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A new suberin from roots of Ephedra sinica Stapf
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Abstract: Six compounds were isolated from the roots of Ephedra sinica Stapf using various chromatographic

techniques such as silica gel column chromatography, thin layer chromatography and semi-preparative HPLC. Their

chemical structures were identified by analysis of physicochemical properties and spectral data, and determined as
(Z2) -docosanylferulate (1), (E)-docosanylferulate (2), bis (2-ethylheptyl) phythalate (3), 2,2'-oxybis (1, 4-di-tert-
butylbenzene) (4), diisobutyl phthalate (5), bis (2-ethylhexyl) phthalate (6). Among them, compound 1 is a new
compound, compounds 2—-4 were first isolated from Ephedra. A corticosterone-induced PC-12 cell injury model

was used for compound activity screening. The results showed that compounds 1 and 5 significantly improved

corticosterone-induced PC-12 cell injury and significantly increased 5-HT, receptor protein expression in the cells,

indicating potential antidepressant activity.
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R AER i . HR-ESI-MS %5 H m/z 525.392 6 [M+Na]"
(TSR N 525.392 0), #i 7€ 7 58 C,H,,0,, THEA
WIRIFE N 6. "HNMR (CDCL, 500 MHz) i1, 8, 7.77
(1H, d, J = 1.9 Hz, H-2), 7.10 (1H, dd, J = 8.2, 2.0 Hz,
H-6), 6.88 (1H, d, J = 8.2 Hz, H-5) N # 3 ABX & & 1)
INFEEARTES, /A EMWLAHF 1,3,4 =0
AR5 6, 6.79 (1H, d, J = 12.9 Hz, H-7) F15.81 (1H, d,
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146.0 (C-3), 127.4 (C-1)].5 MEUKAE 5 [J. 143.8 (C-7),
125.8 (C-6), 117.0 (C-8), 114.0 (C-5), 112.9 (C-2)].2 1
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Figure 1  Structures of compounds 1-6
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F 4, 6, 3.93 ((OCH,) 5 C-3 7 E A 5%, nHEM H 4
FEIEAE C-3 4. BbAh, 454 HR-ESI-MS 45 Hi 4 &
W) or 3K, Br 2 CE o i SR AN IR 7 B R v 1)
Fe, nHED AR 7 BE A R AN 0N 200 A1 I
A 5 SRR IE 1 O b S PR R R — + — Fe %
A A 0, 3 X HITE FALA Y 11 C-7 F1 C-8 41
& HBOR R (&1 T, = 12.9, SCHERM Y Hh R 2
W WE M T, = 16.0), Tt B ¥ & 1) C-7 Rl C-8 XUtk
FIRIANTR . BT CA_E A #T, B e L& 1 540 stk
G, AN (2)-FTER IR — s, BRI WK 1.

2 HDERSE MR

2.1 EP1~6 3K REDIE S/ PC-12 457 17 1R
BIh i E R RS20l il CCK8 VLR L&
W) 1~6 %F B 5 B i 5 19 PC-12 40 B 453 47 55 784 o 41 ity
TR, R 2 iR B S IE 5 5 RRALA L,
Y 1B R BE (P < 0.01); SEALEAME L, a1
S ] DA Hb B 4l BRYE 7T (P < 0.05 8L P < 0.01),
{3 K 5 A X PC-12 40 45455

2.2 LEM NS XK BREEE S8 PC-12 4 Ra15 {718
RIch 5S-HT, EEFREHIFN  S-HT, 2R AHARE 1
I3 ZUE Sk I8 S 7 11 FE B VAR T B R U, i A
P G GRS I 5-HT, B I 3Rk, 45 R & 3A.B
Frs. 5IE A HRZHAR b, BEAY A 5-HT, 304 B & FE 1K
(P<0.01); SERAME, LAY 1ASFE 1 pmol-L”!

v

se 38



FRIESCAE: FERREAR D — DN ROR IR A © 663 -

150=

X
=
2
= Ry
§ 100 i sk k *
2
a,
K
£ 50+
3
@
g

0=

Control  Model Fluoxetine 1 2

mm | pmol-L*!
= 0.5 pmol-L™!
A == (.25 pmol-L*!

3 4 S 6

Figure 2  Effect of compounds 1-6 on cell survival probability in corticosterone-induced PC-12 cells. n = 6, x = 5. P < 0.01 vs control;

"P<0.05,""P<0.01 vs model

Table 1 'H NMR (500 MHz in CDCL,) and "C NMR (125 MHz
in CDCI,) data of compound 1

No. O Oy
1 127.4 -
2 112.9 7.77,d (1.9)
3 146.0 -
4 147.2 -
5 114.0 6.88,d(8.2)
6 125.8 7.10, dd (8.2; 2.0)
7 143.8 6.79,d (12.9)
8 117.0 5.81,d(12.9
9 166.8 -
OCH, 56.1 3.93, s
1’ 64.1 1.66-1.62, m
22! 14.3 0.88,t
2'-21' 22.8-32.1 1.2-1.7, m

H& T, S-HT, B A RIEH B & (P<0.01), IR LE
YIRS A I AE BT S 1
3 iTig

AHEFE LR B AR A A B AL A 3.5 F 6
J& T 402K R ER R E W, A ) AH 5% STk, 7R JBR
BRI FC A R A v s LA AR G TE, 1X SR G A T R
FEAESY B FE 5N 28R R T A R,

SHE N

Bruker AVANCE 111 500 BUZ B 3L HRAY (TMS P 47);
Bruker maxis HD % %47 i [8] i 1 (4% & Bruker 23 &);
LC-52 B w3 J il 4% v AH £ 543 (18 28 4% 0 S8 b T
BHEA IR 22 F]); Thermo EVO300 48 4043 6 6 B 11 (36
Thermo Scientific 24 &]); N-1300 T i # 7% /& 1X  A-
10008 ALK F N CA-1115 BLAHOKIER R E (h
g B PR A 7); BEARAX (35 BioTek A A)),
IR G 53 BT R Gt (35 [E PerkinElmer 2 #)); )2 (01
Tk GF254 Flfk IR G A i i I (100~200 H, 200~
300 H, 5 SlEreAb ), i) o5 B2 E Mk et (h
M ST AER T KA TR A B ); KBS g 4% 40 e
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Figure 3  Results of 5-hydroxytryptamine 7 (5-HT,) protein

expression detection using cellular immunofluorescence assay
(plotting scale: 50 pm) (A) and results of compounds 1 and 5 at
1 pmol-L" dose on 5-HT, protein expression (B) in corticosterone
induced PC-12 cells. n = 6, x + 5. P < 0.01 vs control; “P < 0.01
vs model. DAPI: 4’,6-Diamidino-2-phenylindole

Express 24 ], 251273); CCK8 (3% [E GLPBIO /A 7, 43);
S-HT, ik ([ R = 18 A4 9 kL R A A
00058665); Tubulin /A& (GR3398636-5). DAPI %%t 7]
(GR3445296-5), £ E ABCAM A .

1 2EHT % IgG H&L (Alexa Fluor®488) Tt —$t
(GR3449096-1); 1l 3 $1 /) i 1gG H&L (Alexa Fluor”
594) T Bt — 4T (35 [E ABCAM /A 7 GR3413419-1);
RPMI1640 1% 7% 3 (3 [H Invitrogen 23 ] 2315381); A
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A6 4 55 3519 98% LA b, HA# A DMSO ¥ i H-A% L AR
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17, HEE (B ali, REE DY AR g0 4k 5 i A IR A =) B
FH A2 M A 53 R E T & TR 4 LA R A A
Je KA Bom Ak 2=l A PR A =] AR 7=

BLRR AR T 2021 4E 5 A B =M 28 i, &0
TAT T HH [ 24K 2 2 5 e I B0 S 0 IR T R )
R (Ephedra sinica Stapf) ) TR SR 25, W
PR (No. 20210517) £RA7 T #4425 B35 Hh 2440
S I E .
1 RESSE

T PR B AR 40 kg, Z/K R E G, 2518 H 95% L BE4R
B2 VR, B BB W 4, VR T 1, 15 25 1R BV T
HRNT27.7 go FEHWIR K 5 8O A, AU FH A T L —
AL O OB T EEREIY, [R5 19 2104
Bk A7 211.6 g & H B 4L 245.1 g LR R EB AL
335.5 g IE T AL 62.5 g.

B R W B AL (170.0 g) 4 kE IR A (11 (100~
200 H) 2088, S A R AR L9 R F i - 2, 18 2. Bis vk
fBt (102 110 1), 4k &E LA - H B RR B BBt (100:0—
20: 1), TLC & 18 I & I A1 [F 38 4> 45 B 15 A 443, AP
MI1~MI15. M13 (39.83 g) Ll i (200~300 H)
I3, LA M- 28R 2B (200 1—1:01) BRE PR, TLC
KRNI G M R A 15 2] 7 A4 4, BfM13-1~M13-7.
M13-2 (1.25 g) &L I H: A3 (200~300 H) 7, UL
k- 2 /R 2.6 (40:1—30: 1) K  BE i, TLC 167
ItA I A F 95 43 3 6 A4 4, B M13-2-1~13-2-6;
MI13-2-3 Ml % EEH — P o Edith, B ED1
(15.95 mg) A2 (4.05 mg). M13-1 LA ERE (200~
300 H) 43 &, DLl - 212 2.0 (801 1—20: 1) BREEBE
Jit, TLC AR FF& FHAR [F 7 15 246 54705 (20.96 mg).
M13-5 24 fik I8 4 €0 3% (200~300 H) 70 &, L &
fr— FEE (5011301 1) B BE BRI, TLC A iR I AH
153 2 AN 4H 23, B M13-5-1 F1M13-5-2; M13-5-1
(158.59 mg) L RERAE i (200~300 H) 40, PLATiH
fik— 2,18 2,15 (100132 1) B BE Ve, TLC KR IF &
I AH [E o 15 2 5 A4 4y, B M13-5-1-1~13-5-1-5;
M13-5-1-2 (37.57 mg) £l #& 4 = 250 A0 (FF EE - 7K
80:20) 5 EIL 54 3 (0.99 mg, £, = 28.5 min) Ak &
¥4 (135 mg, t, = 39.9 min). M13-6 £ E Jig b i
(200~300 H) 4 &, LA ik - 2R L FE e (100 1—
3:1), 4R LS - F AR FE BB (100:0—5:1), TLC
WHEFEH FR 152 104415, BV M13-6-1~13-6-
10; M13-6-10 (4.02 g) £ Toyopearl HW-40C % Ji k¥ 4
P, LA - W (50:50) 25 FE Ve, TLC AR
I A R 13 20 5 AN 57, B M13-6-10-1~M13-6-
10-5; M13-6-10-4 (46.74 mg) £ il 45 T 5 RO A (P

fig-7K 90:10) 142454 6 (0.76 mg, £, = 21.9 min).
2 HEHEE

a1, AL E R R, 5T &Ik,
HR-ESI-MS m/z 525.392 6 [M+Na]" (Calcd. 525.392 0),
T N CLH,,0,; IRy, 2 2 925, 2 851, 1 713, 1 472,
1 284 cm'; UV (MeOH) A (loge): 202 (1.69), 323
(1.91) nm. 'H NMR (CDCl,, 500 MHz) #1"C NMR
(CDCl,, 125 MHz) %4 W5 1.

&2, HOLERR K, HE T & F b,
HR-ESI-MS m/z 525.392 1 [M+Na]" (Calcd. 525.392 0),
5y ¥ X~ C,H,,0,. 'H NMR (CDCl,, 500 MHz) 4,
7.03 (1H, d, J = 1.9 Hz, H-2), 7.07 (1H, dd, J = 8.2,
1.9 Hz, H-6), 6.92 (1H, d, J = 8.2 Hz, H-5), 7.61 (1H, d,
J=16.0 Hz, H-7), 6.29 (1H, d, J = 16.0 Hz, H-8), 4.19
(2H, m, H-1"), 3.93 (3H, s, H-10), 0.88 (3H, t, H-22"),
1.2~1.7 (40H, m, (CH,),,); "C NMR (CDCl,, 125 MHz)
d. 127.2 (C-1), 109.4 (C-2), 148.0 (C-3), 146.9 (C-4),
114.8 (C-5), 115.9 (C-6), 144.8 (C-7), 123.2 (C-8), 167.5
(C-9), 64.8 (C-1"), 56.1 (C-10), 14.3 (C-22"), 22.8~32.1
((CH,),))- LA FEIE S5 4E 13T XS L, B et &)
N (E)-Br 2R — -+ 1.

a3, KL EM A, 5 T Wi, ESI-MS
m/z 441 [M+Na]", 413N C, H,,0,. 'HNMR (CDCl,,
500 MHz) d,, 7.71 (2H, dd, J = 5.7, 3.3 Hz, H-3, 6), 7.53
(2H, dd, J = 5.7, 3.3 Hz, H-4, 5), 4.22 (4H, m, H-1",1"),
1.68 (2H, m, H-2",2"), 1.42 (20H, m, 10xCH,), 0.91
(12H, m, 4xCH,); "C NMR (CDCl,, 125 MHz) 6. 167.9
(C=0), 132.6 (C-1,2), 131.0 (C-3,6), 129.0 (C-4,5), 68.3
(C-1',1"), 38.9 (C-2',2"), 30.5 (C-3",3"), 29.9 (C-4',4"),
29.0 (C-5',5"), 23.9 (C-6',6"), 23.1 (C-a’,a"), 14.2 (C-7',
7"), 11.1 (C-b',b")e LA H i 5 STk HE AT X b, 1 e
G 3 AN IR Z - (2'- L HE Pk .

a4, TOEARY), 5% T & W b, ESI-MS
m/z 417 [M+Na]", 713N C,,H,,0. 'H NMR (CDCI,,
500 MHz) 6, 7.53 (2H, d, J = 8.6 Hz, H-6,6"), 7.36 (2H,
d,J=2.2Hz H-3,3"),7.13 (2H, d, /= 8.6,2.2 Hz, H-5,5"),
1.33 (18H, s), 1.28 (18H, s); "C NMR (CDCl,, 125 MHz)
d. 147.8 (C-1,1"), 147.2 (C-2,2"), 138.7 (C-4,4"), 124.6
(C-3,3"), 124.1 (C-5,5"), 119.3 (C-6,6"), 35.0 (C-7,7"),
34.7 (C-11",11"), 31.6 (C-8,8',9,9,10,10"), 30.4 (C-12,
12/,13,13,14,14"). LA b5 5 SOk P o B A —
B/, A 48 2,2 AR (1,4- BT ).

twams, BT ERR KR, BET & F b,
ESI-MS m/z 279 [M+H] ", 43 ¥4 C,(H,,0,. 'HNMR
(CD,0OD, 500 MHz) §, 7.74 (2H, d, J = 5.7, 3.3 Hz,
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H-2,5), 7.36 (2H, d, J = 5.7, 3.3 Hz, H-3,4), 4.07 (2H, d,
J=6.6 Hz, H-1',1"), 2.03 (2H, m, H-2",2"), 1.00 (12H, s,
H-3',3",4',4"); ®C NMR (CD,0OD, 125 MHz) J. 169.2
(C=0), 133.4 (C-1,6), 132.2 (C-3,4), 129.9 (C-2,5), 72.9
(C-1,1"), 29.0 (C-2,2"), 19.5 (C-3,3",4,4"). LI LHHE 5
SCHRPAHRE N B AR A — 5, WS B S S RARR
iR 5T,

&6, R, 5% T & H Ft, ESI-MS
m/z 391 [M+H]*, 73 73N C,,H,,0,- "H NMR (CDCI,,
500 MHz) d, 7.70 (2H, dd, J = 5.7, 3.3 Hz, H-3,6), 7.53
(2H, dd, J = 5.7, 3.3 Hz, H-4,5), 4.22 (4H, m, H-9,9"),
1.68 (2H, m, H-10,10"), 1.35 (16H, m, H-11,11",12,12’,
13,13',1',1"), 0.91 (12H, m, H-14,14',2',2"); *C NMR
(CDCl,, 125 MHz) d. 166.7 (C-7,7"), 131.43 (C-1,2),
129.8 (C-3,6), 127.8 (C-4,5), 67.1 (C-9,9"), 37.7 (C-10,
10"), 29.3 (C-11,11"), 27.9 (C-12,12"), 22.7 (C-1",1"),
22.0 (C-13,13"), 13.0 (C-14,14"), 9.9 (C-2',2"). LA ¥
P 5 SCHRP R T R BB AR — 2, WU B LA 6 AR
K THR Q-4
3 HNANESE M LI
3.1 CCKSZEWMMMEFEZEE PC-1241M0E T 5%
CO,.37 °ClER I F=F T, [R]85 10% fif 27 i 1)
RPMI1640 55 77 A7 55 7%, M Hhidk B £ A K 0 241
ffL, FH0.25% 1 JB R BT A, &b WA S, A& 10%
Jif 2 1L 37 1) RPMI1640 Fe il 5k B2 o f 2 7+ 1x10° A
PR 4 R, 42 Pk T 96 FLAR b, AL 100 pL 4 i 2,
TN EEFEAE R, AR A NG BE J , K 55 TR B o AN LT
MRE 7R3, YUk 24 h )5, PC-12 40850 N 6 4H: 1E % 41
(control, RPMI1640 %% 7% % fh 1% %) L R 20 (model, 7
JOR ) « B 4 X B ZH (BRPE YT, 0.4 pmol- L) 4h 2540 (1~
6) =i~ AR 3 AR SEIR 4 (1.0.5.0.25 umol-L). &
HeNEIL, SAUBEFE 24 h 5, FHRF B FFESG,
FFFLIIN 10 pL ) CCK8 AW, 37 °CH¥ A 1.5 h )&, Bbr
X 450 nm FASIE G ODAE .. HAEISF = (4h2h4l
OD i -7 H 41 OD f&)/(1E & *f 8 20 OD {H -7 H 41 OD
5)x100%.
3.2 ERRERAEINS-HT, EANRIE  4ifuiEf
TR B SR S 452550 & 1 pmol- L, %K FE
N MAEE RS R TR RERE. 68
FL, B EY B IR 24 h 5 FERE IR 3L PBS VE 3 WK, BEIR
5 min. KA 4% 12 5 FF % 8] %2 40 I8 20 min, PBS ¥
3K, BRI S min; SR & 0.1% Triton X-100 ] PBS =
9% E 20 min b 400 E47385%, PBS ¥E 3 X, X 5 min.
F PBST A il /17 10% L =F 1fiL35 % il 35 141 20 min, PBS ¥
3K, FEHR 3 mine IA—#H15-HT, (1:500) 5 Tubulin (1:

1 000). 4 °Cik#Z, Bl—$i, PBST % 5 X, K 5 min,
BN L 2E B0 % IgG H&L (Alexa Fluor*488) Tk it — 4t
51l 231/ i 1gG H&L (Alexa Fluor®594) T ff —$i
(1:1000), 37 °C N & 1 h, PBST & 5 %, X 5 min.
DAPI & 441 il #%, PBS ¥ 5 VX, B 5 min. 5 R4
Ji A% 22 S5 488 5 597 38 TE LI 41 i ¢ ' R

33 HIHESH LI EEE K H SPSS 18.0 £ 4 4b
BT Gt 0T, DO IME £ ARHEZE (v £ 5) Tow, B
K & ANOVA J7 2 43 M7 77 08 AT B A 58, DA P <
0.05 Fom BT BEMEZER, P<0.01 R BAWEEME
FESt.

YEE TTmR: K SONASCEE — R, 79T SL iR St s
KBV SCBES s IR A2 o 5 5310 ST o [ AR L 5
W /N 22T A & W 03 PR AT 3 s A A T e
B P BT A RS R X H 2 1 R 45 4 5 B
A7 — R B RIS T A ST SRR .

RS A & 25 A AEAE R 2 ph R

References

[11  Yue LL, Wang LS, Cheng DY, et al. Research progress in
Chinese medicine Ephedrae Radix et Rhizoma [J]. China Pharm
(P E 2, 2015, 18: 1383-1386.

[2] Yang YF, Lu Y, Wu GF, et al. Experimental study on the hypoten-
sive effect of Ephedra root extracts on the spontaneously hyper-
tensive rats [J]. Chin Hosp Pharm (7 [B & Fi 24 22 44 &), 2010,
30: 1434-1436.

[3] Yang YF, LuY, Wu GF, et al. Pharmacological screening of anti-
hypertensive active sites of Ephedrae root [J]. Her Med (25 %
#%), 2010, 29: 860-862.

[4] Tao HM, Wang LS, Cui Z, et al. Dimeric proanthocyanidins
from the roots of Ephedra sinica [J]. Planta Med, 2008, 29:
1823-1825.

[S] Tao HM. The Chemical Constituents of the Roots of Ephedra
sinica Stapf and Asparagus filicinus Buch-Ham (i 35 AR & £ 4
KITEALZE R4 FL) [D]. Changchun: Jilin University, 2009.

[6] Kim IS, Park YJ, Sung SJ, et al. Ephedrannin A and B from roots
of Ephedra sinica inhibit lipopolysaccharide-induced inflamma-
tory mediators by suppressing nuclear factor- kB activation in
RAW 264.7 macrophages [J]. Int Immunopharmacol, 2010, 10:
1616-1625.

[7] Khan A, Jan G, Khan A, et al. In vitro antioxidant and antimicro-
bial activities of Ephedra gerardiana (root and stem) crude
extract and fractions [J]. BMC Complement Altern Med, 2017,
2017: 4040254.

[8] Tian NN, Yong XH, Zhu YX, et al. Mahuang (herbaceous stem
of Ephedra spp.): chemistry, pharmacodynamics, and pharmaco-

kinetics [J]. China J Chin Mater Med (H [E 124 4% &), 2022, 47:



\

666 - Zj%E %4k Acta Pharmaceutica Sinica 2024, 59(3): 661-666

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

3409-3424.

Wu HZ, Lu Y, Ai LQ, et al. Research advance on chemical
constituents and pharmacologicalactivites of Radix Ephedrae [J].
Asian Pac Tradit Med (I K f% 4t 1% ), 2008, 4: 150-153.

Tao HM, Zhu QH, Liu YH. Flavonoids from roots of Ephedra
sinica [J]. Chin Tradit Herb Drugs (" % %), 2011, 42: 1678-
1682.

Qi Y. Research on ultrasonic extraction process of total flavo-
noids from the roots of Ephedra sinica Stapf [J]. China Mod
Med (7 [ 24 /R 24), 2017, 24: 85-88.

Li ZJ, Li F, Fei L, et al. Extraction process of polyphenols from
Ephedre sinica root [J]. Anim Feed Sci Technol (& 4% 5 7 &} &
£, 2020, 41: 87-91.

Tao HM, Wang DS, Cui ZC, et al. Chemical constituents from
Ephedra root [J]. Chin Tradit Herb Drugs (11 %% 24), 2010, 41:
533-536.

Sonar VP, Fois B, Distinto S, et al. Ferulic acid esters and
with anolides: in search of Withania somnifera GABA, receptor
modulators [J]. J Nat Prod, 2019, 82: 1250-1257.

Huang S, Xu P, Shen DD, et al. GPCRs steer G, and G_ selectivity
via TM5-TM6 switches as revealed by structures of serotonin
receptors [J]. Mol Cell, 2022, 82: 2681-2695.

E HC, Zhou W, Liu BS, et al. Secondary metabolites from the

[17]

(18]

[19]

[20]

(21]

[22]

(23]

fungus Engyodontium album associated with the South China
Sea starfish Anthenea pentagonula [J]. Chin J Mar Drugs (" [&
HEFEZ5YD), 2013, 32: 7-12.

Liu YB, Cheng XR, Tan JJ, et al. Chemical constituents of Toona
ciliata var. pubescens [J]. Chin J Nat Med, 2011, 9: 115-119.
Miao SM, Zhang XB, Wang JL, et al. A review of the phyto-
chemistry and pharmacological activities of Ephedra herb [J].
Chin J Nat Med, 2020, 18: 321-344.

Sun GB, Sun JR. Discussion about the natural existence and
safety of phthalic acid esters [J]. J Chin Inst Food Sci Technol
(P AR, 2011, 11: 1-8.

Ma Y, Gui W. Chemical constituents from Dryopteris cryoitoana
Kurata [J]. Chin Tradit Herb Drugs (H & %), 2006, 37: 1315-
1317.

Zhang YY, Gan JY, Lu CS, et al. Studies on chemical constituents
of Zhuang Medicine Alysicarpu svagnalis Herb [J]. J Chin Med
Mater (F125%1), 2021, 44: 1138-1141.

Feng WS, Li Q, Zheng XK. Studies on chemical constituents of
Lysionotus pauciflorus [J]. Chin Pharm J (4 [E 2 2% % i), 2007,
42:337-338.

Nu F, Xie GB, Cui Z, et al. Chemical constituents from roots of
Semiaquilegia adoxoides [J]. J Chin Pharm Sci, 2006, 15:
251-254.



