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Preparation, characterization and in vitro activity evaluation of hesperetin co-
amorphous with palmatine hydrochloride
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Engineering, Minjiang University, Fuzhou 350108, China

Abstract: Objective Hesperetin and palmatine hydrochloride co-amorphous system (Hes-PH CAS) was prepared to develop new
solid forms and improve the solubility and dissolution of hesperetin. Methods Hes-PH CAS was obtained via the rotary
evaporation method. The solid-state characteristics were characterized by powder X-ray diffraction, differential scanning calorimetry,
dynamic vapor sorption and solid-state nuclear magnetic resonance, respectively. The solubility and dissolution behavior were
investigated by high-performance liquid chromatography. Furthermore, the antioxidant and antitumor activities were analyzed
through radical scavenging assay and cell proliferation studies. Results Hes-PH CAS possessed a single glass transition
temperature (7g = 104.5 “C) and exhibited intermolecular interactions. The co-amorphous simultaneously influenced the solubility
and dissolution of both drugs, increasing hesperetin solubility while decreasing palmatine hydrochloride solubility, and promoting
hesperetin release while delaying palmatine hydrochloride release. The antioxidant and anti-tumor results demonstrated that the
free radical scavenging rate and HT-29/HCT 116 cell inhibition rate of Hes-PH CAS were higher than those of the individual raw
materials, indicating a synergistic effect between the two drugs in terms of both free radical scavenging and cell inhibition.
Conclusion The prepared Hes-PH CAS improved the solubility and dissolution of hesperetin, with two pharmaceutical
components exhibiting good antioxidant and antitumor effects.

Key words: hesperetin; palmatine hydrochloride; co-amorphous; solubility; dissolution; in vitro activity; antioxidant activities;

antitumor activities

ks HER: 2025-10-28

HEEWB: FMTEREIERIBE (2024-SG-009); HYLAEFSIH#EAATHIBH (MJY23007); KFEQUFNZABE (202410395034)
fEHfEN: B B (1990—), &, WL, f, FEMEPL-OFFTF. Tel: (0591)83763589  E-mail: liangling@mju.edu.cn
HBIEEE: AT (1977, 5, WL, B3R, WA, FENFHDESMZHT. Tel: (0591)83763589  E-mail: Iby@mju.edu.cn


mailto:lby@mju.edu.cn

* $ % 2026E48 B57% ETH  Chinese Traditional and Herbal Drugs 2026 April Vol. 57 No. 7

» 2537 »

FELZF A0S, 2P A RS IR R 2 5
M) JEG 1 i A= R P P DR B DR 2R U021 A g el MV
PEZGYITERE LSRN, It oA EE S
e A4 53 [ AH ELAE FHREIR 250 1) Sl AR S5 K, (62454
SR T RO E R P IRES, A R
I3 A g 2234 o PR AN 0 25 1 sl HE T 10 25 0
AT N, EREEE O TEA AR E M 4] &
ghidn, FRIEI 25918 B [E 4V SR THT AR A R
SN 4% 52 RVEDL, filhn, #& FIk R 5 e Ay el
B FE AR A VT VIR i 0 3 0 5 T 30 L AR 5 1 A
Py Z5E A 55| SE ¥ TP L To € T Ja AME R E 1
SRR, W SR R TR S R 5 A
R & T2 1l (1) 5 010 58 T 2 2 0 [B] I A0 AL T P B A e
PEL AT N S AR AW, FLIBE 2407 RAE & L
FEVRTT A R I BE AT 0

PRz e — PhRIR IR &Y, A ET
MHdZoK R, BAHL. PiE. . sumg
S PE R TS 2 B G FRIEEUO-T, SR, BT
FMARI KN (16~40 pg/mL) 4, H RS 15
JTE RIS A R, M DAEE 4 S B3R HaBs BIVR T IK
FEo REZWILTEE HAR COAE Z R it 254+
JRILH B EA, B B ATE R R E 3L e TR
FAEEAT R -

FHEEZ T, ARG L S RAE O 1 R 3
VAR AN ER AL M B T 51 R T, Wi R -
J I B TR TR J SR AR K RV R FECSYs SHARR-
Fe R IL A RE WL R THE B s AR 2 6 51191,
B B 465 iy 2% 3L U SR I L 38 5 ) R T
AR AT S 43 R R & T R E D
ITHB RIS Z A (Form I Form 1D, —
AL A [F) 3947 AE O-H- - CIrE B E N, I
BRI B E N AT, BT S A
W28 AR, P I A AR HEAR 5 A% BE A AE 2 35 22
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Y6 5 e e & b o SR Cu-Ko SFRAE NI
HH, TAEHE 40 kV, TAEH 15 mA, 65
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MBI R AT 0, REAH A S L RS, Ed
JieHE 75 i3] 45 1 Hes-PH CAS TCHFERT S, Y
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M Hes-PH CAS
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Fig. 1 PXRD patterns of palmatine hydrochloride,
hesperetin, Hes-PH CAS, Forms I and II
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222 FRFERERYVIRE T (differential scanning
calorimetry/thermal gravity analysis, DSC/TGA)  #&
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229.8 CALH BRI ERLIE, ERRR T ST JFRL 257
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(glass transition temperature, Ty) 104.5 ‘C, FB
12 O VT 508 B 3R 20 6k e i 75 R 5 T U AR
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total reflection Fourier transform infrared spectroscopy,
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Fig.2 DSC curves (a) and TGA curves (b) of palmatine
hydrochloride, hesperetin and Hes-PH CAS
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Fig.3 ATR-FTIR spectra (a) and Raman spectra (b) of
palmatine hydrochloride, hesperetin, Hes-PH CAS, Forms I
and II
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Fig. 4 '3C ssNMR image of palmatine hydrochloride,
hesperetin, Hes-PH PM, Hes-PH CAS, Forms I and II
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S 7.9°0 16.0°, 24.7° % 25.9°AbAT ST IEAS S 1G58,
Horbr 2470, 25.9°4b 7065 Form 1T (R4 FEIE (1]
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Fig. 5 PXRD patterns of Hes-PH CAS after exposure to
different photothermal conditions (a), or after treatment at
40 ‘C and 75% RH for 1—24 h (b)
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Fig. 6 DVS curves of palmatine hydrochloride, hesperetin,
Hes-PH CAS, Form I and Form II
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231 BN AR XR-Cis i (150
mmX4.6mm, 5pum), FHXEKB, RN
WK 280 nm, ERFR S ST B UK 345 nm,
PR E 1 mL/min, #FFEE 5L, AR 30 C, i
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232 PSR AIECH] RS FREL 10 mg Hes-PH
CAS BT 10mL &+, MG & A RS 2
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P 7 2 BRI A A V. TRV 4% 1 mg/mL 2R
VT0) Bl i 2% VR
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Hes-PH CAS J\ /\
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Fig. 7 Chromatogram of Hes-PH CAS and raw materials

WL | mg/mL (1 ERER L VT 5 H 200) B i
W S EE (20 43 I FBE R 5004 200+ 100
50, 20. 10, 5pg/mL, 0.45 pm ALIERE R 5 ik
17 HPLC &, DAMETHIFR (4) XfFRERE (O it
TR S, BRHRRED TR TN 4=
23 679 C+1 822, R*=1.000 0; &z &Lkt mIH77
Fi N A=15954 C+23 535, R2=0.9999; £5H %KM
PR ERREI VTN 5~500 pg/mL ZetEK R
EY/I

23.6 IEEEHEE OH “23.27 TN S 6T
1TH5 R, i/ Hes-PH CAS i By 50 pg/mL )
MR TR, R “2.3.17 TR (il St SRR
W5E 6 K, LFIEMA. o5 Frs e R E YT
W TRIAR (1K) RSD 205118 0.35% 0.67%, RWiZIES
R % B R AT

23.7 FREMEEE H “23.27 UMK S G
TR, A Hes-PH CAS Jii B A 50 pg/mL 1)
BERAR, 1R 92317 WUR IS &LE, 4RI
HI45)5 04 2. 4. 8. 12, 24 h HEREMHT, 0 SEIE
L, 24 h W RAERIR L VT W TH ALY RSD 43
A 2.51%; 2.39%, 45 FR M RALE 24h
Fo e PR R AT

23.8 HEAEMEE Hl Hes-PH CAS Fffh, %M
“2.3.27 TR EPATHIE 6 A SV, il
ITFRE, R Hes-PH CAS Jii B3 4 50 pg/mL 1)
BER VAR, 2 HAEIE “2.3.17 TN (o 4 gk RE
3T, CSRVETRY. S5 A R R AR YT =
B0 RSD 205108 1.14%. 0.97%, FWiZJjEE
SYERLT,

2.3.9 JIFEEYCEES B Hes-PH CAS i,
BT RS N R IR A 50 pg/mL WG &, %

B9 %A %W 1 mL, I SRR R 5 )
9 40, 50, 60 pg/mL [IHE R0 IR IR, &1
3 4. &M “2.3.17 TUN A AR, il
WEE TR AR HETH RS B 2R W IORE [T o [AVE T B 2R IR
EDyTHRIINFE ER . SRR # . SR ST
SEEINRE IR 2 3 (102.48 +9.63) %. (98.26+
2.62) %, RINZITENEREE RIT .

2.3.10 “FHAMEES o FRBuE EAE S E T
gk, HERE AR IE MRS R, 37
‘CHR¥% 48 h, B2 0.45 um LI ER S,
HEAT HPLC Arill, 10 sk AR oh P AT R
SERWR 1 o fEAiK, R8RS 3R
VT W PFH AR 5y Ao (21.2240.58) pg/mL
5 (24.1340.67) mg/mL. TMAELTERH, WE
AR R A T B B8 2 PV iR 52Tt
% (105.4246.50) pg/mL. $HHER Ty 7 fift I
iK% (10.06+£0.14) mg/mL. i H., &R 5%
LG VT RV A B 22 e AE LT 8 TR B35 FRAIK, AR
RIZGHIZ) 1100 f5F% % 95 f5. A ERZE, 1
SEFLHRE R SR E ST S E AT Form 1
5 Form 11 VAR 2 1], i B BT il % 3L T8 8 T o
THRE T SR R RS WAL T 2 Fhdk i v
B) o 7E MR S 56 5 W TR HEAT PXRD M3t —
R EALS, RS RER, 125k 2
SBATEES (B 8), &5 Form II fiT 5} W%t E,
FLATT S 06 oy A S AH XS 5 BE$5) 5 2 B AR — B, Ui A
Hes-PH CAS fEWEf#E 2 H [7] Form 1T %747
2311 EHIEFREE LSRR, KIE
FEHA, KFE 250 mL, 3 75 r/min, 16
37 Co R AR e B A AR A i
W B 2 AN A] A TR, R IREURE 5 2 B A 7R A5
RN BT FTEURE 0.45 um fFLIEREDER J5 7E4T
HPLC i, SHHwE 3 AT, SR WE 9

Fz1 HEEDIT. #BEE. Hes-PH CAS, Form1 5
Form Il ZE46/K P EYISHEE (X£s,n=3)
Table 1 Solubility of palmatine hydrochloride, hesperetin,
Hes-PH CAS, Form I and Form II in water (X £5,n=3)

- RO YTIRMRR BRI
(mg-mL™) (ngmL™)

JR L2 24.134+0.67 21.2240.58
Hes-PH CAS 10.0640.14 105.424+6.50
Form I 13.3240.17 120.90+1.60
Form I 5.2740.10 44.5041.37
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ﬁ | | e
N l | ‘ SRR TR
5 20 35 50

26/(°)
8 Hes-PH CAS B#EE MK /G7%ES FormI. Form II
#J PXRD [Ei%
Fig. 8 PXRD patterns of Hes-PH CAS residual, Form I,

and Form I1
a 807 —=— Hes-PH CAS
—a— Form II
60 - /E,_ — —A— Form I

o \\
\

—Y

W%

b 100 " -
;i‘/_,: i
80 1 !
60 1
S
@ 40 1
—u— Hes-PH CAS
20 1 —8— Form II
—a— Form [

—v— HRESITERZ

o 4 8 12 16 20 24
t/h
9 BEE (a) MAREDIT (b) 7 Hes-PH CAS,
Form I 5 Form Il FiEH L (Xts,n=3)
Fig. 9 Dissolution curves of hesperetin (a) and palmatine
hydrochloride (b) from Hes-PH CAS, Form I, and Form II
(X*s,n=3)

Pz, SRR ES ED TT OB 25 R B Y 52 25 1 DRI VA gt
Pk, 5 min A JLP-SE AT AR TR B3R JRURH25 3 R
RN, 4h 5 HCRIE R 4%. TERILTEETY
Jr R AL T I AT O, SR ST AR
HH AR, 4 h J B WIS T, 4L 24
h [ ARZI09 90.5%; F8 B a [ 5 5 7

RYJRERT, 1F4~12 h 4ERF B i K F,
AROEK T 25K FE4EFRERT [A], 8 h ZEAIA R K
HHE (62.2%).

Ht—2 5 Form 1. FormII Fb KB, LT EH
HhER IR B VTAE 4 h /i VS H# 22 [/ Form 1 #2301,
{BYE 4 h JGI R AL, ML e B E RN
BHEE Form 1 5 Form 11 A ifes, JUHE 8 h
I35 T 2 AL O
24 MEMMMEER

L DPPH Fl ABTS H HH 275 BRI 2 FF b PL
FAAEe ), BARSLIG AN DPPH [ HAEE
SEEG e CREBCHIAEE SN 60 pmol/L 1) DPPH
T, 43 BIHL 100 puL AN [F9R BE PR A5 U 5 AT DPPH
WA ZE] 96 ThALi R, W& 3 HATHE, #h
SR 30 min 5, FEEFROCIE 517 nm ATROEE (4D
fH; ABTS H H3ERRSLEH, %6 7 mmol/LABTS
B IEIS 2.45 mmol/L i B R 40 1A WUIR & #1143
ABTS™ W, HHET T =iIRECCE 16h, AL
KRR 734 nm &b A 162175 0.7, SRJ5 7 B EL
100 pL AS[RIHR BE A IHURE A ABTS T I 2
96 T FLIR, JEA 30min [ E 734nm 4k 4 {H. H
FH 275 B 2 3 A B BR R = (4o — As)/ A 1T,
o 4y B As /3 A AFLRIRE AL 4 1H. 45 3
X2 FR, P82 &Y Hes-PH CAS Xf 2 fh H 1375
B 2 B A A R B I 3 0 . 7 12.5~400.0
umol/L, Hes-PH CAS ] [ FH &35 B iE 1 35 5 T 2 Fof
JRRZ, BLHISLTEE R 2 Bl 25 RE RS B U Bt
FH IR bR R
2.5 RSMAIESLIE

o JRa 4Tt S0 4 P MTT RE& M52, 3% )
NG5 e 40 HT-29 F1 HCT116 1E RS . K2
PL 4.0 X 103 AN/FL% BERR T 96 fLER T, £ CO 5%
FERA I B RS, FHAS [RIAR BE AR AL B AT L 48
h, BEEEALION 20 L MTT ¥ (5 mg/mL, & T
PBS) ¥ & 4h, #7 FiERE I 200 uL DMSO #
% 10min, )5 FHBEEARCE 570 nm K Ab 4 5.
2t K A Z 4 A 2 LA ZE = (A — A4 —Ab) ]
TR, Hrd Aey A H0 Ay 737052 XTI SL . FE S LA
HfL 4 H. 4R 10 Fras, HT-29 1 HCT 116
Tt 38 B S 1 R AS B Hes-PH CAS ¥R B 16 i 7 3%
Hi¥a N, 1F 6.25~400.00 umol/L, Hes-PH CAS X 2
ol L Y 8 B T o R 3 S 3 v TR R RN SR IR L
VT EREZ o AL & 20 73 i K I, Hes-PH CAS Xf
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2 Hes-PH CAS 5J/ERIZ58) DPPH #1 ABTS"EHHEFBBRE (X1s,n=3)
Table 2 DPPH and ABTS" radical scavenging rates of Hes-PH CAS and raw materials (X £ s, n=3)
o DPPH H i ER /%
i 125 pmol-L™! 25.0 umol'L™!  50.0 pmol'L!  100.0 pmol-L™!  200.0 pmol-L™!  400.0 pmol-L!
HREDITEEZ 2.78£1.15 2444132 247+1.18 2.5240.91 2.90+145 2.55+1.26
P e 2R R 24 4294123 5.54+1.43 12.90+1.38 20.04+2.71 29.53+2.41 42.77+1.35
Hes-PH CAS 4734+1.02 833 1.14%  1730£291%  2798+334" 36334325 49 6540.64"
. ABTS" H HIEERRZE/%
Fhi 125 umolL! 25.0 umol'L™' 500 pmolL™!  100.0 pmol-L™"  200.0 pmol-L™!  400.0 pmol-L™!
HIREDITERZ 4284460 1.14+1.11 427+6.21 5.55+3.64 8.42+3.11 15.78+1.82
P 1 AR 2 12.08+429  23.154+2.62 49.08+5.76 59.70+6.85 69.01+9.78 70.53+5.02
Hes-PH CAS 23.77+0.36" 37.81+£0.85# 62354152 7931152 8587+0.98%  88.8741.51"

5 R ERZHE: "P<0.05

“P<0.01; S5EHRESTTERZE: *P<0.05 #*#P<0.01.

REPAE R RSHERESITRERI T LE G, Hit
e 40 B 3 B R R R A T IR R
3 g

AHIE S IE I G e VA TR AN ) 5 TV, AR TR A
R RIS WS A S 5%, &
L UL RIS R et 25 8 LD il % 7 H6 R
REHLMREITTRRERESRES. 540 L4
W PR RV ) B ) 2% [ 25 i A 35 i Form I Al
Form I A~[F], R BB VT RS je 2570 s 77l h &
WE e 28 R G RAEAF R, ATERES. #
ST SR RIRTE 104.5 CAAAEME— B AR IR
FE, HAE 150 CHIAKIAEMA HE R R ERL.
FTIR P4 & hi7 2 B i 351 52 1% 6 € -5 Form 1 [H]
A REARAEARCA ) SRR F B AR 45 44

1M H. Hes-PH CAS #8318 185 Form I 477E %646
MRS, XAlGeeH T e RamKiE
P, B BAMIRSNERE R, SRR
TIAAFAEAN ] () R A EE ,  ZRI 9 RFAE A1) T AL,
5 AF. ssNMR #EEH—PRHIL T ER S
Form I [A] 7] REAFAEAH AR B E B AR A5 . R

"P<0.05 *"P<0.01 vs hesperidin bulk drug; *P <0.05 *P <0.01 vs palmatine hydrochloride bulk drug.
a
100 1 Hes-PH CAS

80 -
X R T YT R RL2E
5 601 IR YT k2
T O\l -x___ .
=
=40 A
W

20 1 1 B IR

0 p
b
100 1 Hes-PH CAS
80 1 BT -
v )

X
é@ 60 1
B e fee gl
=40 4
=y

201

0 -

0 . l(I)O I 2(.)0 . 3(I)0 I 4(-)0
WeFE/(wmol-L™")
E1 10 Hes-PH CAS 5RFIZ5% HT-29 4858 (a) #1 HCT
116 ZHAf (b) AYIZIEIMEIR (X£s,n=3)
Fig. 10 HT-29 cell (a) and HCT 116 cell (b) growth
inhibition of Hes-PH CAS and raw materials (X £ s,n=3)

HT-29 Al HCT 116 404K % (half maximal
inhibitory concentration, ICso) 4354 26.1. 43.6
umol/L, BHRART#E e ARG T ikl 2. 25

& Hes-PH CAS "I RETR B [ 54L& Form I AHIAR =
AR AR A P A, (B FHY C mE
FF s S ARV MR S AR E 1 T TH R I 5 L
BORA R R o

T T 1% ERARREIRES, B 5234
FRIREE R AR E A 00, U R R T O U,
2530 e T il 2y 1 8] A EAE F RE A% o8 TG 8
TR AR E P20, Hes-PH CAS 7E 4 500 Ix. 60 ‘CA¥
fiti 30 d JE VRN, UESEHEA R RIaiE
EME. MET 40 'C. 75% RH 4P 10 h J5, Hes-
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PH CAS &K AE# i AT §E A Form 11 3678 . 7RIt ik
FEH, Hes-PH CAS WIBEFE RH 3803/~ T #hR
57T, WAL E, Rl h
TR VTR AT N . HAHEL T Form . FormII, 3%
o TR A, X — BRI T e 291
W R AR, N RN ZALEE M, G K
BN BN R ZR T B H e e e E
R GW KR, g i@ e 25 4 pk e
i\ IR BEACIRIE 11 3 s = ot e e T 55 5K
2 T LT I B U () T 52 14221

Gy v SRR T 5 A VRS e R Bt T
EW G, B RBMREAAUK RERT. ShRe
LTV B 30 25 PEAIG, T B KV P s 2 5 0
WYEZSTE O 3 T8 € T2 SEB 1 PR IR AT I
P ERYE . AR E J5 1) Hes-PH CAS 5R& 73 #r
gt R, Z LT e AR ARA WA H A Form
IT (%5, ESZ Form 11 5% HES-PCI [EA A 26 #k
F1EEAR R E ) R A0S, [y, AR R,
Form II 5L T05€ JE A A7 1E, {75 Hes-PH CAS &
T EHIEAREAT Form 1 5 Form II 2 |d]. 7E%
Hszagd, Hes-PH CAS 5 Form I. Form IT 8 7
FRIE RGN G TR, SRR -
7 LGB, SRS K 2 AE Hes-PH CAS [P K
HBCE I E 5T Form 1 A1 Form 11, #E— DSk
P85 I B AN [ [ R T 25 I BRA M o A IR A D

TEPUEAL SR TS 77 T, Hes-PH CAS 1 2
FhEJPH 53 ¥R — € P3G U ER, nTRE Kk 2
B PR, Ak, %I E R B
AT 2 MM RE A AT N, B RS
RO ETT B EE R L E AR R T EE
B, W RD AL E AR TIE R R ‘5
F-Ba <" IR HA RAE I E, WAERT 2
Fh 2[RIy R 354 F 27280 B dif b R P H S A R
P IRg DAL

gE b, AW TS 4 A R B VT RRS R
=il AT E, 534 Form 11 Form 1T 3t
AT A3, AMEEZR T ASE B TEAS X259
FEACPE R B e, oI R B SR
IF) 1 FH B 284 2 [ A T A it 1 B SR Ak 4 .
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