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ABD3 : albumin-binding domain 3 3 

ACN : acetonitrile  

AUC : area under the curve  

BA : bioavailability  

cAMP : cyclic adenosine monophosphate  

CHO : chinese hamster ovary  

DIEA : diisopropyl ethylene diamine  

Cmax : peak plasma concentration  

CLp : plasma clearance  

DMF : dimethyl formamide  

DPP-4 : dipeptidyl peptidase-4 4 

ELISA : enzyme-linked immunosorbent assay  

EMA : European Medicines Agency  

FBS : fetal bovine serum  

Fmoc :9-fluorenylmethyl chlorohormate   

G148-ABD3 : albumin binding domain 3 of protein G from the bacterial Streptococcal G 

strain 148 G148 3 

GLP-1 : glucagon-like peptide-1  

GLP-1R : GLP-1 Receptor GLP-1  

HBSS : hanks-balanced salt solution  

HBTU : O-(1H-benzotriazol-1-yl)-N, N, N', N'-tetramethyluronium hexafluorophosphate O-

-N,N,N',N'-  

HEPES : 4-(2-hydroxyethyl)-1-piperazine ethane sulfonic acid 4-(2- )-1-

-1-  

HPLC : high performance liquid chromatography  

HSA : human serum albumin  

KRH : HEPES-Krebs ringer  

LC/MS : liquid chromatography/mass spectrometry  

MALDI-TOF/MS  : matrix-assisted laser desorption ionization-time of flight mass 

spectrometry  

MRT : mean residence time  
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NEP-24.11 : neutral endopeptidese 24.11  

PBS : phosphate buffered saline  

PCR : polymerase chain reaction  

PEG : polyethylene glycol  

PK : pharmacokinetic  

t1/2 : elimination half-life  

TFA : trifluoroacetic acid  

TLGC : thin layer gel-chromatography  

Tmax : time to reach Cmax  

Vdss : volume of distribution at steady state.  
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Table 1-1  

 

Table 1-1  

I 1 β  

A  

B  

II 2 

 

III  

A  

1 β  

2  

B  

1  

2  

3  

4  

5  

6  

7  

IV  

 

[1]  

 

9 %

90 % 2 2

[2,3,4]

2 [5,6]

2016 1,000

[7] 2 2030 8,900

[6] 2
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2

[2 6]

2

β

[6,8,9] 2

BMI Body Mass Index

2

 

2

 

 

1-2.  

[10]

 

HbA1c

2 Table 1-2  

A1c HbA1c β N

1 2

[11,12]

3

[10]  
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HbA1c

3 HbA1c

[13,14]  

 

Table 1-2  

 

 

 

  
 

 
  

HbA1c 

 

%  

6.2  6.2~6.9  6.9~7.4  7.4~8.4  8.4  

 

mg/dL  
80~110  110~130  130~160  160  

2  

mg/dL  
80~140  140~180  180~220  220  

[10]  

 

1 β

1

1

1 1~2

1 4~5

[10]

1

2 3 1
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1

 

2

3

GLP-1

[15] Figure 1-2  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1-2 2  

 250 300 mg/dL

HbA1c 7.0

[15]  
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1-2-1.  

2

JDS BMI 22

 

 
a× b 

a: kg [ ]2 ×22 

b: kcal/kg  

25 30  

30 35  

35  

 

[15]  

 

1-2-2.  

 

 

 

1)  

 

2)  

20  

3)  
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100 120 / 40 60%

 

4)  

1 3

1

 

 

1-2-3.  

2 3

 

SU

BG α α-GI TZD

Dipeptidyl peptidase-4 (DPP-4 )

Glucagon like-peptide-1 (GLP-1 ) Sodium glucose co-transporter

(SGLT2 )  
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Table 1-3  

   

SU    

BG   

 

 

α  

α-GI    

TZD  

 

 

 

  

 

Dipeptidyl peptidase-4 

(DPP-4 ) 

 

 

Glucagon like-peptide-1

(GLP-1 ) 

 

β  

 

Sodium glucose co-transporter

 

(SGLT2 ) 

 

 

[15]  

 

DPP-4 GLP-1 SGLT2 2000

DPP-4

GLP-1 GLP-1 β

GLP-1

GLP-1

GLP-1 GLP-1  



11 

1-3. GLP-1  

GLP-1 Glucagon-like peptide-1 L

30 31 K

GIP glucose- dependent insulinotropic polypeptide Intestine 

secretin insulin;Incretin [16] GLP-1

L [17,18] GLP-1

Ca2+

[19,20,21,22] L

GLP-1 β GLP-1

GLP-1 Figure 1-3

β

ATP ATP KATP

Ca2+

Ca2+ Ca2+

GLP-1 G

ATP AMP(cAMP)

cAMP GLP-1

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1-3 Mechanisms of action of GLP-1.(Adapted from ref 23) 
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GLP-1

Figure 1-4  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1-4. GLP-1 actions in peripheral tissues 

GLP-1 acts directly on the endocrine pancreas, heart, stomach, and brain, whereas actions on liver 

and muscle are indirect (Adapted from ref 16). 

 

GLP-1 2

GLP-1 L

DPP-4 NEP-24.11

 (Figure 1-5) [24,25,26]

Exendin-4

Liraglutide GLP-1 GLP-1 DPP-4

2

GLP-1

GLP-1
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DPP-4 

   ↓ 
H-A-E-G-T-F-T-S-D-V-S-S-Y-L-E-G-Q-A-A-K-E-F-I-A-W-L-V-K-G-R-NH2 

.↑    ↑ ↑      .         ↑ ↑     ↑  
NEP 24.11 

Figure 1-5. Primary structure of Native GLP-1, showing the cleavage sites of DPP-4 and NEP 

24.11. 

 

 

GLP-1R agonists Primary structure 

7                                     36 

Native GLP-1 7-36  HAEGTFTSDVSSYLEGQAAKEFIAWLVKGR-NH2 

Exendin-4 HGEGTFTSDLSKQMEEEAVRLFIEWLKNGGPSSGAPPPS-NH2 

Liraglutide 
HAEGTFTSDVSSYLEGQAAKEFIAWLVRGRG-OH 

E- Palmitic acid  

 

Figure 1-6. Primary structure of GLP-1, Exendin-4 and Liraglutide. 

 

GLP-1

GLP-1 GLP-1

2
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2 GLP-1  

 

2-1.  

GLP-1 Exendin-4 Liraglutide 2

GLP-1

β

Liraglutide

FDA [27] GLP-1

GLP-1

GLP-1

 

 

2-2. GLP-1  

GLP-1 [28]

[29,30,31] PEG

Fc

GLP-1

Liraglutide

GLP-1 Albiglutide

GLP-1 [32]

G ABD

[33] G ABD

Streptococcus strain G148 

ABD G148-ABD3

[33,34] GLP-1 G148-ABD3

GLP-1 G148-ABD3 3

ABD

3 [33,35,36] Figure 2-1, 2-2
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3 7~17

 

 

           Helix 1                 Helix 2               Helix 3 

 LAEAKYLANRELDKY GVS DYYKNLINNA KTVEG VKALIDEIL AALP 

 

Figure 2-1 Primary structure of G148-ABD3 

 

A                             B 
         HSA 

 

 

 

 

 

 

    ABD 

 

Figure 2-2 Schematic structure of the HSA-ABD complex. (A) The HSA molecule is shown in 

pink and the ABD of protein PAB from Finegoldia magna in yellow (helix 1 and 2) and green 

(helix 3). Data from PDB-file 1FT0 and ref. 35. (B) The albumin-binding domains recognize a site 

located in domain II of HSA that does not overlap with the binding site for the neonatal Fc-receptor 

(FcRn), which plays an important role in albumin homeostasis (Adapted from ref. 36). 

 

GLP-1 N [37] GLP-1

C G148-ABD3 3 GLP-1 DPP-4

DPP-4 8

[Ser8]-GLP-1 1

10 Table 2-1 Fmoc

C N HPLC

 95.0  100 %
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Table 2-1 Chemical purity and identity of the peptides 1 – 10. 

Peptide Sequence 
Purity 

% 

Calculated mass Observed mass 

(monoisotopic) (deconvoluted) 

1 
HAEGTFTSDVSSYLEGQAAKEFIAWLVKG- 

GVKALIDEILAA-NH2 

100a 4333.263 4333.264 

2 
HAEGTFTSDVSSYLEGQAAKEFIAWLVKG- 

KALIDEILAA-NH2 

100a 4177.173 4177.171 

3 
HSEGTFTSDVSSYLEGQAAKEFIAWLVKG- 

AKTVEGVKALIDEILAA-NH2 

96.4b 4877.549 4877.551 

4 
HSEGTFTSDVSSYLEGQAAKEFIAWLVKG- 

VEGVKALIDEILAA-NH2 

95.4b 4577.369 4577.358 

5 
HSEGTFTSDVSSYLEGQAAKEFIAWLVKG- 

EGVKALIDEILAA-NH2 

97.2b 4478.301 4478.294 

6 
HSEGTFTSDVSSYLEGQAAKEFIAWLVKG- 

GVKALIDEILAA-NH2 

96.1b 4349.258 4349.264 

7 
HSEGTFTSDVSSYLEGQAAKEFIAWLVKG- 

VKALIDEILAA-NH2 

95.2b 4292.237 4292.250 

8 
HSEGTFTSDVSSYLEGQAAKEFIAWLVKG- 

KALIDEILAA-NH2 

95.0b 4193.168 4193.176 

9 
HSEGTFTSDVSSYLEGQAAKEFIAWLVKG- 

LIDEILAA-NH2 

95.1b 3994.036 3994.061 

10 
HSEGTFTSDVSSYLEGQAAKEFIAWLVKG- 

IDEILAA-NH2 

96.4b  3880.952 3880.979 

a HPLC condition, detection UV 220 nm, eluent A-0.1 % TFA/H2O, B-0.1 % TFA/ACN, gradient 30 % to 90 % 
solvent B in 30 minutes, flow rate 1.0 mL/min. 

b HPLC condition, detection UV 220 nm, eluent A-0.05 % TFA/H2O, B-0.05 % TFA/ACN, gradient 20 % to 90 % 
solvent B in 34 minutes, flow rate 1.0 mL/min. 
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2-3.  

1~10 GLP-1

MIN6

Table 2-2

GLP-1 8

GLP-1 8

[Ser8]-GLP-1 (7-36)-NH2 8

17 G148-ABD3 7~17

1 10 8 77 115 %

48 68 117 %

1 10  

MIN6 GLP-1

100 % 7 GLP-1 44 %

80 %

 1, 2, 3, 6 10 EC50 0.55, 0.09, 0.21, 1.7 

0.27 nM GLP-1 1/10
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Table 2-2 Stability and insulinotropic potency of peptides 1-10. 

Peptide Sequence 

Stability in rat 
plasma (%) 

Insulinotropic 
 action 

8 h 48 h % of 
maximum 

EC50 
(nM) 

GLP-1 
(7-36)-NH2 

HAEGTFTSDVSSYLEGQAAKEFIAWLVKGR-NH2 0 - 100 0.12 

1 GLP-1 (7-35)-GVKALIDEILAA-NH2 102 76 99 0.55 

2 GLP-1 (7-35)-KALIDEILAA-NH2 97 75 106 0.09 

[Ser 8]-GLP-1 
(7-36)-NH2 

HSEGTFTSDVSSYLEGQAAKEFIAWLVKGR-NH2 17 0 83 0.18 

3 [Ser 8]- GLP-1 (7-35)- AKTVEGVKALIDEILAA-NH2 107 116 105 0.21 

4 [Ser 8]- GLP-1 (7-35)- VEGVKALIDEILAA-NH2 99 92 83 - 

5 [Ser 8]- GLP-1 (7-35)- EGVKALIDEILAA-NH2 96 68 109 - 

6 [Ser 8]- GLP-1 (7-35)- GVKALIDEILAA-NH2 104 93 118 1.7 

7 [Ser 8]- GLP-1 (7-35)- VKALIDEILAA-NH2 115 113 44 - 

8 [Ser 8]- GLP-1 (7-35)- KALIDEILAA-NH2 77 117 115 - 

9 [Ser 8]- GLP-1 (7-35)- LIDEILAA-NH2 113 95 82 - 

10 [Ser 8]- GLP-1 (7-35)- IDEILAA-NH2 97 95 120 0.27 

Data are expressed as the mean value (n=3). -, Not measured. 
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2-4.  

2 db/db

6, 8 10 12.5 nmol/kg

0, 1, 2, 4 6 AUC

AUC Table 2-3 6 1 6

8 6 AUC

10

6 db/db  50 nmol/kg

[Ser 8]-GLP-1 (7-36)-NH2

Figure 2-3 6 1, 2, 4 6

[Ser8]-GLP-1 (7-36)-NH2

1

6  
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Table 2-3 Comparison of plasma glucose-lowering effects of 6, 8  

and 10 in diabetic db/db mice. 
% of Vehicle control 

Peptide Glucose AUC 0-t  (mg·h/dL) 
1 h 6 h 

6  86.9 ± 8.5*  83.0 ± 9.3** 
8 94.6 ± 6.6 93.3 ± 7.3* 
10 98.6 ± 5.9 101 ± 10.9 

Data are expressed as the mean ± standard deviation (SD) of seven animals. 

*: p < 0.05, **: p < 0.01 vs. vehicle control. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-3 Glucose-lowering effects of 6 and [Ser8]-GLP-1 (7-36) in diabetic db/db mice. Data 

are expressed as the mean + SD of seven animals. *: p < 0.05, **: p < 0.01, ***p < 0.001 vs. 

vehicle control. 

 

  



21 

2-5. 6 GLP-1  

6 βTC6 GLP-1

GLP-1 cAMP

GLP-1 Liraglutide Table 2-4 6 cAMP

EC50 1.2  0.131 nM Liraglutide

 0.74 nM,  0.109 nM GLP-1

6 BSA IC50

Liraglutide BSA 0.1 % 2 %

IC50 1.25 nM 7.12 nM 0.18

6 Liraglutide

 

 

2-6. 6 NEP-24.11  

6 NEP-24.11 Table 2-5, 2-6

6 8 48

GLP-1 NEP-24.11 8

29.4 % 70 % 6 NEP-24.11

8 84.4%
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Table 2-4 Functional and binding abilities of 6 and liraglutide. 

Peptide 
cAMP production 

EC50 (nM) 
 [125I]-GLP-1 (7-36) binding 

IC50 (nM)  
IC50 ratio 

(0.1% BSA / 2% BSA) 
Mouse Human  0.1% BSA 2% BSA 

6 1.2 0.131  12.71 11.68 1.09 
Liraglutide 0.74 0.109  1.25 7.12 0.18 

Data are expressed as the mean value in duplicate or triplicate. 

 
Table 2-5 Stability of GLP-1, [Ser 8]-GLP-1 and 6 in human plasma. 

Peptide 
Stability in human plasma (%) 

8 h 48 h 

GLP-1(7-36)-NH2 0 0 

[Ser8] - GLP-1(7-36)-NH2 37.6 0 

6 99.2 100 

Data are expressed as the mean value (n = 3). 

 
Table 2-6 Stability of GLP-1 and 6 for NEP-24.11. 

Peptide 
Stability in NEP-24.11 (%) 
4 h 8 h 

GLP-1(7-36)-NH2 59.4 29.4 

6 90.5 84.4 

Data are expressed as the mean value (n = 3). 
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2-7. 6  

6 10 μg/kg 7 SD

6

Figure 2-4 Table 2-7 6 Cmax

43±5.4 ng/mL Tmax 4±2

 5.4 5.8 GLP-1 2

GLP-1

Vdss 75.6±1.7 mL/kg

64.3 %
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Figure 2-4 Plasma concentration of 6 in male SD rats after intravenous or subcutaneous 

administration of 6 at a dose of 10 μg/kg. 

Data are expressed as the mean ± standard deviation (SD) of five animals. n.d., not determined. 

 

Table 2-7 PK parameters of 6 in SD rats. 

Parameters Subcutaneous Intravenous 
Cmax (ng/mL) 43.0 ± 5.4 - 
Tmax (h) 4.0 ± 2.0 - 
AUC0-t (ng · h/mL) 510 ± 58 820 ± 19 

AUC0-C (ng · h/mL) 548 ± 66 851 ± 23 
CLp (mL/h/kg) - 11.8 ± 0.3 
Vdss (mL/kg) - 75.6 ± 1.7 
T1/2 (h) 5.8 ± 0.4 5.4 ± 0.3 
MRT (h) 9.7 ± 0.7 6.4 ± 0.2 
BA (%) 64.3 ± 7.7 - 

Data were obtained after subcutaneous or intravenous administration at a dose of 10 μg/kg,  

and are expressed as the mean ± standard deviation (SD) of five animals.  
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2-8.  

GLP-1

[38,39,40,41]

/ Fc FcRn [41]

GLP-1

 

DPP-4 GLP-1 N 3 5

[42] GLP-1

DPP-4 GLP-1 GLP-1

[Ser8]-GLP-1(7-35) [43]

G148-ABD FcRn

[44] G148-ABD 3 G148-ABD1~3

G148-ABD3 [44] Jonsson G148-ABD3 C

3

ABD035

[45] Ghosh ABD035 Exendin-4

GLP-1 [46]  

G148-ABD3 3 [Ser8]-GLP-1

1~10 MIN6 GLP-1

6

GLP-1 6

Liraglutide

6 Liraglutide

 

6 NEP-24.11

NEP-24.11 GLP-1
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[47] GLP-1 27 28 -E-F- 31 32 -W-L-

15 16 -D-V- 18 19 -S-Y- 19 20 -Y-L- 28

29 -F-I- 6 6

[Ser8]-GLP-1(7-35) C NEP-24-11.

NEP-24.11

6 NEP-24.11

Table 2-6 [Ser8]-GLP-1 DPP-4

in vivo [48] in vivo

NEP-24.11 GLP-1 infusion GLP-1

[48] 6

NEP 24.11 in vivo

 

 

2-9.  

2 [Ser8]-GLP-1(7-35) G148-ABD3

10 GLP-1 MIN6

[Ser8]-GLP-1(7-35) C

GLP-1  6, 

8 10 db/db

10  6

GLP-1 cAMP

GLP-1  

Liraglutide Liraglutide

[49] 6 GLP-1

Liraglutide

3 6
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2-10.  

2-10-1  

 

Native GLP-1 (7-36) Osaka, Japan [125I]-GLP-1 (7-36), 

[Ser8]-GLP-1 (7-36) Liraglutide Bachem Peninsula (CA, USA)

 

 

2-10-2  

SD db/db Charles River Japan, Kanagawa, Japan 12

5

Oriental Yeast, Japan

 

 

2-10-3 GLP-1  

Fmoc

C N  

Wang 

PEG C 

 Fmoc-NH-SAL-PEG Resin 0.1mmol 

DMF 1

Fmoc Fmoc-Ala-OH, Fmoc-Asp(OtBu)-OH, 

Fmoc-Glu(OtBu)-OH, Fmoc-Phe-OH, Fmoc-Gly-OH, Fmoc-His(Trt)-OH, Fmoc-Ile-OH, 

Fmoc-Lys(Boc)-OH, Fmoc-Leu-OH, Fmoc-Gln(Trt)-OH, Fmoc-Ser(tBu)-OH, Fmoc-Thr(tBu)-OH, 

Fmoc-Val-OH, Fmoc-Trp(Boc)-OH  Fmoc-Tyr(tBu)-OH

Fmoc
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   ( )  

   20% /DMF 5 2 3 

   DMF 2 3 

   Fmoc (mmol) : HATU(mmol) : 

DIEA(mmol) : DMF(mL) = 0.4 : 0.4 : 0.8 : 4 

30 1 

   DMF 2 3 

 

N His N

0.1 mmol 

(mL) : m- (mL) : TIPS(mL) : TFA(mL) = 1.8 : 0.5 : 0.3 : 13 1.5

TFA

0.1%TFA ACN-D.W.

HPLC (C18) MALDI-TOF/MS 

 

HPLC LTQ-Orbitrap

95  

 

2-10-4  

8 SD

1,500 rpm, 4 15  100 μM PBS

5 μM 37 0

8 48

12,000 rpm, 4 , 10 LC/MS

0 100 %

 

 

2-10-5 NEP-24.11  

Neutral endopeptidase 24.11 R&D Buffer (50 mM HEPES,  

50 mM NaCl, pH7.4)  0.04 μg/mL 37 5

GLP-1 6  2.5 μM

37 4 8
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1.6 %

LC/MS 0

100 %  

 

2-10-6  

MIN6

MIN6 15 % FBS / 25 mM

 0.001  β- Thermo Fisher Scientific Inc.  Dulbecco’s 

Modified Eagle Medium DMEM, Thermo Fisher Scientific Inc. 96 well cell culture 

plate BD Falcon 37  CO2  5% CO2 , 95%  48 

80%

2 mM KRH buffer 1 37

KRH buffer 10, 30, 100, 300, 1,000 3,000 pM

15 mM KRH buffer 1 37

well -70

ELISA AKRIN-011T Shibayagi Co., Ltd

EC50 GraphPAD Prism GraphPad softwear  

 

2-10-7 2 (db/db )  

6, 8 10 9 db/db 12.5 nmol/kg

 50 nmol/kg 1, 2, 4 

6

12,000 rpm, 4 15

 

 

2-10-8 cAMP  

GLP-1 GLP-1 cDNA NM 

002062 pIRES Clonetech

CHO-K1 10  FBS Ham’s F-12 37  CO2  5% 

CO2 , 95 % 2000 Thermo 

Fisher Scientific Inc. CHO-K1 400 μg/mL geneticin

mRNA PCR GLP-1
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GLP-1 CHO-K1 1 8.0×103 

96 well cell culture plate BD Falcon 37  CO2  

5% CO2 , 95 %  48 hanks-balanced salt solution 

(HBSS) 2 Assay buffer (0.5 % BSA, 1mM IBMX, 20 μM Ro201724 in HBSS

well 37 15 6 liraglutide assay 

buffer 1 pM 3 nM well 37 30

Assay buffer lysis buffer cAMP

ELISA cAMP-Screen System, Applied Biosystems, CA, USA

βTC6 cAMP Cerep

6 Liraglutide

cAMP EC50 GraphPAD Prism GraphPad softwear

 

 

2-10-9 GLP-1  

GLP-1 GLP-1

(hGLP-1R, ChemiSCREEN® Membrane Preparation Recombinant Human GLP-1, Millipore, MA, 

USA) GLP-1 buffer

50 mM HEPES, pH 7.4, 5 mM MgCl2 1 mM CaCl2 0.2 % BSA) GLP-1

0~1 nM [125I]-GLP-1 (7-36) 90

0.33% PEI GF/B 

Whatman buffer(50 mM HEPES, 500 

mM NaCl, 0.1 % BSA) 3 Cobra Gamma Counter 5010 

(Perkin-Elmer) GraphPad Prism (GraphPad softwear, 

Inc.) [125I]-GLP-1 (7-36) 1 μM

6 Liraglutide GLP-1

buffer(50 mM HEPES, pH 7.4, 5 mM MgCl2, 1 mM CaCl2) 0.1%BSA

2%BSA 1 pM~10 μM 25 90

IC50 GraphPad Prism  

 

2-10-10 6  

6 8 SD 10ug/kg

0.083, 0.25, 0.5, 1, 2, 4, 6, 8, 10, 12 24 
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0.5, 1, 2, 4, 6, 8, 10, 12 24

0.2~0.4 mL

 3,000 rpm, 4 15 -70

6 LC/MS PK WinNonlin 

(Professional, Version 5.2.1; Pharsight Corporation)

 

 

 

 

  



32 

3 SKL-18287  

 

3-1.  

2 MIN6 GLP-1

5

6 GLP-1

SKL-18287 (Figure 3-1) 3

SKL-18287 SKL-18287

TLC TLGC

 

 

 

 

 

 

 

 

Figure 3-1 Primary structure of SKL-18287. *Position of [3H] label. The C-terminal appendage is 

derived from the C-terminal helix 3 of the albumin binding domain 3 of protein G from the 

bacterial Streptococcal G strain 148 

 

3-2.  

SKL-18287

HSA

Table 3-1 [3H]-SKL-18287 10

100 1,000 ng/mL 3

81.8 82.9 % 73.8~82.2 % 69.7~80.4 %

HSA 55.3~62.4 % SKL-18287 Liraglutide

99 % [50] 50 %
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Table 3-1. Serum protein binding of [3H]-SKL-18287. 

Species 
Concentration of 3H-SKL-18287 (ng/mL) 

10 100 1000 
Mouse 82.0 ± 3.4  82.9 ± 1.6  81.8 ± 1.4  
Rat 73.8 ± 6.0  81.9 ± 0.4  82.2 ± 0.5  
Human 69.7 ± 13.0  75.4 ± 5.0  80.4 ± 1.6  
HSA 55.3 ± 4.1  62.4 ± 4.2  57.6 ± 5.5  

Data are expressed as the mean ±standard deviation (SD) in triplicate. 

 

3-3.  

SKL-18287

Poon GLP-1 L

[18] Liraglutide

[49]

SKL-18287

[51] SKL-18287 100 μM PBS

PBS

Figure 3-2 SKL-18287 PBS 3 1.34 

S 2.46 S 3.34 S 10,000 25,000

39,000 6.3 % 45.7 % 48.0 %

SKL-18287 PBS 3 6 10  
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Figure 3-2. Sedimentation velocity analytical ultracentrifugation of the stock solution of 

SKL-18287. Analytical ultracentrifugation was performed using Beckman Optima XL-A. 

Sedimentation coefficient (A) and molecular weight (B) for the stock solution of SKL-18287 were 

determined by SEDFIT software.   
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3-4. TLGC  

SKL-18287 PBS

125 SKL-18287

TLGC TLGC

[52]  

[125I]-SKL-18287 4 nmol eq./kg SD 4

SKL-18287 PBS [125I]-SKL-18287 PBS

[125I]-SKL-18287

[125I]-SKL-18287

Figure 3-3

SKL-18287 PBS 44 KDa

[125I]-SKL-18287

SKL-18287 in vivo

[125I]-SKL-18287

SKL-18287
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Figure 3-3 Size-exclusion thin layer gel chromatography of the plasma sample obtained from 

[125I]-SKL-18287-treated rat. The plate was developed with 0.01% HBSS. The spots were detected 

by staining with colloidal gold (A), followed by Bioimage Analyzer for 120 h (radioactivity) (B). 

Lane 1, SKL-18287; lane 2, [125I]-SKL-18287; lane 3, rat plasma (4 h after subcutaneous 

administration of [125I]-SKL-18287 at the dose of 4 nmol/kg); lane 4, rat blank plasma; lane 5, 

molecular marker proteins (Aprotinin, Ribonucleaase A, Carbonic anhydrase, Ovalbumin, 

Conalbumin); lane 6, rat blank plasma plus [125I]-SKL-18287. 
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3-5.  

2 GLP-1 GLP-1 G148-ABD3

GLP-1

SKL-18287 3 SKL-18287

TLGC SKL-18287

 

SKL-18287 80 %

50 60 %

TLGC

SKL-18287

2 SKL-18287

 

GLP-1

[17]

GLP-1

[53] pH [54] Zapadka GLP-1

H7.5-8.5

[54] SKL-18287

SKL-18287 G148-ABD3

K D E

 

50

60

25 2011 147

140 500

PEG

PEG

PEG PEG
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PEG

Peginesatide EMERALD study 0.02 %

2013 [55]

EMA PEG

4

[56]

SKL-18287 [Ser8]-GLP-1(7-35) C G148-ABD

12 GLP-1

4

SKL-18287

 

 

3-6.  

3 TLGC

SKL-18287

Liraglutide [57]

PEG

SKL-18287 G148-ABD

GLP-1

4 GLP-1

SKL-18287  

 

3-7.  

3-7-1  

 

SKL-18287 2

414 MBq/g
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95 % HPLC 95%

 

[125I]-SKL-18287 SKL-18287 200 μg/mL Buffer PB 5 μL Na125I 37 

MBq/10 μL, Perkinelmer 4 μL -T 30 μg/mL  2 μL 1

T 6

200 mmol/L PB(pH 7.4) 200 μL PD-10 GE

0.1 Tween80 50 mmol/L PB(pH7.4)  1 mL/5min

30 γ―

[125I]-SKL-18287 HPLC 95 %

 

 

3-7-2  

SD ICR Charles River Japan, Kanagawa, Japan 12

5

Oriental Yeast, Japan

 

 

3-7-3  

SKL-18287 [58] 7 SD

6 ICR EDTA-2K

30

PBS 40mg/mL

PBS 990 μL 10 μL

[3H]-SKL-18287  10, 100 1,000 ng/mL

37 1 200 μL 200,000×g, 4

6 PBS 50 μL

Hionic-Fluor, Perkin Elmer  10 mL

3100TR PerkinElmer
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(%) = (1-S/P) 

P: PBS dpm/mL  

S: dpm/mL  

 

3-7-4  

SKL-18287 10 mM PBS 100 μM 400 uL SKL-18287

XL-A 50,000 

rpm, 20 200 SEDFIT [59]

 

 

3-7-5 TLCG  

[125I]-SKL-18287 4nmol/kg SD

[125I]- SKL-18287 350 

dpm/5 μL SD 37 2

TLGC  

SephadexG100 GE 0.01 tween HBSS

30 x 30 cm 0.9 mm

8

BAS2000  
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4 SKL-18287  

 

4-1.  

3 SKL-18287

SKL-18287

4 SKL-18287

Exendin-4 Liraglutide

GLP-1

ASA PCA

SKL-18287

 

 

4-2. GLP-1  

SKL-18287 Exendin-4 Liraglutide

GLP-1 8 48

MIN6 EC50

Table.4-1 Exendin-4 48

0 Liraglutide 61 SKL-18287 93 %

SKL-18287 Exendin-4 Liraglutide

GLP-1 GLP-1

EC50 Exendin-4 0.04 nM

Liraglutide 0.56 nM SKL-18287 1.7 nM Liraglutide SKL-18287

3  
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Table 4-1 Stability and insulinotropic potency of SKL-18287, exendin-4, and liraglutide 

Analog 

Stability in rat 
plasma (%) Insulinotropic action 

8 h 48 h % of 
maximum 

EC50  
(nM) 

GLP-1 (7–36)-NH2 0  100 0.12 

SKL-18287 104 93 118 1.7 

Exendin-4 20 0 119 0.04 

Liraglutide 83 61 96.7 0.56 

– Not measured 

Data are expressed as the mean value (n = 3). 

 

4-3.  

GLP-1 C57BL/6

IPGTT

GLP-1 1 4

GLP-1

Figure 4-1 SKL-18287 0.3, 1 

3 nmol/kg 1 IPGTT 1 3 nmol/kg

2 IPGTT

SKL-18287 1 2

Exendin-4 0.06, 0.2 0.6 nmol/kg 1

4 IPGTT 1

2 IPGTT 4 0.6 nmol/kg

0.06  0.2 nmol/kg

Liraglutide 1,3 10 nmol/kg 1

IPGTT 10 nmol/kg

2 IPGTT

Liraglutide

1 4  
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Figure 4-1 IPGTT of SKL-18287, exendin-4 and liraglutide in male C57BL/6 mice. Mice were 

given the drug or vehicle 1 h prior to the glucose challenge. A,B,C) Time course of plasma glucose 

in the GLP-1 RA treated mice. D,E,F) Comparison of % reduction of glucose AUC between 1st and 

2nd glucose challenges in the GLP-1 RA. Data are expressed as the mean + SE. of eight animals. 

*p < 0.01, **p < 0.01, ***p < 0.001 vs. vehicle control (Dunnett’s test). ##p < 0.01, ###p < 0.001 

vs. 1st IPGTT control (Student’s t-test) 
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4-4. 2  

2 db/db SKL-18287 Exendin-4

SKL-18287 9 db/db

vehicle SKL-18287 2, 10, 50 nmol/kg Exendin-4 10 nmol/kg

Figure 4-2

12 AUC SKL-18287

50 nmol/kg

Exendin-4 10 nmol/kg Exendin-4 4

6 SKL-18287 

10 nmol/kg 50 nmol/kg 10 12

12 AUC SKL-18287

10 nmol/kg SKL-18287 Exendin-4 AUC

SKL-18287 2

Exendin-4  
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Figure 4-2  Glucose-lowering effects of SKL-18287 and exendin-4 in diabetic db/db mice. A 

Time course of plasma glucose. B AUC of plasma glucose. The mice (n = 8 per group), 9 week of 

age, were subcutaneously treated with drugs at the indicated doses. Blood samples were collected 

from the tail vein at 0, 1, 2, 4, 6, 8, 10 and 12 h postdose, to determine plasma glucose (a) and AUC 

(b). Data are expressed as the mean + SE. of eight animals. *p < 0.01, **p < 0.01, ***p < 0.001 vs. 

vehicle control (Dunnett’s test). ##p < 0.01, ###p < 0.001 vs. vehicle control (Student’s t-test) 
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4-5. 2  

SKL-18287 2

Goto-Kakizaki(GK) [60] SKL-18287 Liraglutide

SKL-18287 7 GK vehicle

SKL-18287  6, 8, 12 nmol/kg Liraglutide  8 nmol/kg 1 2 28

14 28

28

Figure 4-3A 4-3B SKL-18287

Liraglutide 

Figure 4-3C

4-3D SKL-18287 6~12 nmol/kn Liraglutide 8 

nmol/kg

Figure 4-3E 4-3F SKL-18287

Liraglutide

 (8nmol/kg) SKL-18287 Liraglutide
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Figure 4-3. Effects of SKL-18287 and liraglutide on GHb in GK rats. (A) Time course of GHb. (B) 

Change in GHb. SKL-18287 or liraglutide was subcutaneously administered to the GK rats twice 

daily for 28 days. Blood samples were collected on Days 14 and 28 to determine GHb (A) and delta 

GHb (B). (C) Time course of food intake. (D) Cumulative food intake. (E) Time course of body 

weight. (F) Body weight gain. Food intake (C and D) and body weight (E and F) were monitored 

during the study. Data are expressed as the mean + SE. of eight animals. *p < 0.01, **p < 0.01, 

***p < 0.001 vs. vehicle control (Dunnett’s test). #p < 0.05 vs. vehicle control (Student’s t-test) 
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4-6.  

GK SKL-18287 Liraglutide GLP-1

[61] SKL-18287 Liraglutide 8 nmol/kg 1 2

14 1 14  100mg/kg

30 45

AUC Table 4-2 Figure 4-4

 

1 AUC Liraglutide

SKL-18287 14

AUC SKL-18287 Liraglutide Liraglutide

SKL-18287 14 AUC

Liraglutide  
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Table 4-2 Plasma concentration of acetaminophen 

Analog 

Acetaminophen concentration (μmol/L) 

Day 1  Day 14 

30 min. 45 min.  30 min. 45 min. 

Control (PBS) 421 ± 16 447 ± 16  425 ± 30 429 ± 21 

SKL-18287 8 nmol/kg 364 ± 38 373 ± 46  443 ± 28 410 ± 28 

Liraglutide 8 nmol/kg 315 ± 39 # 365 ± 24 #  404 ± 27 401 ± 27 

Male SD rats were subcutaneously treated with SKL-18287, liraglutide and phosphate buffered saline as vehicle 

control twice daily for 14 days. At Days 1 and 14, the rats were fasted 5 hours after first drug administration, and 

then acetaminophen aqueous solution at a dose of 100 mg/10 mL/kg were orally given. Data are expressed as the 

mean ± SE. of eight animals. #; p < 0.05 vs control (Student’s t-test). 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-4  Effects of SKL-18287 and liraglutide on GE. (A) AUC of plasma acetaminophen on 

Day1. (B) AUC of plasma acetaminophen on Day 14. Male SD rats (n = 8 per group), 16 week of 

age, were subcutaneously reated with SKL-18287 and liraglutide a dose of 8 nmol/kg, or phosphate 

buffered saline as vehicle control twice daily for 14 days. On Days 1 and 14, the rats were fasted 5 

h after first drug administration, and then acetaminophen aqueous solution at a dose of 100 mg/10 

ml/kg were orally given. AUC of acetaminophen concentration was calculated trapezoidal rule. 

Data are expressed as the mean + SE. of eight animals. #p < 0.05 vs. vehicle 

control (Student’s t-test)  
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4-7.  

SKL-18287 Nagami [62]

ASA PCA

ovalbumin OVA SKL-18287 Exendin-4 Liraglutide

ASA PCA

Table 4-3 4-4 ASA

OVA ++

SKL-18287 Exendin-4 Liraglutide

+ PCA OVA

625 5 mm

ASA SKL-18287 Exendin-4 Liraglutide

PCA  
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Table 4-3. Summary for the ASA test 
 Sensitization  Challenge ASA reaction 

Group Article Dose Route a) Frequency  Article Dose Route a) Animals Grade b) 

      (concentration)   (N) - + ++ +++ ++++ 

I Saline 
+ FCA (-) - s.c. 1 times/2 weeks 

×3 times  Saline - i.v. 5 5     

II 
SKL-18287 
+ FCA 
(100 μg/mL) 

100 
μg/kg s.c. 1 times/2 weeks 

×3 times  

SKL-18287 
(100 μg/mL) 

100 
μg/kg i.v. 5 5     

III 
Liraglutide 
+ FCA 
(100 μg/mL) 

100 
μg/kg s.c. 1 times/2 weeks 

×3 times  

Liraglutide 
(100 μg/mL) 

100 
μg/kg i.v. 5 5     

IV 
Exendin-4 
+ FCA 
(2 μg/mL) 

2 
μg/kg s.c. 1 times/2 weeks 

×3 times  

Exendin-4 
(2 μg/mL) 

2 
μg/kg i.v. 5 5     

V OVA + FCA 
(1 mg/mL) 

1 
mg/kg s.c. 1 times/2 weeks 

×3 times  

OVA 
(1 mg/mL) 

1 
mg/kg i.v. 5   5   

a) s.c.; subcutaneous administration, i.v.; intravenous administration 

b) Grades of ASA reaction are as follows 

Grade Symptom 

- Normal 

+ Chewing, nose rubbing, piloerection 

++ Sneezing, cough, bradypnea, cyanosis, ataxic gait, decrease in locomotor activity 

+++ Convulsion, collapse 

++++ Death 
 
 

Table 4-4. Summary for PCA test 
 Sensitization Challenge PCA reaction 

Group Sensitized 
serum Dose Route 

a) Article Dose Route a) Test Titer 

  (mL/site)     (N) <5 5 25 125 >625 

I Saline 
+ FCA 0.05 i.d. Saline - i.v. 5 5     

II 
SKL-18287 
+ FCA 
(100 μg/mL) 

0.05 i.d. SKL-18287 
(100 μg/mL) 

100 
μg/kg i.v. 5 5     

III 
Liraglutide 
+ FCA 
(100 μg/mL) 

0.05 i.d. 
Liraglutide 
(100 
μg/mL) 

100 
μg/kg i.v. 5 5     

IV 
Exendin-4 + 
+FCA 
(2 μg/mL) 

0.05 i.d. Exendin-4 
(2 μg/mL) 

2 
μg/kg i.v. 5 5     

V 
OVA 
+ FCA 
(1 mg/mL) 

0.05 i.d. OVA 
(1 mg/mL) 

1 
mg/kg i.v. 5     5 

a) i.d.; intradermal administration, i.v.; intravenous administration 
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4-8.  

SKL-18287 Liraglutide

Liraglutide

SKL-18287

[3H]-SKL-18287 [3H]-SKL-18287 SD

30 μg eq./kg 0.5, 2, 6, 12, 24 48

Tabel 4-5

2 6 /

Figure 4-5 [3H]-SKL-18287

6

6

GLP-1

GLP-1

SKL-18287
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Table 4-5 Concentrations of the radioactivity in the tissues of SD rats after a single subcutaneous 

administration of [3H]-SKL-18287, at a dose of 30 μg eq. /kg. 

Tissue Radioactivity concentration (ng eq. of SKL-18287/g or mL) 
0.5 h 2 h 6 h 12 h 24 h 48 h 

Plasma 98 ± 14.2 214 ± 36 191 ± 1 85.9 ± 14.4 29.5 ± 4.9 12.6 ± 0.5 
Blood 59.4 ± 7.3 133 ± 20 115 ±3 54.9 ±9.1 22 ± 3.1 13.4 ±0.3 
Cerebrum 1.79 ± 0.49 4.73 ± 0.13 7.05 ± 0.04 8.24 ±0.28 7.86 ± 0.18 8.27 ± 0.27 
Cerebellum 2.06 ± 0.89 5.19 ± 0.05 7.81 ± 0.06 8.67 ± 0.54 8.15 ± 0.39 8.66 ±0.28 
Pituitary gland 12.2 ± 4.4 31.3 ± 4.6 41.7 ± 8.8 52.7 ± 3.7 38 ± 4.8 26.9 ±0.3 
Spinal cord 2.01 ± 0.93 3.6 ± 0.25 6.44 ± 0.78 6.58 ± 0.12 5.81 ± 0.39 5.98 ±0.15 
Eyeball 1.43 ± 0.42 4.97 ± 0.33 8.08 ± 0.83 7.75 ± 0.23 7.05 ± 0.03 6.8 ±0.29 
Harderian gland 3.65 ± 0.87 11.4 ± 1.2 20.4 ± 0.5 29.1 ± 0.8 25.1 ± 1.5 23.8 ±1.1 
Parotid gland 7.81 ± 1.45 35.1 ± 1.5 70 ± 9.7 54.2 ± 12.6 31.4 ± 6.2 20.6 ±2.6 
Sublingual gland 7.06 ± 1.45 29 ± 4.2 43.6 ± 2.6 34.7 ± 3.3 25.5 ± 3 19.5 ±0.8 
Mandibular gland 7.81 ± 2.25 29.8 ± 4.1 49.7 ± 5.6 39.9 ± 1.7 26.1 ± 3.1 22.8 ±1.2 
Thyroid gland 13.4 ± 4.2 30.1 ± 7.3 38.9 ± 8.2 40.8 ± 1.3 24.2 ± 4.6 24 ±4.5 
Trachea 4.66 ± 0.93 11.2 ± 5 26.9 ± 8.1 20.9 ± 3.4 16.4 ± 5.6 13.4 ±0.8 
Mandibular lymph node 4.73 ± 0.86 22.3 ± 1.6 33.8 ± 4.9 36.3 ± 0.8 26.1 ± 3.4 25.9 ±1.6 
Thymus 3.31 ± 1.41 12.3 ± 1 23.6 ± 1.7 31.2 ± 2.1 31.2 ± 2.6 29.7 ±0.1 
Heart 7.92 ± 1.75 21.8 ± 2.4 29.5 ± 0.3 23.2 ± 1.3 18.7 ± 0.6 17 ±0.1 
Lung 11.1 ± 1.1 31 ± 2.6 58.7 ± 1.9 64.3 ± 6 64.6 ± 12.3 53.8 ± 11.9 
Liver 25.2 ± 6.3 93.6 ± 28.4 78.9 ± 3.8 69.6 ± 7.2 35.7 ± 1.9 26 ± 0.4 
Kidney 23 ± 3.7 55.7 ± 4.9 54.6 ± 5.4 55.7 ± 1.4 42.8 ± 0.7 34.7 ± 0.3 
Adrenal gland 32.8 ± 7.2 76.9 ± 16.6 90.9 ± 19.7 66.3 ± 6.8 44.9 ± 6.1 31.2 ± 3.3 
Spleen 8.59 ± 1.64 31.6 ± 7.3 42.4 ± 2 48.5 ± 3.7 42 ± 5.2 29.8 ± 2.4 
Pancreas 20.1 ± 6.6 93.5 ± 14.3 132 ± 8 96.4 ± 21.3 36.6 ± 2.7 22.5 ± 1.5 
Aorta 4.49 ± 1.06 12.4 ± 0.7 21.7 ± 7.8 21.6 ± 3.2 17.9 ± 5.2 15.3 ± 3.3 
Fat 0.935 ± 0.2 2.71 ± 0.28 3.27 ± 0.65 3.28 ± 0.48 3.99 ± 0.22 3.46 ± 0.27 
Brown fat 4.42 ± 1.35 11.2 ± 1 26.1 ± 6.6 19.6 ± 0.8 16.7 ± 3.3 19.2 ± 2.6 
Skeletal muscle 2.09 ± 0.43 7.07 ± 0.97 11.9 ± 0.5 11.3 ± 1.3 13.3 ± 0.5 12.4 ± 1.7 
Dorsal skin* 382 ± 64 130 ± 36 51.8 ± 19.4 37 ± 4.3 26.4 ± 1.8 22.2 ± 5.4 
Skin 3.77 ± 0.71 16.8 ± 0.7 28.7 ± 2.3 30.9 ± 3.7 38.5 ± 5.4 30.1 ± 5.3 
Thigh bone 5.37 ± 1.1 15.3 ± 5.2 20.4 ± 4.5 14.1 ± 4.3 12.5 ± 3.8 10.4 ± 1.4 
Bone marrow 10.5 ± 1.6 51.2 ± 16.3 79.3 ± 15.4 108 ± 13 96.3 ± 15.3 64.7 ± 7.7 
Testis 1.92 ± 0.28 10.6 ± 2.3 20.2 ± 4.4 17.7 ± 1.1 15.5 ± 1.6 12.6 ± 0.6 
Epididymis 2.3 ± 0.63 10.4 ± 2.1 20.6 ± 0.8 22.1 ± 1.4 17.9 ± 1.1 14.9 ± 1.4 
Seminal vesicle 4.66 ± 1.59 14.8 ± 0.8 34.1 ± 1.2 39.2± 4 37.5 ± 1.7 42.4 ± 8.5 
Prostate gland 5.67 ± 1.62 26.8 ± 9.4 39.9 ± 9 47.1±5.5 41.9±3.8 34.9 ± 4 
Urinary bladder 3.93 ± 0.64 15.8 ± 4.2 27.3 ± 2.2 23.7±1.7 16.2±0.6 14.5 ± 1.7 
Stomach 6.35 ± 1.33 23.4 ± 3.7 43.2 ± 5.2 44.8±2.5 28.8±5.6 23.9 ± 3.2 
Small intestine 5.64 ± 0.59 21.8 ± 4.9 37.2 ± 3.5 48.9±6.5 37.8±3.7 23.2 ± 4.5 
Cecum 5.13 ± 0.66 17.4 ± 4 30.3 ± 2.9 40.9±15.2 26.4±2.8 22.9 ± 0.7 
Large intestine 4.26 ± 0.54 13.9 ± 3.6 23.2 ± 3.2 24.9±1.4 22.5±0.8 18.9 ± 1.4 

Data are expressed as the mean ± SD (n=3), *, including dosing site.  
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Figure 4-5. Tissue radioactivity concentrations and tissue to plasma concentration ratios in male 

SD rats after a single subcutaneous administration of [3H]-SKL-18287 at a dose of 30 μg eq./kg. 

(A) Radio activity concentrations of plasma, heart, lung, liver kidney and pancreas, (B) 

Radioactivity concentration of plasma, cerebrum, cerebellum, thyroid gland, stomach, small 

intestine and large intestine, (C) Tissue to concentration ratios of radioactivity in major tissues after 

2 h and 6 h post dose. Data are expressed as the mean ± SD or mean value (n =3) 
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4-9.  

SKL-18287 SKL-18287 10 μg/kg

10, 30 100 μg/kg

Figure 4-6 Table 4-6

2  5.4 ± 0.3 

 (CLp)  (Vdss) 11.8 ± 0.3 mL/h/kg 75.6 ± 1.7 mL/kg

AUC 851 ± 23 ng˖h/mL. SKL-18287 AUC

Cmax Tmax 3.2 4

(BA) 64.3 68.4 %

5.2 5.8 MRT 8.8 9.7 

SKL-18287
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Figure 4-6. Plasma concentration versus the time profile of SKL-18287 in male SD rats, after 

single intravenous (IV) and subcutaneous (SC) administration of SKL-18287 at a dose of 10 and 10 

to 100 μg/kg, respectively. Data are expressed as the mean ± SD (n=5) 

 

 

Table 4-6. Pharmacokinetic parameters of SKL-18287 administerd to male SD rats. 

Parameters IV  SC  

10 μg/kg 10 μg/kg 30 μg/kg 100 μg/kg 

Cmax (ng/mL) - 43.0 ± 5.4 145 ± 34 507 ± 132 

Tmax (h) - 4.0 ± 2.0 3.2 ± 1.8 3.2 ± 1.8 

AUC 0-t (ng · h/mL) 820 ± 19 510 ± 58 1560 ± 140 5810 ± 920 

AUC 0-∞ (ng· h/mL) 851 ± 23 548 ± 66 1640 ± 150 5820 ± 930 

CLp (mL/h/kg) 11.8 ± 0.3 - - - 

Vdss (mL/kg) 75.6 ± 1.7 - - - 

t1/2 (h) 5.4 ± 0.3 5.8 ± 0.4 5.4 ± 0.3 5.2 ± 0.2 

MRT (h) 6.4 ± 0.2 9.7 ± 0.7 8.8 ± 1.0 9.0 ± 0.1 

BA (%) - 64.3 ± 7.7 64.4 ± 5.7 68.4 ± 10.9 

Data are expressed as the mean ± SD (n=3). 

IV; intravenous administration, SC; subcutaneous administration, BA; bioavailability  
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4-10.  

SKL-18287

SKL-18287

(Figure 4-7, Table 4-7)  

SKL-18287

2

9.0 ± 1.8 12.9 ± 1.0 

2.89 mL/h/kg 34.0 mL/kg 3.68 mL/h/kg 67.0 mL/kg

SKL-18287 AUC Cmax 3800 ± 1310 ng˖h/mL 

 151 ± 37.2 ng/mL 3960 ± 943 ng˖h/L 130 ± 30 ng/mL 

Tmax 6.7 58.1%

8.7 87.1%  
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Figure 4-7 Plasma concentrations versus the time profile of SKL-18287 in monkeys and mini-pigs 

after single intravenous (IV) and subcutaneous (SC) administration of SKL-18287 at a dose of 17.4 

μg/kg. (A) monkeys. (B) mini-pigs. 

Data are expressed as the mean ± SD (n=3-5) 

 

 

 

Table 4-7. Pharmacokinetic parameters of SKL-18287 administered to monkeys and mini-pigs. 

parameters Monkey Mini-pig 

Route IV SC IV SC 

Cmax (ng/mL) - 151 ± 37.2 - 130 ± 30 

Tmax (h) - 6.70 ± 1.20 - 8.7 ± 3.1 

AUC 0-t (ng · h/mL) 6350 ± 2330 3660 ± 1360 4960 ± 477 3770 ± 912 

AUC 0-∞ (ng · h/mL) 6400 ± 2340 3800 ± 1310 5090 ± 519 3960 ± 943 

CLp (mL/h/kg) 2.89 ± 0.89 - 3.68 ± 0.36 - 

Vdss (mL/kg) 34.0 ± 4.6 - 67 ± 4.3 - 

t1/2 (h) 9.0 ± 1.8 11.4 ± 1.0 12.9 ± 1.0 15.4 ± 0.3 

MRT (h) 12.3 ± 2.6 18.6 ± 1.5 18.2 ± 0.7 25.5 ± 0.7 

BA (%) - 58.1 ± 20.0 - 87.6 ± 13.6 

Data are expressed as the mean ± SD (n=3) 

IV; intravenous administration, SC; subcutaneous administration, BA; bioavailability 

  



59 

4-11.  

SKL-18287

[63]

Figure 4-8

Table 4-8 70kg

148 mL/h  3170 mL SKL-18287

14.8  
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Figure 4-8 Allometric relationships between body weight and plasma clearance (A) and volume of 

distribution (B) of SKL-18287 

The linear regression for the logarithmic value was calculated using the least-squares method (A, y 

= 7.17x 0.71, r2 = 0.966 ; B, y = 60.6x0.93, r2 = 0.969). Extrapolated human values based on a body 

weight of 70 kg (open circle) and the values from individual animals (black circle) are also shown 

 

Table 4-8. Predicted human pharmacokinetic parameters for SKL-18287 

W (kg) CLp (mL/h) Vdss (mL) t1/2 (h) 

Rat 0.25 2.95 18.9 4.44 

Monkey 6.9 19.8 233 8.2 

Mini-pig 25.0 92 1675 12.6 

Human 70.0 148 3170 14.8 
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4-12.  

GLP-1 L- GLP-1

GLP-1

2 GLP-1 30 60

2 60 120 GLP-1 [64,65,66]

2 GLP-1

[67] GLP-1

2 GLP-1

GLP-1

[68] Liraglutide

11

Liraglutide

SKL-18287 IPGTT 1.0

3.0 nmol/kg SKL-18287

SKL-18287 1 2 IPGTT Liraglutide

1 IPGTT 2 IPGTT

SKL-18287 Liraglutide

Liraglutide

[49] Exendin-4 GLP-1

1 2 IPGTT

2 IPGTT

 

2 db/db Exendin-4

8 SKL-18287 10 nmol/kg

10

SKL-18287 Exendin-4 12 AUC

Exendin-4

SKL-18287 Exendin-4  

GK 2

β [60] GK

SKL-18287  8 12 nmol/kg

Liraglutide 8 nmolkg
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SKL-18287

SKL-18287 Liraglutide Liraglutide

2

Liraglutide [69] GK

Liraglutide SKL-18287

Liraglutide  

GLP-1 2

[70] GLP-1

[71]

[72] GLP-1

SKL-18287

 

GK Liraglutide

Liraglutide

[73] GLP-1

[74] SKL-18287

Liraglutide  

4 SKL-18287

GLP-1

GLP-1

 

3 SKL-18287

Liraglutide

[3H]-SKL-18287

[3H]-SKL-18287 30 μg eq./kg

SD Tmax GLP-1

SKL-18287

[14C]-Liralgutide 1.0 mg eq./kg

4 1/10
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24

1/4

[75] GLP-1 [76]

 

SKL-18287 SKL-18287

5.2 5.8 9.0 11.4

12.9 15.4 GLP-1 2

SKL-18287

SKL-18287 14.8

Liraglutide 11 1 1

GLP-1  

 

4-13.  

4 SKL-18287

SKL-18287

GLP-1

[3H]-SKL-18287

SKL-18287 GLP-1

GLP-1

 

BA 5

3 SKL-18287

SKL-18287 14.8 Liraglutide

 

SKL-18287 GLP-1 1

1 GLP-1  
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4-14.  

4-14-1  

 

SKL-18287 2

414 MBq/g

95 % HPLC 95 %

 

Native GLP-1 (7-36) Osaka, Japan Exendin-4 Sigma 

aldrich MO, USA Liraglutide Bachem Peninsula (CA, USA)

 

 

4-14-2  

SD C57BL/6 db/db Charles River Japan Kanagawa, Japan

Goto-kakizaki CLEA Japan Tokyo, Japan

SLC Shizuoka, Japan 12

5

Oriental Yeast, Japan

 

Tokyo, Japan

Japan Laboratory Animals, Inc. (Tokyo, Japan)

(Gifu, Japan)  

 

4-14-3 IPGTT  

9~14 C57BL/6 16 Vehicle

SKL-18287 0.3, 1 3 nmol/kg ,Exendin-4 0.06, 0.2 0.6 nmol/kg

Liralgutide 1, 3 10 nmol/kg 1

2 g/kg 0 20, 40 60

Pro

IPGTT 2 IPGTT 1

3 2 g/kg 0, 20, 40 60

AUC

AUC  

AUC 1 – GA test / GA control  
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GA control AUC 

GA test  GLP-1 AUC 

 

4-14-4 2 db/db  

SKL-18287 2, 10 50 nmol/kg Exendin-4 10 nmol/kg

9 db/db GLP-1

1, 2, 4, 6, 8, 10 12

12,000 rpm, 4 15

AUC  

 

4-14-5 GK  

SKL-18287 6, 8 12 nmol/kg Liraglutide 8 nmol/kg PBS 7

GK 1 2 28

14 28  

HLC-723G8

 

 

4-14-6  

SKL-18287 8 nmol/kg Liraglutide 8 nmol/kg PBS 16 SD

1 2 14 14 GLP-1

PBS 5 100mg/10mL/kg

30 45

paracetamol assay kit (Cambridge Life Science Ltd.)

AUC  

 

4-14-7  

 SKL-18287 GLP-1

ASA PCA

Nagami [62]  

1) ASA  

SKL-18287 Exendin-4 Liraglutide Ovalbunin CFA Complete Freund 

adjuvant DIFCO labolatory 1:1 100, 100, 2  1000 
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μg/mL 6

1mL/kg 2 2

3 2 GLP-1

30 2

 

 

 

  

 - 

 + 

 ++ 

 +++ 

 ++++ 

 

PCA ASA 3 1

3mL (n=1) (1870 × g, 4 °C, 10 min)

PCA -80  

 

2) PCA  

1) 5, 25 625

0.05mL 24

1%

30

5 mm

PCA

5 PCA

<5 625

625  

 

4-14-8 3H-SKL-18287  

8 SD 3H-SKL-18287 30μg eq./kg

0.5, 2, 6, 12, 24 48
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50~200 μL 1,500 rpm, 4 15 

 

 

 * ** ** ** ** * ** **

** ** ** ** ** * * *

** ** ** ** ** * * ** ** **

* ** * ** )** **

* * **i ** ** ** ** ** ** **

** ** ** 

* :  

** : 

6.4, 5.0

40.0 22.0 % [77,78]  

0.5 g 0.3 g

2 mol/L 100 

mL 10 mL 200 mL

1 mL 0.5 mol/L

1 % tween 80

100 g

0.5 g

150 mg

40 24

LSC 3H

Spec-Chec-3H, PerkinElmer, USA) LSC

 ng eq. /g  ng eq./mL  
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4-14-9 SKL-18287  

SKL-18287 8 SD 10 μg/kg

10, 30 100ug/kg

0.083, 0.25, 0.5, 1, 2, 4, 6, 8, 10, 12 24 

0.5, 1, 2, 4, 6, 8, 10, 12 24

0.2~0.4 mL  

3,000 rpm, 4 15 -70

SKL-18287 LC/MS PK WinNonlin (Professional, 

Version 5.2.1; Pharsight Corporation)  

 

4-14-10 SKL-18287  

SKL-18287 6~8 6

17.4 μg/kg 4 nmol/kg

0.083, 0.25, 0.5, 1, 2, 4, 6, 8, 10, 12, 24 48 

0.5, 1, 2, 4, 6, 8, 10, 12, 24 48

 3,000 rpm, 4 15 -70

SKL-18287 LC/MS PK

WinNonlin (Professional, Version 5.2.1; Pharsight Corporation)

 

 

4-14-11  

SKL-18287

[63]

0.25 kg 6.9 kg 25 

kg

 

 CLp (mL/h) = a Wb 

 Vdss (mL) = c Wd 

 W; body weight (kg) 

  a, c; allometric coefficient 

  b, d; allometric exponent 
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70 kg

 

t1/2 = 0.693×  Vdss  / CLp  

 

4-14-12 SKL-18287  

SKL-18287 LC-MS/MS

2 200 μL OASIS MCX 

96- / /

(1/95/5, v/v/v) 400 μL 400 μL 

SKL-18287 2 30 μL  28% / /

(5/50/50, v/v/v) 70 μL / /  (5/50/50, 

v/v/v) LC-MS/MS  

LC−MS/MS SC-10A HPLC system (Shimazu corporation, Kyoto, Japan) API 4000 

 (Sciex, Shimazu corporation, Kyoto, Japan)

A ( /  = 0.5/100, v/v) B ( / = 0.5/100, v/v)

50 YMC Triart C8 (2.0×50 mm, 5 μm, YMC Co., 

Ltd.) SKL-18287 2
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5  

2 GLP-1 GLP-1

GLP-1

GLP-1 SKL-18287

SKL-18287  

 

GLP-1  

G-148ABD3

GLP-1 GLP-1

DPP-4 [Ser8]-GLP-1 C G148-ABD3

3 7 17

GLP-1

MIN6

2 db/db

 6

NEP-24.11 GLP-1 cAMP

GLP-1

6 GLP-1 Liraglutide

Liraglutide IC50 5.6

6

6

Liraglutide  

[Ser8]-GLP-1 C G148-ABD3 GLP-1

GLP-1 6 SKL-18287

 

 

SKL-18287  

TLGC SKL-18287

SKL-18287 Liraglutide
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99% 69.7 82.9 % 55.3

62.4 % SKL-18287

3, 6 10 TLGC

SKL-18287

SKL-18287

GLP-1

pH

SKL-18287 G148-ABD3

K D E

Liraglutide

PEG

6 6

SKL-18287

 

SKL-18287

 

 

SKL-18287  

SKL-18287 SKL-18287

SKL-18287

Liraglutide GLP-1

[3H]-SKL-18287

SKL-18287 GLP-1

GLP-1

SKL-18287

ASA PCA  



72 

BA 5

3 SKL-18287

SKL-18287 14.8 Liraglutide

11  

SKL-18287

GLP-1

GLP-1

 

 

GLP-1

GLP-1  

GLP-1 C ABD

GLP-1

SKL-18287

ABD

 

ABD GLP-1

Liraglutide
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