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Mesoporous silica solidifying volatile oil from Bupleuri radix and
forsythiae fructus and its micromeritic properties

TIAN Juan-juan', YU Ya-ting?, ZHAO Li-jie”", FENG-Yi’, WANG You-jie?, SHEN Lan"

(1. School of Pharmacy, 2. Engineering Research Center of Modern Preparation Technology of Traditional Chinese
Medicine, Ministry of Education, Shanghai University of Traditional Chinese Medicine, Shanghai 201203, China)

Abstract: The aim of this study is to solidify the volatile oil (VO) of Bupleuri radix and forsythiae fructus by
using mesoporous silica Sylysia 350FCP (Sylysia 350FCP) as carrier, and to investigate the changes of micromeritic
properties before and after drug loading. The volatile oil drug-loading powder (VO-DLP) was prepared by blending
process. The micromeritic properties were evaluated by angle of repose, particle size, bulk density, true density and
porosity. The compressibility and compactibility of the powder were evaluated by plastic strain energy, ejection
force, friction energy and tensile strength. The powder was characterized by scanning electron microscopy, powder
X-ray diffraction and synchronous thermal analysis. In addition, the thermal stability, mechanical stability and
other key properties of VO-DLP were investigated. We found that mesoporous silica as a carrier of solidifying
volatile oil has the advantages for large drug load, high thermal stability, and high mechanical stability. In addition,
the excellent properties of mesoporous silica as solid lubricant and glidant are not affected after loading VO,
and has no effect on the compression process and compactibility of materials. What's more, it can meet the demand
of continuous production.

Key words: mesoporous silica; volatile oil; micromeritic property; physical characterization; stability

G R B AT I K P 251 PO R BT R AR

ke H 391 2019-04-03; &l H : 2019-05-19. P VR0 ML T A 2R G AR 1 2 2R R 2 TR
*§ ifL{ % Tel / Fax: 86-21-51323030, E-mail: alansusu@sina.com; PEW, FENGPR ARl 2 B - 2015 4R (R E 25 8 ) —
Tel: 86-21-51322766, Fax: 86-21-51322491, R (35 FE b 25 [ I 20% 7 B A

E-mail: zhaolijie761029@126.com

DOI: 10.16438/j.0513-4870.2019-0235 R 2GR IE R . TR R M LT ARG T K, BB R



- 1494 - 2% %4 Acta Pharmaceutica Sinica 2019, 54(8): 1493 -1501

PER AR T AR A R ki AR e PR 22, 5 3206 V5

1 ) 700 R B i DA 182 FH 45 77 T ) A e 3 A2 5 A v
2] BB I 1) 1 T 1R R AT 809 44 il AR AR 1
TV 2L 2 W G 6 R 2 1T, Ty 8 v 428 i et okl ) ER)
SE 1, 16% Hh 2 45 I A i A LS. AR
AR T2 B T8 R ok KA 5, BZ B AR 712
RE A BB B TR AR ) L AR, AR R
T E SRR, — LA 70T R AL il
RGN, 7 Y 4 24 28 G a0 R o A L 449 K LI O A 18
b 2 R, B I g e o R AR E M LR
YR 2 f R R PR 2 P T A Ak . SR, X e
HHEOR R A AE A LI B B L 324 B A AP AR e
PEZE TR EIAE AN TR 0 )48 T 200 R R SR A A
TV A TEOR A 7= 45 e e, G o ) A AR R R
PEACER,

AR, DUE A4 ) i i AR08, 22 L A4
BHAATg k, dl d f  ReRE T2, KBk 55 Kl
TRA Y], RIVE T R B S B A A Rk A Ak B G
Ho i b 7 SR PR S, £E — 8 R R B
Al e v, BAT )4 20080 B L 5 A A i R E
TR RO n R R A BN AT S H AT R
FH 0 WA 791) G Ak s 21 4 3 Tl R S A 1)L A8 K R 4
R 32 5 ol A A 2R A A A SR AR 1S5 (R WS e 0 —
e, [ ARy R AR e M 22, BB Jo M ARk iR M 22
TR, BRI T 2% ATE il 245 47 Ak Ak THD B
Z AL RER B A s I bR T AR BOR I S BR 2R, 24
Yoy W B0 FLRR S A TR S, T HR 251
NI K 259 1 FE R B2, 88 B4 Dy e 2%
2GR Z N . B AR B 5 2 I
B, BN 22 A, H AR T ) AR 1
TR < PR 7510 R0 7 5 700 58 A 7 4 o 2 24 40k
UBAh, et AR 7 2 LA R R LA e AL
% 1k i Sylysia 350FCP (mesoporous silica Sylysia
350FCP, Sylysia 350FCP) & — Ff g 4li f¥ . 4 & 72 Al
2 FLEE RS K M 1) — S AR RE, PRI 2 3.9 um, <F
YL 25 nm, ERIAFN 1.9 mL-g?, LR AR
294 m?-gt, | T H RIS A VF 2 1 e i AR [, B e i)
FLBRAFA R 22 A, R 0 7K R 1 A0 43 M D), o
AR g ) % ] A HCAAS < [T T o M KORE LA 245970
ik 7R 0 S5 R E R B, R T RE AR KV TE 254
%‘Z%[ZO,ZHG

HERUAN S B R 2, SRR T
AR R ZE AT SR 7E R I, AN S L AR R A
(LATF 187 FR S8 R 45 R Th) 1) R B RCA) O o- DRI AN B- TR

I, SRR S B oR 70% 72 47, Fhrb B-IR M AR X & Bl
500%. HAKZY B 2B 5T 2 WY, e M S A it LAY
FIER U 55 B S8 A A AT 2 4 24 B 12224, B
BB E IR R AME - R, ASHF 58 DSR4 R
TR %, LA Sylysia 350FCP A #A, xf Hi 47 [E 1k
WF 7T, 5 HA% % 0 [ 4k 83 K (volatile oil drug-loading
powder, VO-DLP) i 47 ¥ A 2 M 51 % %2 | #ivha e 11
B A2 5 M BIF 9T, >R A 43 4 FL BT (scanning electron
microscopy, SEM). # K X- 5 £k A1 4 (powder X-ray
diffraction, PXRD) F1[r] 2 #43 #1 (synchronous thermal
analysis, STA) 55 J7 V20 ¥y K EAT RAE, LA 2 FLM KL
R FEAT $ 5 I [ A T i (4L 280 AR S B AR A o

MR5R®E

B AL (7890A, 3 [F Agilent 24 7]); #%
B AR (MTR3, ZL[H Caleva 2 &); P85 44 L 1 i
5t (QUANTA FEG 250, 3£ [E FEI A #]); #r R X-1H 2%
#7513 (Bruker Advanced D8, Bruker AXS GMBH); [H]
o B BT A (STAAA9F3, 15 [ fiif 5th A &]); 4k 25 6 4
PR (BT 1000 &Y, FF25 T B RS A IR A AD);
% FE I 5E AL (Accupyce 11 1340, 3£ E Micromeritics 23
H)); BOGRLAE I 5E 1L (Mastersizer-2000, i [E Marlven
D) BN AL (XPL, £8 [E Korsch 22 &); %4 fig 7 57
fEFEAX (YD-20KZ, REET R KR KEBHZARA ).

HMmESIRF  LOMIE R (kS T180724, Bk
O E N 52.0%, ZRUGY N2 A R A FD); BT it R
i (5 G139678, 4l Ji¥ : 99.5%, f# [E Dr.Ehrenstorfer
/7 #]); Sylysia 350FCP (it '5: RL-0162, & LHEL2EH
BR 2\ 7); 18000 41 45 2 MCC-102 (Ht%5: 5610264526, |-
g BN E 25 B R BR A A); Tween-80 (#t 5 :
ZY181210, il iR AV R AR A F).

EAHBEH RSB ZE 50 FRHBUE & Sylysia
350FCP B T+ % Uit A2 A IR 40 1 A v, I 4 4% i
(volatile oil, VO): 4fi £} (excipient, Ex) 1:4.1:2.1:1 fll
312 1 B L 2 A I ON i & SE R % R, T 60 r-min?
ZAEF, B 12 min, 1SS KO g L AR
SRR G 3850, B8 Kot AR oK, % B HRAF T
miEss, £

SHEIEFRERGERIE DL (5% K- F R
fik S8 ] AH B4R (W42 0.32 mm, FEK R
30 m, 55 v 0.25um); A N AR IR WA IR
A0 C, ARG LT C-mint 3R TR £ 85 C,
6 min, % LA 10 °C - min 3 K JH £ 100 C, fi )5 LA
15 C -mint 3 FTHR £ 220 °C, f£4F 2 min; 3R DR
FE°R250 °C; #& M #% (FID) &4 280 °C; #H< (4l



FEAR RS 9L S Tk ] (0 SRR A B by A 2 o P W 5 © 1495 -

ZR) WE N 0.5 mL-mint; 2 3AHE A 400 mL - min';
SAE N 40 mL-min'; B WS S 40 mL - min't,
SEERE, LA 55 1 BERERAR N 1.0 ulo XFiZ T
IR R B VE T RS R A B R
PEREAT 7 V2 I

PRGN MI R E I VO-DLP & &, ¥ % K
€, BHEMER S, K% I TL/K LR 25 mL, BRE
o, A AL 10 min 5, 04, BRIRRE, K2
P D A2 Bk 2 1 B, RS, DRI, NSRRI, P A ik
S0 e L Hp B DR R IR Dy S PR AG I o 5 B
9 110 mg T 25 mL AR e =, FHJE K S E 2,
PREY, 8 I il o M B AH S8 SR A AR R BTk
WEE & A &, IR AR (L) 5 B-TR G W 0318,

ity - LR TR b

100%
ELR R A e i

@

MIREMER 0 ul AR 22 & 1 VO-DLP,
F-60 C TR E 10 h, 5E R HURE, W 5E I 15 BRI 1)
W B 22, 25 22 LR e M

MERRAE  HH g B ok A o i e T i
VG b, RS B PG AT 5T <5 A B, SIREG s H
JEH 10 KV; 8y oK X-5F e fi7 51 Cu-Ka f& 4T (2=1.540 6),
BN 40 KV, BN 40 mV, S DK 0.02°; [H]
RO FREUE BT ALOS MR, 7560 mL-mint
N FAEE FELS C -min i d1 %077+ 22.600 C .

MRFEMRER  RAR KRR A A b 2R T AR
K FH 5 7K 32 2000 30 R0 AR W 78 AT 35 D 8 R A 1R
12 (dys)« BLAE 4> 41 Span 1 kb 2 10 £ (specific surface
area, SSA); fk 1L /4 (angle of repose, AR): X F [# %€ I
SR TE A i AR L A R A ] E = DL v
P 77 A B E AR R SF, % R BRI G, B
TV RN FR ) ELAR 5 R A [R] F [ A A, IR A 5 (2)
THEARIE /A (AR), 20 r AT h 23 51 26 7 [ G 1 R R 2
A VIR HE TR 1) 78 B2 MR % B2 (bulk density, pp) 3R 55 %
[ (tap density, p,,)~ Carr's index (CI) F1 Hausner ratio
(HR): 2k H BT-1000 #7 14& £ & 5 P4 90 5 A 5E #F i p,
M py FEF A (3) A1 (4) 5 I CLATHR; % &
(true density, p,) LB = (total porosity, &): FI &
Bk, {8 EE N E AR & 7E 0.14 MPa 5/
SRR, TAEE SN S ANMEIR, TP E A
bR, JE AR (6) THAE L.

tano :% (2)

cr =2 100% @3)

Pt

_Pu

HR 4
Py
=1- ®)
e
PRONRIEER L IEME NI AR, S R

] A0 K AR B AR AN S DL . RS B AR 0.5 g 4% K i
() VO-DLP, #% ¥ tH B Wl 52 J7 v 00 & (< [ 24 )
2015 4 iz Y 36 Bt 5% 0931 Tl T % v2:), LA i < b 2
] 3% Tween-80 7K ¥ i (600 mL) M i Hi /v i, 4% &
7950 r-mint, ¥& 37 £05 C, £0.8 um £F 4 &k
&, 43 ) F 10.20.30.45.60.90 F1 120 min H A 5 mL
(I 0 [ i 55 8 A o), e A € i 2
SE AN R 8] s 2RI

EAERBEME BRI RS TEARE —E R ) PRk
PRI R RE 1290, S it 1R AR E e e el B b R AR AN
AR ARG D), VR R 5 dE T R S
o BT ML % (net energy per unit of quality,
Eqp)~ PR T 8 4 420 5t BT PR 3ol 38 14 55 )51 %6 (fast elastic
stretch, FES). EE I (friction energy, E,) fift J& 4 & f#
B GE R 4% I (energy retained during unloading, E,)+ Hi
F 77 (ejection force, EF) A1 7 4% BE 7 (middle die wall
force, MDWF) ALy 44 1) Hs 4 i #5045 1) W 1
T8 ¥y A e 08 T8 BB A — € HUBRR FE R R 45 4 11 e
7709, S T SR G R R AR R I S A R D, 2
e v R I G R 2 . AW SR F R 4a bt
FK5RE (tensile strength, TS) 5 & /7 il 28 B EAR B3 44 11
B AER

DAL i £F 4 3 MCC-102 9 iFF 7o X %, 43 il LA 1%
AL S A HE % VO-DLP fE g ¥, R A 8.5 mm
TE oSk B = oML, 43 0 7E 1,234 A1 5 KN [ _E &
J1RE A, FrE (m) 240 mg. 52 5 R (F) B
1% (D) FHERE (T), IF f kA HLEE 20 i RS Id R E,
E,.EF Il MDWF, #% 2~ 2 (6)+ (7). (8) i1 % Esp TS Al
FES.
— Ez

Es = e (6)
__2F
TS = DT )
H, - H,
FES = x 100% (8)
MR EM % 8E R BB K K H U 2

P, DU £ 4 K MCC-102 N HF 58 %F 42, 43 51l BA 1% £
L= A E S VO-DLP 1 il 71, & 8.5 mm i[5
JE i3k Korsch XP1 v i v HL, 4 5l #E 1.2, 4.6 Al
8 kKN by [k 3 F IR Fr, LS v 1 1 3R T A2 15 A i



-+ 1496 - 2% %4 Acta Pharmaceutica Sinica 2019, 54(8): 1493 -1501

H, B R TR B, WA TR AR
BT H B

B ARBEA—IWEr= KH85mm
[ JE2 3 Sk Korsch XP1 .yt F HL, 75 2 kKN _F v & 77
N, B4R 10 R N A A B IE SR, A AR R
2015 AF fiR [ 24 30 28 DU 0101 75 I T B & 22
R A7 R1 0923 7730 Mfe B4R A A 26 T el ik
A7 #5  S RME AE EE PA E

FERE5VL
1 BRIGEENES G ERIE

FH A il S (BT L) R, iz EIE AR T, B-IR
A5 0,05 U 5 At 2 73 €5 35 U W] IR B R 2R 4 B, oA 4
AR 0PI TE R, BRI TR R R . AKX R
B-IRWG TR B (C) R A AR, XL R TRIAR (A) S
PAAARR, et bR A 2k, 43 1519 07 2 9 A = 282.29C -
3.977 5 (r = 0.999 8), % B B- Ik /i 7£ 0.092 1~9.206 7
mg-mLtpy ST AL X RRE . HEKRERN
2.762 0 mg-mL™ 1) B- % s X I 45 000 SR 1ERE 6 UK,
RSD 18 v 1.06%; M. & 6 {73 #F it i ¥, #E#F 73 #1, RSD
5 M 1.19%; FE ST 25 C i & 0.2.4.6.8.10
A112 h, 5 SBUREDN 52, RSD 15 4 0.48%. 4% B3 1,
I R % PR MRS A A R, HLRE
SRRAE 12 h R E, BT T B-IR M 1 & = o

250 ‘

50 fi

pA
<o

TR s TR T
t/min

Figure 1 Gas chromatogram of blank solvent (A), standard solu-

tion of beta-pinene (B), volatile oil (C) and volatile oil drug-load-

ing powder (D)
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Figure 2  Appearance of mesoporous silica Sylysia 350FCP
(Sylysia 350FCP) (a), VO:Ex 1:4-DLP (b), VO:Ex 1:2-DLP (c),
VO:Ex 1:1-DLP (d), VO:Ex 3:2-DLP (e)
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Table 1  Adsorption rate and thermal stability of volatile oil drug-loading powder (VO-DLP) (n = 3, X £ 5). Ex: Excipient (Sylysia 350FCP)

DLP Adsorption rate of beta-pinene after heating/% Adsorption rate of beta-pinene before heating/% Loss rate/%
VO:Ex1:4 86.08 +1.76 72.57 +2.87 13.51
VO:Ex1:2 90.59 + 1.58 89.21 +2.12 1.38
VO:IEx1:1 95.04 +1.32 95.97 + 2.63 0.93
VO:!Ex 3:2 95.56 + 1.21 97.56 + 1.56 2.00
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Figure 3 The scanning electron micrograph of Sylysia 350FCP (a), VO:Ex 1:4-DLP (b), VO:Ex 1:2-DLP (c), VO:Ex 1:1-DLP (d), VO:

Ex 3:2-DLP () (40 000 x, 10 000 x)
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Figure 4 The powder X-ray diffraction pattern of Sylysia 350FCP
(A), VO: Ex 1:4-DLP (B), VO: Ex 1:2-DLP (C), VO: Ex 1: 1-
DLP (D)

34 RS R AL A TE RN A i [
ok KA 5 ey Hr 45 R WK 5. i #AE J) (thermal
gravity, TG) £ &I mI %1, 75 30 °C ~115 C N A& [l {05
R HA) JoT A R s, L Jo B v 2k 3T 48%, 1] VO-DLP
E I T V0 ) N Jo B 40 R 2218, BT B AR R A N 5%
f A . 1 DTG (differential thermogravimetry) i 2% nJ
0, AT A E R AE 30 'C~120 CHHBL T 1AM AR
JEAR B RFAEVE, I T 115 °C i3k $ W {H, 1ff VO-DLP 1E
S 3 B S T P U R R R AR 0 . e A, 7E 30 C ~
115 °C P4 & [#] 1k 4% & 3 1f) DSC (differential scanning

calorimetry) Hh 2 Bl H 3L 1 18] T SE Ao R I b T
100 ‘Cik F|u{H, [ #f 78 3 DDSC (differential of DSC)
il 2 B AH S AL B A H BT RRAE U, 17 VO-DLP ) DSC
M1 DDSC il £k &I 7E 11 Y0 [l P9 359 A HY BIAH B2 ) -5 IE Ui,
HTGHM DTG4 R —5. ULHITE30 C~115 C 4 A [#H
ACHE R N IR 7K G 600 T 4 R 0 o 2 i TR S ) TR
AT SR, AT E RO B 2 VO-DLP
PR B TPl S AL RE R FLIE A, T R B T E
W TH, I B gk FLIE 1B 40 VE F 0 BRI 1 4% & il
(AL 451 2528, BT LAAE DSC Al DDSC i 25 & Hh % % 3
REAE W Y8 2, 2 B A1 L — S A ek [ A 3 il v I 35 42
e R PR AR S LG [ A AL ) g T 3 ) A B R S
4 MEEMRER

BRI A EL S e S RN EK 2, HR
AR, 5EZHTAH L, 22 5 Sylysia 350FCP ¥ HL 4%
S FLBR R, LR TH B AR Ik A R R AR S
FESG R, OBl A $5  h #RE & 3G K, VO-DLP 1) 3 %
FEE R S R AR I K, B BBk /S, B AL AR
RN . A5 R FE /N T Sylysia 350FCP ) B 4% &,
FERMS 2 FLE AR R A B, R MENZ LA
JRAFLIE A, U R B RORHE S K, PEBE S TR 2 (45
RME N AR FLIE A, AT VO-DLP [ HE % B ik
B ERK, HEE R ALB RN B R, Sylysia
350FCP [k 1L F KT 40°, JE 45 14 #8 % CI K T 28%,
HR KT 1.508, Ui Bk i i 2 PR A% 22 S8 TEE, 4
VO-DLP [#] VO:Ex Jii & Lt 9 1:4.1:2 ), CI I HR i& #7
/N, %W Sylysia 350FCP #; 24 o i sh M A Frck s, Al
RE AT BT 2 AL 3R W B 4 i 5, WL 3R TR RS 2
B TR, PRARRL T 1R (&6 SR 1, o3 7 M MR 1 U 3
PE; 24 VO-DLP 1) VO:Ex Jii & [t 4 3: 2 1f, CI FTHR 1)
ARG K, R VO-DLP i sh A %, W RS T H#E K
T FORE G H 22 AL AR (R W B RE g, A5 2 4 T
DL 3o PR A2 A7 78 TR0 R THT, 500 5] F 286 B 14 34



1498 - 2% %4 Acta Pharmaceutica Sinica 2019, 54(8): 1493 -1501

a b
100 4 D
H [
" B
80+ — V() =)
£ —— Ex(Sylysin 350FCP) & ‘
5 e VO:Ex 1:2-DLP S o A
| V) Ex 1:1-DLP (L]
60 5
<14
404
T T T T T T T T d T 1
0 100 200 300 400 500 600 0 200 400 600
Temperature / °C Temperature / °C
¢ d 0,64
0.4
L D
0.0 |
. gl L .
&y A - 044 c
g -044 En
z o =
B 084 C
a E
=~ 024
vy -1.24 (]
- 8
-6 -
B - B
204 00 LA R
24 T T T T T T T T T ' T v 1
0 100 200 300 400 500 600 0 200 400 600
Temperature / °C Temperature / °C

Figure 5 Thermal gravity (TG), differential thermogravimetry (DTG), differential scanning calorimetry (DSC) and differential of DSC
(DDSC) curves of volatile oil (A), mesoporous silica (B) and volatile oil drug-loading powder (VO:Ex 1:2-DLP as C and VO:Ex 1:1-DLP
as D). a: TG curve; b: DTG curve; c: DSC curve; d: DDSC curve

Table 2 The physical properties of powders (n = 3, X + s). p,: Bulk density; AR: Angle of repose; p,,: Tap density; p,: True density; CI:
Carr's index; HR: Hausner ratio

Sample d.5) Specific Span AR/° pplg-cm®  polg-cm®  p /g-cm? Cl/% HR Tota_l
name Jum surface area porosity

Ex 3637+ 191+004 1427+ 454+033 0.0712+ 01187+ 26258+ 4001+ 1.67+0.005 0.973
0.067 0.070 0.000 5 0.000 8 0.022 0.173

VO:Ex1:4-DLP 3516+ 203+0.04 1550+ 49.1+0.28 0.0869+ 01419+ 20778% 38.73+ 1.63+0.007 0.958
0.061 0.035 0.0010 0.0010 0.008 9 0.260

VO:Ex1:2-DLP 3293+ 217+0.02 1643+ 49.1+028 0.1135+ 01767+ 17316+ 3580+ 1.56+0.029 0.934
0.016 0.061 0.0017 0.000 9 0.007 2 1.209

VO:Ex1:1-DLP 3.164+ 226+0.10 1664+ 486+0.29 0.1551+ 02566+ 13498+ 3957+ 1.65+0.012 0.885
0.160 0.037 0.0010 0.000 7 0.0030 0.425

VO:Ex 3:2-DLP 3.211+ 227+0.06 1779+ 50.5+0.27 0.1838+ 03203+ 1.2139% 4262+ 1.74+0.016 0.849
0.094 0.108 0.001 3 0.000 7 0.002 3 0.524

K, FEAR TR sk
5 FINRHEER

PR R T L AN T oK, 3 #6202 T v 1
711 Tween-80 ZK ¥ AT 9 ¥ H A o, AT #4854
RSG5 K AR A s 25D RE ORI S

-=-VO:Ex1: 1-DLP
404 -#=VO:Ex1:2-DLP

Cumulative drug release / %
2

201
U 78 S5 AR AR HE Hh 28 11570 B- IR 0 1) B, O e B % 20 % & o 10 10
R A DA (R DGR AR AR, BRARI R gh Al Time / min

bR, YE VO-DLP 1 -Ti 4 1 %5 H1 il £& HeERmEe Figure 6 The cumulative release percentage of VO-DLP with
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Table 3 Quality inspection of tablets prepared under 2.0 kN pressure

Blended powder Tablet weight/g Fluctuation of tablet weight/% Friability/%
MCC-102+1% Sylysia 350FCP 0.253 8 - 0.260 8 -1.74-0.97 0.81
MCC-102+1% VO Ex 1:4-DLP 0.2545-0.2610 -1.39- 1.12 0.54
MCC-102+1% VO :Ex 1:2-DLP 0.2557-0.260 3 -1.12 - 0.66 0.86

MCC-102+1% VO Ex 1:1-DLP 0.256 8 — 0.262 4 -1.19 - 0.96 0.61
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