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Study on process and rheological parameters of Kucha gynaecological gel
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Abstract: Objective To investigate the preparation process of Kucha gynecological gel and prepare a temperature-sensitive in situ
gel capable of rapid phase change in vagina. Methods Poloxamer P188 and Poloxamer P407 were used as gel matrix, Lactic acid
and sodium lactate were used as the acid buffer solution. The central composite design was performed to optimize the prescription
and technology, and the gelation temperature (GT), gelation time, and the effects of different acid buffer solutions on GT, gel
stability, and related rheological properties were determined. Results Within a certain concentration range, the gelation temperature
was gradually increased with the increase of poloxamer 188 concentration, and the gelation temperature was gradually decreased
with the increase of poloxamer 407 concentration, and the optimized prescription by central composite design was poloxamer P188
with a concentration of 3.51% and poloxamer P407 with a concentration of 17.16%. The addition of different buffers has a deviation
of 5% of the gelation temperature of the gel in vitro, but the variation in the vaginal fluid is large. The gelation temperatures of the
citric acid-sodium citrate buffer and the lactic acid-sodium lactate buffer solution in the vaginal fluid were 68.5 ‘C and 35.8 C,
respectively, and the rheological data showed that the gel retained better in vivo. Conclusion The Kucha gynecological gel
preparation corresponded with the model employed by central composite design, and the screened process can prepare situ gels with
good retention and stable properties.
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ARHITE JOE R ARE WAHAE, HERT1E
NE 13, il RFOIPIE TR, PIERRE N4
ARG RIET 5K, PIER SRR, &%
BR IHRAEZ, DCHAETRH G5AE RE R,
Fpe o AR gREER DM, T B % 1R T B Al
I3 N VIR IE Jm a2 i, b 38 R 2 24
R G HAT SR AL SR 0 24 W A [ R A 3 2 e B P A
2, (EZ5 5 52 B T A B AL DL K P R B 1 S
FFIE A 285ty BRI TR L R IUREME 22 S X R, &
52 FI|[F Py A 7EN G evERA,

TR AL EE R (thermosensitive in situ gel,
TISG) & @ B AIAHEL, 7EFTE L 25 755 B
ERIAEE, EMFIEWE, BEPIE G LR AH AR
TV RCREVE - [ A, RN ) Y AT B2 2 BT 5 2 A
FHIE R GVR B G, AU ve IR A% 4 19138 il 571) ok
= RIF B e A AN o AR AR A s, R VAR
B AR, (EHSCE IR, T, 5
IGRCR EiEREAPy N i I d=< i 1 R SN P25 7 )
AR AR O

BEMATREAERAATRER LA TR
Melaleuca alternefolia (Maiden et Betche) Cheel, J&
72 T WK M IV PR BT i B 2R e N S T 22 ) T 0
X BEM BT R KA B 3T
JZih (teatree oil, TTO) HAHIRIENME. TTO X4
R, JEAL SOy RmiAT . ISR miial
HW, AT E 99% LA F, SRR T LR BURE
PERIIT LA, 2002 AEAEFIN CRRPHZGg) 110, )
MR R A TR . PIEE . PURE PR
M, HORERCOR R AR 11~13 1, B2y LA
TRYT EAH AR 5 B B R B B G . beds
REBEAIHI BV R R A2, FERANZGR . ot K
2R T S U R Sz sl

w20 (matrine) REUFHEYHZ . & HF .
T AR G T 2 RO, R DY P
WESSEMIIIM, TR R R Tz . DR 2B A
TR, EHSWAEME. HUR MR, 5
BRI A ERAE . Rl PUEE. PR AR
M ERAENEZIER, TR THIT B S,
FRET R i PR 2 38 7 g M
FHIIE ) 25 17181,

oSS BN R R S B A T IS SR Th AL
A= FH A STREE NG IR BB, UF B 2 & i
PR T8 G T B I Th AL, AN FUs &R e e
FHEER I FEZLRSr,  H B2 7 G580 B8 5% B ROR,
T IR EUR AL B, o [T 24510 S i R e
Ui, v AR B RO N B3E R . AR S DATA
IRYDUY P188. VISV PAOT BRI, 4T
RUEFHR BRI B, IR e R EER R . s
6], 5 AN [F) B 22 PR VRO IR i S PRI ], 5 %%
IR AR 8 P S AH S AR 2 14 5
1 E5HF

Physica MCR302 Jefsii A8, BHFIZ AR
(P ED A R A F] s KH-100DE B4 80475 48 75 T vk 2s
BIRAIEAENEEERAR: LX-IB miE G E
Ol BRG] BAS-124S TR
F, FERFER AL AR AR, R 0.01
mg; pH S-3C A4 % pH it il Ei{Es) s SHZ-82A
KIEIR R 2, SIEmiEFEAE)

WS (S RL20180604, Jii £/ %=98%),
P RAEY TEARAR WKW P18
(Pluronic P188, P188). iHi&ibUl} P407 (Pluronic
P407, P407), fE[E BSF /A#]; NaCl (Fign#=
99.5%). KOH (Jii &4 #1=>85.0%). Ca(OH). (Jii
HH=95.0%). LR RES$=99.5%). JR&
(iR $=99.0%). TC/AKE &R, K guzit
SERFIE AT Sigma A-9647 FIfiEAEA, |
M ZE B AR A R A ) FLEE, iS5 41 85.0%~
90.0%, KM AR AF s Hih, rE%E
AU TAHRAR; ACHBAK, . HENE
Teal, fl[E Merck AR, HAWRF NP,
2 FHEEHR
2.1 1EHIRRERRYEC S

3 HIFREL KOH 1.4 g. Ca(OH), 0.222 g. 4~ IfiLi
54 0.018 g. NaCl 3.510 g. #i%j## 5.000 g. H
711 0.160 g FLER 2.000 g+ JKZ 0.400 g. Z[#& 1.000
g, MK 1L, PG AR, FERIR TR pH E % 4.209,
2.2 EBFREARERIHIE

FEELZ: 17K 55 mL, INALL 7&K P188, %
BOYS G, N P407, RAHEE, BT 4 CUKH
R, TR, A BRI . FREGE 2084 1 g,
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RN LB /K 15 mL, fitHE, #8775 5min, £iF
e VT, FEEWBCSRRH 2 mL TV,
RAIE, NG A5, BT 4 Cik
FAER, ARSI RN o

23 EHFRAMEBERMRER

231 MR ARRMIERARZMA T AAEE. B85,
s RS B IE VR, TR T (37 'CY N
SRENE SR SREEN 3P S i

2.3.2 JREHREE R RE I A R R
2 P e Bl P 120-22) ) R B 2.2 TR e R 5 g
TP (20 mmX5 cm) o, B TERKB G
I, Hod K AR T &2 /D v RO Y R T 2
cm, ZZigJHE, JHE#EZEN 0.2 C/min, JHEE
50 ‘C. ®Jtm 0.2 °C, 2 5min 5, K ramkiifE
B 905 MBI IANTEL, R B R AN T
By, W R R B I P 5 1 s FE R IR E (T gen)
BAFERPATIE 3 K.

2.3.3  JRHEERTE]  1E Tga N, ICSRJEALEER N IRS)
B et o i) i i L P A d TR et
FIATHEE I i ki 7] 2y 52.5 s

2.3.4 EHRM pH {ENE  FRECE A ERHER 2.0
g, NErRAIA K 30 mL, A 10 min ER)E,
BE =R, R E 24 42)2015 R = E5E 0 0631
Wi, EAREREERE pH EA 4.21.

2.4 EZFRFPRERRAF MK

2.4.1 B AL - RN TH A A A S A R Ak
EWRIS H, P188 F &t 4%, P407 MHEKT
15%H 1) Toe ISR (>50 C) MRS, I
%, 24 P188 (I EAK T 2%, P407 K E & T 18%
B, 72N R PO R A AR, DR AT 5T DA Teel
YE NV B DR, SKF] P188 F&E (X1) F1 P407 &
(X)) TENHBZREK, HEEEHE P188 2%~4%,
P407 15%~18%, &MFEWE 51K, KHEM
WTE- 2N A A JF AL B I AL T o RR YR B R
T PR 7 328 HH I KT AR 1, Tgen T E 45 58 00
* 1.

K FHl Design Expert 8.0.6 Z¢it-#ctFH i) 2 AR
WA R 1 h Tea AT 7 20 (R 2), 22l
B5 Tou M RS m LB (B 1. T 2554
SR RN TH IR AT, 7R E B AR T R E S
P407 11 P188 (1) i BE U S AL BRI VR Tge
fsgma AR, BEE P407 FHE YNkt
FRCE I L P I P e %S, BEAG P188 &M N

#1 EmfitinRgRER
Table 1 Results of central composite design

{ECTas X1/% X2l% Tell 'C
1 16.50 (0) 4.00 (+1.414) 34.7
2 15.00 (—1.414) 3.00 (0) 38.4
3 16.50 3.00 31.3
4 16.50 3.00 315
5 16.50 3.00 31.3
6 15.44 (-1) 3.71 (+1) 39.6
7 17.56 (+1) 2.29 (1) 21.2
8 16.50 2.00 (—1.414) 26.4
9 15.44 2.29 34.8

10 18.00 (+1.414) 3.00 22.2
11 17.56 3.71 28.2
12 16.50 3.00 31.4
13 16.50 3.00 315

®2 ZRERFENFEDN

Table 2 Variance analysis of quadratic multivariate
equations

KIS SR HHE F1E P
Y 359.01 5 44182  <0.001"
X1 69.25 1 426.14 <0.001"
X2 286.92 1 1765.52 <0.001"
X1X2 1.21 1 7.45 <0.001"
X1? 0.60 1 3.69 0.096
X2? 1.22 1 7.51 0.029"
W7z 1.14 7
RALLTA 1.10 3 3659  0.002
aliiR 7= 0.04 4
SR 360.15 19

T8 P T [ L P 2 T e, PAOT7 Kt P188 X HE 1)
Toel SEMAE 25, FEAERR /N VE ] P4 AH A2 iR E 2 TR
AL, RG22 GEi 5 B R RN SRR,
AU HH AR S 50 A5 2 A (i BT S T FE N Tga=
31.40+2.94 X;—5.99 X,+0.55 X1X,—0.29 X;2—
0.42 X%,

RS AL S T BT AE I TE NIRRT Tgel
Bt 4~8 CE241) Bt IRk F I RHEE R K Tge
HAMEIEFETE 29~31 °'C, #R¥E Design Expert 8.0.6
Gt AR B ER TN PAOT K E A
17.16%, P188 [ FHl &} 3.51%, Tl Tgel v 29.72 C.

Sk RV R T 5 2 AH R 22 0.75%
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(£ 3), EH T RSN SLRSHW &, £
B R v 8 B R T B s W i B S
Toer PRI AH A

2.4.2  HEHRTERIAER PR Tea B4 K50
TR A FH g v v S AU R 1 % 40 - 7,51 L]
BE, DERAEM R ERMRREGITE, &
(1) Too FEIREEARILIIE S, SRIE 4. ERER
TEMER T, B Tga ETHT 6 °C, HBHE N
B FREY], R BB RE 1 AH R TE S Y IR FE
243 pHEXS T KM $2/R “2.27 TR #% 1
2, [fl 2 P188 1 P407 FH 4y 7N 17.16%F1 3.51%
il 2 iR U AL BRI, FEA HCL T BRI R
pH{EN 4. 5. 6. 7. 8. 9, PAHEEIAR[E pH E X

.~ 351
X1/%

15.74 -
1574~ 249
Tyl C

Xol%

3.51

X1/%

2.49

15.74 Xol% 17.26

B 1 P188. P407 5 T MMM EEMESLE
Fig. 1 Response surface map and contour map of P188,
P407, and Tgel
&3 PR Toa SREMRE

Table 3 Deviation of actual Tgel from model

W5 R TelC SEFR Tgel/ 'C AEX W 22 1%
1 29.72 29.6 0.75
2 29.72 29.6
3 29.72 29.5

T4 EBBAEEFEIAY Toe
Table 4 Tgel of gel in stimulated vaginal fluid

HT JRER Tl C SN BH 38 5 5 5 Tl 'C

1 29.3 35.8
2 29.4 36.0
3 29.4 36.0

HIARHEE IS Toer BIREMA, S5 Toa 737014 29.1.
29.0. 29.2. 29.0. 28.8. 29.3 °C. W%, pH fE X
RUEARHER TR T A K

244 GEIPIEN Toa FIREMR TR PERIBA
1R GGEYE, pH (ETE 3.8~4.4, TERIEFMT KZ
AL IR ER  (sexually transmitted disease, STD)
TR AR 5, I AIDS REE. WU IS
REIMAF R . PaEZ . VIR E A, RERE
MR IR NE RS, WM R, AU AT IR KRB E
pH {E7E 3.5~4.5, IPGEYT STD Jif R AR E =R,
IRAFAIE T B AEAR A Toer~ W] K4 THT 51H
TE S 1 B N ) 5 4 Ah S0 1 — B, iR
“2.27 BiT % T2, [EE P188 1 P407 H&E 77l
o 17.16%71 3.51 %] £ IR B A7 BRI, F53 70
FREUE B 220 pH E H AR 4.2 FIFLER-FLER B Zz v
TR BERR-BE RN TV AT R IR -7 i BN %
MR, BEPEREAE, WE pH {E, K gk
FHEE I W SR TE A% 40 1 7.5 LLBRG,
SN NG MR R ) Toer BEIRE LIS S,
iz 5 fis.

5 AREERAREEAERPH Toa T
Table 5 Tge of different buffer solutions in simulated

vaginal fluid
TRE SRR (BRI
L TR e T
pH {H Toell C
FLIR-FLER 4.23 29.3 36.1
i 2 -y R 1 417 29.0 37.2
IR - BN 421 29.3 68.5
245 FWRERHER AL E & T2 B ET

7K 55 mL, AIAALTTE ) P188 it 3.51 g, ¥HEIIIZ)
J&, MO P407 it 17.16 g, FHiEEE, BT 4 CIK
FAERL, e, W R . REGE S84
19, LR 0.759, FLIR4HN 0.8, KM EZ: 5 ¥k
15mL, #itdE, A 5min, EEWGEEEE, BE
WG T 2 mL T, #2258 F /K 2 100
g, WMEWE, MANBRIER A5, BT 4 C
UKFEIE R, B R RHEER -

25 WIEMHERANFREEMAR

251 BOSEL HU“2457 TNEUKFES 39, B
BLOHLH, LA 3000 r/min (#5250 15 min, BUH
M, GRS, B EI%.

252 fRIRSLEE  HGHREARHERERK 209, BT A%
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FIPERRI T, NVKFEN (4 °C), 435I T3 5. 10
REEE, BERIUFE 3 g, MAPPEIR. pH {H. Tee
ETTE MRS, HFEH& SR (0d
AT 2 T RHBE AR ity EE A, SRl 139 B 0 o
Toe, S5 RMAE 6. G5 REH], B R ERHEUR AL KR
W2 TTCE S, PR, pH . Toe ZEATT
AL -

253 EmSkE WU AR 209, B OTHZE
AP, R FRNEIRTERFE N (40 CH, o
AT 5 5. 10 REURE, B 39, THE TUKAH (4 C)
BRI, MIMIPEIR . pH B Toe 555 TH % %2
HAoRpfaett, JFEHlEHR (0d) KeEakas
BERRE A LR, RAE B BEIRNER Tea, 5%
W 7. S REW], SR OARHEERAE 40 CHRAF T
g, HAMMEAR . pH AT AR, Toa ZILECK,
Tgel ﬁiﬂ‘%% o

R6 WHHREARERIKE (4°C) LWHER

Table 6 Results of low temperature (4 C) test of Kucha
gynaecological gel

t/d pH 1 PR Tl C
0 4.23 FiEt. B 29.1
5 4.24 AiEE FEH 29.3
10 4.23 AiEE FEH 28.8

R7 ELEERKESE (40 C) XEER
Table 7 Results of high temperature (40 ‘C) sensitive gel of
Sophora Flavescens

t/d pH 1 PR Tl C
0 4.23 FIHE, LA 29.3
5 4.21 FAE G FIEY 315
10 4.23 FIHE, LA 335

26 EFRPRBRRATEMR
2.6.1 BERIEEARMIRAASE e AR
Physica MCR301 il & ¥ 45 i BHEE IR £ 20~50 CI1)
WAEZHUE R, BEN 35 mm A, 1 mm ke
WJEE, FHEHEZE 1 Clmin, FF¥ RS TR HIE £
0.1 CH, MAMREEN 1.0%, BIYIHIE A 1.0 Hz.
Bl 2 BoR T o AR ARHEE I IR B (G g
PEBLE (G") BHIREARLRISE Fihsk. BT,
G G"8 S & EFiEss, fEAL T AR E (31.0 C)
B, B GMEER K, RRARE. BREAEE
FHAR IR LR, G/R1 G ZR A, BLh deA v i R 2R
AR WRSELRLR TR, GHEKIEE mT G, B

PEAS 2 iR R R 35 CI, B AL T IR T 22,
F B O 4 5 AR

2.6.2 AL IE RO EER AR 52 K 10 mL
BRI IIN 1 mL BB B R . I
“2.6.17 T[RRI R S B BRI VS MAE 20~
50 CHIAZHASHAFE. WK 2. 3w, Fik)a
PR TRRRERT, 2R B [T U R I A i 5t
JEBEAK . G'FI G Bl E B A SR AT —5, AH
ET A 35.3 °C, MRS T ATEAR P TR IR 5
NIREE fFEBAE AR,

2.6.3 FRERIERUREEEE () B WA 4,
AT, TR, T RN R S IR
AR ACIRAS,  PUBOE & 78 138 N 38 I s
(U R I, DA 78 70 i s a0 Py B 398 58 P A80R 5
R BT E R AR AR S, BRI S B
FHE B A S IR e, A R B fE Ao P A
(1At 3 R A5 B3 5 1 BN TR0 T 25 M0 R TR

104
103
102

10t

G'IG"/Pa

100

10t

10 2 I 1 I T 1
20 25 30 35 40

Tgel C

B2 EFRERBRRREFMERELZ
Fig. 2 Curve of rheological properties of gynaecological gels

from Kucha

104 3
103 3

102 3

G'IG"IPa

10° 4

100 ] G

1 &
1071 T T T T T T 1
20 25 30 35 40 45 50

Tl C
B3 EHRERERIZMERIAERREF M RE L
Fig. 3 Change curve of rheological properties of simulated
vaginal fluid increased by Kucha gynaecological gel
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Fig. 4 Variation curve of " of gel solution before and after
dilution

LI EWMRE fa , BERAEPIIEIREE (36~37 C) %
PR AT SR B R B B 12k
3 g

KSZIG LT PAOT. P188 X kbl Tgel FISAIH,
S5 R REA R AR A AE 24 F T, P407 5 P188
) FH B R A /N B Y TR P S 0 S B PR, I RS R
THAHEZIN T PA07 &5 P188 (KA F IR IR AR 454, X fi
Wk LB K% PPO WA O, BLEEAE SR 7K M PEO
AN SERIBRRIE TR, B B T R I S AR P
Az T RORH T2 2 HERI2ST, RS /N o - S R s T
SRR HER)TE S

A A RHEE R AL 77 3% F T 2% vh I VR LR - T
R, % MR A A TR ER, T H A%
TR . A S TE T R RS R,
JREAR 5 pH RN I B8 AR 11 pH (3.5~4.5) 2,
REPRUFBEREE 2 1 pH (A B, R R
ZPMER PSR AL pH E, ZZrPIERIE R Tge
RIREIA R 2, AT IR R BR N 2 PP VR IO NASE 15
BERAERATE IR ) Tl RNRPE BT, 10 R - Tt R BN

G NTINAAELT Toa A/MERR LT, &
5 AR IS A ORI Toer FLAT S35 RSN

wR AR R 2 I R R RS, SRR R
CARHBE I AE veirile T BRI AR S IR, e Toe K
AT BRI, SRR T A I ORAE R AE R
ALERAE, IR PETE R JE A EAR AR IR A AR R, L
(IR SE A R A T b AR AL, B PRRS I R 3% 51
AL AR IR L TR, PRl AE B e £ b /R ik
ESRETHINEY DI

AR S T 7R A S A P VRN 24 (1] 5 79 A o
A, FTEBIE 2 R R, FEFIE AR P RER
R I R TT » T T RS P~ [ ARG 5 8 [ T 2k i
RGBT -

SE Rk
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