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Preparation and evaluation of self-microemulsion solids of Kaempferia galanga
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Abstract: Objective To prepare Kaempferia galanga volatile oil self-microemulsion solids, optimize its process, and evaluate its
quality. Methods Solubility investigation and pseudo ternary phase diagram were applied to screen the excipients and their mass
ratio range for preparing volatile oil self-microemulsion of K. galanga. Then, using central composite design-response surface
methodology to establish the model and validate it to optimize the formulation of self-microemulsion. Lastly, the structure of the self-
microemulsion solids prepared under the optimized formulation was characterized, and in vitro dissolution experiments were
conducted, in order to evaluate its quality. Results The optimum formula of volatile oil self-microemulsion of K. galanga was oil
phase of 29.04%, emulsifier of 59.13% and co-emulsifier of 11.82%. The volatile oil self-microemulsion solids of K. galanga were
prepared by using mannitol and sucrose as solid adsorbent with mass ratio of 3:1. The particles were rounded in appearance and non-
adhesive, the microemulsion was oil in water (O/W), the average self-emulsifying time was (37.02 = 2.95) s, the average particle size
was (89.11 + 1.74) nm, the dispersion coefficient of PDI was 0.252 + 0.090, and the { potential was (—11.71 + 1.23) mV. The pellets
were stored for 30 d at room temperature in a sealed container with no significant change in particle size or content, and the capsules
released more than 90% of the drug in 30 min. Conclusion The prepared K. galanga volatile oil self-microemulsion solids have a

round appearance, high self-emulsification efficiency, uniform particle size distribution, and good in vitro release and stability.
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[ E SRR 1 g, %A 29.04%. AL
59.13%- BFLALT 11.82%F) (5 Eb il 4 Ll 254% A i
L. K FUALT S Bh IR e IR &3 5), 53R
G BE)E, FRETRA IS 28 R iR
WEIRAT, TERGE (5 vETERAR, B,
22 BEMNERZENEL
221 MEESEBRPIHIS S ChEZ ) 2020
SERR L 2R R A A v, DL EPMC AR
bRy, KESEFREL EPMC X8 4.20 mg, i A%
AR E A 2 10 mL, Hil75 5 2= A 411.60 pg/mL
(xR SR A 2, 0~4 CIE, % .
222 HHAMERE] & REEFRE 0.3 g ILEHE
R EAELER T 10 mL B, s B Rk A
10 min, AHEFR)G, HNHPEMREEZIE, &
5. FEEL S mL & 10 mL &4, A FEER,
&2, 0.45 pm FRALIEMRESE, BPAS AR s R
223 @M R Cosmosil 5Cs-MS-TTE %
(250 mm X 4.6 mm, 5 pum); BN ZIE-7K (60 :
40); AR 1.0 mL/min; A K 309 nm;
I 30 °Cs HEFEE 10 uLs BFMFESISAT I IS 15
min. BB EIE EPMC &AL T 3000.

EPMC X & iy 1% ] L] 1-a, R0 2 T DU
Bl 1-b, BIPEXTHE O S L 2545 A0 B LR L
K 1-c.
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Fig. 1 HPLC of EPMC reference substance (a), K. galanga
volatile oil self-microemulsion solids sample (b) and negative

control (¢)

224 SLMERRFEE  FEEWIEPMC X HE L il 4
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Table 1 Solubility of volatile oil from K. galanga with

various excipients
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Fig. 2 Effect of different co-emulsifiers absolute ethanol (a), PEG 200 (b) and PEG 400 (c) on area size of self-microemulsion

region
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Table 2 Self-emulsification rating

&% PEHIBRHE
A FUUBTI <1 min, RS S B ARG
B FLAEE<I min, EM, BEHA
C ALK 1~2 min, 22 AGOARE R
D FALEAI>2min, EFER, RREAG, BEHHPR
E M3k, —EAMHAAE
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Table 3 Score of different emulsifiers
o Kn 5l LA
AL
9:18:27:36:45:54:63:72:81:9
T80 A A A B C D E E E
FA80-T80(6:4) D E E E E E E E E
FA80-T80(4:6) D D D E E E E E E
"4 80-180 (2:8) ¢ D D E E E E E BE

40130102000 1010 12210 Kn RS, JESE
Rt “2337 UR J7ikiker. HAMEL A B
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&4, >RH Origin 8.0 #fFexilth = oMK, #H—P
T € AL 757 B IFLI T X e ANF] K B R 3L
WAEHLINEE 4 FIE 3 fR. Kn=3 1, HAALIEN
B o MR AH B FLIX AR N R 2R 75 FE R AL
R4 Kn SHBLEHINFRTS
Table 4 Score of K and oil phase ratio
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Fig. 3 Ternary phase diagram of K. galanga volatile oil self-

microemulsion
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A, I K BIVEHIFRE N 3~5. WA E 5 &
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L, HETMAHNGR S, FRIE—E S &4 6
RIFHAEER, Fk, 475 iAE r 4 A e
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2.4 CCD-RSM it 4b75

TE IR 1 Ab 77 IR R A B LeAg S el RIS AR
JRESE (X)) N 20%~40%, T80 S5 /KZEEH
JREE (K X2) N 3~5 2 )5, ARSI DAL RAR
(V) YENHE by, i CCD it fifeat )y, L
AR R KT WE 5.

P IR AT 7 2 40 ) 46 B R, X 0.1
mL I 100 f5IRGEK A, AF ARG 1B b4 b
$157, w45 234 R B ALK 2 ORI, O
KL EE AL A BT R kAR, S5 R WK 5.

%5 CCD-RSM g RER
Table 5 Design and results of CCD-RSM

SEI X1/% Xa Y/nm
1 20 (1) 5 (+1) 19.97
2 30 (0) 541 (+1.414) 7713
3 30 4(0) 105.67
4 20 3(-1) 59.23
5 30 4 123.90
6 30 4 132.33
7 30 4 110.54
8 40 (+1) 3 150.43
9 30 4 128.73

10 1586 (—1.414) 4 20.73
11 40 5 137.27
12 30 2.59 (-1.414) 129.13
13 44.14 (+1.414) 4 147.32

a

SRS AT
LA ZAL RS
AL FALALTS
277 'l,,",,o.o

BERAKE

Ay
I

L2
O" L2

B

KH Design-Expert 11 8, X5 5 25 FAT
Ltk ma (AR MG, METHEN Y=
120.23+48.44 X1—15.74 X,+6.53 X1.X,—18.57 Xi>—
9.02.X2%, R2=0.9709, P<<0.01, & HFEMRREL
R2>0.9, Ui E BRI
AT T 0, SR NEK 6, SRR, WEMK
V- PAE/NT 0.01, BERIGERBA S 2R L.

*6 ZRABEBENFEDH
Table 6 ANOVA for quadratic model
HEKE FHM AmE BF FH P BEM
it 2363145 5 472629 46.65 <0.0001 BF

X 18477198 1 18771.98 185.28 <0.000 1
X 198321 1 198321 19.57 0.003 1
XX 17030 1 17030 1.68 02359
x? 239831 1 239831 23.67 0.0018
pes 56537 1 56537 558  0.0502
W7E 709.23 7 101.32
24 17121 3 5707 042 07464 REFE
AR 53802 4 134.50
M 2434067 12
R*=0.9709, Rui?=0.9500, Ry!=0.9154, CV=9.75%
CV Jysa IR 1 B2

CV is accuracy of experiment

FRYEHA € W I 405 77 #%, H Design-Expert 11
BRI = e BT P . 43 S AR . LR FIAn
BRI K 1 N, IERAR 0 B
MBS ELES 5 1 MEERCR. HE 4 7%,
By AR Ak H ) 6 1L 234 R L ) A 2k A
JUAE B 29.04%,  FLAEFA G G 59.13%, BhFLAL
7 5 B 11.82%, T H Z AL Ab 7 i kAR BV
90.00 nm.

25 35
HAH/%

B4 HES KnXREXNEWHFSLE (2) MEEEE (b)

Fig. 4 Contour map (a) and response surface map (b) of the effect of oil phase and Km on particle size
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MR LA T AT £ 3 L B LR, FEI
TE PR RN, GRWER 7 . 3 RCFATIE R
H R IRLAR 45 R 5 AR T A 2 T8 1) i 22 8
(deviation, DEV) /N 5%, ULEAARSZIGHIA H
0 LU 24 o B FL AL T B B R AT A B
2.5 WWEEL MBI LTS &5RETN
2.5.10 WA A FLRURL ) A ARSIk
WY BERAE A B AL, 7] R 5 N B 5

# 7 CCD-RSM 75 EIELER

Table 7  Validation results of CCD-RSM prescription
optimization
i Fes HFLRAE/nm DEV/%
e 90.0 -
SCIE 1 89.4 4.07
2 90.6 1.14
3 91.9 2.85

FEUBEYEZYIIUTIE, BT FL A R 4 B 1
F. (self-microemulsion solids, S-SMEDDS). 1E4% &
%87 PEG 4000, PEG 6000 FlIH &8 3 Fhik b 44
BRI o A KR P B2 f5 R 2 R 1 5
B, SR AR ARG, VENIRENEYE S
BALIIR e DR, 5 SRS R F R B e 7 s e L
TCR AR P H SR WA g ] v M P ] AR 0 B A A o
W45 KM S-SMEDDS 475 4 1L 254 K& 3 H
WAL 30 g, HEREE S8 g, MEHE 19 go RHIRIESIRL
%, WA, Jim 6 HY J5, T 45 CHUEH T

W 8 h, BORLT, 14100 g BRI, 125 g/ w4
R (15-16]

th 224 % SMEDDS ([ 5-a) SR, il
RERL (B 5-b) MM, Bty —, Tk,
ORISR fa, TCUTE, Wiz Al aIE, g
FITIE/RIUER (B 5000

5 WSFELAMBENI (2 WRELHBEMIETH (b) MPAARENTIEZRAR (o HISMIRIE

Fig.5 Appearance characterization of self-microemulsion (a), self-microemulsion particles (b) and Tyndall phenomenon after

particle dissolution (c¢)

252 PRFLSRALER S B ARIE  FRE 0.5
g EREUBRL 2 43, 205 B B MRS, A
5 mL Z&RAOF TG /e P A i b, (L Y 2.
arolial 2 LR I KV Gk H R R
(Rt FhIE RGBT Z0m R (208D, Mgy
HIOE R, DASEHIBE s Lo . 20 4h SR &
6 JIT7, A S K VA A A I A L P R S H
M E 5P ELAE AL POy B, 12485 SRR Y]

El 6 REIFARIRIT BILER
Fig. 6 Diffusion result of different dyes

AL B KA A (O/W).

ASEE SR H I, BLE LA I A
SMEDDS H 3 kfE 1. 73 MIFREE LB 6 11,
B 1 g, 020 fFERIK, T 37 CKBH#EITIR
A HE SRS RAIEL, A B LR 7K T4
fili s AR TH , TR E M LUE AL S
ki, ]S E AR, 25 R E L
R AL T A (37.024£2.95) s, HIEAT il 25
FER A LR AL AR B R, FLALRE J14T
2,53 RiAR R CHUALIIIE  HL 0.3 g BTMFLRRL,
FHKFRE 100 £ T8 E 5 o A ORI 73BT X
WERFLIR RS . 20 8UR % (PDD Al ¢ HAL.
L1 24 R i B LR LT SRR (89.11 4+
1.74) nm, SARRIARSSAiTE 10~120nm, PDI{EN
0.252+0.090, /N 0.30, ¢ HALA (-11.71£1.23)
mV, Ut B L 2S48 R I BURL FL IR A R () 4
fe HoRIAR /A3 6



* 5202 «

FED 20236FE87 $54% B 168  Chinese Traditional and Herbal Drugs 2023 August Vol. 54 No. 16

254 YRPREMES BULZER S-SMEDDS
T EmRRp, TEEFMTRA30d, T 0. 1.
3. 7. 104 20, 30 d HUkE, MEHAMR, FFllE
Kift 3 Ai Ll EPMC & &, HEHRRE M. HEK 8
gERAIA, (1259 KM S-SMEDDS 7Ef#/7 30 d
FaE P RAF, RARFE EARNEBUN, BRFEEK,
*8 WIFELHMBRYPIRELEER
Table 8 Preliminary stability investigation of K. galanga

volatile oil self-microemulsion solids

WFRAR/  EPMC/ WMFAKIAIE/  EPMC/

nm (ngmL™) nm (ngmL™)

0 89.61+1.74 28432 |10 92.02+1.84 27723

1 90.13+£1.22  283.05 |20 9245+1.69 276.68

3 9026+2.13 28037 |30 93.18+2.04 27625
7 91.71+2.71  279.85

255 ARINAHBENE K B TLOR e N fi
Ferf (BRRIZ1E 5.90 mg EPMC), FI/KIBEIRIE
2%, DAZEVEK, 0.1 mol/L ThERIAWL, pH 6.8 iR Lh
ZZT (PBS) 4% 50 mL AR AR, REE N
100 r/min, 43 HI7E 0« 2. 5+ 10 20. 30. 45. 60 min
W, BUAM 1 mL, FINAAARFEERAF, 045 um
TUFLIEET Y8 J5, BRI 20 uL, % “2.2.37 Tita ik
FAFERE AT, ESRIETIAR . [RIRE 7R E S i L
AVE R M BURL AR SR TRUE Dl S5 (B 7D iR,
Ll 245 R B ALUBTRL IR ZE 30 min N ARSI 90%
DLk, 17 60 min P L 2% T RIORE i 2 PRI HE EE AT
INT30%, VA I AL R AT R L 2R R

100 1

80 A

—a— HMALPRRTE GRIBKFD

—— HABRIKRTE (0.1 mol-L™! R )

—A— E BRI (pH 6.8 PBS H1)

—v— FERMPBRIKTE GRIEKF)

o PERMBRREE (0.1 mol- L' FhERH)
YER PR FE (pH 6.8 PBS H1)

60 1

FBR /%

40

¥

. ——

20 A

0 10 20 30 40 50 60
t/min

7 S-SMEDDS RRESELHBARELE 3 MN RPN

B E R

Fig. 7

volatile oil solids capsules in three kinds of media

Dissolution curve of S-SMEDDS capsules and

(R 5 LI B A BT 25 9 Hh R G S 35 M
3 it

W 2SR v 2 AR, . iR
B2, FE2S. AEWm. mh2R5%, BEEA 2 M
HEH, 28T, BRZEMEMVEREBRRG R 2 Hh 253
T oy AR 2R R B IR0 T, Ly A5 A I )
TP I AR A BE R R FRAG, o BR ) A I
PR BT Z R

BT “ia—" MBS, ARSIk LSRR
THAE AR, 4% L2545 % SMEDDS. 7£ H i
P RGE AR, AE. LA AR B R LA AN
Bl LA 2 10 ) o i LU R A2 OB s e (R 3%, PRI
15 R0E H AR DI £ SMEDDS [5G 181,
2 AL ELR BT AR AL RO 4, B PEAG. Hoi
ISR s, R R AT B F 200,
Tl b, Al S, ERILE
FE R 5 AN A LA R B FLAL IR BIRAS, ik
T CE AR WP T80 4% 80-T80 (6 : 4).
H] AL 80-T80 (4 : 6). AAL 80-T80 (2 :8) MM
s F/K EE. PGE 200 F1 PEG 400 NBhFLALH.

B2t = ok B e T FLAk5R (T80 A
B (oK GBE, FF-15 H P i & LA Te
BN 30 1~50 1, AR EEEN 20%~40%.
I E I B ST, TESE A B AR M
FURAR RSN b, Rk Ty, e BT
J9AH 29.04%, FAALFIE 59.13%, BhFLAL G
11.82%. A T &AMk E . 7 #5017,
PUH BRBEAUERE (30 1) AW, a2l
FE R B LA TR .

H LA R RSP T 2SR A KA.
EER VAN = R0 ST 923N = Wk e SR N = I R o
M7 S5 ik R ARE VERAR R, WL 234 R B AL
RIER NI FLAIE O, RBETE TR ¢ Hfr, —
BN, BRI 245, R T 2 R R T8 5
W0, ¢ AL E R, FLIE AR RO, AR
ilkfasEry, pah, Hui2Ri4s SMEDDS fEH
e BUE, BT RIRER T, (HERIRENE
Gy RAETEREA . BT ATE S A . A
EEABIEA, Bed—e Rk, BiskE
AL R E R B EFL RS, WA, AL Bk
A&, BESCGEGIMER PR, XOrErA7. B
;FD ‘% %ﬂq 275[22-24] o

ARSI BT 45 1 1L 23 R B L AR A1 U
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%, TRE, WRANEATTEBGEE —.
WEACHKEME (OW) A, E=E FEE
BOGHAE 30 d, KRS B RN, HRHEAE
30 min RIREL 90% A E 254, T 1l 2247 K M BTRL 60
min RV H A 30%, RUHZE KB ARG H
A RIFH . REtEAE R, FERL, W
N HIT R e PR L 4R A 22 4K 35
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