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Preparation of dihydroartemisinin-loaded liposomes and their topical efficacy in
alleviating psoriasis-like lesions in mice
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Abstract: Objective To prepare dihydroartemisinin liposomes (DHA-LPs) and evaluate their efficacy in the treatment of psoriasis when
applied topically. Methods DHA-LPs were prepared using the thin film dispersion method. The process parameters were optimized by
single-factor experiments combined with Box-Behnken design-response surface methodology (BBD-RSM). The physicochemical
properties of DHA-LPs were evaluated by transmission electron microscopy (TEM), dynamic dialysis, and stability studies. The anti-
psoriasis effect of DHA-LPs was evaluated using an imiquimod (IMQ)-induced psoriasis-like skin lesion model in mice, combined with
HE staining, blood routine analysis, and ELISA analysis. Results The optimal preparation process of DHA-LPs was determined as
follows: dichloromethane as the solvent, drug-to-lipid ratio of 1 : 4.329, cholesterol-to-phospholipid ratio of 1 : 1.833, and hydration
temperature of 46 “C. The particle size of DHA-LPs was (97.39 + 0.50) nm, the polydispersity index was (0.275 + 0.002), the ¢ potential
was (—14.52 + 0.08) mV, the entrapment efficiency was (76.03 £ 0.47)%, and the drug loading was (31.21 + 1.53)%. TEM showed that
DHA-LPs were ellipsoidal in shape, and the in vitro release followed a biphasic pattern. The stability of DHA-LPs was good after 28
days of storage at 4 ‘C. The animal pharmacodynamics results showed that compared with DHA solution, DHA-LPs significantly

alleviated IMQ-induced psoriasis-like skin lesions in mice, reversed the increase in spleen coefficient induced by IMQ, improved the
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abnormal epidermal and splenic structures and neutrophile granulocytes and monocytes induced by IMQ, and reduced the levels of

pro-inflammatory factors [(Interleukin (IL)-6, IL-17, IL-23, Tumor necrosis factor-a (TNF-a)] in serum while increasing the level of

anti-inflammatory factor [Transforming growth factor-3 (TGF-B)] in mouse serum. Conclusion Topical application of

dihydroartemisinin can alleviate psoriasis-like skin lesions in mice. Preparing it into liposomal formulation can enhance its anti-

psoriasis effect, expanding the application scope of artemisinin derivatives and providing a new strategy for the treatment of psoriasis.
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BRAAD) ; BKEEREIAE (IMQ, 5
H20030128, VUJIBHRZDNABRTAEA R 5 A4
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Table 1 Effect of different organic solvents on partical
size, PDI, { potential of DHA-LPs (X *s, n=3)

BHIAER  KifZ/nm ¢ HAL/imV PDI
HH i 104.84+0.3 -16.79+056 0.246-+0.003
1 102.3+0.8 -16.13+0.47 0.253+0.004

“& W4t 101.9+0.6 -18.67+0.93 0.185+0.005

232 ZflRtbEg [HE T A NS R &
Fge, PHE B SEEAEEL (10 5) L AKALIRE 45 C
AR, & “2.17 BUF J7ik] % DHA-LPs, %%
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WM 2 frow, EARHN 101 13 |, oK
REJE Bt € (IR AR 4544 . DHA-LPs HIRLAE 7>
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“aXHE B A T HRAKKF, H PDI ¥ 0.3, X
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Table 2 Effect of different drug-to-lipid ratios on partical
size, PDI and { potential of DHA-LPs ( X X5, n=3)

Zifigte  RifRinm L HAL/MV PDI
1:1  1855+50  -7.58+1.03 0.55040.050
1

1

1

1

.3 155.0+3.8 -9.05+0.85 0.420+0.030

.5 1045+0.3 -13.16+0.27 0.205+0.010

.8 101.6+2.1 -18.25+0.93 0.167+0.006

120 106.84+05 —-16.20+0.24 0.185+0.005
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MRS REAREL o 10 5 I, AT N [ B S 1 0 L
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Table 3 Effect of different cholesterol-to-phospholipid
ratios on partical size, PDI and { potential of DHA-LPs
(X £s, n=3)

NS
BIEEL
1:1 1153+37  -796+023  0.300+0020

:3 1100+19  —632+020  0.259+0.040
:5 1049+27 -1780+098  0.158+0.004
-8 10624+09 -17.02+071  0.165+0.002
-2 1106+19 -1523+050  0.220+0.010

FifEmm ¢ Hf/mvV PDI

N

R4 TEIKKEERT DHA-LPs K12, PDI & ¢ BAIAY
= (X £s, n=3)
Table 4 Effect of different hydration temperatures on
partical size, PDI and ¢ potential of DHA-LPs (X £s, n=3)

KAGIREIC  FifRnm ¢ ff/mv PDI
30 1053+17 —13.83+150 0.17640.002
45 1038+21 -16.93+0.81 0.132+0.005
60 1159431 14424193 0.1894+0.010
2.4 Box-Behnken i&3t-lg % (BBD-RSM)
it DHA-LPs &b 5 KFIZFTE
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THEDN) 2 B S (CRITIC) 72 2 iy FH AR
FBU81, 7 DHA-LPs &b 7 b it e, Agar
LRETEMIRRR, TREREHIERAE. (AL, EE M
PDI % 2 Wibrife, FEfE ShriEIAE . KA AHP
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IPLSE Ty : EE> € HiA>Ki42>PDI, H wanp:
43514 0.482 8. 0.2720. 0.1575. 0.0833, FFigg
TR B 5 58 B — B AR S . —EUPELE R (CR)
790.0044 (<0.1) , FIUHEIRR I HIWFERE BA
—EUE, ZRESEAHEAE GRS .

&5 DHA-LPs i #5FRFIMrFERE
Table 5 Judgment matrix of evaluation index of DHA-LPs

B Il
Bt AHPi CR
Wiz ¢#ifz  EE  PDI

hifg 0154 013 0164 0182 01575 0004
CHIfZ 0308 0261 0246 0273 02720
EE 0462 0522 0492 0455 04828
PDI 0077 0087 0098 0091 00833
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A1 (OD) RUGHH,

AHP-CRITIC) = WAHP; X wcRriTICH 2 (wanPj X wCRITIC))

OD =1 X Y1/Yimax + @2 X Y2/ Yomax + @3 X Y3/ Y3max +
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Wi R | MR oanp-criTicH, Vi KR | MEFRT
B, Yimax RNEE i ANFEFR VIR
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RNEBEEERE, KifE (Y1) « (HAL (Y2) « EE
(Y3) MIPDI (Ya) ) OD {HAE NI $EAE, RS
BBD-RSM #H4T 3 K& 3 /KT, 3Lt 17 kszs,
Wt TR KR NE 6.

f# i Design Expert 13.0 B /4% 3% 6 # X1+
X M XG5 & Fe bR OD #E4T — Il &,
BERETFEN: 0D=95.140.306 3 X;—7.80
X>—2.12 X3+0.177 5 X1 X>—0.795 X1X3+0.737 5
XoX3—7.65 X:2—10.13 X22—10.01 X352, R*=0.973 7,
T EN TR 7.

WA P<<0.001, iz R L&
ROR R UFs LA 7 FE I R IR 56 38 B 22 =
Giit2Em X (P>0.05) , WA E R &%
SUG £E R R AN, KRR R () g ST R 3 Rl
B WIEHESER, Xo 19N ok
(F=71.86, P<<0.000 1) , H:¥X N X, (F=13.51,
P=0.007 5) , X3 [NAANEE (F=533, P=
0.0543) . ERXHAEMTH, rERZHEDT (XiXa-
XX X0 X)) RS AIE R Gt 2 i) B3 K
(P>0.05) 4k, Xi* Xo7 H X3° P 7 i) HA
wmEmgrEE L. Kb, X? (F=63.83, P<
0.000 1) 1 X352 (F=62.35, P<<0.0001) FILH

% 6 BBD-RSM EZ/KF, IWHRKITESER
Table 6 Factor levels, design and results of BBD-RSM

¥ X1 X2 Xs/'C HifEinm ¢ LAz /mV EE/% PDI oD
1 1:8(0) 1:5(0) 45(0) 90.31 -15.2 65.23 0.226 77.76
2 1:8 1:5 45 93.74 -15.2 57.75 0.282 71.23
3 1:5(1) 1:5 30(-1) 90.66 -13.0 40.08 0.258 60.18
4 1:5 1:5 60(1) 88.30 -13.4 53.67 0.319 65.42
5 1:20(-1) 1:8(-1) 45 90.07 -12.8 74.37 0.242 83.17
6 1:20 1:5 60 92.76 -15.0 56.48 0.219 70.03
7 1:20 1:3(1) 45 83.80 -17.6 68.29 0.249 81.21
8 1:8 1:8 30 88.36 -11.5 65.84 0.243 77.11
9 1:8 1:5 45 90.80 -14.4 89.37 0.244 92.46
10 1:5 1:3 45 88.23 -17.4 60.73 0.245 73.07
11 1:8 1:5 45 103.40 -15.0 39.34 0.287 54.77
12 1:8 1:8 60 95.20 ~14.5 71.17 0.227 80.33
13 1:5 1:8 45 101.70 -15.4 62.78 0.236 69.80
14 1:8 1:3 30 86.34 -15.8 79.08 0.247 85.60
15 1:20 1:5 30 87.56 -17.7 72.87 0.235 83.35
16 1:8 1:5 45 94.06 -14.4 72.81 0.247 80.74
17 1:8 1:3 60 86.34 -15.8 79.08 0.247 85.60
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Table 7 Results of variance analysis of regression model
K CFOTAT AmE 5 FE PA IR SFOrAL AmE 7 FE P&
A 1846.49 9 205.17 30.31 <<0.0001 | Xi? 246.09 1 246.09 36.33 0.0005
X1 91.46 1 9146 1351 0.0075 | X2? 432.28 1 43228 63.83 <0.0001
X2 486.72 1 486.72 71.86 <<0.0001 | Xs? 422.32 1 42232 6235 <<0.0001
X3 36.08 1 36.08 533 0.054 3 | Fk7% 47.41 7 6.77
X1X2 0.13 1 0.126 0.02 0.8953 | KA 11.44 3 3.81 0.42 0.746 6
X1X3 2.53 1 2.53 0.37 0.5605 | &%= 35.97 4 8.99
X2Xs 2.18 1 218 032 05886 | &%  1803.19 16

=g TINIER= 2 Y ) A o e T TS AN i
A, X2 (F=36.33, P=0.0005) [JIEL R
AR B3, RA=E R WAL RPN AT 2
. ZRE FRERZHAEN, ZHENLEE WS
MR N Xo>X1>X50

I F Design Expert 13.0 3x 22 il 5 A% & X}

&1

1:8 1:20 X

DR A5 e 1) = i S T P 45 SR 1 TR, dla
SRR TR R WL RS LA () RS, R RN
THAER M, BFRRNEEAEH . B 4G
REAEE TZS8: 20N 1 4.329, JHfH
o WEREL N 10 8.333, JKALIEE N 46 C, 4E
HVESr N 87.213,

FEREXT OD HIFZNE

Fig. 1 Effect of various factors on OD

2.4.3  KbTTEGUE e R TR A 15 B0 R B R 2%
4, #i & DHA-LPs St fEAL 7 K il & T2 02 gt
J9 104329, JH[EEE: BEASELOV 178333, Kik
TEE 46 °C, H#hAT 3 RIS IESEES, DAL IE W B [
PAs T5 ] S

Kift. ¢ #f7. EE. PDI. DL & OD HJfiill
gE RS S Rk 8 Fim . 3 CPATHE M OD “F
¥J{E N 80.03, RSD 4 0.97%, EILH 7&K
& VEA— 8. T PN A5 RSD HI<1%, %
WE TSR RITERNE, (HS2E S P E A7 E
iz S BN, RifRSTIAE 97.39 nm, W&
FNME 95.24 nm, WHEH T 290, MEIR%E
BSRIGSM ZERTS. BARRE, %W
G, Asgmaria g e SN S .

#& 8 BBD-RSM f{LA A AR FUNMEFRISENE (X £
sy n=3)
Table 8 Predicted and measured values of prescriptions
optimized by BBD-RSM (X *s, n=3)

bzt HIS IR
kifznm 95.24 97.39+0.50
¢ HA/mV ~14.44 —-14.52+0.08
EE/% 7450 76.03+0.47
PDI 0.298 0.275+0.002
DL/% 32.81 31.21+1.53
oD 80.02 80.03+0.78

2.5 ESHEFEME (TEM) W DHA-LPs 275

& & DHA-LPs 240 F, RS
VAT EARIE R G, 58 F 100 53 BR VA X i
AT GetA, 10 min f5, KN E T TEM MU L
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DHA-LPs [JEA& 45 . 45 R WK 2 fion, DHA-
LPs KZ SMBRIE, Bk Aiss5], 555,

Moy FJREE 56, AR LI 2 R R a2, P
BIRAEZI08 100 nm, 76 5 BLAR 254581k R 40 2
SR, BG4 A A AR ARO6T B RE X
5, THHKZY) DHA C RIS 78 JE B4
TEMBKIX

2 DHA-LPs B TEM
Fig.2 TEM images of DHA-LPs
2.6 DHA-LPs HFINERIRBIINEE R K7

KA HTE% DHA-LPs &2 DHA /K%
7 (DHA Sol) fE&BAL /K W AT AT
WA HARTEIT: K= 2 mL 1 DHA-
LPs 1 DHA Sol, 737l & T &4 (R AHX 7
T & 3.5X10%) f, K@ R &4 FL 5%
JEiRE T 20 mL FUOCNAE 37 CHRIRESAN R
i, JRRENTEERE T 37 CHBSBIRGE
M, BL120 rmin ! FFEEHRY, T 0. 0.25. 0.50.
1.00. 2.00. 4.00. 6.00. 8.00. 10.00. 12.00. 24.00.
48.00h, HUHENTEEE H 200 L IR U T
R, FE AL RIRNFE SRR 37 CR R T LA
HeFRARUEE . K “2.27 WU R 7%, M€ DHA
TERETIT P B R BE . - 1HE DHA 1 2R
B, gt BBV ZL, DLVEM DHA-LPs (44
HMBEIBAT N . SR 3 Fis.

DHA-LPs [\ 25 )R AL SC: 7E/T 2 h
RINPOERER, RIPBEINZE N 36.39%; £ 2h
JERIANEER, 48 h B RiHBRBENA
47.17%. H2Z M, DHA Sol #£ 2 h ERBER
Ok 80.82%, & 6 h Biltsea. SREM,
DHA-LPs [ 2108 032 2185 B4 H0 R 5T 34y

120

100
£ 8 ~*~ DHA-LPs
i = DHA Sol
‘@ 60
B 5
Bk 40 HH-;_ -
20
0% T T T T T 1
0 10 20 30 40 50 60

3 DHASol, DHA-LPs B{RIMNEERHIZE
Fig.3 In vitro release curves of DHA solution and DHA-
LPs

T2 NS PR O %, AHET DHA Sol KI
H REREFR M. CEBF SRR, BRI
R EER A LR AR T 254, R DHA-
LPs 48 h WEBRME 50%, 1HZix 4 i GHrs:
B R ¥ Hbrm B A . #ilan, IfR L2
HLAEY) DepoDur™ (R MEAS &) [RIFELE 48 h P 5K
DURFEERE, F T ARG B4, AR ta
JE TR AR SR RIS S, WIS s 7 vk
@R, RISV AT B BERRHE), &
@R AR, BFEE— LS, —&AE
SRR, A 50% DHA KA TR I 8] 4
R, ATRERRIRIT G R Atk M, KRR
KPR M AR AT e 51 R e R B E A 2L E A,
B PR AR, R Ao 5 AR YA A R AT,
AR
2.7 DHA-LPs Wi FREMHER

4% BBD-RSM fA0AS B Rt b 77, ~PAT
il €& 1 3 it DHA-LPs £fi, FF7E 4 CHRMFNE
1% o JEIL & DHA-LPs [PR42 M1 PDIAE, Al
iRz, 2R mE 4 s,

120+ ) 0.6
—— HifT
100 —= PDI
-— T =
I____}————f b4 + 3
80 0.4
E . .| B
L(\H 607 !,.———i‘——— —— & [N
4=
= 401 0.2
201
ot B e e T 0
0 10 20 30
t/d

E 4 DHA-LPs HfEFRRE M
Fig. 4 Storage stability of DHA-LPs
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1E 4 CHEAT 28 R, iR ARFaE, I/ (+ #=9 RBRRIB R RifRfE
5% , R ILEUR B AE L R~ K, PDI 454 /M T Table 9 Grading standard of skin irritation reaction
0.3, RIFAHIEMERLF, TRENE D MiEHA. B Ik R 54 Moy
2.8 DHA-LPs X$RERER/NRIQTIER & AR 7i5/735 A AR i3 0
HIRASR BLTHE CHaRAT )
2.8.1 DHA-LPs £ IMQ 53 K/ B i & B S5 21 B |
ViR BSOS 4% 12 RUHEYE BALB/e /MR - B

FEEAHE CHRAE)

1

2

3

: N N 4
BEML 2 XTI (3 FLA=#K) 26F1 DHA-LPs (LA KEHR Tk 0
1

2

3

> . -1y 4HI271, 454 . SIS TG
DHA it 5mg-mL™") 47, &4 6 K. sZiGH A ORI 3T L)

i, BRI R, HIE R A 2
KANLIREA 3 emX 2 em. /N BRAEH A TR IR O REK I R MR 2 1 mm)
Bid@E N FE 3d, DR IEHARES . FLEEKM kB 1 mm,
W /N BB A 2 N Y S G X 28 A IR ER SEEPN)
DHA-LPs ¥, X2 AmE G, [FE F10 FEBRIEGRE 5%
R PE AT o 59— B2 BRIk 9 PL AR Table 10 Intensity classification of skin irritation
I SRR SRR BB ZGE, UL —y P
B8 4h. 4525405, HE/KEREREY, JHE [0.0, 0.5) T Tl
TEVEIE 1. 24, 48, 72h BT MR, ook kA [05, 2.0) 2 ek
PR A HH LB K P A R S Bz o R AR 9 [2.0, 6.0) )
X BRSO NEBEAT Py, ISR WL 1) [6.0, 8.0) S
IR/ BRRE IR R RS AR o AR A S B SERINZE 11 Fos, XHRAAE 72 h WAL
B B SRS B R 2Ry i 24, 48, 72 h DRSO ILR, RS89 0.
fri e 2Ry, 283K 10 PFfE DHA-LPs Z%) DHA-LPs ZH/]™ bt 52 JBR IR 3805 82~ 9 R 73 B ey
7N BB IR FR) SRR R 0.167 . PILH I B R RIBAR 73 48T 0.5, HR WA
IS = (BSR4 1R BRILLBE TR UK TR B B

& 11 DHA-LPs 3/NREZBRRIB M ST ST EER (n=6)
Table 11 Grading results of DHA-LPs for acute skin irritation in mice (n=6)

PRI BLEAR R ST B 7

A5 R R
1h 24 h 48 h 72h 1lh 24 h 48 h 72 h

pagis 0 0 0 0 0 0 0 0 TR

DHA-LPs 0 0 1 0 0 0 0.167 0 THRIEE
RUUESE RN, 1568 DHA-LPs % /)N R WIFEAH R AL A H iR E B LBk, IMQ #5'%
JHRAR R S I 8h g, FH/NREIEIFIRL 2. X AR 2
2.8.2 W GRS 25 RN BALB/e INRIEFEBL T 80 L HLi/KiRKALEE; DHA-LPs
INREHBE, WAZN 3 emX2 em, 15 ZH A1 DHA Sol 47E/) BT iRk 80 pL B2
FEM IR RFE 3 d, BENL N S 4, a5 A W, S AT RIARE RIS 6 K, BRSG
ApRsyeHun ™. SR, BRI, Tap (RHM:ZY, 25 1k,
62.5mg) 41. DHASol 41 (5mg-mL™") Al DHA- 2.8.3 HUERE AR AL SRR (PSAD 14y
LPs 41 (LA DHA it 5 mg'mL™") . BExtfiEZH4t, FESRIG 2% sHT, 3 B DU E S %20 /N SRR TS s i
HARZH/NRM BTN 1~6d B H iRk FAntEon, R s Brox, XTREZH /N Rk IE

62.5 mg ] IMQ LA ARSI L B 08, x4 Wy BRI BT WY RS, HT AR R, PR



FA8EFETH 2025F7H %¥r34ak £ Drug Evaluation Research  Vol. 48 No.7  July 2025 - 1861 -
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* Pt g
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T :
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¥ K. e/ o
/ AL B
R
.
PO eit) Tap DHA Sol DHA LPs

5 JATr 6 d EIRERHRDREREBIKTLE

Fig.5 Comparison of the scale condition on back of psoriasis mice after six days of treatment

A E R REE R BURE; Tap 2H B2 I B B2 6%
JB - TR, R R R AR AR B ZH A T
DHA Sol ZAHFAR AL/ R g 9D, 4RSS A
B, BT AR AU DHA-LPs ZH P %o

DHA-LPs 2H /)~ iRz ki Ji B R e/l , RS X
HRAH, ARJEWFE R s I Ol i« 45 R,

DHA X /IS R BER 8 3 B i LA B A, Ah

Sol, &7~ A i AR #2 R G fE 2 = DHA J7
R G2 ffE /)N BRVERL T o R R 7 T ) AR I o
S8 PASI AR, WLLBE. 3 57 i g iz
FREE 3 ANGEREERT /N B 30 R B AT A PP A . %
0% CAER) « 14 (BHD . 24 (BF) .
34 (BE) | 447 AEH™E) BIbsHERS 5,
3 1A 5 BNEDA PAST &4y, BARVREAL 45 Bk

F DHA-LPs [97 200 T-BH 14254 Tap 1 DHA 12 7R

Fz 12 PASIIESNZER (X £5, n=5)
Table 12 Results of PASI scores (X s, n=5)

PASI 15>
WIR MR HIR HAR HER HER HTR
X 0£0 000000 0004000 0.000.00 0.00£0.00 0.00£0.00 0.00+000
1A 040 157+035% 2504040  357+035" 5574045 7.83040% 8.97+035%
Tap 0£0 1732025 2674031 343+045 4804020" 6.07£021" 780£020"
DHASol 040  050+020™ 107+012"% 203£015™44 28040267444  473£0257444 5340214

DHA-LPs  0+0 027+021™ 0874015™4 1734+015™4% 2404026™" A8 34740257 AMS 4374021 AAA

SHRZEELAS: #P<<0.001; SHIAIAELE:: *P<0.05 **P<<0.01 ***P<0.001; 5 Tap ZHLbH:: 24P<<0.01 224P<<0.001; 5 DHA Sol 4 Lb#:
$$5p<0.001.
#P<20.001 vs control group; “P<<0.05 **P<<0.01 **P<<0.001 vs model group; 24P<<0.01 224P<<(.001 vs Tap group; $5P<<0.001 vs DHA Sol group.

YR 2 R, BT PAST VR4 Bn IR ZH 5 2%
FhE (P<<0.001) , 1fii DHA Sol 411 DHA-LPs 41
(1) PASI Vo BB 2H 35 B 2 Bk (P<<0.001)
FHEZY Tap 4 SRV AAM L E ST 2 5R

YR 5 R, BUATHUL PASI YR R ET
R (P<<0.05. 0.001) . H:1, DHA Sol ZHA1
DHA-LPs 4117 308 E T Tap 4 (P<<0.05) ,
H DHA-LPs #[1J PASI 143 % DHA Sol 2t —
B (P<<0.05) , PRIH FEAR 1) B B s s R R

YRUIER T RELIGE R, 520 PASI VR Y
AR A R EZER (P<0.01. 0.001) . 3
TR, MEZ5E 3 KikZ, DHA Sol 41/ DHA-
LPs ZH¥] PAST V¥4 FRARIR BRI B F Tap 41

(P<0.05) ; fE4AZ4% 5~7 K, DHA-LPs 411
PASI #¥-73% DHA Sol ZH #7482 i B (P<<0.05),
I H AR KT R B R IR T T
2.8.4  FZIIIAKS-RA (HE) B0l it —2DiF
WA DHA-LPs /)N Rz ok 46 04 7 117 =6 S g
71, KH HE Bt o0 M/ R R 2 & 5814k
DIVERSI 56 25 SRR /)y BB 50 2 Jok 2 2R 9 [ e T
4%% 5 W IR [ 78 24 ho B JE BEAT B /K Ab 2,
TR A R v, & R D) A .
VIR SR 4~5um, 4358 HE Y5, 78 5505
ARG AN T K IR 25 R () AR A B0,

il 6 P, XTHRAR TR, SR
TG, RIS R R, REE
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RTINS B
DHA LPs

ROF-MZM, B ONER-RRLT 4 O k-RialR: BEONEL-BH; AT k-REMNL; SOTL-REHN.

Black arrow-spinous cells; blue arrow-collagen fibers; red arrow-sebaceous glands; yellow arrow-hair follicles; white arrow-epidermal keratinization;

green arrow-inflammatory cells.

6 RBHNEEH

BEZBRYI A HE B LER

Fig. 6 HE staining results of skin sections from the back of psoriasis mice

W, BUZ IR, R Ak, BRI
JREFYEZTL, DR RIEAMIRIE ; Tap R AR E
fatk, BEMME R, B RS RREMR
l; DHA Sol ZH3R B¢ oy 38 5, k)= 40 B k%
FRZ I B AT AR NS, B 2R R4 4 2L,
RAEYNMIZ B AR R 2H )k s DHA-LPs 41 57 Jik 47
tisle, REBZZHE, BEMIN, FEZRIEM
fo/b, JRITRCR AR . HE 45 %1, DHA-LPs ji
RERE RIS IE R E R T IMQ i T IR B /N R
(1) 52 Ik 5 46 S5
2.8.5 JREFEECLEME HE 4ot RiRszibsk
CUIFSEAM A DHA-LPs AJ 5 Rt /)N R s 93 2
IR . HE— B4R 5 DHA-LPs % 4= BrPE Va7 3%
S, SEIRZ SN, U ERE, F T4 ) PBS
TEVE, FEREEWT RS G L, DR AR K I
e, HREMMEER R, THTEMEERE, F
I, B2 BT A4, F 4% 2 R W 2 )
AT AR, VIR RN 4~5 um, &R
W KA, BT HE 4eth, e Bt T
ZME A NG, RAMEVEN DHA-LPs XH4R )
95 /0N SROBLNE S I SRR AR . 45 R LI 7 Ak 13,

IR AP 2 00 = PO IR A

AT R ZH TE 05 TR D /N g ik, ABE AR ZH 500
TR BRATIE K2 1.4 5 (P<<0.05) , HRAEREIR
A 5 5 I P B B S %) L 98 PR e oK AR Y 4
AHEE, Tap ZHA1 DHA Sol ZH /)N 5 B R K B2 1) 5

Tap

DHA Sol

DHA LPs

E7 HAHEARERNREAEINR
Fig. 7 Appearance of the spleens of the psoriasis mice in
each treatment group
®13 BRGENRBEKELEE (X £s, n=5)
Table 13 Comparison of spleen lengths in psoriasis mice
among different treatment groups ( X s, n=5)

2053 A B fom
payi 1.40+0.08
T 2.024+0.17##48
Tap 1.84+0.24*
DHA Sol 1.84+0.21
DHA-LPs 1.6040.14"4488

EXIRALLE: #P<0.001; SHBALLE: "P<0.05 “P<
0.01; 5 Tap ZHLbH: AP<<0.05 24P<<0.01; 5 DHA Sol 4tk
. SP<0.05 $P<0.01.

*P<0.001 vs control group; "P<<0.05 **P<<0.001 vs model
group; 2P<<0.05 24P<0.01 ws Tap group; P<<0.05 $5P<

0.01vs DHA Sol group.
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FZREAL (P<<0.05) , 1] DHA-LPs 41 BT K
PR SEINAA &, 22 5 Ao S s 35 1 (P<<0.01) .
5 Tap 2HAHEL, DHA Sol 44/ DHA-LPs 21 [/
TR B 1 0 25 B (P<<0.05. 0.01) o b4k, 5
DHA Sol 404 Lt, DHA-LPs 25 [ K 5 3k — 5 |4
ik (P<<0.01) , FH] DHA-LPs 7£ 22 4R 5 /N R
FELE o o5 THT LA SRR T T R
I ST o AT S S 4 /N BRI BT R B,

ALRE W VPAY DHA-LPs XF4R JE 995 /) SRBATE /N
MR, R 8 .

*

2.07

1.57 #
1.07 |
0.57

XHE  #i% Tap DHA Sol DHA LPs

JURE 2 8

Lxt AL *P<0.05; SEAMIE: "P<0.05; 5 DHA
Sol Al HtE: AP<<0.05.
#P<0.05 vs control group; "P<<0.05 vs model group; 2P<<0.05 vs
DHA Sol group.

El8 DHA-LPs X$R/E /MR AR BE REAIRME (X £
s, n=5)
Fig. 8 Effect of DHA-LPs on the spleen index in

psoriatic mice (X *s, n=5)

X REZH LT R AR AR A T R AR
ET AR (P<<0.05) , R BHARAY ZH /)N B3R S
WK, SR, Tap 415 DHA Sol 4
S E S, 3R OH VR AL MR I K 1 S A R AN
¥, DHA-LPs 4N R0 3 K (P<0.05) ,
PR ALK, B s 35974 DHA-LPs 41
5 DHA Sol A .3 £ 7 (P<<0.05) , &4 DHA-
LPs yEI7 SR . R R 2R 5sh B 5 K
N —F, $8 DHA-LPs AJ A 20 IMQ
SN R R, W RE S IR A IS IR R4t
$27t DHA #1535, 19 DHA J697 3CRA K.

DHA-LPs % 4R J& 3 /) 5% BLIE A 2 4 1 e
VER G R 9 s, SR AL 4UER, /N
SHEZ, WEHMRAS R SMTE T AR
PO S0 S RS AR D, BRNGE 2REL, ATRE
NG RIRANE, 2B RIS A Tap
PP NGBS REL, AR5 NSRRANE, £
¥ E SR M3 25 . DHA Sol ZH 51454 BT stz
WRELAHHIE 2, MRS AR I T BT, 2 A% S A
Hysi/b s DHA-LPs 41 AF 515 fc e, Ik EXL 44t 4
%, WU RE, B EY. 25 L,
DHA-LPs Al KFEEEHGE IMQ 15 510/ BB IE
S
2.8.6 DHA-LPs Xt G o sem  HRHE R 1%
XM/ RAIREA, R4 H B 5 BT

o R

Tap

DHA Sol

DHA LPs

BOF-MNG LOFE-L0RE: OETR- MBIk, SOET k-2 R E AT,
Black arrow-splenic nodules; red arrow-red pulp; yellow arrow-splenic artery; green arrow-multinucleated macrophages.

&9 SRBMEE/NRMAEYI A HE RBER

Fig.9 HE staining results of spleen sections from psoriasis model mice



- 1864 - FA8EETH 20254 7H

LR AL Drug Evaluation Research

Vol. 48 No. 7 July 2025

WHREAREAT A4 (WBC) + #REZf (DY) .
PRI (GR) JRZ4HE (MONO) 14,
T I PR S LI I R, DR AR S
TR (1) 4 B 98 AR I B 2540 TS 9 FH S etk
SHRTER

54N 10 Fras, WBC EAR B IR 20 & AR I
ECE R MAE R, WBC KT A EWPPAE AR JE /s
R P10 2 i 9 B o L At FR L) WBC Ab TR /K T
FERIZA 1) WBC /KX RRZE I 4.9 £5 (P<<0.05),
FOALEAE I B RE [N 5 Tap 1 SHERIA TG 8 3% 2%
S, FB Tap X T8 B0 ST VR TT AR A AR
DHA Sol ZH 5 AIH B A B EZER (P<0.05) ,
{2 WBC 7K FA XA 1 3.1 5 (P<<0.05) ;5 #H
5T Tap 4081 DHA Sol 41, DHA-LPs & R HifefE:
A WBC [IRCE, H DHA-LPs ff] WBC 7K°F

PR T X HRA, SOAXTRRALN) 1.4 £%, KW DHA-
* 6= #
15— —
# 5l I
104 i -~ 4

v
L
LY/(X 1094 L)

WBC/(X 100/ L)

1~
JILL .

S(J 2 TapDHA DHA
# Sol LPs

SR ek

Sol LPs

]
5(7‘ T8 TapDHA DHA
#

GR/(X10°4~ LY

#P<<0.05; SHEIALLE: "P<0.05;

LPs 1] B 52 SR AR 8 975 J0E SV o

7R DHA-LPs S8R J8 99 /I B E 40 i S 3
PREIER, HE— DRI E R T &4/ R A
A LY. GR & MONO /K FZ5. AR
LY. GR fl MONO /K V¥ & #Em T XR4 (P<
0.05) , R HIREAYLH /N BRA ™ B 1 S0 S s Tap 2H
] LY~ GR. MONO 7/K>F- 57 2H 350 b 25 1 22
5, Horb GR KPR IS = A2, KB Tap Xt
THE /N R AR IERR ST/ A EEAR ;. DHA Sol 44
LY. GR /KPP THEMAR BENER (P<
0.05) , E{EEETXEA (P<0.05) , £H
DHA Sol HEXMREIEJAEA — @ IRIT 2R, (HA
ikt DHA-LPs ZHAHE T84 . DHA Sol 4,
HF# GR, MONO fEH B & (P<0.05) , H
LY. GR & MONO /K-GFHE T X iR, RILH 5
FEM RRETRIT R -

104 *#
T, 0.8+ I
< A
‘?_3' 0.6 —
X
O 04+
pe
o
S o4
0 __‘_...
x1 % TapDHA DHA % # TapDHA DHA
#1 Sol LPs WA Sol LPs
5 DHA Sol A1L%: 4P<<0.05.

#P<<0.05 vs control group; “P<<0.05 vs model group; *#P<<0.05 vs DHA Sol group.

10 DHA-LPs 3H4R/Bf% /R IMNE M AIERBRETER (X s, n=5)
Fig. 10 Modulatory effect of DHA-LPs on inflammatory cells in the peripheral blood of psoriatic mice (X s, n=5)

2.8.7 DHA-LPs XJ/MR MG H F15m
05T DHA-LPs XF4R 8/ B S 2 4 i 4>
WA R R, SeIe 2 NE, RS
ANEL, BA 3000 r-min! 2540 15 min 205 1175
HHET-80 CLRAFAM . KA ELISA yAG: ifn 375
g % K7 IL-6+ IL-17. IL-23. TNF-a &4 H
T TGF-B & &, LAVP{4 DHA-LPs ()5 iy
PEFR . S5 aBE 11 fras, X BB 4L R0 J9RE K+ F140
9 Rl F KPS DR FF B ARAK s B ZH 1) 98 R R
TP RITIELAI 1.6~2.0 % (P<<0.05) , #W#
Rl 5 B2 T 055 22 5, SRR IR 2 K Al
Tap 412K T /K7 B EL R 45 B2 TR (P<

0.05), {H 2 E K1 7K P AT5 2 % FRZH I 1.5~2.0 1,
K Tap AHXHR G JO0E G IT R A DHA
Sol 4 % F T /K AR TR 2H B 2 BRIk (P<
0.05) , H TGF-B &EAHBMAN 1.5 5 (P<
0.05) , {HIRE K ¥ BRI TG = TR R, %
2 DHA Sol 1697 )5 » HRIBIH /NI RIER — &
e, ARG RAT AR 58424 1E s DHA-LPs 4111
2 9 R 7K P AR BT R 2 2 B 3 FR IR (P<
0.05) , FEARPFEFITFIEA, [FI TGF-p &
BEFE (P<0.05) , AHEBAR 1.7 65, A
/K. H'5 DHA Sol #tL, &E?IL-M
IL-23 &8 EFEEIL (P<0.05) , H TGF-p&E
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+H
D
o
H

Hx gL : #P<0.05: SEUHZILLE:: "P<<0.05: 5 DHA Sol 4lHt%:: 2P<<0.05.
#P<0.05 vs control group; “P<<0.05 vs model group; *P<<0.05 vs DHA Sol group.

B 11 KR4 IL-6, IL-17, IL-23, TNF-o. TGF-p RERET (X 5, n=5)

a 15 T g E —
I [l
= - A —
E 10 E 4 T %
2 2 £ 60
3 N g
A 5 0 2 g 40
- - & 20
= 0
X A Tap DHA DHA X 5% Tap DHA DHA X 5% Tap DHA DHA
Sol LPs Sol LPs Sol LPs
*
*
*
*
—_ 1000 > A
— o
7 o)
£ 600 £
g g
3 400 3
L
Z 200 o
0 0
e A5 Tap DHA DHA X HE A7 Tap DHA DHA
Sol LPs Sol LPs

Fig. 11 Changes in concentrations of IL-6, IL-17, IL-23, TNF-a, and TGF-B in each group (X X5, n=>5)

©ETHE (P<0.05) , &I DHA-LPs 1R AFEREA
TE T ER B0 /N BRI G s R AT, Y S e B, 2R 4
I IEH K.
29 GitFESH

HH 43 A A R I /E R P Design-Expert 13.0
H1 GraphPad Prism 8.0 #AT, i35 X £5 %o,
Z R L Two-way ANOVA #5692 73 #r 8%
One-way ANOVA F3 56325041, P<<0.05 I )5 41
A ERENER.
3 e

BRI 5 I A5 B JE & FLVR T A A
DHA-LPs %1835 Ji /)N BUSE 451 B 98 0 s . 1R8I
YERRT Tap, ELAT TN FH AT 5o

R DHA CHIESE R BE NSRS %%
UERERGR E ARSI (28N fiy7 SV E - R E S A 4
AEPIRI AR « A fee 2= Ak 5 1
R33N, ARUEAH AT SR N, DHA & MRS 24
Ji ML 285346 P 2 TEHAAS K2 3 h34), g AR A i g
ARG A E AR I DHA RSN R B 4E
K& 72 BT, XL TGOS [ Bk Sl AN
L) Wang SEBOMRIE 1R AR LB 25 M1 I TRI AL
HIAHS G, BN R R “ kiR &
MR TR T &

R AT T DHA-LPs A NZA 57T
A BB, A ST 0% ¥ DHA-LPs . H T
FERR R R2a 2, UESE T HAIRYT ARG N 1) 2 A e
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SEIGERE N s Fefi, R HRI A R o A4 mT PR 245
PRSI, 4 024 P 2 1R B AR BB, AT
1R AT B 51 A R B D80 K JHF B PR KRBT
KT K DHA-LPs 1E N 5 4h #5076 7
ANERARTE I, 456 MR A 5z bk o0 FH il 70 R A R e
P, f#f DHA-LPs ECHER G R - 22 900 E i 1%
[ FEAB 44, B DHA-LPs AN 28 H 5 4R I8 9
/I BR R IR 546 S TR R VR TR, ISR I X
B TP 975 /0N BT S5 L LR s 92 4 M B 4 i R
IR 2 -3 9 RGP TER -
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JR BRI A B LS 5 ) A U R B S
AR08, Aggarwal 2509 Bk BB HY AR
JE 9 R IL-23/Th17 @K HES, X—@EEES
TR R B TR R IR ML R AL s . AHE AR RS
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Wi S - RGN PR R, QT L BE T DHA-LPs
B 9 A1 I 40 A GR B MONO 55+
PEVETT . S5 RH 1254 Tap AL, DHA-LPs ff GR
F MONO LA 53 70 BRI 80.1% 1 54.1% (P<
0.05) ; 5 DHA Sol #tt, GR F1 MONO L4543
HIFEE 55.6%F1 55.0% (P<0.05) . IX— KK
T AT ARSI T FE A IL-23/Th17 Bhif s
(e . FF, GR. MONO 79 54 8%
T R S 5 AH G, 7R DHA-LPs Af fgif it
I GR & MONO it B, BB « 980K
7 HBIEEI, XA KAR S NI SR T
WAERE .

DL IL-23/Th17 @EEFEIR AR, 2 hh 28 gl
FfL 574 TNF-aus IL-17+ IL-23 #A A 548 5 &
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17 IL-23 I LT 2590, AW T DAL 3 S
KF, #5017 DHA-LPs XfHATER, JEit—F
i€ 2 DHA-LPs XME &R H+ IL-6 KKK ¥
TGF-B MIsha& Pl ge, #—P5s 1 ek
BT 9T BE . DHA-LPs X4 % K 7 TNF-a.
IL-17 & 1L-23 B3R 23 00 T B 254 Tap
(P<<0.05) , [Fi TGF-B A% T Tap A EE T,
F W DHA-LPs AH# T Tap HA EARBAIAITRL
R: DHA-LPs #1# T DHA Sol, ANXKHE 4 KT
IL-17 J¢ TL-23 SR B sm ik e, (RIS 2
IR T TGF-B 7K Fo X P a) il 3
BH R o R 86028 R G 1 5 DHA [R3I6 3%, 58
LT B 5 G S B R R, R o A7)
T [ i B 1 2 B T A B R T 1) 95 5
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JiE, Z5305% T DHA Sol K FHM: 254 Tap. DHA-LPs
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W% IL-23/Th17 X — & HUdE % X TNF-a. IL-17.
IL-23 &4 M RRER ¥, 55— 7 g H ¥ GR.
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