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Abstract: During the development and analysis of low-concentration epinephrine injections, two unreported
trace impurities (impurity H and impurity M) have been newly identified. Their analysis and identification were
particularly difficult due to their low content, poor stability, and difficult separation in some cases. For impurity H
with short retentiontime, poor separation, low content and poor stability, a two-dimensional liquid chromatography-
tandem mass spectrometry (2DLC-MS/MS) with column switching technique was employed. This enabled on-line
separation, desalination and structure characterization. In contrast, impurity M which exhibits better separability
and stability, was isolated and prepared through enrichment and concentration processes. Its structure was then
identified using techniques such as liquid chromatography-high resolution mass spectrometry (LC-HRMS) and
NMR, enabling the acquisition of more comprehensive structural information. Experimental results showed that
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impurity H achieved effective separation in the first-dimensional chromatography and successful on-line desalination

and fraction cutting in the second-dimensional chromatography. Its potential chemical structure was deduced

through multi-stage mass spectrometry data analysis. For impurity M, efficient enrichment and concentration were

accomplished; its structure was further confirmed by combining molecular weight and fragment information from
LC-HRMS with spectral data from NMR. This study compared the performance of 2DLC-MS/MS with column
switching technology with the traditional impurity concentration and identification technology. The experimental

results not only provide a valuable strategy for analyzing and identifying trace impurities in complex matrix

samples, but also offer an effective analytical tool for the quality control of trace impurities in low concentration

epinephrine injections.

Key words: epinephrine injection; trace impurity; structure identification; 2DLC-MS/MS; toxicity assessment

24 ity A A o A B R R R I A A i R B
A A AE 22 PR 2 W 202, 45 R il ok 2 4 WU
A& AT R A AR 2 KR B EL 24 (active pharmaceutical
ingredients, API). 5 &l SRR F1 4% 51, L2 7= A 1 4% i
(an 7% BV R BB N B B < R L PR A 2 T A
SO, A T 1 5 R HEAT 45 T WRAIE, R SRR EAT A
J&, AR i o R i

5 _FJif & (epinephrine, 1) J& T JL A B 1% 35 24
Y, AR, BT O A R 5 R RS, X
AT e BT mgmL S ERR RS, HTLER
0.1 mg-mL" S 1B F IR E TSR, E 25 B EEAR,
I PR FE A, HAT T 78 R WK FE W B SRR SR
5 v VAR E B U R ST R B AR SRR, X0 T )
Fres et 7 E kAL

A il E R BTN DDA RIE ) A BT (R 1) BEE
FMRFRIBF (8 R R ) BB (EHE IR
BRI C (B R ST S BRI AR E T
AIFF 58 D3 380 P A S 18 49 K B oA DL i 8 o A R
Jiz, 73l fim 44 N A BT H K2R i Mo AN 2% o1 #5 I T Tl
BRI, B TSR ALE R B 8 2 A,

H OH

HO LR
HO

Epinephri
pinephrine -

H
| OH HO N

~
0 NH,
Ho¥ Ho
"0 SOzH

Impurity H Impurity M

Figure 1 Structure of epinephrine, impurity H, and impurity M
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Table 1 Summary of specific impurities in epinephrine injection. API: Active pharmaceutical ingredient

Known specific impurity Structure Source Recorded in Pharmacopoeia
F HOsS H Reaction product of API and sodium Chinese Pharmacopoeia,
HODAN‘CHa pyrosulfite British Pharmacopoeia,
HO: United States Pharmacopeia
B H OH By-products in the synthesis process Chinese Pharmacopoeia,
HOD/Q/NHZ of API British Pharmacopoeia,
HO United States Pharmacopeia
C o By-products in the synthesis process Chinese Pharmacopoeia,
HOﬁN\CHs of API British Pharmacopoeia,
HO United States Pharmacopeia
D Intermediates for the synthesis of API British Pharmacopoeia,
H OH (© United States Pharmacopeia
HOD/‘Q/N\ =
HO’
E The starting material for the synthesis British Pharmacopoeia,
o (© of API United States Pharmacopeia
Ho:ﬂj)k/N\CH3
HO
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Figure 2 Column switching 2DLC-MS analysis system diagram
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Figure 3 Chromatogram of impurity H. A: Retention time of
high performance liquid chromatography (HPLC); B: One-dimen-
sional HPLC; C: 2DHPLC. 1: Impurity H; 2: Impurity F; a: Test

solution; b: Blank solution
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Figure 4 Related pictures of impurity H. A: Ion chromatogram and mass spectrum under 2DLC-MS/MS (ESI"); B: Ton chromatogram and

mass spectrum under 2DLC-MS/MS (ESI); C: Possible fragmentation pathway in the mass spectrometry



o RSE (RIREZE EARER TR S R R A% R R LS R T - 573 -

TFA-ACN R B AR AR 2, #EAT SO Gl i) 2%, Wi gk H b
WV oy, VR o i GRS I L A O 98.11%, 1
R B G P SA TR o SR R B A WA b E 2 R
B, SRR AE A AR, F D,0 ik 5 I 2 A%,
Je i I R AL 5 90.38% .

22 B FEACRA HBEE (heated electrospray ioniza-
tion, HESI) AT B 447, 75 1E 8150 7 —2H MS
A, B T8 T MAH] D miz 26411, THE
H o308 CHNO,S (IM+H] # iR {H : m/z 264.05).
5B HIRE R B T miz 245.97.168.85 2% J5i i 4] Jo
B TR T BE R AT 43 Sl W B SBLC s

23 'HNMR 'HNMRZRuE 5D s, i E
WHE R W R, 6,0 7.30 (s, 1H), 7.10 (d, 2H), 5.7 (m,
1H), 3.1 (m, 2H), 2.69 (s, 3H). 2T NMR ¥, 454 LC-
HRMS F3 #r 82 (1 18 431 o & R i A5 5, 7T B IR 2% ot
M S 254 (B 1), 4 7 508 CH,,NOS, 7T i &
N263.11.

wie

%)% H (C,H,,NO,S)-F (C,H,,NO,S).M (C,H,,NO,S)
43R K5 B R 18] 43 5310 2924 0.096.,.0.102,0.140, 3 /> 24 i
TR B I TRIAH I (] 6), P AN AR 0 2% o 2E AT S o [l o v
3 AT 2% 5 F P, 33K T 42 1 00 B % o 1L 5 44
M I J: it 45 44 55 2% 5t F AR AAPE R T R

F4F H 5 250447 F (C,H,,NO,S) 548, 4% &

A 1400
1200+
1000+

800
]

é 600

400 1

200 1

0.930
1.241

0

-200

0 2 4 6 8 10
Time / min
HO,

OH /H
TSy

C

CoH1sNOGS*
Exact mass: 264.5 oH

s 0H
HO, ﬁ\ HO, NH{ CoH,;,NOSS*
_ Exact mass: 264.04
H H
,H O,H |<?/ ! l

C;H;0s8"

350,
3001
2501
2004 Epinephrine
:?{ 150 Impurity F
& 100} )
Impurity H
50 Impurity M
04
0 5 10 15 20 25 30
Time / min
Figure 6 HPLC chromatogram of impurities in epinephrine
injection
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Figure 5 Related pictures of impurity M. A: Retention time of HPLC chromatogram; B: Mass spectrum; C: Possible fragmentation

pathway in the mass spectrometry; D: Hydrogen spectrum
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Figure 7 The formation mechanism of impurities and the change trend of impurity content under different factors. A: The formation
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