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Preparation of hydrogel microneedles of effective components of Hibiscus
mutabilis leaves and their pharmacodynamics on acute mastitis in rats

LI Yueping', CHEN Xiaolan!, XIE Shucai!, GAO Yong!, CHEN Wenyuan' 2, YANG Fangfang'
1. Guizhou University of Traditional Chinese Medicine, Guiyang 550025, China
2. Bijie Medical College, Bijie 551700, China

Abstract: Objective To prepare water gelatinous microneedles of effective components from Hibiscus mutabilis leaves,
systematically investigate their physicochemical properties, and evaluate their therapeutic effects and mechanisms on a rat model of

acute mastitis. Methods The water gelatinous microneedles were prepared by a chemical cross-linking method combined with a mold
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method. The formation, swelling degree, and puncture rate of the microneedles were used as evaluation indicators. The key influencing
factors were screened by single-factor experiments, and the process parameters such as cross-linking temperature, drying method and
matrix (S-97, PEG10000, and Na.COs) dosage were optimized by Box-Behnken design-response surface methodology (BBD-RSM).
The appearance morphology and structural characteristics of the microneedles were characterized by scanning electron microscopy
(SEM) and stereomicroscopy. The drug loading and content of rutin, isorhamnetin, and kaempferol in the microneedles were
determined by high-performance liquid chromatography (HPLC). The mechanical puncture performance of the microneedles was
comprehensively evaluated by aluminum foil puncture experiments, ex vivo rat skin puncture experiments, and histopathological
examination of the punctured rat skin by HE staining. Meanwhile, the in vitro swelling performance and skin barrier repair ability of
the microneedles were investigated. A rat model of acute mastitis induced by lipopolysaccharide (LPS) was established. The
improvement of pathological damage in the mammary gland tissue was observed by HE staining. The expression level of the
macrophage marker CD68" in the mammary gland tissue was detected by immunohistochemistry. The expression levels of three pro-
inflammatory factors, TNF-a, IL-6, and IL-1f, in the mammary gland tissue were determined by enzyme-linked immunosorbent assay
(ELISA). Results The optimal preparation process was determined as follows: drying in a vacuum drying oven with a cross-linking
temperature of 80 ‘C. The optimal prescription for the microneedle matrix was 0.97 g of S-97, 0.43 g of PEG10000, and 0.11 g of
Na2COs. Under this process, the aluminum foil puncture rate of the prepared microneedles was (97.11 + 1.27)%, the swelling degree
was (578.55 + 50.45)%, and the formation was good. The microneedles could stably load 3% of the best combination of effective
components from H. mutabilis leaves (45 mg of the combination per gram of matrix), with a drug content of 1.5 mg per microneedle.
HPLC detection showed that the mass fractions of rutin, isorhamnetin, and kaempferol in the microneedles were (1.101 0 + 0.013 2),
(0.165 3 +0.002 4), and (0.035 4+ 0.000 4) mg-g', respectively. Morphological characterization results showed that the microneedles
were circular patches with smooth surfaces and complete arrays, containing 385 conical needle tips, with a needle length of
approximately 550 pm, a bottom diameter of approximately 300 pum, and a tip spacing of approximately 700 pm. Transdermal
experiments indicated that the cumulative penetration rate of rutin from the microneedles reached 90.7% within 48 h, and the
cumulative penetration rates of isorhamnetin and kaempferol were approximately 77.0%, demonstrating excellent transdermal
performance. Pharmacological results showed that compared with the model group, the high-dose group of H. manihot leaves effective
component microneedles significantly reduced the activity of CD68" macrophages in rat mammary gland tissue (P < 0.01), and
significantly downregulated the expression levels of TNF-a, IL-1f, and IL-6 pro-inflammatory factors (P < 0.01), with significant
alleviation of pathological damage in the mammary gland tissue. Conclusion The successfully prepared water gelatinous
microneedles of effective components from H. mutabilis leaves have good mechanical puncture performance, drug loading capacity,
and transdermal drug release characteristics, and can effectively inhibit LPS-induced acute mastitis in rats. The therapeutic mechanism
may be related to the reduction of CD68" macrophage activity in mammary gland tissue and the inhibition of TNF-a, IL-1p, and IL-6
pro-inflammatory factor expression, thereby alleviating the inflammatory response.
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Fig. 3 Effect of drying method on appearance and puncture condition of microneedles
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Table 1 Effect of crosslinking temperature on properties of

hydrogel microneedles ( X +s, n=3)

HEIC A I/ % AL /%
75 53 1611.00+451.67  100.00+1.00
80 uf 182300+72203  100.00+1.00
85 I 1080.00+81.19 100.00+1.00
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&2 S-97 AEXKERMEMERERNSIE (X £5,n=3)
Table 2 Effect of S-97 dosage on performance of hydrogel

microneedles ( X £s, n=3)

S-97 FEfy Pl K% EEERILE Y

0.1 T, — —
e

0.3 T, T 58.00+0.03
D

0.9 JRIELT 690.004+25.75  100.004-0.05

1.5 JRIAELT 168.00+£52.18  100.00%1.00

2.0 A, — —
ToiFRA

<3 PEG 10000 A = 37K B £ 1% BE B S2 Ma

(X *5,n=3)

Table 3 Effect of PEG 10000 dosage on performance of

hydrogel microneedles ( X +s, n=3)

PEG 10000

o B TEIKIE/% FESETRIFLZR %
FH&g
0.05 U 62.00+12.65 82.00+12.58
0.10 U 801.00+38.37 80.00+13.23
0.55 I 513.00+27.29 90.06+2.65
1.00 I 597.00+32.13 75.00+15.00
150 I 198.00+17.73 40.00+30.14

FARTERILAR BRI, S5 R IE 4. SLIREIRER,
2 Na:COsJHE N 0.18 g I, TEHATFERIFLR Bk
100%, (HIEAERKEN 0.09 g A1 50%LAF; 1
0.09 g HIMIFLE 5 0.18 g H LR EHZE R, HIEK
PERE . ZREaHERABESHEIKEE, e
Na.COs R IEFH &N 0.09 g, FFAEJG LK+ T
0.03~0.18 g #k—51litk.
&4 NaxCO; A EXKERR MM AR RN
(X x5, n=3)
Table 4 Effect of Na2CO3 dosage on performance of
hydrogel microneedles ( X +s, n=3)

LR EIR, %4 PEG 10000 F&4 0.10 g i, A
IR f e, ARARTERIFLACR 5 & 0.55 g RARE R
HERE, MAEN 055 g i, e A R HAR
HRLEIE R . 256 AW, ik PEG 10000 H
N 0.55 g, IFEESSLERAE 0.10~1.00 g H&E
Ak

(3) Na,COs FHEH %2 [f € PEG 10000 H &4
0.55g. S-97 &N 09g, S “2.17 T N5kl
KB g, SR B TR AE R AR T8 07 X
Wb, 25 5EAN[A] NaoCOs F B0 e B 1« 1 iK 5

NaCOs e WK R
R[]
0.01 iF 126.00+3.29 12.00+751
0.03 /g 162.00+17.47 64.00+4.04
0.09 /e 526.00+26.44 97.00+153
0.18 I 246.00+20.17 100.00+0.00
025 pss 77.00+4.28 53.00+7.64
24 BBD-RSM it ERLAHFITE
241 REHIFLERFEE BN R P4 T

TR E, FKEER G 20 N 1 /) T ek |,
158 30 s JERe AR, ST I ZE X IIRIK 0.1%01
WL GeRl, B E 30s Jaihi 2 KU, B
NUREEEUR, N Tt 5 f ko 2 2
242 BRI KT EANT AR YR R R S
4558, LLS-97 (4). PEG10000 (B). Na,CO; (C)
MEMEAEmEER, DN R RRLE (YO, e
WIKEE (Y2) vF 4RSS, FIFH Design-Expert 8.0.6 X
{4147 Box-Behnken 11 A M B AL AL 77, RIZR
K SERG T M AR IR 5.

HFIH Design-Expert 8.0.6 24453 5 Fi 1740
&, BHFEN: ¥Y1=96.02+9.394—3.43 B+4.38C—

Table 5 Experimental factors levels, design and results of BBD-RSM

%5 BBD-RSM SEIFEZEKTE, it 5ER

[ oRs Alg Blg Clg Y% Yo% A5 Alg Blg Clg Y% Yo%
1 0.3(-1)  0.55(0) 0.03(-1) 10 113 10 09 010 018 70 856
2 0.9(0) 1.0(1) 0.03 50 130 11 15 055 018 30 209
3 0.9 1.0 0.18(1) 90 758 12 03 010 0.9 10 591
4 0.9 0.1(-1) 0.03 95 1103 13 03 1.00 0.9 25 324
5 1.5(1) 1.0 0.09(0) 10 134 14 09 055 0.09 90 620
6 15 0.55 0.03 20 179 15 09 055 0.09 95 548
7 0.9 0.55 0.09 98 602 16 15 010  0.09 50 235
8 0.9 0.55 0.09 95 469 17 03 055 018 10 157
9 0.9 0.55 0.09 95 382
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16.25 AB+0.12 AC+15.69 BC—67.30 42—6.05 B2—
13.72 C?. Y»=535.40—52.22 A—160.15 B+56.88
C+41.50 AB+12.84 AC+197.23 BC—375.23 A*+
172.03 B>+ 432 C*. H M R=0.996 3,
Raa?=0.9900, ¥J KT 0.9, RIIZHREA = LK,
KAUT P>0.05, RKITHURZRTT 20, BAYERIREF
HhR B ERR S S S R 2K 2 MOC R, 2 PR
B, TESHNE 6. Y SRR, AL B. C. AB.
BC. A B*. C*¥JHABEMEZR (P<0.05. 0.01);
ke, B. A2 EARENER (P<0.05).
243 m RS I 4 R B Design-
Expert 8.0.6 #1298 % B4 = 4E i B, 45
RLE 4. 4T, e R TN S-97
& 0.97 g, PEG10000 & 0.43 g, NaCOs H &
0.11 go BERTHIFLEN 97%, KN 580%.

Y B (B E A) KFFE g, i &
R Vil S — & (4 30 B) KPR,
SIS TEE R BRI AR A, SRR R AR
X H AEFE AR R EAC AR . MR 3R A4 K e
i, WNAE YiBER R C /KPR s R AR, 3R
K C X YAFE SR M ERN s JEZR C 7K [
i, W RAE YiBER R 4 AKCFRIBRAG, [FAEEIG
FrEE RS, PR T R 4 X i)
E[F2E3-AlTN
2.4.4 BRI TIRAE % LA T PATHI% 3
LB T 25 FMAFRIFLE N (97.11 £1.27)%.
WRKEE R (578.55+£50.45) %, RSD 2054 1.31%-
0.78%, STRMMEREEL, UiHIEEL IR AR AT 4,
P s AR A 5 )£ T AU S L] 5-AL B, %
LRI 5-C. D, #wiKEE R I 5-E.

=6 HESH
Table 6 ANOVA results
i )34 i H By77 A H R 77 F1d P1E
Y1 A 23711.31 9 263459 176.96 <<0.000 1
691.41 1 691.41 46.44 0.000 2
B 92.38 1 92.38 6.21 0.0415
C 153.13 1 153.13 10.29 0.014 9
AB 1 056.25 1 1 056.25 70.95 <0.0001
AC 0.06 1 0.061 0.00 0.950 6
BC 1 003.92 1 1003.92 67.43 <0.0001
A? 19 070.69 1 19 070.69 1280.93 <0.0001
B2 154.12 1 154.12 10.35 0.0147
c? 715.80 1 715.80 48.08 0.000 2
k% 104.22 7 14.89
U5 71.02 3 23.67 2.85 0.168 7
afiiR 7= 33.200 4 8.30
W 23 815.53 16
Y2 Y 1 165 000.00 9 129 400.00 453 0.029 4
A 21392.37 1 21392.37 0.75 0.4153
B 201 200.00 1 201 200.00 7.05 0.0327
C 25878.13 1 25878.13 0.91 0.3727
AB 6 889.00 1 6 889.00 0.24 0.638 3
AC 672.98 1 672.98 0.02 0.8823
BC 1587 00.00 1 158 700.00 5.56 0.0505
A2 592 800.00 1 592 800.00 20.77 0.002 6
B2 124 600.00 1 124 600.00 4.37 0.0750
c? 71.02 1 71.02 0.00 0.9616
W7 199 800.00 7 28 543.57
S AT 160 700.00 3 53 580.07 5.49 0.066 8
aliiR % 39 064.80 4 9 766.20
R 1 364 000.00 16
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Fig.4 Relationship between amount of matrix and change of microneedles porosity and swelling degree

E5 ®WESN (A B). 3BEZFR (O REZFR (D) RiMsHEM (E)

Fig.5 Micro-needle appearance (A, B), aluminum foil puncture (C), mouse skin puncture (D), and micro-needle swelling (E)

images

25 BHEER

R FRDGETARL 3 47, R 1% 2%
3% 4% 6%MIARTER A R 5y, B B o
154 30, 45, 60, 90 mg ARFEHMA MM 7y, %
“2.3742.47 TN 5E R AL 77 F il 2% T 2] £ 2K
i KEEI T, BB AR A A4 43 FH B ke
FREIPE . SRS AR TERIFLAR R, S5 LER 7
TEA K 6. 2GRN 4%, MBI, &
RV . BB YN KREZiRe )], 1EHIES
1l 2% 0 3% A ZE B s LR AL A A e, T
JEEEAIRE T, RIS R R 45 mg IR
Horo
2.6 IKERBRIETFRIE
2.6.1 JKEERMET SN RS AH B AR R 2 BB
MELRZ AR ETEN F, RERTAR A, LF 385

=7 WEHBHAEER (X £5,n=3)
Table 7 Evaluation of microneedle drug loading

performance ( X +s, n=3)

iR A K% B ERAL A%
1 a3 313.00+23.12  100.00+0.00
2 a3 278.40+18.42  100.00+0.00
3 uf 299.00+15.39  100.00+0.00
4 Bz 331.00+20.18  100.00+-0.05
6 % 355.90+27.63  50.00+252

Wiklsk, RIEEH, MEMHEZEHER, B2,
RS 550 um, JREBEAEHN 300 pm, £HREE
BN 700 pm, LA 7.

2.6.2 HUMRMEREH % HUR IR A AL Ak 77 il 4 1f1 7K
B REL, % “23.1 (3)” WIRE, Mg
IR $% “2.4.07 W7k, DE /N ORI 5H2R
Vo T B A B R 2 I SR R AR S, AR
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6 TREHABRMHHSERAEZRIE

Fig. 6 Morphological diagram of microneedles with different drug loadings and aluminum foil puncture

7 KERESEEE (A, BEEREE (B). MEtHREE (O, =AMEAKE (D). HAMEAKE (E).
M BEME TRHMETE (X255, F). % SEM & (G)
Fig.7 Morphology diagram of hydrogel microneedles (A), back layer diagram of microneedles (B), tip layer diagram of

microneedles (C), swelling diagram of blank microneedles (D), swelling diagram of drug-loaded microneedles (E),

stereomicroscopic image of microneedles (x2.5, F), SEM image of microneedles (G)

Bl BT 4%2 RPEHEE 24 h, #7406
Ulhr, HE 4ett, 7ESME N SRET R RS
o SR 8 Fim. MMM &, .
B 1) 2 PRI 7K BRI T T R 2, R B R R 4T

2.6.3 TEMRREIRBERRIRE 5 K@ SD KA
20% 1% H7 3 JBREE (0.4 mL-100g ™), Bt £ HEHE K,
PR B T I R T IS, 58 30's, BRRTU
Efo GERE 9 Fian, 0 h RS T AT LI W R Bl
EHEFFLIEES, RN BWE RIE R, R
ot T SE IR RCEE T ELGE 7 JOR R A s e )
AR 2 hJa, EFFLIZENE R 9 T HARA B R SK
A, PRIRFEIR A TR E PR URIE DI . R R AR T

BR{E R

E 8 MsHimtaEERER (HE 8, X400)

Fig. 8 Investigation results of mechanical properties of

B B2 2

microneedles (HE staining, x 400)
JEALER S IGO0, BER VAL A 5t 2 B b i 52 22
FISEEFRRR, AT R S AR E T ot £ 52 A FE AR
B, FLIE PGk, 1 B R T B B A A2 R g e,
TR Xk 2 JER ) 453 49 A /N ST
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Fig. 9 Recovery of skin barrier in vivo by microneedles

2.6.4 WHAKPEREFE R BRETEIR “2.3.1 (207 T
FAEE, R 10, ENE 8 min I, KL
4500%, ZJEHIKEET S, 15min B, BAKE

2975 4 900%.
6 0001

40004

TEIKEEI%

2000

0 5 10 15 20
t/min
E 10 MEHAMKEZE (X £s,n=3)

Fig. 10 Microneedle swelling curve ( X s, n=3)
2.6.5 EzhEile HU3HLRES, % “2237 MR
Hl AR AR, R “2.2.17 TN R &Rk
I3, DUASREE b 2 1 oy 1 o B 40 B0 o il R T
(1.101 0£0.013 2) mg-g' S (0.165 3+
0.0024) mg-g~'\ 11 Z5M; (0.0354+0.0004) mg-g'-
2.6.6 EREEFELE KA RQI-12B AUIE K 9 HL
IR, HEATIRSNE 555 W KBRS )5,
B NEER 0 R, 5 Bk B T 22 AR IR s 2L 4RN 285 4
ML, H 0.9%FAENIEBIEGE T3 T80 T % B4
TRORAT, 2 FH o PR AL BRI Ry A Bt 10 B R [ S A 5
FEALEEIb S B 2 1), ST Bk gE I, A
BN 2.4 cm?e MHESEBNIIAN 37 CHI 5% L A4S
80 F1 30% LI +0.9% S AN IR AV 7.5 mL,
HEBRBEO0 N L, A R R 5 iUl it . 0B
KBERE R 37 °C, F#H 300 rmin's 4351F 0.5,
1.0, 2.0, 4.0, 6.0, 8.0, 10.0. 12.0. 24.0. 48.0h HX
PR 1 mL, (7] B IA [) I B AR R 2 420
Mo FHBURZ 0.22 pm FAFLIEMREES, % “2.2.17
ALK NN, TR &SRS BB EE

(o) FIERBIEZRRI, DLRFBIBIE L NYPALFR ]
L TRARE AR B, i 259 RBVBIE 2k,
iR mE 11 s

0=V Gt Y5 G4

BBUBIEF =0 /ML
Co NI E IR B, VT BOBARER, V&R U4
(ML) 5 Cior B TR I OB VR B s AN 3%
FRIZIEHF (em?)

100

BREIT /%

0 20 th 40 60

B 11 KBRS &S BREEME (X X5,n=3)
Fig. 11 Cumulative penetration curves of each component

of hydrogel microneedles ( X +s, n=3)

48 h A B S KB e S T RSB R
N 90.7%, 0. N 416 pg-em2, M REBE
FNT7.0%, 0.4 53 pgrem2, IHEMK RFBE
FNT7.0%, 0.8 12 pg-em™2; 24 h3 N RS
BRUBIBR LN 15%. 10%. 65%, HiFidx
T > 1 Ay > SR
2.7 BREEDKERMEXT LPS FSKRAMA
BREBIPRFE R
271 Sy ERKRGAY) KEERER SD MEYE KR
BEAL N 7 H: XTHRAE. BFRA. HAA, IR
TG CBEIMEZD H KB R e R F s (RFI=A,
T3 8 Ko MRIETSLIR 25 R SOZ M 5 5%, &
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EA RN SR mREAS A 4.5mg (AR
JREDE3%) FREAR ) 3.0mg (5 X453 R
B 2%) KR AR 1.5 mg (5 345 R &
S 1%), AT, R K 20% -5 F7 I R
(4mL-kg™"), [EE, PIEHAL 8 cm?. WGHER, 15
RUZH |\ FLIR T WS BBt & A= ALK B, 38T
FHOFLIRFERS sc 100 uL LPS ¥ (1 mg-mL™D);
F AR K TR B BB ALVE SRR 0.9% S AL
T VR CHE R VR S B AR B 52 0D 5 % BE 2L AS (AT
A, MRS, S REH 1R, EL:
5d.

2.7.2 HZUEKGA 45258 UG K BRI S Ak
FEIGSREER 4 XHFLAR, F 4%% 5 H RS VAl s A
MIFLAR T HE 4eta, 530K 12, XA, BF
RARBHEH FRRA L LER I, & WIARIT R
R . R KRR

il

FR AL ZART L™ 2B B AR

e, FUBRSE LR A AR R SRR O™ 8, IRAEAH
2l R AT RN o e 2 R e SR S E e
AR OR,  [RI FUBR AR P9 R i e A AL A
%2 AR PR AL MR, HAR R DL S0
BURAR . AT KB e ey P ARFIEALK
SRFLIRH UL T8 b R AR A R R FE AR PR IR AL, [
I A AR AN IR RE R A, LRI P9 B i
) R AL/ R 2 R A R A IR, e A
IR B AR

SRTFARALCE, BRI AR L5 1] o 1
R, LR E . ST, AR )
IKBER T L FL IR AR L A B AIS, e i) &
AL AR LA AL, rh) B 2 AU AR AR
R, R AR AR LA B . B2 A
A3 R 7y K BRI Bt i R 0 Sk SR R AT
FIMHAER

2
W R S TR K%

GOEER-P RN B OFL-SE R AR AR TEIASE, BOHE k-G,
green arrow-neutrophils; yellow arrow-degeneration and necrosis of ductal epithelial cells; black arrow-hyperplasia.
E12 FEKXRIREL HE LE  (X400)
Fig. 12 HE staining of mammary tissues in each group of rats (x400)

273 REHANFELE K IR H AT B F K
b5 UL 3% Ha00 3EAT N YRV SR AL B BEL I, Pl
YIFZ N pH 6.0 FriE s ol H AT vt 1B 52,
WL 2 Mg BT H ], B CD68 — i fli&E & HRP Frid
PERAY ZPIdATIEE, MLl DAB R, JAARE
B, CEERUK. EW. B, BEETREEM
BENUE. i, HEAPFHOLEE . FURAHNA
CD68 s bt UL 13, CD68 HiiikpH MR IA
kR, FAMERIE A G, AL E L R

B 14 fion. SEFRALE, BAIHARAL
CD68' KL E THE (P<<0.01), SR EE, H
R LH A HIIREA [FIFE B RS TR 2 CD68 &
ik, Fod BH PR A 5 K R R R 2 R 3
CD68 ik FRIA

274 RIEKFRIEKTFHEER KINRAE L PR
#2280 °C UKAH TR A7, K FH i 106 B 88 W B U0 5 vk
(ELISA) FrUFLARAZIH TNF-a. IL-18+ IL-6. 4
B 15, SHEFRA R, BAIH K R AR
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Fig. 13 CD68" immunohistochemistry results of rat breast tissue in each group (x40)

B TNF-o. IL-1B+ IL-6 #$%E [R 73Rk K F18 2 2 Tt

;; B O(P<0.0D). SEAIILE, BAMEA. Kb
gg 06 a7 EA KRR L TNF-a. IL-1B. IL-6 %
g R TR IA KT R K (P<0.01).

8, 28 GEitoyaR
' SIS HHE FH SPSS 26.0 B A3 AT AL AT, T
’ ST IR R A, e T BT

X]‘ LR et ﬁxﬂﬁﬂ? FAMTMWE 3 2 1
T W LSD-t Kiles J7 %A MR AES ks, 458

R A5 $01% - -
FLLX £SFoR, P<0.05 FrnBulE 2 8 BA BEM

HBEFARALRK: #P<0.01; SEMALE: ~P<0.01. %E 4%)55 GraphPad 802 i&’/fi:'ﬁ;@
#P<0.01 vs sham surgery group; **P < 0.01 vs model group. R e
3 i

& 14

Fig. 14 CD68" expression in mammary gland tissues of

TNF-a/(pg mL™?)

B KFRIAIRLALRA D CD6S RILE (X £5,n=7)
AHIE T GRR 5 7 AT A8 2H 93 7K I et )

rats in each group ( X %s, n=7) & MV RIT, BAEIEI R E R 4 A R
600 250 - #H# . 60 4 N
AT 2004 _ -
~ T 404
400 TC,_I 150 EI
o (=2
200 S S 204
= 504 -
04 0- 0
MR TSR 3 2 1 MHETFHAAMR 3 2 1 XHETF MR 3 2 1
A TG G R 5y EN TG A R A TG A R
BRI 4% R % TR EU%

HERFARALE: #P<0.01; SEMMANKE: "P<0.05 "P<0.01.
#P <0.01 vs sham surgery group; "P<<0.05 **P <0.01 vs model group.

15 FEAXRIABRBATERERFRIEKFE (X £5,n=7)

Fig. 15 Histogram of each inflammatory factor expression levels of inflammatory factors in mammary gland tissues of rats

in each group ( X +s, n=7)



FA8EFENH 20255118

%¥38at A, Drug Evaluation Research

Vol. 48 No. 11 November 2025 - 3251 -

GARENBECRAG B ZE 8. TERE AR
ik 5 T 2T I, AR BRAHE S-97. PEG
10000 % Na:COs AE AR E R . B—REWER
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