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Preparation of scutellarin solid dispersion based on deep
eutectic solvents

LIU Yong-jing, LOU Li, HUANG Dong-ting, CHEN Li-rong, WANG Xiao-ying"

(College of Pharmacy, Fujian University of Traditional Chinese Medicine, Fuzhou 350122, China)

Abstract: In this study, deep eutectic solvents (DESs) were used as excipients to prepare solid dispersion (SD)
of scutellarin. The SD of scutellarin were prepared by melting method with cumulative dissolution rate as the index
of investigation. The preparation conditions of SD of scutellarin were optimized by single factor experiment, which
investigated the type of the carrier material, the type of DESs, and the ratio of the drug to the carrier. The optimum
preparation conditions of DESs-SD were as follows: using Poloxamer 407 as the carrier material, PEG 200/urea
(27 1) as the DESs system, and the ratio of carrier, DESs, and drug was 6: 1: 1. The drug loading capacity of
scutellarin in SD was 12.53% under the optimum preparation conditions. Differential scanning calorimetry, Fourier
transform infrared spectroscopy, X-ray powder diffraction and scanning electron microscope exhibited that
scutellarin was amorphous form in the SD system. Furthermore, the stability of the DESs-based SD of scutellarin
was evaluated by high temperature, high humidity, and strong light tests, which showed that the cumulative
dissolution rate and scutellarin content of SD decreased with time under these conditions. Finally, the result of
pharmacokinetic studies indicated that the oral absorption of the scutellarin could be increased using DESs as an
excipient in the preparation of SD. The animal experiment was approved by the Experimental Animal Ethics
Committee of Fujian University of Traditional Chinese Medicine (approval number: FJITCMIACUC 2023048).
Consequently, this research offers a novel and effective approach for using DESs to enhance the oral bioavailability
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of active substances with low water solubility.
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SDRSMNAHEMESE R Ch B ANRILHM
2 HL) (2020 hie) S5 PU BRI R SE T 0% (W65 I E i
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1% —0.1% M R 7K VA R (40 60). iiE: 1.0 mL-min™', F£
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1 407).PM.SD-CDES 5 SD-WDES %5 Ff iy ¥ #% [1# I

W S A AT

14 B 7 B 8% (scanning electron microscope,
SEM) HUDEFE SR T S i b, e 5 AT RE A
WMo JEE SEM X AT 3 46 3 J5RE2 L ik d k) (i b
% 407).SD-CDES } SD-WDES [1] 2 1t 0 T 25 #E 4T
WM&,

KA AR B — 8 E R & T2 M &1
SD, IMNI& EZABK. fFe 2 n s, BUE &%
R R A BLIR B I ZS 90 B R FE 4SO
AT RLAR o3 AR MR, L3 Flt SD 7E K A ()KL 42 2 A R
o B3 UGHAT AT IE -

REMMR

AR BT =LK SDIE R, Pl Tim e i
RER M A, B TR N (60 + 2) °C i1 IR 18 15 3R 56
FEPCE 10 K,

EIRIRES  BUT RAE R SDER, T4l T s e
RERMEMA, B TIREN (25 +2) °CHXEERN
(90 + 5)% FPEL iR FE IR T AR A H R E 10 K.

SEGIRES BT SR AE R SDIE &, P TR 1028
BEREM A, B FEENQ5+2) C R ERN
(4 500 = 500) Lx (18 & 15 iR R 50 56 H s E 10 K. 78
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Figure 1 Dissolution profiles of different conditions. A: Dissolution profiles of different excipients; B: Dissolution profiles of different

deep eutectic solvents (DESs); C: Dissolution profiles of different ratios of excipients, scutellarin and DESs. n=3,x + s
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Figure 2 Structural characterization. A: DSC curves; B: FT-IR spectra; C: Powder X-ray diffraction patterns

gh S AR e

2.3 XRD fHE2C A, JFRZG KT BAE R AE 9.45°,
14.25°.15.99°.19.11°.21.24°,25.93°.26.85°.29.14° 4t
A S AT S 0 AR RL WIS VD AR 407 £E 19.11° .
23.35°4b 7 REAIE 14 1) v e FE AT S e o 1T PML Y it 2k
S 7 H JEURH 24 RN AR R AR AR 6, Dy R} 24 R A il 42
(4] 17 B2 2 0, SR AE PM R A7 TR &5 i I R RE 2 . T TR
SD-CDES & SD-WDES 1, [k} 24 (1) A7 55 U i 2k Bl g
SR EE AR, HEMIAT 2878 2 K6 73 LT 58 UK AFAE T
SD 1, mIRe s A 4 LA R S A4 T A7 AE

2.4 SEM [ 3 0[50, AT A6 F RN 2y iR 4
i, 2 TR ; 10 VA V0 1 407 BN KNS — [ [ BR
TEAR, 18 WAL P 7, 21061 . SD-CDES A SD-
WDES 2 ILHUIR &5 1, & W R 2 5 #oik m kL% 3 1)
TR, RYUT RAEZ DG BURS 7 BE SD .

25 RIEHHMIKX  SD-CDES 1 SD-WDES £ /K i
(KL A% 43 AR B0 G 2% 1 BT i, 76 KLA% 43 A5 J7 T, SD-
CDES 41 [ ki 12 /N T SD-WDES 41, ] fig /& i1 T SD-
CDES 1 iIn A\ 27K P DESs, 34 7 SD ik i Pk, 124
W3 LAAE 7K R BL 43 BRURORE IR T2 220 1550, AT 9k /s Ao
. fEREY 5 s %07 i, SD-CDES 4 1) PDI /)]s

500 pm

300 ym

F SD-WDES 4., % Bl i X\ DESs J&, HRi4e 7 Af th b
Bt —,

Table 1 Particle size distribution of SD-CDES and SD-WDES.

n=3,xts

SD Particle size/nm PDI
SD-CDES 310.17 £2.07 0.18+0.02
SD-WDES 626.8 +7.27 0.24 +0.03

2.6 RANAEHENE  tHE 4R KT ST R &
B SD J, Foid B B s T PM A I S5k 2 4, SR B
SD A DL A0 M 5 4 AT 28 48 25 (13 5 T 7E P FR SD 1Y
75 Wi 26, SD-CDES 41 119 245 W 7% ¥ % 75 T SD-
WDES 41, 7] i /& H1 T SD-CDES 41 i 50k} 24 ¥ ki 42
/N, SECE AT B A R i ARG K, AR T
Ji R 24 1) 23 B, AR AT B2 2 BV R AR B = OF B
27K DESs B AR B % — & F2 B 38 I i i 1,
fifi SRRV 48 0, i B LA DESs /8 A SRk, AT DL
i SD Hy JERE 24 [ AR AN H
3 MREEZSDFARHZNESENE

X 3 ALK SD-CDES H1 4T 38 16 2 & &L AT
52, 3 /MK SD-CDES K14 3 25 &4 12.53%, RSD
N 0.70%, Ui B iZ ] % T2 ke e, EEE R

300 gm0 . 300 pm

Figure 3 Scanning electron micrographs. a, A: Scutellarin; b, B: Poloxamer 407; ¢, C: SD-CDES; d, D: SD-WDES. SD-CDES: Solid
dispersion-contained deep eutectic solvents; SD-WDES: SD-CDES: Solid dispersion-without deep eutectic solvents
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Figure 4 Dissolution profiles of scutellarin, PM, SD-CDES and
SD-WDES.n=3,x + s

4 [TZFLESDREMMR

i 0 45 SR P SA MR 2, 45 % W] SD-CDES
FE v il 26 A R TR 10 R, AT 0 R BB Sk i, 3R
T Y RE B8 A I B AR A TS B, T AL R I
[ 1 93.66% 137N 88.56%; 1 & EARLTT HI, 7ETHCE
10 K, SD-CDES AT 55 46 3 [0 & B sl /> 2.12%, H.
JAE 10 KJ5, SD-CDES H BLEE B G, B n] 1, fril
# I BALZ SD BAT & m RN MRS E PEEOR, (HAE
il A7 6 A7 L T S el B 1k A2 O i
Table 2 The content change of SD-CDES under different condi-

tions

Time High temperature High humidity Strong light
/day Content/% Weight change/%  Content/%  Content/%
0 12.54 0.00 12.44 12.36
5 11.23 3.14 10.13 11.03

10 10.42 421 9.32 10.22

TV S 4 5L L[] 5B FISR 2, 45 SRR B SD-CDES
TEREAME N CE 10 K5, AHXT T 0 R AAE & R, 2
R NS R B, (B AR AL AN B B [ I TR)BG n, SD-

A B

CDES F ity 35 H I3 € 32 47 IR, I FLBH ™ 5 1) 45
IR . AEE B INAEE J7 1, SD-CDES 7E i 5% 1
THE10KG, EEWEINT 421%. & 10K/5, SD-
CDES 4T BRI & =/ 3.12%. SD-CDES 7
1B N AR E, B 5 % B B AR B 5
FEARAE IS AT R ORFF T 452 o
5 6 IR0 28 S L] SC R ER 2, 45 3R 3K B SD-CDES
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Figure 5 Dissolution results of SD-CDES. A: Under high temperature; B: Under high humidity conditions; C: Under strong light. n = 3,

xX*s



KA S TARIG VAR (K AT 5578 3 [ A 23 o B ) 5

© 2671 -

Table 3 The main pharmacokinetic parameters. A: Scutellarin; B: SD-CDES; C: SD-WDES; D: Scutellarin dissolved in DESs. n = 6,
¥+s5 P<0.05"P<0.01,""P<0.001 vs group A

Parameters Unit A B C D
AUC,,, pg-h-L! 469.20 + 16.26 1044.28 +33.88""" 947.12 + 111.717" 757.81 +19.85"
AUC,, ug-h-L! 604.42 +71.32 1 120.66 + 167.92° 1284.38 +318.82" 766.79 + 24.28
MRT,,, h 7.64+0.25 6.86 +0.24 7.61+0.79 9.35+0.85
MRT,_, h 14.57 +3.90 10.28 £2.59 19.48 + 6.96 12.57+1.20
ty h 10.27 £2.39 8.68 +3.92 14.57 £ 8.54 3.22+1.03
T, h 2.83+0.00 3.00 + 0.00 2.00 + 0.00 3.00 +0.02
C.. pgL! 83.57 +6.08 180.64 £9.32"" 190.05 +4.63"" 94.70 + 5.13
Ve L-kg' 1215.85+152.35 498.83 +193.43 793.08 + 417.91 302.01 £ 90.41
CL,, L-h'kg' 83.45+9.23 40.60 +5.78 40.40 + 8.90 65.25+2.10
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Figure 6 The concentration-time curves. n=6,x £ s
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