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Preparation and in vivo pharmacokinetics of galangin nanosuspensions
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ABSTRACT: AIM To prepare galangin nanosuspensions, and to investigate their in vivo pharmacokinetics.
METHODS The nanosuspensions were prepared with glycyrrhizic acid as a stabilizer. With galangin-glycyrrhizic
acid ratio, aqueous volume, homogenization pressure and homogenization frequency as influencing factors, particle
size and PDI as evaluation indices, the formulation process was optimized by single factor test. The morphology was
observed under scanning electron microscope, after which the solubility and dissolution rate were determined, the
crystal form was analyzed by X-ray powder diffraction, and the stability was evaluated. Eighteen rats were randomly
assigned into three groups and given intragastric administration of the 0.5% CMC-Na suspensions of galangin,
physical mixture and galangin nanosuspensions (100 mg/kg) , respectively, after which blood collection was made
at 0.25, 0.5, 0.75, 1.5, 2, 3, 6, 8, 10, 12 h, HPLC-MS/MS was adopted in the plasma concentration
determination of galangin, and main pharmacokinetic parameters were calculated. RESULTS  The optimal
conditions were determined to be 50 mg for galangin consumption, 2.0 : 1 for galangin-glycyrrhizic acid ratio,
30 mL for aqueous volume, 90 MPa for homogenization pressure and 8 times for homogenization frequency, the
average particle size, PDI and Zeta potential were (316.77+24.19) nm, 0. 162+0.018 and — (23.27+1.14)

mV, respectively. The oval or near-spherical nanosuspensions obviously enhance the solubility of raw medicine,
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whose accumulative dissolution rate reached 82. 79% within 16 h. The crystal peaks of raw medicine existed in the

nanosuspensions, whose intensity was lower than that of physical mixture, along with good stability within six

months. Compared with raw medicine and physical mixture, the nanosuspensions displayed shortened ¢,, (P<

0.05) and increased C,, , AUC,,, AUC,_, (P<0.01), the relative bioavailability was enhanced to 6. 23 times

as compared with that of raw medicine. CONCLUSION

Nanosuspension can enhance the solubility and

dissolution rate of galangin, and promote its in vivo absorption.

KEY WORDS: galangin; nanosuspensions; preparation; in vivo pharmacokinetics; HPLC-MS/MS
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Y, BABR, BURK, BUIAR, BUME . R
SEEPEN, HZXATE pH 2.5, 6.8 BEFRERZE 1R
HREREIRE T AR (4.61£0.11) . (15.160.33)
pe/mL, I H IR 0 A B A B AT 7. 6%
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PIfEAeaptk >, i H R R e — P R A T R
=GR, LatEr, HA R R S,
RSN, Rt eaEPR ., DR
PriEfbsmEE Y, BT e — Wik, Wik,
ARSI H R R AR AR R 2% = R 2 R YUKIR
B, DI AZ A SCHT I T & R B
1

MS-2L B g S g e (L R R B A
B2 ®) ) MS105/A AU H 7 20 B K °F (&6t
Mettler-Toledo A ] ) 5 ZHE(E 1200 A= 250 AH (3
I (EEZHERAT) ; TP-300 B FHL (T
W ERHE A BR A ) 5 Triple TOF-4600 % 75 43 3¢
Bk RS (FE AB SCIEX A A]); G2 Autoplus/
Autofill %5 H3 { (3 [E HANSON 72 7)) ; 16-86
Plus B THL (KB ER AR A F ) 5 ISM-
6510 BRI 7 R s (HAR 72w ); D8
ADVANCE #! X S 4L (72 [E Bruker 22 #]) 5
Nicomp 380ZLS 3 ki B 43 Hr 4 ( 3& [ PSS 2
F]); TURBOVAP-LV BVA WAL ( LIEFEZR AL
ARAF) .

R BRFRIZ (S 20220015, 4l 97.5%,

R A R A PR A R ) 5 R 2 R X B
(#t5 AZ22011908, 4l 98.9% , W ARREA YR}
HARAFE) ; WEREMEL (S BCY-202209,
4ifE 99.0% , DU a YR ABRAFR)
HEm (5 S$S23052271, il L&A WRIHAH
AT, HEER (#5 45020276, A P T4k
S 2 TR BRA D) .

SD KRB, BEEES -, KBTE (200+£20) g,
WA AT R s S g ey [ SE e sh A R TR
5 SCXK (#) 2020-0001], WF5ELim P2y K
LSS S YA RIS B L S b (A TACUC-
$202502019) .
2 HiESER
2.1 ARREMNHE WERZREEZ 50 mg,
BT 10 mL oK CEEH, AERAPUH; BUH R RIS
i, Witk 7830 CTFKE, 1E
KA, EA UK A, SR EZE 20 min
DIBRIRTOK S, TRBAE—E B E J) R
w, AMnaifbk E 50 mL, BT 4 CrkEh R,
0. 80 wm FAFLIEMELLUE, HIFS .
2.2 HREFAEME R HPLC ¥,
2.2.1 (L Agilent Eclipse Plus C g o i
(4.6 mmx250 mm, 5 pum); WishHHZHE-0. 1% H
B2 (40 : 60); (AFFE 1.0 mL/min; FEIR 35 C;
K 267 nm; FEEEE 10 pL,
2.2.2 KMEXRRFER  Hm R ZREXIE 20.40
mg, BT 25 mL ®&iT, CHEEMIFER, B
816 pg/mL i 5, WOGE &, WK IRIE R 2
10.2, 5.1, 1.02, 0.51, 0.17, 0.051 pg/mL, 7
“2.2.17 TEARESAE T IR, LUK R BT
W B AR (X)), WERBUNAER(Y) SE4T1H
I, 155K Y=26.186 4X—1.1894(r=0.9999)
1£ 0. 051 ~10. 2 pg/mL 75 Bl N 56 R B AF
2.2.3 Mlmimmdle BEPKIEES 1 mL, &
F 50 mL I, MIA 10 mL Z 5% R, Hish
FFSBEEZS, B2 mL & 10 mL =T, W/
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BERS, #5), RS,

2.2.4 JrEsEEEE BL0.051, 5.1, 10.2 pg/mL
PR RGE [ — RNTE “2.2.17 Ti@EgE &
PR RN E 6 Yk, DA & K22 R IEH A RSD 43
SR 0.44% . 0.36% . 0.22% ; 6] 4 K& 1
W, L6 d, MARHIERA RSD 43514 0.24% |
0.30% , 0.28% , KWL EH N, HEAEEER
I, B AGE R, T 0, 1, 3, 6, 12, 24 h
E“2.2.17 TEAGERM N IR E, A R R 2%
i RSD M 0.69% , RIS WAE 24 h NFRE
RAr, fil& o s, A “2.2.17 Tk
KU E, WA S REREGE RSD K
1.46% , FINIZI7 R EE M R, BY0K IR B
0.5 mL, 94y, BT 50 mL &EHH, 45IA
816 pg/mL Xf MW 3 mL (fIRZKF) . 6 mL ('
AKFE) L 9mL (mAKF), #E<2.2.37 TR ikl
AR AW, E “2.2.17 TAGE SR AR
B, MR RZR IR RS 5128 101, 14% |
100. 08% . 99.26% , RSD 4% 0. 80% . 0.46% .
0. 56% .

2.3 #4542, PDI, Zeta Az & HUYIKIEE
0.1 mL, 7% 4 mL 4ifk/K i, RFHIRS, BUE&E
@, MEkife . PDI; HEUE & E Zeta B
DT A E Zeta HLAT

2.4 RF I LA FRHARRERE,

241 RREERHHERILE FeEmRERH
50 mg, YJFEJE S 80 MPa, JREL 10 ¥k, /K
PR 30 mL, WERAE . PDI, S5 UL 1A, H
PRI, R R 2R S AR AR S 2 0 5 &
FTREMR SR FE KR e TET, FEORIAR . PDI &K,
H Ol I T gk IR B R R E T, R
&, PDIFH&E; Wi Ll 2.0 1 BPRLAR . PDI
BN, BER 2.0 1,

2.4.2 JKAERR BEm REZEME S0 mg, &
RERSHAER LG 2.0 : 1, ¥FIET) 80 MPa,
IR A 10 Wk, M ERAE . PDI, 25 ULE 1B,
AT, KA R R /N s ey S 22 30 o vk A
=, AFITFRAREN, i HEY M2 (PDL R
F0.3); BEE KAHRBI IORLAZ . PDI BEAL, K
T30 mL JE W T AR AR, e S 30 mL,
2.4.3 ¥FEJ) WEEmREZERERME S50 mg, &
BERGHERILA 2.0 : 1, BFRKREC10 Kk, K
FHARAR 30 mL, MEARAE, PDI, 45K LA 1C, H
Rl g, 5 S0 60 ~ 90 MPa B ki4% . PDI %
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WA, 45 K 1 100 MPa B 95 25 2 i J &
Al R PR LB R IR B AR R R R, SEUN
KA 25 ) K A Vs ff, T RORL AR B B K K (|
Ostwald PULIRIS) | #HfE N 90 MPa,

2.4.4 WA REEREZERERME S50 mg, &
REZXZSHERILE 2.0 : 1, ¥FEES 90 MPa,
JKARRL 30 mL, Eki4E, PDI, S5 0LE 1D,
FH AT T, B Y DR B ki 4% . PDI 2 5ERE e
FHEaHE, 8. 10 RIPRARICHI R A2 4k, T PDI
FEFIIT 10 IRE B, OB ol 8 IR,

700, A =K 06 6001 B ki 0.6
= 600 «PDI ; {05 500 =+PDI (05
£300 043 E 400 04
S S S
g Rt b
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B1 EHERXHEZE, PDIBFME (n=3)
Fig.1 Effects of various factors on particle size and
PDI (n=3)
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AT TE R RERHE SO mg, mRERERSH
RG] 2.0« 1, BT 90 MPa, 15k %k 8
WK, FKAHARFR 30 mL, #% BB ik T 206145 3 HEA:
mn, A5 P ¥R 4E . PDL 43 S A (316.77 +
24.19) nm, 0.162+0.018, FfEUIE 2; FI Zeta

- (23.27+1.14) mV, WK 3,
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Fig.2 Particle size distribution of galangin

nanosuspensions
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2.6 MEAHE R W, B M b
K30, mhif 80 AR A RE 51 i A% 1 A F 400
nm, PDI¥JKT 0.25; + kiR miaeE
FIEPRIAE . PDI S/, (HHFHRBORR T RE 251
EIEIE | AN RN RO E R
PR A H R
F1 REFFENNKEZ, PDIFIFNE (n=3)

Tab.1 Effects of stabilizer kind on particle size and PDI

(n=3)
FaE | Y SRcERILE]  Rif&/nm  PDI
R LIRS BEET K30 1.0:3.5 404.14  0.267
i3 80 20:1.0 571.41  0.407
wiRE 1.0:3.0 650.20  0.331
T R R B 1.0:2.5 277.76  0.132
HHR 2.0:1.0 323.58  0.155

2.7 ATFTHHAE WYKIEERERE, A 3%
HEEnE, WA g, 75-50 CF fik
3d, BFHETH (EZEHE 0.006 kPa, ¥ Bk
=30 °C) T2 d, Bul, B1E. RTHRERE,
M5 HOEYRI4E . PDI, Zeta BLAZA3 R (338. 12+
26.08) nm, 0.178+0.022, — (21.54+1.26) mV,
m REZ PR TECN (4.9420.16)%

2.8 WAWE HETHIER, kKBRS
FEH (B HIK ZEEmREE), BT 40 CH
2 TIRAE LT, ZER S X R T A TS 4 LA
B SR, BUH RIS RGE &, R T Rk
ZEMG, TR (SEM) TMEIEES, 4
RULE 4, HUILATA, 25 FRE PR LA Rk, i
R I DU EAIY e D A Rl N DI AT E P S/ A

A AR

B. i R ZR KR EFE T8

4 & SEM
Fig.4 SEM images of samples

2.9 BEME, BEREMNZ

2.9.1 WfEE BatEESRZREEZ GR%E
RYUKIREFAE TR, WHIRSGY (299 5Hk
FEBIRAETH) , BT 10 mL pH 2. 5 BEIR L 2% thilk
qj, A A 30 min, 600 r/min AR ) d,
B ZIRER, 8 000 r/min B0 5 min Ji5 i 5E 5 f#
JE, [EREI 2 AE pH 6. 8 B R £k 2% wh il v 1 V7 it

JELER gk L = BAE pH 2.5 BERR R 2% bl Y
VERRIE S (4.61+£0.11), (5.73+£0.12) .
(288.69+5.47) we/mL, TF pH 6.8 BifR+h 2% il
MR E 9 (1516 £0.33) . (18.73
0.42) . (415.95+10.27) pg/mL, FIHYKIEE
FIR KA T IR 2 i e, JF BRI R R T
HIREWY,

2.9.2 #HE ®RZERTEpH 2.5, 6.8 BiRih
Z W (& 1.5% SDS) iy I i EE Wk
(181.13+15.07) . (285.39+19.22) ng/mL, B
REZREEZY . @ RERIORIBENG T8, P
BEY (3 SHRHLAIRGETR) (SREEE
WAN A0 mg) WG, BT W EH MBI
(I FH 10 kD) ", A S mL pH 2.5 BEfR
P (5 1.5%SDS) , K iBENTAE S — il X,
FAT6 1y, WEREZINHR 1.0 L pH 2. 5 Bifeih sz
W (F1.5%SDS), fPHEEE (3720.2)C)A
Fria v AL, WES# 75 o/min, T 0.5, 0.75,
1. 1.5, 2 h &WURE5 mL, FF7E AP 5 mL
ZEAN; KR B 1.0 L pH 6. 8 B2
MW (& 1.5%SDS), T 3,4, 6,8, 12,
16 h [F44E, 8 000 r/min B0 5 min J5 I 5E &
o, ZRWE S, mILeTA, GUORIEEFIZER 4 h
7R, 16 h N R IR 82.79% ,
BT IRR 2Ry EIR S

100

80

- ~ BRER
B 6 - MERAY
E - W RERIKREA
% 40 P 1
B : ——

207 A

0

0 2 4 6 8§ 10 12 14 16
t/h
BEs5 SREZEMAHME (n=3)

Fig. 5 In vitro dissolution curves for galangin (rn=3)

210 SASA B RZRERZ HER, H
B, M RZBRYORIEENG T, HEES
(W SHEL IR TR) E R, AT X R
AATH (XRPD) Hi#, &Mk Cu-Ka 8, HHE
Bl (20) 3°~45°; #JF 3°/min, Z5RIWE 6, H
WA, OB 2GRS AE 5. 70, 7.8°, 12.9°, 25.7°
SEAE BRI A R0 O BRI IR A ) B AT
AT UL s AR AT BTG o T I kel 24 i ie . (HL
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HsR UL R, ATRERARE R R T
PSR RS

A

U s
T

T B

o h A
0 5 10 15 20 25 30 35 40 45 50
20/(°)
TE: A~E B E REREURZ, HER, Him,
YENRGY . i RZERGKIREFREGTH
B 6 &#Em XRPD Eik
Fig. 6 XRPD patterns for various samples

2,11 REZMFH WA THERE, BEHEE TR
&30 C . FXHEREE 65% M EIRERAA T, F o, 1,
2.3, 6 S HHBUHE, W Rife, PDL, Zeta Hi A,
o R Z R I o AR B W B
ffEE, L5 2, LR, 9K TR B e
AT CE 6 A TG &fainB el A8l RUIH
FEME RS,

2.12 HRAHFHFHR

2.12.1 HPLC-MS/MS 4r#r &t S MOk [2]
fitif, ACQUITY BEH C fai%tE (2. 1 mmx50 mm,
1.7 pm); WM 0. 1% HER (A) -ZJE (B), 6
JEVEME(0~3.0 min, 85%A; 3.0~6.5 min, 85% ~
50% A; 6.5~7.5 min, 50% ~ 85% A; 7.5~ 8.0
min, 85%A); A E 0.2 mL/min; & 35 °C;

K2 BREZMRBEEFNREETFNER (n=3)

Tab. 2 Results for stability evaluation of galangin nanosuspensions (n=3)

W/ Rfe/nm  PDI Zeta BA/mV M REZFRAB/% B AIE (pgeml ') BRI (pg-ml )
0 343.17 0. 180 -21.86 4.96 286. 01 417.03
1 339. 28 0. 184 -21.24 4.92 289. 54 417.22
2 346. 87 0.179 -21.58 5.01 288.53 416. 94
3 350. 20 0. 185 -21.37 4.98 287.47 415.90
6 349. 94 0.192 -21.34 4.93 286. 50 416. 17

HFERR 4 pL; HEBIZSE IR (ESD); fssF49;
Z VI (MRM) #i5X; WiZ & 5000 V; 2
FURIREE 450 °C; KIS FXT = R 2 E m/z 269. 1~
169.2, B Z m/z 285.1~135.0,

2.12.2 4rdl, 5 RIM B R FERIFERZ
PIRGY . mRZRYCKRENGR Thid s, D
0.5% CMC-Na W IR B W (MREZERSES
10 mg/mL) , 18 HRRBENL I Hm REZERA, W
MG, BmRERIKRERH, HBdo H,
% 100 mg/kg S B 45 TN IRE R, K
B, F0.25, 0.5, 0.75, 1.5, 2. 3. 6, 8, 10,
12 h HR R # K A BRI 45 29 0. 20 mL, BFEPiEtn
3500 r/min B0 3 min, RHRLEME

2.12.3 ARV TR S MR AL BT RS AR
BRI R, PERAEZE 1 000 ng/mL, AP
PPRIAER, FEE W HUMIE 50 wl, BT H& 25 ul
WARE IR LA T, IRGIES), A 0.5 mL H
IR TE 2 min, 10 000 r/min B 10 min, B EE
W, BETEAsEcE Y, ARRT, MAS0 pL &
WEER, 16 “2.12.17 Wi FIREmE .,
2.12.4  ZMCHRFES KA A MKEH 1200,
600, 200, 100, 20. 5 ng/mL Ifil 3% XF R 5 15 &,
B 50 pL 2% 25 pL AR .o, iRGIR
1470

2], A 0.5 mL HEERHE 2 min, 10 000 r/min &
£ 10 min, BEWEW, BETFEAECET, AAUKR
T, A 50 pL ZIEE W, £ “2.12.17 WA
THEREDE . DAXTRES, | BRI TR LU S Ak AR
(Y), RS TR AR ARAR (X)) HEATIRNA,
BITFER ¥=0.004 3 X-0.116 7(r=0.9959), 7
5~1 200 ng/mL yu I NEHERX R RATF,

2.12.5 Ltk Bui AR (42512 h) | I
XIS (5 ng/mL) | S HMGE R, £ “2.12.17
WA T UEREE , S5 R W 7, hbnl A, &R
ZROFEVE B, RINZOTE LR R AT,
2.12.6 FIEFHEEE HUS. 200, 1200 ng/mL Il
FF IS WS i, [ —RNAE “2.12.17 T4k
ERHEREINE 6 Yk, MM RZEER ., WG L
{5 RSD 43510 4. 85% . 2.77% . 2.15% ; FVERR
WSE 1R, L6 d, MSHH LA RSD 4
BIH3.39% . 3.16% , 2.69% , FHXEEHAN . H
A 2 B R A, BBUM AR i o, il 4% 6 M ftis
VW, FE 201217 WA TR HEREM E, WA
REZEESH RSD W 4.86% , EHWiZ T EEE MR
I, BUIm AR S E &, T 0. 1, 3, 6, 9, 12,
24 hE “2.12. 17 TW&MF FaiFE e, DS m R 2
2 RIS TR L (E RSD 4 5.83% , & W I 3¢ kE
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0 1 2 3 4 5 6 7 80 1 2 3 4 5 6 7 8 PAEEEICR N 95.96%  (n=9) . Ll s B
t/min - f/min FLREWE 4505, 200, 1200 ng/mL B =
7 2 FERVAWL (FTAR) , 1€ “2.12.17 T4AF T HEpE
| WsE, A AR R O TR €, W 3
| | FRHSE, ASRA LB = (B/C) x100% , 4
01T ST TS 6 T 80 1 2 3 4 5 6 7% 15 h 93.69% . 98.01% . 101.76% (n=3), 1M

t/min t/min

B. % i (9.5 ng/mL)

C. M¥RFES (12 D)

LoAkR (BEEHE) 2 MRER
1. internal standard ( fisetin)

B7 BSR%Z%HPLC-MS/MS f&if[E
Fig.7 HPLC-MS/MS chromatograms of galangin

2. galangin

BRTE 24 h NERENE AT,
il = R LR TR WA 5. 200, 1 200
ng/mL ISR FRAEHE 5L (T NBR), #%& “2.12.3”

TR, 76 “2.12.17 TRSAF T SERE I E
TR IE B PR S I TR A5 BRAS MK 50 pL,
Fie “2.12.3” WUF ke 9 A A, A
R EE A 5. 200, 1 200 ng/mL X R S
W (SR 450 pL, WhERR, £ “2.12.17
TS5 T HEREIN ﬁ%%ﬁm#mmmﬁﬁB il
FEREIUAICR , AACHERBICE = (A/B) x100% ,
GESR K 94.19% | 102.04% . 98.13% (n=3), i

ARFE AN A 100. 18% (n=9)

2.12.7 S5HAHT MZGYREE - RIBHZE LR 8,
KH DAS 3.2 T £ B A% S5, 4580
3, ok, S5EE 2R, WEIESA
Cow~ AUC,_ A FTTHE, H2ERIGIEE L (P>
0.05), FHIHRERTE— & fREE 1 T 34 hn Ukl 24 14
W&W;Eﬁﬂ%‘%ﬁ@m%wﬁ,%#@%m
1, 454 (P<0.05), C,. . AUC,,. AUC, , T+

(P<0.01), 1H ¢, G BARL (P>0.05), XA
YR S IE0RH 25 RH LU N 2 6. 23 £, REAAK
TR AT 3 (e R SRR R IR
1200 9 R
10007 WEREY
3 a0 - F R ARG
g 600 1
5
i 400 .
N 200-;&/’\'\;\;\
Y A————— =S
o 1 2 3 4 5 6 7 8 9 10 11 12

t/h
B8 SREZMFKE-FEME (n=6)
Fig.8 Plasma concentration-time curves for

galangin (n=6)

3 BEREZTEADESH (35, n=6)

Tab.3 Main pharmacokinetic parameters for galangin (x+s, n=6)

e iy FRER YR A [ P Sy =3
fax h 1. 6620. 50 1. 48+0. 56 0.95+0.33**
ths h 3.340.63 3.57+0.74 3.70+0. 85
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AUC,_, ng-mL™" +h 965. 38+158. 19 1 373.12+188. 93 6 012. 50914, 27 **

AUC,._,, ng-mL™!-h 1 010. 67+163. 85 1 428. 65+207. 41 6 283. 11£975. 64 ™ #

T SEREZLE, C P<0.05, * P<0.01; SYHIESYIMIL,*P<0.05,%P<0.01,
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