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Preparation and in vitro/in vivo evaluation of linagliptin tablets
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1. School of Pharmacy, Hunan University of Chinese Medicine, Changsha, Hunan 410208, China; 2. Zhuzhou Qianjin Pharmaceutical
Co., Lid., Zhuzhou, Hunan 412000, China; 3. Hunan Qianjin Xieli Pharmaceutical Co., Lid., Zhuzhou, Hunan 412000, China

(Abstract] Objective To develop a generic linagliptin tablet with consistent in vitro dissolution and in vivo bioequivalence
to the reference preparation. Methods Linagliptin tablets were prepared. A high performance liquid chromatography (HPLC)-based
in vitro dissolution testing method was established to determine the cumulative dissolution of both the test and the reference
preparations in four media: pH 1.0 hydrochloric acid solution, pH 4.5 sodium acetate buffer, pH 6.8 potassium dihydrogen
phosphate buffer, and water. The dissolution similarity between the preparations was assessed using the model —independent
approach ([, similarity factor). Concurrently, a single—dose, two—preparation, two-sequence, two—period crossover pharmacokinetic
study was conducted in healthy adult subjects, with blood concentrations of linagliptin measured under fasting and high—fat post—
meal conditions. Pharmacokinetic parameters were calculated. Results The cumulative dissolution profiles of the test and reference
preparations were similar in all four dissolution media. Pharmacokinetic analysis revealed that under both fasting and fed
conditions, the geometric mean ratios (GMRs) and 90% confidence intervals (Cls) for C,., and AUC,, of the test preparation relative
to the reference preparation fell entirely within the acceptance range of 80.00%-12500%. Conclusion The test preparation of
linagliptin tablets exhibited similar in vitro dissolution and pharmacokinetic bioequivalence to the reference preparation.

(Keywords] linagliptin tablets; dissolution profile; reference preparation; bioequivalence; high performance liquid chromatography

(%5 B #A)2025-02-16
(BETE JFERKHARAIEA T (81874344) ;I HAARI#HE 4T H (2022]]80048) .
GEEEE ) X3, B 2%, 0584 300, E-mail . dragon5240@126.com,,



2025 455 45 %

IR H S 25 K222 3] hitp:/fhnzyydxxb.hnucm.edu.cn 857

FHESITTVE R Z R K -4 (dipeptidyl pepti-
dase—4, DPP—4) il 5, 55 4) H1 BhARMS B 5 2 )
TEA&,IET 2011 41 e 36 R BT, 35 B UE K
2 BUBEPRIA! , W e IR 2R 2 A/ NI N2 g ) 2 i
AR — R , FE A0 AE i MU R AR K- (glucagon—
like peptide—1, GLP-1) LA I ) % BEAR 14 {2 Jik &
EZJIK (glucose—dependent insulinotropic polypeptide,
GIP)™! S fle (e & B 240 -5 A 0 b e 12 2R 9
TILHE, SRTMT, DPP-4 112 —Fh 22 IR H I, 12N
PRINTZ 04, U H R ARl e RS KT Z2 R
PRI, A5 GIP A GLP-1, LS i, -
B WY, AR ST @ DPP-4 1%
P, (M (e IR 02 2% TR R e 8 388 o, AR it i 7K -
PSLEAZE N 2y Gpntl] (2 197 1k i v S R |
BRI, AN, RIS ST T R T A T e A T R Y
DPP—4 il 0], 7Eim R b, RIEEAR R | v B 0 8 2 T
HREA A RTEOL T, WIS ) B X — e
(AR TR 7T BT HRERL A5y 2 BB PR
B TR S IEHHE YISO AR ST Rl 24, %)
i R R 2 v BA BUWRAER]

11 T A 30 A A Al A HR R 2
Joi , ARG A LR ER R G, A% 2550 NI,
29T NRTHACTE S [ AR BRARE T At R R
HRRSE SR 24 1) L )R RE B S B s o 8 1 A
DR IR pH A BT RS A7, AT LA
IR 254030 T2, DT AR AT A IXURS: 1 g A 1,
SV AR B+ A A T B, AT R RERAIE
T A B MR B A% 57 [ PR 2\ W] (Boehringer Ingelheim
International GmbH) , R i 4% BRFE 7@ #0A% A 5 mg
IRIRS ST R 2 L), 38 S PRS0 X A
f 2 I RN 25030 1 22 0E 5T, 285 VA A )
FEINTT R 55 ISR 790 ) AR TS50

1 E=SME

1.1 =5

HLSG-300P A1 S 40IR G H AL (AT VTR R ALK
FBRAF]) s FL-120 BRI & HIRAL CF N — 25 T4k
) 720450 BT TEORAL GV R R e A
FRZF]) s HD300 Y = 4R AP (L VE B REMLAR RN
FRAF]) ; GZP40 B i gl =C e bl (Abstiie
SERHEABRA F]) ; BGB-150D B AL AL (IR
T /IMEHI 255545 T ) ; DPH-280CS %4> f] IR 15 3 76
AN (HTVEHER YU BRA ] ) s FAVD-25 HL.25

JB A FADT-1200RC % BE¥ A (L1 s B4y
Pri 23 A BR 2\ 7] ) ;Hanson Research Version Elite8
215 AL (3 Teledyne Hanson Research /A ] ) ;
1260 Agilent =35I 6460 Triple Quadrupole
LC/MS FE80RAR (35 — R IR BT [ 2 AR (P D)
A F]]; Waters AcQuity Arc mERGRAHETEAL (IR
FEIEAF]) 5 Centrifuge 5810R BSUHLSEATE ( 1-1F)
] b 57 5 A3 B 22 113 MS105DU  Hi - K7 \ME1002/
02 HL 7K 8220 ZZ M i —E M 24X
(i) AR A,
12 iK%

HARZTT X IRty (it 7350 98.9% , Wi T LA 2y
M) s IR SUTT R JSLRIF R 350 (Tt 44 < R 77, LA
5 mg, it ABOOS2A , AL 7 R B MRS e iy [ o 2
F) MR SIT F (U .S mg, L5 . LLTO1 LLTO2
LLTO3, A= P Ry g T 2 IR D) o

5l S R (R EE TR L R A
FRAT) OG22 (B ) AR A 404
AR N R WL SR UK TR Ok SR AN
BERR A 8k (¥ I 254 B AR A TR A R ) V&
AL (PE BB B A BR A W ) 5 7K R i R aliA K
(Hl) o

2 TESER

2.1 BHFIFIRE

(1) FAbEE 5 H 28 8 100SD i 60 Hifi, (2) 7
RA ARUCK H 2B TR ALTER IR ST | FORTE
WA G ROR A FIRAL 35 B2 54 80 /min,
RIMEHE IR 360 s, (3)HIRE B TR A K 15 W
T PR 5L AR I e BN RS2 ) 180 s
Jo, HURE RS 5 mmxS mm J7 FLI7 X 4k
MAPEFTIR L, (4) T K SR AORE I A 1 AL HIL,
Pl e KR EE (60£10) °C, T4 2 kK 7 <4.0%,
(S)IRA ARV T B0k AF AR R I A B = 4R A
LA, B 10 o/min, JRA 360 s, (6)FEH - FH
EREHEE R AL 8.0 mm BRI wigt | #5:4H] 40~80 N
MRS R . () BEA R MARKRIL, H
12% [ F5 5 A A BUR R (B IR A I b T4
K PRI B 2%~4% ., (8)5 0 . RS AL
BEMLHEA TAI%E , 14 o/ AR RIS ST R B il il ) (e
2 LLTO1).,
22 AHMENE
22.1 BWHIE SO RILHIEZH) (2020



858 TR H S 25 K222 3] hitp:/fhnzyydxxb.hnuem.edu.cn

2025 455 45 4%

SRR, LA TR 25 340 ) S D) 0931 945 i B2 5 R
JEM RS — 0 R 8, 50 v/min 543,900 mL
I BT RO gk A T ARSI, 2 S Mk
HRAREINTIboREE R, 75 10,15,30,45 min
3B  BURE 5 mLOANAME) >R 045 pumx13 mm
Je Je tr BT e, SEUE W E R B I

Xof BE SRV BURIAS AT X BB 24 22 mg, K5 %%
PR, & 200 mL s IS SUE RS ST T I 4
BREZIE FE5] A A% B S 4 T S LS mLL,
B 100 mL M, 0.1 mol/L R BRI i Fi B = %)
B #5,

Z R ] 24 B0 ) AN AE €8 1k | R b
Ferbbest S AR A 7R (4.6 mmx250 mm, 5 wm)
I EATERE WA pH 3.0 BERRERZE - 2 I (78:
22) A1 50 °C; T 1.0 mU/ming KUK A 295 nm;
HEREARRL 50w,

222 ARG AR AR 2
BRI ST e A 150 (LS LLTO 1), JRAF 55 (it
5 AB9082A )5 12 J F R “2. 11" W R 7k, 43 BAE
pH 1.0 ERFRVE T .pH 4.5 BEIREAELZE tiiA W pH 6.8
BEIR — A BRI ER 22 M W KA B AT R
TERLE R R 25T 435 T AN s (] S BURE | 4% 1R
“2.1 T (A A A R 2 B T a5 AR R 41

pH1.0 EhFRVS O i itk

100

80 |
I
i 60 —=— AB9082A
H
840

—— LLTO1
20 F
0 1 1 1 1 1 1 1 1 1 J
0 5 10 15 20 25 30 35 40 45 50
B} [B)/min
pH 6.8 B FRER 22 i s 1 4R

100 F 7 PE—

80 |
I
']E( 60
H —— AB9082A
K T

40

—e— LLTO1
2 |
o . . )
0 5 10 15 20 25 30 35 40 45 50
i 6] /min

7 bt 2, e AR B v (12 AL ) 3
AR L A0 5 SRR R0 A s AR | o SRR
BT 00T o A ) 24 it Mo B A B g AT
HR 2 IR AR FE T D ) DG T AR AL B A
P >4 ) 5 B R RS I FE LS min
PN R it = 85% , BIVAT ) 9 2 05 th A 7 R AR AR
SEJLEIR AR AT A DU R A
15 min WAPEI% H BERIR T 85%, J@ TR P
Vst AR S I AT A R AR R
Vs AT AL, IR pH A BT R RS SR A
FVE i Zexd e, WL 1,
23 EMERIERE

ABFFEAEIT R G ) HI O 1L 875 15 e £t
R AR SZ A T AR SRR AR R L 7
TR FRZE B 2 (I RIS BEAE E 5 . CTR20242890)
IFAEIRIS T 5 AT 52103 28 8 A0 0 R 1 o
eI RN HAWE I TE A LA, R R B
S RO 128513 s O £ = e o Bt I D 2 NS B G
ORI BH, RF E E R (S LLT01) 5 )5 F
70 (LS ABOOS2A ) 7£ 55 ME % i N4 s 1 ook 785
TR B 122 R
231 AFRHE  (1)ZIRXE R 1l 5 i vk
i 7 L AT R R A R RO, FBAE R 32

— pH4.5 BEFREE 22 PO i 28
100
§ 80
i
@ 60 AB9082A
40
, «— LLTO1
20+
0 ’ 1 1 1 1 1 1 1 1 1 J
0 5 10 15 20 25 30 35 40 45 50
5} [8]/min
o0 - IR B H 2k
90 ) —
80 - / 7
" 70 + &
60 /
fé 50 - / —»— AB9082A
= a0
0 —=— LLTO1
20
10
0

0 5 10 15 20 25 30 35 40 45 50
HiF [ /min

B 1 AR pH v BT B & H 7 5 R 7 A i gt b

Fig.1 Comparison of dissolution profiles of test preparation and reference preparation in different pH media
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Table 1 Precision and recovery of linagliptin in plasma

B (16
BRI (g, il

HEMBIFE T (n=3) [0 2/ (% , n=6)

WL/ (ng - mL 3xs) K% WL (ng-mL™, 7£5) /%
0.10 0.099+0.008 7.6 0.097+0.007 7.4 —
0.25 0.245+0.007 2.7 0.249+0.009 3.8 99.6
2.00 2.000+0.093 4.6 2.020+0.073 3.6 —
7.50 8.040+0.139 1.7 8.010+0.157 2.0 95.7
10.00 10.400+0.343 33 10.400+0.409 3.9 97.9
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Table 2 PK parameter results under fasting and fed conditions

i __ M (n=46) _ A (n=38)
20 () Z I (R) B2 (T) ZIAHIF(R)
Col(ng+mL ,7£SD) 9.967+4.122 8.958+3.433 4.369+1.264 4.163+1.303
AUCy.7/(ng+h+mL" ,%+SD) 230.923+36.221 228.304+39.281 173.857+28.110 175.633+37.523
Tulh 1.67 1.69 1.77 2.00

R3 EMELMAEEH)

Table 3 Bioequivalence determination (fasting condition)

i JLRP R L  EREARNERRR R
T R T/R/(%)(90% A7 X [1] )
1n(Cpva) 9.22 8.33 110.64(99.50, 123.04) 30.46 60.07
In(AUCq2 1) 228.14 225.10 101.35(98.17, 104.63) 8.93 100.00
1 2 G L AUC,, [ AUCO-o0 (S35 5525 X [A]35)h 80.00%-125.00%, F [l
F4 EMEREHEER)
Table 4 Bioequivalence determination (fed condition)
i ST LA TREA BT R IR %
T R T/R/(%)(90% A7 X [] )
1n(Cpva) 422 3.99 105.98(100.65,111.60) 12.72 99.99
In(AUCo5 ) 172.02 172.31 99.83(94.96,104.96) 12.35 100.00
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Fig.2 Mean plasma concentration-time curves
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