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Abstract: To evaluate the excretion pathway, pharmacokinetic properties, and cardiac safety of the dipeptidyl
peptidase-4 (DPP-4) inhibitor LGT-6 in rats, an ultra-performance liquid chromatography-tandem mass spectrometry
(UPLC-MS/MS) method was used to determine drug concentrations in biological samples, in combination with an
automated patch-clamp technique (automated patch clamp, APC) to assess the risk of human ether-a-go-go-related
gene (hERG) potassium channel inhibition. The results showed that LGT-6 is primarily excreted via the biliary
route in rats, with a cumulative excretion rate of approximately 82.4%. Following single-dose administration via
tail vein injection (5 mg-kg") or oral gavage (5 mg-kg™), the absolute bioavailability of LGT-6 was 77.2%. The IC,,
of LGT-6 against the hERG potassium channel was greater than 30 umol-L". The analytical methods established in
this project for quantifying various target components in in vivo and in vitro biological samples all complied with
relevant regulatory technical requirements. These data indicate that LGT-6 exhibits absorption, distribution,
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metabolism, and excretion (ADME) characteristics dominated by biliary excretion and high oral absorption

efficiency, along with a low cardiac safety risk, thereby providing key experimental evidence to support its further

preclinical safety evaluation and subsequent development. This experiment was approved by the Animal Ethics
Committee of Guizhou Medical University (Grant No: 1900912).
Key words: dipeptidyl peptidase-4 inhibitor; excretion pathway; pharmacokinetics; human ether- a -go-go-

related gene inhibition activity
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Figure 1  Structural formula of the optimized LGT-6 derived

from linagliptin
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[l Sartorius 23 7)); i = BGHAH ELi {1 (ACQUITY UPLC
H-Class) Al = 5 P A 51 3% 4% (Xevo TQ Absolute), 5
[ Waters 2 7] ; HL#IE I 3 XT84 (DHG-9053A, I
g —ER AR A IR A R ol 0L (X1, A
KA BR A &]); R i3 201 (5804R, 15 [E Eppendorf
A A)); pH i (S210-K, i + Mettler Toledo 2 #]); i
Jig 2 & &% (QL-906, Ak DL /R A IR 2 |]); & W AX
(MD200-1, Bt JH BB AX 28 A R 2> w)); HE 75 I 3 P Hl
(KQ-500DE, E& LLi i 8 75 A 35 A PR A A]); # 4K &4t
(Advantage A10, 3 [E Millipore /A 7]); —80 °CiEE & il VK
44 (TDE40086FV-ULTS, 3 [ Thermo Fisher Scientific
AN HE); 4 H 3 ALK RS (QPatch 16X, 1242
Sophion A ).
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HRE5RF RO EME (PE-50 5L, 5.
8120562) 1y H 35 [E BD 24 w]; In#T (PAR38 Y, 150 W)
Vi [ i 2= Philips 23 5] ; LGT-6 (51 M 8 165 & B 25 Vit
R TAREARHE TT A Lol &, 415 > 98%); N br
ZE 0% T R (internal standard, IS, it 5 : M26M7L15275,
gl fF > 98%), HIIE ({1t 5 : M91230EDEO0). Z i (it 5
A1822EAEC). LR £ 1 (#t°5: 1201495) ¥l H 4
BRIy AF B (5 X075K15) W H b R E R
HABR AW, SAE R (525 S1679-1KG) A AL FH
T (85 : 31248-100G) &AL E AW (18 5 21114-
1L).MgCL,-6H,0 (%5 : M7304-100G).HEPES (%% 5:
H3375-1KG). glucose (% 5 : G8270-1KG)~ EGTA (1%
5:03777-50G)Na,-ATP (175 : A-7699-5G). E A A
W (B 5 35254-10) A A AMA W (1752 232041-
50G)~ . H F& 7 AK (dimethyl sulfoxide, DMSO, %% 5 :
D2650-100ML) 3474 F 3% [ Sigma /A 7] ; Ham's F12 55 7%
e (k5 2056123)FBS (#t*5: 2110345). 100 pg-mL"
%% & B (it 5 : 2089456). 100 pg-mL" geneticin (it
51 2134567) 40613 [H Invitrogen A A

SCIR N4 SPF 24 SD K [t /HEER} K %358
K dR 4L, M B DURR (B 50 EMEAR AR A F,
YFEAE 5 SCXK (3%) 2019-0010]. A< SZI6 3K 15 51 M B2
BER 2SI B2 G 2 v (b HE S 1900912).

YHRE AL IS BT I 4E MR i Gyl N 2K hERG
cDNA 5 f& 52 % i hERG i & 1 B & & o9 f
(Chinese hamster ovary, CHO) 4l il & (FH F+Z Sophion
Bioscience A &) #214).

UPLC-MS/MS % # {4 £ : Eclipse Plus C,
(50 mm x 2.1 mm, 1.8 um); i 3IFH: AN H,0 (% 0.1%
HCOOH), B A CH,CN (% 0.1% HCOOH); Ff JE£ 3t i
(0~0.50 min, 5% B; 0.50~2.50 min, 5%—98% B;
2.50~3.50 min, 98% B; 3.50~3.60 min, 98%—5% B,
3.60~5.00 min, 5% B); ¥iti#: 0.4 mL-min"'; #i: 40 °C;
H a3 FE SR IR T 4 °Co MM 55 B 1 (ESD); & 16
JE: 5500 V; B 1R E A 500 °C; IE B 1R R 4
(positive); 2 [ N A5 s LGT-6 FR) B8 5% Ay m/z
487.3—434.2, IS [ M I B Xt N m/z 271.1—154.9,

FEGRAYALTE  HUAS [ B (] BEUSCEE I SR 0 LI
THEFE S & 0.5 mL, IIA IS # 4 50 pL, fE N 1R B
800 uL, &R 10 min, 4 °CF 13 000 r'min” &> 10 min
JE BB R, R PR EE S — R, &
I EIEW, 37 CCRA T RT . 5 HEE 100 L 54,
13 000 r'min” &0 10 min J5 L ZWHRE . #EH
R JB R 55 £ I 3 A B 100 pl, AN TS 10 L, SIA Z,
1% 2.1 800 pL, 3378 10 min, 4 °CF 13 000 r-min’ &5 0>

10 min f5HEJZWE, 37 °CHESF T, A 100 uL H
B A2, 13 000 r-min™ 250 10 min Ji BU_EE W, 3ERE D
SE ML 25 WK . GraphPad Prism 7.0 %514 22 i) K B ik
T O E A 25 SR M 25 ih 28, SR DAS 2.0 243) %
AT A, THE LGT-6 78 KA N 25322 5 5
DA K 25 A 0 ) F RS o

HEMR R AR ADFEIRHZE RBERIEE
1) LGT-6 5 IS FF fi, FH FH 2 35 il O e 25, 350 TRC o) ol
IR 1 mg-mL" PIFR A IS W, T4 °C R R
TF. FHECHI LGT-6 #E B V¥ W, A5 %5 FREL LGT-6 Xt f& i
& & 10 mg, AE4 0.1 mol-L™' [{ % 2582 0.2 mL V& i, 7
FHAE I8 2 10 A4 B R KB B B 10 mg-mL" {9 LGT-6 254
WP PRI SR BE 3 g, 76 10 mL A= B £h /K 5 %, BP
SRR 25 . B SPF 2% SD K B, 24 L, WEMER 2, A&
200~230 g, 45 25T AE B A 2E K12 h, FRH S BEHL 7
A, AR BY% T RN 10 mgkg' LGT-6 11
B, WO IR S 3R SR 2 R S THIEN
10 mg-kg" LGT-6 HI%E B W, WM RS, B34
FEE YA TR N5 mekg! i LGT-6 9 B %, ek i
WK, 5 4 H R FR KSR =N S mgkg! I LGT-6 #E B
TR, W I

9514k 6 RO R E ARSI E T, A5 12 hl
WA R ZEE T B . fEA 25 0~4.4~8.8~
12.12~24.24~36.36~48.48~60.60~72.72~84.
84~96 h W AR JRV S FS AR FE it o K5 S B 1 2 (A A 7
37 °C NHET, FFR BRI K . AREU KL 1 g, #3818
¥ & CH,COOC,H,/H,0 (7:3, v) LL 1:10 [ Lk
(whv) 234k, FELL20 000 r-min™ B0 10 min, B _E & W,
1E-80 °CUKFE FIRAF & . 2406 L KRA T4
WG, L RRE B ) A i BRI 250 T IR s v E A Bl 6 R K
B, RE RIS, B KR, ST ER, MR OmE
HERANEM ST b, TR, Rk N4
G, BT A ARG R K BRI . 252070 2 h s =
HIEH, T425)5 0~2.2~4.4~6.6~8.8~10.10~
12.12~24 h W R IR i, FEORAF T80 °CUKAE 1 &
. 3 HMEE Y 25)50.25.0.5.0.75.1.2.4.6.8. 12,
16.20.24.36.48.60.72.96 h 7 Hif1 0.3 mL, & T #F
FA4h 1.5 mL B0, 4 °CF 4 500 rmin” & 0> 10 min,
Y I 2% B i 100 pL %47 T-80 °CUKAR . 25 4 412 55
k45 245 )5 0.05.0.25.0.5.1.2.4.6.8.12.16.20.24.36+
48.60.72.96 h ¥ EX I 0.3 mL, B FHAF R 1.5 mL &
D H, 4 °CF 4500 r-min B0 10 min, B 3 £ 5
100 pL %47 -80 °CUKFH H

S ARIIE

TIEME BB AR R AR S AR S,
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AAINIS I LGT-6 AR it oK BUEE 15 45 24 J5 I
i, FEAR IR RE S ) A ER T IR AR, % “UPLC-MS/MS
A7 REREI S, £330 2 F 2R L A L ] (LA
VB PRI I DR 5 o ) €0 il P B A AR AL, AR BF
FU AR Dy 25 5 (1 €3 B o AR M 1 1)), A AU v
FE i 5 B L3R4S S BRI it (i

Pt M2 HULGT-6 Al RE 5, AR AR I B R
J% 20.0+ 50.0 250.0+ 500.0. 1 000.0.2 000.0.4 000.0.
8 000.0 ng'mL™" 1) RAIbREE I - B F RV SRR
FEAE S M FE & 180 uL, BT 1.5 mL [ EP & 1, fK Ik
N B R & F br i 20 L, 1 2.0 5.0 25.0.
50.0.100.0.200.0.400.0. 800.0 ng-mL" % “ ¥ /i (1) &b
B IUERAE, JEFES BT, 10X LGT-6 5 1S WA . DA
J B B R AL AR, LGT-6 5 IS U4 ThI AR ELAE 92k
b, BEAT e PRI

ER AR IR =R E N 2.0 ngmL ' BIIE R
VR Z848 K 22 i 3% (quality control, QC) £ 5, BN K
T 6 ASSFATREARS, TR S 5 #RE 1) b 37 0
JEERAE, Shn ik i 28 A I REE SR e 3 K. HR A
2 H BT bR AE 2R 5 QC AR S I s BRI IR, 5
AR A T LL, SR 3 H W & H 8K % 2 (relative
standard deviation, RSD) FIHAER & (relative error, RE).

P FEANMERA S BCH R 2R (5.0 ngmL™).
H (50.0 ng-mL™). & (500.0 ng-mL™") ¥ & [ JH VT L IR
T FEAE S MR QC #F i, BEANIR FE 5 B L 6 A TAT
FEAR, V5D I H5 R i B AR B TR 4R, I E H RS %
J5E RN E B R, G SRR AR 3 K, K82 H (] RE B R A
T

PRI B 3 f B B s B B IR PR 38
S I 100 pL, 4% “FF dh B9 AL 227 0007 15 454, 7
P 5B N K (5.0 ng'mL ™). (50.0 ng-mL™"). &
(500.0 ng-mL™") ¥ JE£ () LGT-6 % [ it 100 puL & &,
AN E P47 6 43, 5 LGT-6 55 1S W T B ELAE (S),
[F) 34 1) LGT-6 o HE it 22 1) J3F B T 75 U T AL A L A
N (S,). BLHIE (5.0 ng'mL™"). H (50.0 ng'mL™). &
(500.0 ng-mL™") ¥ & (I FE b, &R — VL 5, 3ERE
BT, i3 LGT-6 5 IS [ [HIAR Y ELAE Dy (S,), Ferbdt i
3 B (normalized matrix factor, NMF) = S,/S, x 100%,
PEEL IR (recovery) = Sy/S, x 100%.

FasE It G IR &K B 9K (5.0 ng'mLT)\
(50.0 ng-mL™"). % (500.0 ng-mL™") ¥ /& () LGT-6 QC ¥
i, TENREEPAT 6 4. 20 BB T 4 °Co% A+ T 24 h
R (2920 °C) Z64F NERE 24 h, LA 4~37 °CR
SRR 3 IR JE, 12 CRE B AL B I VR R AR, R 4y
Hr, 0 S T A

ZEMENFHE  RERILLGT-6 X MR &, 41
Ji 40 B /b & DMSO ¥ fi# e 1) i 100 pmol-L™ fiff
T, (R L 1 PH X R 259 76 70 24 F) (100 pmol-L™) fif
P4V, W FH AT DA B 4/ R R 22 S0 T 5 R 22 30410
3.1.0.3.0.1 pmol-L", #fi & DMSO £ FE A% T 0.1%.

CHO ZHiffi 3% 7% T 445 Ham's F12 53555 .10% (vAv)
KGR A 13 < 100 pg-mL! ] % & B. 100 pg-mL’
geneticin [R5 FR LA, B T 37 °C.5% CO, (115 746
e, HAETESCIGRT 24~48 h, K40 MR B R 7R L
RS 3 b, T AR IR 560 F AR . 54t i
2 1 DURAIE 22 2040 g 52 ST L BRAS 93 A

K H QPatch &G HHAT &4 R I0 5% . 4
HE T -80 mV, 24k 420 mV (F8822.5 5) BIE
hERG #il3, F4 ) 2 -50 mV I8 B 2635 7= A2 4 1)
R, DR IR I R 8 hERG HL K/ . A 34
A S, R il K 2 120 s, B J5 5 15 s Hin—
DR R R . K AR M R T A g N 25 A
JE AN 0.1% DMSO 140 g #h i g 7. 3 2%, A2 e 10 5%
3 min; 2R 5 K IR 22 = W FE 1 LGT-6 ¥ Wi, BRIk
JEE A 2 2008 R g Bt K 4 mine S2EG 45 R s, 40 i
ANBE P A K AR o (R R PH i X B G b b
I, AT UE 20 Ff s S A 4 o

FIFFHE LB LI £ bRiEE (£ s)
F7, K ] GraphPad Prism 7.0 #{4 #E47 £ 241 F1 4¢
ST

#HR

1 DG EFRIE

1.1 EEM WA 2 AMET I LGT-6 Xt H
A B IS VLKV B8 45 25 ) (RO RE TR &, 23 kA7 63 4y
M, AR I WL 2, 25 REIR, LGT-6 1 £/ B I [1]
(t) N 1.875 min, IS [ 1,4 2.301 min, — 3 o i ik 1% T
RIf. 75 1.6~2.5 min PRI & A R 0L IR 1449 5t
T, ®RZITEL R RIF, /T TRV LGT-6 &
EI5E

1.2 foEMZ&RSH] DLLGT-6 5 IS [ i A b A8
Xof LGT-6 ¥ & JEAT £ 1 [m1 VA, % J5 5 v 1) [ 051 7 e
T EVE, y=317.79 x - 2 618.30 (* = 0.991 4); F&{H,
y=250.98 x - 76.25 (+* = 0.998 8); JKiK, y = 63.09 x +
7 081.10 (* = 0.997 2); I3, y = 56.98 x + 725.4 (* =
0.995 7). 45 FE W], LGT-6 7 2.0~800.0 ng-mL" # /&
WERMER R R AT

1.3 EETR LGT-6¥KEHN2.0 ng'mL "I, fEHIT .
PR ZEA K 1t 2 1 H A1 H 18] RSD B S T 10.5%,
H AT H 8] RE {H 276 -5.0%~5.0%, %11 & & F RN
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Figure 2 Representative chromatograms of LGT-6 and tolbuta-
mide using bile as a matrix. Al —-A3: Blank bile sample; B1 -B3:
Simulated bile sample chromatogram; C1-C3: Actual bile sample
after inhalation administration of 5 mg-kg' LGT-6. IS: Internal

standard

2.0 ng-mL" (7R 25 FE RN HERA P 3 75 A 2R .

14 RBEEMERE 4581 EMH, LGT-6 f£HT R
W E K I R H N RSD N 2.1%~5.9%, H [A]
RSD N 1.2%~7.4%, H N RE ~-3.0%~2.0%, H[A] RE
HN=2.4%~3.0%, $&715 1% J7 15 1E DY A P 358 5 ik
B FE R HERA FE BT

1.5 RENEWREERMN 4R 0N, AN N
92.1%~103.1%, FEHLFEI 2% 4 90.8%~101.2%. K

B b AR B VR AT AR, BT R A K 3% A 3
SN X LGT-6 A8 I (14 5 M 1] 255
1.6 REM EREMNREEFREKMET, X4 T
RSD }2.0%~7.6%, W LGT-6 7€ iR kb FE 44 F +
24 h W Aa e 1 R AT .
2 LGT-6 FE X R AR AIHE M

NHEFLGT-6 AR &2, KR& DS T
10 mg kg 11 LGT-6 J&, 437 5E 96 h P F&48 5 JR K
(K25 BRI, DL A% 24 h 9 I Hh ) 245 2 AR HE
B, SR E 3 s . LGT-6 76 300 o JR A IR v g
EARHEME R 5N 2.5%1.9% F182.4%., ik BE
B, LGT-6 75 K B PN 11 3= B HE L& 42 9 RE V- HE

KR 08 K bR LGT-6 ) HE itk 2 F1 R AN
Hi gt =R 0 2 25 SR 2R W, LGT-6 M B IE HEtt i) 28 HE
M2 25 82.4%, M FAT M JRIEHEME R 2978 4.4%, 6 7
1A MR FITT 2945 90% & 2 JH v T 347 HEHE, £ 5%
I VA PR B 248 1) T sCHE A4 Ah, Fol R 2 5% Ttk
ToiE P AR B = W Bk B TR AR . BF T4 SRR
LGT-6 == 21 HE i 12 72 DL i JH 3w HE i, GiF B 28
B EIMIL AP LGT-6 %A R e F A Y EEM
Hedtt & 420 — 5, [F 8 LGT-6 7 R A4 5 iiE
HiE 2 DPP-4 # | RS 7RI RE . (R A KA 45
FLH 13.2% [ LGT-6 A I 2], 1% AT §E A& 75 A% i i
B R ARSI T A7 AE — 8 B AR 22, — A vl Re itk o
T T AR = W DL R D R AT AEAR Y . e, AT IR
EHE 24 h g, KRR BIIET:, SEGH /1 LGT-6 kAN
JeHEME A P o AHIE T 45 B R IE S T AT EATE Bk
AN AR T () DPP-4 11 71 U5 8 () A B, (R A 4
NG B R ANG B WEHEE K DPP-4 31 351 34 i Sl
3 LGT-6 EXRAEARMARINNIE

AW TR P E B R K O 0 48 25 07 SUBE R
LGT-6 £ K AR N I 258 /1% PE it . LA GraphPad
Prism 7.0 B2 il 24 B il 28, 45 B[] i %o B2 (19 ~F 357 1
2R P 2 WL 4. I F DAS2.0 B #E AT 3 2 5
WG, B =R E R ER A3 S &
A xt (D HR) AR, 85 R wE 1R . LGT-61F
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Figure 3 Cumulative excretion rate of LGT-6. A: Bile; B: Feces; C: Urine
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Figure 4 Concentration-time curve of LGT-6. A: After intragastric administration; B: After tail vein injection

Table 1

via two different routes of administration (iv or ig, 5 mg-kg"). Ig:

Intragastric administration; Iv: Intravenous injection. n =5, x £ s

Pharmacokinetic parameters of LGT-6 administered

Parameter Iv Ig
AUC,,,,/prg'L"h 3502.9+198.9 25754+ 178.6
AUC,_/pg'L"h 3825.0+192.2 2954.5+233.0
MRT 4,/ h 144+09 21.8+1.6
MRT, /h 30.0+3.2 46.4+75
c, . /ugl! 2035.6+299.3 325.5+31.7
L./ h - 2.0
t,,/h 449 +3.7 46.2+2.7
F/ % - 717.2
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