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There are two dosage forms usually used in clinical Chinese medicine, i.e.
traditional decoction and herbal extract. Only the herbal extract is covered by health
insurance. However, there was no report to evaluate the bioequivalence between
herbal concentrate and traditional decoction. In order to provide the information for
clinical dosage regimen, this study attempted to assess the bioequivalence between

herbal extract and traditional decoction.

The results of indicated that the total urinary excretion of the metabolites of
naringin, narirutin and naringenin from a daily dose of Zhigiao decoction was 145.6 +
27.5 pmol, whereas from equivalent dose of commercial extract was 12.7 + 3.5 pmol.
In contrast to the traditional decoction, the relative bioavailability of commercial
extract was only 8.7 %, indicating very poor absorption for this dosage form.
Regarding to Chenpi study, the total urinary excretion of hesperidine metabolite from
a daily dose of Chenpi decoction was 7.1 £ 1.0 umol, whereas from equivalent dose

of commercial extract was 9.7 + 2.7 ymol, indicating the absorption of both dosage

forms are comparable.

Our result could provide useful information to clinicians for dosage regimen of
the commercial extract. Moreover, it 1s suggested that the improvement of the

formulation of herbal extract for better absorption need further study.

Keyword:_herbal concentrate ~ decoction » Zhigiao ~ Chenpi ~ bioavailability
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F-_&F ¥ B &£ F ik

(—) FEARA AL B P naringin > naringenin ~ narirutin AR iR
4= 4 3 P hesperidin 2z & g1V
(1) BBz £
BESNEREHEPEBEITEZRRAR IR

BB B 70 BFEEABEIAEERR R HFEIR

P

>OF RS e
(2) Bm#CRME T (HPLC ) Z o ¥4k
A. Naringin ~ narirutin 2 5% 54
&4t ¢ LiChrospher 100 RP-18 (5 pm, 250 x 4 mm )
#EA8 0 KEAFI (81:19) 1ml/min
W& & KM% 280 nm
| A% % © 6,7-dimethoxycoumarin (200.0 pg/mL)
for naringin assay
6,7-dimethoxycoumarin (20.0 ug/mL)
for narirutin assay
B. Naringenin Z 5 #7 #F1F
&%  LiChrospher 100 RP-18 ( 5 um, 250 x 4 mm)
#EA KAERFHR (71:29) 1 ml/min
A& & RS HE 288 nm

M A% # 1 5,7-dimethoxycoumarin (24pg/mL)



C. Hesperidin = #7114+
# 4t : LiChrospher 100 RP-18 ( 5 um, 250 x 4 mm)
HEyda L KEF T (821 18)
Hig ¢ 1 ml/min
WRE K R H 280nm
N2 % . 6,7-dimethoxycoumarin (40 ug/mL)

(=) R#%E KA H F naringin - naringenin ~ narirutin & % & 1§ 4
K ALE ¥ hesperidin 2 & & 2"

(1) Bk
HHEAER 100 &% (FTAGBE ) K

2000 EH > ARAE E B ERME > BN K
Bk 2 I HERBMIFRED  LRBE
WMHEEZE 1000 £#4 R 5 ZEAEATH IR
S R ER 100 ml AE—B% > HATR
R # -20C AREHE -

(2) JEoRMEH (HPLC) 254 ikit
FHiERRERBZEEARE

() ZRXERBAFTRKE

R BN EAT - BohserE > £ GOT -~ GPT~ BUN &

Creatinine A ALFHEAN  FTREZANATHR T L4

EFEMAREARA (oBF - WT -FEL - T - HEMH -

ALRE)e LREEN—RABE 10 Fg 24 REN

RHBEEREZ  BH4E Sml FEhk - FEABERR TR

IR AKAE 100ml AL EFZ REHB 3 BT
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Wl o FREBIEMN 0~2+2~4-4~6~6~8~8~10~10~12~12~24
IR RECERE c BERAREKBLELSAY 5 ml &
% 0 A4t HPLC R E 44 o

( @ ) /& & F  naringenin glucuronide/sulfate &  hesperetin

,—Ha56

glucuronide/sulfate 2 &
(1) fkitm oo 2 AT R 32
FRGFELEZARAER 200 ul =fF > — i
B -glucuronidase/sulfatas » 7 — 45 e &E #7757 300 pl > A7
E 37C 2 mERAMRESRE » R &ioriEEs T e
B Rk E 0 s R EFER B 20 pl JEA HPLC o
e

(2) HERAEEH (HPLC) Z 447 Rt

A. Naringenin 2 54765 1# (R H)
4% % 4 ¢ LiChrospher 100 RP-18 (5 um » 250 x 4 mm )
#eta  FLFP ALK (3070, 1% acetic acid )
WA K D R H 288 nm
W& #  5,7-dimethoxycoumarin (25ug/mlL)
ik 1 1 ml/min

B. Hesperetin Z 5 #7 t51F (BRE S5 )
s# % 42 ¢ LiChrospher 100 RP-18 (5 um » 250 x 4 mm )
FEhta  REEAK (35:65,1% acetic acid)
R K C KSR 288 nm
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MIZ#E © 5,7-dimethoxycoumarin (2.5 pug/mlL)
ik ¢ 1 ml/min
(Z) BE

(1) A%#&8 M naringenin (hesperetin) glucuronide/sulfate HE

RERE (hn) 2 HEFE
THRAEABREARUERRSRARKZ
naringenin (hesperetin) glucuronide/sulfate & 2 2R 8
B X) #uEEr (V) #EKEH  F4F K K
PASEIEZ PXE:
t1=0.693 / k

Q) ABTREAARPHEIKBMERHBR R TR
naringin/narirutin $ naringenin #, hesperidin % & &
$ o

G) AAEBAMARTHE2 £ R L pared Student’s

t-test 447 ©

12



F=F HRANH

(—) TERBESRAMBIBEYR F naringin F 8 B FFEBA ST

SEH
AREAEBEMAKELI R RGAATERAGHETE

%n*“PZnanngm HE O ERERT S EHE R Table 1| &
Table 2 ffr 7 o AR R 2 18 4K AL P onaringin 24 F A 15.01 £
1.21 mg/g * narirutin 4-& % 2.56 + 1.35 mg/g > naringenin Z 4
EARM 0 {24 0.05£ 0.01 mg/g o F BB LEHA P > naringin 2 4
EAR# A 48.76 + 3.78 mg/g » narirutin 4 3.32 + 0.46 mg/g >
naringenin -2 € JF 444 > £4 0.34 £ 0.05 mg/g -
AR Z AR BRER L —REARELOAZSE MAKERZ
Wi P ERER H—RAEZHETRERA T 5 20%
02-10g R £ A ABFETREL - B B4 10g BR
LEI0S g oAl b= RS —RBFHAE  BELEZBEH
EHANBRREE T RS2 —RBE > TH 2 RBAKMB
& —REBF P naringin 2FHH 1500 mg =REH R L 244
mg > H & A M H B F £ B4 K o Narirutin $ naringenin 2 4~ & 7¥
RAKRMB R RER R EEBN - 85 S AR ) - &

BRaKABRRGRZER S, S ELERR LAGH2ZA T2
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TR BB By aEN L —EAEFESZEE BATT
EERAEAL HERETELL—RROFZTERY =28
IR FHBABRGRAKABZBELENBGEPH > B
GRAKFBETHRAEEZRE BE ZHEARARARE EEAY
B R Rz ge " aaar EUBBEERSA
MBI FEAB Y THRKIE  SKNEEFERTH
BZR o Bkt B B2 SHE B4 £ RKABNER FIE

A HTERH2YRERF -~ EREZYE -

(=) RARBREBLRAFRRTHEAFEIEREZIXE
ARAREBUETELIARAAREZRRRERHE AXTHRE
# 8y H k& § & E & F naringin, narirutin & naringenin Z 4
E AR TEHR LIRS ERSNTEAS S THEIRA
$ 47 #% K 31 %) 2 naringin, narirutin & naringenin 2 48 ¥ @ $t48 &
ZBE BEAFALBERWEY - AMLLREERT A H
Mo AR XK X5 BE o BRARARAKA A 1000ml (10.0g) &%
B A 5.2 g (naringin ~ narirutin & naringenin 2 48 ¥ ¥ $ g1
KEBIAEE ) ARBEFRF BESH - B — R RE

MBTREEMEIHR BEFHUELPEE -
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BRREFNAFREERBR T o A2 RR BXR
#3047 #% /K A1 8] ¥ paringin, narirutin & naringenin ¥ 352 & 5%
BUCEENRGELR RBRKHAZRKB TS 1456275 1
mol(25.6 + 4.8 % of dose ) MAR B R E W B 2 B Y48 & 12.7=3.5
wmol (2.1£0.7 % of dose ) » F %4 £ 5144 2 Table 3 - Table 4

# Fig 1~3 -

(Z) "ERAEHAGEUBPRAHERIZCTE
TEREERRBUBTHEALAH AT 2 ELE R4 Table
5 o XNAETERGEHB ¥ hesperidin 24 F-FH BB 1891 £
2.30 mg/g
(=) MAREREBSRA AR T HAHEERBHIZE
AL LR TR A KA B BORGE R B KRB B SR
BRE BRUUBAEZAE SR EEQEREEREN
hesperetin 4%, #4923kt & + 4o Table 7 & Table 8 i~ &b
Pl XS BAEHEE B RT3 E B 4t 2 th 84 Fig.
4 - Fig. 5 R Fig. 6 Ao - B EF - RU B HLAFER
Table 9 PR > i 7 ik L BE L& Rdo Table 6 - H R BT HH T

Mz HRUEHBREE - LEREATRE LA RTERA
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EFwmE & ®m O#2 F B

AMEZEIBZAGATREIN B UERRRELEHAGLK
MBI ERERRASATRAEZAES FERBERAABERSLE - R
TIARBHREBHETATEAG  ELRBREMG H R AR
BRBRARRZ KRB IR GBI R E M E £ & R % naringin FRE
L EFEZ R R ZEER ) MRAEB F £ E &% hesperidin £ %
R M Z R ER I - WERBAFELBEMMESNLZERK R
BEHBAKHB 2 AHETREEH4HE P RLBAZFEATERA
FE o RUBREZZRBHBI N B REE  FreE Skl fmg
Z IR o

EARBRIECEES PEGRITMA KA FHERTTRIK
FRIRGEBBRAY  RAGAER - RAHRIRERB 2 LR
BE wRGEREARFBZHEARBE RS PR EEERA
HAMAABEGHRL - URBRAG S TRELEG BEELR
w"H -

PEAKHA ARBEL  MREREABREL - HEFZRIE
Rl AT AR « MARL KB RRERE AR LR EZTE2 5
EHAR IR E OB 2 BU AT — AT A R - EANIRAE KA BB
RERBZEMR S RELERRRBEBRZERAS B RiofTieR
REM RS Z R A —E1FH G RAR -
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Table 1. Contents of naringin, narirutin and naringenin in water extracts

of zhigiao (mg/g).
Naringin Narirutin Naringenin
Sample (Mean t SE) (Mean + SE) (Mean + SE)
1 13.88 1.03 0.04
2 12.57 0 0.03
3 17.94  15.01t 1.21 0 2.56x 1.35 0.07 0.05¢ 0.01
4 16.88 8.74 0.07
5 10.96 2.98 0.02
6 17.82 1.40 0.05

Table 2. Contents of naringin, narirutin and naringenin in commercial
extracts of zhigiao (mg/g).

Sample Naringin Narirutin Naringenin
(Mean + SE) (Mean + SE) (Mean + SE)
1 38.31 1.33 0.38
2 57.62 391 0.51
3 61.06 4876 + 3.78 4.14 332 t 0.46 0.37 0.34 £ 0.05
4 41.98 2.86 0.23
5 42.51 3.33 0.19
6 51.07 4.36 0.35

20



Table 3. Intraday and interday analytical precision and accuracy of
naringenin in urine,

Conc. Precision Accuracy

(1 g/ml) Intraday Interday Intraday - Interday
meantSD.(CV.%) meantS.D.(C.V.%) Relativeerror(%)  Relative error(%)

250.0  242.911.4(0.5) 244.4%+1.7(0.7) 2.8 22

62.5 68.0£1.0 (1.7) 69.210.9 (1.3) 8.8 10.7

31.2 31.530.6 (1.8) 32.3%0.7(2.2) 1.0 3.5

15.6 15.510.4 (2.5) 15.8%0.6 (3.7) 0.6 1.3

7.8 8.1x0.1 (1.5) 8.210.3 (3.4) 3.8 5.1

3.9 3.810.3(9.1) 3.810.4 (9.5) 2.6 2.6

(n=3)

Table 4. Total renal recovery and absorption of naringenin in eight
volunteers after intake of decoction and commercial herbal extract
of Zhigiao.

Decoction Commercical herbal extract

volunteer  Total excretion Fraction excreted Total xcretion Fraction excreted

No. umol % umol %
1 40.90 7.20 1.8 0.32
2 214.55 37.75 10.82 1.91
3 92.94 16.35 8.49 1.52
4 185.04 32.56 14.63 2.62
5 157.45 27.70 4.66 0.84
6 274.73 48.34 34.55 6.2
7 122.87 21.62 14.65 2.63
8 76.14 13.4 11.92 2.14

Mean + S.E. 14558 £ 2745 2563 + 483 12.69 + 3.51* 214 + 0.65*

* P <0.05
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Table 5. Contents of hesperidin in commercial extracts of Chen Pi (mg/g).

Sample Hesperidin Mean + SE
1 23.71
2 26.72
3 18.67 18.91+ 2.30
4 18.32
5 14.68
6 11.36

Table 6. Intraday and interday analytical precision and accuracy of
hesperidin.

Intraday Interday

Conc Precision Accuracy Precision Accuracy

(tg/ml) Mean £ SD.(C.V%) (%)  MeantSD.(C.V%) (%)

100.0 99.3 + 0.1 (0.3) —0.8 99.3 + 0.5 (0.5) —0.8
50.0 51.6+ 0.1 (0.1) 3.1 51.6+0.1(0.5) 3.1
20.0 20.2 % 0.0; (0.1) 1.3 20.3 % 0.1(0.2) 1.3
10.0 9.4 £ 0.0, (0.1) —5.9 9.4 + 0.0, (0.4) —5.9

5.0 4.5+ 0.0, (0.1) —~9.6 4.5+0.0, (0.2) —96

n=

22



Table 7. Urinary excretion of hesperetin glucuronides/sulfates (umol)
after oral administration of decoction of Pericarpium Citric Retculate to

six volunteers.

volunteers

Itorval 1 2 3 4 5 6 Mean + S.E.
(hr)

0-2 0.3 0.9 1.2 0.3 24 1.4 1.1£3.2
2-4 0.4 1.0 0.3 0.2 1.2 0.7 0.7+£0.2
4-6 0.8 0.9 0.5 0.4 0.3 1.5 0.8+0.2
6-8 0.8 1.1 0.5 0.2 0.2 1.7 0.8+02
8-10 2.0 0.4 L.5 0.6 (.3 1.0 1.0+0.3
10-12 0.6 0.5 1.8 0.2 0.2 0.5 0.6+0.2
12-24 4.1 1.6 3.4 1.1 1.3 2.0 23+05

Table 8. Urinary excretion of hesperetin glucuronides/sulfates (umol) in
urine after oral administration of commercial extracts of
Pericarpium Citric Retculate to six volunteers.

volunteers

o 1 2 3 4 5 6 Mean+SE.
(hr)

02 02 08 08 02 08 15 0.7+0.2
2-4 05 02 04 02 05 10 05401
4-6 18 12 02 09 15 16 16402
6-8 05 08 08 05 06 31 1.1+04
8-10 0.1 .16 04 02 26 14406
10-12 06 34 16 05 01 39  26+14
12-24 24 89 13 23 09 62 26409
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Table 9. Comparisons of hesperidin absorption between traditional
decoction and commercial extract (3.6g) of Pericarpium Citric
Retculate (10g) after oral administration to six volunteers.

ti72 (min) total excretion (umol) % absorbed
volunteers “iraditional commercial traditional commercial traditional commercial
decoction extract decoction extract decoction extract
1 8.5 7.8 9.1 6.0 5.7 3.8
2 5.4 13.8 6.6 15.5 4.1 9.7
3 8.7 5.0 9.3 6.8 5.8 43
4 7.6 9.2 3.0 5.0 1.9 3.1
5 7.5 4.4 5.9 4.6 3.7 29
6 4.9 6.7 8.8 20.1 5.5 12.6

Mean+S.E. 7.1x07 78+14 71+10 9727 4506 6117
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Fig. 1. Comparison of total renal excretion of naringenin
glucuronides/sulfates in eight individuals after administration of
decoction and commercial herbal extract of Zhigiao.

E‘zm-
g ® —e— traditional decoction
E —O— commercial herbal exract
180
S

140

120 4

100

80 4

80 ~

0 4

20 {
0T .

0 2 4 B 8 10 12 4
Time (hr)

Fig. 2. Mean (+ S.E.) cumulated excretion of naringenin glucuronides

/sulfates in urine of eight volunteers after intake of traditional
decoction and commercial herbal extract of Zhigiao.
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commercial herbal extract of Zhigiao (B) .
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Fig. 4 Cumulated urinary excretion of hesperetin glucuronides
/sulfates after oral administration of traditional decoction of
Pericarpium Citric Retculate to six volunteers.
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Fig.5 Cumulated urinary excretion of hesperetin glucuronides
/sulfates after oral administration of commercial extract of
Pernicarpium Citric Retculate to six volunteers.
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Fig. 6 Mean (+ S.E.) urinary excretion fraction ( % dose ) of hesperetin
glucuronides/sulfates in each time interval after administration of
traditional decoction (A) and commercial extract (B) of
Pericarpium Citric Retculate to six volunteers
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