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Preparation of ligustrazine microemulsion and comparative study on in vitro
release of different size microemulsions
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Abstract: Objective To study the preparation process of ligustrazine microemulsion delivery system and evaluate its physical
pharmacy properties; Microemulsions of different particle sizes were prepared in different oil phases, and the effect of particle size
factors on the release behavior of the preparation was investigated. Methods Taking the solubility of ligustrazine as index, the oil
phase, emulsifier, and co-emulsifier were screened. The microemulsion formulation was optimized by pseudo-ternary phase diagram
method. The encapsulation efficiency and drug loading was studied by ultrafiltration centrifugation. The particle size and potential
were detected by the particle size analyzer. The release behavior of microemulsions with different particle sizes was compared by
dialysis bag method. Results The tetramethylpyrazine microemulsion was successfully prepared, and the appearance was clear and
transparent. The average pH value was about 5.46. The detection method of microemulsion encapsulation rate was successfully
established. When the drug loading of ligustrazine was 1.2 mg/mL, the encapsulation efficiency was (87.43 + 0.20)%. The
microemulsions of different particle sizes were prepared by changing the oil phase (ethyl oleate, oleic acid, and IPM). When the drug
loading was 1.2 mg/mL, the three particle sizes were (16.80 + 0.91), (129.50 + 1.21), and (18.51 + 0.24) nm, respectively. The release
test showed that the release rate of all three could reach more than 90% within 4 h, and there was no significant difference. Conclusion
The uniform and stable tetramethylpyrazine microemulsion is successfully prepared; The release behavior of different
tetramethylpyrazine microemulsions is not affected by the particle size factor.
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JNE R NTERL BEAR B )1 Ligusticum
chuanxiong Hort. " HEH— PP 1 A= VD08 A%, A2
B ) B B A P, AR IR i 2 T
et IR BN ke FERE AL B VR T T A 2 T kLY, R
AECE B §ERm . RY I N R . Busk
MFEFST . PUAR PUEA IS 2 oo i i
ZiPE RS, ZiZh AR, NS RTERNEA
AUHRGE . HEMEER . AR BEAR R s8] T
JIE RT3, B i L AR ) B Jl o ik A i
YR 1) R

AL IMAR . SEAKHE . FLAH . Bl AR
EMP PR EIS), BRI S M FEME. S0
FE L AIEEA AR R I EUR R . LT AR
M AR R, B/ N By A s, it
K TR, $em BRI, R BA
BRI RRE T R AR AP BT
NE A RR R BT WIRHESR, TEKFH
HH AR 22 () A 1) % BSCBRCPL YR T B L 2
HERAYIRR R, REAmmtaett, KEBLT
IR o

YUK 2 RGRAE A E 10~1 000 nm, [KH
TR P 45 R s RN R AR M SR LE IR TR T T T2 BT
ZWEFRFRI . BEFR, GRS BRI N
YRR FAEAR N RS . . R 2980241T RN
[ b icd 1} = A1 RS S - S o P N 11 2 £ v R
FH N 3 A [FHAR PN S AL, SRR K
/N, LU ERTHIRR ) 22 S5 T B8 R i 40 K 1) 770 PR R 24
AT, T AT RERZ M AN K R B AR N 2530 . i
RTINS AS [F AR ) )15 W i LA MR TR AT XS
ELAFF 7T, S0 FAHE 2555 2 B AT VA
1 NESEHT
1.1 {488

LC-20AD & 0GR AH LA, HAS B AF,
SPD-M20A 230V ) HL — 8 BE B AL I 8%, LC
Solution a1 i T/E¥k; TK-20B A% 7 3 BRI,
g EURHIR G AR AR G20 B E L,
R B ERTHEMARAR; FEZFH BSA224S
BT RF, FERRFAAEE D FRA
Al HI-4H Z2:3RMEiRBE I HiFEaS, &N iU
BHIRAF]; Zetasizer Nano ZS BRI EY, HED
IRSAX A BR A A 6
1.2 RAFIS5HH

T 1155 T o) B, o L 240 A A S T A

i3

&

’

fIt5 100845-201603, Jii & 73 %k 92.7%; 2,3,5,6-V1
Femerg, JbneEBEHME THRA R RE LM 35
ERR (EL-35), LFiglEmr MR EIRAR;: &
BE (OyMratD. TR 288 iR, JbatfeT) s Rl
#1475 80 (Tween 80, T80), KiETI MEFG4NiL Lt
TP, WERERREREE (PM), i kA bR)
HAWRAF; FIREMRE L I H MmN (LabrasoD),
FAEM (i) RO AR AT R 400 (PEG
400), PPt TR A RAF; HEE, Fisher A,
RS WHERGRR ALK, BUM PRI EEAA IR A F .
2 HESHER

2.1 JIISRESME. ZLUF. BEAFIPaiEME
EER

2.1.1 g EIEHA Inert Sustain AQ-Cig £
(250 mm X 4.6 mm, 5 pum); FSIAHAFEEL-/K (60
40); ABUREY | mL/min; K 290 nm;
FE#R 30 C; HEFEE 10 ul. ik A 1.

A
JIE
B
JIE g
c
0 25 50 75 10.0
t/min

1 Z=ENE A, JIESHRENIRREE B) ME)IS8kRH
HEE ZERAR (C) B9 HPLC [
Fig. 1 HPLC of blank sample (A), ligustrazine reference

solution (B), and sample solution (C)

2.1.2 RMERREL KSR IRIUBRR )1 55 50 HE
WEE, 0 EEAC R R Y T IR E N 5.84. 29.20.
58.40. 116.80. 233.60. 584.00 pg/mL (KRR )=
15 %o B VAV o A% TR 2. 1.1 7 IR 1 S5 3R 10 L,
ORI AN . DARE S E s U T AN (4D ot Sk B
(C) FATLAMEEA, BEIHGTFEAR Y=17 926 X+
41429, r=0.999 9, 55 KL )| 5 HRA1E 5.84~584.00
ng/mL 2158 R R Uf -

2.1.3 REEERL BUR. . SREIRE (5.84.
233.60+ 584.00 pg/mL) [))1 %5 Xt R SRR, 1ES:
HERE 3 R, Il A, H RSD E518 0.73%-
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0.07%- 0.02%, FHMUAEH WG E R I
2.1.4 FREMERE B “2.1.57 TR, I E AL
TR CBE AR 48 h I [IFESL, 73 7E 0. 2. 4. 6.
8. 10+ 12, 24 h 4%/ “2.1.17 Wil & E bR E
THE = R AR RSD H4 0.44%, R GE
TWAE 24 h WA EME R AT
2.1.5 ERRERE % ScEikiEED, WE)
EBRLEAN AR GRER MR G IPM. KIEIHD
ANFEFALF (T80. EL-35. Labrasol). AN[EBhFLAL
) (1,2-0 . =8, T/KZE. PEG400)
(VAR EE 2N, BUS &)1, 23 5 mL
IR BV, 350 r/min AKIGTEFE 48 h, (257w
B, PATEAE 2 0. 0 AE 34 9. 12, 24, 48h
EURE, BEUKEL 1 mL, T 10 000 r/min K &0 10 min,
HY 20 L _EVEBINAS] 10 mL &I, KEREHR
B, W AREZEL, HPLC VENE )| s &,
SERIEER 1. GEREIR, WTImA, NS ERLEMR .
R OB IPM HR IR BE R /NZIE, 2908 120
mg/g, IR ETIERG MR AR, Rk se
HER. JHER B8, TPM IX 3 Ryl ARME — b H%2,
ST FALF], NIEERAE T80 EL-35 A MR K
INEZIE, 29789 100 mg/g, AR & T7E Labrasol [
fifFE, DHiE S T80 EL-35 iX 2 FhFL Ak 7 —
WHELL, TR, ) E R T K Sl I
fREEN 156.5 mg/g, WEmTIE 1,2-N . N=
BE. PEG 400 H (A E, &I K CBEAER
BhFLAGH .
22 JISHEEEFELZE

KRR 216 IR . IPM AiAH, EL-35.
T8O NFLALF, ToK BB, 8 i oK
FHE LRI, e FAE R, 2
P =T, 5 5% 20 oy B A0 B L% B ) 5l
st

*1
(n=2)
Table 1 Solubility of ligustrazine in different oil phase,

NEBREARERE. AUF. BELHFPrAmEE

emulsifier, and surfactant (n = 2)

B PR % T ST S 18 FEE 1%
R 12.21 Labrasol 8.69
TR 21 12.56 1,2- A 1.73
IPM 12.35 W= 1.86
YNGR 9.65 ToK 15.65
T80 10.44 PEG 400 9.46
EL-35 10.89

2.3 WHEHERNTFE

R % FREL EL-35 VRN, ToK CBEAE NN
FUA, ANFSIAMFIFREL (Kn) N 201
RES), HISIRE AR KRE AT S
MR W B IPM, fZmEIL9 11, 812,
3:7.4:6.5:5.6:4,7:3.8:2,9: 1K
FRE, BT 20 mL FMIEH, 350 r/min B4 1 3HER
G395, DMK E, B 1 IR R MR G
5], MBS, R DG aES, W
RRTA TIERBNING, 105k RAIIE SR A
THEIG S AR A . FUAF. iR FIERF LA R
R E S 5 BN Origin Pro 9.1 B2 1 1FL K
Py =JeHIE, e O/W BRI (BFZX)., 4553
W 2. SRS, CUMER C 8 v iiAE 14k A0 K
W BFLIXIR T AR K, MOEPEIER £ B8 i A -
24 WEAAKFIRTHIE

K BRI ER CBRVE AR, TooK BN
FLAbF, EL-35. T80 fEAAMNA], Kn N2 1IRE
B151, I BOR A LA A IRA I 2 i R
OB, IR 9 11.8:2.3:7.4:6.5:5,
6:4.7:3.8:2,9: 1 FEMAE, BT 20mL /g
Mo, JEEEERER “2.37 M. SR 3. 4

0.25

& 2

R

0.75 0.25 0.75

IPM

AEIHER R SREF A =T EE

Fig.2 Pseudo-ternary phase diagram of ligustrazine microemulsion formed by different oil phases
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Fig. 3 Pseudo-ternary phase diagram of ligustrazine microemulsion formed by different emulsifiers

7R EL EL-35 AFUAL IR RARE il X ki
FALE T80 NFLALFIFIFL AR, Kk, EHFEAM
71~ EL-35,
25 Kn{BERTEE

KB REL EL-35 /E RS, ToK CBEAE )
AMNF), Kn N3 12010101, 1:2.1:3%
BNREIE], HIRIRA AT KRS AL S i
FROFEIEREL 9:1.8:2.3:7.4:6.5:5.
6:4.7:3.8:2.9: 1 KitifkgE, BT 20mL 74
M, JEEEERER “2.37 T, R4, 4R
BN, K {HEH 10335 K2) 2 01 B, sl X 3oz i
R, M KnfH 201 3KRE] 301 AL X Ik
N, PR IX AR A PG A R I B, Y Ka=2 1
I, T RGBTl XA R, WOk #E Kn=2 1.

0.25 S 2. 0.75

2.6 JIISRMIFIEIZHIE
USRI ZHIR OB, HiRA
A1, PRI EE A 120 me/g, BUZ#EZ5MAH 0.1
g, EL-35-T/KZHE (Kn=2:1) KIEEHAF 0.9
g T 10 mL PEMIFH, %3 T LA 350 r/min @545+,
EHFERE . BRI KA Wi £ 2R A
5], WS E 10g, BN EMAL. FTER
3 fit, HIHIEEE. B BIRE IR,
Lk R AL — 5, EREMER .
27 WEAFNEEHNEENE
270 B AREAA Inert Sustain AQ-Cis A%
(250 mm X 4.6 mm, 5 pum); s HEE-0.15%
BRI (60 @ 40); ABIREAN 1 mL/min; Al
WK N 290 nm; AU 30 C; #EREE 10 pL. HHiG

AL

025 mmEszpme 075

0.25 g2 mg  0.75

RE AT

025  wmszpme 075

025 WEzEg 075
4 A6 KnBEER)ISEBMINA=TTHEE

Fig. 4 Pseudo-ternary phase diagram of ligustrazine microemulsion formed at different Km values
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LA X
EEARBE 8 )1 2 R e B I SN T 8 000 (3 1
DL 5,
A

N%@%
B

N
C

6 215 “510.‘..7“5 - l(I).O
t/min
Es5 =ExR Q). JIEENER B) FIISEREE ©
# HPLC
Fig. 5 HPLC of blank sample (A), ligustrazine reference

solution (B), and ligustrazine microemulsion sample
solution (C)

272 BMERRFEH  FEEREUERR )2 5% I 5
W, 0 ARG R R A IR EE 4 11.68.
29.20. 58.40. 93.44. 116.80. 233.60 pg/mL [IREAR
JIE B R ST %R “2.6.17 TGS KR RE
10 pL, ESRUEMAR . DARE S ERIETAR (4) Xk
HIRE (OO BATEMERNE, 2R 5FE8 Y=18 393
X+6865.8, r=1.000 0, 45K EBELE 11.68~
233.60 pg/mL MG R RITS

273 L@k

(D) FEARRMAKECH: T AMA 1 g
FEEME, BT 10mL &4, IMHEEESR, &2,
it 0.45 um JEME, B,

) Ml H]: BERZ A 1 g, K
ERoE, BT 10mL &iF, IHEEER, B,
i 0.45 pm JERE, EIFS.

P “2.7.17 WG R ICGHRE, BT
HRS o ) B I TG T4, e R R I .
274 FEEREAL  HUKREEN 116.80 pg/mL (1ML
JIE TR IR, EEERE 6 IR, Il IR,
H. RSD 1] 0.18%, R H AR R I
275 EEMHERAE % C2.67 DU AT
% 6 ARG, %R “2.7.3 (207 WM LR AA
BT g ) A, IR “2.7.17 T
WA RS, I E R & 00 RSD A 1.11%, &
ARS8 ik R R AT .

2.7.6 FEMERE:  BEAMILIEIR, %I 9273

(207 T00 T A ot VA 70 P T o) g 2 o) % A TR VA
F 0. 2. 4. 6. 8. 10, 12, 24 h i%M® “2.7.1” Tith
TSR AFRERE I A , vF 51 5 R [ A RSD N 2.14%,
RSO AR AL RS 24 h R EHE R AT
2.7.7 AR REE  HOC N )1 R J A
N 820.9 ng/g HIFENL 0.5 g, FEEME, BT 10mL
B, IR E N 1.27 mg/mL R )]
EIEG R TR 0.5 mL, HEMBE R LI,
A, 1k 0.45 pm JEME, EXSEIEMR AR IR A Rk
AT 5E , “FIIFERENCE N 97.56%, RSD A 0.01%.
2.7.8 HWAMAKSENE %M “2.6”7 WU
EPATHI S 3 R . B HERZA 1 g FE
R, BT 10mL &R, INHPEWEAL, EF2%
Lk, $851, i 0.45 pum GERE, HUERERIERIE (i
FATFHEATINGE , 455 3 B AL S %55
0.820 5.0.822 0.0.820 3 mg/g, ¥ N 0.820 9 mg/g,
RSD 4 0.12%.

2.8 JIISEMEL pH ENZE

2.8.1 MRAGECES B THILR& e,
PR AR 5 R FLIA AT pH HE S, 70k
MAMBEAREE, HEARMRESEN I pH
Hisem, S5RMREE N 100 200 50 B ()
pH 23N 5.75. 6.24. 6.78. 45HRFW, Fkext
AL pH B I E A BORRE M, B IN/K & RS R
pH {EIZ TG R, S0 fzL R B e , PRI 45
AT E B E .

2.8.2 JIEHELA pH I 4400 “2.6” TR
JiiE, PATHI 6 a2 iAl, WIERE S pH E.
RN 5.55. 5.57. 5.35. 5.44. 542, 542,
V¥ pH fH A 5.46. 45K, JIEEMILAT
pH H N 5.46, MIEFAEHIRE T, SN pH EAN
4.5~6.5, fEMLpHE T, AV&EMNYE R

29 JISREHEAESERNE

IURRE 10 5 1)1 B BB, F BOGHURE
M AMILRAEF Zeta AL, Ids0RE KA. 1]
R IFIRLAE (BA) A (16.80£0.91) nm,
LM A (PDI) N 0.13+£0.07, Zeta LI N
(=5.2440.25) mV. SR WK 6. 7.

I8 “2.67 TUT )1 E BRI & T7%, 200l
Hl4 LU ER 2.8 WHEZ . IPM ONTHAH 0 )1 225 R AL
I, R P RiAR . Zeta AL, MR 2.
2.10 JIISEHMASHENNE

SR FH 7 008 0 o 1|55 W A [ ek 4 4k 7 T L
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0.1 1 10 100 1000 10 000

it /nm
6 EHHWILMNE

Fig. 6 Particle size of drug-loaded microemulsion

-150 =50 50 150
Zeta A7 /mV

7 BAMILH Zeta AL

Fig. 7 Potential of drug-loaded microemulsion

*2 JIEBRARIHEL A MILARIR . Zeta EBEDNESL
(Xxxts,n=3)

Table 2 Results of particle size and potential measurement
of different oil phase prescription microemulsions of

ligustrazine (x £ s, n=3)

AR FifE/mm PDI Zeta B/ mV
MR 2.1 16.80£0.91 0.13+0.07  -5.24+0.52
R 129.50+1.21  0.23£0.01 —13.77%£0.40
IPM 18514024 0.24+0.03  —-6.51%£0.43

LT 2. F TG 3 B N5 WBR A [) e A Ak 77 ik
FLK 500 pL B THBEEOE WA, 8000 r/min T
20 30 min, B0, LB A 25 mL, $ZH
“2.7.17 T Rk SR E R ) e, B
W FEUNE BRI 500 pL, TN ZIERRE
IEZIEL, 8/ 30 min BFL, E&AZE S0mL, H%
02 mL % 10 mL £Jfitf, LMW, %R
“27.17 TURNEIS AN E S RE R, B W, #&
BEER=W =W )W AT EE RN E ., 25
B3 AR G JHER. TPM 1l 2% (1)1 5 R fil
FLREE F 5N (8743+0.20) %. (89.91+
0.24) %. (87.89140.09) %, AR %25 HFL AL dt
R, JHER MBS AN IPM 325 il s R ik
2,11 A[EHBR S WML AINERE E R

K HFENTEI E 23R IBAT N . g% &
BUMER . IR B8 TPM AR il 4 1)1 25 R L
T 2.0 mL B T AE X 40 i 2 8 000~14 000
g R, WS, WE T A 500

mL [1) 0.5% T80 47Kk e+, 37 C/K
%, LA 350 t/min I EESEHE, 0 I7E 0.250 0.5 1.
2. 4. 6. 8. 12, 18, 24 h LU 1 mL, [A]
AN IRAR AR S A . 1208 “2.7.17 TR e
SN E A, RN RN R) A RERE
R (Qw)o BEIMIZE ML 8.

n—1
an(chJrZC,»x Hw

i=1

Co N5 n FINASIOZIPI AL, 1 NHUFE 1 mL, W%

PZipsY =
100+
N a o
s 8011/
2 |f R
¥ | MR
3:2 601 IPM
40+ r . . ; . ,
0 4 8 12 16 20 24
t/h

E8 JIZERAERBELS HELA IR
Fig. 8 In vitro release profile of different oil phase

prescription microemulsions of ligustrazine

P 8 n %0, VHERAES. L. IPM 3 FhiiAH
il 24 )15 R AL AR MR IBOE S5 AHALL, 4 h PRI
BIEF) 90%, 1A FIRHCT AT MR LB R . IPM
D9 A I A 5 L RABURE R 2 N 91.91%
94.07%-~ 92.30%. A [FIHIAH CGHIER L FE PR IPMD
1l 2% () V5 R A 7L e R A R /NSt ) 1 55 W F Ak o
G2 5
3 g

JNEELER 1R AR TE B P if Py 453477
O GG A R I A L 9 5 T B R 1Y
TRIT RIS 1 R B A4 P AT B N ) R
IK RV AR 22 ) 1) FEUTY, B K BSOS R
LT MEVE R o A R A IS I, AT I KA PN i
REISTA], A 0 s 20 ) A= R R 1231

ARSI K HPLC £ 58 )1+ R 3L )1 25
e, ZETEES. MG . RBUE .
I )1 E R AEAS R HAH VA R R 52, BE TR
TR 2 AR, Iy = oA R L X S
BUR/MIEAL H BL-35 NFLALF Tk LBE MR
Ao Km ABIGIERS, BEE Kn BRI, HELXIE
5L 1K ek /N R B o T DR AT R FLAL TR AE T/
KRG R, BE Kn BRI, AL
IR S i, AR IR, DL R
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K J7, AR T 42, M K fHH 2 0 1
BRE]3 1B, BRI AR N, TR R AT e B
FAFTEK CEERA R rmshtE, s 274k
RIS, WA RN, 5 THIATER, B
LA BB ARET 7R R B0 B 3G 0, R gk i3k,
5y I B AR, 7K I Al L DX 3T AR /N 27300
S E AL T AR LR B K E
EEoN 10603090, TFLERNIE R E3ECN
1.2 mg/g. WCARTT AR RFLAN LG T2 % R L
VTR o box I A5 -y 3l 0 1 & R . N

A S5 368 1 748 B R A o) £ A [RDREAR /N 1 S
WETHFL, X FOREUAT AT XS LU 9, TR 26
MR . IPM Ay I AR 1 8 R B LR AR 4 o
(16.80£0.91) (129.50+1.21). (18.51£0.24) nm,
SR 3 FPAL T AALLE 4 h IRPRECREIEE] 90%, 2
KL R 2 LR SN 24T N T B E M

HATHE A SRR, ARG K 677 25 3 24T
NEA—EMNZER. 2975 50R% TPk R
177 #1319 nm WIAT AL R R ABRAVKHKL, #Hlkes 2
Ja R ARFRARA Y 8] AUC fRAEREZESR, /M
U BA I EYRI . TrsEbh 5 T
Fi42 53 W08 304 118, 230 nm IRV, ik
P Bon/MRiAE (30 nm) M KRR (230 nm)
JREARAE ML P e RO B, AR DRI (118 nm) i
WA AUC ZRTFIE R 1.81 %, HAAEK A Mgs
RIS E] . Wang Z5B30] 4 T 100, 250 480 nm A4
L E ARG, CIRGA 2545 R B/ INRLAZ 1)
AL AL EEGKRL AUC Al Crax BN, B
WEEMARE. ERASF N ESR, Afi
T AR R PUREIFIIE R A Fr . s, fae itk
T ZE ST B N gk FURLAR R X T
PN, dUBiis, 8100 5 TH s A it
—HW .
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