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Preparation technology of diterpenoid tanshinone hydroxypropyl-p-cyclodextrin
inclusion complex from active parts of Salvia miltiorrhiza
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Abstract: Objective To optimize the preparation process of diterpenoid tanshinone (DT) hydroxypropyl-B-cyclodextrin (HP-B-CD)
inclusion complex (IC) (DT&HP-B-CD@IC). Methods Based on the single factor test, the ratio of DT and HP-B-CD, the inclusion
temperature, and the inclusion time were selected as the investigating factors, the encapsulation efficiency and drug-loading of the
inclusion complex were used as the evaluation index. The Box-Behnken response surface was used to optimize the preparation process
of the DT&HP-B-CD@IC, and the inclusion complex was evaluated by infrared spectroscopy, ultraviolet spectroscopy, thin layer
chromatography and scanning electron microscopy. Results The optimal preparation process of the inclusion complex was as follows:
HP-B-CD concentration was 0.1 g/mL, the ratio of drug to carrier material was 1:3, the inclusion time was 2 h, and the inclusion
temperature was 40 ‘C. The encapsulation rate of DT&HP-B-CD@IC was 68.78%, and the drug loading was 5.44%. The results of
ultraviolet, infrared spectroscopy and thin-layer chromatography indicated the formation of inclusion complex. Conclusion DT&HP-
B-CD@IC has a high encapsulation efficiency and a certain improvement in solubility.
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WA TS PR BGRAS I i B 2R 4y, 1E
AN R T RiFPUE/ER, Z/EHS DT
(R A Ty O Ml 28 RE T S5 AN AT 2R
Bt o4, (H2 DT KEHEM/N, APR] H A
T, ST ORI AP, IR R 2 B R .
&%) (inclusion compound, IC) & —Fh4r4=3 8k
o B AL T 55— o 1 IS XSS M N TR R 48
YISl AER— M B2 RIEOR, RG] LA
PErm MR TR 2SI AR R, G AR R 2
Vi ), SR T ORI T LA N2t e
PEL IR 2R BN RIS DA 26 25 1
AN R RIREED,

FENFE-B- A RN (hydroxypropyl-B-cyclodextrin,
HP-B-CD) J& TE&% (CD) fir b i AKiE 3k
BIRETTAY), HBNHR ZRaEME, Bf
AMIZEIK « PANBR 7K 25 s 454, TE K IS i BE LR
FiR (25 C) AlEL 0.75 g/mL, HKER R E
WAL T 0.40 g/mL i, JshtE RiF, AZHHE,
TEGINZG VDAL« $E A e A AR MR F B2 T
RAEFE B AR U0, ARSI R AT AN A K R
il 45 P2 iE R R N 2R -B- MR (L &4 (DT&HP-
B-CD@IC), %I DT ZjRUERAH P Uas FH21H
I. BBFHSHR LRSS0 1 TaE, URGEN
FEER bR, PFEOEMRIHIE T2, e HE
ITIRUE, AR 3| —Fa] LIRS DT MR, 1
HARAMEE, Hifil& T2 EERRE.

1 UESHR
1.1 {435

Agilent 1200 B w280 AH (1% 4%, 56 [H Agilent
HIRAF]; KQ-500B AU A BiFdeds, EILTiES
XA BR A 7] ; Millipore UFEZl/K R 4E, ZE[E Milli-
Q Biocel A #]; XS105DU M+ 52 —KF, Hit
Mettler Toledo AF]; DK-S26 BYH #E IR 7K G 4R -
DGG-9070B 24 F eI s X T8 Al, i AR AE S
XA RAT; SHZ-B BUKIRIEIRIEZ 2%, FiFH
AL 28 1% A R A 5] ; Thermo Sorvall ST-8R % & 2
TR AR B 0L Nicolet 1IS50 8 BLIH- AR e 21 4
WA, FEE Thermo AH]; UV-3600 B 40760
FEit, HAREAT; Camag B 2 (il 55 %
Z 4. Camag Linomat 5 1 5 3 S, St
Camag A,

1.2 AR5
FFS00, #5 20050101, FEHlLZR, WHLAF

EEARFRABRAF, KA EWLHEH KT
250K A IR m R R AT R 2 % e N B TR
ZEMEYFLZ S, miltiorrhiza Bunge [T AR FIAR
255 TR S PFZE . (65 B20257) FF2ER 1 Gt
5 B20256). [EFHSER (its B21586). —&ES+S
il 1 %8 (S B20357), JRED$4=>98%, L
WEAEMBA IR AR Hdici:. B, -
MR EXTNA IR AR 4l 95% ClE, R
RA B AIRAT iR NG, TEE, EER
A EBR AR HP-p-CD, #it5 S11011, _LigJsn:
R ARAT; WALH, #itS P116270, L
Bfhr T AR I AR A DT #Eil, L= H
#l: BER G MG HIEE 20180122, F BiEHEAL AR
]l

2 HESHR

2.1 DT 8I#I&

FRECLL AR P~ PF 224544 250 g, A F] 3000 mL
FEFSRS, I 2500 mL 95%Z.8%, =i 1.0 h,
60 CHEL 2 ¥k, K 1 h, HIFFEHREGR, $2H
TS, MR R] — e AR, FLBR 1 1 BB
NAHBRUIZEE 5 Uk, [RICATHEE, FRE )0
& 1.725g, Al AlmEAEUE DT $BA67 13515 %
N 0.69%, P RS> E0N 20.03%.

2.2 DT&HP--CD@IC K&

& F AN AT K5 02131 %6 DT&HP-B-CD@)
IC. FREX 1 g HP-B-CD ¥ T 10 mL /KT % 0.1
g/mL ] HP-B-CD ANMIFIKIEW, & T & T#H
I FE AR AR, FREL 25 mg DT T/ & g
W, 218 INE HP-p-CD AMEAUKIEWRF, 30 C
NHEEA Lh, TR R G, AN E F A e
ek 3 IRBr LR WA G RIAI T, Vel e s
KIBZET, HI1S DT&HP-B-CD@IC #i A
23 DT A REMNERERNEL
231 tBRERAE BN XB-Cis#E (250 mmX
4.6 mm, 5 pm); BN LNE-0.2% LR K TR
(57 1 43); KK 270 nm; #HIE 30 C; #HkEE
10 uL; AR 1.0 mL/min; FRSESHRCEGE — At
Z 11 EAMET 10 000,

232 XESEBAH S BPFSE A X B
7.41 mg. SIS 1 XHE N 2.80 mg. B&SFZ X
i 3.63 mg. —ESHSEH T 1.92 mg, 2 AE
T 10mL S, F RS AR . R R B R
W 5 mL T 25 mL s, INHEEEE 2 ZE,
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HI15 5 FHS R 1A 148.2 pg/mL, FF 38 156.0 pg/mL,
BP0 72.6 pg/mL, —ESFEE 1 38.4 pg/mL 1)
TR A XS T i B VR

2.3.3 DT&HP-B-CD@IC R a7 1l % K%
FREX DT&HP-B-CD@IC 5 mg, /b W8 A5 VA i
FEWT 1mL &, 133 DT&HP-B-CD@IC fH
I

2.3.4 HP-B-CD =¥ X RS M %% RSB AREL S
1 HP-B-CD & &, %18 “2.3.37 Wi K 7%k 4% HP-
B-CD 7 F i Wb V-

235 MERIERME B DT IRE X IR i &
%~ HP-B-CD 7% % AR . DT&HP-B-CD@IC fH
BRI, H% “2.3.17 TR Ak SR AERE T, B
OIS EWE 1 s, v, AR TR ERIAA ST
Hbs o il e, RZ M kL B I R A .

2
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t/min
-2 B 2-R2E 3BT 45120 1,
1-dihydrotanshinone I 2-cryptotanshinone 3-tanshinone

I 4-tanshinone IT5
1 ERAXBRAR (A HP-B-CD EHMBER (B) M
DT&HP-B-CD@IC iR @iE#& (C) A HPLC
Fig. 1 HPLC of mixed reference substances solution (A),
HP--CD blank control solution (B), and DT&HP-$-CD@
IC test solution (C)

23.6 AMERRFEH ok EBDOR A X o i
ZVEW 0.51 1.04 2.0 3.0, 4.0, 5.0mL & S5mL &
i, HHEERRZIE, %5, 133 R51060 0 5
W % “2.3.17 IR g &R o dr, DURE
WREEAREAER (XD, WEIBNMNALLR (YD, ZHilbr
e 2L, FATLRMERE, BEIAFE: P20 A
Y=55.069 X-+30.373, ¥=0.999 9, {4 JuH 14.82~
148.20 ng/mL; P& 1Y=33.372X—0.0151, r=
0.999 8, ZkPEVEM 5.60~56.00 pg/mL; F&ftZ
Y=46.110X+2.4527, r=0.9999, £itjufE 7.26~

72.60 pg/mL; —Z S0 1 Y=33.606 X+3.216 4,
r=0.999 8, ZEVEVEM 3.84~38.40 ug/mL. 45 %
B, 4 oy BA RIFIZMER R
237 REERK HBULE “23.3” iR DT&HP-
B-CD@IC Hi i, H4& “2.3.17 TN (il 2 ik
FEOYHT, TELSLHERE 6 Ik, TR HWKREE, 4R
Z Uas FESM 1. BFYS. S S 1R
FRH RSD 4358 0.27% 0.40%-. 0.34%. 2.38%,
T B R 5 S R o
238 faEtkidse HUdE “23.37 Ui F DT&HP-
B-CD@IC il iid i, 43T 0. 2. 4. 6. 8. 10,
12, 24 hitie, HOEME, oM, 1HEHZS
il Uas PEZEE I BRPISE. ZAFHSE 1 g
) RSD 77514 1.30%- 1.39%. 1.44%. 2.66%, #*
A A VR E |2 N 24 h IWERUE .
2.3.9 FEEMRE % “2.3.37 WNFRPATH %
DT&HP-B-CD@IC SRS 6 17, 3% “2.3.17 T
NEOTERAERERE T, WASFFSEE Uas FESER 1
FePrS. S5 1R Eor 5 1,71,
11.99. 0.16+ 0.55 mg/g, RSD 454 2.48%- 2.40%-
3.88%. 2.28%, KHZIEELEMERLT.
2.3.10 AR ECRIREE BCWE DT S &M
DT&HP-B-CD@IC # A 6 {7, 437AMA 1 1DT &
ERA XIS, 1% “2.3.17 TN itk 23t
BESY MY, HEREEN 10 uL, THEUINEEREICE, 455
Z Uas FHZE 1 BB —EFHZE 1 EF
BIINRERICR 53531 95.6%+95.4%195.3%-102.7%,
RSD 735175 3.11%- 2.11%. 1.37%. 3.39%.
24 DT&HP-p-CD@IC HIETEER
2.4.1 DT&HP-B-CD@IC HH% . L&A E
KR PR VAU 8 AL A P B R A 2
B3R = AW R R RO 5 B AR 2 O S B A
A

fem

2GR =AW PR bR A A TR B A ) R

AL A58 = 4 & W1 I /(HP-B-CD 17 i+ F8 b5 B
S I SEBR N )
2.4.2 DT&HP-B-CD@IC il % T 2R REHE X
FH ALK 300226 % DT&HP-B-CD@IC, 435I bA
DT 5 HP-B-CD HIFCEL. AR, BAEENY
i K&, %F DT&HP-P-CD@IC 3t R A% 24 Btk AT
5, BEMAEESFEMHERARETIEL,
ZisAeitE DT WML, [RL, Astiisias
VI R 258 2 MEH TS 5% &



FEH 2023FE5H $£54% B 108 Chinese Traditional and Herbal Drugs 2023 May Vol. 54 No. 10

* 3135

(1) DT 5 HP-B-CD Aclt5%%: #1259 DT
LRk HP-B-CD MIBCEL 0509 12 250 11 20,
1:15. 1:100 1:5, 1:4,1:3,1:2,1:1,
FREUCA R & DT hnid & AR, 18R 10
mL Fi &K E A 0.1 g/mL ] HP-B-CD ANHIAI K
B, 30 C A 1h B4, EHHMEE, %R

“2.27 WUN & LEBATH &, BRAEE, R
LR BAYISER DT 5 HP-B-CD L1
B, RN 1. RER, #ZEME DT 5 HP-
B-CD e L (3G in i e 86 n f5 BEAI, B3 S f e 54
\JREHILE R, Fik, 7EEENELEEE
P B RN 2 B AR Dl

#1 DT 5 HP-B-CD ECLEERLER (Xts,n=3)
Table 1 Results of investigation on the ratio of DT and HP-B-CD (X £ S, n=3)

DT 5 HP-B-CD bt 8brminr B4 E/mg  WEWHIRERD B S E/mg  BHEF%  HAE%  BEWEER%
1:25 5.451+0.00 3.6610.33 67.26+6.03 0.30%+0.03  97.98+0.03
1:20 6.8310.00 4.55+0.41 66.58+5.94 0.37+0.03  97.0710.04
1:15 9.04£0.02 5.75+0.53 63.57+£5.82 0.48+0.04 92.7110.04
1:10 13.52+0.02 7.91£0.74 58.55+£5.56 0.68+0.06 87.7240.06
1:5 26.97+0.04 14.46+1.38 53.62+5.15 1.26%+0.12  79.56%0.05
1:4 39.40£0.02 15.04£0.38 38.161£0.96 2.44+0.02  78.2240.02
1:3 52.8910.02 18.94£0.70 3581+£1.32 3.09+0.04 76.2940.03
1:2 78.8310.02 21.16%0.54 26.85+0.69 3.3840.06  75.5910.03
101 157.69£0.03 19.04£0.78 12.07£0.49 3.15+0.04  66.651+0.04

(2) DT 5 HP-B-CD G AW [H]#%2. 54| DT
5 HP-B-CD W& A 737928 0.5+ 1.0v 2.0+ 3.0,
4.0 h, FREL 25 mg DT ¥ /b EHEET, R A
F] 10 mL FUEIKEAN 0.1 g/mL [¥) HP-B-CD ANHLAN
KA, 30 C R A AR A EA, 2 AR
F, %W 227 TRl L ATHI%, HRaE
BB R DA A R AR
ZERNEK 2. SR SR, HESELE 104 2.0, 3.0
h WA ERA, FREEE RN TR R 8, %
PAEDFR RN 2.0 h BV EIE.

(3) DT 5 HP-B-CD B&EEHEE: %] DT
5 HP-B-CD HIEAIREE 5 30, 35, 40, 45,
50 'C, FREL 25mgDT T/ HEH, ZH8HA
F) 10 mL FiEIKE AN 0.1 g/mL #) HP-B-CD ANHAl
KW, AFENREEFEA 1 h G6, il AR
7, IGMR “2.2” DUl L2 HHTHI%, BRak

R A BV L BAYS RO AR,
ZERNE 3. R ER, MEOSRENEN,
BE, SAELOEMER SN EFE KR
s, HEUSIREN 35 CRAESYRREMNE
BEHEK,
2.43 Box-Behken i . [t At. DT&HP-B-CD@IC
[ & T2

(1) LT 54 R: 76 R s R 200 ) 5
fiti F, KM Design-Expert 12.0 %A% DT&HP-p-
CD@IC @47 L&A il & TEH HP-B-CD
FIB RN 0.1 g/mL, K H Box-Behken i 3 [ 15
i, LBV E R BAE N hr, X
fil#% L2 DT 58444k HP-B-CD MfCEL
(XD~ AEFE (). BEERE (X)) #HTHR4L,
PAIATEE] DT&HP-B-CD@IC #4145 T2 . Box-
Behken 256 31T 545 B ILEE 4.

%2 DT 5 HP-B-CD BARTEIEELER (Xts,n=3)
Table 2 Results of investigation on inclusion time of DT and HP-$-CD (X S, n=3)

BEMEA R BB E/mg BEWT IR B R/ mg WHER%  RAER% BEWEER%
0.5 2.74£0.02 1.34£0.13 48.71+4.43  0.14+£0.01  95.65+0.03
1.0 2.81£0.02 1.63£0.16 58.08+£5.56  0.17+0.02  95.87+0.04
2.0 2.88+0.01 1.66+0.16 57.82£5.69  0.17+0.02  96.07£0.03
3.0 2.91£0.02 1.64£0.16 56.37£5.16  0.17£0.02  93.97+0.02
4.0 2.9240.04 1.35£0.13 4630+3.87  0.14+£0.01  93.56%0.04
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#3 DT 5 HP-B-CD BEREERLER (Xts,n=3)
Table 3 Results of investigation on inclusion temperature of DT and HP-$-CD (X% S, n = 3)

BEEE/C bR BN E/mg BEYTH R B S /mg BEF%  RGE% CEMEEY%

30 2.73£0.00 1.06+0.11 38.90£3.95 0.11+0.01 91.04£0.02
35 2.77£0.00 1.55%0.15 56.06+5.55 0.16+0.02 95.781£0.03
40 2.80%0.01 1.4210.13 50.72+4.75  0.14%+0.01 98.37£0.06
45 2.8810.01 1.37£0.13 47.62+4.62  0.14%0.01 96.60£0.05
50 2.8610.00 1.31%0.13 45.76+4.44  0.13%£0.01 97.03£0.04

%< 4 Box-Behnken MR H4H & SR8 IT R AR

Table 4 Box-Behnken response surface combinatorial design experiment and its results

Rig = X1 Xo/h X/C BEER% HEREY%

RIS Xi Xoh X3/°C BEEY%N S HAE%

1 1:5 2 35 46.99 2.45
2 1:5 2 35 25.94 1.35
3 1:3 3 35 58.35 3.02
4 1:3 1 35 19.49 1.52
5 1:5 3 40 22.38 1.09
6 1:5 1 30 18.87 0.67
7 1:5 2 35 2447 1.20
8 1:5 3 30 32.85 1.57
9 1:7 3 35 23.75 0.86

10 1:7 2 40 22.03 0.86
11 1:3 2 30 36.40 2.86
12 1:7 2 30 40.42 1.50
13 1:5 2 35 33.35 1.59
14 1:7 1 35 21.00 1.62
15 1:5 1 40 21.35 1.06
16 1:3 2 40 68.78 5.44
17 1:5 2 35 32.80 1.64

(2) W B AL E 73 A iz H Design-Expert
12.0 AR R 4 T REAR AT 204, 3 &A%
R RSO RN H K RFEAT I FE
G, BEFMBAEMNTTEZSTERNE 5. AH

FHBAENWE T ENEE E=32.71—9.48
X1+7.08 X,+0.75 X3—9.03 X1.Xa—12.69 X,.X3—3.24
XoX3+7.99 X12—10.05 X2+ 1.21 X352, # &=
1.65—1.00 X;+0.208 8 X+0.231 3 X3—0.565 0

*5 GAYTEHRNBLENHESNER

Table 5 Results of variance analysis of entrapment efficiency and drug loading in inclusion complex

FHERIE  HHE ks ol
SEJ7 ¥y FE pia BEME FHM B FHA P BEME
| 9 2802.05 31134 456 0.020 BF 1796 200 418 00363 &F
Xi 1 71841 71841 1051  0.0142 ¥ 800 800 1677 0.0046 HhEE
X 1 40090 40090 587 0.0459 B 034 034 072 04233
X 1 4.52 452 007 0.8045 043 043 090 03742
XX 1 326.00 32600 477  0.0652 129 129 270 0.1440
XiX; 1 644.55 64455 943 00180 ©¥F 259 259 543 0.0526
XaX3 1 4192 4192 061 04592 019 019 040 05493
X 1 26899 26899  3.94 0.0877 296 296 620 0.0415 &EBF
pex 1 42549 42549 623 00413 BF 226 226 474  0.0659
X3? 1 6.14 6.14 009 07731 0.14  0.14 028 06109
Vs 7 47831 6833 334 048
KAME 3 160.41 5347 067 06122 AL 240 080 341 0.1333 AE#H
AR 4 317.90  79.47 094 023
M 16 3280.36 21.30
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XiX>—0.805 0 X1.X3—0.217 5 XoX3+0.838 3 Xi2—
0.729 3 X>2+0.180 8 X32,

B3R S W IBAE AT, A R AN 2 R AL (1
P<0.05, RARENEZER, NTAFSRIFE L.
B B S RAR IR AN P>0.05, AHEA BEM
5, WMLHI R, SRR o
RAWITUN RAEAE, PavEier, s e
BRI BT T2 ST

HE PEFTLE H, BEENEEEE S X,
Xov XX X2 WA BEZESR, HAENTHE
2P oX. X2 OAARELEER, WHARERR
Hhf L5 ), 3 RN R 24 B B BN 3 ) HP-
B-CD 5 DT At bt LK AL G H]X 2 MR # .

PA_E 45 B 7R I8 FZ AR RS A DO S a6 28 SR AT

AR/ Y%
HAE/Y%

(SR
BLEZ/%

—E AT AT, F R4 DT&HP-B-CD@IC
fil# T2,

(3) Mo JLTH] SESG 45 AR ST . ARYE ks
e R #r, iz Design-Expert 12.0 314, X4
B FRORN 2 5 1) = 2 Jo D P AT 4
0, AN 2k 24 B 1) = o e . v T AL ] 2

T 2 v LS, HP-B-CD 5 DT At bt
BAREIX 2 ANFEZRZ A BEAERY DT&HP-B-
CD@IC HIBEZHEEWBNEE . Bz
53] DT&HP-p-CD@IC e fEil % TE NS
BAAMEIBC LN 10 3, BB 2.5h, R
FER 40 °C, fEM A N1 20 A B 2 HE
68.78%- 2= I TIINAE 4.80%-

(4) TZHIESEE: e tEh| & T2 A7

=
m
@

B2 DT&HP-f-CO@IC HIELESZRFNE 245 2 Mo K 1 ]
Fig. 2 Response surface plot of encapsulation efficiency and drug loading of DT &HP-B-CD@IC

3 #it DT&HP-B-CD@IC, & e LA E KM
&, ST AT L, DA SR IS IE AR
R A EEPE. BB REMFBAENNESERNE 6.
4RGN, DT&HP-B-CD@IC ()3 R 258
BISIIME 53 A 63.49% 5.17%.

2.5 DT&HP-p-CD@IC HIRAE

251 SN X5 DT&HP-B-CD@IC #3 A i
TS, RERREHR, SRIE 3.

252 HEGIRE TS 1. 0SS T R

F 6 IESLIEER
Table 6 Confirmatory experiment results

PIAs R SCIME/% ~FISEIE/ % TRIME/% ARXHR /%
fFE 6228 63.49 68.78 -8.3

64.70

59.67
e 5.07 5.17 4.80 +7.2

5.28

4.85




* 3138 «

FEH 2023FE5H $£54% B 108 Chinese Traditional and Herbal Drugs 2023 May Vol. 54 No. 10

3 DT (a) #1 DT&HP--CD@IC (b) M3

Fig. 3 Appearance of DT (a) and DT&HP-$-CD@IC (b)
W, BRI 1 PESER TS T RS
BRI 25 BRPESEX IR S T A, 152
Fedh 35 ZEFHSEE 1A RS T A, 15208
ih 45 HP-B-CD ¥ T Z618/K, 3565 5; FREX DT #
al, VA TIE B R, SRR 65 FREX DT&HP-
B-CD@IC ¥ Ti& & FREE, 1928 7.
Ryl ((FREZG ) 2020 ARV EREN 0502) ik
5, W BR 6 MRS S ul, ol T E i
G #2H b, DA (60~90 C) -BEFR M5 (5
D AR, EIF, B, Bt B 4 ",
DT&HP-B-CD@IC 7£5 DT #HN AL E B, BAHIE
BBt . H DT 5P200 Ua. FH2EE 1 B
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Fig. 4 TLC expansion diagram of DT&HP-B-CD@IC
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Fig. 5 Infrared characterization and analysis diagram of
DT&HP-B-CD@IC
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Fig. 6 UV full-wavelength scanning pattern of solution of

each sample
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Fig. 7 Scanning electron microscope pictures of each sample (x 2.0 K)
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AT 1 d 5, FEIE] DT 78 pH 6.8 PBS 41 i HH VA ik
FE A (0.074+0.003) mg/mL, A7 HAhAr 5 s
2| DT 57
3 g

H 2RI R SME 2 I R AR, 0 T HEst

RT BABENEER
Table 7 Solubility determination results

AR /(mg-mL™)

TR I

DT&HP-B-CD@IC DT
pH 1.2 R MHR 0.105+0.002 AAG I 3
pH 6.8 PBS 0.104£0.002 0.074+0.003
pH 7.4 PBS 0.116£0.002 ERcAE
alizk 0.087£0.002 ERcAE
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Behnken Wi STV Ho il T 2T, 15315
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