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Preparation and in vitro evaluation of a novel ionic liquid microemulsion of
glycyrrhizic acid
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Abstract: Objective Glycyrrhizic acid ionic liquid microemulsion (GA-IL-ME) was prepared by replacing the traditional
microemulsion oil phase with the lipophilic ionic liquid 1-butyl-3-methylimidazolium hexafluorophosphate (BMIMPFs) to improve
the transdermal absorption of glycyrrhizic acid (GA). Methods The formulation of the microemulsion were screened by solubility
investigation, compatibility test and pseudo-ternary phase diagrams, and the formulation were further optimized by D-optimal
mixture design with the particle size as the evaluation index. Then the physicochemical properties, stability, in vitro transdermal
absorption and cytotoxicity of the optimized microemulsion were evaluated. Results The optimized formulation was composed of
5.8% BMIMPFs, 32.4% Tween-80, 10.8% PEG400 and 51.0% water. The prepared microemulsion was a yellow clear transparent
liquid. GA-IL-ME was observed to be spherical or nearly spherical by transmission electron microscopy (TEM) and distributed
evenly, with an average particle size of (10.61 £ 0.63) nm, a polydispersity index (PDI) of 0.130 + 0.022 and an average { potential of
(—10.29 + 0.22) mV. GA-IL-ME showed good stability in high-speed centrifugation, high-temperature, heating-cooling and freeze-
thaw cycles, and storage stability experiments. Results of in vitro transdermal experiments showed that the cumulative permeation

per unit area in 24 h of GA-IL-ME was (310.37 + 33.65) pg/cm?, which was 1.34 times that of glycyrrhizic acid traditional oil in
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water (O/W) microemulsion and 6.76 times that of glycyrrhizic acid aqueous solution. Cytotoxicity experiments showed that GA-IL-

ME had low toxicity and good biocompatibility. Conclusion BMIMPFs can significantly increase the solubility of GA. Introducing

it into microemulsion system to prepare a new ionic liquid in water microemulsion significantly increased the transdermal

permeability of GA, which could provide a reference for the development of new dosage forms of traditional Chinese medicine

transdermal delivery system and lay a foundation for further research and application of GA.

Key words: glycyrrhizic acid; ionic liquid; mircroemulsion; D-optimal mixture design; transdermal absorption; cytotoxicity; pseudo

ternary phase diagram
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*1 HERESHHPHIEMEMRE (Xts,n=3)
Table 1 Saturated solubility of GA in different excipients
(Xts,n=3)

MR R L UK Lipes e
(mgg™) (mg:g™)
A BMIMPFs 1.20940.026| 7167  EL-35 12.090£0.708
e 0.01940.001 R 80 12.85240.703
ME 0.017£0.003 RH-40 1.53440.025

HER B8 0.12210.018|BIFLALF 1,2-75 8 243.993+19.025

B 0.42240.006 PEG400  209.001+3.944
GTCC  0.02040.003 il 232.327420.765
IPM 0.80140.001 Tk B 0.333£0.050

BRI R IR R B LA, 12-I5 8. |
AT PEG400 X H B i M s, LR =
o HTUL R, HA&EF BMIMPF, NiiAH,

R1LAL8E 80 A1 EL-35 3L AL, Hl. 1,2-8 =1
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23 Fihscis
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Table 2 Classification of emulsification grade
A
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Table 5 D-optimal mixture design and results (X £ s,n =3)

e Xi/% Xo/% X3/% Y/nm
1 8.65 40.91 50.45 14.74+0.72
2 6.60 3780 55.60 12.3240.03
3 2.60 4180  55.60 9.3240.54
4 5.64 4358 5079 10.45+0.10
5 2.60 4455 5285 9.0340.27
6 3.34 46.91 49.75 9.5940.23
7 10.00 4270 4730 17.27+0.78
8 10.00 37.80 5220 19.66+0.34
9 6.80 4590 4730 11.6940.24
10 6.60 3780 55.60 12.90+0.13
11 5.82 4078 5340 10.5740.54
12 10.00 37.80 5220 18.33+0.12
13 2.60 50.00  47.40 8.3040.08
14 2.60 4180  55.60 9.2340.10
15 10.00 4270 4730 17.41+0.69
16 2.60 50.00  47.40 8.640.14

AL T7 () b B T

R ] VA Y 25 i 45 vy 2 1 R0 3D e 5 1T & €
30, A LUV s B 5 AT 250 i I AL ) 5 DA B A
R T AN EEE. BT HBEE BMIMPFE,
FAE RN LA R Smix FH B BB, THFLRIAR B 2 1
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2,53 IGUESEEG  HR¥E Design Expert 13 BfF4R 5
P JE A AL A b T CLARL AR B /N AR D
BMIMPFs-Smix-7K 5.8 © 43.2 1 51.0, LA, ki
B FME A 10.76 nm.  FR4E 5 A7 H 2E H FRi
FL, K% FREL BMIMPF; 0.58 g+ 1117455 80 3.24 g,
PEG400 1.08 g, T 37 “C. 100 t/min f# /145 #F 5 min
R JE, IINHERIERZ), #AWAERS, i
AN 5.10 g Z&1BK, RIS FREIPEFE 1 h, BIFR
GA-IL-ME, 4b75 i SR &5 $0h 20 mg/g. T
171#1%% 3 4 GA-IL-ME 3747 5600E . Frifill 3 40 f
FRIAE AN 9.77. 11.27. 10.80 nm, “FHkife R
(10.61£0.63) nm, SLIME SIS RAHLE, U
K H D-I AR IR B 4k GA-IL-ME 4t J5 A R 1T
(1) 0N B
2.6 GA-IL-ME BYREITEMN
2.6.1 AMAIES  WE 4-A FoR, EEE T, GA-
IL-ME 42 35 (B B B I 3 — IRV iR, R EA
Y2, BA RIFIREIMER T IA/RILS . B GA-IL-
ME i& f2, 28R /KFRRE 10 £ 5 BOE S in 2140 ™) -,
RHETIG, 2% SRR A4 10 min, IETE, T
TEM FW%, 45584 4-B. C fizn, GA-IL-ME
RIAREUN, KNI A5, BRI SIMERIE BRI .
2.6.2 fife. PDI A ¢ Hif7 HU GA-IL-ME FZ50H#
IKFERE 10 £, GURRLEE QG 2 Fokife & PDI, A
FEMERNE 3 K. 455K H, GA-IL-ME [1°F¥
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Fig.3 Contour plot (A) and 3D response surface plot (B) of effect of formula variables on particle size

& 4 GA-IL-ME BISM R TIAREEE (A« TEM & (100 nm, B; 20 nm, C)
Fig. 4 Appearance and Tyndall effect diagram of GA-IL-ME (A) and its TEM image (100 nm, B; 20 nm, C)

¥tz N (10.61+0.63) nm, PDI A 0.130+0.022,
KA ILEL 55 B IR R H AL G 15
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B, ¢ ARSI 0o P 8 2 R T 2 7 o %
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SEMEFL ¢ AT AR RS, Rk, MRifE R AR
AR 3BT GA-IL-ME B4 B ke e 1k .
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Fig. 5 Particle size of GA-IL-ME
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1. 3. 5. 10, 20, 30 REUFE, MEHRAIMPEIR
Kife K23 E BRI S5 R KW, i FIH
LA LORFEAN AR, R B B BTE; AR A
A IR NER 6 Fios, B A fi 47 B[] ()38
TFLRARRE A HER, 29 & 20sA T, HiREE®
&, AR T AL RIEE, MHRCT =R 40 C,
4 CARIR A7 A T IR RE AL AR 1

273 RS K3 MERMIL (SitfEREtE
S [F O B ET RS, 2T 704 80.
90. 100 C F/KBIN# 30 min, =i E 24 h J5,
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#*6 GA-IL-ME BfigFRaEM (X+s,n=3)
Table 6 Storage stability of GA-IL-ME (Xt s,n=3)

W e e
ZPFC el (mg-g™)
4 1 BEOEEEH 10.61£0.63 19.6910.80
3 HOEEEH 10.84+0.57 19.80+0.92

5 WOEEEH 11.05+049 19.30+0.99

10 EOEEFEEW 11.05£0.53 19.49+0.43

20 EMETEIEW 11641035 19.26£1.06

30 HEEEVEEW 11.85+£0.46 19.13+1.17

25 1 BEEEESEH 10.61£0.63 19.6910.80
3 HEEEEH 10.73£0.69 19.651+0.84

5 WOEEEEH 11.0240.50 19.14+091

10 EAEEEW 11372040 19.42+0.61

20 EMETEIEW 11.63+£0.38 19.10+0.93

30 HEEEVEIEN 12.08+0.42 18.87+1.01

40 1 HEEEESEH 10.61£0.63 19.69140.80
3 HEEEEYH 10.78+0.88 19.62+0.43

5 WOEEEEH 11414060 19.0240.82

10 EEEHEY 11761040 18.66+0.77

20 EEEEEY 12.15+£0.58 18.65+0.77

30 HEEEEN 12381054 18.2140.68

&7 ATRELIEEX GA-IL-ME f2EMAIFN (X+s,n=3)
Table 7 Effects of different temperatures on stability of
GA-IL-ME (Xt s,n=3)

¢ BA/mV e
(mg-g™)
70 10.86+0.49 0.13140.023 —9.80+0.27 19.85+0.61
80  10.90%0.60 0.12940.020 —8.57+0.72 19.560.03
90 11.9140.46 0.12940.022 ~7.75+1.11 19.48+0.01

100 12.1840.33 0.127£0.023 —7.59£0.34 19.34+0.02

WE/C kifE/mm PDI

(R Tt AR T R TIPS /K A Sk A 2 ] S5 7K 4 1
Z A B EKIER, s T SR, S35
BRI R, AL AR KR, R #kk
H ] BeASORL 0T AL AL IR AR R kS, FLIRORLE
FRl O 7 2, R SRAEI 2, AT (B AFL I
PDI J/h0ST; ek, BRI &, ¢ AL
(-9.80+0.27) mV EFE| (-7.594£0.34) mV, %
Ve RIS E . DL RS RIER I GA-IL-ME 1A &
X ARG E o
2.7.4 A HORIVRBLOE I SR

(1) AHEIR: ¥ 3 Sttt m—

LR GA-IL-ME Z3 TFMIEH, BT 4 CUKFE
48 h J5, BT 45 CAE 48 h, WkT 4 CHI
45 CZIaEIRIAE 6 IR

(2) HREIR: K 3 4y GA-IL-ME 4 T 7h#k
b, BT-20 CER48h 5, BT 25 CLER 48
h, Wt F—20 ‘CHI25 CZAFEIRIAF 3 K251, W
S FLAEAE B S0 o 15 AR A 43 B8 F R i kL
1%+ PDI MZipéra. @RERW, AIEREHIA
Kift. PDIMZGY& &5 n4 (11.82+1.17) nm.
0.1431+0.013 F1 (18.34+0.67) mg/g, FHEME G 7
BN (12.15+£0.96) nm. 0.144+0.017 F1 (17.43+
0.15)mg/g. £ ¥4 BAVRRE A L4 /5 , GA-IL-ME
AP IE R, RHILTUE . MBS A
A0 PDLBSH G, 2908 80 N, WiZR
gl METHR A G BRI E, el T
GA-IL-ME H#if feae .
2.8 GA-IL-ME {K5MER L6
2.8.1 SEEREREIHEI NRELRET 1 d HREE
LRRIERER, #FE 1 d JaEMER FASE, BY NI
PR, BRZs R R TR A AR SR, A FE SR K
MR, SRR L Z RKET-20 CUKFE LR
17, 1 JE AN
2.82 RANZE SRS SR Franz ##0HEAT
PRAINE B 525G . BUTRSC AL BRAF I R, AR B K
1230 min, JEANR & . B A TUZ A RS
M, LR JZE I O IR S R i, B ORI
TORH Bz Bk 2 T <0, AR e 3 B . Ui
N PBS 20t (pH 7.4), 7KIEFE (32.040.5) C,
EFEEFE 350 r/min.

SEESTFAETT, SEATIRE Ry U, O
€ 30 min, A5 RIEES M BIIIANET 1 g BIH B
FRIKIEW « GA-IL-ME FIH &R O/W BEFLR (1%
AL VF A A A G5 3 A o R A AR R D B )
IPM, iR AN 4145 GA-IL-ME 4% —3%%,
1N GA-IPM-ME). 7357 1. 2. 4. 6. 8. 10,
12, 24 h NFUStEGH 1 mL #2000/, BUREJE £k

LR AR ARG FERZ 045 pm JEAEE

it J5 HPLC #ERE - #rillE 25 & & . 1% F ol a=t
HAp R RBBER (Q). BEEE (J) M5
#ERE (K)o

On=(CuVo+ ni Civ)i4

i=1

Js=dQn/dt



FED 2023F 18 $54% B1  Chinese Traditional and Herbal Drugs 2023 January Vol. 54 No. 1 * 69 -

Kp=Js/Co
Co A5 n ANBURE SR 25 S BKFE, Vo BRIt iR,
GRS i Gi=n—1) NS TE 2R BIREE, v A
FEGRA, 4 NEROBRTRL, « NEURERTTE, Co NZ5MIHIME
FEWKE, ASihd, Ve=15mL, V¥=1mL, 4=3.14 cm?,
Co=20 mg/g

PHIE BRI T 2R W] 6 i, AHGBIESHL
N 8. LKW, GA-IL-ME (i 55 MR
F GA-IPM-ME FlIH ¥R /K & . GA-IL-ME ] Q,
8N (310.37£33.65) pg/em?, 43 7)+& GA-IPM-ME
(1) 1.35 f5 A H BRI 6.76 1« R H BLRR
il £ OB B B TR FL (GA-IL-ME) ReWs e it
HHERKE K EE, FR, 5%EK oW B
(GA-IPM-ME) AL, &R 51 G S
LIRS 31224 R K, GA-IL-ME [
% R bk, GA-IPM-ME k2, HEE/KIER
5.
29 HARESMEITEMN

CCK8 ¥#%:tt# GA-IL-ME 5 GA-IPM-ME X}
HaCaT 485 PE /N o BOW A K HAE KR

30 wciomn R

o Geiese GA-IPM-ME
—— GA-IL-ME

250 4

O/(ngrem™)

1504 _SF

K IFf) HaCaT 200, LL 5X 103 N/FLEF T 96 LR
H, FEHAMANE BRI, 37 CILEER: R
72 WSl B 96 FLAR, MR EFLNIEFRIE, Al
100 pL & H 5 SR E N 3.125. 6.2504 12.500.
50.000.100.000 pg/mL ] GA-IPM-ME } GA-IL-ME
FRFRdE, WIS ARk, B IRk AR
24 h Jg, Wz R 9748, LA 100 pL 5 10% CCKS8
TG IME 35, T 37 C4k4:ME 1 h 5, FHRGHR
RAC T3 450 nm AAMEROEE (4) fH. & F
AR A IS R

AT R = (A i — A 2)/(A v— A =61)

AN BRI E ) GA-IL-ME % GA-IPM-ME X
HaCaT 4HA7IE R s S RansR 9 Fion. 4%
B, H BRI B IR FEAE 3.125~25.000 ug/mL I,
GA-IL-ME #1 GA-IPM-ME #JR I H B iF 849040
B, AR RIIKT 90%; 104 H 5 R ik
JEHEK 2 50.000 pg/mL B, 2 A FL 3518 HaCaT 40
HIFIAEE R N IR E/NT 80%. LRGSR, S5k
S iL 70 b PR TPM AR EL, KB T 5N
AL FHF AN HaCaT 40 A= A2 B 2 i 4 i s R
3 g

FERFLALTT T, A R L I A, 52
LR AR FLAR 32 B A SR PR b

%= 9 ATREREBRE GA-IL-ME. GA-IPM-ME %} HaCaT
AR EMEN (X+s,n=3)
Table 9 Effects of GA-IL-ME and GA-IPM-ME with

i < S different concentrations on survival rate of HaCaT cells
0 5 10 15 20 25 (X#£s,n=3)

th ZH 51 YR E/(ugmL™)  AIEAEE R/ %
6 HEEKAR. GA-IPM-ME. GA-IL-ME H{k5NE GA-IL-ME 3.125 103.25+1.69
B (X +s,n=3) 6.250 100.66+2.38
Fig. 6 Invitro transdermal absorption curve of GA aqueous 12.500 96.43+1.09
solution, GA-IPM-ME and GA-IL-ME (X £ s,n=3) 25.000 9098 +2.61
#*8 5% 24 h EHERKIZR. GA-IPM-ME 1 GA-IL- 50.000 51.18+3.60

ME B Qus JsH Kp (X£5,n=3) 100.000 10.21£3.36™"
Table 8 QOn, Js and K;, of GL solution, GA-IPM-ME and GA-IPM-ME 3.125 104.21£3.98
GA-IL-ME after permeating for 24 h (Xt s,n=3) 6.250 96.75+2.26
2K Od(ugem™)  J/(pgrem ) Kp/(X 107 emh™) 12.500 100.74£2.13
HERKIER 4590411 1.9940.14 0.10£0.01 25.000 92.64£2.22
GA-IPM-ME  230.99+20.81"" 10.7741.06™" 0.54£0.05™ 50.000 55.611+4.89
GA-IL-ME 310.37433.65"* 14.36+1.53"™ 0.72£0.08™ 100.000 36.70+2.20

HHREBKERLE: *"P<0.001: 5 GA-IPM-ME L #P<0.05 5 GA-IPM-ME [t#: ""P<0.001

**P <0.001 vs GL aqueous solution; *P < 0.05 vs GA-IPM-ME

P <0.001 vs GA-IPM-ME
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AR Bh LRI F PR STk 11, 1
SRR, FRE AL, FRDERA R SR
FHRO, Rk, ZiVRIERRE . A5 AR DL
FLIRRE M WA A 7 TRk I E B AR . LA,
AU 5T I VA AR B S0 FO ARSI A il th =t
AHE, L5 T ISR Be R AR 1) BMIMPF 1 A AH ;
A B AF 0 58 1L 245 80 A PEG400 1 N FLALF Al
BT, R O = o B e T P E I i fE L
Bl FEGTIE AR R Bl BMIMPF, 5t H 5 RE — &
EAVER . IXATREZ T BMIMPFs Al H HIR 2
] 7= A2 T B E F A AR 5127 24 O = Al K
I I — M6 i AP I B B SRR 2 h R R
LM, DOk R, AT DAEAR RS
HORX Ee b T AT T AR, XN TEL I =TT A
B, AR LALLM E N PERIFR bR, 1B 1%
FE RS

B R B R B EE bR e —, K
N, TFLRTBGEOR, BA R T 25900058 BRI
AW RRY, SAREKT 600 nm B, Z59)E
BUSHIEAZE, TIERIEEIRRE: SRR/ T
300 nm B AT DA 250 A 2454 4% 38 380 Bz Ik AR 2 28
DR, ASEEG DLRIAR AP 8 AR, K D-S ikt
WAL 77 DL KRR BE 38 o iz i ik &, 5
BoHr ORI, H A s AR A FLAL AR 3 N 2 A
TR, 1K 3 B RN B VAR TR il vy
FIT T R RTHR AERK , EEE Ji 35 JE FRL J ses  1 A T
JE, TR LR 2 )RR TH I MR 25 R 0,

A Hhid Bz 45 5 R, GA-IL-ME [ Q, M1 J, ¥ 5
T GA-IPM-ME FlH B /KA, Ferb KIS R % .
JRR AT RER LA R LN 5T OZ4gikiE, ki
RERN, HCRMAR, BT B b, F
THERR IS B G QLA G v] LUd 35
30 A 5 I ARAGAE B DA SRR B W93 2 R A
5% GGA-IL-ME [ FHRi4E . GA-IPM-
ME KPF¥5ki4%2 (11.340.6) nm /N, AR TiE K
Wi ; @BMIMPFe H AT G A , (7 B 3 PH 2 7
WKL BA (22 3031,

REBTFREAARZIMNA, BHEE—HZ
MATE G, Brbh, ASEESIEE HaCaT 4Pk
BE—ZF T GA-IL-ME ks34, IPM L&
FRIBENE S PRIEIELT, 2 R4 SRt 5
R 2 — B2, BT DAYE 20 e 5 R 0 v 4k s
GA-IPM-ME fEAZHHilF]. 4535 5", GA-IL-ME

F1 GA-IPM-ME Xt HaCaT 40 A7 R (1 52 FE A —
#, Hr GA-IL-ME (15188 KT GA-IPM-ME.
ULIAFEA S I AR T, GA-IL-ME 5 GA-
IPM-ME H % tiA—3, U TERS .

ok L RTA, AW FUHI % 1) GA-IL-ME k{23 —,
AR I & AR B RE T A AR A A
UEBA IL-ME % H B R A A% i W S =LA e ik
TER, Rt mE HRERAEE 1AM 5 gk et
TR B R B RN 245 38022V PAN I 9T, AR GA-IL-
ME $REESE AT RIF S5k, Dy H BERSH i 77
I RBEEENER S

FBAR ALY ERAREAEF SR
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