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Preparation of tea tree oil gel and its pharmacodynamic study and irritation
evaluation
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Abstract: Objective To study the prescription and preparation technology of tea tree oil gel, and evaluate its anti-inflammatory
efficacy, antibacterial effect and the irritation. Methods The tea tree oil gel was prepared using the carbomer-940 as gel matrix,
Cremophor RH-40 and 1,2-propylene glycol as solvents. The appearance characters, pH value, viscosity, moisture retention, drug
content, and the stability were observed. The anti-inflammatory efficacy, the antibacterial effect and the irritation of tea tree oil gel were
evaluated. Results The prescription of tea tree oil gel was selected as following tea tree oil (1.0%), Cremophor RH-40 (5.0%),
1,2-propylene glycol (5.0%), Carbomer-940 (0.6%), glycerol (8.0%), with distilled water 100 g, adjusting pH to 5.0 by triethanolamine.
The gel exhibited transparent, well uniformity, appropriate viscosity and fine coating expansion performance, with pH value of 5.52 +
0.03, viscosity at (48 782 + 25) mPa-s, the moisture retaining rate of (93.32 =+ 0.38)% for 24 h test, containing tea tree oil of (9.55 +
0.10) mg/g. The inhibition rate of tea tree oil gel on the mouse auricle swelling was 46.15%, which was significantly different as
compared to the negative control group (P < 0.01). The diameters of inhibition zone of the gel against Staphylococcus aureus,
Escherichia coli, and Pseudomonas aeruginosa respectively was (15.50 = 0.96), (15.25 £ 2.36), and (15.75 £ 1.91) mm. The half
hemolysis rate (LCso) and the hemoglobin degeneration index (DI) respectively were 456 157 mg/L and 157.98%. The tea tree oil gel

had no eye irritation in rabbits based on the value of LCs0/DI 2 887.44. Fourteen consecutive’days administration indicated that the tea
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tree oil gel had no skin irritation in rabbits. The illumination score of irritative reaction to the rabbit skin was 0.125 after a single

administration, while that was 0.036 after successive administration experiment. The results of high speed centrifugalization cold-

resistance and heat-resistance tests showed that the preparation exhibited good stability, which needed to be kept tightly in a cool place

and protected from light. Conclusion The formulation design was reasonable, while the preparation technology was simple,

corresponding to the main index of the gel for topical application, with good anti-inflammatory efficacy, antibacterial effect and safety,

which offered the basis for further research and development of tea tree oil.

Key words: tea tree oil gel; quality evaluation; anti-inflammatory efficacy; antibacterial effect; hemolysis test; skin irritation; stability
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(Cremophor EL-35, CEL, #t*5 50526668E0). 15-
PILTFRER S £ —EEE (Solutol HS-15, SHS, {it
5 54960875L0), fE[E BASF ~#]; FIHAAE, Ak
#i R TR, #5 20120428; R A-940,
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20161007) SALEA (HHt5 20170723) &5 kA
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Table 1 Screening results of tea tree oil gel matrix

BM FEY% SR B A WU 5 gt AR FRE Rt REME SEs
(TR E)i% 40.0 5 2 3 7 8 8 4 7 6 7 57
i) 33 7 4 3 6 8 8 5 7 6 6 60
FP-940 0.5 9 8 8 9 9 9 9 9 8 9 87
AN 6.0 6 7 3 6 8 8 8 8 8 8 70
CMC-Na 2.0 9 8 8 8 9 9 7 8 9 9 84
REA4ER 2.0 9 7 8 9 9 8 7 8 9 9 83
HPMC 5.0 9 6 8 8 9 9 8 7 6 8 78
BEMIR 3.0 4 5 3 8 7 7 7 6 6 8 61
TR 5.0 4 6 3 8 5 6 6 6 6 8 58
F2 FHEE-940 RESBHTHIEER
Table 2 Concentration screening results of carbopol-940
R 1-940/% LADIERTS FE BHE AR W RETE FiE /(mPa-s)
0.3 BEEH. BFRRE. LPRIUE B $1%5) S B, Pk E 48 820
0.5 BEEH. GFeR. LPkItE &P ¥1%5) i B, P E 48 842
0.8 BEEH. GFRR. LPhItE &P $1%5) i B, Pk E 48 865
1.0 FHEW. GE. METE BE B E4SE R, BaeE 48 890
12 FFEH L TGEE ABRLITE REH  Ame 43 B A LU R 48 935
1.5 FFEH L TGEE ABRLITE REH  Ame 43 B A LU R 48 930
223 WHAIRRRIBE  RECRIEI-940 ¥y K 0.6 AEBH.
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R EIPRIBER . 2R FE R AN K, F 5 il 751 A1 W0
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5 CEL RE GV, P&t iEiEm . 525
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BLF 1940 ¥ K 0.6 g, IINH I 8.0 g J@E, N
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Table 3 Screening results of solvent type
CRH/g SHS/g CEL/g 12-N"F/g Hid/g VADIMERIN TRIBE/ %  FRRE S H (mgg ™)
5.0 — — 5.0 — FEEW . B9 93.18 9.58
5.0 — — — 5.0 wHE. TiEH 92.78 9.41
5.0 5.0 — — — FEEW . B9 93.27 9.46
— 5.0 — 5.0 — ME. HiEH 91.43 9.62
— 5.0 — — 5.0 A, FHIEA 92.91 9.35
— 5.0 5.0 — — EEEW . B 91.59 9.72
— — 5.0 5.0 — wEL ANER 93.04 9.62
— — 5.0 — 5.0 wH. NEH 92.77 9.71

A4 20171015, 20171016+ 20171017) & &, 43|
e pH A, 45 BISMIhER pH 59514 5.504
5.52. 5.55, RSD N 0.46%, & KkREs oA il
FUXT pH {E IR
2.4.3 FERNE B3 M-S SRR (it
234 20171015, 20171016+ 20171017) &E&, *K
F NDJ-8S Jief A 3 T Hl e =3 F 25+ 1D°C
BERGAIE R (4 58T, HdEN 12 /min), 253
3HETA HBE R O3 73l 48 756,48 785.48 806
mPas, RSD 4 0.05%.
2.4.4 HERME B3 AT ZERTMER (it
S50 20171015, 20171016 20171017) &,
FEMETREECRENENRE (ny), ¥R
BB S 21 i A T8 A b, BB i E T
Fim (2511 C. MXTREA (43.16£0.39) %M
TER . TEREE TR, & 24 h JEHCHE AR,
KPR ECE 24 h EIFERE (mo, RIELAR
THEFERRER (RBEER=mdmo), 45H 3 HLAW
MERZTNE 24 h FERRIEZES NN 92.99%.
93.24%- 93.73%, RSD 4 0.40%, 3 HIAHE e
TRt RIF, ARTAE R iR,
245 AYEERNE 250k SEFRICGER 0.6+
0.8. 1.0, 1.2, 1.5 mg, BT 10 mL &I+, HE
BRI e R 2% %, H143 60, 80, 100, 120, 150
pg/mL F A 5T 2R T IR b e FR R VA, DA A
THSE, THAK 264.5 nm MERIEE (4). 435
DL A {E NP ALRR, ZoW il FRBA R &R E (O
REAEBREAT Stk [, 73 2 T s vf 26 5 2
A=0.005 C—0.000 5, r=0.999 6.

I HIEL 3 NS BB (S o
20171015, 20171016+ 20171017), 43 ks 2 FREL
0.10 g, HEHEMIFERZE 10 mL &I+, HIER

RO . LB H, T 264.5 nm Wll5E
BRI 4, ARNFRAE 2R TSR T 1R R
B SER 3 LS FER B R Hh AR 1
B HN 9.44. 9.62. 9.59 mg/g, RSD N 1.0%.
2.5 FRERER IR INBEMN

251 ZHORIRBUNRE BRI SLES kR E R R
BRI 75 K, RERER-E, BENLO N 3 4, A
25 Ho XTRRA N8 R /MRS TABEEE7K 0.2 mL; FH
PEXTIRAH S T R E L E, G RENT R/
B 0.2 g5 HHRZLS T2 MI BRI, 4425758 N
HUNER 0.2 go SERRSE 1R, 70 alga s R/ A B
A5 S ST iR A L2, BS54 7 d, R
YEE 1K, T 6 Rt 452 fant /N RAE Bt .
T4 7 RERREZS 30 min JaRBERTHNRA
B, T4 EE N5 AN A1 iR — H 2K 50 uL,
FEHAE N H B B9 40 min J5 S0ARE B FT AR FE /)N
B, /N E B ST N2, 2l T A HAE HAl
105, 6 mm $T LA T XSS FREALE R B A
FRE R, OREdE, 2o iR 2 (E 4 S
MREE, 4 Aot B/ BB BR A Ak 2 [ ELJER i ik
128 = 0 REZEL P 35 I K B — 45 24 41~ 35 e G 5 )/
Xof 2L T 25 b i D o

252 GiEACE AR SRS PASW
Statistics 18.0 Ab¥H — FI 2K By S0/ B - 56 i JH 41 i)
2, HAME ¢ K, SR WNE 4. W, PHM R
EH 15 235 R ek s 2 ZEL K /) B B e K A o4 2 43 )
4231%5 46.15%, HE5XMAMILEREE (P<
0.01). 255K, ZRpilBE RN — F 287 S/ R
LR A B A EE, B —2 iR DAL
2.6 FREHERITEBRITEN

2.6.1 FiFRIEMHIE  WRHCE FRIE 33 ¢ WRET
1000 mL @2k, HidEs), I B 23k
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R4 FRUMERX ZBRERFEUNREERMEKEIFME (X L5, n=25)
Table 4 Influence of tea tree oil gel on mouse auricle swelling induced by xylene (X %5, n = 25)
il EHHER-FEEmg AHHFFYRE/mg  HECSFE K /mg FLER A 1) 22 /%
Xt HEE 6.610.9 92£13 2.6£0.7 —
REPTEETTH 6.4£0.5 7.9+1.0 1.5£0.9" 4231
R B 6.6E1.1 8.0£1.2 1.4+03™ 46.15

xRt “P<0.01, £5H

**P <0.01 vs control group, same as table 5

SEATIAE, T 121 C s K 30 min, I
BRZE 70 CHY, 3% KWK FEILF, %4,
2,62 WAEN SRl EEE AR EERE. K
FF B8 5 SRR AT B B0 B8 Bl 300 uL, IO ABEESIRE
FINRE T 1/4~1/3 EFRRiHBIAEEFRE, 37 C
TEALREFE 8 h, IR R 58 VS AR NVE M, R
R AP CiE AL

2,63 BWRAR OISR ERGE R, HL
B AR B R 7KK TR A TR A I FRRE 2R 104 100+ 1000,
10 000~ 100 000 fi%, MMEREFRILA, BINEFRRAG
DM TR, FRBEE g, (B40°FAR, 37 CH5F% 24 he
KR AR 0, W &P B IR B R A
5X103~5X10° cfu/mL, #H.

2.6.4 FEERESLLS  RAFLAE, L 0.3%A5 BP
TRTRAE BT B, 25 PR A xR L
AP R AR 9 it a2 o A 2 S B 45 0 €00 8] A BR TR
KW B 5 2% AT B A B T 29 300 L, hn3ie
TR, G B E RN B R 774 15~20
mL, BRI F IR RIS o0 A, R Fedk il
HIEEE f5, 7ERFFRIL FAEPEEAT AL, FEMAnid
S3AIIN 50 L (5% HE L BE X S 2 e 28 s it
WAFES, BRRIRA, F 15, BHFR, &
T 37 CHENERG AT E TR, 24 h FWELER,
MEMEEBERRAD, BE 4R, BEPE, W
R Seoe 4 R AR 5. HTR P SR e A R P
HAKT 20mm, WH; 15~20mm, &G 10~15
mm, 8 7~9 mm, (K8 HT 7 mm, AEHUK.

Statistics 18.0 AT HII B Bl S0 25 3L, A [AIME ¢ AR50,
SERUNER 5 e PHPEXS REZH 6 438 (] A Bk
KA B 5 2R AT B B4 B Bl B4R 20 o (19.75+
0.96). (20.00+1.41). (19.50+1.00) mm, ZHi
BE LT 3 e ) 40 B B ELAS 2 n o (15,50 £
0.96). (1525+2.36). (15.75+1.91) mm, H 5%}
AL, BAg¥E L (P<0.01). %M
P36 ) S A, R i g PR ot 4 o T A BR 1
KT 5 SR AT w1 35 B B R I E R, R
BA R AL

2.7 FRHERR AV M 0L

271 ZLANMOVRBERH] A HL10~20 mL 5K
PR, BEFSAEPEE R M 15 min, BRELF4EE
FIBR S e £ 4T A B It i, o N A= B R /K AR e
BFEOEY, TEET 3000 /min .0 15 min,
bR LG, 4k A B ER KPR 2~3 I, 3 000
r/min &0 15 min, B2 FERERE LO, KT
o ARG 2.0 mL 2040, FA R SRR MR I o
4100 mL, AL 2% M AR B, BT UK
4 CRAE, &H.

272 HIMMRPME B8 ANTIFBEIRE,
Ty 1~5 SERZMIMERZAAH, 6 TE AR
ERAMERNIPER IR, 7 58 DLZR IR AKAE A e 4 I
SR, 8 S LL 100 mg/L + kAR ERSN (SDS)
TEVRAE N BT R o 2 il R X 2T 240 P VR B 1.0 mL
T 1~8 SHIAEF, K6, T 1~55EH
KNI FAFR I Z P e, AR K ER S

2.6.5 Sl FAIE KGR CRHSUTHEHAT PASW 4.0 mL, Y221, 15 R5HREE I FR B 523800
x5 FRUMERX 3 MENIEBNESER (X ts,n=49)
Table 5 Inhibition zone results of tea tree oil gel against three species of bacteria (X £s,n=4)
5 04 Pl B4R K/ mm
B T A R KIHT v ZRMAT T
xR 6.50£0.08 (REUED 6.45+0.09 (AEUE 6.55+0.08 (AEUE
BH 4 0f H 19.75+0.96™ (RO 20.00+1.417 (EHO 19.50+1.00™ (FHHO

FEB T 15.50+0.96" (&4E0

15.25+2.36™ (=D 15.75+1.91" G=EO
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Table 6 Sample addition of tea tree oil gel in hemolysis test

RE 4IRS AERIEE &M SDSHE
FY  Bf/mL  E/mL  K/mL KmL {B/mL
1 1.0 0.9 2.1 - -

2 1.0 1.5 1.5 - -

3 1.0 2.4 0.6 - —

4 1.0 2.7 0.3 - —

5 1.0 3.0 — — —

6 1.0 - 3.0 - —

7 1.0 - - 3.0 -

8 1.0 - - - 3.0

T 6~8 SEH RN 3.0 mL AHERK. ZRIEK
5 SDS W, BERRA. B 1~-8 5EET 37+
0.5) CHIE/KIEFIFE 30 min, HUHLIL RN, £
3000 r/min &0 15 min, WHC &R, PAAEREERK
RNEEAXR, 25T 540, 560 575 nm A AR
R AME, FAZRYBE 3 APATRE, BCFME.
1 560 nm B, AR 2 TR 5 R 1 ¥ I 6

[HR, HR=(SZiAFE 4 Aseo— BHIPEXT IR ZH As60)/(4
AT HREH Aseo— FAMEXTHEZH Aseo) 1, AASHR Vi 45k

S ARPE S BRI T (C) NBEALKR, HR AL
PR EZEE, SR HR=7X10° C+
18.069, r=0.999 2, 3§ HR=350%M}, fCNFIMLHK
[ TR, T EAR AR i BOA IR (LCso)
N 456 157 mg/L.

273  MAEEMERREBEINE DA 2
WA EIREE (O AREANR, A AR,
EEZLRIAAFE. 4K 540 nm B, 15 Asi0=2X
107 C+0.246, r=0.999 5; MK 575 nm B, 1§
As;5=8X107° C+0.255, r=0.999 2. 43 K5 Zehf i
B 32 R FE B LCso, BV 456 157 mg/L, AN _Eik
BRI GFE, HHEE Aswo. Asis 73RN 0.337,
0.291. 3 AT 78 A A M IR 2 Z8 1K . 24 v
FE B2 AR i LR B X IR 4 SDS ¥ 0 B TE TR
(1) As7s/Asao (B, RG2S 2B AT H o % e 11 1 41 2%
HARMEF %L [DI, DI=(Ri—R.)/(Ri—R3), :H R
N 56 A I IR R AH ZE T K O ISR As7s/Asao
B, Ro 945 #4F i 8 Jie 52 X FE i 35 0 B
As7s/Asao {H, Rs NBHPEXT IR SDS ¥k &5 0 EiE ]
F) As7s/Asao [E 19 157.98% o HR 45 2S04 I B YT LCso

5 DI, 5 LCso/DI (L/D) A 2 887.44, &MEEK 7
A LT 4 MO 3 1L S 56 PR o) s v 45 S b i, BT
L/D>100, 3 BH 5B 7158 5 J0 FIR ) 5 1k

* 7 KEML AR M STLE AR 2 RARIHE
Table 7 Grading standard of ocular irritation of rabbit

blood cells in hemolysis test

L/D Vi Lt
L/D>100 To R
10<L/D<100 ORI
1<L/D<10 B2 FE R
0.1<L/D<1 FHRE
L/D<0.1 HE

2.8 FRHERAR AY 2R S B AR AR A M S 06

2.8.1 SMER AR PR R 8 N,
MEHESS 2K, T SEIG T 24 bR S T SOE O R JEk
e, BEJEEL. 452 3 cmX3 em, @R/KIFHYE,
BT Rk, SR X3 TC LB Kb LA R A 45«
F AT TR 70 M S50 [X 7 Jok 1) 50 R TR 25 0 vl ot
i, BEFHIE 0.5 gke, HJZHBREAHE 5L
TE R AT 0 LA €, o — 0 R A D B B R
KB, — BRI N 4h. 52540 )5,
KGR EZ R, TEREREZ WG 1.
24, 48, 72 h MEZHAC TR IR 4h 25 EBA7A TC LB
K P A5 B R NG, %3 8 AT K2 IR U B 1
G5 VB ZR GTAAN WEE 8] p R s B s AR 4
o o3 T 5 G J U S I~ 38R o CRIB
REPIFR5r = AL BERK IR 53 152 3D, 1R
5 24, 48, 72 h By =AM, 1538 9 HIE R
R 7 5 P o K B L M R R RO S, 25 R LR
10, FHER 10 T, ZEMEHBERS S 3L 25 1 F S 0] Bk
K J I B I N T 38 R 43 1 B Al o R
0.125. 0.250, JZJKHFNHAR5339<0.5, 9K WAH &
LBERIAEE R, oK. FRIM. B R
O RVUE 5 R KRR R, 32 BRI BRI K
To S R JER SR

2.8.2 ZIRWBRANBEESLLE ERERER A8 N,
MERE R, SCIO T 24 h W 5 G H0OE A 00 B JER it
B, BEEEL. %% 3 cmX3 cm, RKFH,
BT Rk, SR XA TC AL B Kb LA B A 45«
IR T B A e A6 X Rk 250 50 U A A% 4 e
B, BEHFIEAN 0.5 g/kg, A5G R MBS
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Table 8 Grading standard of skin irritation reaction
BRI N B PR o
N5 RTS8
ToIK 0 AR 0
BAuK Coise] 1D 1 LEX D EARZ G VL TIAN) 1
BEREK M R JPRBE RS B TS 28 2 B AL 5E 2
KB CRBRIEEE 2 1 mm) 3 Hh - AL 3
HEEKM R 1 mm, YO 4 TR LB (L) RRMAERIYR 4
R 8
R KBRIBGRE SR B i I AR E AT I A 5, 53— B RRAE D
Table 9 Intensity classification of skin irritation HEX R, AR, FFREZH 1R, EEY
Bt s 25 14d, WAL 2 FIFM, FEKIEHRILEZ i
[0.0,0.5) TCR B Y, 1h JaWEIFCxkas R, %K 8 AT BIRRIFEUR
[0.5,2.0) P i FEPFE I3, TS G T AN I 18] S RS B AR 7
[2.0,6.0) PRl N AR RS YIRIER N KR ) [
[6.0~8.0] SRR KA R = T LRI AR 73 /(14 X 52

R0 FRUHERX KRB DR KRS ER (n=3)

Table 10 Grading results of tea tree oil gel for acute skin irritation in rabbits (n = 8)

RS A ARy

B ST IR 53

2H 53 BI%L SR 4 2]
lh 24h 48h  72h 1h 24 h 48 h 72 h
ZM T 8 0 1 1 0 0.000 0.125 0.125 0.000 TR
25 [ 5%} 8 0 2 0 0 0.000 0.250 0.000 0.000 TR

WEE) ], RIER 9 Hw XK H B R, V7
W 20 Jeh B PR 0T 5K 22 IR R IR AR B, 5 SR AL
LA AT, FoRE IR M H S B SO R R A
B R 00 4 R B 30 A 00 R 3 AR 4y 4y il
0.036. 0.027, FZRFIEF>4<0.5, RREHZ
TR X7 A8 A DL B 4T BE R BT B, ek 7
My B B RO R IR SRR R, %
Y 25 e Tt 8 RN 2K B T 22 10 B SRR

29 FERHERMREMER

2.9.1 EIEECOSEKE B3 HEARmEER (kS o
A4 20171015, 20171016+ 20171017) & &, 45|
BT 0T, 10000 r/min 2540 30 min, MR

=1

THEER AR . A TC K o B AR e ARk . &5
3 AR AR A S E O S, AN S IE
KIS, R RLE, RWAE 2. Fl
AR UUUE L AOHK 7> AR E IR, R 7R
TR 48 il B0 JE AR08

2.9.2  SEHRLG U3 AR (S )
A 20171015, 20171016+ 20171017) i&E&, WET
TR, T (4 50015000 Ix 5RGIE LM N R
SENES 24 ho HUH EREEAUMEIR . pHAE . REEE.
R RBRSZYE B BE . 45 R
HER SIS B2 R, APUAETEIE, 13
S, IR E, T E. R . B

FREH BRI IR R LR B RRIA M ST EER (n=38)

Table 11 Grading results of tea tree oil gel for multiple skin irritation in rabbits (n = 8)

AN [FDUL N 18] A PR S B AR 73

TR AR e

20 5 151 %5 I
1d 2d 3d 4d 5d 6d 7d 8d 9d 10d 11d 12d 13d 14d &NEFHES EoR
s 8 2 2 0 0 0 0 0 O 0 0 0 0 0 0 0.036 Te R
7= % R g8 2 1 0 0 0 0 0 0 0 O 0 0 0 0 0.027 Te R
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PR ZK 73 B I G s 3 AN LS 20 B A pHL B 43731
N 5.45. 5.35. 5.47; FEEAY AN 48 806+ 48 779,
48 815 mPa's; TRIBFE 7N 92.73%. 93.53%.
92.15%; 435l & Zchhil 8.47. 8.15. 7.92 mg/g, RSD
N 3.4%, PiMNE A P IEAK, 2R BH R B I
FEI A7

293 FERLE  H 3 AR (S
20171015, 20171016+ 20171017) i&&, +-5 C
UKFEHTHCE 24 h, BUHERE R R, WM
R pHE B WRENE. (RERS WS EMNE
AEIL . 5 RIRI B MK 2 IR 55 T
W25, SMUAETEEY], BI59, IRENER
U, )2 ZH R 2R DL IR L
3 M S A REEES pH (B 7371l 9 5.34. 5.41. 5.48;
BN 48 823, 48 766+ 48 757 mPa-s; {RiEZH
SN 93.24%. 92.99%- 91.30%; 43 A
9.13. 9.32. 9.25mg/g, RSD AN 1.0%, LM
R SEVERE ALY, FrafaE MK

2.9.4 ffHGREE B3 AR (SN
20171015, 20171016+ 20171017) i&#&, T 40 C
MAATIICE 24 h, BUHEIRE 2R, WEIMUTHE
R pHAE. B, IREME. RHER 545 BNAE
L. SRR ME IR E R ERE, T4
TEA TR, HoAhtebs 550 R o B2 R
SEATEE R, WA, R WE, T2
FEL AR LSRR LG 3 ML S Ao e
JBE pH .23 51 5.50.5.46.5.43; ZHEE 23 51l 48 749,
48 796 48 828 mPa-s; TRIEZHE AN 92.69%-
92.27%- 90.74%; FHIH =S AN 8.22 8.06,
7.85 mg/g, RSD N 2.3%, FIHIHMELNE T
P AR AT o

3 Wig

3.0 ZERREERS ROED 75 ik

3.0 EURIERIERE  EERIETUERE Y, HER
L oofsn, BRAA R BRI 22, P IR
AFFERIER WEW IR 7 R A A GEIR 4T
MRS, FEAR SR, TRCE — B A S s B
I3 E e RUEUE-940 A4k R 3G 1R I I PR IR
MIPEHIRE, B, 5900, FRELE T, iR
JEYE R, HrRii-940 L 5E 0 B . RURH-
940 NHEMEM A, BARGREREEAERE,
AETK. Bl R, BARMREEIRE W
FHYFERTEH 52%~68%MRIEFER], AT

BT R, 2 B R, AR B K
M pH HAE 6~12 WA HCREEE, MK
VG IE IR P22 R -940 BERTC T TEH
Bk, sy, B KSR R AL (R
R, TR, TKEE, 5RFERE SR
I, BA Rt S5keEt:, R EA RIFM
FiatE. WM. FUtE. BhEMERSETE, AR
NEEDFEI A, AEKZGWAE B SRR T (1 3 B ()
PemZim, T IEEIZA R, STz
FH TR0 000, A g R ) % Hh g i P 110 2 i (24231,
PRI, AR SIS 3R Uk U-940 VR BER LT
3.1.2 EUREFTHEMNE  1.0% RIEHE-940 7K
Oy BT B R T A, TR, AR T
Ji (1) 80 0 BE AN I) S P K o3 B0 1) 5 = o B
0.1%~3.0%2027, & 2 /40, HRP-940 i &
IYBE 1.0%0L B, SRR LRI H R, g =,
By BUERI e, A HAMS, AR TER K S
J& s 4R UEAR-940 BTE 7 ECN 0.3%I, FiAH RV,
AR T M Rk s MRS E 0.5%~0.8%
B, ROVERCLE, AMVETEIEW, CRURIDOE,
Fotse, PSS 4aE, FAELE T, H 2 TIRAm,
5 G BRI R P A Joit B oK
3.1.3 APPSR G SR R SR i
MRS HERR, EARKPILPAGE, 7 FHEMA—
JE B[RS LR, ISR, [RI
R R AR AN DI CRI 2B A o 80 FH 3R T 4 771
W, n LARD B R R A HLIE R, i
AL 51 S e e 1 5 22 4 1 i) 8], CRH /&
— PR AR, FEAKRIEE KSR PR E
REAST RN 5 G R IV 14 1 2 #E 7K R R T B
FOEEW, DMREZAEMPIRE, BASEZY)
MR Y, ARSREG R A CRH RG], AL
BV, AN, TR S VA S Re
DUT R LLBIRRE, Bk, SRR,
s e AR CRH, TR 5 1,2-70 1%,
TREIIS), HIA3 P IE I W I e Tl 1 T R

A5 %% CEL. CRH. SHS. 1,2-1H
P RIS R e I G VA RO RE e . 4
F CRH 5 1,2-75 —F#. CRH 5 SHS. SHS 5 CEL
TERE BRI, ZMHARCREE,  FrE Rt
WAV I B . 5140, B & R
FF&rilfI SR . {H CRH 55 SHS. SHS 5 CEL /£ 4
BTN, PSS B B R, 5 JER J2% s
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Ay, S3E&E-FRmEMER SHS. CEL AHEk, 1,2-
N BB A, & —Fh R 038 R A g ) 2021,
Ref I eI s &) . PR, & CRH 5 1,2-
N AN R A
3.2 FRHREAT AV R ThE

TR TSN BRI S DAJR R R AL
B KMORHE R SR SOE SIS, O H RTVR
W 2B 5 Tt R 7B ARSEEG R — H
ZRAF5 T /0N BB P K AT R S, AT T R i
JRRt 28 RE I ERIE R, FES B R Z A SE B A
PR, SR, RZPERIEE A S %
R R A E D A N E N L 1l e 7
42.31%%5 46.15%, H5MEN AL, BA%50
RS (P<0.01), BUZSH &R — F oK% S 10
ANRE BRI IKE B RAEER, B g reiR Y
R AR B PR -
33 FERURSERAHIERR

IR E—E pH [EMEEZM T, TLAMEE IR
BT EAEK, 18~20 h BIREAEFHR_EK H HR
UL EVE . B, BT R, HEEAJR
O RAE R AR I BIR R 7R B B & B4 B
AR R, 2 Bl 7R AN, SEEREF
—EME G, RARIFEET BUER, Eilzh
Y0 L P RT3 B9 T T A1) 4 o R B R A AR
T TR Jsads B A T P, AR 0 490 6T L 0 A e AR A
AT T A N AR 15 B R T e DL R A B 1
RERIRAN, HhFLIRVERER B, e, K18
)4 BT P B v EE MR LE, AR ik B R,
ARSI UL 0.3% A BP i/ ARSI, 2% (1 kk
JRHEJTAE P X IR, Ze i A o ik, o5
SR B (A TR AR . 25 SRR, R
X4 v O BRI R AT B S R AT BT P 40 1
HESHN (15.504£0.96), (15.25+2.36). (15.75+
1.91) mm, SEAMEXRAMIL, BE8H%E X
(P<0.01), FEIZFM AR BA R IFHHE L.
3.4 FRHERTAYA ML

W FH BRSO VAN 7 v 32 A HR ) S
VIR B SRR SR 2 IR IR SR A, AR
1M H AT CEE AR B S g sh iR sh & AT77%, KR
Wi 78 B SIS AT 2 A VPN B H TR E
CLEENT [ 214 M I S50 U7 V25, 38 52 R o0 f.
T = LR A P DT A 20 400 P 345 1 - 2R e o
DAY LA F (5 55 R VP FORER M, B 7 e B3],

CLAN YA S50 25 B 5 IR RS st s R A A R
UFAE SR, DRI, ARHIE 78R FH 20 40 s 1 SE 56 7
AR A IR S

B I A2 AR i+ AR HE K S A An R
BRI  101B), HRKB RS 30 min,
i3 szl FE B K, SEURMNA TS, R
1B JE B OAE, FrfS LiEBvErR, 20 A i
(e, MELAISIE M Y (Rt 32 okt
mn AR ER KD 5 4 A B VR B AR AR L K
301, AHEKERE 4.0 mL, MRS
RS2 AR E, RS MR BR N, &
3000 r/min &0 15 min, AIfS IEWR, 2050 540,
560 575 nm PN 4 1, R HURLE S5 R 7%
FEP IR S R L VR, E 5~6 MINAE,
88 55 21 20 PR VR B T S S () L2 A 50% R 3
oA, LARIERES B BCAHERT) LCsoo ARIEHHY
LR LCso 5 DI 15 L/D=2 887.44, HT L/D>
100, 3% BF 0 vl 5 s TG HR o) 5
3.5 FRHERS Y B B RIE M

FERRNEESEES, & da R FH Eh W S 5s 1) Tk
PPN SRR o AR B RN R, BdE 2 B
JER SRS AR 22 B SRR, K S AR oot — UG
B N BRI ECT g RO s Bk b, g
BN R R4 i 52 AR o JS B A 1 SR S T
PEREAR, AT 2540 % N AR Bk 11 22 4 1 2 AR Ak
PR T AR BRI B T Bk b, mT DU S
B2 2, DR AR I 9 R FH 5K S e Bz R
55 2 R A SR, W A Ik TR 3 SRR T
SIS R, ARG R R A 7 s o A TC
W AT I LA 5, B 1 By i v G s i ek, K
FH 38 PRS2, 25 S FEAIE T 3oMT e 1) 22 2 e
TER 2 IR IR S A, USRI [a] M o B
JE LA A W58 31 ] 300 BN ] 1R E Al R, —
AN 14 d.

TE A B IR S B0 H, — IR 24 Ja 2 T
15 Jiz W 5% B2 TR 11 300 0 B s o AR o S B4R
0.125, ELLR 25 14 d WMELHPY, W iH B8 e X 58 fe
B JER ()4 Rk R S il S~ S8R 93 4 0,036, K
JR S o FE AR 43 381 <<0.5, ARt HB 32 X R ikt &
DB B AT BEAEEITE B, oK L. B Bt
I DL R A R UTAE 5 B SRR S, 3% B 3 A et g
JiE— IR 4R 23 B 22 IR 5 24 I o 5% G R R TE I, R
B — D5 T R A HHT 7R 2 B A
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