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Bioequivalence of Bioactive Markers Between Concentrated
Herbal Formula And

Traditional Herbal Decoction in Humans

Hou Yu-Chi

China Medical University

ABSTRACT

There are two dosage forms usually used in clinical Chinese medicine, i.e. concentrated herbal
formula and traditional herbal decoctions. Only the concentrated herbal formula is covered by health
insurance. However, it seems that there were no studies to evaluate the bioequivalence between
herbal concentrate and traditional decoction. In order to provide the data base for clinical application,
this study attempted to assess the bioequivalence between herbal concentrate and traditional
decoction.

San Huang Shel Shin Tang is a commonly used formula in Chinese medicine. The contents of
aloe-emodin, emodin, chrysophanol, rhein, baicalein, baicalin, wogonin, coptisine, palmatine, and
berberine in San Huang Shel Shin Tang (SHSST) were quantitated by HPLC method. By comparing
urinary recoveries and blood pharmacokinetics in humans, we attempted to evaluate the bioavailibility
and bioequivalence between traditional decoction and commercial extract of SHSST .

The results showed that coptisine, palmatine, berberine were not detected in u;ine, indicating null
bioavailibility of the parent forms of these three alkaloids. Baicalein, wogonin, emodin, aloe-emodin,
thein, chrysophanol were found predominantly as sulfates/glucuronides in the urine, only
baicalein, rhein and chrysophanol existed in part as free form. After ingesting SHSST decoction or

commercial extract, the polyphenols of SHSST in these two dosage forms were largely not
11



bioequivalent. All constituents demonstrated enterohepatic circulation. The excretion half-lives of all
constituents ranged from 3.9 to 15.0 h and the variability among individuals was large.

The results of blood assay showed that all constituents and their sulfates/glucuronides were not
detected in blood using HPLC-UV method, indicating that extremely low concentrations of these

biomarkers in circulation after ingesting SHSST decoction or commercial extract.

Keywords : San-Huang-Shel-Shin Tang ; pharmacokinetics ; bioavailabilities ;

bioequivalent
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=~ KRB G HA O RAR AT R
(—) SREZEREE

AAEETEAEEREHAERARRR P HERBBANZTR
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=« OREZEEHRR T IR RS R ARSI Z M
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2. ¥ AB % AN ELEL/ B B AEES % (sulfates/glucuronides) HEARERSMZEE
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500 pL BoRAE B %% AR he 150 L pH 5.0 buffer ~ 50 pL. #wt 5 CHE
(150 mg/mL) » R4 > 750 pL TEE L85 B (%4 0.2 pg/mL amyl
paraben & PR %) AikE a'é%l%é 30 ik & 9860é HikBES 5 o
RLEGER * A EAREE A S0pL F & s - B 20 ul 44 HPLC o
¥ ARSI RS ANEE S RRILEREL LRREETERE

o KIFHREKZIFREA -

22



(E)#HE R ER KT M
PR ER R RREEENSVE  BBRABRERAERKREH

HELFRERSZHHEE B E FREH S F o 4K Sigma-minus
method » ABE P EH s T2 A A HEE (Y) S50 X) FRMEEE -
BaEK)BHERR RS BAAL12=0.693/k BPARHERERE (tin)

3 SAKeHE L BUK AU B SR GBI R & R L Ae AT A £
W RIOREFRCHR AT ERRSRERBYZ M4 F %
(&) st PR A A LR A R B D #4233

— B PEIEEERNZIEE
A 500.0 pL fo e 0% 0 po A 4A £ Cixdk > 50ul 0.1 N HCL » i
MAASRBZ LB CUEEEER  ARZS8KRE%L > 8HREBEC BT

BE B RE  FARAR#E 144 50.0 uL FEZEZ AR > 42 HPLC o472 A o

-~ BB/ B R A AU (sulfates/ glucuronides) X X &
B 500.0 pL 2 34 > 150 uL sulfatase/B-glucuronidase &%
(1000 /20000 units/mL - ;&% pH 5.0 Z acetate buffer) » 4 4 % C /&% 50
pL (150 mg/mL) » B & AR AR B F KB RERBEFH > REK AN
SOPLO.INHCI- # A4 A2 LB CEBEXER ARAEIREL &5

RS RUBRCER » RAR$LE M 500 L FEREAR > 44 HPLC o
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HZH e
BARBZEEER A GRS AHZE RS sulfates/
glucuronides Z 2 & °
() oo 38 M & & 2Ok AR B AT 4 AR A Z A
— - A%;—f;mai LC-UV Z 5#7 &4t
& %4 0 C18 250 mmx 4.6 mm
B 48 0.1% HyPO, A iE ik do 5T B > SAHh BLIP 3R T X EAT ©
ik 0.8 mL/min
¥k & 250 nm e
—hEREH
48 & 4542 & 4 (aloe-emodin ~ emodin ~ chrysophanol ~ rhein ~ baicalein ~
baicalin ~ wogonin -~ coptisine * palmatine ~ berberine ) » LA F B # FF A%,
—AFRE BERIEZRSZ TSR MARBEE AR B
R ERBERR BHALHRERTEN

(%) BBRIERGLIT M
% %] 24 WINNONLIN  (version 3.0 ; PharsightCorp., USA.) 3tE#
o A 88 B B 53848 A2 2 Conae ~ T~ ti2 > AUCo 8 MRTo, %
+a B8 7 % £ 3 H4% 2A paired Student’s t-test A BT A R S i@
LRz HRaes 005 ATHRHBABRZER -

24



%~ BEREHW

A5 A & ki8R d ik (HPLC)Z & GMP + M R AR — R B A
IR PR 4 Z KRB RR KB AR 0 1R A A FIRBRzEHEH ERRBERE > 2K
PAEBEEHEARBEN  ZHHHRERA SRR FERERRS 0 S
4~ coptisine ~ palmatine ~ berberine baicalin -~ baicalein ~' wogonin * emodin »
aloe-emodin ~ thein ~ chrysophanol » &7 & % Bl4E M £ B X - Bib# HaRRE
Bb iR X AT AR 100 248 R A 0 BT B4 Fig. 1 o AFRTA
A 2 = 5B E P 54512 A & 8 4 R 4o Table 1> R 428 A 74 baicalein # 5
KALB 2 1.5 4% » {2 K A1 # % wogonin ~ rhein - chrysophanol % 5] 2 ik & # B &

3631 & 1.84  HepmaREERKR-

AERZHBCHEGRUBEKNBNARZARTAH S B % R E 25
ORRARE A 12 B B2 Z 5Bk MAl (120mL) RRMmHA G3gAE
A12gBAB) ENBKERERL 36 NFZ IR LA bb % S AE A A P & AR 6 AR
BAONAREN L ER o X HPLC-UV 2 8 AM 0 BRZFIB - HRZ I THRAR

ABR LA A RS o R PR £ REEK 0 BB SRR R ITRYT

X AT M B— RS TH A5 SR BRI ARRBIBAA ~ AR B
Fig. 2 i % » 2 BAMA T TR EZREHE R AR E SR Table 2 7777 » AHA R
Wz MR (r >O.999) s A sk 24 58 B4 intra-tun £ inter-run ZAEE R

4o Table 3 ~Table 8 Ffis% » % B4k (C.V.) HAHREMATHLREN BT
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ABMAEEE R o ZRSZEKRFEFE & R Table 9 A &M on EL

ENN T8~ 117.0% o 54 Lk 2 &R - sy #f B FMHTAT °

28 B 45 R 857 Bk P 3 sk # i coptisine ~ palmatine berberine » 887~ b =18 A
Wit A B R 2 A& T A R84k THREAEMEAFET T B3 E
EBBEANBEE BmBRRER S fB IR A T 45 b2k A iR At A 4 7 A8 P AR AR
bR 2 RHH S BmeEm b RS F -

Baicalein ~ wogonin * emodin - aloe-emodin ~ rhein chrysophanol * & % ;&
A B A% (sulfates/glucuronides) e 7 ¥ ~ {2 baicalein » rhein » chrysophanol
MEMERE S TFHEA BTS By AN a e Ricig 0 % A sulfates/glucuronides
SRR - R AME T AMHNELE REFERTERMAND N £ &5
RERABA

2B RRR ST EE  AAEEERAZBAREN S E SR
B BUAROEHEBERABEZE Mt FAERAI AR HAOBRWBE - AT
ELRENESHEZHE T BB R ERBE FEHKR &R Table 10~ Table
25 A 0 B2 ¥ B M HE B do Fig. 4 ~Fig. 9 A7k L& R # KR TE
Y &4 45 £ 4o Table 26 BA s »aloe-emodin $1 emodin & | 7 £ 42 8 Bg £ & > baicalein
75’:\/:7{‘1” Z 3 % (% of dose) 2 K Al #| & 7 /B 45 #C B! > wogonin ~ rhein £
chrysophanol 81 & 5 SR 82 % » MR 43T L2 2B o BoR A T eI R A
HNZHBCHTLERTOBREMFHEWATE -

Baicalein 1 wogqnin W36 N2 BB NN 4.8% ~ 16.5% 2T
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@ # &L38 &k & aloe-emodin ~ rhein ~ chrysophanol R % 24.3% ~ 214% Z B > PA8R
48 7451 3% % Z baicalein #2 wogonin » B rhein 3k & % F i 44.0 % ~214.3% > it
B ERBESENERS AER BT kSR T B rthein B HERR
glucosides 4 * 5 A ¥ % dianthrone 7‘:\2;{@{{[6"64] » {5]4o sennosides A ~ B €]
THEE MBS Ak glucosidase KA 0 Ttk 4R R BRAEAL - A4 CCaBRRM
R JE & B & thein > 34> sennosides C ~ D ~ E ~ F ~ rheidin A (thein-emodin
dianthrone) ~ rheidin B (thein-chrysophanol dianthrone) ~ rheidin C (rhein-physcion
dianthrone) ~ sennidin C (rhein-aloe-emodin dianthrone) % dianthrones 7% A rhein Z
BT A84 > B gk » %1% 24 rhein L2 O-Feipitia & 5 LB E o3 $ 045 T thein
zm g > R EHET HERUE - L chrysophanol bianthrone #¢ aloe-emodin
bianthrone 42 %] & chrysophanol #v aloe-emodin RTARY - B biE A E P E B
R Z AT R R NEXELGHTEMAFL -

@3+ B % A4 sulfates #2 glucuronides Z & ¥ M B B Atb B RER A Z
ja ¥4 BT A % > 4o Table 27 ff 5% » B thein b KEB LRy ZBHRERR
PV EER Y S R L LTS ES RNGETES £ ZM AR F ORIR
B A% 0 XS 8z 90%T 15 MEENNRAA AL B 80~120%% > R LA ¥ 3 {E
HEESHZ 90%7’];1'5 RIE 2 KM SLE N 80~125%% » AR AMMAEN - B
EKILER > AT RBER M2 ZRBTH ARy ERAEABAFS -

g sk & BE R 2 3 HEM % (% of dose/h) » 4o Fig. 10~Fig. 15 A7 ) #&

BA 2 REHHBRGERRLARER i &48 ™ A 4 aloe-emodin ~ rhein >
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emodin ~ chrysophanol 7 0-4 /]~ 85 5 f & HE PR & 5 4% » baicalein £ wogonin #* 4-12
IR EREHR BT AR RARBRAAR -

ABF 7% 4% Sigma-minus method » SABE PI A HER BRI AR B 2 B A H AR
@ > RGHRR R F L 0 R E AR E R o S BB IE e Table 10~Table 27
Fra o BRMAMPR ET N2 AR E ZIE A 0 & Table 28 Aiom - 0 RAKAEIAL
AR oMM EZTHS EMNE AR ko aloe-emodin sulfates/glucuronides ~
chrysophanol sulfates/glucuronides ] & i 11~15 h L Lt » m rhein sulfates/
glucuronides ~ emodin sulfates/glucuronides % 4~6.8h £ » 4R 2 K% N7 5h
2 10h 2k BANE RS ZHBRERD  BR—BHRRZRGBRET KT
RAELE  EA—BZRGMREFXFHEIF>RHADERATH

LB ALYE Yy BMCZRFEFRITAMASBRE D LRBEEL
HPLC-UV 94 B BRE FZ 54 » 4o Fig. 3 A7~ - BAME YRR T » 3
RAEHE ERIEE RS Z R AR E Y BT O RBAER AL AR T2 B

AHEARE 0 AR EFHKZ MR B4 LC/MS & LC/MS/MS Je k541 - B3
RE Gy ABRRRBRH - RIVESTEREE LOMS 204k FREEK
R R BRI ESSTERALE > B OERBEN OBERSE

PER -
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m - SR RER

. A EELE N GMP #£ F ERsmALEREHE=RES 5 7K AL B RR 48 |
sl > SR E RURZ EH H M B RERE RARABEEHEARAET
Mo K ALRISE 4 AR A 0 & rhein 25 ABRNZBHBRELZREAKR  2H
BMAAE RSN R EBE A ERZRE -

2. BB ARG A LA 8 kAR B 4 HPLC-UV &4 R EHET 3
ket d PSR RS Z R ARS AN B O R RS R AR PR
a0 B B E B 2 4k B0 LO/MS s LC/MS/MS pa SA5-47

3. & AR g K B SRR 48 B R HEREKZBEHBEL TRETRES ke g
MR mEs . — ARG HAER BB S BRBREERMITT Bp¥tin 1A
%%mz&&%%x%%’%%ﬁﬁﬁ%zﬁﬁo$$&®m%@%ﬁm%ﬁ
22 B4 REHABZ o E R E RS A oA FWERRAER R
GiBITRREAAFRE °

4. B FBRARE 4e 488 B AR R0 BAIRE LA M BB REGHKE
A RNBRIKERZ AN RERBGRIFEAGHE S F ZRE -

5. B4E AR Bl A B A SRR AR 2y B AR ABAMAT THRARBER
AERNZABBRRER TREARUBLEREHEZSE

6 KA T AR AT R A R A8 g TR RS2 AR Y
@ﬁ%%ﬁﬁ%ﬁmﬁzﬂ@%gﬁﬁﬁﬁ’M%%ﬁ%%&%ﬁm%zé

o BT RTRERRILZIHY -
29



ARG EARTAGHEETERELAS (++ & 43k 1 CCMP95-RD-010) #
pie BB > AT AT SORM AR 0 AL EGE

18 ~ -3 XK

1. Ching H., Hou Y.C., Hsiu S.L., Tsai S.Y. and Chao P.D.L., Influence of honey on the
gastrointestinal metabolism and disposition of glycyrrhizin and glycyrrhetic acid in
rabbits. Biol. Pharm. Bull.25, 87-91 (2002)

2. Lai M.Y., Chen C.C., Hsiu S.L. and Chao P.D.L., Analysis and comparison of
baicalin, baicalein and wogonin contents in traditional decoctions and commercial
extracts of Scutellariae Radix . J Food Drug Anal. 9, 145-149 (2001)

3.Yang, C.Y., Hsiu, S.L., Wen, K.C., Lin, S.P,, Tsai, S.Y., Hou, Y.C., Chao, PD.L,,
2005. Bioavailability and Metabolic Pharmacokinetics of Rutin and Quercetin in
Rats. Journal of Food and Drug Analysis. 13, 244-250, 2005

4. Hou Y. C., Ching H., Chao P. D. L, Tsai S. Y., Wen K. C., Hsieh P. H,, Hsiu S. L.,
Effects of glucose, fructose and 5-hydroxymethyl-2-furaldehyde on the presystemic
metabolism and absorption of glycyrrhizin in rabbits, Journal of Pharmacy and
Pharmacology. 57, 247-51, 2005

5. Hou Y. C., Hsiu S. L., Ching H,, Lin Ya-Tze , Tsai S. Y., Chao P. D. L,, Profound
difference of metabolic pharmacokinetics between pure glycyrrhizin  and
glycyrrhizin in licorice decoction, Life Sciences. 76, 1167-76, 2005

6.Ching H., Tsai S. Y, Lin S. P, Chao P. D. L., Hsiu S. L. and Hou Y. C..
Pharmacokinetic Difference Between Licorice and Honey - processed Licorice in
Rabbits. Mid Taiwan J Med, 9, 73-79, 2004

7. Hou Yu-Chi, Chao Pei-Dawn Lee, Chang Pei-Hua, Lin Ya-Tze, Wen Kuo-Ching and
Hsiu Su-Lan. Presystemic Metabolism of Anthraquinones of Rhubarb in Feces. Mid
Taiwan J Med, 9, 87-95, 2004.

8. Hou Y.C.,, Tsai Y.C,, Chao P. D. L, Hsiu S. L.. Nonlinear Pharmacokinetics of
Morin in Rabbits. Mid Taiwan J Med. 8, 134-40 (2003)

9. Lai M.Y,, Hsiu S.L., Hou Y.C., Yang C.Y., and Chao P.D.L.. Comparison of
Metabolic Pharmacokinetics of Baicalin and Baicalein in Rats. J. Pharm. Pharmacol.
55, 199-209 (2003). i

10. Hou Y.C., Chao PD.L., Ho H.J., Wen C.C. and Hsiu S.L.. Profound difference of
pharmacokinetics between morin and its isomer quercetin in rats. J. Pharm.
Pharmacol. 55, 199-203 (2003).

11.Lin Y.T, Hsiu S. L., Hou Y. C., Chen H.Y. and Chao P. D. L., Degradation of
flavonoid aglycones by rabbit, rat and human fecal flora. Biol. Pharm. Bull. 26,
747-751(2003)

12.Lai M.Y.,, Hsiu S.L., Chen C.C., Hou Y.C. and Chao PD.L.. Urinary
pharmacokinetics of baicalein, wogonin and their glycosides after oral

administration of Scutellariae Radix in humans. Biol. Pharm. Bull. 26, 79-83 (2003)
30



BARRELrETRELZBE QAT ZFERA R £ & 2% " Relative
Bioavailability of Bioactive Constituents between Commercial Extract and
Traditional Herbal Decoction of San Huang Shel Shin Tang | ,2004.

s ETRELE ehtmEEmEtEARRE (BET)

15. Bfb 2 2E RS - PREFLLRAE K197

16, BrxdE  PRyBeBEARA  ERGRE ER 1990

17. Baates  TELBANME 04 pEEFERS 11011 pIS-1T 1987 -

18. Fiaied YRIIABLENE 66 61 0 LAETERMES > S p.6-7
1995 -

19, ERBE > ZEHCFHBERER  RETE, > 11:7 »p317- 1990

20. HEME  ZHBCHERANERER BRI PER 3 p438> 1989 °

1. Hiake% ZEBOHABMET  TRTE, 947 p36 1987

22. Bg s ZRIBHe BRIER TR b F P B -5 45-46 0 2001 °

23, REBXE > WBCHE EGHEEHLE S 60 FavB®E 3118
1985 -

24, BURHE > B HAR LN AE B TRAR FREZMABR > 14

(1):16-18 > 1998 -
25. Z@@E %ﬁﬁ?%%%ﬂi%iﬁ'ﬁ%%ﬁﬁi?li}'«b}iﬁ\é‘]ﬁ%éﬁﬁﬁ PR 015
(2):1001-1528 » 1993 -
264t A S ZEHE L RBENRERERRE T RBESCHRS 7(10):
1599- » 1998 -

27.Chen D. Qiao L. Jing B. Effect of rhubarb on oxygen radicals leakage from
mitochondria of intestinal mucosa in burned rats. Zhongguo Zhong Xi Yi Jie He Za
Zhi Zhongguo Zhongxiyi Jiehe Zazhi. 20(1 1):849-52, 2000

28. Usui T. Ikeda Y. Tagami T. Matsuda K. Moriyama K. Yamada K. Kuzuya H.
Kohno S. Shimatsu A. The phytochemical lindleyin, isolated from Rhei rhizoma,
mediates hormonal effects through estrogen receptors. Journal of Endocrinology.
175(2):289-96, 2002

29. Wang CC. Huang YJ. Chen LG. Lee LT. Yang LL. Inducible nitric oxide synthase

inhibitors of Chinese herbs III. Rheum palmatum. Planta Medica. 68(10):869-74,
2002 Oct. 12391547

30. Kayashima T. Katayama T. Oxalic acid is available as a natural antioxidant in
some systems. Biochimica et Biophysica Acta. 1573(1):1-3, 2002

31. Saller R. Buechi S. Meyrat R. Schmidhauser C. Combined herbal preparation for
topical treatment of Herpes labialis. Forschende Komplementarmedizin und
Klassische Naturheilkunde. 8(6):373-82, 2001

32. Hsiang CY. Hsieh CL. Wu SL. Lai IL. Ho TY. Inhibitory effect of anti-pyretic and
anti-inflammatory herbs on herpes simplex virus replication. American Journal of
Chinese Medicine. 29(3-4):459-67, 2001. 11789588

33. Gabrielska J, Oszmianski J, Zylka R, Komorowsla M. Antioxidant activity of
flavones from Scutellaria baicalensis in lecithin liposomes. J Bioscl
1997;52:817-823.

31



34 Ryu SH, Ahn BZ, Pack MY. The cytotoxic principle of Scutellariae Radix against
L1210 cell. Planta Med 1985;5:462.

35. Jkemoto S, Sugimura K, Yoshida N, Yasumoto R, Wada S, Yamamoto K,
Kishimoto T. Antitumor effects of Scutellariae radix and its components baicalein,
baicalin, and wogonin on bladder cancer cell lines. Urology 2000;55:951-955.

J644EME~ HEF AR ERHEBEARFELRERWEAROTE
b IPgiEs R 0 19955 11 2 pp. 16-9 -

37. Zhang R, Li Y, Wang W. Enhancement of immune function in mice fed high dose
of soy daidzein. Mut and Cancer. 1997 ; 29 - pp. 24.

38. Arora A, Nair MG, Strasburg GM. Antioxidant activities of isoflavones and their
biological metabolites in a liposomal system. Arch Biochem Biophys. 1998 ; 356 :
pp. 133-41.

39. Jha HC, von Recklinghuasen G, Zilliken f. Inhibition of in vitro microsomal lipid
peroxidation by isoflavonoids. Biochem Pharmaco 1985 ; 34 : pp. 1367-9.

40. Donowitz M, Wicks J, Sharp GW, Rev. Infect. Dis. 8 (Suppl. 2) 1986; 8:S188

41. Mitani N, Murakami K, Yamaura T, Ikeda T, Saiki I, Cancer Lett. 2001; 165:35

42. Zhou H, Mineshita S. J. Pharmacol. Exp. Ther. 2000; 294: 822

43. Ohuchi K, Kamada Y, Levine L, Tsurufuji S. Glycyrrhizin inhibits prostaglandin
E2 production by activated peritoneal macrophages from rats. Prostaglandins &
Medicine. 7:457-463, 1981.

44, Rz z 0 HERBMORABOR IR LAAGER - PREZZRR 12
542-544 > 1996 -

45. Bikis -~ AT C BER o dEatE o QAT MR 4 A B ba e 8 3 LA
Vem o PR OB ERE 330341343 1998 °

46 Kitagawa K, Nishino H, Iwashima A. Inhibition of the specific binding of
12-O-tetradecanoylphorbol-13-acetate to mouse epidermal membrane fractions by
glycyrrhetic acid. Oncology. 43:127-130, 1986.

47. Okabe H, Shibata S, Fujiki H, Sugimura T. Glycyrrhetic acid inhibits
tumor-promoting activity of teleocidin and 12-O-tetradecanoylphorbol-13-acetate in
two-stage mouse skin carcinogenesis. Japanese Journal of Cancer Research.
77:33-38, 1986.

48. Chung JG, Chang HL, Lin WC, Wang HH, Yeh CC, Hung CF, Li YC. Inhibition of
N-acetyltransferase activity and DNA-2-aminofluorene adducts by glycyrrhizic acid
in human colon tumour cells. Food & Chemical Toxicology. 38:163-172, 2000.

49. Hattori T, Ikematsu S, Koito A, Matsushita S, Maeda Y, Hada M, Fujimaki M,
Takatsuki K. Preliminary evidence for inhibitory effect of glycyrrhizin on HIV
replication in patients with AIDS. Antiviral Research. 11:255-261, 1989.

50. Ito M, Nakashima H, Baba M, Pauwels R, De Clercq E, Shigeta S, Yamamoto N.
Inhibitory effect of glycyrrhizin on the in vitro infectivity and cytopathic activity of
the human immunodeficiency virus [HIV(HTLV-III/LAV)]. Antiviral Research.
7:127-137, 1987.

51. Hirabayashi K, Iwata S, Matsumoto H, Mori T, Shibata S, Baba M, Ito M, Shigeta
S, Nakashima H, Yamamoto N. Antiviral activities of glycyrrhizin and its modified

32



compounds against human immunodeficiency virus type 1 (HIV-1) and herpes
simplex virus type 1 (HSV-1) in vitro. Chemical & Pharmaceutical Bulletin.
39:112-115, 1991.

52. Ohtsuki K, Iahida N. Inhibitory effect of glycyrrhizin on polypeptide
phosphorylation by polypeptide-dependent protein kinase (kinase P) in vitro. |
Biochemical & Biophysical Research Communications. 157:597-604, 1988.

53. Ito M, Sato A, Hirabayashi K, Tanabe F, Shigeta S, Baba M, De Clercq E,
Nakashima H, Yamamoto N. Mechanism of inhibitory effect of glycyrrhizin on
replication of human immunodeficiency virus (HIV). Antiviral Research.
10:289-298, 1988.

54. Pliasunova OA, Egoricheva IN, Fediuk NV, Pokrovskii AG, Baltina LA, Murinov
Iul, Tolstikov GA. The anti-HIV activity of beta-glycyrrhizic acid. Voprosy
Virusologii. 37:235-238, 1992.

55. Utsunomiya T, Kobayashi M, Pollard RB, Suzuki F. Glycyrrhizin, an active
component of licorice roots, reduces morbidity and mortality of mice infected with
lethal doses of influenza virus. Antimicrobial Agents & Chemotherapy. 41:551-556,
1997.

56. Watanbe H, Miyaji C, Makino M, Abo T. Therapeutic effects of glycyrrhizin in
mice infected with LP-BMS5 murine retrovirus and mechanisms involved in the
prevention of disease progression. Biotherapy. 9:209-220, 1996.

57. Utsunomiya T, Kobayashi M, Ito M, Pollard RB, Suzuki F. Glycyrrhizin improves
the resistance of MAIDS mice to opportunistic infection of Candida albicans
through the modulation of MAIDS-associated type 2 T cell responses. Clinical
Immunology. 95:145-155, 2000.

58. Cinati J, Morgenstern B, Bauer G, Chandra P, Rabenau H, Doerr HW, Glycyrrhizin,
an active component of liquorice roots, and replication of SARS-associated
coronavirus The Lancet. 2003; 361: 2045-6.

59. TERAEAEE THEAARBRBRERLEREEFR, 2002 ¢

60. /TH MR AE T RLARTARRA M FHRBAE > 2003 -

6. i h ~ HFEE R PRAKRAAARA F—% LRPIHEBRAE 1996

62. Jemll J et al. Planta Medica, 12:107, 1964.

63. Jemll J et al. Planta Medica, 12:51, 1964

64. Jemll J et al. Planta Medica, 99:613, 1964

65. Pan JF, Yu C, Zhu DY, Zhang H, Zeng JF, Jiang SH, Ren JY. Identification of

three sulfate-conjugated metabolites of berberine chloride in healthy volunteers'
urine after oral administration. Acta Pharmacol Sin. 2002 Jan;23(1):77-82

33



Table 1 Comparison of various contents (umoL) in the hydrolysate of decoction and commercial
extract of SHSST

Constituents Decoction Commercial extract
(pmoL/120 mL) (umoL/3.3 g)
Baicalein 309.6 449.2
Aloe-emodin 19.7 22.1
Wogonin 121.3 33.7
Rhein - 28.6 9.2
Emodin 5.4 6.2
Chrysophanol 8.3 4.7

Table 2 The regression equations, concentration ranges and correlation coefficients of constituents of

SHSST in urine.

Constituents Regression equations Con.c range (ng/mL) T
baicalein Y =0.827X-0.024 0.19~12.0 0.9999
aloe-emodin Y = 1.451X+0.096 0.06 ~ 8.0 0.9998
wogonin Y =0.908X+0.043 0.20~25.0 0.9998
rhein Y =1.262X+0.018 0.09~12.0 0.9999
emodin Y =1.151X-0.002 0.16 ~20.0 0.9997
chrysophanol Y =1.621X-0.108 0.08~5.0 0.9999

Table 3 Intraday and interday analytical precision and accuracy of baicalein in urine

Intraday Interday
Conc Precision Accuracy Precision Accuracy
(ng/mL) Mean = S.D.(C.V.%) (%) Mean + S.D.(C.V.%) (%)
12.0 124+02 (14) 3.0 122204 (2.9) 1.8
6.0 6.0+£0.1 (0.8) 0.5 6.0+0.1 (1.4) 0.1
3.0 29+0.1 (1.8) 2.1 29+0.1 (24) -1.7
1.5 1.5+0.1 (2.8) -3.3 1.5+£0.0 (1.1) -1.0
0.8 0.7+£01 .(2.5) -0.8 08+0.0 (1.5) 0.4
0.4 04101 (24) 5.1 04+£00 (5.6) 10.3
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Table 4 Intraday and interday analytical precision and accuracy of wogonin in urine

Intraday Interday
Conc Precision Accuracy Precision Accuracy
(ng/mL) Mean + S.D.(C.V.%) (%) Mean + S.D.(C.V.%) (%)
8.00 8.27£0.12 (1.41) 33 8.00 £0.52 96.53) 0.1
4.00 4.07£0.07 (1.72) 1.7 3.97 £0.19 (4.76) -0.8
2.00 1.95+0.02 (1.03) -2.3 1.96 £0.01 (0.45) 2.1
1.00 0.94 £0.02 (2.47) -6.3 0.95 £0.01 (1.36) -4.6
0.50 0.46 £0.01 (1.14) -8.9 0.46 £0.02 (3.96) -8.4
0.25 0.22 £0.01 (3.75) -12.2 0.22 £0.01 (2.30) -11.4
0.13 0.13+£0.01 (8.65) 1.9 0.12 £0.01 (6.53) -3.4
0.06 0.06 £0.01 (13.05) -3.5 0.07 £0.00 (0.89) 4.1

Table 5 Intraday and interday analytical precision and accuracy of emodin in urine

Intraday Interday

Conc Precision Accuracy Precision Accuracy
(ugmL)  Mean £ S.D.(C.V.%) (%) Mean + S.D.(C.V.%) (%)
25.0 25.8+03 (1.3) 33 25114 (5.5) 0.3
12.5 12.7+0.1 (0.8) 1.8 125403 (2.5) -0.2
6.3 62+0.1 (L.1) 0.0 63+02 (2.7 0.3
3.1 3.0£01 (2.0 -4.1 3.0£0.1 (3.1) -5.6
1.6 1.5+£0.0 (0.9 -5.7 1.5+£00 (3.0) -4.8
0.8 07+£0.0 (1.2) -5.3 08+0.1 (74) -1.0

0.4 0400 (1.1) 4.6 04+00 (89). 10.5
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Table 6 Intraday and interday analytical precision and accuracy of aloe-emodin in urine

Intraday Interday

Conc Precision Accuracy Precision Accuracy
(ng/mL) Mean * S.D.(C.V.%) (%) Mean + S.D.(C.V.%) (%)
12.0 12301 (0.9) 25 11.9+05 (4.4) -1.2
6.0 6.1+0.1 (1.1) 1.5 59+03 (4.6 -1.4
3.0 3.0£00 (1.3) -0.1 3.0+0.1 (2.1) -0.5
1.5 1.5£0.0 (2.1) 2.3 1.4+£0.0 (2.3) -3.9
0.8 0.7+0.0 (0.9) -3.8 0.7+£0.0 (6.2) -1.7
0.4 04+00 (2.1) -6.6 04+00 (5.8) -5.0
0.2 02100 (8.0) 3.5 02+0.0 (9.1) -5.1
0.1 0.1+£00 (3.1) -3.0 0.1+£00 (9.5) 5.7

Table 7 Intraday and interday analytical precision and accuracy of rhein in urine

Intraday Interday

Conc Precision Accuracy Precision Accuracy
(ug/mL) Mean * S.D.(C.V.%) (%) Mean £ S.D.(C.V.%) (%)
20.0 205+04 (2.1) 25 205+0.4 (2.0 23
10.0 102+0.1 (0.8) 1.5 10.1£0.1  (0.8) 1.0
5.0 5101 (1.2) 1.7 51+01 (1.3) 1.8
2.5 26+02 (7.2) 3.6 26102 (7.0) 33
1.3 1.3£01 (7.0) 4.3 13£01 (3.9 1.7
0.6 0601 (9.0 -3.3 0.6+00 (7.9) -4.7
0.3 0300 (13.2) 2.5 03+0.0 (11.5) 9.4
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Table 8 Intraday and interday analytical precision and accuracy of chrysophanol in urine

Intraday Interday
Conc Precision Accuracy Precision Accuracy
(ng/mL) Mean + S.D.(C.V.%) (%) Mean + S.D.(C.V.%) (%)
5.0 53+03 (6.3) 6.0 49+04 (7.7) -1.5
2.5 2601 (3.9 5.7 25+02 (7.1) -0.7
1.3 13+01 (4.6) 1.6 12+0.1 (9.5 -0.7
0.6 06+00 (3.3) 2.2 06+00 (5.7) -3.2
0.3 03+0.0 (4.8) -4.0 03+£0.0 (10.3) -4.5
0.2 02+00 (10.2) 3.8 02+0.0 (64) 14.5
0.1 01+£00 (3.7 3.6 0.1+0.0 (3.4) 3.7

Table 9 Recoveries (%) of various constituents of SHSST from urine

Conc. Spiked Recoveries (%).
Constituents A 1 2 3
(ng/mL) Mean + S.D
6.00 92.87 95.70 95.11 94.56 + 1.50
Baicalein 1.50 104.07 106.65 102.43  104.39 +2.13
0.38 113.58 120.48 117.05  117.04 £3.45
4.00 86.67 89.59 88.98 88.41 £ 1.54
Wogonin 1.00 95.20 95.62 91.88 94.23 +2.05
0.25 103.60 109.67 105.84  106.37 £3.07
12.50 84.47 86.17 87.12 85.92 +£1.34
Emodin 3.13 94.42 95.96 93.11 94.50 + 1.43
0.78 112.57 117.86 11436  114.93 £2.69
6.00 86.87 89.12 89.09 88.36 +1.29
Aloe-emodin 1.50 93.05 . 95.41 91.82 93.43 + 1.82
0.38 98.42 102.12 99.34 99.96 + 1.92
10.00 68.91 74.97 71.51 71.80 + 3.04
Rhein 2.50 69.26 71.75 75.94 72.32 £3.38
0.63 87.81 92.24 87.13 89.06 +2.77
2.50 78.85 82.54 87.39 82.92 +4.28
chrysophanol 0.63 80.35 92.43 94.25 89.01 £ 7.56

0.16 93.04 105.07 93.04 97.05 £6.95
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Table 10 Urinary excretion (% of dose) in each time interval and ti» (h) of baicalein after dosing of

SHSST decoction to seven volunteers.

Time (h) 1 2 3 4 5 6 7 Mean = S.D
0-2 0.8 0.3 0.6 0.3 0.4 0.7 0.2 0.5+0.2
2-4 0.2 0.2 0.3 0.2 0.1 0.4 0.1 0.240.1
4-6 0.4 0.1 0.4 0.2 0.3 0.2 0.9 0.4+0.3
6-8 0.2 0.1 0.2 0.2 0.4 0.4 0.4 0.310.1
8-10 0.2 0.1 0.3 0.4 0.2 0.3 0.3 0310.1

10-12 0.1 0.2 0.5 0.4 0.2 0.2 0.1 0.3+0.2
12-24 0.5 1.9 0.4 1.1 0.9 0.9 1.0 1.0+0.5
24-36 1.3 0.9 1.3 2.1 1.5 1.3 0.9 13104
Total (umol) 3.6 3.8 41 49 39 4.5 3.8 41205

% of dose 1.2 1.2 1.3 1.6 12 1.4 1.2 1.310.1

ti2 (h) 18.7 36.3 153 18.9 16.9 14.0 11.0 18.7 £8.2

Table 11 Urinary excretion (% of dose) in each time interval and t;;2 (h) of baicalein after dosing

commercial extract of SHSST to seven volunteers.

Time (h) 1 2 3 4 5 6 7 Mean £ S.D
0-2 0.1 0.2 0.1 0.1 0.2 0.3 0.2 0.2 £0.1
2-4 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 £0.0
4-6 0.1 0.0 0.1 0.2 0.1 0.1 0.6 0.210.2
6-8 0.1 0.1 0.1 0.1 0.1 0.0 0.3 0.1 0.1
8-10 0.0 0.9 0.1 0.1 0.1 0.1 0.2 02103

10-12 0.1 0.2 0.1 0.1 0.1 0.0 0.2 0.1 £0.1
12-24 0.1 0.1 0.3 0.2- 0.4 0.3 0.5 0.3 £0.1
24-36 0.5 1.0 0.4 0.8 0.4 0.7 0.2 0.6 £0.3
Total (umol) 1.0 2.6 1.3 1.8 1.6 1.5 20 1.7 £0.5

% of dose 0.2 0.6 0.3 0.4 0.3 0.3 0.4 0.4 £0.1

tiz2 (h) 22.2 14.2 15.8 18.5 13.8 23.8 6.3 16.4+5.9
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Table 12 Urinary excretion (% of dose) in each time interval and tiz (h) of baicalein

sulfates/glucuronides after dosing of SHSST decoction to seven volunteers.

Time (h) 1 2 3 4 5 6 7 Mean +S.D.
0-2 0.7 1.7 1.7 12 1.0 0.8 1.6 12+0.4
2-4 0.6 0.8 0.7 0.5 0.7 0.3 0.8 0.7+0.2
4-6 3.4 0.5 3.3 1.1 2.0 0.4 3.2 20%1.4
6-8 3.2 0.7 6.1 1.1 4.4 1.9 4.6 3.1%2.0
8-10 2.5 1.5 4.4 0.8 2.6 1.8 3.4 24%12

10-12 1.4 438 2.5 1.9 3.9 1.6 3.1 2.7+1.3
12-24 05 113 77 2.0 5.7 1.7 5.1 4938
24-36 5.4 8.0 2.7 4.7 3.8 0.8 3.9 42%23
Total (umol) 177 294 290 134 242 94 25.6 212%7.9

% ofdose 5.7 9.5 9.4 43 7.8 3.0 8.3 6.9+2.5

tir2 (h) 122 119 62 152 79 6.0 7.8 9.6%3.5

Table 13 Urinary excretion (% of dose) in cach time interval and t;» (h) of baicalein

sulfates/glucuronides after dosing of commercial extract of SHSST to seven volunteers.

Time (h) 1 2 3 4 5 6 7 Mean + S.D
0-2 11 14 09 08 23 04 08 1.140.6
2-4 o7 07 08 06 02 02 07 0.6 0.2
4-6 32 09 08 25 15 15 4l 21412
6-8 28 10 18 39 15 16 35 23 +1.1
8-10 30 16 28 28 16 18 31 2.440.7

10-12 L6 42 26 38 06 10 23 23414
12-24 36 140 36 74 29 34 39 5.54.0
24-36 28 128 05 13 28 31 26 3.7 4.1
Total (umol) 188 366 140 231 135 131 210 20.0 8.3
% ofdose 42 82 31 52 30 29 47 | 45+1.9

tinn (h) 7.8 14.5 4.5 5.1 10.5 10.2 7.1 85435
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Table 14 Urinary excretion (% of dose) in each time interval and typ (h) of aloe-emodin

sulfates/glucuronides after dosing of SHSST decoction to seven volunteers

Time () 1 2 3 4 5 6 7 Mean +S.D.
0-2 06 06 05 04 04 03 23 0.7%0.7
2-4 04 05 00 01 04 01 0.6 0.3%0.2
4-6 05 00 00 01 04  O1 1.0 0.3%0.4
6-8 05 00 00 13 04 01 0.8 0.5+0.5
8-10 05 04 00 12 04 01 0.1 0404

10-12 03 04 01 08 05 02 05 0.4%0.2
12-24 1.5 1.7 01 30 1.8 1.1 2.9 171.0
24-36 14 10 01 38 24 30 16 1913
Total (umol) 57 47 08 107 67 5l 9.7 62133

v ofdose 288 237 42 546 338 260 494 31.5%16.8

ti2 (h) 117 113 98 141 159 323 98 15.0£7.9

Table 15 Urinary excretion (% of dose) in each time interval and t;» (h) of aloe-emodin

sulfates/glucuronides after dosing of commercial extract of SHSST to seven volunteers.

Time (h) 1 2 3 4 5 6 7 Mean £ S.D
0-2 Lo 02 05 09 15 02 09 0.7 0.5
2-4 08 02 03 04 00 02 06 0.440.3
4-6 08 03 03 09 05 05 10 0.60.3
6-8 09 01 01 07 03 02 05 0.440.3
8-10 07 01 00 10 05 03 08 0.5+0.4

10-12 05 03 00 08 06 03 07 0.540.3
24 26 12 02 38 11 15 26 20412
2436 26 09 03 18 13 12 20 14038
Tol(umol) 99 32 17 103 65 44 92 6.443.4
viofdose 448 147 77 466 293 198 416 29256
(L) 123 124 130 90 108 117 106 114314
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Table 16 Urinary excretion (% of dose) in each time interval and t;p (h) of wogonin

sulfates/glucuronides after dosing of SHSST decoction to seven volunteers

Time (h) 1 2 3 4 5 6 7 Mean *S.D.
0-2 04 03 14 00 01 1.5 1.0 0.7%0.6
2-4 0.1 00 03 01 00 00 OI 0.1%0.1
4-6 1.0 01 27 00 08 00 38 1215
6-8 13 01 25 03 11 03 01 0.8+0.9
8-10 06 05 16 05 05 01 0.1 0.5£0.5
10-12 0.5 10 05 01 05 00 01 0403
12-24 03 23 33 04 07 01 0.5 1.1£12
24-36 00 08 09 04 00 00 00 03%0.4

Total (umol) 42 51 132 18 37 20 57 5.1%3.8

o ofdose 34 42 109 15 31 1.7 47 4232

tiyz (h) 27 82 58 95 4l 39 27 53%2.7

Table 17 Urinary excretion (% of dose) in each time interval and ty2 (h) of wogonin

sulfates/glucuronides after dosing of commercial extract of SHSST to seven volunteers

Time (h) 1 2 3 4 5 6 7 Mean = S.D
0-2 0.0 0.0 0.0 0.2 0.0 0.4 0.9 0.2+0.3
2-4 3.7 0.0 0.0 0.0 0.0 0.0 0.6 0.6+1.4
4-6 0.0 0.0 0.0 0.6 0.0 3.7 1.0 08+1.4
6-8 0.2 0.3 0.8 0.4 0.3 3.2 0.5 0.8+1.1
8-10 0.6 0.7 0.2 0.6 0.2 1.8 0.8 0.7 £0.5

10-12 0.9 0.5 0.1 0.5 0.2 1.0 0.7 0.5+0.3
12-24 2.1 1.0 0.0 1.6 0.7 1.0 2.6 1.2+0.9
24-36 1.7 0.5 0.0 0.0 0.0 0.0 2.0 0.6+0.9
Total (umol) 9.1 3.1 1.1 32 1.4 11.1 9.2 55+4.2
% of dose 27.1 9.2 33 9.6 4.0 33.0 27.2 16.2+12.4

tiz (h) 35 100 77 21 5.9 9.4 2.8 59432
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Table 18 Urinary excretion (% of dose) in each time interval and t;» (h) of rhein after dosing of

SHSST decoction to seven volunteers

Time (h) 1 2 3 4 5 6 7 Mean = S.D
0-2 1.1 0.5 0.4 0.4 0.2 0.3 0.4 0.540.3
2-4 1.1 1.3 0.2 0.1 0.4 0.3 0.7 0.6 £0.5
4-6 0.3 0.4 0.2 0.5 0.2 0.3 0.4 0.3 0.1
6-8 0.1 0.2 0.0 0.1 0.1 0.2 0.1 0.1 £0.1
8-10 0.1 0.1 0.1 0.1 0.0 0.1 0.1 0.10.0

10-12 0.0 0.1 0.0 0.1 0.0 0.1 0.0 0.0 £0.0
12-24 0.0 0.4 0.1 0.4 0.0 0.2 0.2 0.2£0.2
24-36 0.5 0.0 0.0 0.6 0.0 0.3 0.3 0.240.2
Total (umol) 3.2 3.1 1.0 2.1 1.0 1.9 2.2 2.1+0.9
% of dose 11.3 11.0 33 7.2 3.4 6.5 7.6 72432
tir2 (h) 4.9 3.9 2.8 14.0 1.7 7.0 9.3 62143

Table 19 Urinary excretion (% of dose) in each time interval and ti, (h) of rhein after dosing of
commercial extract of SHSST to seven volunteers

Time (h) 1 2 3 4 5 6 7 Mean + S.D
0-2 3.1 24 33 2.9 2.6 1.9 3.5 2.8 105
2-4 2.0 1.4 2.5 1.4 2.5 2.2 23 20 0.5
4-6 1.4 1.3 1.9 2.0 1.6 0.8 1.4 1.5 04
6-8 0.9 0.9 1.5 1.1 13 1.2 1.7 12 203
8-10 0.7 1.0 1.1 1.0 0.8 0.5 1.2 09 +03

10-12 0.6 1.0 1.0 0.6 0.8 0.5 0.6 0.8 0.2
12-24 0.5 1.9 20 1.9 1.3 0.8 0.8 13 106
24-36 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total (umol) 9.1 10.0 13.4 10.9 10.9 7.9 11.5 10.5 1.8

% of dose 99.1 108.7 1459 1187 1192 86.6 1254 11438 +19.1
tir2 (h) 0.7 3.3 9.7 55 6.6 3.7 2.1 45 3.0
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Table 20 Urinary excretion (% of dose) in each time interval and tip (h) of rhein

sulfates/glucuronides after dosing of SHSST decoction to seven volunteers.

Time (h) 1 2 3 4 5 6 7 Mean + S.D
0-2 3.1 24 33 29 26 19 35 2.8 £0.5
2-4 2.0 1.4 25 14 25 22 23 2.040.5
4-6 1.4 1.3 19 20 16 08 1.4 1.5 0.4
6-8 09 09 1.5 1.1 13 1.2 1.7 1.240.3
8-10 0.7 1.0 1.1 10 08 05 1.2 0.90.3

10-12 0.6 1.0 10 06 08 05 0.6 0.8+02
12-24 0.5 19 20 19 1.3 0.8 0.8 1.340.6
24-36 00 00 00 00 00 00 00 0.0 +0.0
Total (umol) 9.1 100 134 109 109 79 11.5 10.5+1.8

v, ofdose 318 349 468 381 383 278 402 36.8 6.1

ti () 30 52 44 47 39 36 3.0 4.0+0.8

Table 21 Urinary excretion (% of dose) in each time interval and t;» (h) of rhein

sulfates/glucuronides after dosing of commercial extract of SHSST to seven volunteers.

Time (h) 1 2 3 4 5 6 7 Mean + S.D
0-2 4.1 2.4 1.6 2.6 5.4 2.4 2.2 3.0+1.3
2-4 2.3 0.0 2.2 1.6 0.8 2.0 2.4 1.6+0.9
4-6 1.6 1.7 1.8 1.5 1.3 1.2 1.1 1.540.3
6-8 0.6 0.6 0.9 1.0 0.9 0.5 0.8 0.8 0.2
8-10 0.6 0.4 0.4 0.6 0.7 0.6 0.6 0.5 +0.1
10-12 0.4 0.6 0.2 0.6 0.5 0.3 0.5 0.4+0.2
12-24 0.5 1.5 0.8 1.7 1.0 -11 0.7 1.0+0.4
24-36 12 0.0 0.0 0.2 0.4 0.0 0.2 0.3 +0.4
Total (umol) 114 7.2 7.8 98  11.1 8.1 8.5 9.1+1.6
o ofdose 1238 786 852 1069 1205 885 927 99.5 +17.8
ti2 (h) 7.8 14.5 4.5 5.1 10.5 102 7.1 " 8.543.5

43



Table 22 Urinary excretion (% of dose) in each time interval and t;2 (h) of emodin

sulfates/glucuronides after dosing of SHSST decoction to seven volunteers.

Time (h) 1 2 3 4 5 6 7 Mean = S.D
0-2 0.1 0.3 0.2 0.2 0.2 0.1 0.2 0.2+0.1
2-4 0.1 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0
4-6 0.0 0.0 0.1 0.1 0.1 0.0 0.0 0.010.0
6-8 0.0 0.0 0.1 0.1 0.1 0.0 0.0 0.010.0
8-10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.010.0

10-12 0.0 0.1 0.0 0.1 0.0 0.0 0.0 0.0+0.0
12-24 0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.0+0.0
24-36 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0+0.0
Total (umol) 0.2 0.5 0.6 0.4 0.5 0.3 0.2 0.4+0.2

% of dose 4.0 9.6 113 8.2 9.7 4.8 4.2 7.4 £3.0

tina (h) 2.8 6.2 6.4 34 2.7 4.5 1.5 3.9+1.8

Table 23 Urinary excretion (% of dose) in each time interval and tiz (h) of emodin

sulfates/glucuronides after dosing of commercial extract of SHSST to seven volunteers.

Time (h) 1 2 3 4 5 6 7 Mean = S.D
0-2 0.2 0.3 0.0 0.2 0.2 0.0 0.2 0.2+0.1
2-4 0.0 0.1 0.0 0.0 0.1 0.0 0.1 0.0£0.0
4-6 0.1 0.0 0.0 0.1 0.1 0.0 0.1 0.140.0
6-8 0.0 0.0 0.0 0.1 0.0 0.0 0.1 0.0 £0.0
8-10 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 £0.0

10-12 00 00 00 00 00 00 00 0.0 £0.0
12-24 0.0 0.1 0.0 0.1 0.0 0.0 0.0 0.0 £0.0
24-36 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 +0.1
Total (umol) 0.5 06. 02 0.6 0.4 0.2 0.7 0.5+0.2
%ofdose 7.6 9.2 3.4 104 7.0 2.9 10.5 7.3 £3.1

tirn (h) 3.6 6.2 11.4 12.3 3.0 8.1 2.7 6.8 +4.0
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Table 24 Urinary excretion (% of dose) in each time interval and tip (h) of chrysophanol

sulfates/glucuronides after dosing of SHSST decoction to seven volunteers.

Time (h) 1 2 3 4 5 6 7 Mean + S.D
0-2 03 03 05 03 04 04 05 0.4 0.1
2-4 0.1 0.1 02 0l 0.1 0.3 0.1 0.140.1
4-6 0.1 00 0.1 0.1 0.1 0.1 0.0 0.1 £0.0
6-8 0.1 00 02 01 01 0.1 0.1 0.1+0.0
8-10 0.1 0.1 0.1 01 0.1 0.1 0.1 0.1 0.0
10-12 01 01 02 01 01 0.1 0.1 0.1 £0.0
12-24 0.1 02 04 03 04 03 0.0 0.2 0.2

24-36 00 07 06 00 08 07 00 0.410.4
Total (umol) 09 1.6 23 12 22 20 08 1.6+0.6

o ofdose 112 187 277 142 259 236 96 18.747.3

ty2 (h) 22 19 62 152 19 60 18 9.6+3.5

Table 25 Urinary excretion (% of dose) in each time interval and tiz (h) of chrysophanol

sulfates/glucuronides after dosing of commercial extract of SHSST to seven volunteers.

Time (h) 1 2 3 4 5 6 7 Mean + S.D
0-2 0.3 0.5 0.3 0.3 1.0 0.4 0.3 0.4+0.2
2-4 0.1 0.1 0.2 0.1 0.3 0.1 0.1 0.1 £0.1
4-6 0.1 0.1 0.1 0.2 0.2 0.1 0.1 0.1 +£0.1
6-8 0.0 0.1 0.1 0.2 0.2 0.1 0.2 0.110.1
8-10 0.1 0.2 0.1 0.1 0.1 0.4 0.0 0.1 £0.1

10-12 0.1 0.0 0.2 0.1 03 0.0 0.1 0.1 £0.1
12-24 0.4 0.1 0.2 04 0.5 0.4 0.0 0.310.2
24-36 0.0 1.5. 0.5 0.0 0.0 0.9 0.0 0.4 0.6
Total (umol) 1.1 2.6 1.6 1.3 2.7 2.5 0.8 1.8+0.8
% of dose 23.9 55.0 343 28.6 571 52.2 17.4 3831162

ty2 (h) 7.8 14.5 4.5 5.1 10.5 10.2 7.1 8.543.5
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Table 26 Excretion (% of dose) of various markers and their conjugates in seven volunteers after

administration of decoction and commercial extract of SHSST.

Decoction Commercial extract
Mean + S.D. Mean * S.D.

Baicalein 1.3%0.1 0.410.1
Baicalein sulfates /glucuronides 6.912.5 4519
Total 82124 48%19
Aloe-emodin N.D. N.D.
Aloe-emodin sulfates /glucuronides 31.5116.8 292 %15.6
Total 31.5+16.8 29.2+15.6
Wogonin 0.6 £0.6 0.3 10.5
Wogonin sulfates /glucuronides 42132 16.2+12.4
Total R 4.8%3.7 16.5%12.2
Rhein 72%32 114.8£19.1
Rhein sulfates /glucuronides 36.816.1 99.5+17.8
Total 44.015.1 21431238
Emodin 0.310.7 0.510.9
Emodin sulfates /glucuronides 7.413.0 7.313.1
Total 7.713.1 7.813.1
Chrysophanol 5.614.4 19.8 £10.9
Chrysophanol sulfates / glucuronides 18.717.3 38.3£16.2
Total 24319.1 58.1119.3
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Table 27 Urinary excretion amount (umoL) of various constituents in urine after dosing decoctions

and commercial extract of SHSST to seven volunteers.

Commercial
Constituents Decoction extract 90% Confidence
interval of C/D
Mean Mean
Baicalein 253 21.7 66 ~114%
Aloe-emodin 6.2 6.4 80 ~154 %
Wogonin 5.8 5.6 32~285%
rhein 12.6 19.6 *** 144 ~170%
Emodin 04 0.5 76 ~195%
chrysophanol 2.0 2.7 105 ~181 %

sk P<(0.001

Table 28 Urinary excretion half-life of conjugate metabolites in seven volunteers after intake of

decoction and commercial extract of SHSST.

Decoction Commercial
extract
Baicalein sulfates/glucuronides 9.6 £3.5 8.5+3.5
Aloe-emodin sulfates/glucuronides 15.0+7.9 11.4+£14
Wogonin sulfates/glucuronides 53+2.7 59432
Rhein sulfates/glucuronides 4.0+0.8 4.6 £0.9
Emodin sulfates/glucuronides 39+1.8 6.8+4.0
Chrysophanol sulfates/glucuronides : 13.4 8.6 15.0+12.1
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Fig. 1. HPLC chromatogram of the commercial extract of SHSST
1. coptisine 2. baicalin 3. palmatine 4. berberine 5. baicalein

6. aloe-emodin 7. wogonin 8. rhein 9. emodin 10. chrysophanol

L.S. : 2-methylanthraquinone
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35

minute

Fig. 2. HPLC chromatogram of urine in a volunteer after taking decoction of
SHSST. (A) standards spiked in blank urine ; (B) blank urine ; (C) urine
sample; (D) urine sample hydrolyzed with sulfatase / glucuronidése

1. baicalein 2. aloe-emodin 3. wogonin 4.rhein 5. emodin

6. chrysophanol 1.S. : amyl paraben
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Fig. 3. HPLC chromatogram of plasma in a volunteer after taking decoction of

SHSST. (A) standard solution ; (B) blank plasma ; (C) plasma sample; (D)

plasma sample hydrolyzed with sulfatase /glucuronidase

1 baicalein 2. aloe-emodin 3. wogonin 4. rhein 5. emodin

6. chrysophanol LS. : amyl paraben
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Fig. 4 Mean (35.D.) cumulated excretion amount (pmoL) of baicalein and baicalein

sulfates/glucuronides in urine of seven volunteers after intake of SHSST

decoction (a) (12 g/120 mL) and commercial extract (b) (3.3 g).

10-1

—e— decoction
—O— commercial extract

Cumulated amount of aloe-emodin conjugates (umoL)

40

Times (hr)

Fig. 5 Mean (*S.D)) cumulated excretion amount (pmoL) of aloe-emodin

sulfates/glucuronides in urine of seven volunteers after intake of SHSST

decoction (a) (12 g/120 mL) and commercial extract (b) (3.3 2)
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Figg 6 Mean (£ SD.) cumulated excretion amount (pmol) of wogonin

sulfates/glucuronides in urine of seven volunteers after intake of SHSST

decoction (12 g/120 mL) and commercial extract (3.3 g).
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Fig. 7 Mean (1S.D.) cumulated excretion amount (pumoL) of rhein and rhein

sulfates/glucuronides in urine of seven volunteers after intake of SHSST

decoction (a) (12 g/120 mL) and commercial extract (b) (3.3 g)
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Fig. 8 Mean (1S.D.) cumulated excretion amount (umoL) of emodin sulfates and

glucuronides in urine of seven volunteers after intake of SHSST decoction (12

g/120 mL) and commercial extract (3.3g)
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Fig. 9 Mean (£S.D.) cumulated excretion amount (umoL) of chrysophanol and

chrysophanol sulfates/glucuronides in urine of seven volunteers after intake of

SHSST decoction (a) (12 g/120 mL) and commercial extract (b) (3.3 g)
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Fig. 10 Mean (% S.D.) urinary excretion rate (% of dose/h) of baicalein
sulfates/glucuronides in seven volunteers after intake of SHSST decoction

(12 g/120 mL) and commercial extract (3.3g) during each time interval.
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Fig. 11 Mean (*S.D.) urinary excretion rate (% of dose/h) of aloe-emodin

sulfates/glucuronides in seven volunteers after intake of SHSST decoction

(12 g/120 mL) and commercial extract (3.3g) during each time interval.
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Fig. 12 Mean (S.D.) urinary excretion rate (% of dose/h) of wogonin

sulfates/glucuronides in seven volunteers after intake of SHSST decoction

(12 g/120 mL) and commercial extract (3.3g) during each time interval.
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Fig. 13 Mean ( *S.D.) urinary excretion rate (% of dose/h) of rhein

sulfates/glucuronides in seven volunteers after intake of SHSST decoction

(12 g/120 mL) and commercial extract (3.3g) during each time interval.
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Fig. 14 Mean (1S.D.) urinary excretion rate (% of dose/h) of emodin

sulfates/glucuronides in seven volunteers after intake of SHSST decoction

(12 g/120 mL) and commercial extract (3.3g) during each time interval.
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Fig. 15 Mean (*S.D.) urinary excretion rate (% of dose/h) of chrysophanol

sulfates/glucuronides in seven volunteers after intake of SHSST decoction

(12 g/120 mL) and commercial extract (3.3g) during each time interval.
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