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W E AN HitNBEXRXKAFUHHERAENMNRIOLE AR PEN¥NER. FEx 2 ig BT REA
WOEAERFREARESARMBEIKA AR RF BB, R H HPLC 58 g 5 ] 2 B 5080 6 7 35 ot (8] B {
FBFBRAEARNESMMERRXPHYKRE . RA PCNONLIN BFHAA¥SH. &R HRAFR
BN B Kty 5.0 min, Crne 3 44. 1 pg/mL,AUC,_30% 853.9 pg/(mL « min); KX h D AUC,-5 N
11. 8 pg/(g * min) stm B 5.0 min s Crx Xy 1. 4 pg/g: FIAMMAR A RA SMEAIRA LB @025 R E MM 2.5
X RENMBEZH/NREOUEM 1.9 F. HPEERANMBKEBKAE KA EMRFIERMKEZDINS
M HBERRAESSHHE., FMEARK 200 mg/kg BEAXKA 50 mg/kg S Conti AUCo- 5053 5138 1. 2 £
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Effects of borneol on distribution of sodium ferulate in plasma and in brain regions of mice
LIN Zhu-zhen'?, YAO Mei-cun', LAN Ming-xiong®, LIU Pei-qing', ZHONG Guo-ping', PI Rong-biao'
(1. School of Pharmaceutical Sciences, Sun Yat-sen University, Guangzhou 510080, China;s 2. Nurse School of Guangzhou

Medical College, Guangzhou 510180, China; 3. Dongguan Institute for Drug Control. Dongguan 523109, China)

Abstract;: Objective To explore the pharmacokinetics of dosage factor and borneol on sodium ferulic
(SF) in plasma and in brain regions of mice. Methods Mice were treated with SF (ig) alone or accompa-
nied by borneol in different doses, the sample from plasma and different brain regions were obtained at dif-
ferent time points (2.5, 5, 7.5, 10, 15, and 30 min), respectively after application of SF. HPLC was em-
ployed to determine the concentrations of SF in plasma and in brain regions of mice. Pharmacokinetic pa-
rameters were assayed by using PCNONLIN software. Results AUC; 305 tmays and Co,, of single low dose
SF (0. 2 g/kg) in plasma were 853. 9 pg/(mL * min), 5.0 min, and 44. 1 pug/mL, respectively and that in
hippocampus were 11. 8 pg/(g * min), 5. 0 min, and 1. 4 pg/g, respectively; Single high dose SF (2 g/kg,
ig) could only increase 2.5 times in plasma and 1. 9 times in cerebellar region compared to single low dose
SF (0.2 g/kg, ig). No changes was found in hippocampus. Borneol (50 mg/kg) not only accelerated the
distribution of SF in hippocampus (¢n. in advance 2.5 min), but also increased the concentration of that in
plasma. Compared to single low dose SF (0. 2 g/kg) group, the C... and AUC, 4 are increased to 1. 2
times and 1. 7 times, respectively in hippocampus in single low dose SF (0. 2 g/kg) plus borneol (50 mg/
kg) group. Conclusion Increasing the dose of SF alone dose not increase the concentration of SF appro-
priately in brain. The concentration of SF in plasma and that in brain regions are increased by borneol. To-
tally, these results suggest that the application of SF combined with borneol for CNS diseases, such as
brain ischemia, might be more effective in clinic.

Key words: borneol; sodium ferulate (SF); HPLC; blood concentration; brain region
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BRRE RBRATEASEHEESD . RV
RO Bk I ¥ BB A R R AR FBIBK B HER
KoEWRAENA . EEILIREE, 8% A
REHARRMEERES., RARKA FTERS L
18 K K BER 2 2 b o A B 2 R 6 2 05 i I B
BEEY, BRRIK A B bR i 5 4 1E A
S 5 5 o A S B 48 5T, 0 4R 1 BT S MR
g 10 45 5 % B T 3, AR B 9T o AR VT UK B X B SRR
P EMERX > HHEE.

1 8

1.1 s .-BBHMADR,. (2515 g, P ILKR¥EE
BHYh.LREE (BHKIES SCXK § 2004-0011),
SR 12h TH.

1.2 A#.FRKRH GRRSH 98% .l £ 507
L THRAFA,HE 0060925), kK (REDFE
95% .S M P EBE L) , Z 0 K i o, 34t X5
k43 BT . 45 390 A 1 - 20 I BT SRR AN A 43 B AR 1B K
RoHl B R BB MBRIE A 37% ZBEALH
FEMAZEEBR FMEBRWESKAHM 37X
LERAREHER.

2 FERE%4R

2.1 fBi%&M4.E£EH Waters 1525 B Bk H 51X
(Empower fiff TEY) . i+ : Kromasil C,3(250
mm X 4. 6 mm, 5 pm); FizhtH: ZHF-0. 085% BEMR
(25 75) KB R :1. O mL/min; B iR - F i
BERER MK 50 pL,R5I%K 100 pL.

2.2 SRS EBARCH - ET AR BUT A 120.9
mg F 50 mL B, RSB RHES, AR5
HEBRFBEEEKIKN 0.483 6.48. 36 pg/mL
B TERR.

2.3 M¥EFEFDAHE:/DRBRBREEKDL 0.5
mL, AFEHE, —4 C 12 000 r/min F.L> 5 min,
REBBRBNE. o 1mlL IXBAERLE
#,10 1 mol/L MW 50 pL,Z M 2 mL,2 600
r/min JBHE 5 min, H 3 500 r/min F.{> 10 min, i
LHEWE 10 C KHET BWEIME 0.2 mL &,
2 600 r/min JBHE 5 min, BB H#HEES.E£H.
2.4 WEKROH & /DB MG RR S B A
H.EEE. B . 9REDRTE 4+ ICHER
MRE P EERER.MA 0.5 mL £3EK, A
BHBEIBTIHES . MA 3mL. ZB . HAS50E
HANHEMZBGE L RER.

2.5 FIHRMAIHNE

2.5.1 FEHEEFRUHLSR.BUIRZELE.ZAK

B.ZABL. ¥ASCREK. % 8/ K. TR R
RS Aok T Lo g R = =y ok - 1.
Bt RG.E A D MR R . a8URK
Jon B 55 R 0 X R 25 /)N G e R AR A X PR 3R
M3 NS, AR WE LR A
AT BB G A0 e B (8] 3 8. 3 min, 5 1L 3K
R 53 3% P B 7R B I B o9 TR Y B 2 BB AR Atk 43 B
LT % FIREAL 25 G, 76 05 AR X o BT S AR o0
54 ERBYEEREHI N, HERED TR
MAKHELTR. HPRETOLRERSRXPESD
MEaER,. HXPHER. SRE MM EERYS
wBOEE. LA,

2.5.2 fRMEMRRILE /R ig EEERK, 2R
KBRS GUREH/MNE %R 0.1 mL
X EEMARRRBEREARERGAMHERMAT
EBB AR RERBEHEYS T 0.120 9.0.362 7,
1.209, 3.627, 10.881, 24.180, 60.450, 86.720
pg/mL A3 5T R AL S W TR 0.5 mL = H
¥ I8 W AR [ 5 B R B AN [ 4 B BT SRR
THEERB,BRERKEHMEYT 19.344.48. 360,
96.72.241. 8,483. 6,1 450. 8,4 352. 4 ng/mL K%
O3t R SRR N BUR K 50 D R R AE .
B RS R ARAEE TR EERNE. U
FIMMAMAEER (A AL, TRRHTREK
B (C,Mfi¥ pg/mL, K5I ng/mL) REEALLR, &
BA—RE#TRHAESOEREMEBLIRL A=
305 545 C+127 344,r=0.999 7; K EE B F B R
A=743 C+43 586,r=0.989 3;{ A BN
A=1 236 C+36 733,r=0. 999 9; BUR K 13 F &
X A=1 424 C+2 746,r=0.999 9; /P [EI A H B
HA=1256C—135763,»=0.993 7, 45 R FZHAMI#
BENTEM B B 0.120 9~86.72 pg/mL RHEXER
1 LMK P 19. 344~4 352. 4 ng/mL RHERX R
R,

2.5.3 FKHR [R5 B P SR MR N A T VE R W, BC Y
.. 5 3 ANFHEBEWEE (0.362 7.3.627,86.720
pg/mL) MEHMEE S B HIFEEHEEY
Kb 7 3 HERE , 1R B, B R A BT R . P L 3
A REBWE (0.181 35,1. 813 5.43. 360 pug/mL) )
WH B LEHENARKRE TR EAMRAGRE
BLERK. F. BRERKREHZBRE KRS A
84.4%.86.2%.87.6% ; Rt BRAK. P . H 3
ANEBEE (48.360.483. 6.4 352.4 ng/mL) &
M D& 5 0, B DR AL O B AL B IR A L IR
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A-FMTMBMNRE BaEAMmE C-EAMmMEK+FMARAMEE DFMARKAHEORENS E-FZARE
F-ZHBL+MERNATRE G-FMAMMNAHEED «-FHRRW
A-SF reference substance B-blank plasma C-blank plasma+-SF reference substance D-plasma sample after ig SF
E-blank hippocampus F-blank hippocampus +SF reference substance G-hippocampus after ig SF » -SF
M1 AROENEXESH HPLC @

Fig.1 HPLC Chromatograms of sample in plasma and in braip regions of mice

B, B MR R MR, B3R RE
(120.9.1 209,10 881 ng/mL) BIM BB, L
HEFRRETHNARAEER ERE. D]
RV B B A BB W& 4 B R 86.1%.86.8%.
88.5% /M B BRIk 5 SR, 45 R/
R E. P ERERENEREWELSFH N
87.4%.88.9%.90. 4% B K. P . B R B E
£ 2 B [6] i 48 43 B3 80.1%.79. 9% .81. 4% ; BOR
FEE. P REREEAOXRE RSN
84.3%.88.2%.89.5%.

2.5.4 HEESREERE - REARANLTES
WomEHME. P B3 REKE (0.362 7,3.627,
86. 720 pg/mL) M FZH MK 1 mL, 3% M 3K &H ik
Bk I R R e, R RRHAE. PR 3
AN RBYWE (48.360.483.6.4 352.4 ng/mL) &
Z5% 5 5 mL, 0 DR &AL 7 B AL IR R, /D
BB SCRESEDR%RLE. BX 4 C RE,
B 0.1.2.4.8.12 h ##E,iTE BA RSD M
12h WEREH, 2 5% 3d MEITHE HE RSD,
I KRR P B R KBE A H A RSD (n=6) &
WH 2.31%.2.87%.3.08%;: ¥ L H P RSD KK
F 3.05%.3.52%.3. 31%; /Mg H A RSD K&k
4.21%.3.96%,4.33%; K2 HW RSD K K K
4.52%.3.52%.4.32%;: SUR& B A RSD KK N
4.32%.3-45%.2.55% . EREW . HERE12h Ky

1

ARFRE AELEANEX P K. P REEE
ERFSRMIHE RSD (n=3) HAXF 10%,KRE
BHETHRAES.

2.5.5 EAHRAR MMRMAN TR, AH
K. 9. & 3P ABEE (0.362 7.3.627,86.720
pg/mL) MEHMEE 5 0. HDEAE[LBRYE
AbFBIH R T, RFIFTRRAK. P E 3 NER
We B (48.360,483.6.4 352.4 ng/mL) WA HED
B 50, HE DR R, DB
B.OREESBORELHE. SRUEEBITR
RSD, If 32 # S . b . & G B ¥ B 9 RSD KK A
2.21%.1.47%.3.25%; ¥ G & RSD K &K b
5.04%. 3.92%. 3.31%; /M i RSD &K K X
5.44%. 5.83%. 4.85%; L 2 # RSD &K X }
6.24%.7.94%.6.33%; SR & & RSD K&K H
4.04%.3.82%.3.35%.,

2.5.6 FEBEKRRAR. MIFARMAN TER
W BHME. P& 3 EREE (12.141.,26. 980,
67. 450 pug/mL) M FZHIM KK 3 43 Be I P M AR A
5. B 3 MR (241.8.725. 4.4 352.4 ng/
mL) HEHER. MBS 36 B ARAK.
O 3N AEBKE (241.8.1 450. 8.4 352. 4 ng/
mL) BEHED QREE 3G RARBFEH
B LAMABE S MAE K HE I E BR3P
MaE W RS R (102.44+3.00%.(102.2+
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2.1 %.(113. 114. 1) % ;s F2 2 BTSR[] W 3 43 31
K (96.8 & 4.6)%, (95.9 £ 8.1)%. (95.3 +
2% : B FRBMAEI R RSH R (98.6%
3.3)%.(92.4+4.2)%.(109. 3+4.5) % ; BUR KB
HMBRBIE RSN (109.3+1.3)%.(92.3+
12.5) % (111. 742. 0) % ; /I i B 5 R % (=] Wi 3¢ 43
BH (111.54+2.6)%.(103.2+1.00%.(87. 7+
1.7)%.

2.6 YRR

2.6.1 PIHMAAEMEMRXPERKEFNNE:
HANRBEEYLY N 8 A, BH 5 R, AMBAKM 200
mg/kg Bk ig FIMMRABB. 2 TFRHAE 1.
2.5,5,10,15,30,60,240 min 4 BB M 3 5 g X
MBS KRB .SCRE, Ak LR, B
HPLC M EH P EMARBKE S RER, B
AMAEMRF 5min REDBKFEREEN
67.38 pug/mL,Bj 4 h A HBRTES; HERX K
W e b il K R 18, 52 U2 5 /) B B e R 10
min, 5 EREERE 15 min A XD B AR Y.
FIMMAMZ R ELRX PR EER, A25)5 10
min B, (XM ARKEREEN 225851 10
&SRR E 12 6%, /N9 21 % (B4 1 mL L34
HF1g MARITHE). £RILE 2 5/ 3.
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Fig. 2 Concentration-time curve of SF in plasma
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Fig.3 Concentration-time curve of SF in brain

regions (x+s, n=5§)

2.6.2 R0 B PO SR N 7E 1 K 0 AR P B 4 A K /D
WBEHLEL 5 2,1 2 g/kg FiIR ig FISABRBAK I
W, B TFAZHR 10 min 4 51 BUM K 5 X %

DR MELSORE B4 H . A HPLC 3%
WEHFFIAMARBRE SRER FRRNS
RN T 10 4, (B i 3K o B BT SRR BN 5
BA R, FUE0 2. 5 £% X P RSB 4 B 7E
KR NEFR .5 5.1 9 5, WS D 58K
XM ERLE 1.

%1 EEARFABRHLES 10 min AEFMHEF

ERBRE (xts, n=5)
Table 1 Determination of high and low dose SF in plasma
and in brain regions in 10 min (xts, n=5)
ny/ %/ R/ B5/ gju/ MR/
(mgekg™) (ugeml™" (ugeg™) (ugeg™") (pgog™H (geg™")

FRRH 200 56.1012.60 2.96+0.78 5.2941.21 3.80+1.88 3.10+0.87
2000 138.5748.26 4.3640.45 £40£0.33 3.1940.18 5.7640.83

2.6.3 S & UK IS BT B BT I K A0 1L op R
WEME B IR 4 H. BH35 R,AHNRN
PR A 200 mg/kg MY ZBEHE B ;B.C.D 4 %1% -
PTE B 4H 200 mg/kg H & 2.10.50 mg/kg KK K
ZERW.ig /5T 1.2.5.5.7.5,10.15.30 min 4} %)
BE BB X 5% 5. A HPLC (8T
HApmmE, RAEFEEMN T RS %S
W. BEAKFARFHBRNAER D P 1 i5KE [
(toax) HEFARHT 2.5 min; 4 2.10,50 mg/
kg KR HFBRMNEMEME S FMKRELAA
HAAFBEMRRA, ERKE (Co) ZEMEF 25
WINT 45.8%.31.0%.31.8%;:; L4y B im T
47.2%.24.5%.25. 9% . AUC,~s7E M 3 4> 5 1%
MY 3.1%.14.9%.3.0%: S 4 HMmT
44.1%.19.5%.66. 1% . R t RRIEL 5047, 8
FAASEAHAZHEREE (P<0.0D). HRLHE

Ba

4. B 5, ESHRNE 2.
70 -o-ﬁg
-
-é 50 -—CH#H
oy —~x-D #

30

e FGWBE / (v

(; 5 10 15 20 25 30
¢/ min
Hae FRABRHEAFTANBERKRENESRN
BRI R (x+s. n=5)

Fig. 4 Concentration-time curve of SF with borneol
in different doses in plasma (x+s, n=5§)
3 itig
FLBEVH HPLC RRE/DR ig KB EH
SRR SN 7E M 3R A IX b B, 5 IR SR O iU 3
ZREBREE T KM KAIMIENE REMY
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—o—A# WERABRMBMARGERE P RKRER BD.
- B: ORI MR YIRER  AH RS SRR R
o R, SOk b MR Z R BN, B DR
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WATRE /(ng.g™"
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t/ min
B FMRRNRSAEARARESD PN
H g cts, n=5)
Fig. 5 Concentration-time curve of SF with borneol in
different doses in hippocampus (n=35)
x2 FURMESXRAEFRRANTIIESNY
Table 2 Pharmacokinetic parameters of SF
after ig SF with borneol (n=15)

Conax/{(pg e mL™1) AUCo~30/(pg * mL™! « min)

%X %3 | £ X | £ L]
540 5.0£0 44.14+3.90 1.3630.09 853.9 1.8
540 2540 64.3415.13 2.0040.26 880.4 17.0
540 2.5£0 57.8244.30 1.69%0.15 981.0 1.1
D 540 2530 58.1645.11 1.71£0.13 879.7 19. 6

B, HE TR EREN, FYEREY 102.52%,
FHEEAGYRENEHER . BPREMEER,
EmESMEO%RIEE BEXR Mk KES
R, & RS N RERERB T LT,
FF LA 7E 52 50 o B R R 0 /0 R 1 X4 25 40 R U 4 R
MEBRARNOEE S EARE FERBLEALETER
hREEMAEI RS,

A LR 7EALTERE B AT X R ST E A S B
7T s, RBMAEPMA T HMAVIRE SRR
RAKRE BT, T4 R 5K R REY
MAK. FMRRMDREEEHLEEGERG 20.6%5,
HENMERAEN P ETEUSTFERB Y EER
TEHR, YIMARBE S FRNE, RERERE.

YK K B B 5 i R, B AT 5
RN HEEE. G LSS EHS
HRE. FEPREG, METFEL BEFROA
A SHE RN GOREMA. HXEE—EH
#FH,ig PEE LDK 1 059~4 960 mg/kg®!, #
EERPHHAARKA ARG ALRHEET /D
BV A BF B K 10 mg/ke, Bl A KRARE
£,

A5 B YROWAR T B0 A 94 7 I 3 L X o 05
I B R /N BOR R B 25 B 2R % TR S MR A T
1 3% 6 5 B ViR S A K F R X B R R VR L R E
T BTSRRI AR R B L (ELE A AR AE T, 224 )

tmax/min

k)

o= >

JMBHEERX, A LRRBIET b8 AE ER#
PERAEFEREABDNAYIRERR. MAEEMN
MEEEDPHBRYRIETRHERPERAEE
BIMERE XL AR E S RARMRNE S K
FERAEMXMESELNBR.EEAFARNBKEE, M
UBMAENREAEIPY Cons AUC- B IEHFR
BREMRS (MK CoBMT 31.0%~45.8%,
AUCo 33T 3.0%~14.9%: 3 Con M T
24.5%~ 47.2%, AUC,5 ¥ M T 19.5%~
66.1%), HFEBIH to (LR HHABRRT 2.5
min, B ER. LREBR . FRRHKSKH S A,
I K B A AR, X F R R L AR B i R it LA BUR
B, B, 8yl KA A BT 8RR 6 7T I Il B R AR
B, AMEEREKAF AR BEARRTRATKAR
FRIFAR. RALSMARNELR NESH
RERTEBEMRX BHHE—E R REBH, X
RESHYNKERTBRABALAEXR KBRS
AW, - BT,

ERREZRL T/HRERAFR RGO ER
B, RIS 25 BN T 10 £, {E i 3% A A X
PR ERARKENMAL., XBRTEMMBTHR
R AE R b i B R R R A 8 o i K RIS MR I A 25 R
BRI, RBE S S HNYER S REN T E.

HKAARBETK FUMBMAT RS KAEBY
B EEERENRN 37X A EERRRRMK
B AWREZAAMBBRAHAYENRR, LEMEK
5% 350 4MEESAHER. 37 %5 MK
HE MR ESESPHAYEENRE.XRESL
BOERSBRIR.ESFIFGMMETHYHAH
X M-S HET HRREZHBEAXH
VHER. AMREYH 1S RPEAERPA
FREAHANBN.ER5H 37% ZMAIBN—H.
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ICAM-1 #AxROEW (1] FHHHSHEKHE, 2001, 12 (8] % H, M, NHFEE, %. HPLC M EB Y HWME

(2): 88-90. FARMEFFRROER [J]. PEZH, 2005, 36(4);
[7] #% R, ¥4, ERE] . HPLC W E Beagle R M3 P HM 523-525.
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E#AEER XS A Raji B840 M105E | i T 5 48 A6 ) A /Y % Mo

HOFLEMS.E R OB
(4 R b B K 4 1R B B 2 B B R o 0 B B it B0 BFF 9 7 B AL L 430022)

W W-BHH TRDLXHMMAMEE (cyclin D3) 7 Burkitt HEBAM Raji FHFRERAERI HOLH.
Bk MTT SR8 405 RIEHE, Annexin-V/Pl TR LM AT -, R4 RO N4 M8 8 42 % . RT-PCR
EMTEMEIERRIER T Raji MG cyclin D3 mRNA #iAK1k, Western blotting R M 4B A cyclin D3 B K
BHEAGR AR Raji AREARBAOMBEMEER . Annxin-V/PI AL B R, ARERESHRATE
RREEYE. RO EERA BRI, BT RNE. ARIERAEM Raj ARE T EHARAMEE T G./G 9,
Go/G, 13 40 I Le. ) B 5 M B B PRI IR I K T R 8 30 R0 TT S 359 40 B He 470 B 19 e i 7660 700 R 304 K T 2% 8 R . X G./M
MR E., RT-PCR 4R B HEIGRRE A T Raji 41 cyclin D3 mRNA REB D . HESHAEREEH
%. Western blotting 4R B/R ARG M cyclin D3 EARAMEM. EFBMAEE. &ie OHIEMRMHE Raji 4
RMAFESHR M, 7 T Go/Gi 3, HATE 3 T8 cyclin D3 X R EHHEIEA.

XA OHEIEER; Raji BH; AP cyclin D3

o {4 3% % .R286. 91 TRARIRE A S8 0253 - 2670(2008)04 - 0556 - 04

Effect of betulinic acid on proliferation, apoptosis, and cell cycle
of human lymphoma cell line Raji
CHEN Zi, WU Qiu-ling, CHEN Yan, HE Jing

(Institute of Hematology, Union Hospital, Tongji Medical College, Huazhong University
of Science and Technology, Wuhan 430022, China)

Abstract: Objective To investigate the anticancer effects and molecular mechanism of betulinic acid
(BA) on Raiji cells in vitro. Methods The effects of BA on the growth of Raji cells were studied by MTT
assay. Apoptosis was assessed by Annexin-V/PI double-labeled cytometry. The influence on cell cycle
was studied by flow cytometer. The cyclin D3 mRNA expression was checked by Western blotting and
RT-PCR techniques. Results BA showed obvious inhibition on proliferation, as well as induction potency
of apoptosis on Raji cells in vitro in a time- and dose-dependent manner by Annexin-V/PI double-labeled
method. With the IC;, value for 24 h being (39. 44+0. 65) pg/mlL, Raji cells treated with BA showed ac-
cumulation in G,/G, phase and reduction in the percentage of cells in S phase. The cyclin D3 mRNA ex-
pression and protein were sharply decreased in Raji cells treated with BA. Conclusion BA could inhibit
the proliferation of Raji cells by regulating the cell cycle that arrests cells at G,/G, phase and induces apop-
tosis of Raji cells. The antitumor effects of BA may be related to down-regulation of the expression of cy-
clin D3.

Key words: betulinic acid (BA); Raji cells; cell apoptosis; cyclin D3
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