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Design and oral hypoglycemic activity of novel oral hypoglycemic peptide
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Jiangsu Provincial Key Laboratory of Druggability of Biopharmaceuticals, School of Life Science and Technology, China Pharmaceuti-
cal University, Nanjing 211198,China

Abstract Incretin promotes insulin secretion through a glucose-dependent mechanism, involving glucagon-like
peptide-1 (GLP-1) and glucose-dependent insulinotropic peptide (GIP). Therefore, their correspondingly specific
receptors GLP-1R and GIPR are suitable targets for the treatment of type 2 diabetes. Based on the oral hypogly-
cemic peptide OHP2 designed by our team, we further designed a new oral hypoglycemic peptide, ODA to reduce
glucose. Compared with OHP2, ODA exhibited better lipophilicity as well as the enhanced endocytosis and trans-
cytosis in Caco-2 cells. In addition, ODA remained the ability to activate GLLP-1R and enhanced the binding abil-
ity to GIPR. The hypoglycemic efficacy of the low-dose ODA (0. 53 mg/kg) is comparable to that of OHP2 (1. 06
mg/kg). These results indicated that ODA could be a new oral drug with potential for the treatment of type 2 dia-
betes.
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Figure 1 Determination of Exendin-4, OHP2 and ODA

Table 1  Affinity values of ODA and related peptides for GLP-1R and
GIPR

Score
Peptides
GLP-1R GIPR
Exendin-4 -21.6 N/A
GIP (1-42) N/A -16.8
OHP2 -21.6 -15.3
ODA -22.5 -15.8

N/A: Not applicable; OHP2: Oral hypoglycemic peptide 2; ODA: Oral

dual agonist

P2~ e, R WX 3 o 1 A5 L o 8 E
o WA, ODA WYL A A J7 1m #8 5) , Bl &
HEHER R ODA B K MG N, SE K MR . 42
7N ODA A B0 (0 2R RV, REUB 75 &) b 5 4t JE
PR R

AR S 6 38 35 SWISS-MODEL 5 481 Fil il ODA fY
=REER, BT E A [FIE AR P, ODA Fil OHP2
() = 9% 45 A4 45 0L 24 LA Exendin-4 4 B A 7 91 .
Exendin-4, OHP2 F1 ODA 1§ GMQE 43 % 4 0. 71,
0.73 F10. 68, &l 1-B iz~ , ODA () =25 /I 7E
KA B AL 5 Exendin-4, OHP2 /7 —E 2 5

| %
OHP2 ODA

Exendin-4

A: Analysis of the secondary structure of ODA by CD spectroscopy; B: Simulation of the tertiary structure of ODA based on SWISS-MODEL
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9T ¥4 ODA W LA BE T, % ODA #F47 T
UM TN GRS . WnE 2-A PR, 5
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2 h 5 B2 AN S B 1 P FITC FRI2 ) ODA 7 it
(5 055.0 = 1 299.1 ng/mg) . & # T OHP2 4
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S ZE LRI 7F Caco-2 4L, ODA Lt OHP2 i A
HeLfE ) B

3.3 ODA #9 3 e 56k 45T OHP2
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B2 5 F Exendin-4 4 A1 OHP2 4. WFHE 8 hm, T
W ODA B TR 4 (96.7 + 6.3 ng/ml) , i3
= T Exendin-4 41(53. 6 + 2. 5 ng/mL) (P < 0. 0001)
HOHP241(76.6 + 4.3 ng/mL) (P <0.01)(%3-B).
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Figure 2 Endocytosis of Exendin-4, OHP2 and ODA in Caco-2 cells

A: Percentages of FITC™ cells incubated with FITC-labelled Exendin-4, OHP2 and ODA, measured by flow cytometry (¥ + s,n = 3); B: Proportion of
FITC-labelled Exendin-4, OHP2 and ODA to total proteins in cells, measured by fluorescence microplate reader (¥ £ s,n = 5)
“P<0.01,""P<0.001, P <0.000 1 vs Exendin-4 group; P < 0. 01 vs OHP2 group
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Figure 3 Transcytosis of Exendin-4, OHP2 and ODA in Caco-2 cells (¥ + s,n = 3)
A: Concentration-time profiles of FITC-labelled drugs at the basolateral side of the Transwell model during 8 hours incubation; B: Concentration of

FITC-labelled drugs at the basolateral side of Transwell model in the 8th hour

P <0.01, P <0.000 1 vs Exendin-4 group; **P < 0. 01 vs OHP2 group

3.4 ODA#% T GLP-1R 3% T4 4 GIPR

AR S R 9 R B A FE L P4 T ODA
X} GLP-1R WY 3#4I& 68 71, 45 R AN K] 4-A T 7R , Exen-
din-4 ,OHP2 F1 ODA $4) 52 1] st 44 i M b B T% GLP-
IR R[5 538 6 e dF T2 R %Rk . OHP2
FTODA 1% GLP-1R i EC,, 73 % K 4. 540 1 5. 506
nmol/L, 2k ODA (1) EC,, kb OHP2 I &7 , {H F1 H: 4b
TE R —B0F 9 b, W ODA R T % GLP-1R AL
G, FIFH MOE ¥ ODA 5 GIPR Ja#h 4544 53
700 T RHERL, 1l ODA 5 GIPR 45 &1 5
MHEAEH . 453 W E 4-B iR, GIPR 43 2K M LA
FIKERRPE IR , ODA J¥ 41 1 (1) ®Asp, *Lys, *Gln,
¥Lys,”GlIn,”Leu 5 GIPR JE W T %85 1Y &0, Fo e
T ODA 5 GIPR 45 & , #&75 ODA H A W 7 1
GIPR ¥ 3hifE

3.5 ODA £/ Rk A o 4 & AR 5T

TEIUE B CSTBLI6) /1N B, 380 4oF J s 7 S 6 4
B i (IPGTT) 2% %¢ 11 IR [A] 551 5 ODA % IfiL
B P VR LABZ R VE S Exendin-4 41 54 BH X
1, ODA BRI 1R 25 245 o W e i e 45 R an 51 5-A
fiiR, 5 PBS 4l AH B, TR & L A & Y ODA
Jei 5 /0N BRI (AR T T S Al %) O % {2 R AR, 1
W [ 28 b 0 B e AR I, oty T T R 2 Ok
AN A UL IMOBE S ] 2 R AT R R BN L S
F &40 (922.6 + 93.7 mmol/L-min) . T 7| & 41
(1021.9 + 84.8 mmol/L-min) HI & 7| £ 41
(1035.1 + 152.0 mmol/L-min) [ AUC [&]#f i &
i T PBS 41 (1 322.3 + 99.5 mmol/L-min) (P <
0.000 1) (&l 5-B) . 53—J7H, H R ODA & Ik
F - H 5 0 ik OHP2 44 (952. 1 + 81.5 mmol/L-
min) A HE, MTZR T RG22 . X gl R
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Figure 4 ODA binding ability to GLP-1R and GIPR in vitro

A: Evaluation of the ability of Exendin-4, OHP2 and ODA to activate GLP-1R by A11A cellular luciferase reporter gene assays (¥ + s, n = 3); B: Bind-

ing of ODA to GIPR, simulated by MOE molecular docking

FW, CIRAR ) ODA (0. 53 mg/kg) fEIXF) 5 1 i)
OHP2(1. 06 mg/kg) #2414 A /K, $#£78 ODA B

A

— )
w (=}
1 ]
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>
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A B MR R RE

2000 4
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1500 é sk kdoRk kR Rk
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- X -
1000 R P "
® L]
500 -~
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& Vehicle -® Exendin-4 -+ OHP2 -¥ ODA-H -+ ODA-M -@ ODA-L

Figure 5 IPGTT of ODA in healthy mice (¥ + 5s,n = 8)

A: Fasting blood glucose versus time curve of IPGTT in healthy mice with Exendin-4 (sc, 0. 10 mg/kg), OHP2 (ig, 1. 06 mg/kg), ODA-H (ig, 2. 12 mg/
kg), ODA-M (ig, 1. 06 mg/kg) and ODA-L (ig, 0. 53 mg/kg) respectively; B: The area under the glucose levels curve (AUC) of IPGTT

sk

“P < 0.000 1 vs vehicle group; ns: no significance vs OHP2 group
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