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Preparation of borneol-menthol eutectic mixture-loaded nanoemulsion gel
of tetramethylpyrazine

WEN Jing, NIU Jun-song, WU Yu-zhen, DENG lJie, LI Nan~

(State Key Laboratory for Southwestern Characteristic Chinese Medicine Resources; School of Pharmacy, Chengdu University of Traditional Chinese
Medicine, Chengdu 611137, China)

ABSTRACT: AIM To prepare the
tetramethylpyrazine. METHODS

emulsifiers and co-emulsifiers were determined, after which compatibility experiment was performed, and pseudo-

borneol-menthol eutectic mixture-loaded nanoemulsion gel of

The equilibrium solubilities of tetramethylpyrazine in different oil phases,

ternary phase diagram was drawn. With K value, oil phase proportion and water phase consumption as influencing
factors, particle size, PDI and saturated drug loading as evaluation indices, the formulation was optimized by
central composite design-response surface method. The drug-loaded nanoemulsion was dispersed into carbomer 940
gel matrix to prepare nanoemulsion gel, then the physicochemical properties, in vitro drug release and transdermal
absorption properties were investigated. RESULTS The optimal formulation was determined to be 3.31 : 6. 16 :
1.56 : 88.97 for eutectic mixture-EL-40-1, 2-propylene glycol-water ratio, the particle size, PDI and saturated
drug loading were 37. 85 nm, 23.04 and 5. 82 mg/g, respectively. The obtained white, semi-solid nanoemulsion
gel demonstrated the average pH value and viscosity of 6. 68+0.07 and (289.69+1.06) mPa - s, respectively,
whose in vitro drug release accorded with Higuchi equation, and the accumulative permeability per unit area was
(2 048.23+55.6) wg/cm’ within 24 h, which were 3.72 and 1.21 times higher than those of hydrogel and
aqueous solution, respectively. CONCLUSION The borneol-menthol eutectic mixture-loaded nanoemulsion gel
of tetramethylpyrazine meets preparation requirements, thus can achieve the effective transdermal delivery of raw
medicine.

KEY WORDS: tetramethylpyrazine; nanoemulsion gel; eutectic mixture; borneol; menthol; preparation
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x1 BMENELR (n=3)
Tab.1 Results for solubility determination (n=3)

Eiiip Sy Liiip S AR/ (mg-g™")
T UK - IR P (1 2 2) 95. 047
UK - I AR (1 2 3) 92. 204
VK - R SIA I (1 2 4) 89. 492
GTCC 74.999
IPM 83. 082
TR 79. 109
L GRTi 47. 468
TR TR 87. 485
AL Tween-80 8.116
€0-40 7.036
RH-40 6. 448
EL-40 7.131
Labrasol 7.061
B Ak Capryol ®90 11.532
Tl 4. 745
1,2-5 f 9.131
Transcutol ® PHP 9.578

t/min, 32 CE&M N3] 10 mL ik A, WEF AL
&L éﬁ%, 5 Tween80, Labrasol, C0-40 s,
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R 3 A0S, SR Origin 2021 Pro B2t =T
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ZURDLIE 1, Al K, 0 2 B RRFL I (X
s HaxbE AR, FWIATTH RS E

2.5 sopfede RGBT 2005
PEK, M. MAHS G [/ CiliAR+S,, ) 1. ZKAH
MEERNAZER A, B, C, Kiff, PDI, fufI#Z
mAERNHEAER Y, Y, 'Y, BHEKFRE?2,
LRI 3,

F2 BREit-MEEZEEERAKE
Tab.2 Factors and levels for central composite design-

response surface method

2 K-
-1.732 -1 0 1 1.732
AK, 1H 1.318 2 3 4 4.682
B A & H% 16. 591 20 25 30 33. 409
C KAHHR/% 50.379 60.19 74.58 88.97 98.781

#3 ERgt-MEEXRETSER (n=3)
Tab.3 Design and results for central composite design-

response surface method (n=3)

s Ak (1 P WA C AR YR, Y, Y HUmEKZG
/% B/% nm__ PDI/% 4/ (mg-g™!)
1 4 20 60. 19 30.32  63.9 14. 80
2 3 25 74. 58 28.02 35.7 8.43
3 2 20 60. 19 36. 84 45.1 10. 96
4 4.68 25 74.58 59.02 33.0 8.22
5 4 30 60. 19 132.10 44.0 16. 44
6 3 25 74. 58 23.42 30.2 7.26
7 3 25 74. 58 28.45 31.9 7.13
8 4 30 88.97 36.33 23.9 6.19
9 3 25 74. 58 48.71 32.4 7.18
10 2 30 88.97 40.75 23.1 5.79
11 3 25 74. 58 24.36 25.9 7.10
12 3 33.41 74.58 122.10  30.7 12. 60
13 2 30 60. 19 140.32 42.1 12. 66
14 3 25 98.78 13.03 25.7 2.59
15 2 20 88.97 22.10 25.6 4.21
16 1.32 25 74. 58 102.77  22.1 7.21
17 3 25 50. 38 78. 56 58.6 20. 21
18 4 20 88.97 16.71 31.7 4.81
19 3 25 74.58 30.42 32,7 6.71
20 3 16. 59 74.58 16.73  38.7 9.72

i 3L Design Expert 13 #/FXTER 3 Bl 73 il i
gt MERRMEAER . s 2508
RIAE LML G A 21, 15 R 405 Y, = 30.90 -
7. 194+30. 81B-24.45C-0. 09AB-0. 62AC-20. 87BC+
15.574%+ 11. 518> +3. 16C>, Y, = 31.39 + 3. 364 -

3.42B-10.70C-2. 77AB-1. 72AC+1. 58 BC-0. 87A% +

Fig. 1
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1. 65B°+4.29C* | Y,=17.33+0.76A+0. 82B-4. 65C-
0.034B - 0.834AC - 0.05BC — 0.024% + 1.20B* +
1.28C%, W4 R, 4 R XA A
W R ERM (P<0.01), JFHARBIA B E (P>
0.05), R*/y%1 4 0.918 6, 0.9152, 0.953 4, %
WIS B AT, WA

M 107 TR 43 AT DL TRL 2, AT R A o L AR,
RN, PDLACEREfEF, B A, A K,
R8I0, RiARSeu s 8, PDI, AR AN EE 25 & T,

BEE KM A0, RiAR U8/, PDI, {f A4k 2y &
FEAR, DR A2 & e K, PR iR/ (10~
100 nm) . PDI f&%/ (0.01~0.03) Ki5¥r, 193]
WA TR K, {8 3.908, WA & HE 30% , JKAHH
i 88.97% , HMILMEY), EL-40, 1, 2-0 %,
K] 3.31 : 6.16 : 1.56 : 88.97, kif%. PDI,
Mo F 2 25 & 4 9N 37.85 nm. 23.04% . 5.82
mg/ g

Y 22 Bl%

Cl% '560.0 20

e AL B CLY, Y, Yy B0 K, {8, AR L, KARATRE . Kid% | PDIL, fAaRghht,
B2 &ERMEEE

Fig. 2 Response surface plots for various factors

fi “2.5.37 TR ubab gyl As 3 s [ gk
., MR K (36.41+1.17) nm, PDI Ky
0.22+0.01, K%K 1 g, BT EP &, AL
HIFRZY, WAE 5 min, B THEKBIRG T,
£ 37 °C | 240 o/min 5504 FHR¥%72 h, 5 000 r/min
B0 10 min, PRERFMAZEY), WH EER, W
FERf e, 7F 280 nm A G, MAEF- 3
HWHZEZGE N (5.66+0.61) mg/g, HIN, Kiit.
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PDI, Th0FN £ 24 5 SO0 (B 55 7000 18 49 i 22 53 00
3.95% . 4.10% . 2.90% , FWiZ )5k EA BRIHY
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2.6 thRFUEI B &

2.6.1 FEGEE A TR E, MRAT
REE B A KRR EL; h T B Ik 259 i At
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1 dJFIEAS | ks, PDI AHEHR, 4iRILE 4, Al

BEE B2 MM K LB OB N, 4 5 mg/g

B ERDIIED ; N 4 mg/g RIIES BRI, AR HE

HIEPPIR, ¥R BB 4 1~3 meg/ght

Wifs, PDIARAEANEHE , BUERLHE N 4 mg/g,
R4 RAEXREZE, PDIKIME (n=3)

Tab.4 Effects of dosage on particle size and PDI (n=3)

2R/ (mg-g") KiAt/nm PDI
1 33.137 0.215
2 33.207 0. 268
3 34.270 0.235
4 36. 730 0.239
5 40. 325 0. 252

2.6.2 LW ik S PRI 0.331 g R34
Y. 0.615 g EL-40, 0.157 g 1, 2-N [, 40
mg L2, B TP, WIRIR G5, 1
800 r/min, 32 CEKMFZMMA 10 g 4li/K, Fpak
PiHk 30 min, HIPPKEL (F4EN 4 mg/g) . K
WFREL 1. 2 ¢ RUEIE 940, fA 10 g 12% H M
KRS BRI S, PR 10 ¢ 99K 3L, Hiidk
R, BIMA = CEERE, Y pH HZE 6~7",
RIfR (S25E0 2 mg/g) .

2.7 JREIRN

2.7.1 AMUMIR  nE 3A s, AOKRFLERE N
HEEEAR, REDEHE, WM, A%, Sk
R, HR N B BCR MR 2, AT
At

2.7.2 pH., FhE B3 rgRFLEERE, InsKFRE
10 £, MFFHAFY pH {Eh 6. 68+0.07, 7 A KL
Jikfid pH (5.5~7.5) LN, JFHHZERTF
YIZEEE N (289.69+1.06) mPa - s,

2.7.3 OB AR FUM KRB 2 IE Y A5 AL,
B 20 L, T FREMAR L, 54 X I T 40 R
M, EEET, 2% AR WAL 2 min, BT,
EESE S (TEM) FUWEEA, 455 0K 3B,
RO, Gk FL R RHEERIE, s,

2.7.4 BOREMN WYPKILEER 50 ¢, 5000 1/
min 5.0 30 min, kfﬂ,ﬁ\:ﬁﬂﬂi@/ﬂ, TULHE . 412
MG, FRIHIF B AR e R

2.7.5 WAFREaENE B3 gk LB, Ar il E
T 4,25, 45°CF30d, F&o0,. 3,5, 7,15,
20, 25, 30 R, WEEHAMILEAR, FmAH
RS 7R A, e HARk i, 2551, EARFNRET
PR FLEER PR EAE , RT3 52, 5
B, mHNE R RO WA, R

- |

B3 ok R R I S R K LB SN
MR R EHKFL TEM E
Fig.3  Appearance and characteristics of borneol-

menthol eutectic mixture-loaded nanoemulsion

gel and TEM image of its nanoemulsion

W SR A7 A T R4

2.8 MRIMEEFEMZ SR EAL R Franz §7HUE
TH, KBRZENE (0 THEMES8~14 kD) &
TR A 2 18], AR T I 10 mL
pH 7. 4 R 22 i, (T AR A B, AT
SRS A GRS AR o kg i
SIBIMA T g KT, 1 g KIEWR (FEHEREL 4 mg
JREZ5 2 2 mL EP B rh, A 1 g gliK, BA %
fi, RIS, S50 4 mg/g) . 2 g PKFLEE .
2 KBRS (ARFLEENAL T B 99 R FLAe K i
W, HAREAE—3 S22 mg/g) (B4 mg
JNEB), wERE 32 C, fHidkEE 350 r/min,
F 1,2, 4,8, 12, 24, 36, 48, 72 h &I 1
mlL, RS A SRR R pH 7. 4 R ER
e, ORI LA ZE vl R 10 £, HAIR
A, WENE SR, HERPRGRE, AKX

n-1
cV+ Y CY,

WE =— L % 100%, HrhC, st
m

SR 2 R, V oY ECAREL (10
mL), C. A% i (i=n-1) DB WO P 259
Tt B, Vy NERIEART, m, B2 E,
HE 3R, SRS, 2R WE 4, "TH
POKRFUBER R, 72 h 5 E, 7 95.39% , HUEK
TR K LG, K BE R B /N, 72 h
JEALH 60. 41% , PR A ANRE L il R B AT I, &5
RIS, AR KSR 250 e —Hsh
7R, B2 DATE E MR R AKEERE . 4kEL
BRI BEZG BRI Higuchi 77 A2, RREERC AT #2259
PRI N2 ]
2.9 RS R BOK FE I
2.9.1 BERERGI R KB T CO, ZIRILE 5
PRIEEBE &, /MO BYBGZAA K R, SR FHEEE 72
2527
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1207 —=— K J -0 I AR SE AR R ) 1| B e gk A
—o— I K B
o0 | KRS R R

-10 (; 1 b 2IO 3I0 4IO SIO 6IO 7I0 SIO
t/h
B4 [EMEMERME (n=3)

Fig.4 In vitro release curves for various samples (n=3)

BR2s iz R AL 412N, BEBUCRREA, AR
oK Rm ARy, RIS, wEEET
-20 CUKFETIRAE, 77 d NIEH,

2.9.2 ZBIEAN K “2.9.17 TN EIAK
JER FH 3985 S [ R A Franz §7 8O E, A 52 i i
Ui, B T R, Bl Hom A 10 mL
pH 7.4 BERRERZE Ml (=AM, SR BB R
PR, BEEIREE 32 C, HEFEEE 350 /min, £
JE 30 min G2 Wb o A 1 g HKEL, 1 g
KW, 2 g KBRS, 2 ¢ AKFLEER (&)=
B4 mg), T1,2,4,6,8, 10, 12, 24 h I\$%
Wt P AU 1.5 mL BRI, AR URIBURE i ST B AR
FoAE R 32 C S RN, e )1 R R R
IHRN R E R BB ER Q,, AN Q,=

(C,V+ 21 CVy) /A, i €, R4 BRSSO
Y BRI, V OO AR (10 mL) |, ¢,
N (i=n-1) DBEEREIGRTH AW BRI
Vo WA, A HARGE T (0.78 em®)

PLQ, HHPAbR, JRERTE] (&) ABEARFRILE
mIETRE, HRERA SR ER B EER T,
HitBgRBERE P, AR P, =]/Cy, Hrp
Co NEPIWIG UL, SR WK 5~6, K5,
WCRTAT, GORFLEER 24 h Y Q, 4R BIE/KEERS . 7K
W 3,72, 121 4%, BIL P RTAREL, £
BOKFLBEIEBE 78 70 R AR FL R IE B AR B, 3
HABRGRSOR, AN T 85805, W
2R,

R5 BEGMEIMRELEIEFHE (n=3)

Tab.5 Regression equations for in vitro drug release of

various samples (rn=3)

i i i) EVEp¥E R?
K T E,=29.36+0.77c  0.443 1

—%  E,=67.80(1-e""%) 0.990 7
Higuchi E,=8.37:/"2+13.96 0.719 6
RO - NI A E R E,=35.94+1.16t  0.552 8

L SR —%  E,=93.09(1-e"1) 0.99 20
Higuchi E, =12.12¢"2+14.48 0.811 1
N3¢ L E. =8.17+0.80:  0.942 1

—%%  E,=62.16(1-e"%%) 0.967 9

Higuchi  E, =7.23t"?-2.67 0.993 4

UK - R A E,=12.98+0.94  0.902 6
25 a4 K L e —%  E,=67.93(1-e*"") 0.958 7
Higuchi  E,=6.70tY?-2.46  0.993 3

R6 BERERSENNFSHLE (xss, n=3)

Tab. 6 Comparison of percutaneous permeation Kinetic parameters for various samples (x+s, n=3)

i 8] 55 7% R’ Q./(pgrem™) J/(pgrem™-h™") P,/ (x107em-h™")
N KA W Q=71.9-55.7  0.997 1 691.81+79.22 71.93+2.90 17.98+0. 73
L¢3 0=23.1:-17.8  0.99%4 551. 13+41. 56 ™ 23.12£2.10* 11.56+1.05 ™

VKR - TR I (A M B | 5 R K LB 0=84.91-34.2  0.995
VK - A AT A 21 2 R oK 3L (0=228.21-144.2  0.997

2048.23£55.60 % 84.85:1.10™%  42.4220.55*%
5395.26£51.46 ™%  228.16£3.60™*  57.04x0.90 **

i SIEGOKEILE, ™ P<0.01; S5 HKEER L, " P<0. 01,

3 Wit54iR
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Fig.5 In vitro transdermal absorption curves for

various samples (n=3)
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