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W OE: BW @ EAEMIIER Realgar K T2, HMAGPKNSOEFEMER 224 BE N S “WEHERC BRI
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Study on zirconium ball water-grinding combined with ultrasound-assisted
nanonization process of Realgar and its “efficacy-toxicity” relationship

KANG Shuang, GE Songqi, WU Jingzhen, XU Tianyi, WANG Xinchen, WANG Chuying, YANG Xinxin, YU Peng
Changchun University of Traditional Chinese Medicine, Changchun 130117, China

Abstract: Objective To establish an ultrasound-assisted nanonization process for realgar and elucidate the scientific connotation of
achieving toxicity reduction and efficacy enhancement within safety thresholds through nanonization. Methods The parameters of
zirconium ball water-grinding were optimized using central composite design-response surface methodology (CCD-RSM), and nano-
realgar was prepared by combining acid washing with ultrasonic shearing. Four processed products (dry-ground Realgar, traditional
water-floating Realgar, SDS-assisted water-floating Realgar and nano-Realgar) were characterized by laser particle size analyzer,
scanning electron microscope (SEM), specific surface area and porosity analyzer based on the Brunauer-Emmett-Teller (BET) method,
and liquid chromatography-atomic fluorescence spectrometry (LC-AFS). Toxicity was evaluated using a Caenorhabditis elegans
model, and efficacy was assessed using a mouse wound model. Results The optimal process parameters of zirconium ball water-
grinding were determined as milling for 3.9 h, three cycles of levigation, and the addition of 190 g of zirconia balls (the mass ratio of
zirconium balls with diameters of 1,2, 3,4mmis 1 . 1 2 I 4); The particle size of Realgar sample can be reduced to 300 nm 30 min
of sonication at 250 W. BET analysis showed that nano-realgar had well-developed mesopores. LC-AFS results indicated that,
compared with the dry-milled product, all processing methods reduced the As®>" content, with nano-Realgar being slightly higher but

still below the safety limit. In the C. elegans assay, nano-Realgar exhibited the lowest toxicity (P < 0.001). In the mouse wound model,
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it achieved the highest healing rate, significantly reducing inflammatory factors and upregulating growth factor expression (P < 0.05).

Conclusion The zirconium ball water-grinding combined with ultrasound-assisted nanonization process successfully prepares nano-

Realgar, which possesses dual advantages of toxicity reduction and efficacy enhancement within safety thresholds, providing a

theoretical basis for upgrading the processing technology of Realgar.

Key words: Realgar; nanonization; zirconium ball water-grinding combined with ultrasound assistance; toxicity reduction and efficacy

enhancement; central composite design-response surface methodology; Brunauer-Emmett-Teller (BET); liquid chromatography-

atomic fluorescence spectrometry; As>*; inflammatory factor; growth factor
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2023101501). FHER (k5 20240105), Zr#r4l, Kk
Wl RHEA S RARAR WWIEBRK (Y
R20290). FACHREREA (Ht'5 A07GS157176) +—
FEHEMREREN (sodium dodecyl sulfate, SDS, #t*5
20220816), EgIEMAEYIRHEARA R BULH,
fit5 20221020, sr#ral, REAERAFRA) 5 B
R AT, S 20231108, 4)Hrdl, K RBFERK
WEEAFIE R AR AlEEsERy, #its 20230322,
AT, KESEERBAL T A IRAF; 4%% Rl
W, 5 23319085, % Biosharp AY)H A H R
N o BEER ER LI MO Z& 1. NGM “F-4% « OP50
BRIV 350 S5 2 1 1

7N BR R B TR F--00 (tumor necrosis factor-a.,
TNF-o ) i BX % 9% W B 9 %€ C enzyme linked
immunosorbent assay, ELISA {7l & (§25 PT512).
/INER A R-1B Cinterleukin-1B, IL-1B) ELISA
A& ($2%5 PI301). /MR IL-6 ELISA {55 & (1%
5 PI326), LHIEARAEARGRAF. MEN
AR F A (vascular endothelial growth factor A,
VEGFA, #t5 WL00009b) . 1k 4 KK 1 -1
( transforming growth factor-pl , TGF-f1, #t 5
WL02193). Ifil/MRATAEAKEF-A W (platelet-
derived growth factor-A subunit, PDGF-A, L5
WL02880), VLB IRAEMRHE AR AF; HRP br
el 1gG, fit'5#31460, Z£[F Thermo Fisher
Scientific Inc.; FFAKS, #iL5 H8070, JbtZREEFR
HAHRAF: 41 HHEA (bovine serum albumin,
BSA) K, fit'5 A602440-0050, £ TAEY THE (_E
) B HRAT; DAB T, #it'S DAB-1031,
FEINIEF B AT KA R A .

1.3 #m

WU R B R 26 (P2 B rg ), %18
(FREZ 8 2025 4RO 250 TR R AT R
BRFEER, @KEFEPEL R E R EH R
REE, NN VIHET RIS Realgar .

1.4 i)

ICR /NER, HEME, #BE 20~22¢, MHILT
KAEEMERBDARAF, AF=FrHES SCXK
(3L) 2024-0001. /NERIAFET SPF BRFEIAEE, =i
(22+2) C, MXEE (50£10) %, 12h Y. B
W, HHEREWK. ENHERTE 7d FEATSRR. A
W9 2 KA T B 25 R S0 e B2 51 2 ikt
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elegans, BTFAR N2, HKEFHEAGRKFEHLAHE
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2.1 I ZiNEfRgit51Fs
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JEIGEE, Wik A INEREOG, RILHHE L4k ()F o™
S
2.1.3 RENE BURERZ 02g, IH ST, £ 50
mL BEARH, Ingtifik 30 mL, HPSIE R B
BIBOCKLEE 73 AT AN, XS EATE SRR,
FEI LR ot AR VR BB NI A 2 b, &
SO hiRE . BASEUS, FERSEIEINA X AT
R, 5 JE TSR i TR A AR I E 45 R0,
2.1.4 VFoU7TVE ONASIRAE A i, R
WOz TERFATYE, DAZGSRE 1) As:Sy &
NG R TERR: (OE o™ E RHEST “XGELL” 1)
FRGNERARHE, AR RAER RRAR S AR IE, —
HREALGREE IR TR . SR Sttt il 20k
FHRPEBIEEAT PR e . S RIER /7. Y=
100X (R1—Rumin)/(Rimax—Rimin)» LM 1370 Y2
100><(RZ_R2min)/(R2max_R2min)’ EP{TM%%E%J\ Y3
100><[1_(R3_RSmin)/(Ramax_RSmin)]’ /ﬁ\:‘:':', Rl’\/Rg
DIRINEREN T AsSy S (UF atl. P A,
Rimin~Ramin 77 5 AN E 25 R As:S, &, B a”
B POAR AR AME, Rimax ™~ Ramax 73 70 Al 5E 45
HAsS R BFE oME. PAARRRRE .

FRIE 2 R Bk e BARPIAU R R 8, 4R
# 1, BERBCRHZEXR5 % (analytic hierarchy
process, AHP) i€ . R4 FlSLLS H1 % 48An 0T T2
JRE I TTRRIE L, X AsoSo B i (R, TRAARIEAT
PIPTELER, H A WTAE RS s AsoSy BRI (AR
I3~ ARSI AL 2407379079 0.57+ 0104 0.33,
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Table 1 Judgment matrix of criterion layer for process

evaluation
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Table 3 Results of investigation on water-adding amount

JKEMmML  As:S2/% a™E iR um  GEAETEY
T2k AS2S2 EES L RRDEES 200 10057 2.3 7.85 70.47
As2So 1 5 2 300 100.75  1.85 8.35 85.20
853 1/5 1 1/4 400 10039  2.25 10.14 56.56
H AR 1/2 4 1 500 99.14 198 11.29 3.25

AL, H—3E% (consistency ratio, CR) =
0.0212, CR<C0.10, EWINERHA. KHLE
WA, XK R L EATELE, 856170 (Y) =0.57
Y140.10 ¥240.33 3.
22 HEEERKCIZHEERER
2.2.1 WHER S FEEPRE 30 g HERAE M, 3
N W EERG, A 200 g ELA2A 4 mm AL
BEBR, hnAgifk/K 300 mL, LA 800 r/min (%55 5y
BIREES 1. 2. 4h, JEI BRI BEERANEEWE,
PRBIRBINGEMFPUIE 48 h, BURJZUTHE, T,
ML AsSy &, (. Wi, HiHEEEE,
SERWE 2. S5REIR, FEEMEREIMA 1 h K
F 4h, FERRSSETR b RPN, A1
[E]20 KNEFETE, 2 W A AP B Ik (a6 R S 4 .
Fignik & sr a itk RE Y BB AL VER, UK
Pemit— D3 T LA, R ER ] 4 h
VAKE D

*2 HEREERER

Table 2 Results of grinding time investigation

WEERFIEI/h As:So%  a™f  Aiffum  ZEHES
1 98.62 1.54 9.70 0.00
2 100.10  1.69 8.01 69.93
4 10052  1.76 6.72 100.00

222 fIIKEFEE KEEOE 30 g MEREAE M, HIA
e e EERGS, AN 200 g ELARAN 4 mm (R LSS
BR, ZrBImA4ifkK 2000 300, 400. 500 mL, Ll
800 r/min HJ %% IE 73 AW EE 90 min, Y& 73 B R
BEBRAR BV, IR BB N B FITTE 48 h, HX
TEDE, T, MERLAsS & &, B, b,
HIHELEAER S, EGRNE 3. 48R, ANEM
TR BT HE TR it B S 8RB i) 2.2, 300 mL vk &
TEPRFFE AL il fE . Rk R G RSy T
R, 1M 500 mL 7K &R R I 5 %=

223 fIEREFEE  KEME 30 g MERAE, FIA
JE R, 43 A0 100 200+ 300, 400 g F
A 4 mm PEALEEER, MA4ifk/K 300 mL, DA

800 r/min 1% 53 A S 90 min, &I 4y BRI
BEERFNRE B, FHR SR BN UTE 480, HL
TEDUE, T, WEHE AsS &, fE. FNE,
T ELREG T, SR NE 4. 4RERY], INERER)
AR HE R () 22 T FE 4R A B B3 AR .
INEREIARETI IR, 3R AN AU R A
R RIN AT E; AR R AL A% [RIFE 2 I8
B, LREFHEEAERN AR KA G, N
EREFEHIE 100~300 g B, HEFOH LG TERER I
WARGE, STRPRAIPMRELT, Bes e s IR
B, R KA. SRR,
Fz4 MKEBRER

Table 4 Results of investigation on ball-loading amount

IBkElg  As:S%  afH P Rum AR
100 99.81 2.67 10.06 67.00
200 98.29 2.32 9.09 60.28
300 97.75 1.93 9.30 45.32
400 96.07 1.20 8.36 33.00

224 AFHEAHEBRTEFELS KERE 30g
FESEAE S, BN+, TN 200 g EA5)
B 1L 2 3. 4mm PPREMEEER, AR EATEEK
REL AR EN 111133151, 1:
3:3:1.1:1:3:3.1:1:4:2,1:1:2:4,
S AIMAZAL /K 300 mL, L 400 r/min {14555 53 5
WFEE 90 min, JEId /> BAkE . BEERFIVR W, KR
BRI P YUIE 48h, BURZD0EE, T4, il
FEIH AsS S, . K, FHHESEEES,
SRR 5. RS R, AFEBEAETBEMA
LA 0T 2K 1Y) 22 Tk REFR AR A B . AT K
B, RAEZDHN 1. 2. 3. 4mm KRR
BN 1010204 i, BHEE SR IRAE R B
AsySy B R ANE B A o BRI, FARRN, 25
HIERERIUR o Rk, SEFR LT S LR BE 3k
IINECB], AR AR ANFE . S5 FERIAE = 20R
2.3 HEEIKK KT Z/R CCD-RSM fiLik

231 REBWIHEER BT REREERS R, [



F 8B 2026F 108 $57% B 198  Chinese Traditional and Herbal Drugs 2026 October Vol. 57 No. 19

* 7619 »

x5 WHEKLLBIERER

Table 5 Results of investigation on grinding-ball ratio

ANEERHE  AsSo . AR A
R &= L % Tl pm 55
1:1:1:1 100.05 1.67 7.52 1.96
3:3:1:1 100.89 1.82 4.14 93.11
1:3:3:1 100.20 1.62 6.42 16.57
1:1:3:3 99.97 1.68 7.44 2.72
1:1:4:2 100.01 1.93 7.25 13.62
1:1:2:4 100.92 1.88 4.60 94.74

SEMANBERS AN 1. 20 30 4 mm, JFiElH1:
12204 IBHEER, BLOHLESE B 800 t/min, Xf
WREERS TR (XD KRS () BnekE (X)) 3
AN E R Design-Expert 13 #4437 3 BI& 3 /K
*Ff) CCD-RSM sEeBeitto, AZE&EPE (1) A
NWRRAE, Bt 17 k8 T RSM Ik 70 #.
F KRB KNS R ISR 6, 18I o
VA 73 B A T R o 5 R B AT A A IR

#& 6 CCD-RSM RALHIERKE, LHFITTRALER
Table 6 Factor level, experimental design and results of

CCD-RSM optimization

BE xh Xk Xy 2 e el

% pm
1 2(-1) 1(-1) 200(0) 9329 20.84 4.862 2522
2 4(+1) 1 200 95.76 2150 4.039 49.93
3 2 3(+1) 200 10042 2392 5712 65.20
4 3(0) 3 100 10017 2686 5522 8120
5 2 2(0) 100(-1) 97.87 21.67 4127 5570
6 4 2 100 10068 2636 3.202 86.83
7 2 2 300(+1) 9735 21.62 6.150 43.06
8 4 2 300 10014 2327 4038 7142
9 3 1 100 9471 21.41 5.708 30.11
10 4 3 200 10106 2669 2.990 93.22
1 3 1 300 9401 2119 3364 40.93
12 3 3 300 10029 2341 4110 7194
133 2 200 99.76 2238 3.744 70.14
14 3 2 200 99.81 2309 3.786 7134
15 3 2 200 10057 2381 3.645 77.97
6 3 2 200 98.97 21.61 3.659 6527
17 3 2 200 99.16 21.97 3.694 66.63

W 7. Hrp P<0.05, F=8.51, UM HA 0%
ZE stk KAME P>0.05, KA EZE, R2=09162,
Vi I Z T R R FE AT, M HERR PO SE B 0, 7 1E
YT R Ragi>=0.808 6, 1 B LA AU BEAFFE 80.86%
IRNAE AR . 27 BRTIR, B RA R A5
B, WERzEN, BAGE, nfH TR E KR
T 25 BT RTTIIN HLBE PRAE B 45 I HERA o AR ]
I HTEE R, ghAm N = 4E iR (| 1D, 8
Design-Expert 13 #4470 Hr T i S5 B IS I (1)
N 3.9h. K RIRECH 3 R IMARFEEKCH 190 g.
KT BESHER

Table 7 Results of variance analysis

WEKIE PO Bl B4 FE PE O OBEHK
[l )78 608359 9 675.95 8.51 0.0050 # ¥ 3
X1 74074 1 740.74 9.32 0.0185 &%
X2 3306.88 1 3306.88 41.62 0.000 3 i
X3 85719 1 857.19 10.79 0.0134 &%
X1X2 1739 1 17.39 0.22 0.654 1

X1Xs 279 1 2.79 0.04 0.8567

X2X3 435 1 435 0.06 0.8217

X1? 38034 1 380.34 4.79 0.064 9

X2? 619.7 1 619.70 7.80 0.026 8 &¥
Xa? 56.46 1 56.46 0.71 0.4271

& 556.14 7 79.45

FKAME 44933 3 149.78 5.61 0.0646 A&
R 106.81 4 26.70

aif 6639.73 16

232 FERIEST KA 8 A EA Design-Expert 13
P17 SRR HEAT AT, AL 2 IRE Tt IR T
fE: Y=70.270+14.030 X;+20.670 Xo—3.310 X3+
0.827 5 X1.X2—0.692 5 X1.X3—5.020 X2X3—1.840 X;>—
10.040 X,2—4.180 X352, FFXF H AT 7 2 0 hr, 45

233 LZERUE BT B AR A AT A T £ 2R
GEASEBRAEFE AT, B e R R BRK A
TS FREUEEEE 30 g, IIAER
AN1. 20 3 4mmBEEANT 12 4 FFFEERR
FEi+ 190 g, A 300 mL 4ifksK, 7£ 800 r/min %%
THCORNHES 3.9 h, BRI B JE WAR TRE, BRIE LA 200
mL 2K . K rkiE SHTEERE AN, HE
FIRERAE 2 IR B 3 IR SR, §HE 48h )5
72 BIEW, UUEY) 40 CARIR T, A i i B
B &3 WCPATIRIESRIGSE R (R 8) F£H,
Z LM TS KB R (AS: Br& AL 1)
RSD S5 HI1E 1%~ 5%; R R I Z 0 a R EoR,
3 RIIESEIR] AsoSy B, U o HA AR
ZRBESGTFEN, FH L EHEEER I,
24 BGEARKTIE

RS BRAK R 15 B BV HEROR R R, AT RE

TR BRERETHLARI, IR R
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Fig.1 Response surface plots for effects of X1, X2, and X3 on water-grinding process of Realgar
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Table 8 Results of process validation experiments

TR As2S2/% R a™E o7 42 /um
1 100.74 2.801 2.673
2 100.47 2.734 2.715
3 99.21 2.998 2.638
i 100.14+0.82 2.811+0.120 2.685+0.030
RSD/% 0.82 4.16 1.23

HESER ARGl S5 R 2 22 Atk . RIARHF 7t — 20 1k
BRRVEA T2, HR R8I RRIBR B R 25K
BRI A R R R, EREREE
RO HIETER T, SEBURRE SR R A3k — 2B B Ak alifh .
2.4.1 FRVEHPRLGEL 0 EURR VA T ) D oK T
(pH3.12). VKEEER. IR, N T WA R ERBE AW
TEAHTR pH (HZAF FRTXT b,  DKEEER AN 3h B35 B
P2 pH 3.12, DADCECKES ()RR FE KT o FREL 3 4
BERROK CHERN R, B 5.0g, AN 50 mL iR
W (EVREE 1210, BEJIHEFEAREE 30 min, ##E
1 h JEKERFPE, 40 CHEHI&ER. FAT 3 K
S
2.42 RIEENNR  HZMR “2.1.37 WR 7Tk
Wk, 2R WE 2. w5, WFAHRPARLGE R, K
g2 (2.997+0.118) pum, FBSEEZL (3.653+0.124)
um, FiihR4 (3.825+0.131) um (n=3), iR 8
s KEEAR A AR D, KT EERR AN 2R IR
H, RREFEIER, 3 AR RRARZE R
B (P<0.001). UK 22 Fhi) oz #1 Uk
A5, HEN A HUEE 5oy v] Reil i 2% & 7E -5 0k
REEATES, TR RALBE 6] F15E .
AR R, "R SR SR IR S,
2.5 FREEMFIHBEIKK CTEXHERANKL
RIS M

CUVA SCHRER B, SDS AF 92 v 14 77 v] W B T

1 sk - 5.0
s 90 i .
= F35 =
R 60 1 FOS
B FS
B PP
oy 20 &
= 301 A
¢ ] R
Bk 0.5
) =-—T—T—T-"T"T"T"T"T T T T T T T T T T
] HER [ 30
2 %] .
2 35 &
R 60 1 P
s ] L X
oK 3>
£ F2.0 3
= 307 =
¢ ] TS
i L 05
- 5.0
s -
= L35 &=
o T8
= FS
=iy
b3 2.0 3
. ER
B L 0.5
0.1 1.0 10.0 100.0 1000.0

L/ um
B2 KB #HERER. MEBRELEERMARNESHIER
Fig. 2 Particle size distribution of Realgar powder after
acid-washing with rice vinegar (a), dilute acetic acid (b) and

dilute hydrochloric acid (c)

TETERRLRTET, MR EE B FELHE R 1 P R 90 K 35
KT, SRR B, AR T gk Ak 3],
DR A S0 6 % T 2 56 RTT T ik — 25552, A
SDS % Bh#EBR/K K I 20 4R AL B
2.5.1 SDS/KKEKEELE SDS2&—MHIET
KmEHER, W TRETE 0K dfEd, K
i, TE OB EROK RIS B b, IR
TG T FUAE N 2 w5, R R R B 7 e o SR 3
T, SIS R 2 TR ASE L 1) 9 A S ) — vk 4]
B, USSR ROR 1 7 B o
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K LR 2R S IR BT, B SDS i E Rk BB
43N 1.04 231 5.8 g/L, 3 FTEIRE 27N SDS
PR . MRV S ANy, 43 R
FHKAN s B E i AT IE A 04 . B3 30 g,
Wi 300 mL, BREEFEH 800 r/min, 7K KINHA] 3.9h,
KK 3. JE BRI, BEERFIR B, KRR
RN UE 48h, BUFZ000E, T, G4

1 K#H. 1.0 gL' SDS r5.0
< 90 1 -
S ] o
2 L35
=60 1 =
2 FooS
£ L 20
= 307 =S
S L3
Bk L 0.5
0 —r—rr—r——-----—->>——
JKAH. 2.3 gL' SDS - 5.0
< 90 -
3 P
= L35 =
i 60 - ==
< 3 3
Eg L 20 3
= 30 L3
< LS
R L 0.5
) +=<—T—T—TTTT T T T T T T
KA. 5.8 gL' SDS r 5.0

< 90 -
= F35 =
NN 60 | EE:-
= -
B F2.0 T
= 30 ——
,/ LR
= - 0.5

9 +———"——"——

0.1 1.0 10.0 100.0 1000.0

A2/ um

SIS EE 3R, WA, R ILE 3 fIE 9,
SDS FiE R E N 2.3 g/L (BRI SDS HIF1 i Sk )
I, KA, BRI AR R TR EROK R A
SDS 2 [T 3iF 1 771l Bh Ak kK T} BAEFIS bR ks
GYHIVE, B SEBRERATE b 5 R RO TR T AR e (R
M, PRSP BEA Rt s, FEIERBFEZIR,
RAE LI R RIR

Z M. 1.0 gL' SDS r 4.0
e 90 o
N I I
= F2.8 B
R 60 L=
= S
= L6
= 30 -
< N
Bk L 0.4
6§\ -
oo | & B, 23gL7'SDS [ 40
= F2.8 %
R 60 L o
= S
E\ 1.6 3
£ 3
= S
S X
Bk F 0.4
0O +-——TTTTTTT 77T T 7T T
00 ] B 5817 SDS [40
S .3
= F2.8
<R 60 1 3 &
o $
X =
iy 1 r X
Bk F 0.4
0+—T—TT"T"—TT T T T T T T T T T
0.1 1.0 10.0 100.0 1.000.0
AR/ um

El3 TRNSWNABR k8. ZZEH) SARRERE (1.0. 2.3, 5.8 g-L™") SDS LIB TR KRR 5370
Fig.3 Particle size distribution of Realgar particles treated with different dispersion media (water phase, ethylene glycol
phase) and different mass concentrations (1.0, 2.3, 5.8 g-L™!) of SDS

x99 TRTHUNRERERERE SDS LB THIERER
RIAPAIR (Xts,n=3)
Table 9 Median particle

different dispersion media and different mass

of Realgar particles treated with

concentrations SDS (X +s,n=3)

SDS/ SEY A AR um

(gL JKHH LA
1.0 6.718+0.262 5.635+0.214
2.3 4.625+0.187 3.337+0.153
5.8 5.951+0.235 4.2644-0.191

2.5.2 SDS/KKERUEHEEL  SDS Wb T 5 fiki 2
T, TIRERE R I KR N, R 2 B
WG BB, BRVE 7157 Bl SDS MU 35 R ThI I Bt
FEM NN 5 g “2.3.3” Tirh il £ I IE SR A1 50 mL

KB RG34 HELL 300 1/min Hi#E 30 min
JEEAT E g, SR B S MR . 2R E R
1 IRAN 3 IREAERAS 4 SeiEsofy . Ml fzde, 4551
WA 10 51E 4. X} SDS /K KHERE, 2 RFRBE At —
WIR/NKLAE: TR SDS+ L ZEK KRE R, BRIEIR
R 10 FRIFFIESTREERMLE T #ERMIRAIE
(X+s,n=3)
Table 10 Median particle diameter of Realgar powder

under different solvent phases and acid-washing cycles

(Xxs,n=3)
Rk A2 /um
WL JKAH AR
1 4.428+0.242 2.196+0.086
3 4.466+0.186 4.501+0.331
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o 90 1 -
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=60 s
jnig 1 >
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&30 3
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0

00 | ZFHHL 3 KRR [0
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= L35 <
R 60 L =
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oy F2.0 3
= 30 r =
e S
” I S
ik L 0.5
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Fig. 4 Particle size distribution of Realgar particles treated with different solvent phases and different acid-washing cycles

BRI A K, PRI .
2.6 EBAEREIXEERARLAIEN
WA AL BROK RMESRE A 5 6y, 70 AlREAT 5.

10, 20+ 30, 40 min EFALHE, AR 250 W,
KR 25 Co RITBOCHL L 20 A AGHEAT R4 I
SE, SR IF 1. METRURDRL AR BB 75 I A] 52 5 P
JaTHES, 30 min I HEFORIAZH /NN 300 nm, SEI
BEERK REETOR R KA
® 11 AEBEREHERSARPEME (X+s,n=3)

Table 11 Median particle diameter of Realgar powder at

different ultrasonic time (X + s, n=3)

I ) fmin P38 242 fum | 7S I B fmin Y AR fum
5 2.549+0.216 30 0.300£0.082
10 1.244+0.143 40 0.645+0.135
20 0.922+0.117

2.7 EERAEESIRARIEHAR
2.7.1 AN RIS A S A

(1) TR wemess. Kl umime. wign, i
5 SR E .

(2) f40K KR BUEER R, BERBWN,
IS KL SRR, FEINAK, BidE, Wi TRE R .
PRB TR IR R EEERUR, HIFREW, #E,
SYECTEE, 40 CARE TR 12 h, WFEL.

(3) SDS /K &M : HUMEFH K 30 g, il SDS
TR 300 mL, BREEFEIH 800 r/min, 7K KHF(E] 3.9h,
IR, Rdlie iRk EEERE 2 Ik, &9
3RTRIREW, HE 48 h, BUNEDIE, TG
T R R VG, IR 40 CARIE T4 12 h, WFEL.

(@) gkibtfrg: BHESH R 30g, B
o nE B LB RIS BRI 300 mL /KA S 3.9,
VR, FRiEd% BR AR S AR 2 Ik, AIF
3 RFTISIREW, #E 48h, T ETHE, KESERIEIT
JE, A B 30 min. 40 CRIR T 12h, WL
2.7.2 RN AGESSRNTER “2.1.3”7
TR, 4553 (R 12 K 5) R, REEH] 725
e R AR BA B R . MR TR AR AR
N (12.110£0.261) pm, ZAE5GK KA G2
(8.977£0.152) pm, ifii SDS /K K LE 5k
RINE (2.196+£0.314) pm. GKALHESS 1) 47
Hf/lN, 53] (0.300£0.082) pm, EonHA Ak
AN
# 12 FENEHRERSRWPLE (Xts,n=3)
Table 12 Median particle diameter of Realgar powder

from different processed products (X xS, n=3)

B PRy A R fum FE it PRy AL AR [um
T A 12.1104+0.261 [SDS/AK kil 2.196+0.314
K KRS 8.977+0.152 |4kl 0.3004-0.082

2.7.3  HESEASFS] MO EST SRAH AL
SU8020 ! ¥ ##fi L ¥ .l Bt ( scanning electron
microscope, SEM) (3.0 kV) X} 4 Rty A #k47
TESREAE, HORAEECN 5000~50 000, Bk
554 60's, GHRAIE 99.99%, KR E 4% (<0.63
mPa), FRLFE S B AR 5 A FEALE T RS S
it R4E SEM 45 (K 6), 4 Fhlfesea ) i ik
MESETRE: TERRSEGK ERER
KRR A, RRETENRIREZ U
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Fig. 5 Particle size distribution of Realgar sample powder prepared by different methods

B 6 TEMIE (A 1E5K B). SDSKK (C). 4Kt (D) HEE#MK SEM £RE
Fig. 6 SEM images of dry-ground (A), traditional water-floating (B), SDS-assisted water-floating (C) and nanometer (D)

Realgar powders
FERESL; T SDS /K WS PR RANRAZ/ N A RAORAHE R R AR R/, BORLIE 25 T BRI BE
e, BROESEE TR, JFHBRMEE, L B, SRRV, KB R MESORAR (1
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[FI R B T [ () SRR S R, (HLE 50
ORI AR TS0 73 BOIRES

2.7.4  HEFASEEH) S FLBR S MR SRR E
Quantachrome Instruments 23 7] 457 1) 4> H ) EL 2 [l
5 ¥LBREE 43 HT4¢ (Autosorb Station 1) FEATIK, Ff
anfE 100 C R 1 he G55 WIE 7 PR, 4 Pk
T A o P 20D AT -t PR S5 T 4 SR B 3 2 e«
TV RS i 2 T BSR4, FLBRES MR A R IE
fE4i7K © 5 SDS /K RHBEBTFE i 33 s BT H3 Y]
T IV BUSEIR 28, RK K T2 I A L4
FAUSY, Hodr, SDS 4 B AL EE I — AR L T FLIE 534 s
GARACHE AL TP SRR ) W B B SR BT, [l
MW AR, 44 SEM ElIE (K 6), Tkl

A — 1.6 . o]
;90 R B S LR . /
8 12| = BMSRL 4
= 08
= -
= =
Z 04 e
& _ aB
= P < el
B2 a0 TR B e 24 ?
5 o B R :
= 238
=
=
=
Z 16
- |
= b2
& o
w04y + 5o-a-B8-88 =
c 40
m-;" R B S R 2k
= 28| 7 JRBHARIRL
£
=
= 16
=2 a
= 04 5508850 = =
D = AtEIE 4
T 28 R o 452 2%
5 G
= 20
£
=
Z 12
=
=
= ¢ 5o-6-D—D—B—B-B-oB-8-8-8-88& il
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HIXFIEAT (P/Po)
7 FEMEE (A ZHKTE (B SDSIKTE (O). K
(D) HEFAERAE S MR E
Fig. 7 Nitrogen adsorption-desorption isotherms of dry-
ground (A), traditional water-floating (B), SDS-assisted

water-floating (C) and nanometer (D) Realgar samples

FRGK WRE b 2R TR AR B 2 s,
FLBR AT B8 32 EEE T A ROBURE AN KLU HERR s T4 oK
e T 5 RIURE 52 3R BRSE BRI, UKL 8] HEAR BE 9 5
B, HORIKHIA FLIR 24 R] BE [R) I SR T RI0RE A B
AR FLIEARURE ] R HERA AL, RIS A%
AR HATERIAN LIS

Pl BET BORANZ ikt S L R
PALGHZHNE 13, G5 REH], PRHER L
RN SSLAEE N 4 Hrbdgm, L& m TE40K
KRR TR AR B LR AR AR, LT EAL
BRASHIR . C HERIAZLMESIK K 5 134.15
B BRI HERE K 43.70, HE— 2D I T A0 RER T
PER IR . IX—4RIESE, AR T E
FE 525 BEARRLAR R [RIIN, A R3 1 B A A
FLIRZE, AR FIEAE R7) B AT IR AR 5 T A
HAEM.

* 13 TREHEHERN BET LRERSFLEHSE
Table 13 BET specific surface area and pore-structure

parameters of different Realgar samples

teRmfy  BALAL FHAL

FefH e A CHH
TR 0.035 0.003  3.803 -5.611
B9K RIS 0.661 0.006  3.795 5134.151
SDS/K ks 0.784 0.006  3.388 39.818
R AV 4.307 0.043  3.405 43.702

2.7.5  HESREAFEIEH] G AsY L AR BT

(1) MAREAF: KA SA-20 U AH 43 - Ji 1 75¢
HIBE DTS, WESHOE N ITTITER As, B
HLL 100mA, AfFRIE 45 mA, fiE )k 285V, #/5
PRARIAL R 300 mL/min, 57 i VAR 600 mL/min.

(2) LC-AFS MHAZE R : 73 HEST 4 Fhod ]
A HEAT R, S5 IR WA 14 MK 8. Fe A 4h BnT
H, SRR AsTTE RIACTAR R (<10 mg/kg),
RPAFEH TEATREIC A 5 &, HMER T
AVEVERRA L A3 O TS o 9K IE S AE
14 FEEFIZZHEERERD AsTS AT EENELR
Table 14 Determination results of As** and As>* contents

in Realgar samples from different processing technologies

K Y As**/(mgkg™) As®*/(mgkg™)

R REN L i 1950 <10
FE4E K s 546 <10
SDS/K YR 592 <10
PIARAV T 1840 <10
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As?
A
G
¢ &

As3t
| jk

0 2

4 6 § 10 12
t/min
8 FIEMFE (A). EGKE (B). SDSIKE (O). #HK
1t (D) H#EAERA LC-AFS MR ETEE
Fig. 8 LC-AFS external standard calibration
chromatograms of dry-ground (A), traditional water-
floating (B), SDS-assisted water-floating (C) and nanometer
(D) Realgar samples

NS AR S, H A S BT AR
IR, AR BRI RN . T H R
o KL T B ERRAR, SRE S0 Tk EE Y
R e THAZ M.

28 BRPAAMBARIAERBESFE TR
FRF%&EFHiE (inductively coupled plasma atomic
emission spectrum, ICP-OES) JENIE

2.8.1 HHAMIEREIHI S S R RRECA R
HIEEE R RS 0.3 g, KA HEEACKENE, DA
THW 900 mL AEHATL, #4# 75 t/min, &S
(37.0+0.5) C. 43 5T 15 30. 60 min FLFE 10 mL,
i 0.45 pm JEME,  HUERIEI RIS AL AR
282 WHIRETEEENE B2 mL 3, b0l
mL ARV AR, 120 CHREFR 1mL, EAHZE 10
mL, ICP-OESMllE. P47 3 KL .

2.8.3 VAHIR A ICP-OES M E 4R T BB
T ICP-OES Rz 3 (3R 15), 4 KA e
B PR AR R R AR T A R E L B IR
£ 157 30+ 60 min & I [T 55, G KAk A 5 2 1)
W EBCTEG0K €45 SDS /K k4, HILEH
SR AHERS ETHIREE BN 4%, AR BLHARIK Y
YHFE BRI IR . R 2R 8 &y 2 o #rade

F 15 FREEFEHRE BRI ER ERALAMHES E
Table 15 Soluble arsenic content of different processed

Realgar products in gastric fluid at various time points

7 A (mg-kg ™)

FE il ) ; -
15 min 30 min 60 min

TR K B 15.07 19.47 28.30
SDS/K T 19.60 23.64 30.71
PRAL T 14.95 18.40 20.07

—IDIGIE T IX— %, AN (F=42.16, P<
0.001). IfIE) %N (F=38.74, P<<0.001) MAZHRL
N (F=8.93, P<<0.01) 5%, R\YPIKRHETAE
B i R e (R R R AR AN
29 AENEHIGNZEHESERR
2.9.1 ZRHBEFERFEIMIM HOGSINRRATL R, 1F
NGM K3k B3R, % s s K G
BN CaCly. JH[EEE. MgSO4 KRR ER 2. ¥
TEAGJE ) OPS0 BRIRAT T NGM “FAl, Hp2kl
V)G, BT 20 CHiFRFMHRFR. IR F
fhgkdy, EEURIIELER, 2 M9 ZZmirtiisE, H
NaOH/NaClO Z#i# (tH 5 mol/L NaOH. NaClO.
M9 Zepfifidi 102 07 LeIEe ], T2k RESHARD
B OB, A M9 SR B IF
B, AN 20 °C T AL LAZRAS EIHAL Y
4071,
2.9.2  HEBMUH]ENTE AT R DL M9 St
WORVETITSR 4 POHEFIE] 5, SRS VKRB B
FALEE, e 1. 4. 8 mg/mL 3 Rl EIKE RS
W, T4 CORAFEH. Roh, FHBRTF&RMEeE
AT AR IE R, ARt AT A R & 1
W EZ ERZN 3 um, RiARLE 0.5~3.0 um [IFkL
ATHY RN F I S IE S, IR A 2 ()
Rz KTz FIR, RHIBAWAHR, HE
MK AT BB AR B A 2, MR s T2 1A
IEERN . R, ARG TR R N 28
SIS, AR OR S 4R E M 2 S R S S
L) T 0 e A S N [ R

AW 1. 4. 8 mg/mL 3 AN E IR B 1)
Wi, FESHE T M SRR kB 7E 2 gAY
FH ) R R SRR P 200, Hodh, 8 mg/mL S E
TEAZSLIR AR R P B RVER IS, 1. 4mg/mL 737514
i, hFEA. WEZ AXIRA. EFK CIER .
SDS /K KHER 4. GKAibiEss s, St . R
B 1. 4. 8mg/mL 3 NMEREIKREE, HFREL
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PR B EY) NGM B FrEE, ARG R
MES R R, AWM MEIREREE 24h; RiR4S
HUF AN M9 2 dUE BHR R, BRIl
3K 30 s WARRAL 10 K2R IRIA S AR IR, BALIE
A I ) At 0 AR 22 LB ZhAT 9 gl
ORI B2 RIRTRDRL AR I K, FEZR R FR R R e
IR PR, 28 BTIEA RN, MR BEVE LR

ZERINER 16 P, AR5 AT £ B
KA ERS AR 2 S BRI AR SR M 0. AE
1 mg/mL JiEIRE T 5B 5% 90 4

[(44.71£1.50) k] LB TR ZEEZR . LREK
JEFEE 4 mg/mL B, SA0EZH 52 o 2 EL 8
HANEZHZR (P<0.00D), 41K K45 SDS /K
TR LR IR B IR B F AR T YRR (P<
0.001), TfifE 8 mg/mL =i &R T, #2014
YER ZE it — 2, Fag Y Atk ik W~
SDS /K ®ZH > Y RAHER A . EAERIIZ, 99K
ARG ZHTE 8 mg/mL I ¥ Sk R HE Bl B 3 T 3L
M4 (P<0.001), REAHISHNEMERAK, XL
HpR 2R UL D RE R F A F B R A

& 16 FNEEFIEH RLEEFERLIIZNRE . FK. BREE. RABEMNEE (X+£s,n=10)

Table 16 Effects of head-swing times, body length, progeny number, fluorescence intensity of C. elegans exposed to Realgar

from different processed products (X £ s, n =10)

2H 5] JUEWKE (mgmL™) 30 skEIESIREL & dUAK/mm AR PR AT
Esi=puic - 44.71+1.50 10.25+0.42 245.60+15.30 48.64+4.50
FE4 KM 1 43.46+1.65 8.93+0.38%*  200.50-10.80""#  69.64+6.18"
4 33.05+1.18""#* 614049 181.20+9.20"™**  8937+8.41™"
8 2343155  518+0.45""** 164.70+8.50""**  104.41+9.25""*
SDS/K 1 44.61+1.28 9.01+0.45* 178.80 1350  79.82+5.86""*
4 32.66=1.42"### 6474052  202.90411.80"" 109.04 410,12 ###
8 22.08E1.11""###  611+0.48""## 16130820 #* 141054874
PIKAL TR 1 42.82+1.57 9.32+0.40 220.30+12.20" 84.18+7.32"
4 35.23+1.26" 8.89+0.55 200.30+10.20" 89.11+6.99"
8 29.46+1.36"" 8.13+0.47 192.50+9.50" 96.24+5.96""
5 pon A LA ™P<<0.001; SPURAHEEE AR SR A EL: #P<0.05 #*P<0.01 *#P<<0.001.

**P <0.001 vs blank control group; *P <0.05 #P<0.01 *#P<0.001 vs that same mass concentration group of nano-Realgar.

293 AHEBEHEHIBLEREKEBREHN 2
BEEHE, BRREBES 4% BPRBERI
ORI e, TR F%, [ Image T K
PRy pT R 10 4548 ik, DUV IHAE KRR E
Wik LRBAKDHTER (R 16) Bon, HERE
FPE R R EWR A, HAZ M 51 B .
S A RAMt, NEF. SmRERE (4. 8
mg/mL) FMEEH| B EME (P<0.001), HA, £
4K &5 SDS /K KL 5, KA IERTE %
JREIREE N YR A R s A etk 5%
JREIRFE N, 40K €45 SDS /K K2k kK
BT R EGORAERT 2 (P<0.001).

2.9.4  AS[FERH] SO S ARECE IR TR
LRy, VRGNS T R g R, B H
HRERER . S EO-FRIFE 48 h J5HI4)
HUREE g R S ARE, AT 10 A4k R,
2 ARG A R (R 16) R, 5 AN
ARLL, AR 7 VR B 3 e A 2 PR S A2

& (P<0.001), FEIFEMREM M. Hi, 44
KACKESE (2R TR R R 2 B 58, 5 ARECETE &
EBE Ny T AR S T SDS K K S5 £ 4K
CHEE R R, MHMER SO EE. fE 1. 8
mg/mL JREIRE T, £50K K45 SDS /K K4H)E
REEL B EMR T FEIREGRIERA; £ 4
mg/mL JREIRE T, £50K AR KT 9K bk
HH (P<<0.001).

2.9.5  N[FEIH I 2R AR B E TSRS D AS il
UM, KBRS R ATV IERE (AO) ##%
R 5KE, 2L KREEEE, TRGEME T
M, eIl 10 AL RPN EmERY,
K FHIY BERS (AOQ) YL tey i I 28 H ot o 7 T2 45 5 L
* 160 TEXNARNRER 48.64+4.50. 1£ 1
mg/mL JFEEREE N, Sk 35 5] it g T
i, HARORHE T A D B . A IR
FETH A 4mg/mL, SDS /K & 2455w Tt
BN, ARG0K CHER A5 9K A I B 21 B (i 12
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T fEf IR E Smg/mL , SDS /K K4
PWICIREILE] 141.05, RAHEENEE, FEE
AT FEGUK CRERZHh 104.41, GRAIGiE
WA 9624, S5 A AAM L 5%
Z5 (P<0.001). 5 FRIREGORMHER A LI, %
Zi/K K45 SDS /K KAAE 1. 4. 8 mg/mL F%
FTtE (P<0.001).

2.10 AEMEHI@EE R B E AR R

2.10.1 RO AEANE R ICR /N Bod Bt
IR 1, BN R, K ekl 80K G
FHMPURAIE SR . BRI T & TS, TENEAE
i AL B HIEERZ) 1 em BIETE R SR, A
A BTHF AE PR ER KT R IR IR LR B4 2520
I3 AN RLZP S AR 101 IR ITR R . &
Hizy, ¥4k 14 d, B9 EWER T AL
AR

7

FE7

E

B
it
gkt
e
GHEPS
B9 #EEHRTRXE IRAGUEE GeXERN

21 cm)
Fig. 9 Wound healing of mice treated with processed
Realgar at different time points (inner diameter of black

coil 1 cm)

8 H Image J #AFIE IR 04 30 7. 14 K
AT AR, tHE AR, GRIE 17, HEH
AR, S HEREH] IR A U AN A . H
o, GRS AR T VI B A S S R ek
AT, HAESCIRZE PRI EE 14 RO O HEAE A
E, St s SRR RS ER .

F17 AREEERESRAERENMREEEEE
(X+s,n=10)
Table 17 Wound-healing rate of mice treated with
processed Realgar at different time points (X £ s, n = 10)

B TH 85 R 1%
2H 5
3d 7d 14d
Lt 0.454-0.05 0.47+0.06 0.88+0.02
Kok 0.72+0.03" 0.854+0.02"* 1.00+0.01

B4 K CIER  0.114+0.06™ 0.8640.01"" 0.89+0.01
YR AT 0.82+0.02"* 0.904+0.01"* 1.00+0.01

5B LR "P<0.05 TP<<0.01 "P<0.001; ¥ 18. 19 [,
*P<0.05 P<0.01 P <0.001 vs model group; Same as tables
18, 19.

BT AR = (55 0 I 6T TR AR — %o 16 5 0 77 T A )/
55 0 KA AR
2.10.2  HHEF ] N R BT 4H 2 TNF-a. IL-184
IL-6 /K-F5Em 42 R & U5, kA ELISA
ERIARFR R A (3. 7 d) R L TNF-a.
IL-1B. IL-6 7K, BLA3 BT A [R] A B0 26 58 4 4
i BRI - PRI S0 241, AR ELISA A4k 5, AS[R] B[]
ROy 7d) N AT ZH 2R 58 9 R F TNF-as
IL-1B+ IL-6 HI7KPARAL IR 18 Fin. 45BN,
BT RUG , #545 245 4 98 5 PR 7 /K P B I [) E K 35
S TFREEE: B TR, SERIESE 3 REE
FEA% (P<<0.05). 7E%5 3. 7 K, METHRA, &
SEEH . ARACHETT LY TNF-0. IL-1B+ IL-6 /KT
BIEZFK (P<0.05. 0.01. 0.001). &&irdy
PUERACHETH BT RAE AR TR GoK R4
2.10.3 GIEMEEAKCE TR ot KA
G AAERT N A 25 7 d JEeIm4giH TGF-
B1. I /AT A K F-A THE (platelet- derived
growth factor-A subunit, PDGF-A) Al VEGFA 3
ik, SRR T H ZFE IR T R AR A TR
AT FERL . AN M & AW, &9liBE.
PR I E A B S . IS B A R, Rk
AT PR P E, DAB B HAREEY, i
K EHL B TRAE TUEFRERG, 4
B 10, ] Tmage J BAF T SRR KA 1F
¥ A BT E RS, ERNE 19, TN
PDGF-A. TGF-B1 1 VEGFA )% 414k & By
Br, SAHAESE 7 KB H S () FRIE 2 B0 R RFE
B 3 AN RIRIB Kb T RARRES: %4
T3S T T % R P RIS B B A pr e T,
#, VEGFA {7t A B, 3R e s A m i



« 7628 « F 8B 2026F 108 $57% B 198  Chinese Traditional and Herbal Drugs 2026 October Vol. 57 No. 19

#= 18 ARERE S &ANREKEIEELR P LEEREF TNF-0- IL-1f IL-6 FIFIAKE (X+5s,n=10)

Table 18 Expression levels inflammatory factors of TNF-a, IL-1p and IL-6 in skin wound tissues of mice in each group at

different time points (X £ s, n =10)

i TNF-o/(ug L") IL-1B/(ug' L") IL-6/(ug' L")
3d 7d 3d 7d 3d 7d
TR 348.60+28.11  187.56+23.42"*  119.83+12.72  64.52+10.51"* 40.21+5.62  21.66+4.31%*
L& 2449142523 146.11+21.05**  83.92+10.65™" 45.21+8.90"** 28.13+4.73"" 15124374 #*
R4 K WP 313.72+26.84°  168.85+2250"*  107.82+12.14  58.13+9.93** 36224530  19.43+4.12%*
KA IERE 278.02422.517" 131.324+19.62°"**  0584+11.42" 51.61+9.42%* 3221+503" 17.31+3.94"*

53d k. #P<0.001.
##p <0.001 vs 3 d.

e

TR GiK R IETE

E 10 HEELEMER (X400)

Fig. 10 Immunohistochemical detection results (x 400)

+=19 FHPMREEELF PDGF-A. TGF-p1. VEGFA
BIFRIEKTE (X5, n=10)
Table 19 Expression levels of PDGF-A, TGF-p1 and

VEGFA in wound tissues of mice in each group (X £ s,

n=10)
3 AT RIEKT (X107)
PDGF-A TGF-B1 VEGFA
R 10.3+21  10.9+30 6.3+1.0
Lo 33.4+89" 37.7+34™ 255+25
40K KR 15.8+38  15.8+17 12.0+2.7
PURAL BT 251+6.8° 231+45  20.0+55

T RCAE T M s N KA e 2 2 ) Je 300 S 4 T
BEMEZEER, PDGF-A. TGF-pl M VEGFA [
FORI N TR, R AR b R 3 SR AN A
WS BRI A 22 AT (i s B
P 24 20 2% DR 73R IA 3 WK 5T 3 e 30 10 0 B2 T K

o, MREBHNEE.
3 it
3.1 R IZE5HE

AT 53 Ik e B A AL T R B EROK T A
S8, FEICEAL b5l N B, B TERI
FE AN P A b e R AN BT U] 7, P BRI
Bo @R EIR, SDS FKME M4 BhK CRRESLIN
YKRAL, HEN SDS TERTRLZR T T B RS e W B2 BH
G 7R e BRI A AR . AL, A AR
30 min A EFRIAR B 2 300 nm, B 75 23 402 R
YKAL IR SRR (R P R 30 min Ji5 AR
K, FTRESFRCRTAIIN SR H RS G, @8
FALRIE, GOKRBERRVEE— DR L nriEtemg, A
JEBE N FH B E T AR
3.2 FLERLEME BT PART A IBIEHLE

AHIE T AR 0E F A B3 1) KL 5 LB 5 44 4
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W SRERTT A 245 (P L AL 2 o == R P4 o AS [l
FRERE R AT N BRI B 2R, HEMA
BT LR S HI Z 5 - 850K 5 SDS /K KA i
T TV BUSER 26 5 H3 B[R, IESE 7K KT
ZEA “EAL” REe, Ak T HERIRAAFLILE
PR E T TGORAHE B LR Hp 5SS AN 705 TR
Bt EE SR 2T, R E R, Y HIER T H
NRIEHINFLE K « BET LR A M 3 T 2SR
A, BT IREERIE R, ATREAAE — R m .
NHEERAE S A S, ARTRFER KA SEM X RE
m ST B EE, 45 R BRGNS R 2
BV BB, Bk MERRFLBREC A KL, 5 BET
MR LAY & o Ja SRR 5T it — B R A
TRALZERT FLBR A AT 2 1 BERAIE -

PGS Y SEBRUESE, AR E N T B+
T PR BT, RN FLEE RIS T B SR 4%
o NREIH AR EIR, RIS 7.
14 RIEARIBEER TAESK WA, BHRRER T4
iy AEKEF B PURIGE B FLBRG T L4
BE N SEIL T “OREEI AL k] B AR
33 EEE ASTHREHN “EHEQ”

TR, PRI A R R EE S
TAE LK CR SDS K KM &, EAKSR B T2
B2 AR A RN SCRARIE 1 22 AR R X — T
FARE T AN G, T BT R AU ek
AL RN R K R R R, A R N T bR
T, P EER T 0 R 5 A0 WA 7 A v S BT PR AT
HAE N R AR E AR RE. KEN
e, XM TR BRERE L EBEL N
Z R RGBT, AOKARETE IR I T
BRI R ELR BRI, 2 A ERE N
A CIEFEAFLE” IR FECE IR, TV
WRRARIE R, TRIER R RN, BRI HEL
MAPPKARESS B A B R, AT IR
HARRIH =it XPR, £5 SRR
ERLF” ()2 AR BT R 2 T 2GR0 dE 2 (Rl
THRHR, ORI E LA TREN A “I& R
EAE” BRI FE R, SR T “ RS
E SR 7 B, S R 25 1)
-3 28 P R A TR
4 RE

BT AR TR RO B, AR E
RGNS WFEHITAS ZE

UAEW 30N B, ST “ DB R LR 2 3K
RE” RS R SO A . SR, A FRAARAE—E R
PRAE, R S BRI A7 FE R T 2R S A )
ARG LS, 5K R L 4% 25 58 1% 2 I [A]
RURTRIAR . TESR i tH AR e, DASE 8 A e 1
Bl [EIIE,  ASTE) M ] ot A e RIS BRUAAR P e 25
R E BRI AR TE R, R A& LC-AFS i
SELR HUAR Y SRR FFR . B ZH 2 .
AN Refg @ AL T O b E B ME T P A &
fa FHH| TZIA, FERNGURT M2 A NAT
TIN5 1 PRCRS VHE N FH B AR B0 B, HESH I AL S8
S 06 T 230 7 LR e 1h 55 8 e 1) v A% O 1 R
A FETE .
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