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FMBMERE RS S S ¥ a0 € & carbamazepine #4h MRP2 o
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Huajuhung (Citrus grandis) and Huaihua (Sophora japonica L.) contain naringin and
rutin as their major constituents, respectively. Recent in vitro screenings for bioactivities of these
flavonoid polyphenols almost focused on the aglycones. However, our previous studies on the
biological fates of polyphenols indicated that sulfates and glucuronides were the major forms in
circulation after oral intake.

Carbamezepine is an anti-epileptic with narrow therapeutic window. CBZ was known as
substrates for Pgp, CYP3A4 and MRPs. Recent biochemical studies indicated that flavonoids
may modulate Pgp and CYP3A4, and the transport of endogenous and xenobiotic sulfates and
glucuronides were associated with MRP2. Therefore, we hypothesize that the intake of flavonoid
may alter the absorption and disposition of carbamazepine, moreover, the sulfates and
glucuronides of flavonoids may compete for MRP2 with carbamazepine. The 2nd year of this
project investigated the interactions between the above-mentioned flavonoids and herbal
decoctions with carbamazepine. HPLC method will be used for the assay of carbamazepine and
carbamazepine-epoxide in blood. Statistical comparison will be used to analyze the difference
between treatments. The results showed that naringin and Huajuhung exerted no conspicuous
alteration on systemic exposure of carbamazepine and the active metabolite carbamazepine-10,
11-exposide. Only naringin significantly increased the C.x of carbamazepine. In addition,
coadministration of Huaihua and rutin with carbamazepine, the C,,,x and AUC of carbamazepine
and carbamazepine-10, 11-exposide would increase. The systemic exposure of carbamazepine
was markedly enhanced by coadministrations of Huajuhung, Huaihua, naringin and rutin.

It is anticipated to provide important drug safety information, moreover, to develop a
cocktail therapy using nontoxic herb to enhance the efficacy of CBZ. Therefore, patients treated
with carbamazepine should avoid concurrent use naringin, rutin or Chinese herbs containing

naringin, rutin in order to ensure the safety.

Key words: Carbamazepine, Huajuhung, Huaihua, naringin, rutin, pharmacokinetic
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Figure 1. Serum concentration-time profiles of CBZ (mean#S.E.) after oral administration of
CBZ alone (400 mg/kg) (@) and coadministrations with 213 mg/kg naringin (O)....9

Figure 2. Serum concentration-time profiles of CBZ epoxide (mean+S.E.) after oral
administration of CBZ alone (400 mg/kg) (@) and coadministrations with 213 mg/kg

NATINEZIN ()1t it it 9
Figure 3. Serum concentration-time profiles of CBZ (mean+S.E.) after oral administration of
CBZ alone (400 mg/kg) (@) and coadministrations with 2 g/kg CGP (O)............ 10

Figure 4. Serum concentration-time profiles of CBZ epoxide (mean+S.E.) after oral
administration of CBZ alone (400 mg/kg) (@) and coadministrations with 2 g/kg CGP

Figure 5. Mean (£S.E.) serum concentration-time profiles of CBZ (a) and CBZ epoxide (b) after
oral administration of CBZ alone (400 mg/kg) (O), coadministration with 2 g/kg (@)
and 4 g/kg (A) of SJ decoction in SeVen rats............coeiuiiiiiiiiiiiiiiiiininenns 11
Figure 6. Mean (£S.E.) serum concentration-time profiles of CBZ (a) and CBZ epoxide (b) after
oral administration of CBZ alone (400 mg/kg) (O), coadministration with 160 mg/kg
(@) and 320 mg/kg (A) of SJ decoction in sevVen rats.........c.ovueeeiininninneennennn. 12
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Table 1. Intraday and interday analytical precision and accuracy of CBZ in serum by HPLC
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Table 5. Individual pharmacokinetic parameters of CBZ after oral administration of 400 mg/kg
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Table 9. Individual pharmacokinetic parameters of CBZ after oral coadministration of 400 mg/kg
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Table 10. Individual pharmacokinetic parameters of CBZ epoxide after oral coadministration of
400 mg/kg CBZ with GCP (2 g/Kg) t0 SIX TalS....vteriiiteii e eiie e eee e 16
Table 11. Comparison of pharmacokinetic parameters of CBZ in 6 rats given CBZ alone (400
mg/kg) and coadministered with 2 g/kg CGP (CBZ+CGP) decoction......................... 16
Table 12. Comparison of pharmacokinetic parameters of CBZ epoxide in 6 rats given CBZ alone
(400 mg/kg) and coadministered with 2 g/lkg CGP (CBZ+CGP) decoction................... 16
Table 13. Pharmacokinetic parameters of CBZ and CBZ epoxide (CBZE) in seven rats receiving
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TR -8 SH g % ¥ & 5 flavonoid ~ anthraquinone ~ lignan ~ isoflavone %
aromatic acid % f > 1 % '/ﬁioﬁ*@’ AR LSRR o dofi e s K& ArEEE Y o
FREFTET  HI O R P AR AR R G ORI R 2 247 2% % (Anekonda
& Reddy, 2004; Christofidou-Solomidou & Muzykantov; 2006; Doraiswamy, 2002; Dryden et al.,
2006; Duarte et al., 2002; Fugh-Berman&Cott 1999; Pan et al., 2003; Thelen et al., 2005; Van
Meeteren et al., 2005) o IR LA 7 B 0 AP EF LG F P A F R bAeiE s
Fug 8 s FuBars «}LMIP‘G—* sdrdle R E B S (Aherne & O'Brien, 1999; Bilto & Abdalla,
1998; Cushnie & Lamb, 2005; Gomotaki et al., 2004; Gryglewski et al., 1987; Jeong et al., 2005;
Lindahl & Tagesson, 1997; Middleton & Drzewiecki, 1984; Pearce et al., 1984) -

MR p R P s RN B FEAp EPTHE K] EbERE
S EHSE A SRR WWWW%%¢6u¢;§mﬁ 2 i KR A R MR 2 g
o 2 AR fm e oz (Victor and Winter 1987; Mackey et al., 2002; Wilkinson et al., 2003;
Bokkenheuser et al., 1987; )o #hm » b i LA B 3E X X 7% 2 Flm e 20 (N i‘g it = sulfates
glucuronides % % & jt i\ 3+ @ @Iiz*v: B N Ak E grS/,,\”le LA =R T I L A3 Rt L
2t ",4rf fo o Em i~ BT 0 £ R~ 4P 1% (Walle, 1997; Hanasaki et al., 1994; Li et al.,
1997; Ratty and Das, 1988) » ¥ % sulfates % glucuronides % %% & iy 3 At p 2 #:F -
P e d B s N 30 4o MRP1I-MRP2-MRP3 % f #3 %18 v 4o OAT % 4p & (Cui et
al., 1999; Hirohashi et al., 1999; Kawabe et al., 1999; O'Leary et al., 2003; van Aubel et al., 1998;
Grim et al., 2003; Emoyo et al., 2002) -

¢ EH7C5 B HES P Sophora japonica L. cnggk 2 5F 0 0 F A ¥ anfeata
Ao H A =& L F fR#E = 4 (rutin ~ quercetin ~ kaempferol ~ isorhamnetin ~ genistein ~ sophorin
A); 2 H 2 2 # ~ (betulin ~ sophoradiol ~ soyasaponin ~ kaikasaponin) ; H v = 4 (tannin ~
vitamine #) e P F F E G LA PR LS MARMBHN -4 c 24 H T REBES M B
Lh*ﬁﬁm—WR%’%%ﬂﬁw*rmﬁﬁgﬁﬁméémﬁﬁﬁ’ﬁﬁfi&oi
é"’T”b iBdF L mﬂ_? It ¥ k4 o R /m?xﬁzﬁ']ﬁ‘ » g r]’gf']“}i“gﬁ%n’—:ﬂ’iﬁ’!;ﬁ m_u_’g:
PRAR ¥ B (¥ X R52001) fl (TR R ;?](,;r_ ‘rTf B 1219975 F a7 2000)
#E‘},%i + E /1% * (Wacker and Eilmers, 1978)%fw s # % 3LRB] & 2 Tljpcw 5B L F 2 )

1 4% & (Hitoshi et al., 1987)

4 = 5 = 4 #*(Rutaceae)fe 4 i~ ' Citrus grandls (L.) Osbeck var. tomentosa &t
Citrus grandis (L.) Osbeck 2. = # &% A F iz % L » Heh 53 4 - MAFILITH 7 7 4
RS AR TR S S I Rl i L A q(Gorlnstem etal., 2004)% <3 = /& 2_iT* (Reshef
et al, 2005) - H i & A& % §F fk #f = & (naringin, narigenin, neohesperidin, poncirin,
furanocoumarins) ~ 3L % & (citral geraniol, limalool, limomene, cadinene, dipenten %
methlanthranilate %) > 2 2 H # = & 4r stachydrine, cis-3-hexenol, aurapten % (Pallati et al.,
2004; Mokbel and Suganuma, 2006) » Naringin % flavanones & & 73 A3t fg B o 4od
Fihehk L2 % > ¢ Bing A E e o HE g 0 MMERR A RE >~ o
B FBACE T o il H LG -;g—x;rf pd A& ~ #rd] xanthine oxidase /&4 ~ Fiiq HiBF
%2 DNA f.3° 2 i3 dng 14 17% "3 o jfc B %R "5 kv ~#r+4] HMG-CoA reductase 75 £
S Jf: AOFHEEERE ~ fLE R C ED R 0 B % g R 2 Frdl F R 2448 (reagenic
antibody ) A 4 erjtds & BACK o ¥ (77 o g oh o L HHMEA FE LT Rl 0 H

1



Ef]"ﬁ FLREIT* o ¥ eb o B4 500 mg naringin 3t A f8 & 7 2 x i o PR HHE 2 g8 o
TRAMF

Carbamazepine % FURE R ZEF ~ ¥ X Fir - HH FHAERE R E 78 72 k=R
b N S Y ) S I ]| PR iop 2ha % s 22 7 & 7% 14 (Brodie and Dichter, 1996;
Tibballs, 1992) & L @] (€ # M AE R PR S £ 9 i 5 4 A4 B o el £ 5 5 3 B 3L
AREHERE2 BWEES S PH5 155 L K 2 Stevens-Johnson symdrome % (Tibballs, 1992;
Keating and Blahunka, 1995) o >t 48 N sx jz 2 2 v JR4 7 # FiF 85% » 4-8 - J =R - )
& (Bertilsson and Tomson et al., 1986; Levy and Kerr, 1988) o 3o B 5% & & 76% » ¥ i i 7s %
P 28 (Rane et al, 1975) o »t 3+ % CYP3A4 2. 3¥f > A5 B 1@ jE |4 2
Carbamazepine-10, 11-epoxide 2 # N-zgt O—glucuronides IRV “$ Wt 2 RA503%)
Carbamazepine-10, 11-epoxide s * F=v g & F 5 50-60% > i & d JRik(72%)% X i{ (28%)
e ",% (Bertilsson and Tomson et al., 1986; Levy and Kerr, 1988)c H >+ 48 p 2_ #&3& &2 MRPs 5 B

CH,0H OH
0
OH ° O™

(0]

(o] 00O
OH (e]
CH3

OH OH

Rutin Naringin

il (R SR IR A i R RS RAE AL  PANEE SR T E R P
R Py T R T R R e
& B 2 EE 2 b gt MRP2 2 OATs % 5 B (van Aubel et al., 1998; Grim et al.,
2003; Emoyo et al., 2002 ; Gibbs et al., 2004 ; Kruh and Belinsky, 2003) - F]@ » & X {23 7 1
A (narigin)% =4 3 (rutin) 2 Ed > ¥ g % ¥ & Jv @ & carbamazepine A 2 %
SAER YRR T EL D P kRS H PR A

AR Y S BER A A R R 2 A TR B RIS carbamazepine #+ 4
B2 o my T FERy &G # 63 MEH b JR carbamazepine % # JRih R H & i
ﬁHLH%‘réﬁ*ﬁwkﬂwowﬁwﬁﬁﬁﬁﬁmﬁﬁl’MHHCﬁﬁmﬂaﬁ
7# ¢ Carbamazepine # Carbamazepine-10, 11-epoxide & & -
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FREALE- Ao 2 TR 250 g0 4o r SL- kR L IR e B
A AESE L VTS RIMBRT 250 0T > G F AL FEIRIRIR (S
ﬂé’*—é”‘iiﬁﬂ%ﬁf PR L] N MR E D R M 500 mL > 4ok %% 3 500mL o R & 353
e S0mL B F 0 B30T kF A Y

.J

Pk A s s u HPLC T8 4TZw M S 2 & 0 P T A fp A G
narigin %2 narigenin ; @ #{- P % rutin ¥ quercetin °
2 WA FHEEFR
(1) HAEFEFZFH ook T e ragd A RT » fel S0mg/mL o L H 3% o

(2) @ mATEHUE o Hr 7ﬁu—B"4OOmg‘ ZAH o R EF I 100mL RFART @
40 mg/mL h= 4 i3 ik

I ~ T RRY E3 B 5 B 5 carbamazepine # 4 § 2 B 58
1. = 7 FIEER R WK 2 TR L
4 WA FEAf-P-carbamazepine £ carbamazepine epoxide © 14 ¥ B fE X AR LE £
% 42t 4.0~1000.0 g/mL B4 kR EIER R & 100 uL HER % > 4c 900 pL
Azl ‘}%‘ CBERAAHE 045081623163 ~125~25.0~50.0 % 100.0 ug/mL 2
R R

2. kM2 g H
P~ 100 pL & %83 0% > 4 100 uL 7 M %% (2.0 pg/mL 5,7-dimethoxycoumarin)
2Lt faEP PR R RRT 20 f0 B EAC (9860 g) 15 A4 BT L fig
B> * § FeRdcis o S50uL § 7 =3 f% 0 P~ 20yl # HPLC A 37 °

3. $EH KL
(1) T pRiv 1‘% *b%%éﬁﬁéf carbamazepine # 4 & 2_ g2 38
Fpw B G 12 FFo BEXR “‘L:b): 3R Fé"s’é;%g_‘\ o Mk v BINEM A N W F -

i 457 carbamazepine (400 mg/kg) > % = ~ = A RIS A H AR 213.2 mykg (367
umol/kg) » & i = Ky & 2 g/kg 16 & PR carbamazepine o ¥ JR carbamazepine £ P| & PR %
§4% ko
7

v PR EF {535 10 ~ 30 ~ 60 ~ 120 ~ 240 ~ 480 ~ 720 ~ 1440 ~ 2160 ~ 2880 ~ 3600 fr 4320
A TLSHEE TIFRG o L B S 04mL o M SR HERCF 0 FEge
(9860 Q) 15 448 » B35t -30°C 0 & (8447 o

(2) T PRIt 1‘% 2B A ﬁ”ﬁ carbamazepine # 4 & 2_ g2 38
BEH B G2 P BER IR RN o 0 R EeE s B0
¥ - EHIRE A e 0 4 2 R 2 H PRcarbamazepine 400 mg/kg# carbamazepine I PR
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kA2 gkge ~dgkgle » - hHE o A A HBREE PRcarbamazeplne 400 mg/kg
21CBZT JRE 4 160 mg/kgle ~ 320 mg/kgie » & = L% 5 - B 13 ik 2 wash out{é o H
PR carbamazepine ¥ {Y] i PR & #8 ff ek o

TR ZE{E3110 ~ 30 ~ 60 ~ 120 ~ 240 ~ 480 ~ 720 ~ 1440 ~ 2160 ~ 288043204 45 >
PSS IR o F S B 5 0.5mL o Bk e 5B TR e F 0 B @ 4Le (10000 g)
15 A48 pFa> 30°C 0 s ads o

4. 5 RS W AILE TR
% 77 carbamazepine* H epoxide 2 T E %P~ 100 pL s & 0 4e100 pL 7 p %
# (2.0 g/mL5,7-dimethoxycoumarin) 2. ¢ f&e fig B0 % Rg dRF BIRF 20 £/ 15 B i#
B (9860Q) 15 A48 B~ fot Fok > * F F sRgofe 0 4 S0uL § ¥ =B fE 0 P~ 20 uL
& HPLC 4 #7 °

5. % PRk Ap R AT e AT iR 2
%17 * Apollo ®C18, 5 um (150 x 4.6 mm )
i o 1.0 mL/min
WRIA & 214 nm
HEAp T F 7% 0.1 % FEfE (4555, viv) 2R &R

6. A HF % A 3 E 2 FEAT
(1). # % & (precision)
%ékﬁziﬁﬂﬁﬁﬁ’&J*Fﬂwi‘i~%£§§~ﬂ BPRELES
-~ IR T EEZ R ERA DRI REEIFHRER N RPPPE R PR
Sk R AW FH T E (mean) ~ &% % % (standard deviation, S.D.)% % B % #
(coefficient of variation, C.V.) ©
(2). ®F & (accuracy)
FRAR=ZZ2BPR=FHRERTIDEEEAER R 2 4p$3% £ ( relative error )
Zom 2 o
(3). &ATAE (sensitivity)
#-naringenin o FHRER R - LA ERHRE SRR B2 kAR HRHET
(4). w ¥ (recovery)
%mﬂwmbmmﬁﬁﬁﬁﬁ(@%Bﬁy&wﬁﬁzﬁn¢£Lﬁ’ﬂ%1%0
6.3 %2 0.4 pg/mL E fﬁ/&fil_ﬂ- i BRI R R 2 = o AR 2 ’F ’]‘w’—g“/%}‘hi’i
§d fF TE",‘TT MEREER ZREEARZLE R I E 0 T L FTEF o
7. #icdy A AT
2 WINNONLIN (version 1.1, SCI software, Statistical Consulting Inc., Apex, NC,
USA) z 223 M85 CBZ 2. #4 % 4 & 4#c> 11 one way ANOVA with Sheffe’s test
etz LR
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Carbamazepine # 4 % 2_ 858 -
- ~ carbamazepine £ Carbamazepine -10, 11-epoxide 4 47 > /*

~# 3 1% HPLC % & carbamazepine ¥2 Carbamazepine-10, 11-epoxide 2 5 ¥ %
o AR * 2B AR AR R AT IR TR e 3 D01 YRR R (45155, vIV) IRk S A5 E AR
sriE 5 1.0 mL/min > #&RA & 214 nm - 2 5, 7-dimethoxycoumarin 3 p $R4% 8 5. o & 5%
A7 7t =¥ carbamazepine ¥? Carbamazepine-10, 11-epoxide 2 * iz e P 2 B p F ¥ 7
A4F MR H R Gl (C.V.) &3]3 10 % 4p $135 4 (relative error)3=-] »* 14 %
(Table 1 ¥ Table 2)-Carbamazepine 2 Carbamazepine-10, 11-epoxide 2. ¥ 4z 5 (recovery)
> B 5 94.5~98.3 % ~ 92.7~97.8 % ~ 101.4~105.1 % ~ 96.5~104.7 %4 Table 3~4 #7177 ° F&

EX 2N TR NIRRT

=~ TR A~ b AL $ carbamazepine # 4 & 2 F25F
f“ 3¢ J= K J) &) naringin 7 £ 5 1739.1 pg/g * naringenin 7 € 5 20.5 pg/g -
H JR Carbamazepine % 2.5 /| pFif o ¥ )k R - H &M X B Carbamazepine-10,
11-epoxide ] % 48 -] pFif i % )k & (Table 5 7 Table 6) -
~+ B JR naringin (213 mg/kg){é » # Carbamazepine 2. Carbamazepine 2. - *# )k &
Cra) B F 3 4 > @ 2 B T 5 fFAUC) 2 T3HF FHEMRD)IFA G HF LR -
Carbamazepine -10, 11-epoxide 2. Cpax > AUCo % MRT 35& Bg ¥ £ B » W5 4§ PF R (Tiay)
"# 1< o Carbamazepine # Carbamazepine-10, 11-epoxide 2. Cpax > AUCo 2 MRT 5 % ¥
AR LA AN AT 2 F P B(Figure 1 ¥ 2; Table 7 £ Table 8) - # PR i
17@3_ ¢ Carbamazepine 2 Carbamazepine-10, 11-epoxide 2. Cyx ~ AUCo % MRT 354 &
% % B (Figure 1 £2 2;Table9 2 Table 10) & 2 H >t % BRI & & T & & ¥ B2 5 (Table
11 ¥ Table 12) «
< )I?%ij;‘ % Carbamazepine ** % ¢ 2 SfTF X M| ~ o VI A5 P 258 5

7 & 2 % FMorselli et al., 1975; Levy et al., 1975) » F]@ £ naringin & * pF F]m 3 v H



i Ao BB iv > Fla H % 2 % > EE - 3R E o Carbamazepine F 3T AFHE

B 3% ARt “,/]E (Petit et al., 1991; Lertrananangkoon and Horning, 1982) » H %~ 48 p
i & §& i 5 Carbamazepine-10, 11-epoxide (Kerr et al., 1991) > £ ¢ microsomal epoxide
hydrolase -k f# = trans-dihydrodiol » @ Carbamazepine-10, 11-epoxide 7 & &2 i B4
1~ (Bertilsson et al., 1986) - i 4% = K f} 4 7 ~ £ naringin # 4 -~ naringenin ¥ Ft ¢ $EiF
ﬁs?]}é » ¥ i“4f iz 7 furannocoumarins ¥ #r % ¢ CYP3A4 Eit » Fl SRR+ 5 4e

Carbamazepine 2. % % » L A F Bk A EHF L L o

=~ TRWTE2 4 Y # carbamazepine # 4 # 2 §258
HPRP. 7ot 0 B A E (4 g/kg)¥>t + B2 Carbamazepine % Carbamazepine -10,
11-epoxide 2. Cpax 2 AUC) B F 3 4 > ¥ B £ 22 (2 g/kg)Z Chax "B F 2 % > @ MRT
PR EFALR > LT RS+ BN 2 % B (Figure 5 and Table 13) -
<~ BEUE PR rutin & 0 % # € 2(320 mg/kg)2 Carbamazepine 2. Cpax 2 AUCq. & ¥ 3
dvoom M E 2 (160 mg/kg)z. Carbamazepine 2 Carbamazepine -10, 11-epoxide 2. AUC
2R EF R A 33 MRT &% P =% MH £ &3> Carbamazepine 2 Carbamazepine -10,

11-epoxide ¥2 A 3 % ¥ £ B (Figure 6 and Table 14) -

Carbamazepine = CYP3A4-P-gp 2 MRP2 2_ % §7> v JRE 4 {pEl s € * 4 p
e o35 2 sulfates #2 glucuronide © A %8 p ¥2  Carbamazepine it # ",% It
Carbamazepine /# § **H P PPt £ o 5 472 :}F, 4} sulfates ~ glucuronides £ MRP2 7
2 (Chu et al., 2004; Phillip et al., 2004; Akiko et al., 2000) » F]@ Fip| v PR{s 2. % & i 3B

# ¥t Carbamazepine & 2 Fr|# % (F% ¥ it 22 MRP2 § B o ¥ *h X4 {04 p § K f3

A5 A H iR % T FREENHPZ RS E L £ #2750 =S
w P ol & € Fr4l P-gp 2 CYP3A 7% 1 (Sarkar, 1997) #L4 % 7= 5 3# % P-gp

2_ 3% ¥ (Critchfielset al., 1994) » Carbamazepine 2 x ¥ Jk & & '% i< > & 7 S g % & 2t 4p
FofdeIsiEr PR e R e B @ - HAY
F % iE (7 ¥ 3 M Carbamazepine &2 i §f iz ~ fh L & % P¥ > X BU5 pEPF A F

¥ JR Carbamazepine & - $* 3R % £ F & 4h L % & f& ¥4 5EL BBB 2 ¢ #E@@?]}
6



i F B > & Carbamazepine 2 # S F F %7 4 B4 IR RSPk - BEET
- BT R o

Carbamazepine 5 ¥ f&Fr4|3 » SRR <~ B T2 FHAER MU E Z A L - 7
53 BBB Bl iv» Svic R e @it REKLLREY F
Stevens-Johnson syndrome ~ # &g#r#] ~ <~ B@E R F £ > L 2003 £ S HR HY GEL

Fedm - (B EE 0 2003) FlptHEY F2 23 0FF AR B o
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Figure 1. Serum concentration-time profiles of CBZ (mean+S.E.) after oral administration of
CBZ alone (400 mg/kg) (@) and coadministrations with 213 mg/kg naringin (O).
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Figure 2. Serum concentration-time profiles of CBZ epoxide (meantS.E.) after oral
administration of CBZ alone (400 mg/kg) (@) and coadministrations with 213 mg/kg
naringin (O).
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Figure 3. Serum concentration-time profiles of CBZ (mean+S.E.) after oral administration of
CBZ alone (400 mg/kg) (@) and coadministrations with 2 g/kg CGP (Q).
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and 4 g/kg (A) of SJ decoction in seven rats.

11



—O— CBZ alone
—@&— CBZ with rutin (160 mg/kg)
—&— CBZ with rutin (320 mg/kg)

30

Conceretration (ug/mL)

0 1000 2000 3000 4000

Times (min)

60

—O— CBZ alone
50 4 —e— CBZ with rutin (320 mg/kg)
—&— CBZ with rutin (160 mg/kg)

Concertration (ug/mL)

0 & T T
(0] 1000 2000 3000 4000

Times (min)

Figure 6. Mean (+S.E.) serum concentration-time profiles of CBZ (a) and CBZ epoxide (b) after
oral administration of CBZ alone (400 mg/kg) (O), coadministration with 160 mg/kg
(@) and 320 mg/kg (A) of SJ decoction in seven rats.
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Table 1. Intraday and interday analytical precision and accuracy of CBZ in serum by HPLC

analysis
Intra-day Inter-day
Conc. Precision Accuracy Precision Accuracy
(ng/mL) Relative Relative
Mean+S.D. (C.V.%) error (%) Mean+S.D. (C.V.%) error (%)
0.4 0.44 +0.01 (1.9) 12.7 0.46 +0.01 (1.3) 13.0
0.8 0.82+0.01 (0.0) 5.4 0.83 £0.02 (0.3) 6.4
1.6 1.67 +0.03 (1.6) 6.8 1.57+1.17 (0.4) 0.4
3.1 3.30+0.02 (0.7) 5.6 3.28+1.05 (4.9) 4.9
6.3 6.54 +£0.04 (0.6) 4.6 6.38 £0.86 (2.0) 2.0
12.5 13.47 £0.02 (0.2) 7.7 13.31 +£0.50 (6.5) 6.5
25.0 27.77+£0.04 (0.1) 11.1 27.50 £ 0.07 (1.0) 10.0
50.0 54.57 +0.03 (0.1) 9.1 54.31 +0.20 (8.6) 8.6
100.0 98.54 +0.15 (0.2) -1.5 98.57 £0.20 (-1.4) -1.4

Table 2. Intraday and interday analytical precision and accuracy of CBZ epoxide in serum by

HPLC analysis
Intra-day Inter-day
Conc. Precision Accuracy Precision Accuracy
(ug/mL) Relative Relative
Mean £S.D. (C.V.%) error (%) Mean + S.D. (C.V.%) error (%)
0.4 0.34 +£0.01 1.86 -12.0 0.33 £ 0.01 3.59 -13.4
0.8 0.71 £0.01 0.44 -9.5 0.67 £0.03 4.50 -13.7
1.6 1.50 +£0.02 1.40 -4.2 1.46 £0.01 0.70 -6.5
3.1 3.36+£0.01 0.34 7.6 3.17+£0.05 1.72 1.4
6.3 6.04 £ 0.06 1.03 -3.4 6.15+0.02 0.39 -1.6
12.5 12.66 +0.12 0.98 1.2 12.85+0.11 0.83 2.8
25.0 24.82+0.27 1.11 -0.7 25.29+0.25 0.98 1.2
50.0 50.30 + 0.06 0.12 0.6 49.72 £ 0.58 1.17 -0.6

100.0 99.88 + 0.80 0.80 -0.1 100.03 + 0.30 0.30 0.0
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Table 3. Recovery (%) of CBZ from rat serum (n=3)

Conc. (ug/mL) 1 2 3 Mean+ S.D.
0.4 95.5 92.5 98.2 95.4+2.8
6.3 94.5 97.3 96.9 96.3£ 1.5
100.0 95.5 96.4 98.3 96.7+ 1.4

Table 4. Recovery (%) of CBZ epoxide from rat serum (n=3)

Conc. (ug/mL) 1 2 3 Mean+ S.D.
0.4 93.6 92.7 933 93.2£0.5
6.3 94.2 97.8 96.4 96.2+ 1.8
100.0 96.3 97.5 97.2 97.0£0.6

Table 5. Individual pharmacokinetic parameters of CBZ after oral administration of 400 mg/kg
CBZ alone to six rats

Rat
Parameter 1 2 3 4 5 6 Mean =£S.E
AUCo.4320
(pmol-min-mL'l) 161.8 1259 1453 2177 89.9 122.5 143.8+17.8
Cnax (nmol-mL'l) 1143 111.5 95.0 94.7 45.5 86.5 91.2+10.1
Tnax (min) 720.0  60.0 120.0 480.0 10.0 60.0 241.7+118.3

MRT (min) 1289.6 1409.3 14883 1751.8 1722.8 1917.1 1596.5+97.3

Table 6. Individual pharmacokinetic parameters of CBZ epoxide after oral administration of 400
mg/kg CBZ alone to six rats
Rat
Parameter 1 2 3 4 5 6 Mean+ S.E
AUC.4320
(umol'min'mL™")  246.0 2645 163.1 2034 219.5 289.1 230.9+ 18.5

Cinax (nmol-ml™) 88.3 85.9 51.8 61.4 61.3 1543 83.8+15.3
Trmax (min) 1440.0 3600.0 1440.0 4320.0 3600.0 720.0 2520.0+609.5
MRT (min) 1968.1 2077.6 2110.1 2283.0 2155.7 1691.7 2047.7+82.6
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Table 7. Individual pharmacokinetic parameters of CBZ after oral coadministration of 400 mg/kg
CBZ with naringin (213 mg/kg) to six rats
Rat

Parameter 1 2 3 4 5 6 Mean+ S.E
AUCy.4320

(umol'min'mL™")  138.2 88.1 197.9 1839 265.6 218.6 182.1+254

Cinax (nmol'-mL™")  113.2 50.5 128.0 128.6 172.6 157.4 125.0+17.3
Tinax (min) 30.0 10.0 120.0  60.0 120.0  480.0 136.7+71.1
MRT (min) 1688.2 1851.0 1170.0 1920.7 1163.2 1195.8 1498.1+147.2

Table 8. Individual pharmacokinetic parameters of CBZ epoxide after oral coadministration of 400
mg/kg CBZ with naringin (213 mg/kg) to six rats

Rat
Parameter 1 2 3 4 5 6 Mean £ S.E
AUCo.4320
(pmol-min-mL") 240.8 2422 1879 213.8 266.8 151.6 217.2+17.1
Cnax (nmol-mL'l) 86.3 80.6 87.5 61.3 1242 435 80.6+11.2

Tinax (min) 2880.0 3600.0 720.0 480.0 720.0 480.0 1480.0+566.0
MRT (min) 2015.8 2315.5 1631.8 2216.2 1631.0 22163 2004.4+124.5

Table 9. Individual pharmacokinetic parameters of CBZ after oral coadministration of 400 mg/kg
CBZ with GCP (2 g/kg) to six rats
Rat

Parameter 1 2 3 4 5 6 Mean =+ S.E
AUCy.4320

(umol'min'mL™")  217.5 3000 227.5 199.7 151.9 1958 215.4+20.0

Cmax (nmol'mL™) 1339 1302  152.1 1648 1024 249.0 155.4+20.6
Tinax (min) 120.0 1200 1200 120.0 120.0 120.0 120.0+ 0.0
MRT (min) 1770.6 2033.5 1708.5 1715.6 1703.1 1184.1 16859+112.8
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Table 10. Individual pharmacokinetic parameters of CBZ epoxide after oral coadministration of
400 mg/kg CBZ with GCP (2 g/kg) to six rats

Rat
Parameter 1 2 3 4 5 6 Mean +S.E
AUCq.4320
(umol'min'mL™")  69.4 152.9 356.0 327.6 252.6 118.0 212.8+47.8
Cimax (nmol'mL™")  46.2 65.6 109.1 106.1 77.5 54.7 76.5+10.7
Tmax (min) 60.0 120.0 2160.0 720.0 2160.0 480.0 950.0+ 395.1

MRT (min) 1526.3 1821.4 2086.6 2048.5 2087.1 1568.7 1856.4+105.9
GCP: Huajuhung; peel of Citrus grandis

Table 11. Comparison of pharmacokinetic parameters of CBZ in 6 rats given CBZ alone (400
mg/kg) and coadministered with 2 g/lkg CGP (CBZ+CGP) decoction

Treatment
CBZ CBZ + CGP Difterence (%)
Parameter

AUC.4320
(umol-min-mL'l) 143.8+17.8 182.1+25.4 26.6
Crnax (nmol-mL'l) 91.2+10.1 125.0+17.3 37.1

Tmax (mMin) 241.7+ 118.3 136.7£ 71.1 -43.4

MRT (min) 1596.5+97.3 1498.1+ 147.2 -6.2

Table 12. Comparison of pharmacokinetic parameters of CBZ epoxide in 6 rats given CBZ alone
(400 mg/kg) and coadministered with 2 g/kg CGP (CBZ+CGP) decoction

Treatment
CBZ CBZ + CGP Difference (%)
Parameter

AUC.4320
(umol-min'mL™) 230.9+ 18.5 217.2+17.1 5.9
Crax (nmol-mL'l) 83.8+15.3 80.6+11.2 -3.8

Tmax (min) 2520.0+ 609.5 1480.0+ 566.0 -41.3

MRT (min) 2047.7+ 82.6 2004.4+ 124.5 2.1
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Table 13. Pharmacokinetic parameters of CBZ and CBZ epoxide (CBZE) in seven rats receiving
oral CBZ (400 mg/kg) alone and coadministration with SJ decoction (2, 4 g/kg)

+
CBZ + CBZ
Parameters CBZ alone SJ (2 g/lkg)  Difterence (%) ST (4 gke) Difference(%)
Cmax (CBZ) a b b
93.8+£7.2 167.5+32.5 81.2+42.3 173.3 +14.1 82.1£19.5
AUC,, (CBZ) b b
79.2 +8.5% 118.5+11.4 81.1+£24.2 144.3 £15.7 138.5+58.5
MRT,, (CBZ)
14199 +62.7 1073.7£131.5 -22.8+11.2 1131.1 +£119.1 20.3+7.7
Cmax (CBZE) a b b
75.6 £13.0 192.4 +32.5 197.1+44.9 214.3 £29.5 246.84+69.5
AUC, (CBZE) . . b
218.7+£32.1 333.44+43.9 75.2+12.5 418.4 +63.1 120.5£27.2
MRT, (CBZE) . . b
1966.3 £51.8° 1700.9 £119.6 -13.0+6.6 1577.0 £49.2 -19.3+£3.9

Table 14. Pharmacokinetic parameters of CBZ and CBZ epoxide in seven rats receiving oral CBZ

(400 mg/kg) alone and coadministration with rutin (160, 320 mg/kg)

CBZ + rutin
CBZ + rutin Difference (320 mg/kg) Difference
Parameters ) 0
CBZ alone (160 mg/kg) (%) (%)
Cmax a a b
82.3429.1 106.4 £40.2 31.1+£11.7 115.8 +43.8 45.3+17.1
AUCO—t a b b
67.5+£23.9 122.5 +46.3 81.8+30.9 103.9 £39.3 56.3£21.3
MRT,,
1208.4 £427.2 1298.3 +490.7 16.6+£6.3 1145.4 +432.9 -1.0+0.4
C_-E
max 121.7 £19.5 161.5+20.2 83.9+15.7 179.6 £18.5 73.2449 4
AUC, -E a b a
267.1 £27.2 379.4 £33.0 63.8+13.6 355.6 +40.4 56.44+49.0
MRT, -E
1890.2 £111.9 1707.6 £101.1 -5.9+10.8 1789.2 £60.5 -3.1+6.6
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