A & B 7 P ethylparaben Spg/mL 2. ¥ g3
Ko R AR HPLC AR S
8 E;%’%ﬁiﬁﬂi.@ﬂ
FEF=P~ aloe-emodin % aloin %2 &4 B3> 7 BRH &
W%WM°””@ﬁ% Fedl- kPIER 2 BB R AT
200.00 ~ 100.00 ~ 50.00 ~ 25.00 ~ 12.50 ~ 6.25ug/mL - B~} it &
Bakse E 5 7 % 6,7-dimethoxycoumarin 50ug/mL 2 ¥ f%
B o R é\’i:”% i4 217 HPLC 4 47 °
gt Bdra B2 4o ﬁaffﬁi% TR *ﬂ—?«ﬁ»%‘ o A
Z W BB AFER ITHE AW gﬁﬂ’}ﬁ#
(2) 457 i 2Rk
1.4 % & (Precision)

B ERZAERRR SRR NS T B G2
PzZRpRFLEF- kT TERZRERD 27 RF
FARDFPIERE - NI PPEZZRPERPERAS Y
R H T35E (mean )~ &% i £ (standard deviation, S.D.) % %
B ¥ (coefficient of variation, C.V.) °

2. %xx B (Accuracy)

ZFPPRNEZREPREFRTEIHOEREE L ER

B2 #p¥t3% % (relative error) # 71 2 o

#
3. %472 (Sensitivity )
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Mt s FRER- LR L2 HE G FE R
v Ei: 3 F2ZkAE > i H WP (LOD, Limit of
detection) » H A" G FF & e ff2 v B 5 10 F2 kR > 5

M7 728k A (LOQ, Limit of Quantitation )
4. w Jz % (Recovery)

m

Ri o w o WE 2 AERZ LS A RERRR
A R Ay A }\)‘i o2 -k E Al > M HPLC 28 > 5 ik & it
FZE4F PRI g & g EmERNE A AT o
b Ei
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o B2

-~ EREhLRS SRRz
fI* HPLC* 2 28 +% ~2 55 “WELE R E§ X8
2P % fEE Y2 Hf M;T ﬁ;%g:,\ >2_ % ® (Table 1~7) - F|H
XL FEELBRRA I ZELFI AL TR KK RS ED
\"/ﬁ»‘lé/wé}ﬁ.){%r}"&ﬂ”ijﬁ 50’4"\%—]]\?1;’:3\;°

s\l‘

)

i SN I V| %riﬁ*ﬂg\ﬁv\f‘z—?m"h’l’\ FRAL 2 L% G R
e B R #F] 1‘1 - AR RS fEATIE 2 fe £ MU T - aloe-emodin,
rhein % emodin *t 0.63~20.00pg/mL > chrysophanol **+ 1.25~20.00
pg/mL > physcion ** 0.63~10.00pg/mL Jk & & 3573 452 S 0% (o>
0.999) > 4 Table 8 #7177 o & 473 j* 2 Fa b1 > é#ﬁ“fg‘—‘%\'ﬁ e pop
22 p Rz R % (CV.) ~ ¥ £ (relative error) ™ % w g ¥
BV X2 RPN 0 8% 4o Table 13~17 % Table 25~27 -

R Edp iR AR N PR R G v B L iR
Ak RS §F TR 2 16 £ MUEE T o resveratrol 2 emodin T 3.13~
100.00pg/mL Jk & B 323 2452 &A% (1>0.999) > 4e Table 9 #7
oo AT R FERRT o LaptR AR PP 2R F2 KR Bk

(C.V.) ~Ap$+if£Z (relativeerror) ™M % Wi ¥ %< 2 FRIP >
& % 4o Table 20, 22, 28

ez IS AR R N R 2 L G A B RS
Ak RS SUE §F AT iR 2 16 £ SUEE T > aloin 2% 12,50~ 200.00pg/mL -
aloe-emodin ** 6.25~200.00pug/mL k& F 355 2472 S % (o>
0.999) » 4r Table 10 #F7 o A 47~ i 2 FEscBi7 > & 45 {55 A F p
nNERp 2SR GE(CV.) ~p¥i it (relative error) 1 % % T
F30h T 4% 2 BEN o 4% 4o Table 18, 19,29 -

B dp i iR N PR 2 R G v B L iR
20 q_ﬁl“* i fF 4718 2tk £ AT remodin % chrysophanol >+ 3.13
~100.00png/mL JE & F 323 2452 S % (r>0.999) > 4 Table 11
ST e AT R 2 FEARMT 0 Al AR PN 2 B p TR G
(C.V.) ~Ap4t35Z (relative error) 14 2 Wz F 304 7 %X 2 RPN -
% % 4o Table 20, 21, 30
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1y

AP LR AR S N IR 2 G B LR
- AR B  fFE T 2 4 £ ST chrysophanol % physcion 3%
1.56~25.00pg/mL Jk & B 323 45 2 S 7% (r>0.999) » 4 Table 12
%ﬁogﬁ%giﬁﬁ@ﬁ’éﬁﬁﬁakﬂmiﬂﬂﬁf%‘%&
(C.V.) 2 4p4t3#£ (relative error) &7 &< 2 RN - 5 %4
mwﬂamo@ﬂwﬁ$&%%&%@£’6~ JRRPF AT B
BIp > %2 % 4c Table 31 o

o R 6K 1 2 4F

X AR ehpepERE 5 2 O-glycosides * 3% 77t 4t O-C b+ 12
;ﬁ’*r; ﬁfif‘?’i“‘ ’kﬁ”i\;{ﬁgﬁ”” e, pﬁév”!i%’i’r 455 @ ,‘ﬁi}'g"f’]f{g'ﬂ’ g‘ljﬁ;‘{; 2
- AT ERY R ]\g* ) K %ﬁKQHﬂﬁaﬁ%'ﬁgiﬁ%%*T"ﬁ% v ¥ A
g o & B ALK R E 2 2 Bx 4T

® K E A2 = 4 rhein Aok jE— ] 212 ?P“&ﬁi‘g’%’ﬁ@a'QV

% aloe- emodln emodin, chrysophanol, physcion 35i: 2 /| pF -k f2
= = (Fig19) » i&-p 3 kKE A 2 = 4 chrysophanol 2 physcion 5 fi&
JRERFRS G P REH A 1 ET s 2 (Fig2s) »a B
R~ K f@:‘)ﬁ’.fi > i?ltﬁfiﬁf LR T2 R R FECOR RS 2 =
L ETAPRAR > FHEHM I2NHCI A 80C T kfg— | pF o 4
B & 2 emodin 2 physcion ¥ %X [ FE¥FF KRz > > 3 100C T+
THRIDAEE P Eﬁﬁf&ﬁg)i “J 4e :}m_% LW E R A OEFR > HEE
}\ﬁ*wL%\A\ dEXEP LR (Fig20) - "y gae >0
TR B AT «fﬁi P E RS RGEAR S B > R Y R A
emodin # physcion 2. 3 € i & 3 4. (Fig2l) - bt’ffﬁf‘ﬁ??/l%#ﬂ drs 4
F]%q—filjlb’ E 4 T{’Tﬁ A g o e R PR et £ oA R
T s RS EF AOFEFEL M i‘aﬁ( Do 4 g J\ﬁ}'??l = 4 emodin,
chrysophanol # X J 2RI R M fﬁ—d ¥k & J 4¢ ascorbic
acid 7= V¥ R HORfREARY N o cnpl i e g2 BREER 2 B
B2 F BEAREAEHE AT (Fig 24) o LR KE#p-kizid
emodin B FH 4 > " {FPFT R BERBRAMEE T G2
s g 2 s resveratrol fa-K fE T S T E PRI 0 P OROE G~ R
% U R € ¥ resveratrol A # B3k IR % o 7 bedd VR o R
PUos A BEFE Ao PE R enaf £ oresveratrol & TR C 20 A5 (Fig22) o
Roa g v )I% 29 1p B R £ 5 fepEAY 03 & resveratroloside

(3,5,4’-trihydroxystilbene-4’-O-f-D-glucopyranoside) -k fi# {s resveratrol

\

94



I

PEEEG Y208 ¥4

TR EH A A M 4 > J8IP|F Ac F] 5 resveratrol £ 7 & g frig
g e i ok B SRk 212 0 2 aloin, aloe-emodin 2 = 4 ¥ &
BMER S PR RSN S Gl A k@ ¥k 2B A
AT MRS Rk TUFIE A BRER
HAc A F P R % (Fig23) o
FH- PR REH L ABHS L2 2 F

% 'K E)&|-k f2 0 12 2 aloe-emodin, rhein, emodin, chrysophanol
% physcion 2 3 € 4 Table 1 #77F o & H ¥ B i v > wig i fepE
87 £ 5 59lumol/g > 2 F § -k B M-k 3% {5 2 emodin % physcion
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Table 1 Comparison of contents (umoL) of aloe-emodin, rhein, emodin, chrysophanol,
physcion in the decoction of Rheum officinale Baill.before and after acid

hydrolysis
Constituents Decoction After acid hydrolysis Difference
(umolL/g) (umoL/g) (umoL/g)
Aloe-emodin 0.43 +0.00 1.09 £ 0.04 0.66 (154 %)
Rhein 6.07£0.25 6.98 £0.35 0.91 (15 %)
Emodin 1.82+0.07 4.46 £0.15 2.64 (145 %)
Chrysophanol 1.03 £0.06 2.34+£0.20 1.31 (127 %)
Physcion 0.41 +0.03 0.80 £ 0.05 0.39 (95 %)

Table 2 Comparison of contents (nmoL) of emodin and physcion in the decoction
of crude Polygonum multiflorum Thunb. before and after acid hydrolysis.

Constituents Decoction After acid hydrolysis Difference
(nmoL/g) (nmoL/g) (nmoL/g)
Emodin 83+0.9 105.7+4.9 97.4 (1174%)
Physcion 1.8+£0.1 162+34 14.4 (800 %)

Table 3 The contents (nmoL) of emodin and physcion in the decoction of processed

Polygonum multiflorum Thunb.

Constituents Decoction
(nmoL/g)
Emodin 109.3 £ 8.6

Physcion 26.9+4.2
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Table 4 Comparison of contents (umoL) of emodin and resveratrol in the decoction
of Polygonum cuspidant Sieb. Et Zuce. before and after acid hydrolysis

Constituents Decoction After acid hydrolysis Difterence
(umoL/g) (umoL/g) (umoL/g)
Emodin 0.38 £0.12 8.80 £0.36 8.42 (2216%)
Resveratrol 4.16 £0.15 4.01 £0.90 -

Table 5 Comparison of contents (umoL) of aloe-emodin and aloin in the decoction
of Aloe ferox Miller. before and after acid hydrolysis

Constituents Decoction After acid hydrolysis
(umoL/g) (wmoL/g)
Aloin 76.12 £5.90 77.74 £2.83
Aloe-emodin 8.27 £0.54 8.09 £0.26

Table 6 Comparison of contents (umoL) of emodin and chrysophanol in the
decoction of Rumex japonicus before and after acid hydrolysis

Constituents Decoction After acid hydrolysis Difference
(wmoL/g) (umoL/g) (umoL/g)

Emodin 0.18 £0.05 0.81 +0.16 0.63 (350%)

Chrysophanol 0.16 £0.06 1.26 £0.24 1.10 (688%)

Table 7 Comparison of contents (uwmoL) of chrysophanol and physcion in the
decoction of Cassiae torae semen before and after acid hydrolysis

Constituents Decoction After acid hydrolysis Difterence
(wmoL/g) (wmoL/g) (umoL/g)
Chrysophanol N.D. 1.65+0.21 1.65
Physcion N.D. 0.49 £0.02 0.49
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Table 8 The regression equations, concentration ranges and correlation coefficients

of constituents in Rheum officinale Baill. and Polygonum multiflorum

Thunb.
. : : Conc. range
Constituents Regression equations r
(ug/mL)

Aloe-emodin y=0.864205x+0.070187 0.63 ~20.00 0.9999
Rhein y=0.230382x+0.020414 0.63 ~20.00 0.9999
Emodin y=0.118404x+0.024871 0.63 ~20.00 0.9999
Chrysophanol y=0.250934x+0.058222 1.25 ~20.00 0.9997
Physcion y=0.184259x+0.002156 0.63 ~10.00 0.9999

Table 9 The regression equations, concentration ranges and correlation coefficients
of constituents in Polygonum cuspidant Sieb. Et Zuce.

: : : Conc. range
Constituents Regression equations r
(ug/mL)
Resveratrol y=0.036168x-0.0234 3.13 ~100.00 0.9999
Emodin y=0.135202x-0.02552 3.13 ~100.00 0.9998

Table 10 The regression equations, concentration ranges and correlation coefficients
of constituents in Aloe ferox Miller.

: . : Conc. range
Constituents Regression equations r
(ug/mL)
Aloin y=0.006603x-0.015 12.50 ~200.00  0.9997
Aloe-emodin y=0.060777x+0.01849 6.25~200.00  0.9999

Table 11 The regression equations, concentration ranges and correlation coefficients

of constituents in Rumex japonicus

: . : Conc. range
Constituents Regression equations r
(ug/mL)
Emodin y=0.135202x-0.02552 3.13 ~100.00 0.9998
Chrysophanol y=0.194998x+0.208875 3.13 ~100.00 0.9999
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Table 12 The regression equations, concentration ranges and correlation coefficients
of constituents in Cassiae torae semen

: . . Conc. range
Constituents Regression equations r
(1g/mL)
Chrysophanol y=0.101382x+0.013816 1.56 ~25.00 0.9997
Physcion y=0.060731x+0.009223 1.56 ~25.00 0.9998

Table 13 Intraday and interday analytical precision and accuracy of aloe-emodin in

Rheum officinale Baill.
Conc. — 'Intra-day - — 'Inter-day -
recision ccurac recision ccurac
(ng/mL) Y Y

Mean = S.D. (CV. %) (%) Mean = S.D. (C.V. %) (%)

20.00 19.93+0.06(0.29)  -0.36 19.89 +0.01 (0.05) -0.54
10.00  10.14+0.11 (1.12) 1.39 10.21 + 0.00 (0.02) 2.07
500  5.05+0.08 (1.64) 0.93 5.09 = 0.06 (1.12) 1.78
250  2.45+0.08 (3.06) -1.90 2.39+0.03 (1.42) 421
125  1.22+0.03 (2.79) 2.47 1.20+0.01 (1.04) -3.73
0.63  0.59+0.01 (1.96) -5.56 0.59 + 0.01 (1.61) -5.67

Table 14 Intraday and interday analytical precision and accuracy of rhein in Rheum

officinale Baill.
Conc. . .Intra-day ' .Inter-day
(ug/mL) Precision Accuracy Precision Accuracy

Mean £+ S.D. (C.V. %) (%) Mean £+ S.D. (C.V. %) (%)
20.00 19.88 £ 0.04 (0.22) -0.59 19.96 + 0.03 (0.17) -0.18
10.00 10.21 £0.07 (0.69) 2.15 10.06 =£0.07 (0.71) 0.63
5.00 5.08 £ 0.09 (1.81) 1.63 5.04 +0.03 (0.58) 0.77
2.50 2.49 +0.07 (2.90) -0.60 2.48 +£0.08 (3.08) -0.70
1.25 1.17£0.02 (1.71) -6.19 1.22 +£0.03 (2.22) -2.43
0.63 0.54 £0.02 (4.09) -13.68 0.61 +0.06 (9.52) -2.71
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Table 15 Intraday and interday analytical precision and accuracy of emodin in
Rheum officinale Baill. and Polygonum multiflorum Thunb.

Conc. Intra-day Inter-day
(ug/mL) Precision Accuracy Precision Accuracy
Mean £+ S.D. (C.V. %) (%) Mean £+ S.D. (C.V. %) (%)
20.00 19.90 £+ 0.05 (0.27) -0.48 19.90 = 0.07 (0.33) -0.51
10.00 10.19+0.12 (1.17) 1.94 10.22 +£0.14 (1.38) 2.16
5.00 5.03 £ 0.02 (0.40) 0.68 5.03 £0.03 (0.55) 0.68
2.50 2.47£0.06 (2.24) -1.36 2.42+0.02 (0.83) -3.03
1.25 1.20 £ 0.04 (3.74) -4.26 1.18 £0.04 (3.42) -5.34
0.63 0.58 £0.03 (4.36) -7.05 0.62 +0.03 (4.93) -0.76

Table 16 Intraday and interday analytical precision and accuracy of chrysophanol in

Rheum officinale Baill.
Conc. ‘ ‘Intra-day . .Inter-day
(ug/mL) Precision Accuracy Precision Accuracy

Mean = S.D. (C.V. %) (%) Mean = S.D. (C.V. %) (%)
20.00 19.85+0.11 (0.56) -0.76 19.92 £0.06 (0.29) -0.39
10.00 10.30+£0.24 (2.31) 2.96 10.16 £ 0.09 (0.86) 1.56
5.00 5.10 £ 0.05 (0.99) 2.02 5.06 = 0.10 (2.06) 1.10
2.50 2.39+0.04 (1.76) -4.22 2.41 +0.06 (2.55) -3.49
1.25 1.11+0.11 (10.17) -11.22 1.20 + 0.07 (6.15) -3.68

Table 17 Intraday and interday analytical precision and accuracy of physcion in
Rheum officinale Baill. and Polygonum multiflorum Thunb.

Cone. Intra-day Inter-day

(ug/mL) Precision Accuracy Precision Accuracy
H Mean + S.D. (C.V. %) (%) Mean + S.D. (C.V. %) (%)

10.00 10.01 +£0.02 (0.22) 0.12 10.02 +£0.03 (0.32) 0.19

500  5.00+0.06 (1.15) -0.03 4.98 +0.08 (1.57) -0.38
250 2.44+0.06 (2.40) 229 2.45+0.05 (2.12) 22.08
1.25 1.25+0.02 (1.76) 0.09 1.26 + 0.05 (3.96) 0.47

0.63  0.67+0.03 (5.05) 7.30 0.67 +0.02 (2.79) 7.40
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Table 18 Intraday and interday analytical precision and accuracy of aloin in Aloe

ferox Miller.
Cone. . 'Intra-day . .Inter-day
(ug/mL) Precision Accuracy Precision Accuracy
Mean £+ S.D. (C.V. %) (%) Mean £+ S.D. (C.V. %) (%)
200.00  201.28+0.28 (0.14) 0.64 201.32 +0.49 (0.24) 0.66
100.00  97.61 £0.56 (0.57) -2.39 97.5 0+ 1.00 (1.03) -2.50
50.00 48.59 £ 0.49 (1.00) -2.83 48.86 = 0.41 (0.85) -2.29
25.00 26.58 £0.44 (1.67) 6.30 26.09 +£0.42 (1.59) 4.35
12.50 13.42 + 0.65 (4.82) 7.40 13.73 £0.44 (3.22) 9.84

Table 19 Intraday and interday analytical precision and accuracy of aloe-emodin in

Aloe ferox Miller.
Cone. - .Intra-day . .Inter-day

(ug/mL) Precision Accuracy Precision Accuracy

Mean = S.D. (C.V. %) (%) Mean = S.D. (C.V. %) (%)

200.00  200.70+0.28 (0.14) 0.35 200.69£ 0.80 (0.40) 0.35

100.00  98.88 £1.20 (1.22) -1.12 98.54 £ 1.49 (1.51) -1.46

50.00 49.29 + 0.34 (0.68) -1.42 49.97 £1.12 (2.24) -0.07

25.00 25.27 £0.08 (0.32) 1.09 25.13£0.27 (1.07) 0.54

12.50 12.89 £0.37 (2.90) 3.12 12.77 £ 0.49 (3.83) 2.16

6.25 6.77 £ 0.26 (3.86) 8.35 6.65 + 0.63 (9.49) 6.37

Table 20 Intraday and interday analytical precision and accuracy of emodin in

Rumex japonicus and Polygonum cuspidant Sieb. Et Zuce.

Cone. Intra-day Inter-day
(ug/mL) Precision Accuracy Precision Accuracy

Mean £+ S.D. (C.V. %) (%) Mean £+ S.D. (C.V. %) (%)
100.00  99.47 £ 0.20 (0.20) -0.53 100.04 £ 0.41 (0.41) 0.04
50.00 51.42 £ 0.22 (0.43) 2.83 50.13 £ 1.35 (2.70) 0.27
25.00 24.55+0.10 (0.41) -1.80 24.73 £ 0.13 (0.51) -1.08
12.50 11.94 £ 0.02 (0.19) -4.50 12.04 £ 0.14 (1.12) -3.72
6.25 6.23 £ 0.05 (0.81) -0.31 6.45 £ 0.05 (0.75) 3.21
3.13 3.27%0.12 (3.69) 4.60 3.49 £ 0.05 (1.56) 11.73
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Table 21 Intraday and interday analytical precision and accuracy of chrysophanol in

Rumex japonicus
Cone. . 'Intra-day . .Inter-day
(ug/mL) Precision Accuracy Precision Accuracy

Mean £+ S.D. (C.V. %) (%) Mean £+ S.D. (C.V. %) (%)
100.00  99.93 +0.05 (0.05) -0.07 100.04 £0.10 (0.10) 0.04
50.00 50.13 £ 0.12 (0.24) 0.26 49.93 £ 0.56 (1.12) -0.14
25.00 25.24 £ 0.10 (0.38) 0.96 25.16 £ 0.03 (0.12) 0.65
12.50 12.00 £ 0.12 (1.00) -0.42 12.07 £ 0.27 (2.25) -3.46
6.25 6.34 £ 0.02 (0.30) 1.48 6.35 1 0.04 (0.60) 1.66
3.13 3.24+£0.17 (5.37) 3.61 3.33+£0.13(3.99) 6.41

Table 22 Intraday and interday analytical precision and accuracy of resveratrol in
Polygonum cuspidant Sieb. Et Zuce.

Cone. Intra-day Inter-day

(ug/mL) Precision Accuracy Precision Accuracy
HET) Mean£SD.(C.V.%) (%) Mean£SD.(CV.%) (%)
100.00  100.24 +£0.02 (0.02) 0.24 100.20 £ 0.06 (0.06) 0.20

50.00  49.53 +0.04 (0.08) -0.95 49.65 1 0.11 (0.22) -0.70
25.00  25.06 % 0.11 (0.42) 0.25 249740.17(0.69)  -0.13
12.50  12.17 £0.05 (0.38) -2.64 1221+0.13(1.09)  -2.32
6.25 6.45 4 0.01 (0.16) 3.19 6.43 + 0.08 (1.32) 2.89
3.13 3.43 4 0.05 (1.39) 9.61 3.4240.10 (2.87) 9.50

Table 23 Intraday and interday analytical precision and accuracy of chrysophenol in
Cassiae torae semen

Con. Intra-day Inter-day
(ug/mL) Precision Accuracy Precision Accuracy
Mean £+ S.D. (C.V. %) (%) Mean £+ S.D. (C.V. %) (%)
25.00  24.99+0.18 (0.70) -0.06 25.18 £ 0.13 (0.50) 0.72
12.50 12.60 + 0.49 (3.92) 0.78 12.00 + 0.42 (3.47) -3.99
6.25 6.01 £0.25 (4.17) -3.81 6.43 £0.36 (5.55) 2.95
3.13 3.37+£0.18 (5.27) 7.72 3.36£0.17 (4.92) 7.42

1.56 1.47+0.15 (10.34) -5.61 1.46 £0.12 (8.10) -6.26
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Table 24 Intraday and interday analytical precision and accuracy in physcion of
Cassiae torae semen

Cone. Intra-day Inter-day
(ug/mL) Precision Accuracy Precision Accuracy

Mean £+ S.D. (C.V. %) (%) Mean £+ S.D. (C.V. %) (%)
25.00  24.86+0.37 (1.48) -0.57 24.77£0.30 (1.22) -0.91
12.50 12.86 £0.98 (7.61) 2.84 13.08 £ 0.80 (6.08) 4.64
6.25 6.19 + 0.58 (9.35) -0.94 6.06£0.31(5.11) -3.12
3.13 2.97 £0.23 (7.90) -5.02 3.08 £0.14 (4.50) -1.48
1.56 1.56 £ 0.15 (9.68) 0.23 1.45+0.13 (8.83) -7.08

Table 25 Recoveries (%) of constituents from Rheum officinale Baill. decoction

Conc. Recoveries (%).
Constituents Spiked 1 2 3
Mean £ S.D
(ug/mL)

10.0 91.8 92.9 90.8 91.8+1.0

Aloe-emodin 5.0 95.5 90.8 94.9 93.7+2.5

2.5 103.0 96.4 103.9 101.1 +4.1

10.0 97.9 99.5 98.9 98.7+£0.8

Emodin 5.0 82.6 93.6 96.2 90.8+£7.3
2.5 113.8 94.1 86.5 98.1 £14.1

10.0 96.2 101.7 100.9 99.6 £3.0

Rhein 5.0 81.3 80.4 91.8 84.5+6.3

2.5 83.5 80.5 65.2 76.4+£9.8

10.0 88.2 81.1 89.3 86.2+4.5

Chrysophenol 5.0 83.9 87.7 90.5 87.4+33

2.5 95.6 94.0 88.9 92.8+3.5

10.0 78.4 79.7 69.3 759 +£5.7

Physcion 5.0 70.6 67.8 70.7 69.7+1.6

2.5 72.7 65.4 65.2 67.8+4.3
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Table 26Recoveries (%) of constituents from crude Polygonum Multiflorum Thunb.

decoction
Conc. Recoveries (%).
Constituents Spiked 1 2 3
Mean £ S.D
(ug/mL)

10.0 87.6 99.5 87.1 89.6+9.1

Emodin 5.0 81.7 92.0 80.1 84.6 £6.5

2.5 79.4 85.7 72.7 792 £6.5

10.0 83.2 81.1 79.5 81.3+1.8

Physcion 5.0 88.3 88.3 95.7 90.8+4.3
2.5 96.1 89.7 72.5 86.1 £12.2

Table 27 Recoveries (%) of constituents from processed Polygonum multiflorum

decoction
Conc. Recoveries (%).
Constituents Spiked 1 2 3 Mean + S.D
(ng/mL)

10.0 105.7 88.0 104.4 99.4+9.9

Emodin 5.0 89.7 104.4 95.7 96.6 + 7.4
2.5 99.5 84.0 81.1 88.2+9.9

10.0 92.3 98.4 83.2 91.3+7.6

Physcion 5.0 81.9 80.9 90.7 84.5+5.4
2.5 91.5 89.5 96.5 92.5+3.6

Table 28 Recoveries (%) of constituents from Polygonum cuspidant Sieb. Et Zuce.

decoction
Conc. Recoveries (%).
Constituents Spiked | 2 3
Mean =+ S.D
(ug/mL)

100.0 93.1 93.8 97.6 948+24

Emodin 50.0 86.4 83.2 87.3 85.6 +2.1
25.0 91.7 90.2 106.0 96.0 £8.7

100.0 96.7 89.9 89.7 92.1£4.0

Resveratrol 50.0 100.1 107.6 94.7 100.8 £ 6.5
25.0 81.3 89.2 85.8 854+39
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Table 29 Recoveries (%) of constituents from Aloe ferox Miller. decoction

Conc. Recoveries (%).
Constituents Spiked 1 2 3
Mean = S.D
(ng/mL)

100.0 78.4 76.4 76.8 772+ 1.1

Aloin 50.0 77.2 89.4 94.1 86.9 8.7

25.0 92.8 89.9 83.1 88.6 5.0

100.0 93.6 94.1 95.1 943+0.8

Aloe-emodin 50.0 96.8 100.8 103.8 100.5 3.5
25.0 82.8 105.2 110.3 99.4+14.6

Table 30 Recoveries (%) of constituents from Rumex japonicus decoction

Conc. Recoveries (%).
Constituents Spiked 1 2 3
Mean + S.D
(ng/mL)
100.0 97.8 90.2 95.9 946 £ 0.1
Emodin 50.0 95.5 96.2 98.4 96.7+ 1.6
25.0 95.7 90.7 93.8 93.4+25
100.0 96.9 87.2 90.2 91.5+£5.0
Chrysophanol 50.0 89.5 88.3 78.1 853+6.3

25.0 91.7 81.4 95.9 89.7+17.5

Table 31 Recoveries (%) of constituents from Cassiae torae semen decoction

Conc. Recoveries (%).
Constituents Spiked 1 2 3
Mean £ S.D
(ug/mL)

12.5 94.2 93.7 110.5 99.5+9.6

Chrysophanol 6.25 78.7 82.9 82.7 81.4+2.4
3.13 33.6 38.2 36.7 36.2+24

12.5 101.9 97.7 96.5 98.7+£2.38

Physcion 6.25 102.6 93.5 82.5 93.8£8.7

3.13 69.1 82.4 71.4 743 t£7.1
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IS: butylparaben
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Fig. 2 HPLC chromatogram of aloe-emodin, rhein, emodin, chrysophanol, and

physcion in Rheum officinale Baill. Decoction

1. aloe-emodin 2. rhein 3.emodin 4. chrysophanol 5. physcion

IS: butylparaben
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Fig. 3 HPLC chromatogram of aloe-emodin, rhein, emodin, chrysophanol, and
physcion in Rheum officinale Baill. decoction after acid hydrolysis
1. aloe-emodin 2. rhein 3. emodin 4. chrysophanol 5. physcion

IS: butylparaben
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Fig. 4 HPLC chromatogram of emodin and physcion in crude Polygonum
multiflorum Thunb. decoction 1. emodin 2. physcion IS: butylparaben
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Fig. 5 HPLC chromatogram of emodin and physcion in crude Polygonum
multiflorum Thunb. decoction after acid hydrolysis
1. emodin 2. physcion IS: butylparaben
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Fig. 6 HPLC chromatogram of emodin and physcion in processed Polygonum
multiflorum Thunb. decoction 1. emodin 2. physcion IS: butylparaben
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Fig. 7 HPLC chromatogram of resveratrol and ethylparaben
1. resveratrol IS: ethylparaben
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Fig. 8 HPLC chromatogram of emodin and resveratrol in Polygonum cuspidant
Sieb. Et Zuce. decoction 1. resveratrol 2. emodin IS: ethylparaben
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Fig. 9 HPLC chromatogram of emodin and resveratrol in Polygonum cuspidant
Sieb. Et Zuce. decoction after acid hydrolysis 1. resveratrol 2. emodin

IS: ethylparaben
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Fig. 10 HPLC chromatogram of emodin, chrysophanol, and ethylparaben
1. emodin 2. chrysophanol IS: ethylparaben
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Fig. 11 HPLC chromatogram of emodin and chrysophanol in Rumex japonicus
decoction 1.emodin 2. chrysophanol IS: ethylparaben
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Fig. 12 HPLC chromatogram of emodin and chrysophanol in Rumex japonicus
decoction after acid hydrolysis 1. emodin 2. chrysophanol
IS: ethylparaben
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Fig. 13 HPLC chromatogram of aloe-emodin, aloin, and 6,7-dimethoxycoumarin
1. aloin 2. aloe-emodin IS: 6,7-dimethoxycoumarin
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Fig. 14 HPLC chromatogram of aloe-emodin and aloin in Aloe ferox Miller.
Decoction 1. aloin 2. aloe-emodin IS: 6,7-dimethoxycoumarin
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Fig. 15 HPLC chromatogram of aloe-emodin and aloin in Aloe ferox Miller.

decoction after acid hydrolysis 1. aloin 2. aloe-emodin

IS: 6,7-dimethoxycoumarin

Ju

Fig. 16 HPLC chromatogram of chrysophanol, physcion, and propylparaben

1. chrysophanol 2. physcion IS: propylparaben
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Fig. 17 HPLC chromatogram of chrysophanol and physcion in Cassiae torae semen

decoction IS: propylparaben
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Fig. 18 HPLC chromatogram of chrysophanol and physcion in Cassiae torae semen
decoction after acid hydrolysis 1.chrysophanol 2. physcion
IS: propylparaben
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A: the time effect on acid hydrolysis; B: the influence of hydrogen chloride
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hydrolysis D: the protection of constituent content with or without ascorbic

acid; E: the influence of light on constituents
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