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Coamorphous system of dihydromyricetin for improving dissolution and
physical stability
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Abstract: Objective To prepare a coamorphous system (CAS) of sodium taurodeoxycholate (STD) and dihydromyricetin (DMY) to
improve the solubility and physical stability of DMY. Methods The CAS was prepared by vacuum rotary evaporation. The optimal
molar ratio of DMY to STD was determined based on solubility. The solid-state characteristics were characterized by powder X-ray
diffraction, differential scanning calorimetry, Fourier transform infrared spectroscopy, Raman spectroscopy, and scanning electron
microscopy. The solubility in different pH buffer solutions was investigated. The supersaturated powder dissolution of the CAS with
the optimal molar ratio was examined, and its physical stability, compatibility of raw materials and excipients, and hygroscopic and
moisture-attracting properties were further explored. Results The solid-state characterization showed that there was an intermolecular
interaction between DMY and STD, and a single glass transition temperature was observed. Solubility results indicated that the
solubility of DMY in the CAS with molar ratios of 1:1, 1:2 and 1:3 was higher than that of the raw material and its physical mixture.
The equilibrium solubility of DMY in DMY-STD-CAS-3 (molar ratio 1:3) has significantly increased under different media. The
stability was maintained for up to three months at 40 ‘C and 75% relative humidity. Conclusion DMY-STD-CAS significantly
improved the solubility and dissolution rate of DMY and exhibited good physical stability.
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A MR (dihydromyricetin, DMY), M
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2y B AR AL SO0, BB LR AL
RIS DRAFO LA RGESET 2 253 PR 1), (H
HBRRIEZ, J& T EMZAH R ARG HIVIEZ
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FARIE o PRI, A SLBend i L T0 8 TR HoR 3 DMY
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55 STD AR & L CAS MVEfREE, Frdid#
R X WELATH (powder X-ray diffraction analysis,
PXRD) . % 7~ 4 & # ( differential scanning
calorimetry, DSC) 73 #. & B A8 4 21 4F 3l
(Fourier transform infrared spectroscopy, FTIR) %54
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98.0%, H15T /M 1 25 E M HEARAT IR A w44k STD JiR
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EHARAF: KB HEE, obra, HWE
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3N S0 mL AEE A, M 15mL FEE, S
I 60 CRIIUE [EISE ], 1595 58 (A BT
AR, 2258 DMY-STD-CAS-1. 2. 3.
2.1.2 PEIREMNHIE PRI R R
=L DMY 5 STD, ##jig 30 min 225), 73 5l45 2
DMY 5 STD [R5 ¥ (physical mixture, PM)D,
4338 DMY-STD-PM-1. 2. 3.
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2.2.1 PXRD Z3#r DMY JERIZ. STD JFkI24,
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DI X S RATHACRSE , CuKo 585 . K
A% F3TE ] 20 4 5°~50°, FHEEE 10°/min.
LT FEA I B B Sl i PXRD #i5E, S FE a1
PXRD & 1 fii7x, DMY JEEIZG. STD JERZ .
DMY-STD-PM-3 H1355%5 W %4 F (1) Sf A AR AT 5 0
He, DMY FERIZLE 9.07°. 10.40°, 12.17°, 17.06°+
23.54°, 25.86°. 27.23°4b35 HH BRI O AR AR AT S U
1M STD JERIZHAE 5.6°. 9.7°. 11.2°, 13.7°, 15.9°,
16.8°. 19.4°, 20.2°. 24.3°, 25.7°. 26.9°. 27.5°%
£ B ISR AT S 1%, DMY-STD-PM-3 3 T
DMY . STD [PVRA T4, RIS & I 1 ] .2
n, RHIHAAEMEAEH; /£ DMY-STD-CAS-1,
2. 3 B, SRR ISR REAT A U, SR B R
il & T AFRYR R DMY [ CAS.
2.2.2 DSC ot 56 PHIEMEMESREE R, ik
B B L) DMY-STD-CAS-3, #4TLLTF
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26/(°)
1 DMY [F#Z5 (A). STD JF#lZ5 (B). DMY-STD-PM-
3(C) #1 DMY-STD-CAS-1 (D). 2 (E)» 3 (F) Y PXRD
Fig.1 PXRD patterns of DMY bulk drug (A), STD bulk
drug (B), DMY-STD-PM-3 (C), DMY-STD-CAS-1 (D), 2
(E), 3 (F)

FAE. RFA DSC ¥:%%2 DMY JiRl25. STD JEk}
24, DMY-STD-PM-3. DMY-STD-CAS-3 [ #T A,
R A B AR, AR E 50 mL/min, FHE
AL 10 C/min, &FEIEH] 30~300 C. &L
DSC -t 2 Frzx, DMY JREIZ7E 2522 C
W 1 RBLIE R, XTI DMY JFRZ (1065 55,
KNG . STD JRRIZGTE 199.9 CH 1 8
B IR ARG . FEVIELR A, 43 BIAE 201.1.
249.4 CRIL T ARILBLR I Rcg, B ] BE 2 AEHF
LiFHE T, DMY 5 STD JER% T SRS R KR A4,
SR R T Re 2 e A TR IS A HAR A . AE
DMY-STD-CAS-3 ] DSC i I 3 & .7k DMY Fl
STD WM&RLIE, FRESHBIEEHIIRE (glass
transition temperature, 7y) 7~ A 1504 C, 53R5E
By, Hrhf DMY Al STD FEHAH CAS.

D
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7C
El2 DMY [E#lZ5 (A). STD [F#l75 (B). DMY-STD-
PM-3 (C)» DMY-STD-CAS-3 (D) B DSC 947 E
Fig.2 DSC patterns of DMY bulk drug (A), STD bulk
drug (B), DMY-STD-PM-3 (C), DMY-STD-CAS-3(D)

2.2.3 FTIR 73H7  f# ] KBr JE A 0% FTIR. 4>
APK DMY JEEIZ4. STD JE k24, DMY-STD-PM-
3. DMY-STD-CAS-3 1 KBr A BE VR &35 £ T H
BRRAEAE, FEAE AR R0 2B

FEAFEALE 4000~400 cm ™ BT PR E
Ndem™, FRGRECN 32 K. SFEM FTIR 4nF
3 7R, M 4000~400 cm! FIZL A R RFAE X A A
FiH, DMY JERZ5HHES 3 345 em! AL LK BE
B P 5 D ST 7 A Ty 0 AP 48 41 2 06 s 7E 1 640 em ™!
A HE B SR UG T R R B AT A R BN U, 7E 1 472 cm!
Ab I 5RIE S T C=C BI9R3N51H; £ 1160 cm™!
AbHTRRIE VAR T C-H 4afkahE. STD JFRIZTE
3637 em bR 1 AMERESH O-H f4aiRzh g,

7E 3415, 1642 cm™! 2B R 58 N-H. C=0 f#
YiPRZNHE, STD HU-SOs 7E 1205, 1052 em™ A #E
SRIRBNIE . YIEREYROGIE N DMY. STD )
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El3 DMY E#lZ5 (A). STD [F#}Z5 (B). DMY-STD-
PM-3 (C)» DMY-STD-CAS-3 (D) #J FTIR
Fig.3 FTIR patterns of DMY bulk drug (A), STD bulk
drug (B), DMY-STD-PM-3 (C), DMY-STD-CAS-3(D)

W) R N, R A H S HUIR & A= 4
Ay F 16 A HAE ;. DMY-STD-CAS-3 5 #uph )
DMY J5EE[Z45H1 STD JERIZjHEL, STD [I-SOs 7E
1205 cm™! A IR B FH A EE A8 75 56 171~ 2% , 7E 1 052
em AR AR BNIEFRE SN E] T 1044 cm™!, 7 3637 cm!
Wb B HRBNUE T 5, AT RE A PR A SRR} 24 it A 25 R
W, TN, RIEEAT. KELT
&R R DMY By iR Eigf2sh 2] 3 354
cm’!, H#EW DMY B#2%E 5 STD 9-SOs. O-H Hie
BIARETE R S
224 HiEOtiESHT BUDMY JEEIZ. STD JEk
%, DMY-STD-PM-3. DMY-STD-CAS-3 i&&, H
IR AR RS RS, DORIS- PR, 247 H
B M. FHITEE 4000~400 cm™, EEBA
JEBA 532 nm, WURKIGTIE 200 mW, ~FEIHHEIK
3, pHFE2~3cm . MR T @A, H
TP REERISE N, Jow RIS B s R RR I 2 3
SEE/DE SRS, RIA LR SR TEL. &

4000 3000

FEH KDL R, SR 26T E 4 Frow,
DMY kL2451 O-H [FRFIEIE N AE 3300 cm™ PLE,

S

DMY 5kl 24

STD iR k}24

E5 &tEmE) SEM [E
Fig. 5 SEM images of each sample
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f
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A A AR il N i s
_MN\.J\A/\/\“/\A‘ A
500 1500 2500 3500
Raman . f%/cm™

4 DMY FEHRZ (A). STD [FRlZ5 (B). DMY-STD-
PM-3 (C)s DMY-STD-CAS-3 (D) HiHi2HiLEl
Fig. 4 Raman spectrogram of DMY bulk drug (A), STD
bulk drug (B), DMY-STD-PM-3 (C), DMY-STD-CAS-3 (D)

7 B AR B B TR S s 2R3 b C-H 1y
PRENIETE 1354, 1478 ecm &b, O-H KI5 H R 5k
fE1275em ™ 4b. 7E STD JERIZ5, N-H [H4E1E
FNIEFE 3407 cm ™ 4b, STD F I C-H M4 iR 5k
1E 2 872, 2957 e b, THEERILHIIRBNIELE 1 446
em b PIERAVIBLE G TE B R 2 R R RN
K fai BB, T DMY-STD-CAS-3 F1, DMY
PRI thRBNEFESN S T 1281 em ! 4k, STD
R IE RN, MIFEENZE 1457 em™ b, HAE
1200~1 500 cm™' WLER B T V2R UiAATE
DMY-STD-CAS #1, DMY Kyt n it 5 STD #Y
-SOs B S B il o T 1R AH EAE A

2.2.5 SEMM% H] SEM 4r#r DMY Ji Kl 245.STD
J7 8245, DMY-STD-PM-3. DMY-STD-CAS-3 fJE
P, SRS E AR S R b, SRS, TE S
KV I H R N T . SRR SEM
K 5 s, DMY JEEZ . STD JFEZ) . MY-
STD-PM-3 } DMY-STD-CAS-3 AN S A ik
ERZEFREE . DMY @ik 2IK KB AR i
&, STD fmfA S /NAFN Tk EE IR, DMY-

DMY-STD-CAS-3
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fmfk, N DMY EURIZG AT STD JEURMZ S A i) S,
ULV ERIR AN 2 MR R R R SR A, o 4s
s, RAEGHAH: T DMY-STD-CAS-3 1 £ 3
SR W25 B RN KA B R B ok, A
171£ DMY 1 STD [ MAS, KL 1355 5
—HIFLTELAH, 5 DMY JEEIZS. STD JERIZ.
DMY-STD-PM-3 IGO0 TESUAH LA B35 48, 1X
LA PXRD [E 25 RAEZE R — 3.

2.3 DMY EEMEFEEN

231 tiEEA it~ Diamonsil Cis £ (250
mmX4.6 mm, 5.0 um); JBIAH N H EE-0.05% R
KU (73 0270, SFREVENL: RPN 291 nm;
AR E 1.0 mL/min; HEA 28 C; HAHEFUA
10 pL,

2.3.2 O MEAVERIECH] RS S PRI DMY S e
12.5mg, BT 25mL &4, A& H S
BRSEARM, WEERE, WAFEEEEZE
73 DMY SR E A 500 pg/mL F%F I8 S 7
233 HHKSEBRIECH] K% AREL DMY-STD-
CAS-3 F£i1 29.41 mg (& 5SmgDMY), BT 10mL
B, MG FEEE, €A E2ZE, 15 DMY
JREWE N 500 pg/mL HIAR VAR -

2.3.4 [N RRAR IIECH] PN BRI S
DMY 5 STD, DA EaiH/ARE (HriAfd % sk
S KA, 7E 292 nm KN STD %AW, A
PUIX HL A 2% 18 STD [RR2M).

235 LjEMEE R IR DMY SR SIS
%~ DMY-STD-CAS-3 #i i, LARAE DMY
F1STD BB R, 23 3 LLR B AE RS, 4%
“2.3.17 UM g 25T I E , ek ik 453
JLEl 6, DMY X & 5 #5175 DMY-STD-CAS-3 fti
VAR AR BE IR A] Y 14.19 min 407G AR [F] €k 1,
HIETE RUF, STD JoMiscbd. BT IE TG I
AT DMY HIIE .

23.6 ZMEXRFEHR KEEIDMY KRS IER
HATHRRE, PO EIREE 2008 100 204 40, 80,
160+ 200 pg/mL ) 2 5055 HE A o B0 R I
W, FERR “2.3.17 TR g AR R 2, 0%
UEETAIAN,  DAUETRIASUOG B Sy AT R PR R, 2l
PRERIZE, DL DMY JUSEIKE AR AL AR (XD, U
BONPALKR (V) AT, RN Y=
0.2633X+0.1681, R?=0.9998, %K, DMY
7£ 10~200 pg/mL 5 IR A% 5C R R AT

(') l 4 l 8 I 1‘2 ‘ 1I6 I 2I0
t/min
6 [AMXTEEAR (A). DMY *B&AE®R (B). DMY-
STD-CAS-3 i @i&& (C) B HPLC
Fig. 6 HPLC of negative control solution (A), DMY
reference solution (B) and DMY-STD-CAS-3 test solution (C)

237 REEEESE 2337 TR AHK S Ao
ITHRE, il DMY B8N 50 pg/mL 5
W, %R 92307 TR g RIE SR E 6
W, WRIEMA . 455 DMY &AL RSD N
0.41%, FUNZAXIHGE R 1.

23.8 FaEtEEE H “2.3.37 TN AR SOt
ITHRE, il DMY i8N 50 pg/mL AL 5t
W, TR 2317 TURBRE&A:, S aTER &5
0. 2. 4. 6. 8. 12. 24h FFEHT, LSRG,
24h 4 DMY UETHIFLT RSD M 0.57%, 45 &k
IR 24 h WA EME R IF.

23.9 HEEMHELE B DMY-STD-CAS-3 #ifh, %
M “2.3.37 TR TPkl il s i, AT 6 1

Iy ST RERE, I DMY BB E N 50 pg/mL (¥
BRI, 2 HHEIR “2.3.17 TR i S RE
3T, ACSRIETH R . 455 DMY R 801 RSD A
1.38%, RFZHFEELIERLT,

23.10 fnREERREL FEEEI 9 HEillE
DMY &) DMY-STD-CAS-3 #£ VA 1 mL (50
pg/mL) T SmL &HiH, 783 4H. B “2.3.2” T
X IR VAT ARSI DY DMY IR S

HA 40, 50 60 pg/mL VAR, &FAT 3 1. M
B HUREE >4 40, 50+ 60 pg/mL 15 IR VAR &
1.00mL, AU FRFESER A, ERZRZIRE, B
BA TR R DMY S &1 80%. 100%. 120%
(1) 3 P EIR BV, &FAT 3 . 1RIR “23.17

TR S 2 PF RN, D SR A I SO [A]
W o g5 P35 ImFE [ # M 100.26%, RSD N
0.39%, FHFZITIERERE R 1T .
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24 TEARBMEER

T AR P2 2 S I 25 WD AE ARG A vhoak 31 P 75 R
MEESHZ —, HEGMBRGT SR, B
T XSRS SRR, BT 5 580 i3 2 100 H
G 435 A BIRLAR L FEUAH T Rk A4

HUd & DMY J5klZ5. DMY-STD-CAS. ##
TREY M E T 0.1 mol/LHCI 22 . pH 4.5 PBS.
pH 6.8 PBS. 7K H1, &3, fHiR 37 °C. 4% 150 r/min
AR, RHE 48 h ATV BB ARES, B R
W, 0.45 um JEMEGELL, ISR, MEEIGEREE
TE AR AAIF R R GE M BRI “23.17
TR 3 2 A HPLC L0 5E B AU T AR, 15
WAREE, BT SEE-FAT 3 K.

BREMEP A E R 1 k. 5 DMY J&
BIZ5M L, DMY-STD-CAS-1. 2. 3 HIPH v
PIANFIRE BERG AN, VAR 5 355 vy 1 0 N2 A2 o )
BHAHEIRSY. 78 0.1 mol/L HCl ZEii+,
DMY-STD-CAS-3 H1 (] DMY ¥ fift f% 15 %] 28.51

mg/mL (452 DMY J5lZi. DMY-STD-PM-3
19.94. 6.74 1), DMY-STD-CAS-2 ' DMY V& fi# )&
XF] 11.58 mg/mL (4352 DMY J5EIZ). DMY-
STD-PM-2 K 8.10+ 3.22 f%), DMY-STD-CAS-1
DMY & fi#Ei% 5] 4.42 mg/mL( 535/ DMY.DMY-
STD-PM-1 ] 3.09. 1.34 %),

7£ pH 6.8 PBS #, DMY 7E DMY-STD-CAS-2
1 DMY-STD-CAS-3 HifE 4y HlIA%] T 28.92.
22.97 mg/mL, M T DMY K25 HI5E T 15.07
A11.76 %5, FECT RV ER G 55 et T
5.76 F1 4.10 ff . PVELEGY)+ DMY AR B I3 I
AlREE Py STD A HRY, % STD L
(3G, VBRI N /£ DMY-STD-CAS 1
DMY AfEEHINFEZ 2 M+ DMY 5 STD il 4>
TFlRIAEERIL TG, DMY FIEEES MG
BEANT RS, HEETHRE, LEEEAZME
(R4, BHAEE K, 29501 5 5k NIETIH,
DRI, VAP R 8 e P 23,

x1 BEROTEABRE (X£s,n=3)
Table 1 Equilibrium solubility of each sample (X £ S,n=3)

)% /(mg-mL™)

R -
0.1 mol-L™! HCI pH 4.5 PBS pH 6.8 PBS K

DMY Ji K1 24 1.4340.03 2.46+0.02 1.80+0.06 1.55+0.07
DMY-STD-CAS-1 4424030 535402274 3.45+0.18"* 4774024
DMY-STD-PM-1 3.30+0.29"* 3.58+0.24" 2.87+0.23" 3.05+0.54"
DMY-STD-CAS-2 11.58 40,42 ### 15.4440.21"## 28.9240.64 " ### 13.69 40,53 ###
DMY-STD-PM-2 3.60+0.19"** 430+0.32** 428+0.12** 3.69+0.27"
DMY-STD-CAS-3 28.510.96™### 19.1340.60**## 22.9740.85" " ### 16.1940.66"*##
DMY-STD-PM-3 4.234+0.69"** 4.82+0.24* 4.50+0.16™* 4.16+0.18*

5 DMY 4L TP<0.01 ""P<0.001; #HBIK CAS A5 PM A #P<0.01 *##P<0.001.
“P<0.01 "™P<0.001 vs DMY group; #P<0.01 ##P<0.001 vs between CAS group and PM group in different proportions.

DL SRR, Hil45 A CAS J&, fEARFYR
LA FE pH EHAKF T, DMY ¥ ILHA 4
T, diREZ /b 48 h EAKREE, H DMY-STD-CAS-
3 1 DMY fEAN[A] pH R R B 35 B B4R T, 3R
Hom i gL,

2.5 JigFMAKRBLAR

FRAE P A AR P g2 5 L, st — 2D e A
R4 )5 ) & L ) DMY-STD-CAS-3 3 i A% e
2o FIBE XTSRS R Remn, BT P 25 82 3
28 100 H w5, 153RARE AT Rk . KR
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a-DMY JEEIZ; b-DMY-STD-PM-3; c-DMY-STD-CAS-3; A-0.1
mol-L™' HCl; B-pH 4.5 PBS; C-pH 6.8 PBS; D-/K.

a-DMY bulk drug; b-DMY-STD-PM-3; c-DMY-STD-CAS-3; A-0.1
mol-L™! HCI; B-pH 4.5; C-pH 6.8; D-water.

&7 DMY TIEMMAKBEILE (XLs,n=3)

Fig. 7 Supersaturated powder dissolution curves of DMY
(Xxs,n=3)
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Fig. 8 Physical stability of DMY-STD-CAS-3
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2 RN R A 25 1 A T R 2 A R 2 )
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DRI, 326 P L Rl ] 35 1k b b Sk 64T DMY-
STD-CAS-3 (1) J5 i B AHZE P 71

S8 (FREZ ) 2020 SERGE 9103— 5k
255 ) RS e R TR T I, AR kT
MR SEN, FEHFRE 200 mg ) DMY-STD-CAS-
3 FEal 200 mg VERY 78 IR A) i, A8 AR AN A
TREHHE 2 mine FHRAVIEE 70 2 4y, HAE 40 C.
75% RH (TE55 A M R0 G AL BN R IR 3 LSRR D 2%
R EFE 1 N H . 8 PXRD BIEAEL 30 d &5
(LT AL S AR PR B R S . kA, ik
W& T BT B NIl HEE R (1) PXRD B
ENSZ%, ERILE 9. 7525 C. 75%RH %
B g 1 AN A S, AT PEER S5 DMY-STD-CAS-
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Fig. 9 PXRD patterns of soluble starch (A), soluble starch
stored after 30 d (B), physical mixture of soluble starch with

DMY-STD-CAS-3 (C), physical mixture of soluble starch

with DMY-STD-CAS-3 stored after 30 d (D)
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SRR TR S IR, BT ZE 3 B RR = A
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FIRERAERE AR 240 5, BT, BERERE
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EREERI A T IR B IG5, AR T T A% i (1 T e 1
wahneel, Mk, AWFFRLE 25 C. 75%RH 44T,
EEEFEMM TR, SR NEK 2, KL STD JFk
245 ) DMY-STD-PM-1. 2. 3 Wi HE KT 2%, £
AT B AT 51, FE AT RE 2 STD 1E /K
85y, HKAFRA g, REHAA TR
P, DMY JEEIZ4 )2 DMY-STD-CAS-1. 2. 3 Wi
RIJET 0.2%~2.0%, FIFILIEA 511 H; FR 2
(1) 51 R a5 K o+ (M &k, eI
SEEH, DMY 5 STD s FIMAH BEAER, Sk
EA AR YE, BHIE T RBIZ 5Ky FEEA, N
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282 FEUGRME  RIESHEVESS R, X DMY R
Bl24. STD K24 . DMY-STD-PM-3 1 DMY-STD-

*2 JBHMOPCEMN (Xts,n=3)
Table 2 Hygroscopicity of each samples (X +s,n=3)

FE R W%/ % 5] g
DMY JF ]2y 1.54%0.10 ¥ e
STDJE #}24 2.58+0.11 H
DMY-STD-PM-1 2.1040.10"# fq
DMY-STD-PM-2 2.2940.13%# fq
DMY-STD-PM-3 2.5140.12"* fq
DMY-STD-CAS-1 0.94+0.09" ¥ e
DMY-STD-CAS-2 0.85+0.11" ¥ E)
DMY-STD-CAS-3 0.61 £0.08"### e

5 DMY 4tk "P<0.01 "P<0.001; 5 STD #4ltbi: *P<
0.05 #P<0.01 *#P<<0.001.

“P<0.01 "P<0.001 vs DMY group; P <0.05 #P<0.01 *p<
0.001 vs STD group.
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JZ B2 . DMY-STD-PM-3 7 25 °C. 92.5% RH ¥4
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(5.12+0.13) %, FHJ STD J5k}Z5H1 DMY-STD-
PM-3 X} miE 26 HBURS; 1 DMY- STD-CAS-3 754
AU FE A S OB R I, £ 25 'CL 92.5% RH
ZAF TN (1.10£0.10) %, X PREEIE AU . L
4 REWE DMY 5 STD 284> FAHEAER T,
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TG e TN AE I PS5 iR BE AR R HR I 2%
3 e
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(] 7> T AH HARE RS, G 1 b &) R A i

6

IR R/ %

0 2I0 4I0 6I0 8I0 l(I)O
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10 DMY-STD-CAS-3 (A). DMY [R#lZ5 (B). STD &
#%5 (C)« DMY-STD-PM-3 (D) MIZNAILEMAE (X5,
n=3)

Fig. 10 Dynamic hygroscopic profiles of DMY-STD-CAS-3
(A), DMY bulk drug (B), STD bulk drug (C), DMY-STD-

PM-3(D)(Xts,n=3)
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