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Abstract: This study aimed to optimize the preparation of Lycium barbarum glycopeptide complex chewable tablets and
investigate their potential anti-fatigue properties. Using single-factor experiments and response surface methodology,
optimal manufacturing parameters were identified based on tablets' appearance, flavor, taste and texture as a function of L.

barbarum glycopeptide. The male KM mice were randomly divided into a blank group, model group, ginsenoside group (10
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mg-kg"), excipient group (400 mg-kg™"), low-dose Lycium barbarum glycopeptide compound chewable tablet group, and
high-dose Lycium barbarum glycopeptide compound chewable tablet group (400, 1200 mg-kg'). A fatigue model was
established by restraint combined with forced swimming for 35 consecutive days, during which the samples were adminis-
tered intragastrically. After 35 days of continuous administration, a forced swimming test was conducted, and the serum
levels of urea nitrogen (BUN), 5-hydroxytryptamine (5-HT), lactate dehydrogenase (LDH), and creatine kinase (CK) as
well as superoxide dismutase (SOD), glutathione peroxidase (GSH-Px), and malondialdehyde (MDA) content in gastrocne-
mius muscle and brain tissues were determined. Results showed that, the optimal tablet formulation was constituted of 29%
L. barbarum glycopeptide, 17% raspberry fruit powder (sweetener), 1% sea buckthorn fruit powder (acidulant), and 1.5%
magnesium stearate (lubricant). Under these conditions, the comprehensive score of the chewable tablets was 85.87+
0.76 points, the average tablet weight was 0.345+0.006 g, and the weight variation limit was within5%; The average hard-
ness was 79.364+2.83 N, all above 75 N, with moderate hardness; The friability of the chewable tablets was less than 1%.
Mouse experimental results indicated that, compared with the model group, high formulation dose significantly reduced the
immobility time during forced swimming (P<0.01), decreased serum BUN, LDH and CK and tissue MDA levels (P<0.01),
increased serum 5-HT level, and boosted SOD and GSH-Px activities in both muscle and brain tissues (P<0.01). L. bar-
barum glycopeptide complex chewable tablets alleviated physical fatigue induced by strenuous exercise through reduction
of oxidative stress in muscle and brain tissues, modulation of neurotransmitters, and improvement of energy metabolism.

Key words: Lycium barbarum glycopeptide; chewable tablets; preparation process; response surface optimization;

oxidative stress; anti-fatigue activity
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B, I LIEW . LVEWAH 500~1000 Da 45T
RSB 24 h, TSR B R &R R T e, A AT g
JIRE
1.2.2 HMPFCHHIRE BORH M il 25 T 22 0mRE MAchs
JR (F225) e SR Ay GRER 1)) -+ e Ay (R A 751 ) —
IAIEFEF — K — 3 0 — T — I A 77—
FEST TS — T — st

A ACBHE K . A 2 S A AT SR B 4 8 o
(100 H), oL J5 4 BETE B A IR A1, In A B FE 7%
MhETHER, B/ BB AR R (60%) , BRI TR
A, A HGR B 2 fG A, fil 2 BPEAS R, 50 °C g
40 min J5INATEIE R, FEGERS), HiEE R 155
AR S BCE G A .

1.2.3  FACBIK S BenE g Sl il

1.2.3.1 Py vk Rl F ey [ M AdBE Rk Es
A 32%, GHERFINESINE S 20%, BB 5F @ In &
1.5%, MG R 2%, T304 FH 878 570305

LFAEREIATIGE . S AIERGEASE] 22245 (HAC O 78
It (26%. 29%. 32%. 35% F 38%), KR &N
£ (14%. 17%. 20%. 23% Fll 26%) , BRI F| Es &
(0.5%. 1%, 1.5%. 2% #Fll 2.5%) LI X H#E 7l Eshn 2
(1% 1.5%. 2% 2.5% Fll 3%) Xt 5 P MEL UGG JB B s
FREGEZM (AR =) o LSS ML BE I nELIE 41
W R, BB AT XK (BB P43 R bR, S i e
MBI (A) | FHERFI(B) . BRERF (C) LA A W #5771
(D) EINE .

1.2.3.2 man E PRI T AERC Y T2 AR
SCaGEs IR b, DIAACPERR(A) | FRFI(B) | 12
R (C) DA R 7 (D) Rz R 2, AAgFehl ik
BN A AR E PR (OB 100 43, ZRUL, XU, 11/8%
AR HBA FEEAR YR &5 0.15, 0.3, 0.3, 0.25) Jy i i {H,
2K JH Design-Expert 13 #1531 PU K 38 = K 19
Box-Behnken M3 11 ¥ 23— 25 0L AL AL IR &2 Be R
EF A P BC T T 25, Mgy e PRl 3 ROk L ER 1, B
(LS vy et ag /e kR

F 1 P T R R K
Levels of factors in response surface experiment
(SES
AMIFCHERR (%) BEHBRFI(%)  CRRERFI(%) DI (%)
26 14 0.5 1
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Table 2 Sensory evaluation criteria for Lycium barbarum
glycopeptide complex chewable tablets
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Fig.1 Single factor experimental results for the formulation
process of Lycium barbarum glycopeptide chewable tablets
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Table 3  Analysis of response surface methodology for the
formulation of Lycium barbarum glycopeptide complex
chewable tablets

Y=87.32—0.3833A+0.25B—0.15C—0.1333D—
0.425AB-0.4AC+1.03AD+1.15BC+0.575BD+
1.35CD—7.44A%>—5.39B%>—6.26C>—5.29D?

AR [ U ASE A Jy 2 43 BT T 0, AR Ay 22 P<
0.01, 255 HAT eI 2478 3, RIS ik 35, B[
USASAIIR 2 T B S8 /K HALA BT, PRI T A%
BT =1 R T AR AR K 52 BC MELIES R 1) e A ey 12248
S AR P E R R7=0.9898>0.9, KL IE 5
RIE B R, (=0.9796>0.9, i3 I iZASE AU W] L e A
98% M W B 14 AE Ak, W] FH Ay Aol K & BCRH Eg - Bid
J7 S HED . IR, 22 B I, CDL BC B
W B 2S5 (P<0.01), AD B B35 25 5(P<0.05),
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Table 4 Significance testing of regression coefficients for the
formulation for Lycium barbarum glycopeptide
complex chewable tablets

A: FUACHEAK  B: #IPBRFA  C:BRMRH DR Y BE IS

B
WS (%) (%) (%) 7S,
1 32 17 0.5 1.5 74.0
2 32 14 1 1.5 74.0
3 29 20 1 1 76.4
4 26 17 1 | 75.9
5 29 17 1 1.5 86.7
6 26 14 1 1.5 74.5
7 29 17 1 1.5 88.4
8 32 17 1 1 73.0
9 29 20 1 2 77.1
10 29 17 0.5 2 75.3
11 29 17 1 1.5 86.9
12 29 17 1.5 2 76.4
13 29 14 1 1 77.2
14 32 17 1 2 75.0
15 26 17 1.5 1.5 73.9
16 29 20 1.5 1.5 77.2
17 32 20 1 1.5 74.1
18 26 20 1 1.5 76.3
19 29 17 1 1.5 87.1
20 29 20 0.5 1.5 74.0
21 29 14 1 2 75.6
22 29 14 0.5 1.5 76.1
23 26 17 1 2 73.8
24 26 17 0.5 1.5 73.3
25 29 17 1.5 1 74.0
26 29 17 0.5 1 78.3
27 29 14 1.5 1.5 74.7
28 32 17 1.5 1.5 73.0
29 29 17 1 1.5 87.5

KW M AmE By Fli PEH BEM
B 661.2924 14

472352 96.8265 <0.0001 *K

B? 188.3878 188.3878 386.1724 <0.0001 wx
(o5 254.5283 254.5283 521.7526 <0.0001 wx
D’ 181.4613 181.4613 371.974 <0.0001 wx

2 6.8297 14 0.4878

A 1.7633 1 1.7633 3.6146  0.0781
B 0.75 1 0.75 1.5374  0.2354
C 0.27 1 0.27 0.5535  0.4692
D 0.2133 1 0.2133 0.4373  0.5192
AB 0.7225 1 0.7225 1.481 0.2437
AC 0.64 1 0.64 13119 0.2712
AD 4.2025 1 42025 8.6146  0.0109 *
BC 5.29 1 5.29 10.8439  0.0053 wx
BD 1.3225 1 1.3225 2.711 0.1219
CD 7.29 1 7.29 14.9436  0.0017 **
A’ 358.97 1 358.97  735.8455 <0.0001 Hx
1
1
1

RKPI 50217 10 0.5022 1111 05006 A
4liiR 2z 1.808 4 0.452
S 6681221 28
R=0.9898 R, 4=0.9796

2 *: P<0.05, 257 535+ P<0.01, 23 B3,
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0.99%, AW FNTS IS N 1.49%, Hig 3 A,
WA N B E TS TE R 87.33 41
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7, 356 B A AT HE S I B 29%, 2 MR S S i LA
17%, BHERFIEGS I 1%, T FIESInE N 1.5%, H
AECNIEIEH, F2 08 1.2.2 BRI A 3 i
FOBEAK S FCRENE Ho ARYE 1.2.3.3 1Y 10 A5
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Fig.2 Influence of different interactions on the sensory evaluation of chewable tablets

ATV, MR . S52RERHT 3 HEnHE R e
VIR 85.8740.76, AR FRAENZE (RSD) N 1.887%~
2.348%. RUNZMACITBENEERE . BZAEMACHEIR
SZCPHIE I TC T R MIFCHE RS I 29%, FHIR )
BN 17%, PRGBSIy 1%, 183 503 n i
A 1.5%, Hoar B e
2.2.4 FOFCHEIKIZ MO A BT bR vETTE PR 5
KEDNZE T AT, B A T 20580 T il 8 e A~ F-24
A 0.345+0.006 g, H. 10 JRHNE ) 5 it 22 7R
BEFITE 5% AN ; SFIREEE Sy 79.364+2.83 N, 2
75 N DA b, SRS s 5 Y E 20 5 RH IR AR E s
BEX/INT 1%; Bl oK | BYAF B @ oTR ARG . LA
I E S RIS 2020 RR S 24 B ) A AE DGR E o
£ 5 KRR FCAEH I R PSS bR o =
Table 5 Content determination of physicochemical indicators
in Lycium barbarum glycopeptide complex chewable tablets

i i {E
T (g) 0.345+0.006
SRR (N) 79.364+2.830
YRR (%) 0.1290.030
K43 (g-100 ™) 2.30
TR (%) 3.89
#(mgkg™") A
K(LIHg) (mg-kg ™) Ak
T (LIPbIT) (mg-kg ™) Ak
i (AAsH) (mg-kg ™) Ak

#(PACdiT) (mgkg ") 0.014

[RIF i A 2020 Jig CHp 245 4L ) Fh AR T 25 i i
A RRIEERREGE I 1107) X FIFCHE IR BCRH A A9
# 6 MO FCREE A AR b

Table 6 Microbial limit testing of Lycium barbarum
glycopeptide complex chewable tablets

By/i=| K E
HIYE ME(CFU-g ) 5.1x10°
KIGH#E(CFU-g ") 3.89
T AEERLE (CFU-¢ ') <10
VIR (CFU-g ) PN oAt
EWIRE (CFU-g ") A
A A BR A (CFUg7") <10

WA SR T T IS, 5 SRR AT K & e PR
FritE &5 (3R )77 A 2020 IR HH E 25 8L YA 6
FHAE

2.3 HAiCHERK S ECIRNE AU 55 AT

2.3.1 HMPACHE K O RE I A X /N BRAT S 24 i s i
ZEHL IR, 25 A/ NS IR, RS IE R, AR R AT
HEESCE N, AREFRRAI 1 BAZH /N RS v
B, BARIHL; 45255/ NEUS L SR ZH AR LA
Arafi% . EmRPEMESR 7 d )44/ BUAREE JEA i 22
S, R 7 d RS AS A LA AN BRIA SR A
TEE(P<0.01), RS 14 d Ja/N ARSI 4R 2212 9]
Ths AR 35 d J&, 525 AR b, BRI/ N A SR R
FREAL(P<0.01), VLI 3, SFEHIZH LhiR, fikled S
GRS BRUAS ER [T T2 0 JE P Sk 2 55, i PR 254
21 5 RN RUAER R T te, 2257 B i 24
M(P<0.05) . HIFCHHIKA B T2 fif A2 8 FIRE 557120

55 =
504 -@- Control
20 Model
E 45 4 Rel
= Excipient
< 404 L-LBPgC
O H-LBPgC
35 T T T T T T T
0 7 14 21 28 35 42 49

FFIE] (d)
K3 hEUREAZE
Fig.3 Body weight variation in mice
T 7R GRRIE AL, 25 4 P<0.05, 22 57 3 **3RoR
P<0.01, ZE5 M0 3%

TE 5 30 e Pk 56 v, SRR ZH A L, A8 A
Rgl #H . L-LBPgC 405 H-LBPgC 4H #8555 i)
1E B fE] ( P<0.05) ; S BIA 20 AH Lk, Rgl 4 . L-
LBPgC 415 H-LBPgC 4 iy A By i (8] 43 531 F 5 24
18.67%. 26.10%. 32.51%, #&HH LBPgCH. A &t &
AR 57 RIS AR 57 PSR, DL 7.
2.3.2  HMUFCHRARSE FCRENE XN B h CK . LDH.,
BUN &g 4550 WoR, 525 4 b, A2
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T AACHEIRSE BCREIE XRS5 /N BT R 2 R R s
Table 7 Effects of Lycium barbarum glycopeptide complex
chewable tablets on behavioral parameters
in fatigue-induced mice

215 il (mg-kg™") ANGhFAE] (s)
Control 129.75421.47
Model 196.88+18.71"

Rgl 10 160.13+19.87*

EC 400 188.25+13.77"
L-LBPgC 400 145.50+19.58"
H-LBPgC 1200 132.88+20.81%

e R R 523 AR, BRI P<0.05, 255 1 * xR R P<0.01, 2
S B3 H” RN SRTRIAIM L, B 4L P<0.05, 2557 3 ##EOR
P<0.01, 22540 03 F8~F 11,

/NELIMIE T CK., LDH., BUN /KT8 (P<0.01); 5
AEFILHAH L, Rgl 2H . L-LBPgC ZH 1 H-LBPgC ZH 114
CK 7K 1 (P<0.01), L-LBPgC 205 H-LBPgC
ZH /Y LDH 7K ik 25 R (P<0.01), T Rgl 415 H-
LBPgC £H [ BUN 7K i 2 AR (P<0.01), WL3& 8.
RIZliz sh2s S EVNRIMIE N Y CK, LDHAT BUN 1Y
K E TS, TR B4 T LBPgC Fil Rgl &7 /a18
T R, BLHHRIZEE 325 5 B A=A AR SRR
PRI T, IR AL I N R BRRR S, T LBPgC fiE
30 o U R 2GS B S IR AR, IR BN E A% 9710
il

F 8 AACHE IR BCAHAE %/ UL H CK. LDH
1 BUN 7K-F- (5 0]
Table 8 Effects of Lycium barbarum glycopeptide complex
chewable tablets on CK, LDH, and BUN levels in serum of mice

23 CK(UmL™) LDH(U-L™) BUN(U'mL™)
Control 0.86+0.06 410.13+28.33 1.610.12
Model 1.44+0.85™ 773.72+54.73" 2.18+0.14™

Rgl 0.92:0.13" 571.69+34.03" 1.72+0.07

EC 1.20£0.07" 591.26+66.61" 1.90+0.12"
L-LBPgC 1.06+0.04™" 514.62+41.67" 1.90+0.15°
H-LBPgC 0.910.13" 481.87+40.80" 1.62£0.11%

2.3.3  HMPRCHEIRSE BCRELER X /) BRUHERZ LA i 2H 21
1 SOD. MDA Fl1 GSH-Px Wi VL9520 1z shid
R, AN IR T EUE B IR A A 57 19 07 Kz
9 AACHE RS BCRE A o/ EUHER L SOD, MDA
1 GSH-Px (115407
Table 9 Effects of Lycium barbarum glycopeptide complex

chewable tablets on SOD, MDA, and GSH-Px levels
in gastrocnemius muscle of mice

34 SRR W OR, 5 A5 I AR Ee, BORZH N BUHERS
WLH SOD #1 GSH-Px [ 7% 77 %k 35 B Ik ( P<0.01),
MDA & it i 2 J1 & (P<0.01) ; S5 A ZHAH L, H-
LBPgC 4H/MNRHEZ L SOD Fil GSH-Px 7% 77 i
ZFH 25 (P<0.01), MDA & 18 i Z Ik (P<0.01), U,
2 9. ULBHEIZ iz 3h )5 /N BUME Bz WL %) SOD 1l
GSH-Px 7K - & & [k, MDA /KF i 2 I+ (P<
0.01), i Rgl Fll H-LBPgC B8 A 1] LA gk 35 380 55X
PR . ZEMRZHZN b, 528 FIZ A b, ABERIZH /NERUTY
SOD F1 GSH-Px [ J1 3 %A (P<0.01), MDA &
3 T (P<0.01); S5 AIZHAH L, H-LBPgC 2H
i) SOD F GSH-Px % J1 \i % J &, H-LBPgC 205
Rgl 2409 MDA 7K i ZF FF AR (P<0.01), ILFE 10,
LA 251, RIZLE 3 230N RINH 2 S HEz LA
A E AN B, BEAIE . i LBPgC 5 Rgl nl LItks%
Lz B 55 RS L 2Rz L= i S8 A 334,
LR fits N BRI IR IRAS o

F 10 AFCHEIKE BCRE I X/ U 412U SOD, MDA
1 GSH-Px AR
Table 10  Effects of Lycium barbarum glycopeptide complex
chewable tablets on SOD, MDA, and GSH-Px levels in brain
tissue of mice

401 SOD MDA GSH-Px

(U'mg prot™") (nmol-mg prot ") (U'mg prot ")

Control 53.03+3.63 8.51+0.70 147.71£24.10
Model 31.15+3.99™ 12.20+1.82" 36.93+10.68™
Rgl 37.12+4.917 9.89+0.86™ 70.02£16.23
EC 34.39+4.07" 9.99+1.04" 52.37+13.66™
L-LBPgC 41.69+4.63 10.43+0.617% 76.14+14.67
H-LBPgC 46.61+4.89" 8.96+0.71% 125.60+18.55"

2.3.4 HuACHE IR BC A RS XS BRAR ZH 4 v BDNF
Iy H 5-HT. CORT & mysEm 38 11 45580
R, HaS FAEAHLEE, BAIZH A 5-HT 5 BDNF 19 & %
B F A (P<0.01), CORT & H 8.3 7155 (P<0.01);
SR AR L, H-LBPgC 4 5-HT 5 BDNF & i1y
BT (P<0.01), CORT F5 i i FHREIK(P<0.01) .
Ui BRI 22 s BN H 2 HPA fhZR I8, GG
W, 35 & TP AR 55, 48 H-LBPgC 1&Y7 ) Al DIZE
SRR SR
F A1 AR BCIEE A4 /NEUMYE H 5-HT. CORT
FIRGZH 41 BDNF 7K (500
Table 11  Effects of Lycium barbarum glycopeptide complex

chewable tablets on 5-HT, CORT, and BDNF levels in serum
and brain tissue of mice

051 SOD MDA GSH-Px - - -
(U'mg prot™") (nmol-mg prot™") (U-mg prot ") 205 5-HT(ngmL™") BDNF(pgmL"') CORT(ngmL™)

Control 91.68+6.35 18.08+2.37 189.20+30.88 Control 58.16£14.33 541.57+24.58 152.00£12.58
Model 62.46£9.07" 29.13+1.82" 53.75£15.54" Model 26.6843.18™ 219.90+13.04" 243.91£33.90”
Rgl 75.17+23.08 20.43+1.79" 104.1125.52"" Rgl 51.60+7.63% 313.66+30.30"" 194.06+29.42
EC 68.08+6.31" 23.76+1.72"* 81.91£21.36" EC 32.84+2.07* 242.86+21.27" 227.67£18.49”
L-LBPgC 79.44+8.63 20.67+1.06" 107.62+20.72"* L-LBPgC 38.46+2.78" 429.69+20.71"" 219.28+34.22°
H-LBPgC  89.82+10.88" 18.67+1.61% 176.40+39.76" H-LBPgC 54.59+£9.01% 480.58+34.24™  165.76+27.38%
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K4 MRCHERRAZ FCRE R X/ Bl S 21 BUR 25 920 (HE, 200%, 400%)
Fig.4 Effects of Lycium barbarum glycopeptide complex chewable tablets on the morphology of mouse hippocampal tissue
(HE, 200x, 400x)
T NC: 25 F14H; MC: B 4H; RC: Rgl #4H; LC: L-LBPgC 4H; HC: H-LBPgC 4H; EC: Hikl4H .

2.3.5 /DEUINHZURERLE R ArHT  HE ey FHok
WLELVE Ty CAL XA S 4, vT BOUL o #2480 &%
&R HANEALAZIE S w40, 25 R, 5425
FALEAH b, AR ZE Vi T S BRES S m] DL/ D b P P i ol
TG, WP ATT H BRA AR . ANTR SRS R RS S
FERIZH AR Eb, H-LBPgC £H ¥ L X 2 oo gl inHES ) 4&
5%, I ELAE 4 . AR s A TE D P oo BUR I >, UL
B 4. 55, mIZLE a1 580N B S XI55
WL TC R A A 4n S EEFTH RIS, &4 LBPgC AT
JEASE M
3 He5L%Eie

A ST AR ACRE K A 35 2%, 38 o o DR 3 S0 R
e 7 PR A S 2 AR AR K A IO RELIES A 1 el Sy
APFCHE RIS I 29%, FRIASFIAR I A 17%, FHR 5]
IR 1%, TEEFIGINEN 1.5%, Hages s
I, Z AR WA 0 NE R AEE V43S 85.87+0.76
4y, FHXFRUEN 22 (RSD) Sy 1.887%~2.348%, “F-14
H A 0.345+0.006 g, FHim 22 T REEITE 5% LIPN; F
IF N 79.364+2.83 N, #k 75 N LU b, A ik
Hs HIE T B MEREE /N T 1%, WFFE4s SR, i)
HE AR IR P ALV T L S A e R DK
of 2 b BUR R st TRp, 5 3 B IR I 7 BUNL
LDH F1 CK 7&M:. HEZNLEiZd 4! MDA &5, 341
IfiL 35 A S-HT 7K S, I 384 558 JHE Az L AN i 2 21 b
SOD Fil GSH-Px #fi /1. [RIA, 3@ i %3 b A& B RH P25
Y Rgl ArIEI7AE R s T AACRE IR 52 B RE I iG]
HEZH, WATS T A AT IR S B nELER A i 7 gL, SRl AT
eI E L S T E ., A, SESARLZHAH L, ikt
LA A FR TP ST IR, FFE R AT G R & T
FRITRIEEHA RV Ay, Forh & A — 52
BERIVD R0, ik FE 22 5 v i e gE s A
FLAF-IATIRE 55 DIBK, 1% AT B fikh el HAT SR a e
FHRFZRA . 25 F T, MurCpiic s ienE g B
BT ST IR

IM.# * CK. LDH. BUN /K314 728 1k & 9% 3k
SR A 57 R, RIS S e WA S o RO
rEA R P, UL A e LR S R, S

FCILIA BRI TG J1 5530, A5 13 CK. LDH.
BUN 5 7 UL SOD. MDA . GSH-Px 1 fiixi 2H £ i1
SOD. MDA. GSH-Px 1E b #Z L PP H8 b5, #H H B
e AR A - 40T 0 PR O PR AR &R
BUN 7 5 3% B 85 (A T 2 4 A 48, CK 5
LDH 7K 42 )z Wiz sk E-a% U 05 R B2 (AR AR
SN I ITAAAPIRES) s W HEAZ LY SOD . GSH-
Px Iz MDA 7K A I [R] 3P4 S Ak 7 0K P (P R
MEPUEAUBERS 1 SR AL .

I 57 1A 7 A RIS v AR o 25532 Jo A FHLAZ AR
I B AT PE RN RS S AL S, DNIEELA
XoFIRE I BRI LA M Bt o TRIERE, 982 55 5 MRS T 7E XL
[6] . 222 IR I VIR 22 . P 8380 O A R S RE 0 2
[F19R 19 57 S5 PAR ISR ERET Vg TR il )
1042 TEL M B N B SRR X, Hop 2 on gty 5
iR HEESE MR RE RN ST L. 5%
55w PEBEIE SR 2o, R IT RPN 5
JEARRE SR tb. RIZLE SN S5 T
Lo R E R, (H S 52 ik 2H 2 i 28388 BT A%
i (5-HT. BDNF %), ik, LBPgC 1] BEJ& il i P
[E] 4 TR P PE i 225 3% BDNF 5 5-HT ik, 3
il CORT LB Srilh, —HWHRDIE BOE S5, MREIRAT
LI L S0 DT s PN E AR AR €L I WM o e orai
P57 o

© The Author(s) 2026. This is an Open Access article dis-
tributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by-nc-nd/4.0/).
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