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Determination of nitrite and nitrate in propranolol hydrochloride tablets by solid
phase extraction-ion chromatography and study of their sources
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[Abstract] Objective To establish a solid-phase extraction coupled with ion
chromatography-suppressed conductivity detection (SPE-IC-CD) method for the determination of
nitrite and nitrate ions in propranolol hydrochloride tablets and their excipients, and to explore
their correlation with the formation of the genotoxic impurity N-nitrosopropranolol (NPPN) as
well as their sources. nitrosopropranolol (NPPN) as well as their sources. Methods The separation
was performed on a Dionex IonPac™ AS11-HC RFIC™ anion analytical column (250 mm X 4.0 mm,
9 pm) with a matching AG11-HC RFIC ™ guard column (50 mm X 4.0 mm). The column
temperature was maintained at 35 °C, and the conductivity detector cell temperature was set at

40 “C. The flow rate was 0.8 mL/min, and the injection volume was 100 pL. Gradient elution was
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carried out using potassium hydroxide solution as the mobile phase, which was generated online by an eluent
generator. Results The calibration curves for nitrite and nitrate showed good linearity in the range of 10.00-
500.00 ng/mL, with correlation coefficients greater than 0.999 6. The average recoveries were 97.8% and 98.0%
for nitrite and nitrate, respectively, with corresponding RSD values of 1.3% and 0.8% (n=9). The limits of
detection and limits of quantification were 3.00 ng/mL and 10.00 ng/mL for both analytes, respectively. The
target ions were detected in both tablet and excipient samples with different NPPN contents. Correlation analysis
revealed a significant positive correlation between NPPN content and the levels of nitrite and nitrate ions (P <
0.05), and the ionic residues were all traced back to the excipients used in the formulation. Conclusion The
developed method exhibits high sensitivity and strong specificity, and is suitable for the determination of nitrite
and nitrate in tablets and excipients. The formation of NPPN is directly associated with residual nitrite and

nitrate in the excipients. These findings provide important experimental evidence and theoretical reference for

establishing quality control strategies for NPPN impurity in the formulation.

[Keywords] Propranolol hydrochloride tablets; N-nitrosopropranolol; Correlation analysis; Nitrite;

Nitrate; SPE-IC
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Figure 1. Reaction equation for the formation of N—nitrosamine impurities in pharmaceuticals
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[fi] AH A% JORE X 18 3 28 [ Dionex 24 7] 3 Milli Q
1Q7000 #! i 2 /K A% (78 [# Millipore 23 A ) ;
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Figure 2. Typical chromatograms of specificity for the
determination of NO,”5 NO,™ by SPE-IC
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Table 1. Regression equations and linear ranges

e SR , P
(ng/mlL)

NO," ¥=9.738x107*X-1.157x10°  1.0000  10.00~500.00

NOs~ Y=7.452x107*X+3.168x10°  0.999 6  10.00~500.00

2.3.3 E = fRAAam ik

FEwm L “2.2.47 TR IRA XTSI,
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LR R 10 A0 3 31 REBR ARSI PR . 4%
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A HER S A TR VR 1.0 mg/kgo
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F2 BEFEWHBEZZ/RFFNO, ENO, 28 (n=3)
Table 2. Contents of NO,”5 NO;™ in propranolol hydrochloride tablets from various manufacturing enterprises (n=3)

Al iz A7 H NPPN &t (ppm) NO, & i (mg/kg) NOs %t (mgkg)
FAll 240201 2024-02-01 0.18 EN AN 20.52
230106 2023-01-30 1.42 AR 20.64
230509 2023-05-23 0.43 ke 2227
Al E221215 2022-12-14 2.07 1.19 0.80
E240212 2024-02-25 0.65 A 0.36
£231228 2023-12-19 1.29 1.21 0.29
Bk 2401039 2024-01-29 1.97 0.0 0.04
2402005 2024-02-28 1.19 1.38 0.04
2402004 2024-03-16 0.57 A H 0.28
Efllk D230802 2023-08-15 1.17 1.95 1.40
D230905 2023-09-13 0.91 EN oA EN oA
D230906 2023-09-14 1.46 Kk 1.89
GAml 60048438 2024-01-08 3.25 ke 0.47
(S HHRn) 60048437 2024-01-11 3.08 1.04 il
60048566 2024-02-05 1.51 1.24 1.18
CAxll 20221003 2022-10-09 0.72 2.75 Ak th
20230106 2023-01-29 1.58 1.98 0.75
20230610 2023-06-25 0.25 HAG 0.26
DAk 2111007 * 2021-11-24 14.07 1.99 22.04
2206005 2022-06-11 10.44 2.67 5.71
2402002 * 2024-02-23 1.41 2.46 49.40

e R FRER/ANT 0.3 mg/kg ppm. H T2 —
#3 BEFLWEHAHANO, ENO, BFEE (n=3)
Table 3. Contents of NO,”5 NO," in excipients from various manufacturing enterprises (n=3)

PR £ it NO: &% & (mgkg) NO; &5 (mgkg)
DAl FRNH L4 % 2303-075 0.40 3.84
IR A 55 2311015B4 FN oA 472
R 240166 FN oA 3.97
FRTER 20240111 A 13.73
T 232401 0.52 1.18
Ak H e F44a240401 Fepr FeAs
Wi F74240301 A EN oA
T i F21a240301 0.30 A
R F64a240302 ke 0.70
CAanlk H- 8 e 30230737 EN oA KA
RN AT 4 28 NCC-0341 EN oA 1.62
RYEHI K30 (240218008 A EN oA
fif fiii 20231113 0.27 0.91
TR B 240161 0.28 2.90
Bk IARE-1 LF2304061 0.80 0.70
-2 LF23110602 0.69 3.79
IRAHIR-1 — A 0.84
IRAHTR-2 — A EN oA
IRAHIR-3 — A H EN oA
FAmlk FKTER D230601 0.73 39.63
BRIRES 230519 EN oA 3.48
TR Rk 230321 EN o 3.96
o R FREE/NT 03 mgke; “— FRTHLS .

https://yxqy.whuznhmedj.com



1354
16
FAll,
14+ Aflk ]
[ Bk
12 Eflk
~ e
glo— [ il
- b
o gl
41
Z
s er
4k
[~ m
S B B =

0 I )
Fanl  Afil - Bl Efll Gfinle Cfnl DAk

B3 REE i 7 s NPPN &4 R e fE = B
Figure 3. Box plot of NPPN detection results in tablets

from different manufacturers

A 3r-
T
Lo l
"
&
=
=) 1 -
z L B
0
cinle Gk DAk Bl Btk Faisdll Aflk
(Z LR
B 50
40 - ‘
T30 -
&
£
) L u &
S 20
10 J

0 - = : =
Cinlk Gl DAk Bl Bl Fainll Afilk
(SR

B4 REE=SLFEFIFNO, ENO, EERBEXE
Figure 4. Box plots of NO,”5 NO,™ determination

results in tablets from different generic manufacturers
E: A.NOy; B.NOs,
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HABLE VR

XFFr 7l FR NPPN A 5 NO,™, NOs &[]
47 Pearson HHOCHE AT, HINPPN, NO, . NOs &%
i3S PP Z B AR R R (T15) R,
NO»~HI NPPN Z [ f 75 . % IEAH G (P < 0.05),
Pearson HIJC R0 0.434 (64); 1 NOsFI NPPN
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Table 4. Pearson correlation coefficient table of three
variables (NPPN, NO,™ and NO;")

4N AHIRAE NPPN NO: NOs
NPPN  Pearson A1k 1.000 0.434" 0.163
wEE ) 0.049 0.480
SRS SR 235.664 30.548 142.948
Wi 2 11.783 1.527 7.147
MEEL 21 21 21
NO,~  Pearson fHF1E 0.434" 1 0.181
wEE ) 0.049 0.433
SRS SRR 30.548 21.048 47.378
UES 1.527 1.052 2.369
M2 21 21 21
NOs~ Pearson #51: 0.163 0.181 1.000
BFEE ) 0.48 0.433
ST A SR 142.948 47378  3262.624
s 2 7.147 2.369 163.131
AN 21 21 21

T FORTE0.05 KT CRUE) ARG,

A NPPN YRR, NOs AR RIRENEK,

FESEATAF e 4 o KBS DA I, 3 TA
AP ) A BT B 3N ER . WA AR . N
FRPE S5 o LA PEAG Pk v S i Ak 3200 A R U5
AL EEIRL  ERIRNRT . B A K
R P B 90T . AR TT DL R B AR A5 T
HEATIEAL U RS E AT, N T B
PRI IR , XA A = Al B AR 35 43 JsURL A
PR B NOY 5 NOs AT, SRRk R a8k
NO> 5 NOs~, T4k P& B A E & ER N0 5
NOs~, VLB NO, 5 NOs FEZ kG AL
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X5 AR A AR A R EA TR I, 25 R
INEKTER . WRE . RERERRN R A GE R PG T
AR NO 5 NOs™; FiRh R I NO, 5 NOs™
SR NPPN ) R 2 2 HE R KA HTRHRS
IR A b 5] ANO, KU AT 5 UAFAE
WESFR AR, FORTER PR B I NOs &
YE R AS AR, fEUE RS T N A i NPPN 5
AR TR AR NO, 5 NOS 5% B8 25 Sk

3 it

3.1 BEIREEAEMMRAL
3.1.1 MRAFHLF

R 220K K B R R R T A R, B R
D pessm T, DIIARRE B B R 5 R 5
RHEL, FREEREIIKET, PR B ERI LIS,
FHASSRET (C1) ST, FrEtEd/h
T AT R R . AR EEET 5. 10,
20 3 IRFERDKCOE, A5G EaEIE . . R
U A e I TER BN, SG550ER, PRk
F10 7 (ZAY TR Z59% /K 100 mg) B 45001
=it
3.1.2  BABFREAAA

K 50 mL LA HATHREL, KB 10 mL
EETIK, WHERS 10 min, RFE 10 min, B0
O3 E BTG EIEBURYGE SH-C ot . SH-Ag #E
Feiks o TRES R T EEIE , SR SH-C g
BRI EMr . CUE s, fii ] SH-Ag
HABRCl, At &1 CIH4E NO. 5 NOs (1
SE o XTI ERS AT U4, WRIE S min B FE 5
PRI IS e 22 R, S I E A [E] % 10 min
Jei, RIS 100% ot TRaE
3.2 @iEFEHMRK
321 &GS KRR LF

& ] ThermoDionexIonPac AS11 BB A2 #u
BEAE (250 mm X 4.0 mm, 9 pm), FEACAGIL {4
PriE (50 mm x 4.0 mm), £%F NO2™5 NOs 4
BREME, XTI S T A A (KOH) 3l (5~
30 mmol/L) Ff B ¥k i 5 Wk R 44 — i TR & #
(Na,CO;-NaHCO,) JRAWBER . Na,CO;-NaHCO,
KRR P 2 R PO R I 3T, /T LS,
HAFAERRTH0; KOH BEEPEE ([ “2.17” 10
TSI, 5.0~18.0 min KOH ¥ ¥ Hi 5 mmol/L
ZRAPETHEE 20 mmol/L, NO, 5 NO; /B KT 3.0,
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HA W& B[R] 43591 A 14.2 min F119.6 min, JCHi R} 5
FRUE R CUAg 3, HILZLMESIL, H&ike
KOH B FEPRMIRI, IR Fh bk & AR AR TR LR
P, T B EL I R AR 2E
3.2.2 ik apd] B AL

T %%20.8~1.2 mL/min, FPHI7EEHLIT %50 ~
100 mA. ¥ 1.0 mL/minff, NO; -5 NO;IEEXTFR,
FERARETE 12 MPa LA 5 #1025 FEL I 1% 50 mA
Bf, RS <5 us/em, BHARE NS, H
FELL RS < 0.1 psfem, R EREOR . HI, it
BB TRIE N 1.0 mL/min, 2850 50 mA .
3.2.3 Arimagfial

LIR30, 35, 40 CXRHR EA i ] 5 a8 B bk
SR, BEIREE T, DR EA I ] A BT i a, B
3B AL AN K s 35 CCIER B I ] B9 RSD <
0.5%, FLRGEMERAS, BOESAHE M35 C.
324 H#AFFHRF

H FREM N0, 5 NOs 2 IR K, XY
w RBUE A RGSER . 38 Y A R TR T
R R AR, HHERE S RN 5 5| & ik it 2k,
TR . CIHIESE (i e s, dfm T
e HERTE ) o B Sl e . LTIk, A
FHEET 50, 80, 100, 200 wl 4 FpARIBERERE,
AT EROR . VETEXRTRRYE | W AR O e e A
SR TZR AR . S5 RI, MibRER
100 pLE, i se | etk RAr, HeEs
AR R R, HELCPRR . MEEOTHIR, A
o R A 5 o B R . NO, 5 NOS /Y
K HBR 2353 0.3 mg/kg, EmBRA 1.0 mg/kg, BLAE
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