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Pharmacokinetics and Nasal Residence Time of Nicorandil Thermosensitive Nasal Gel in Rats

YANG Lei'’ , WANG Cai'”’ , GU Fugenz* (1. School of Pharmacy, Inner Mongolia Medical University, Hohhot 010110, China;
2. The Affiliated Hospital of Inner Mongolia Medical University, Hohhot 010050, China)

ABSTRACT . OBJECTIVE To study the pharmacokinetics and nasal residence time of nicorandil ( NIC) thermosensitive nasal gel in
rats. METHODS The concentration of NIC in rat plasma was determined by HPLC method. Rats were randomly divided into nasal
and intragastric groups of 6 animals each. NIC thermosensitive nasal gel was nasally administered to the test group at a dose of
2.5 mg - kg™" and NIC suspension was given intragastricaly to the control group at a dose of 5.0 mg - kg~'. The drug plasma concen-
trations at different times following administration were determined and the main pharmacokinetic parameters of NIC for the two groups
such as 7, , Pous 11,2, AUCy,, AUC, .. and relative bioavailability ( F,) for the NIC nasal gel were estimated. Furthermore, with dye
method, the nasal residence time of the NIC nasal gel was investigated by using rats as test model and 0.9% NS as reference.
RESULTS The ¢,,,
2.27 h, AUC,, were 22.04 and 28.93 pg - h - mL™", AUC,.. were 24.54 and 30.42 pg + h - mL™", respectively. The relative
bioavailability (F,) of the NIC nasal gel was found to be 161. 34%. The nasal residence time of the NIC nasal gel and 0. 9% NS were

of the in group and ig group were 0.08 and 0.33 h, p,.. were 19. 63 and 12.55 pg - mL™", 1, ,, were 2. 63 and

observed to be 13. 4 and 2. 2 min, respectively. CONCLUSION NIC thermosensitive nasal gel may be a new dosage form for treating
angina pectoris with good clinical application prospect due to its rapid in vivo absorption, high bioavailability, longer nasal residence
time and convenient administration.
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JenIHi/R (nicorandil, NIC) Je— Bl 7L fFf 1 i
A S, TRt — b B il 3 ) , 38 e X
F A LA st o UL AL, 1 R ] T T 4% 2800 B0
W BT RO AN RN A i B2 AT
A2 HELO NN S 22 — . B
FVBIAT TR 7R S5 S 70 o i R R 2 1 A
I SO0 AR R BE AL TS R R AP
2452, Hfs AP N 5 b B 24, e AN g A
MAPEZE . BUAL, G2 AINE G B RO 2y I T S5 PR A, ¢
EEBT 5, & LT

R AL 40 B s 2 2 2
- 2060 -

WRFEIT T < G 2y 2 2
Tel: (0471)3451657

Chin Pharm J, 2024 November, Vol. 59 No. 21

TBWAER AR, 5, AR, B S

SIEDEIRBAIT o S A2 B 2505 il
WSS PR AR R P v 2 L, B A 2 S
2 GBI Sk TR T 20 A BUAE 45 25 A T 2 2
AR 2 AR #1018 B e NIC AR RS 43 F i
/N BRI R e PR PR SR R A
IR R o DRI Bk I, s 2 2 )
st NIC PR 253848 . 25 L o3 b, AR BF IR AE R
W15 B NIC Ga 3 I A8 I ) 2 S HLAAR S B
AR, X HAE Sl 4 AR A 119 25 3l 2 A0 AR W A R

T 5 18] 5 )

TP 2575 2024 47 11 45 59 5 21 1)



VA I S PR B N TR BEAT BT, B A6 9 5 Ja B K i% 24
W S Js 2y 24335 70 T B A4 Tl AR Al

1 # #
1.1 g

LC-20AT /& 2% i AH (535 4% (245 SPD-20A ¢
Hh-A] WA RS , H A S HEA ) 5 AB265-S RUHL 47
ProRF- (43 BE{E 0. 01 mg, K T AR - FEH 220
7)) ; Arioso UP 900 %Y 2 /K #§ ( i [ Human 2
H)) s HI750R .0 AL (I R A S8 3 == XA T R A
FRAT]) ;5 Vortex-5 T TR & i (171 Tl FLAR DR
I BT RR A ] ) s DCY-12S A A AN (75 5
BHUERA BRAT) .

1.2 R

NIC i BE i (g BT T A ARl 4 1 003 A BR 2
A) L HE45  k1710021, 46 5 :99. 5% ) 5 H il e ( P9 #r,
bt R ER A B ], 5 SM8460, 4l i .
98.0% ) ;NIC S FHR BRE I ( A il , it :20230701
FiE:2.5% ) s Je TR B (P92 F 25 A BR T
3] it H61022860 , Bk :5 mg) ;0. 9% A= BiEhK
(A RIENZYA R T L5 : 1808073402 ) 5 31 HH i
(rbrad, K e R 7 B ) 5 H SR T k[ 2
Brél 4m i () A 24l A BR A ] 5 F RO gk
4li, 2R LTRSS AR R bl , K R 2K
1.3 4

SD KB, SPF 2%, MM, 7 ~ 8 JEl %, 14K T &
(250 £10) g, N5 RS2 5 s W 58 o, 3
VFRTIES: : SCXK ( 52)2016-0001 ,

2 HEEHER

2.1 ifn¥ NIC 8930 = 77 3%

2.1.1 @3B % IneriSustain ®  C,, {8
TR (4.6 mm x 250 mm,5 wm) ; Fi:: Wonda Sil Cq
FE(4 mm x 10 mm,5 wm) ; FEENAH: FHEE-/K (48:52) ;
P :1.0 mL - min ™' RGP :254 nm AR 36 C.
2.1.2  RREEBUAEEET BOKRUMSK 100 wL, B
F 1.5 mL EP .04 H, A PIAR(30.0 pg « mL™" F
fiigs , MAFR 534k 50% HREERC ) 10 L, 3 J5€ 1.5 min
Ja I B BE AT M 1 mL, 4K 223 BE 1.5 min, LU
12000 r * min " Z5.0 10 min, B IS E 59— EP 5
LA, TE 40 TR RS T, 5k H 100 pL HI P
VAR IRE L5 min, T 12000 r + min ' B0 5 min, B
TR 10 L JERE

2.1.3 LREMEEE SHIBRCKERZE [k % H
o 22 ek 2024 4 11 45 59 4555 21 )

M A0 NIC X BR b 5 W O NIC B T 356 Jie 5 s 45 245
3 min }z 2510 TR B 1 45245 10 min J5 IR RE 5 A%
100 L, 2 B2, 1. 27 TR J7 s, Ak 3L 5 kA
A CR OISR R ILE 1, L eI, fE Bk
TGS  NIC 5 4532 B 47, O/ B IR 5d B
HICHNEHEY BT, RO kL et R4

L |
0 1 2 3 4 s 6 7
1/ min
B
bL
0 1 2 3 4 s 6 7
1/ min
©
2
1
-
0 i 2 3 4 s 6 7
1/ min
D
1
2
0 i 2 3 4 s 6 7
1/ min

A= 2 FUIE B - %8 FLIN NIC I 5 C - NIC BUBEAZ5 3 min I 36
D - NIC # B #4425 10 min JF 1M1 - AFR;2 - NIC,

A —Dblank plasma; B —blank plasma spiked with NIC control; C — plasma sample
collected 3 min after nasal administration of NIC nasal gel; D - plasma sample col-

lected 10min after ig dosing of NIC suspension; 1 — internal standard; 2 — NIC.

1 RE ¥4 /R (NIC) & 3
Fig.1 HPLC chromatograms of nicorandil( NIC) in rat plasma
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Tab.1 Analytical precision of NIC in rat plasma. n=5,x £

p Intra-day precision Inter-day precision
( Theoretical ) p(Determined ) RSD p(Determined ) RSD
/pg + mL~! /ug - mL ! /% /pg + mL ! /%
1.0 0.97 +0. 03 3.06 0.98 +0. 01 1.18
4.0 4.14 +£0.01 0.34 4.00 £0. 14 3.50
16.0 16.38 +0.21 1.30 16.32 £0.29 1.79
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p Method RSD Extraction RSD

/ug + mL~! recovery/ % /% recovery/ % /%
1.0 97.03 £2.97 1.86 82.90 +1.96 2.37
4.0 103.57 0. 36 1.36 90. 69 +£2.69 2.97
16.0 102.37 +1.45 1.33 92.57 £1.00 1.08

2.1.6  FEREREMEE LS 4 BT R
1.0,4.0,16.0 pg » mL™" NIC [ 32 FE 5, 20 SIAE 2%
A T CE 24 h, AL B S R CE 24 h,
R-REIA 3 K. -20 CHCE S d J REE . 25
RULFR 3, A UL, NIC I A b 78 Bl 45T, 24
P EER RE< +10% , & U] NIC I A4 B4 it
EE

Injection room for 24 h Room temperature for 24 h Freeze-thaw cycles for 3 times =20 C for 5 d
p( Theoretical )
Lo p(Determined ) RE p(Determined ) RE p(Determined ) RE p(Determined ) RE
/pg + mL~

/g s mL ! /% /g mL ! /% /ug - mL ! /% /g + mL ! /%
1.0 1.02 £0.02 2.0 0.97 £0.03 -3.0 1.10 £0.00 10.0 1.05 +£0.01 5.0
4.0 3.87 £0.06 -3.2 4.19 £0.01 4.75 4.37+0.73 9.25 4.16 £0. 06 4.0
16.0 16.42 +0.22 2.6 16. 66 +0. 21 4.12 16.07 0. 61 0. 44 15.79 +£0.26 -1.31

2.2 AREKNGHFHRR
2.2.1 i % B REEEHL I HHEE 4525 (ig)
B E2A 2 (in) 41, F4l 6 H, S HTZE £ 12 h,
B B HKK, ¥ NIC i #tdf5, LA 0.5%
CMC-Naiz Wi e S B, FH T ig Za 2 40, Rl & ok
5.0mg - kg™'. A HIF4 25 0.08,0.17,0.33,
0.67,1.0,2.0,3.0,4.0,6.0,8.0 h H HE HE ik A%
M%y0.3 mL, T A EP 2048, [a] B 5 e
SEURFRAE BEER K, DLAERR S ) 1l 25 i A E . )
K IfFELL 3 500 v+ min ™' B0 10 min, 3B I,
HEFI—EP B8, T -20 CHRA, & H.
in 4ITEZ5 251, So MR IR VE 53 20% S H03H IR,
P HREE IS AN EM B E T FAR G b, 55 K Sih

-+ 2062 -

Chin Pharm J, 2024 November, Vol. 59 No. 21

P8 A DI 30038 K Jik , 2 B SR UL L R 8 A
B AR DMRIERER AR5 2 EAE—Y)
C Al A— KBRS, W o K o e S 2 v 3R
CIREAR AR B JGT , b5 Z 18 HEA 2. 5% NIC
S AR R 2.5 mg - kg™ 2T arAD
W IR IR E I EEHL, LA AR 25 M O . 4l
F4525)5 0.05,0.13,0.25,0.5,1.0,2.0,3.0,4.0,
5.0,6.0,7.0,8.0 h [R]7%R AL, F a4 AR TR
HERK MBS IS, T -20 C AR

2.2.2  FESEIT R LG E T 2k
JiE - [ B R T DAS 2.0 253l 22 31k ik A7 80 4 Ak
B A 2B S 1, o SRR B
BRI, 102259 BE -R R) i 48 T AR (AUG,, ) R HERIE

TE 2GR 2R 2024 4 11 H 55 59 55 21 )




WA EAT I8, AUC, ., R AR GH . AUC,, =
p./ k. K, p, Ry eI — A SR AE B[] A T 0 I 24 e
JE kR IHBR A AR ()
iR AR 1, =0.693/k,, AT, 750, L ig
B NS L RIEA TR NIC 8 R S5 I (1)
AR A HEE (F,) o

F. (%) = (AUC,./D)./( AUC,./D), X
100% 2 (1)

A, in MR ELR 2 ig AHEE 45 25,0 HEn el
. )5 R GraphPad 9.0 % {04 25 1 2 5 8%
HATGE 3

NIC 2 2 Fhig iR 4525 )5 , 76 R AR N i 2 32
I FRISAF G — FE Y, P34 1 245 4 ik g -k ]t £k
K2, ZE A #2503 4, w0, NIC 5 HITR &L
BE A S 25 25 ), A6 R BRAR IR IGR R, 1,,,, (X2
5 min, M25PREW ig 525)5 1, 1535 20 min, It
Hh TR RAL N ig 2525 172 BT OL T, in 452)
B P V125 KT JE4E (P <0.01) , [R]}, 3K 75 NIC
S TR BRI F =35 161, 34%

~#- NIC suspension
25 - NIC nasal gel
20+
o154
£
&
=
QL 104
5
0 T T T T T T T T 1
0 1 2 3 4 S 6 7 8 9

t/h
B2 NIC & A ik S8 I & AR & A KRR A 25 0k
JE-BH A & E, n=6,xts
Fig.2 Plasma concentration-time profiles of NIC after nasal ad-
ministration of the nasal gel and ig dosing of NIC suspension to

rats. n=6,x s

2.3 AREANH G EERDY

120 HSD KB, Bl AL o S 56 4 ) B 4
B 10 2, B R BCR H 20% 155738 15 O B )
SIS S R R A — M B RS T A
0. 5% . HELWE 1 254 S PR BORE I 5 L, X HR 2
D] 25537 A TR AR 5 A0 ) e 2 I HH O 8 7o A R /K i
W PHZHIITELS 255 /T 5 min B:FF 30 s, 2524
JEE5 6 min FEAG, BERE 1 min KRR SE AR A K BT,
P G S, DA o S S BB B ), SR

T E 2GR 2R 2024 4 11 H 5 59 55 21 )

F4 NICERUBFERESG HMBEEREKXRKNE 3%
HH, n=6,xts
Tab.4 Pharmacokinetic parameters of NIC thermosensitive na-

sal gel in and ig dosing of the drug suspension in rats. n =6,x £

Parameters ig in
tmax’h 0.33 £0.00 0.08 £0. 04"
Pra/ W&+ ML 12.55 +2.36 19. 63 4. 491
ko/h~! 0.36 +0. 13 0.27 +0. 04
t1/h 2.27+1.08 2.63 £0.50
AUCo/pg - h + mL~! 28.93 +6.40 22.04 +2.98
AUCq_,,/pg * h + mL~! 30.42 £6. 13 24.54 £2.99

F, 161.34%

W5 ig 4lH#, VP <0.01,

Note: )P <0.01, vs ig group.

SR, SR T P R AR PR KRS g
BHENIE R B S R I E] 2 (2. 15 £0.47) min, 1
2450 a R SR rb R B 32K R 5 T 5 (]
(13.4 £1.78) min(n =10) , WA LA GIHHFAE
X (P <0.01) M) NIC 5 FH il S50 A A Bl 5 JE
Ry B o TR s A B R K B B

3 3 i

PP NIC 9200 777, A 2 ML iy HPLC-UV
HEFIBAH €030 - 5 6 JF 3% ( LC-MS/MS) 326102 %
JEABIE T 2 BUA 4% 1F FAS I B AR , A BF 5 400 2 57
HPLC-UV 30 52 Ji R B NIC 9 2 4300 5E
TELBIAH B 0 228 H , 28 3 85 SR FH H E-7K (63: 37 2y
WA, kB Ha RIS, o VRS Ry F 5 K
(Y E B g 482 52) J , 4% SR 245 M IE BL I, {3 ¥ it (]
MR, A, TE P FRIVERR 5 MR SCRR 1 4GSR
megEK Y R A R G S PR AR BE
Bk A& EARATT VM 2 M S ARk
B, R FEAK MR R, 5 IR Y BTGk 4 2, T e
VA4 LR B4 H e Bsf ) U) 3 B, 58 PR /N BE B, A 3% 5
FARMTT I TCIL 5 NIC SEI 58 4405 85, AUA H il
MR ATSE B S NIC 5224 8, HIGTE K47 R B
o T35 B, A e FEAR R b o R I A R A A P T
VI, D o A o 2 RN AR I TR BB S5
A RS 5 T W E Y 2R
REHOE T A U X 2 R AT
TR, S5 R B, RO R R ik £,
J7 ik REGBERAR, LR W8 2 UL A AE IR T
THRARAO I AE , T AR T B AC IO IR T IR
P T, YRR & 58 4, KPR
o, PR 2 B AR A I RE TR B0 0 . M, AR

-+ 2063 -

Chin Pharm J, 2024 November, Vol. 59 No. 21



Jhidsr b iR HPLC 5 J5 35 4R A1 fig SR 22 U e e 1k
Si A e T 5 A B R SRR R, T o 4 A2 NIC
o FHBEIBE 5 76K SRR N 25 B2 F T I 25K

AR N 25 2 W ST A R AR SE PR, AT
T T E NIC 512 2 He il 59, PROR SROJE 5 ik
B, SO e P BRE T B B BUn BT . R A 2
A e R i I, 5 NIC TR &I ig 43 254
FC,NIC S RS 4 5 20 2 ), 25 AR 3 i
B, e, SO0 S min, TTRTE I ¢, 05 20 min, Q2R
R R NIC 8 F DN A N 1Y 2, 8 TR, R W]
P2 2 G R R A e BE R T 2 i RN, L
TEL RPN HE R B 25 V2 1500, H p 52
FR TR (P <0.01) o ETIRWHERN R 253)
PR A 2R B T AR O 2 vk
JE (AUC 545 25 55 i i Fe & &, WA B by 4 00 75
MR 251500 T, 1% NIC S FHIR SOSERR Y s
AUC,., AUC,, NLZC K T B 45 2 , A8 2 bl 75
25 s RTBE ORI LY F, ik 161, 34% ik B
T EIRMERCR SR IER R, BLA, AT s B
NIC 55 FHG AR R R B S PRl B I (] 450 26 LR K
BT RYNZH AL 255, 16K B i A P
JETN ATFERR SN (] PN e A= AR A, bl AR R 38 1)
TEAELA Sy i BE 2 ] (A JE T 3, WA b o 14
BN HE < o 12 NIC S B ol 57 78 K LA A IR i
PR, AR B B A9 B P, — D i, R RE S NIC
S P BB P 2590 LA 23 T A7 A, TS B T
A F R MR S B, 2 ) n] bR S A
I TBAEIS , AT M 2 2 DO R A 5 55— T7
TR, T2% 245100 o PRI i 70 ) A 0 R0 B 25 v, vl
5 B 2y 24 MY R G T 5 0N T A I ) R
P e 18] A S DB il 750 Ak D5 8 24 1 W
SEREFNIE I V040 188 F1 A=Wy FH 57 HPMC 25 5 A
T F A AR A N VR P 1 2 B A A g
FHEE Ko ba N Y i B I R) G A i T 5 J5 AR B2 TR A
W .

25 Lg% NIC 55 P S Jie H AT IR SGE 2%
PR P B IS TR A LA R T E e L 4 2 5 4
FRE R ARROE 0800 1 5 20T, R RAT
F14 1 R S BRI T S0 A iS5t

REFERENCES

[1] LIUY, SHUJ, LIUT, et al. Nicorandil protects against coro-
nary microembolization-induced myocardial injury by suppressing
cardiomyocyte pyroptosis via the AMPK/TXNIP/NLRP3 signaling
pathway[ J]. Eur J Pharmacol, 2022, 936 :175365.

- 2064 -

Chin Pharm J, 2024 November, Vol. 59 No. 21

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

ZHU W L. A new class of antianginal drug with dual mechanism
of action: Nicorandil [ J]. Clin Med J (G R25¥18)7 2%,
2012, 10(6) :14, 38.

AL-SAIDAN, KRISHNAIAH Y S R, CHANDRASEKHAR D V,
et al. Formulation of an HPMC gel drug reservoir system with eth-
anol-water as a solvent system and limonene as a penetration en-
hancer for enhancing in vitro transdermal delivery of nicorandil
[J]. Skin Pharmacol Physiol, 2004, 17(6) :310-320.
LAFFLEUR F, BAUER B. Progress in nasal drug delivery sys-
tems[ J]. Int J Pharm, 2021, 607:120994. DOI. 10.1016/j.
ijpharm. 2021. 120994.

FAN H M, GU F G. New dosage forms of nasal administration
and its progress in clinical applications[ J]. West China | Pharm
Sci (1P 224745 ) , 2018, 33(5) :548-554.

LUO P, FENG M, LIN N. Content determination of nicorandil
sustained release tablets by HPLC [ J]. J Hubei Univ Chin Med
(WL P ERZY 2244 , 2015, 17(1) 4244,

HUANG J, LIS, FAN H M, et al. Correlation between pharma-
cokinetics and pharmacodynamics of donepezil hydrochloride ther-
mosensitive nasal gel in rat brain tissues[ J]. Cent South Pharm
("hEIZy2£) , 2022, 20(1) :104-108.

QIAN S, WONG YC, ZUO Z, et al. Development, characteriza-
tion and application of in situ gel systems for intranasal delivery of
tacrine[ J]. Int J Pharm, 2014, 468 (1/2) ;272-282.
FUKUNAGA K, FUJII Y, CHIBA N, et al. Pharmacokinetics of
nicorandil in dogs with mild mitral regurgitation[ J]. Res Vet Sci,
2011, 90(1) :95-98.

AHMED A B, NATH LK. Design and development of con-
trolled release floating matrix tablet of nicorandil using hydro-
philic cellulose and pH-independent acrylic polymer: in-vitro
and in-vivo evaluations[ J]. Expert Opin Drug Deliv, 2016,
13(3):315-324.

CESAR IC, BASTOS LFS, GODIN AM, et al. Simultaneous
quantitation of nicorandil and its denitrated metabolite in plasma
by LC-MS/MS; application for a pharmacokinetic study [ J]. J
Mass Spectrom, 2011. 46(11) :1125-1130.

FENG Y H, WANG Q, QIN Y. Determination of nicorandil in
rat plasma by LC-MS/MS method and its pharmacokinetics [ J].
Chin J Pharm Anal (2591453 #rZ=) , 2020, 40(2) :240-245.
PARK SH, SHIN IC. HPLC method for the determination of nic-
orandil in human plasma[ J]. Biomol Ther, 2008, 16:168-172.
XU JF, ZENG SJ, DAIS W, et al. Determination of nicorandil
plasma concentration by HPLC method[ J]. Chin Pharm Bull( #j
IR ), 1986, 21(5) :273-275.

KRISHNAIAH Y S R, AL-SAIDAN S M, CHANDRASEKHAR
DV, et al. Controlled in vivo release of nicorandil from a car-
vone-based transdermal therapeutic system in human volunteers
[J]. Drug Deliv, 2006, 13(1) :69-77.

KRISHNAIAH Y S R, AL-SAIDAN S M, CHANDRASEKHAR
D V, et al. Bioavailability of nerodilol-based transdermal thera-
peutic system of nicorandil in human volunteers[ J]. J Controlled
Release, 2005, 106:111-122.

BACHERT E L, FUNG H L. High-performance liquid chromato-
graphic method for stability and pharmacokinetic studies of nic-
orandil[ J]. J Chromatogr, 1993, 619 (2) :336-341.

LIY, LI]J F, ZHANG X, et al. Non-ionic surfactants as novel
intranasal absorption enhancers; in vitro and in vivo characteriza-
tion[ J]. Drug Deliv, 2016, 23(7) :2272-2279.

CONG Z X, LI S, WANG Y, et al. Pharmacokinetics and brain
delivery of citalopram hydrobromide thermosensitive nasal gel in
rats[J]. Chin Pharm J (FFEZy5 ), 2020, 55(17):
1444-1449. (Yske H #7.2023-08-29)

TE 2GR 2R 2024 4 11 H 55 59 55 21 )



