O ARE R E1&E KA KIKE B & RAYZITFN

W AR, B4R, KA, TRANIR' IR (1 s Tk TR, 1 2118165 2. o AR B i B T ARSI b TR
B R M %, dbat 100190)

WE. BN HER TRz 28GR FTIREHORILBR-BA TR ERY(PLCA) KK, Fik ALLEN#
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WURIRHATRAE LA SD K RS ATH 2 F 5054200 db/db D RBFHAFEH, ER REITLHE LM RFERS
(185.9 +3.31) nm;{ B4 A ( =32.53 £0.95) mV;2r ol b R0, 2 I R oh 545 T 2 Rk A @ s 885 &4 6,32 2 5 51
A (11.15£0.07)% #2(85.51 £0.01) % , th kLRI LA RIFEBHE,192 h A B8k ik 84.96% , 42 SD XK AR A
BAITTHHERR, FRERAN, ARG EWARER 2.5% , TA192 h REHEE £4EK. £ db/db b RAEAKIET
Dok B, R RSB RHE FERR D Rt THOTRBR AL 3 d. g ARRH &0 0 RAD £
WG AR AR ZH R TA 0B E T 3 d WA ISR BRI R d ke, 323 A A A B,

KR ARET  REW I 5 Rk IR ;o i
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Preparation and Pharmacodynamic Evaluation of Oral Delivery of Semaglutide Nanospheres

SUI Donglin'*, WEI Yi** , ZHU Yu®, CHEN Xiaoqgiang', MA Guanghui’ (1. College of Chemical Engineering, Nanjing
Tech University, Nanjing 211816, China; 2. State Key Laboratory of Biochemical Engineering , Institute of Process Engineering, Chinese
Academy of Sciences, Beijing 100190, China)

ABSTRACT: OBJECTIVE To preparet aurocholic acid modified PLGA nanospheres for oral delivery of semaglutidle. METHODS

The nanospheres were prepared by dobule emulsion solvent evaporation technique, and the preparation process was optimized by sin-
gle-factor experiments; the nanospheres were characterized by scanning electron microscopy, Fourier transform infrared spectroscopy
and laser particle size measurement; pharmacokinetic experiments were performed using SD rats; pharmacodynamic experiments were
performed using db/db mice. RESULTS The FT-IR showed that taurocholic acid was successfully modified to the surface of the
nanospheres. The particle size of the nanospheres was (185.9 £3.31) nm, the {-potential was ( —=32.53 £0.95) mV, and the drug
loading and encapsulation rates were (11.15 £0.07)% and (85. 51 £0.01)%. The nanospheres showed good sustained release in
vitro, with a cumulative release rate of 84. 96% within 192 h. Pharmacokinetic experiments were performed in SD rats, and the results
showed that the bioavailability of nanospheres was 2. 5% , and the slow release of semaglutide could be achieved within 192 h. The effi-
cacy of nanospheres was verified in db/db mice, and the results showed that after gavage administration of nanospheres, the blood glu-
cose of diabetic mice decreased rapidly and remained stable for about 3 d. CONCLUSION  The oral delivery of semaglutide nanosph-
eres prepared in this study has high drug loading and encapsulation efficiency, which can effectively control the blood glucose of diabet-
ic mice within 3 d and improve the bioavailability.

KEY WORDS: nanosphere; polymer; peptide; semaglutide; oral delivery; taurocholic acid
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15 7E 26 B-RIMRIR [ B T — LA E R R B
) C-18 JR I — R4 , 0 hm st 11 28 1 1 36 0 7 , 3k
o2 R R L R SR K S A
GLP-1 SZ (A8 IAR L, Hok 5K 35 165 b (UF 5
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IR . SNAC A LA RIE R, T A 7 L
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R R T VA S A e IE R
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W T I 308 3oL L A A 3 T —dR W , T
WAL T R I IR R AE /N Y 1) i B
BT, 28 1) e K 2% 2 0 52 1 — U W
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T AT VA1) 1 245 sk 790 LA v R A% A i
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AT AN ETE (FT-IR) g5 TCA il ol , %
S T X AORBREZ AL R R0, L4
KERTESIPIAR N 258N 2 DL o

1 SKB#RmaTE
L1 85

ARG IR (EIRRZ WA ARAA),
PLGA (7525 7E, mf Tl A) , — & H ke (Fd 5k
PGB A PR A AL 2R, R A (VL Fif
IR A BR AR, 4 B IHPR M (STC) LA\ L
B (S B RO N T/ R R
) .0.01 mmol « L™"BERERZE vl (PBS) (L i
HAE YRR IR A ) IR (=99% , Jb st fe sy
BAAFD) , —UMEE kU 4% (PVDF,0. 22 wm, Htf5
THBA AR AT, SN PN 5 Al i IR
PR S8 (N E S TABR ), db/db /R
(BEAL L A MR B A A PR W), SPF %) ,SD K
B (A v PR E BB BRA B, SPF 4%, R SRR &Ik
it I A5 o0 M i) & (R AT Sl A IRA R o
L2 ZRE&5ME
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SUB020 337 A 4314t 7 s 5 RIS A0 A X ( H
A H LA 3 EURO-STDS25 fiif $ 4% (IKA 22 5] )
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A 5 B OAL( BRI B AU R A A s 4k
PLCPUNTAEE R 2B A BR ] ) 5 i OB 15 ()
( HA Shimadzu 23 7], LC-20AT) ; 25 1% ¥R TR AL
(Labconco 2y 7 ) ; Accu-Chek ®  Performa [fil #E{X K
IR4C (3£ [E Roche 24w ) 5 SEX250 ji 75 I 41 i i it
{X ( 2 & Branson /A7) ) ; NICOLET iS 50 {8 B 21 4}
JEEAN (SE[E Thermo A7) o
1.3 Shdrik
L3.1  gpokekiilss  BlaEaokek(E D™ B
0.5 mL,150 mg « mL ™" (i F] SE 4% 5 MRV TR P9 7K A
(W,) ; #REX 500 mg 1) PLGA ¥ 5 mL 1y 5 b
PEHR A (0) 5 L4 100 mLL, 100 mg « mL ™" (4~ 2 fiH
FREH (STC) WA KA (W,) o F WA O
VIR 50 TR 60 s il & W, /O WL, FRREwI L
AW, UK S0 TR 120 s il W,/ 0/ W, &
Flo FEFLBABA P HEFER 1L 10 h, R & H
Bt o [BIAbE A OK SR felf TR 27K 1% 25 AR A0 R 3 44 K
BRI ] 5 K% & Bk A0 STC, 2.0 (10 000 r + min ™',
15 min) , #4523 YK, ¥ VR T4 5 il 15 2 B IHIR- 2R 7L
MR-k ORI Y 9K 3R (TCA-PLGA-NPs)

T 2527 2 2024 429 155 59 5 17 ]
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Fig.1 Preparation of TCA-PLGA-NPs!?"
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1.3.3  PRIRZLAMDGIEINIR B 94K BRI BB
K, 5T RSB R AR IE A, 6 s f, A7 i
LLAMEIE G T RAE o
L3.4  Zokekkife Al ¢ Al KRR ek E &
FRBE TR TR RS mg - mL™', BZ1 mL
YUK T TR T it b, P 2 28 GRS A
FEANARIURL P RLAR RN DR 4341 (PDI) 1L LA,
BEEHIE 3 K
1.3.5  YpREkEZyaiaill  FREL 20 mg A48 KBk
F 50 mL E.L0E P, I 10 mL 2 5% f# TCA-PL-
GA-NPs kK, Zv A 10 min J5HIA 15 mL {1
PBS #HUA] A% B ik, 1L 10 000 r + min " %5 i 5
05 min, B EIEWE 0. 22 wm 4 PVDF 5, fd 11
HPLC A 7] e ks & IRV FE

RSN B A S 0.1 mol - L™ 1 Fi
BR, s A0 B i O, Wi sh A A-B =59+ 41, i ik
I mL « min ™", #9035 K 210 nm, H 3 30 °C, #EkE
20 plL.

Ao 1 IHHE,

i) < BRI o,

AMQY
R AR 2 75

T E 2R 2024 45 9 H 5 59 5 17 )
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Bile salt aqueous solution
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Solvent evaporation for overnight

-NPs) by 4 4 i 222"
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B N TN ;8 h Z )5 4 B A o B 4y
PBS, DA I 23l /2 e Al 25 1. 1 2.4.8.24 48,
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Y25 28 mg - kg™ GOKRERAL S50 I b iy E
B, B E A IR 2557 5 28 mg - kg™,
S FHG G T 2.6.24 48 72 .96 120 144 F1 168 h
R 7N BRI 2 L I
1.3.9  ZeKEkah250ses AT & 400 ¢
[ SD K BRI T2GR L5 o S50 T 1 w1 ot ok
KEFE 0 3 41, 4L 5 2, SEB TR AR 7 1) i ik
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B F) A% B K-SNAC JFi & Lo 1250 A4l A B
PEXTHRZL, SEB AR HTE B 1 Ik, Rl A8 S KRR 24557
i 5 H 10 mg; TCA-PLGA-NPs H 2R 1F A 40 K Bk
LA IRTF AR E 1 K, 7] B8 & AR 2557
AR 10 mg, SCEHFIR)G T 2.6.24 .48 .72.96
120 144 #1196 h ARHEH M . B AAFR 0.5 mL, #
B2 h e i U i 5.0 (10 000 r -
WG H 1 2 L3, 6 ] ELISA 5830 & K I 1fi 3% v 7] 26
5 JK i 25 % B
R A= R A R A3 11
:m AR(G)
o AUC, 1 AUG,, 43931 hy 32 8 il 790 R g ik
ISP o 24 B R T TERR, Dy A D 3 ) kg 32 3R

.- .
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AR K S 25 25 70 i

1.3.10  Zhcsmfe Byl ARSI 3
S I AR AR SR g Sh ) AR AE FR A 4R W ) (GB/
T 35892-2018 ) 47, I E Bl B ok 78 T RRBFSE
JIT sh ) SE A8 BR T 3 Attt

L3.11  SEitsrtr  disb#Rfs A GraphPad Prism 8
A, PR SSRR O 2200k 0 Kk

2 Z#R5WE
2.1 TCA-PLGA 44k Bk iy %) %
AN KA 25 T R B4 TCA 1y
2 HAABR (H,0/PLGA-NPs ) , 45 3R W& 2 FIZk 1,
H,0/PLGA-NPs i %4 268 nm, PDI 3} 0. 24 , Zeta Hi
ik -1.21 mV, i FASLE A PLGA B ER
iy o AT SRy T v , RO U0 25 AR L, T LA 25 B 44 0K
BRI rp v 425 i A 2 R R A (STC)
VE R EEERNGS I 2= 4K AH , B T HER B 75
TG TR, AOK BR [ b 2 b STC ZE40 KBk K
I BT FAe#T i3 TCA, TCA 38 3 i 7K AF F 1 4565 7240
KBk R W, BT TCA ) 4h Kk ¥k (H, 0/
TCA-PLGA-NPs) %7 4% 7 181 nm, PDI 4 0. 19, Zeta
LN —24.77 mV, TCA i@ i3 siKAVEH 1455 78
YK BRI, PR L7 6 TR A7 7 T 25 %)l R i o A
KAL) 57 FLAT o

A = RAEHE TCA FZS AGKER; B — B4 T TCA M41KER,
A = H,0/PLGA-NPs; B - H,0/TCA-PLGA-NPs.

2 {545 K54 TCA W49 KR4 o 5 I
Fig. 2 SEM micrographs of nanospheres

F1 (BiF 5 kB4 TCA B4 KR A AZ 0 A A0 Zeta W fL,
n=3,x*s
Tab. 1

Size distribution and Zeta-potential of nanospheres.

n=3,xts

Nanospheres Size/nm PDI Zeta-potential/mV

H,0/PLGA-NPs
H,0/TCA-PLGA-NPs

168.7+7.6 0.248 £0.05 -1.21+0.1

181.0 £1.27 0.191 £0. 004 -24.77+1.95
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NPs il PLGA-NPs 7 1 758 em ™' kb ELA5 PLGA 545
F6 TG B 2 b 45 4% 3 0 22 L 53 4k, TCA i H, 0/
TCA-PLGA-NPs 7£ 3 200 ~3 500 cm ' N4 95 K 4
I, > O — H 8RR 4a 3R 2, TR 3w 1 PLGA iy
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il 45 19 H, 0/ PLGA-NPs K 3R 54 Ui 125 1Y 2 3k, e
DL A A H 0 3 B H,0/TCA-PLGA-NPs
H PLGA 1 TCA Hy4RAE0E , SIF B TCA ¥tz T
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Fig.3 FT-IR patterns of nanospheres

2.3 HEHENHAREEIE NP Y

il A 2 P A R P I R G K BROR AR RN 3 — 1
B> ST 5075 100 125 1150 W A
A R AR BRRLAR AN — M 52, S5 R L3R 2,
Wi 5 68 7R D 2R 1 1 K, PDI M 0. 21 J8i/NEE 0.19,, )
FHAES AR P 38808 Ry 3550, It LA K R I s A2 e
Ko (HEMEATNRLE TS W UL LB, 99 K BR 1Y k42
M2 5y # R £ (PDL) {380/ IF A B2, DY ot i %
75 W RS DR T IR 850

R2 BEHEXNAKRFBET S 5 H R F(PDL) oy P,
n=3,x+s
Tab.2 Effects of ultrasonic power on particle size and PDI of

the nanospheres. n=3,x +s

Ultrasonic power/W Size/nm PDI
50 202.6 5.6 0.217 +0. 003
75 185.3 +3. 1 0. 191 £0. 004
100 184.5 +3.6 0. 188 +0. 003
125 182.7 +3. 1 0. 197 +0. 003
150 182.2 +£3.9 0. 191 +0. 002

2.4 KA STC R EAM KRB A EMLER
Hy % 7

i FH ) S A% B IR VA RSP AR T 25 24 A0 K
Bk, [FIBT AL SN KA STC Y B i B, A3k 5
7.5.10.12.5 f1 15 mg - mL™", %8 H S 4 K BR 2%
2y M LR 5 . 25 5 W3 3, STC /R 4w

T E 2R 2024 45 9 H 5 59 5 17 )

FETTE PR) A) A RE ARG it 7K AR 22 ) 8 551 5K g, A
iR K AL 2 o PRI K AR R STC R dit vk J3E
7E10 mg - mL™" LI, STC e BE B, 52 FL B
T e PEHLAT /b 1 B TR P E B 5 S B 5L
A IR Z kit | T LA R E 1 S K AR BT
il 5t A OK BR324 M S AR sy 5 XY STC
B R T 10 mg - mL ™I, 40K BR Al 48 24 1
LR B W] 4R, BB 10 mg + mL™' )
STC JB i e JE FH TR 22555

R3S E S E B (STC) J & 0k JE 25 & An g, 32
FWHMH, n=3,x+s
Tab. 3 Effects of sodium taurocholate (STC) concentration on the

drug loading and encapsulation efficiency of nanospheres. n=3,x+s

Drug loading/ % Encapsulation efficiency/%

p(STC)/mg - mL~!

5 9.16 £0. 07 70.22 £0. 51
7.5 10.42 +0. 05 79.91 £0.38
10 11.15 0. 07 85.48 +0.53
12.5 11.12 £0. 05 85.28 +0.35
15 11. 04 £0. 07 84.66 +0. 51

2.5  GRERA MR A B A R B RAT A

HUAR A AR 22 IR R 2R R A i R
RLAFAY B T AR E M B 1) il 9 08 RS
MIREIAT o B IE R BRTE R 25 B PLGA 49k
BRI AN R , S EohiA2 R e LR 70 BIOIR S
AT et s i K BR 2 o PRt AT L o
A A IR B RLAR AL AR S B K BRTE A AR 85 o
MR E P GAOKRERAE 3 RhBLHI3R 5. N T H
(pH L.5) AT/Mm i (pH 6.8) FIFE LI (PBS
ZEPig, pH 7. 4) IR EVE ILIEL 4, R & B i Y PL-
GA-NPs fE N T8 W N T/Mmil b A IR 5T
RiAR I O, K WIILAE 8 il 58 T JF AT E 5
TCA-PLGA-NPs 7 3 FSEALLACTR I O 98 R Bk 3R
B HiIA TCA, WA 1 AR5 29 K BRI 12 fik i A4,
PLGA A Gk i A B, PR AR BeA A2 1k,
TCA-PLGA-Nps BA RUFHIFSENE

— I, 29078 18 s TR O 0 ~ 2 h, A
/NIRRT Ay 4 ~ 6 W' BF LA S g e PR A1
FERCIEIR 5 0 ~2 h AT 18 98 7E A MR
LRI 2 ~ 8 h N /NI AR BR 1 H AR
SER N AR, BT LU SN RS2 56 8 h s
VRS SR, B PBS 22 vhift, AR A1 B Tl 4 2R L
K 4 ,PLGA-NPs 7£ 2 h BBk 61.32% ,8 h 11
BT REIE g 78. 52% , W HAE B I iE B
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BRI G 53250 , B4 1 308 40 i R e i AR
s A DR 2R B2 BAE ] TCA-PLGA-NPs 7
2h BB R 13.04% ,8 h 1y BT B E N
36. 15% , BB T TCA A] LA RS 91 K B3k A
Z MBI D80 T YK ERLE B 8 KRR
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A = GORERTEN L BB IRENE: B - KR /NGB IRGEVE ; C - PUKRBRIERERRER 26 0B P IO FRE E D - GRS MR 28 o

A — stability of nanospheres in artificial gastric juice; B — stability of nanospheres in artificial small intestinal fluid; C — stability of nanospheres in PBS buffer; D —in vitro

release profiles of semaglutide from the nanospheres.

B4 SkREATERBRTHREEFRBERATA n=3,5s

Fig. 4 Stability and release behavior of nanospheres in artificial body fluids. n=3,x £

2.6 kB EITN
fii 11 SD K 5% TCA-PLGA-NPs 7E ) {4 4
W25 3%, 43 %8 bE T B S R SE AR K HE
hZ WL SNAC W Rl Bk B AR AE B 4 2
TCA-PLGA-NPs 3 21 K FUAYIML 25 BE . 25 2R LA 5
M4, LR A EAEE RS SNAC LV WAL, 16
752 48 h J5 ] JEAK IR Y i 24 R LI T A I R
B, ¢ BH G e DL S B0 004 ol i b 7 5 SR i
TCA-PLGA-NPs 20 7E 45 24 i Fir A6 00 21 1) #5755 1M 25
HeSE R (9. 48 £0.84) ng - mL™" KT ] E A% AL
5 SNAC H e 4L (12.73 £1.94) ng - mL™",
RGO ERERBRALH BA R0 % 20 b5 90
KERTEAR N G218 BE ik m] 5548 & IKIFAE 96 h N 4E+F
BRI MR EE (5 ng + mL™1) 7€ 192 h 5 1l 259
BER T A F R, TCA-PLGA-NPs [ A= 4 ) ] B2
A[3R 2. 5% , i T A A B IS SNAC & L 4
A A A E(1.1% ) , B 0 g TCA-PLGA-NPs
YUOKREREA GZRAE, B8 7wl 248 & ik 2k
Y B
2.7 KRR AGRKFITMN

db/db /N B J2 @ BR T Leptin 32 {& 55 5 1
CSTBL/6J /NG, g FIB4 2 OB PR R0 B0, AR
SEG FH R 4G TCA-PLGA-NPs 7 {4 P (1) F 4 54
o G5 ILIE 6A FE 6B, BH X B — 1)/ B
W55 BRPE X6 R 2 /0 R A TG W 4 22 5, X R O
A SE A IKAE 5 R 1 2 858 1) 1 v K R i RO
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30+

—e— Semaglutide iv
Semaglutide+SNAC
25 —a— TCA-PLGA-NPs
)
£
£
<
T T T v T T T T T T T T T T T 1
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BS TREAEHGRENE EEERDGRE-REEHL, n=
S,x%s

Fig.5 Blood concentration profiles of semaglutide by different

routes of administration. n =5,x £s

R4 TRHARENAXBERADFSH
Tab.4 Pharmacokinetic parameters of smeaglutide by different
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