- 3614 - ¢8 B 2022568 $£53% B12H  Chinese Traditional and Herbal Drugs 2022 June Vol. 53 No. 12

- HRHEHLE -
K KETZ RS FRIRHIH) & FREIFMN R EX HaCaT AREIEEMIFE AR

MR, SR A, IR, R, Fiams, x| &, & et
KEFELGRALFEE, TR KE 130117

 E: BW  HISKKE R (silymarin liposomes, SM-L) FH#HT & iFHr, % SM-L Xt Ak A4k F )5 T a4 i
(human immortal keratinocyte line, HaCaT) FEFMIFEHIFM . F35%5 KA OEFENEH44 SM-L, PLEIFRM ¢ A%
4845, Box-Behnken M7 i iS40 SM-L Ab s filil e T2, IE%F SM-L @47 PP4h: RAMEME (MTT) %%
% SM-L %t HaCaT 4003858 (I 52m, iRk IR S26 2% %2 SM-L X} HaCaT ZRMl/K TR BE S Isom, L3R B s i ez 3t DA
TR AR % HaCaT AU SM-L MHRIUE M. 4R MRALH) SM-L il T2 R GiRE . /K &8 2200 I [ 7 00 o & L
N20:7.94 1621, ToKZEERKFKERAELSEIN 1 10, SM-L SBE RN (85.44+0.87) %, “Fikife N (133.80+2.13) nm,
Z BRSO 0.13420.020, ¢ AN (-14.14£03) mV, REMRL, 36 h KIKEEHRA (14.5816.37) %, KK HE
N (65.8014.04) Y%, 4HMESZIGE B — 8 BV VG B SM-L (T HaCaT 485, SM-L AHEL/K KB % HaCaT 4
M AKCFERR M E A A B3R E, JH SM-L g8 H 23R HaCaT X /K CEI R I, 45 Hl%FTRM SM-L Hi
B¥—, MEERE, BHIEREE, 3FH AT DUEYE HaCaT 40N S AN /K K81 210, AR AR EIER.

XHEIR: KCWHEIE; RRMMR RN UM AUAERE ZERENIE

FESES: R283.6 XEkFRERE: A NXERS: 0253 -2670(2022)12 - 3614 - 11

DOI: 10.7501/j.issn.0253-2670.2022.12.006

Preparation and quality evaluation of silymarin liposomes and their effects on
proliferation and uptake of HaCaT cells
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School of Pharmacy, Changchun University of Chinese Medicine, Changchun 130117, China

Abstract: Objective Silymarin liposomes (SM-L) were prepared and evaluated to investigate its effect on the uptake and migration
of HaCaT cells. Methods SM-L was prepared by ethanol injection method. Taking the entrapment efficiency and { potential as the
indexes, the Box-Behnken response surface design was used to optimize the best formulation and process of SM-L, and the quality of
SM-L was evaluated; MTT method was used to investigate the effect of SM-L on the proliferation of HaCaT cells, cell scratch test was
used to investigate the effect of SM-L on the horizontal migration ability of HaCaT cells, confocal microscope and flow cytometry
were used to investigate the uptake of SM-L by HaCaT cells. Results The best preparation process of SM-L was as follows: the mass
ratio of soybean phospholipid, silymarin (SM-L) and cholesterol was 20:7.94:6.21, and the optimum ratio of organic phase and aqueous
phase was 1:10. The entrapment efficiency of SM-L was (85.44 + 0.87)%, the particle size was (133.80 £ 2.13) nm, the polydispersity
index was 0.134 + 0.020, the  potential was (—14.1 + 0.3) mV, the skin transdermal rate was (14.58 + 6.37)%, and skin retention rate
was (65.80 £ 4.04)% within 36 h, and SM-L had good stability. Cell experiments showed that SM-L in a certain concentration range
could promote the proliferation of HaCaT cells. Compared with silymarin, SM-L could significantly improve the horizontal migration
of HaCaT cells, and SM-L could effectively improve the uptake of silymarin by HaCaT cells. Conclusion The prepared SM-L has

uniform particle size, good stability and transdermal performance, can promote HaCaT cell proliferation and silymarin uptake, and has
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a good role in cuticle repair.
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7K %A 2R Csilymarin) SEH2EH 58K 6 JE 18
YK K& Silybum marianum (L.) Gaertn. T-§F -1
RIRFEIAARNE R A EY), 7K CE 2K CEZR
FEREVERSY, & 60%~T70%U21, KK ET R TA L
PR, BARICY, dum. sary . Wiis.
PO 2 A BRAE DY, MK s 2 AR RS
S IVER MAGRTZ k. HZK CEj R K
BRI 2, HAMSIENEA S, THIR
il 7K RETR N . IR R AR
Mzt gae 71, Haehs A 257 E M) &
PEU-81, 5 B T A RV 2 401 e P ) 0100, 7K %
i) Z il % N PR B4R (silymarin liposomes, SM-L) A
DA B 472 e 7K R i 2 i L AN AR R 0121,
JI o3 A B 2 R 1 T DA 7K R Bl B R R AR o

N 7K A AL A R TE 40 S Chuman immortal
keratinocyte line, HaCaT) B 5 # i 2 il 4t i 731k
FEUEARAL ARV PR e SR i, AIVE NI T &2
FeRA18 S E AL 4E 13, BL HaCaT ZHiff Jy S
X, T HEFT SM-L M B BAE A EEE .
ASEIG K R N4 SM-L, PLVEESRAN ¢ HAL
J9¥EFR, Box-Behnken Wi Bi[H B itk AL SM-L 1)
AbJ7 A8 T E AF SM-L F¥ki4% . ¢ AL, DSC
SR SN R P Re e AT vRAY s I AR e .
HERIR A B SIS 3025 5% SM-L X HaCaT 4L )
S0, AEW] SM-L Aefie it HaCaT 4H 3 55 A4 A,
IHEA R ERMEEIER, NEM SM-L f£1597
B RAH S5 S Ak A4 ) 7 FH 2 4t 2 0 RS2
WA -

1 {EEHH
1.1 {42

WP-UP-40 #4i/K L, PUJIREF/R AT s EL204
B TR, NewC classic MS B 7K, FiEMHEEs
HFERZ AT LC-15C By R4, BEAX
% (JMD ARAT; SER33270-1236 FIZL Ihftin
WL, EB oA (R ABRAR: RYJ-12B A
25033 BT BOAES AN, FI R AR A IR A F
DF-101Z S AaUIE IR NI S fipEds, BRI
AR AF; 380ZLS BURLEE K ¢ MR 43 AT A
%[ PSS AF]; DSC3 MZEREMEM, g
FE#-FCH £ A 7] ; Heraeus™ Megafuge™ 8 25041

Countess I FL 44111201 EVOS XL Core 4Hfifd
515 245« Thermo371 B H CO, K557 48, Thermo
Fisher Scientific A %]; A00-1-1102 #4040 AL,
Beckman Cytoflex /A #]; Hitachi H-7650 3% i L ¥
SEE (TEM), Hir (FE) HRAH .
1.2 #8

KKEZE (LS C16D10H05984). JH[EEE (it
5 L29N8F49258). 7K KA 7% (5 Y24F11Y17078,
iR E=98%). FMBEMR KVt E R (fluorescein
isothiocyanate, FITC, #t*5 JISN11H131088). fififiF
% Coctadecanamine, ODA, k5 Y15M11S109696),
AR AR R AR AR, KSR, fit'S SY-
SI-180501, il UARRFERARIFARAT]; KL
iz, #5 20210203, | ARICHERFRDEHIRAF;
HEE, #t'5 201208, Zha/RILFAFs UKEGRE, fit
5190316, BeVERFFERAR AR ABEERIK, it
5 11B20121609, LIZARFFEADAR A W] BEREE
(MTT), #t'5 NO.1223G0524, ZHKFEEMREH
PR W], DMEM 354k, fitS 8121341, FEER kil
IR R (B BRAH.
1.3 ZHAEMK R SR TN

HaCaT 40l 3 B0 % 28 4 dn BHE A TR 2
H]. SPF it SD K, A& (2004200 g, H
KETCINRE S ARB R THE A RS, HE
RSr I B Ay 35 AR RIS B P S A I L, A RSIE
S SCXK (F) -2020-0002, A<z CiEidKH S
PR 25 K2EEN P sEse e 3w Ay, iSRS 2021001
2 HESHR
2.1 SM-L H&I&

AL FH CBEE NV 46 SM-LU4, TSk
25 SR B TV E R . RECK SR RE 20 mg.
JHFEEE 5 mg PLAK KETZ 5 mg, 43 FEHN
20 505, I mL /KB M, —IRTRREEAN
10 mL 258 F/KH, BG4 PE48 5538 300 r/min $i 4
4h, BIfS. BRASINZAL, [EES S E A
22 KYERIENE
221 g% MY Wondasil Cis £ (250
mmX4.6 mm, 5 um); BN H EE-7K-UK S IR
(48 152 1 1); KK 287 nm; A1 38 C; AR
JiE 1.0 mL/min, HEFFE 5 pLls,



- 3616 * ¢8 B 2022568 $£53% B12H  Chinese Traditional and Herbal Drugs 2022 June Vol. 53 No. 12
222 A GVERE S PREBOK RET =X A 48 h EAEIE, Il kIR, THEH RSD 4 0.58%,

12mg BT 10mL =i, FEEHARREZZIE,
YENRER . B 1 mL BHEE 10 mL S, FEH
BRZE, 1022 um fALIEMRE, EITS 0.12 mg/mL
7K ] 56 Rt VA

2.2.3 AR IECH B 1 mL SM-L I RE 5
mL EiH, FEERILES ERERZIE, o 0.22
um PFLIENE, BI73 SM-L BFLIA . [FEHl4 4 A
JUE IO AT LV A

224 LREMEESR WEAREREELRR. KK
B TS0 TR AT, SM-L WLV, #533EFE 5 uL,

R ETERE (B D, seaest FArm b sk 448 T,
KKETE AL B TR RUF, FARHRIT 7K 6 &) 5=
E LT

K REIZ A K iz B

b
c KKETTE A K G Hi B
0 5 10 15 20 25 30

t/min
Bl Z=ABEREKARE (). K KETRMBSR (b) 1 SM-
L #%L#& (c) B HPLC
Fig. 1 HPLC chromatogram of blank liposome (a), silybin
reference substance (b) and SM-L (c)

225 RMERRFZE UK CH] TR SR E
&, MRS I E /3 0 0.50 1.014 5.03. 10.07,
30.20+ 60.40. 90.60- 120.80 pg/mL [ 2 5%} 1 5 i
W, AR E F il SR AR o DAK B S IR
RREAAAR (XD KRBT Ay B IEHIAR Z AR AL
br (V) #ATEMERIE, 1F4MRIHT7RE Y=10803
X+2321.7,7=0.999 9, 25 R R /K K FEIE 0.50~
120.80 pg/mL S AL NER R R4

2.2.6 FEEELALG  HOK ] T R SRR
E 6 X, RIEMA, THEIH RSD 4 0.31%, K
A 2 FE R o

227 EEMRE % “2.237 TN FEPATH &
6 O (A A I VR T AT I SE , 1l SR TRIAR, 15 RSD
5N 1.53%, RWZI7T:8H 8 BT

2.2.8 FEMEiEg % “2.2.37 TR kSRR
AR EATINE , 43T 04 24 4. 8. 16, 24,

U SM-L i FLIAWR 48 h WA tE RIT
229 MEEECRRLE  REERIGE “2.17 TR T
P4 SM-L VAR 0.5 mL, A ZK K] BT I
W (120.80 pg/mL) 0.5 mL, RAERA), 1% “2.2.37
TR 753 PAT % 6 A i stk il e, 1HE
PP INFE RIS N 99.23%, RSD A 1.21%, # W
TSI IR T 5
2.3 SM-L 8FEHNETE

FEIEE O E NN 1 mL SM-L ¥, 4000 r/min
20 30 min CEOFEAE 12 ecm), BUJEWRE 5 mL =
b, HEMRBEZZIE, o 0.22 um MALIER, %
MR “22.17 BUR AR, WEEK CEl =S &
(W) o FEUHIEN SM-L A% 1 mL & 5mL =/
W, HREREFLE MR R LI, i 0.22 pm TRFLIEME,
I 92217 U IS &AL, MEK CEi RS S E
(W), AERFEARUT,

AER=1—Wyu/ W
24 SM-LAFIZREBEEZRRAR
241 KREBRSKCEIRRELRNESE BEKR
SR SK REIRFRELILD BN 20 15, 20 1 6.
20 17,20 : 8. 20 : 9, KRG IH LT S LA
20 15, TAKOEESKERE A 1010, —RPuEE
NKH, B4k 4 h H115 SM-L I E Ha s,
B R 5H (71.6411.09) % (76.33+0.57) %-
(79.234+1.97)%. (80.7720.66) %- (75.451+0.66) %
(n=3), B ALT7 oK K& 2l 2 AN, SM-L (1)
AR B B TR, U —ERERK
SRR A AR B R A IR, Bk, &K
GRS RET R BT E LY 20 ¢ 8.
242 KOS HERERSELMER RERE
8 A 5 L7 P o = L 43 )R 20 2 34 20 1 4. 20 <5,
2016, 207, REWES/K CEIZRTE R 20 !
8, TKLEEEKAEFL N 1110, —kPusENK
H, BEEE 4 h B SMAL IR E e R, iEa
BEBHAN (7044017 %, (75.46+0.42) %.
(80.4240.29)%. (85.04%0.63) %, (84.294+0.53)%
(n=3). B KT7 o JEE EE R & 3N, SM-L 1)
AR EIE FAHE TR, TR TR
2o BT m R A S BB e, SM-L
RN, Pk, KGR S IE R 5 e
20 : 6.

243 TKZEESKERILHERE RETKLE
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AUKAFEEA N 108,129, 1:1104 121141 ¢
12, KGR /K CHI R AH E R Rty 20 0 8 ¢
6, —IRPUEENKH, HiHE 4 h f1S SM-L FFillE
BB, MEAE RSN (80.95£0.61) %.
(85.6710.19)%-(84.7440.73)%+(79.21 £0.26)%-
(71.87£0.44) % (n=3). SM-L H)f3 KpE %5 b 7
HRAE AR B3G n £ 0e E S R REiESS, W]
ReSE UK A RIS R, Ta7K SBEToE: J N 43 A1 34
S FEEEF TR, Bk, EHIKERKT
ERALEN T 9,

2.4.4 ENTIEMIEEE FENTTES IV —IKER
HENIEFZENE H AL, KEBE. K RETR
FIH ERL R B LA 20 ¢ 8 1 6, /K LEES KR
19, B 4 h#E SM-L A mE R 0N
(85.90+0.84) %. (85.43+0.76) % (n=3), 4%
TE A 5 2 5, (H2% FE B T2 fai 48 PR LI ) A
A — R NIEAE NEN T

245 PIFERTIEESE SR BRI AA 1.
2. 3. 4. 5h, KGBEAR. 7K &R 22 R0 [ B 5 & L

9201816, TKOEESAKMEFALL A 109, —kk
HENKH, #75 SM-L e kR, W
FRHIN (72.45+£0.43) %, (79.73+1.06) %-.
(84.56+1.12)%- (85.2610.77)%. (85.40+0.61)%
(n=3), SM-L 16833 i 35 5 FF: o) [ (1) 385 A W
ETb, ERKGEREE 4 h JEEZE, WTRER BT IEK
LI CRERIAR, B HAEEBASH AR
WK, GRS, R E Y 4 he

2.5 Box-Behnken i 57 H % 13258446 SM-L #l &
TZERAH

2.5.1 Box-Behnken W[ sE51t as R NH
Design Expert 13.0 - 1E47 W B [T 5e v, 76 Fi 3 5
R ZAREG 3L RS B, BLSM-L B (v A ¢
B (Y2) AWARNAE, S2mifn 2 ok e 5K
REITRR (20 0 X)) K HEAR-S 08 R = L
(20 1 X2\ K CEES KB (10 X3 34K
ZONFEEN SR, FH 3 KZF& 3 7KF Box-Behnken 1
RIS, WiE Btk T2 BREEAKE.
I B R MR 1,

% 1 Box-Behnken NN EHIiXIIEIT RER

Table 1 Experimental design and results of Box-Behnken response surface

RES X1 X2 X3 Y% YomvV |RA RS Xi X2 X5 W% Y/mV |[®RES X X2 X3 Y%  Yo/mV
1 9 6 8 88.66 6.5 7 9 7 9 8227 -63 13 &8 6 9 8649 87
2 7 5 9 7089 6.1 8 8 5 8 7954 8.0 14 7 7 9 7939 5.7
3 &8 7 10 8429 -138 9 8 6 9 8589 -10.2 15 7 6 8 8384 63
4 7 6 10 84.02 -122 10 8 6 9 8424 89 16 9 6 10 7989 -12.8
5 9 5 9 7474 63 11 8 6 9 8377 89 17 &8 5 10 7945 -147
6 8 7 8 83.08 —6.8 12 8 6 9 8691 89

252 R ES L EEMNRLK  id Design-
Expert 13.0 BAXTER 1 RTINS, BBITERN
Y1=85.46+0.93 X;+3.05 X2—0.93 X3—0.24 X,.Xo—
2.24 X1.X3+0.32 X2X3—3.06 X12—5.58 X>2+1.70 X32,
Y2=-9.11—0.20 X;+0.31 X2—3.26 X3—0.09 X,.X2—
0.11 X1.X3—0.09 X2X3+2.2 X1240.82 X2 —2.55 X352,
T EMIFE 2. R P<0.05, FA DR,
M RAUI P>0.05, R RIWALE . BERIHR R
B (R334 0.903 5.0.983 0, i 5 2 REL(Rug®)
3R 07795, 0.961 0, iZARA 5 92 FRa sk & R
FE R, & T B SM-L I H]4%

2.5.3 WANEHT  JEid Design-Expert 13.0 M4
X} % DR 2 2 18] FIAE ELAE AT e B T 3BT, 22 i
M . SR ME 2. 3 Fos, Wi gh e

Uy, LR A ¢ AR ARG, A 2 ]
DA K B -5 T o = Lo e R B 5
M, K ARG 5 7K A 2R LRI TR SRS K AR
PR L B g W 3 Hhaf LUE G
IKCGEES KRR ¢ bR, KOwiiEsS
I 2] St e L R K S g i 5 7K RO 3 R B X G
PSSR, HE B AT DU HAA RO R
LHAER

254 HELZHHEMEIE  HHEELL SM-L a3
RAEF KA, ¢ AT ME R AL FR bR, IS
Design-Expert 13.0 #1704, HAHIE SM-L 4%
AR T2 A N KGR . 7K 22 R0 E [ 2 1)
JREEE N 201 7.94 1 6.21, /K ZEEFKK B
B 1:10. fEIZFAMFT SM-L MEREEHRER
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Table 2 Variance analysis of encapsulation efficiency and  potential

s Y1 Y2

R BHIZET T ¥17 Ffa PH  BHEFHM ¥175 F1iH PiH
R 9 293.713 1 32.634 8 7.2837 0.0079 134.2255 149139 45.0377 <<0.000 1
Xi 1 6.867 7 6.867 7 1.5328 0.2556 0.308 1 0.308 1 0.930 4 0.366 9
X2 1 74.462 4 744624 16.6192 0.004 7 0.768 8 0.768 8 2.3216 0.171 4
X3 1 6.990 3 6.990 3 1.5602 0.2518 84.9556 84.9556 256.5522 <<0.0001
XiX2 1 0.2351 0.2351 0.0525 0.8254 0.032 4 0.032 4 0.097 8 0.763 5
XX 1 19.989 1 19.989 1 44614 0.0726 0.046 2 0.046 2 0.1396 0.7197
X2X3 1 0.4220 0.4220 0.0942 0.7679 0.032 4 0.032 4 0.097 8 0.763 5
Xi? 1 39.459 9 39.459 9 8.8070 0.0209 20.467 0 20.467 0 61.807 2 0.000 1
X? 1 130.881 0 130.8810 292113 0.001 0 2.8122 2.8122 8.492 4 0.0225
X3? 1 12.224 9 12.224 9 27284 0.1426 272770 272770 82.3722  <<0.000 1
s &) 7 31.363 5 4.480 5 2.3180 0.3311
AT 3 23.640 3 7.880 1 4.0813 0.1039 0.720 3 0.240 1 0.601 1 0.647 7
afiiRzE 4 7.723 2 1.930 8 1.597 7 0.399 4
B 16 325.076 5 136.543 5

552

SRS
CERRIIIRSS
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O"

e
522
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55275
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277

$2777

=,

<2
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(e
00004,
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25
SLo77 7

7%

8.5
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PR DIz b N T PSE SO R IESES: EAN)

Fig. 2 Effects of different factors on encapsulation efficiency based on response surface method

86.77%, FLip ¢ ML N-14.8 mV, BLIHFIA Box-
Behnken %37 AR 2 A HL 1

X RATIRUE, HE 3 K, SM-L i
N (85.44+0.87) % (n=3), { LA N (-14.1£0.3)
mV (n=3), Uiz TR 45 LT 5.

2.6 SM-L BIFREIFMN

2.6.1 SMUIEA SM-L AMUETEZH, Aikiit
A, WE 4-a fioR. ¥ SM-L &M NS, 448
JE 2% SRR gL, TG B TIE S R g,
ZERUE 4-b B, SM-L AZKERIE B R 5k
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8.5 5.5 6.5
X1 XZ

B3 ETWNHEEFREZEX ¢ BAFNM

Fig. 3 Effects of different factors on { potential based on response surface method

E 4 SM-L BISMYL (a) 1 TEM E (b)
Fig. 4 Appearance (a) and TEM (b) of SM-L

W, AR R .

2.6.2 KifE5 ¢ AL & 3 SM-L, BOBRIE
ST ERAR ¢ AR Z B RS (PDD), 45
BIWE 5. SM-L “F¥kife Ny (133.804+2.13) nm
(n=3), PDI }0.134+0.020 (n=3), “F¥) ¢ Hifr
N (=14.1£0.3) mV (n=3), i8] SM-L /34—,
2.6.3 DSC 70t N TN SM-L WfaEN:, #
SM-L il &4 SM-L T4, @0 1% H & BEVE AT
FLRY ], RS BRI E N 20 K/min, B&%
—-50 ‘C, % 6h, JE719Pa, fWHIRE-15 C, %
YT 48 he HLAL IR A K GWENR. /K CHTR.

IR [ A H R AR A BER A (EEBIZh 20 ¢

[ T R T 10000

1000
$ifE/mm
b
~150 ’ -50 50 ’ 150
¢ HA/mv

5 SM-L RIS (a) MR (b)
Fig. 5 Particle size distribution (a) and { potential diagram
(b) of SM-L

7.94 1 6.21 1 1000, A ARSI, B NRY
AR, AR EN 50 mL/min, THEIEE A
—20~300 C, FHRIEZFHN 10 C/min. Xf7K CHE]ZE
KEBEAG. PHMEEE. H . SM-L % A ER
A WidtAT DSC 4T,

gE R 6 Fiow, IELR 401 DSC #h 2k H
FEIE . R EEAT K K EIRAE 168, 149, 153 Chbsy
A A, K EBEIRTE 233, 266 CEEZ 4k
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AR A . AE SM-L (1 b 2k ik e 1 W A T3 4
FE, TR R IR SR R R A 2%
I HAE 155 CAM T IIRFRIE R IL, BEHT/K R

. —N

iy Y= ) _—

by— ]
Gd =

0 50 100 150 200 250 300
7°C
6 JKKE[E (a) KEWE (b)JBEEE (o). HEE (d)-
SM-L T4 (e) FIEREY (f) B DSC 135317 [E
Fig. 6 DSC scanning analysis diagram of silymarin (a),
soybean lecithin (b), cholesterol (c), mannitol (d), SM-L
lyophilized powder (e) and physical mixture (f)

HRERER. BHEEE (8 A R EIR A
MARKRAETHEAER, K CE R EEE KGR
(100 R0 2 45 ¥4 T 18 26 A I A 161

2.6.4 VIBREMEEL  KEHIST SM-L FRE
TR R B ORAE, 20T 5 04 30, 90
180 RHUH, MR SEAPIARY, FF55 I e Kids
WARAEEZR, @I R E R
W% SM-L M i E R e . g5 R 7 #
3 PR, LKEW, 30 d N SM-L #IEW & i
eV R A

i
S kL
s

=BV -
|> -ﬁ

0d 30d

7 SM-L ¥1£RE HERIVUEL
Fig. 7 Appearance change diagram of SM-L preliminary

90d 180d

stability inspection

x3 BEEREEETSM-LYLREMER (X+s,n=3)

Table 3 Preliminary stability inspection of SM-L in normal temperature and pressure (X S, n=3)

fi# T 1 /d A Fife/mm PDI BEEY  BAEY%
0 EEEY, HEEAILIR 133.842.1 0.134£0.024 85.28%0.73 19.83%0.17
30 EEEY, HEEAILIR 141.241.4 0.107£0.131 83.43%£0.23 19.4040.05
90 BIEEY, AHEOIDGIER, HRHEHEE 1453413 0.1122£0.080 77.41£1.04 18.00£0.24

180 LEEEEY, AEAIOLIE, Base, REHIEGIIE 1727428 0.109+0.146 47.60+0.81 11.07£0.19

2.7 SM-L {R9NE RSB SLIE

271 BERKRE SIS  BUARE (200+20)
g IR EENE SD KRR, MSIALSE, 38850 Rk,
il 2 R RN, SRR ER, AR
HEk, 4 CIRAERH.

2.7.2 RINEFIBES RAMNE B R IR
Franz § §0tIE, ¥4 B0 R kA RZ 50, R E
T, B2 SO 2 8], B O
Wt N IIN 15% CBEAE B 3R KV, L2453t 43 531 n
AR RETZIRER OnMNERRIIELE 80 ALK
CIEE ). SM-L ORI A 7 LI B A4 (K
NG K] 25 R IH [ B A 290 20 1 7.94
6.2 1) VREM S 1 mL G & B K CHT L) 794
ng), 4EFF 37 C/KMy, i 300 r/mine 43T 4.
8. 12, 18, 24, 36 h Ui 0.5 mL £ 1 mL &,
SRR 2208, 1 0.22 pum PRALIERE, I5E K K
o E, MEERELE.

TEAN [F] (R EURE F R B R ECH - [ttt |
Tl A FE A B B I Ve T, B85 5 2 A B Rk,
BIREE I 15% B3 EE/K 0.5 mL #4751,
A13% 9800 r/min 2.0 30 min (0242 12 cm),
I R3ERE 1 mL &R, PREMREEZIE, It 0.22
wm SFLIEME, e K KB T A i, TR 2 R bk

WK 8 Az, SM-L FIER-AY7E 36 h I
FREE Ay (14.584+6.37) %. (0.08+£0.03) %,
R By (65.8014.04) %. (6.28+0.66) %,
MK CET A EAH RSB0 T, &3B/K s 5
SRMTRNE, RERNEIHE R E. L0 HR
KW, K KEIREBEMEZ, FEICIEUERNE;
T BRSOk SR A [E ik B 1 R T
TEERIRIVER, 3R T R kA A r B IE T, K
KEIZRIE R A S, (HESERAE; 1M SM-L
B RiE I M B, AR TR S B IR .
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***P <0.001 vs physical mixture group

8 SM-L SYBERSYIRKIETR (a) MEKFER
(b) L (Xts,n=3)

Fig. 8 Comparison of skin transmittance (a) and retention
rate (b) of SM-L and physical mixture (X £s,n=3)

2.8 HaCaT ‘AfmiEsESILE

¥ HaCaT 4HARLL 5X 103 AN/AFLIEEMT 96 FLIR
1, A AINTEA A B 3R 100 uL. 240 S5 FF
FHFRIE, SRMEEAKRE R, SM-L. % R
PRIRTFRHEE 200 ul, “FAT 6 FL, BAPEXT IR I %5
BT 48 h LI MTT (5 mg/mL) 20 pL,
J¥E 4h, FFEREFEE, A 150 uLDMSO, 7 490
nm AN E B ALBOEE (4D (5. JHRgEZ )
AR,

AT R = (A s — A we)/(A s — A 2e¢1)— 1

WA 9 Jro,  AS[E] BT R B2 1) 7K ] 25 I A
SM-L %} HaCaT ZHffi 35 8656 1EFH, BEE /K CEIZ
JREWRE T = 2P BT R K]
FIREIREN 5.10.25 pg/mL K, SM-L 41%f HaCaT

80
[ w— G E

*
= SM-L Il

60 _ *
| e AR T

S G %
N
(=}

— %

I ] n 1 J.

10 25 50 80 100

i@i I
K & #/(ugmL™)

EKHEIRALE: "P<0.05 "P<0.01
"P<0.05 *P<0.01 vs silymarin group
9 JKTKEZEFI SM-L Xt HaCaT MAAEIETERIFNG (X £,
n=206)
Fig. 9 Effects of silymarin and SM-L on proliferation of
HaCaT cells (XX S,n=6)

HMIGTE VR SR T K RET A /KR R IR
N 50 pg/mL B, 7K K E#]ZAT SM-L X 40 i 4 5 1
IEF AR, T SM-L ZH 4 PR s 1 F R UR IR T
KREFH; K RETRPTEKRE) 804 100 pg/mL
I5f, KR ET R A SM-L 405+ HaCaT £ Jifo 386 5 1 FH
H R TR, H SM-L HHFE8A8 T /K KB R4,

[EI, AFEFREREN S AR E RS =
55 SM-L 4AH )X HaCaT 2 ffd I3 5 SR B M /)N,
FEARTTHERR B AR IS o AT S5 R T &, SM-L A Xt
HaCaT 4 i 3 58 E FH AR 0T 7K T8 35 20 3 7Lk
FEAE I FFLEIRES, TR T ARk S5 f o 1
K KA R A AR, KT FE I AR A E
TR, HEIFHORTE T AL
2.9 #YHREXIIRSCIE

¥ HaCaT 4HMILL 5X 105 ANAFLIEFT 6 FLIK
W, R E A 10 uL sk E T IR RIZ, &
FL3 TERR, PBSIEYE 3 WK, LI BN K
KE]ZEF SM-L [R5 FREE UK KETR BRI 7
N5y 108 25pg/mb), FEAHAMAT ARG,
7% 24 h. M%E 0. 24 h HaCaT 4@ & 1500, 13
BB TR Image T #AE 0 RIDR AR o
LT ARt ERREE %

YR & 4% =0 h XYM —24 h KR F)/0 h IR
T

HE 10 Ar %1, S H4 K RET R SM-L 4
IRIJRTE 24 h W EBLEA S, mREREAN
WARERRIREAFEIRE,; mE 11 a5, FEEK
KEIREIRE MG, SRR LTHEaR, 5K
TR UERIKRE R IEA G, KA EIRE N 25
pg/mL B, SM-L *f HaCaT 4 i) @A 26 e o &

Oh

K i

KKEITRF SM-L HEFEPKCERREREX
HaCaT ZHAEXIRAEHISME (X10)

Fig. 10 Effects of different concentrations of SM and SM-L
on scratch healing of HaCaT cells (x 10)
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HAKREIRA LR "P<0.01; S2AMAHE: #P<0.001
**P <0.01 vs silymarin group; ##P < 0.001 vs blank group
11 JKKEIRFM SM-L 1EFEFKERRRREM
HaCaT fMXRAERNKXER (X£s,n=6)
Fig. 11 Relationship between silymarin concentration and
scratch healing rate of HaCaT cells (X £ S, n=6)

YRS Z/%

2 (P<<0.001); FHEIBTEWKEE T SM-L KR &
GRS TKREIRH, HPoKCEIRRTERE N
10, 25 pg/mL i, SM-L 41 &5 0 5w 17K KA
FH (P<0.01). SEIRERR, JaHARK K KA
FOME, ARdEE T/KRERMAEDFIHE, B
IFH R HE T HaCaT 4HA/KFIERS, A R AR
SAEH.
2.10 ZHREIRENSCLG
2.10.1 ODA-FITC [#il4&07 25 [RH7K K ] 1A
B9, ARSK Ll ODA-FITC AWt %5
HaCaT 4Hf2xf SM-L E’J&HEX‘FVR, ODA FITC N&%
By, IRk FITC i@ SEHREL ODA 20
mg, FITC 28 mg, 7T 6 mL 967J<L@‘EP, Wt 7345
FEREE RS 24 h, JE BRI, 0.45 pm 1
FLUEMEERE, Veik 2 Ik, EeEIR TS, HIfS.
2.10.2 ODA-FITC-SM-L 1 ODA-FITC fli J5i {2 [t ]
# AT RREUR SR AR K CET 2 L IE[E EE . ODA-
FITC 10 mg, 1 mL Jo/K LB A iR, BRstiEN 10

mL ZEMK, B 4 h, B IEVE LRI B ODA-
FITC, EIf8 ODA-FITC-SM-L. RIEE#HIAEK K
#i] % ) ODA-FITC JIgJfifA
2.10.3 HaCaT 4l B HL SLL6

(1) EMESLEG: % HaCaT 4HAE 5X 10* AN/ML$%

FhFHLRAERFRILA, 5597 24 ho 2RI & H SM-
L. ODA-FITC. ODA-FITC+/K K& & KR &4
ODA-FITC fi§fif&. ODA-FITC-SM-L }; 753 (%41
ODA-FITC JREIRE AN 1 pg/mL) JG4k4:0FE 1 h,
PBS i&¥E 3 ¥, M 400 uL DAPI 4223, 37 ‘CHi

H 10min, FF XYM, PBSIHYE 3 X
(EG AR =Siisli

(2) SEEFK: F HaCaT 4L 2X 105 4N/4L
BT 6 FLBP, B59% 24h. D RIIIAN S SM-L.
ODA-FITC. ODA-FITC+SM [ &%) ODA-FITC
BFi{&. ODA-FITC-SM-L £57# % (%41 ODA-FITC
JREIREN 1 pg/mL) JE464E0%F 1 h, PBS iHkE 3
W, MEEEEACE PBS H, Ui aC4H B ARSI 2% 4
FITC % Y¢5mfE, 4%t 10000 4, FlowJo 10.6.2
THE S PO LR . “FATSE50 3 Ik

HaCaT ZHxf %3557 5 ODA-FITC %
AL 120 130 I 12 9740, SM-L A 5K
Y, ODA-FITC fig/fifA 1 ODA-FITC-SM-L 4b#iff)
HaCaT U JCam B RE; B 13 R, g
SRS I 45 SR 5 76 e B B N IR B 45 S — 2L
ODA-FITC fIg i #& #il ODA-FITC-SM-L 4b ¥ )
HaCaT 402 6 A B s (P<<0.001), ¥t
B i o 41X — S5 M Be 66 R 7= HaCaT 4 fa Xt 7K
WHEI KB, 1 ODA-FITC-SM-L £H %% ;3 & %
%% ODA-FITC fgJfifidd, XA RE5/K K] &KL

151 HaCaT 4 A 4 B v /3081 ¢,

o ...
ODA-FITC+

K RE

ODA-FITC

fig 4k

ODA-FITC-
SM-L

FITC DAPI Merge

12 HaCaT #fERENHREE
Fig. 12 Confocal diagram of HaCaT cell uptake
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1] sM-L
5004 |1 ODA-FITC \
:n ODA-FITCH 7K K i % ﬂ
100 ODA-FITC JiEF & |
4009171 ODA-FITC-SM-L ‘

ok eV

1X102 1X10* 1X 106
FITC %6505
HitH
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*kk
o 31
2
x
e
K
a

SM-L  ODA-FITC ODA-FITC+ ODA-FITC ODA-FITC-
KEEE R SML

5 ODA-FITC 4. ™"P<<0.001; 5 ODA-FITC+/K K%

LR #P<<0.001

***P < 0.01 vs ODA-FITC group; *#P < 0.001 vs ODA-FITC +

silymarin group
Bl 13 SRAXLMARICNFELZEE FITC RABE (XL,
n==6)

Fig. 13 Detection of FITC fluorescence intensity in different
administration groups by flow cytometry (Xt S, n =6)
3 g

I A ) FR AR 4% T VR R B L)
TENVELOVR s [m) 28 RVRRAE, 25 pE BB /) B0
SRR ZE KRS T IR s R T Re Pk R
BUEF, AT JE 3 dhoF A, R Seig i %
T AT RGE R SEEENEAE i & 5.

FER PR BB SRR ORI, 5 T /K KH]
BRAE AN R AR AR 23 50 4 1) 2R ER K R P2
PBS WP HIEREEE, S5 A AR Bk OB
Xt BRI IR ZREE R IS, e A HF T 15%
CEFAER K 7K O EIR B & I JE A0 R Bk
B2 P RASIN BK R B SR & R, X AT RER P DAK
WET R B PGE YR, HLARZGRE KR

BEAD, FHESEMTENR. Eemdh i
BB BB, 40 Park SECATEXSH R A T g
W AR ARG R ERE R 8, MR R A T
Y25 Bk 30 mg Al 60 mg, H 24 h JE I E LR
A 2.48%F1 1.89%.SM-L AJ DL iz ik i {52 BF it 24
h, 36 h 7K KA 2 R NI B IR B T 65% LA F, Al
K KA AT LR R R R R R FEAE

Y1 B X P S 56 X HaCaT 2 AR At i) 33k
7T %%, RIBEEY 2 h B, ODA-FITC g
JFi {4 . ODA-FITC-SM-L 2 DAPT 4t [X 35k [ 2 ffa fi5%
PREL, T ODA-FITC. ODA-FITC 7K K %i 25 41 41 ity
Byt 1B %, TIfE& RN ODA-FITC 5 — €41l
PR, AH F S (8] YR AR = T HaCaT X}
ODA-FITC (4 &, #M | HaCaT ZHfl% 1 1EH
RAS, P DAL IR NS0 HeoR S R I (] 2 2 1 h, 8
% ODA-FITC X} SE56 25 B 1520 o

CU A SCHR R IE 7K R 3% 5K 6] R R
SR AR BT 5 250 35 T SR RN R P W 4 g 7
A, BiEA B KRR, 982D Caspase-3 KIHAEH,
FARIE R 4B R (-1 AR (A R IA P, R
E— R P TP AR IRIA KT, RIFK
REIRAUK R R ENER, I HRA KR
AR GBI 71125); Pientaweeratch ZEROI7E %2
BT NORFK CERIPUEEERRN, T
K KA A R I PR AP B (A A 5
Shin ZERTHIERH 7K % i) 22 A2 7K KA {E R B Pk
FALI E SRSy, I AT DAl B Jok 2 st
A, REPTEENEM.

22 ERTIR, AT FEiE T Box-Behnken M 5 A
AL BT 2B 1 4 1) SM-L R4 — . a5 ML
LR BE ML, UEMH T SM-L Xt HaCaT 4 i 3% 4 Al
AR AREN, H HBRARE K CE R AEYF
FAFERITE ST, Ja 3 DA SE RS SM-L 1 B2 Jik
BE. POCEWIEREATIHT, 4RI SM-L &%
B, AR SM-L &Rl k=
st 7 TH] ) 2 AN B 28290,

FBAR FAVEHFRARGEARZFR

SE 3k

[  XUSEH5. /KK ED R MBI T v e 25 HE PR 7T 0t R
[0, FAEIE T B a4k BRER#AR, 2019, 35(10): 51-
56.

[21 A%, &85, BRERE, & DZRERNRAALTIS
HoK CEI KK S B AR5 (1] iy,
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