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Introduction of 22 Chemical Drugs Applied for Clinical Trials for the Treatment of COVID-19 in China
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Design of Solid-liquid Analysis and Activity assay
derivatives synthesis purification
*aromatic amino «solid-phase *RP-HPLC
acids peptide analysis
* positively synthesis *RP-HPLC
charged polar « synthesis of purification
amino acids echinocandin B *mass spectrometry
+ fatty acids derivatives

«antifungal
activity

*hemolytic
toxicity

« water solubility

Compound 13, ECBN-D-2-Nal-Dab-C;,, was recommended as a candidate for further research and
development because of its good antifungal activity, low hemolytic toxicity and high water solubility
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levofloxacin hemihydrate

An improved synthetic process of levofloxacin hemihydrate was reported. This process
solved the problems of large residual amounts of high-boiling solvents in target product
and large amounts of low-boiling solvents used in levofloxacin hemihydrate preparation
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In order to control the quality of the bulk drug and preparation of sotalol hydrochloride, five related substances
including one novel impurity of sotalol hydrochloride were prepared and their structures were confirmed.




concentration of CuSO4-5H;0 ] [ basic medium iti ] [The imized process was predi through]

\ / models.

Problems of original culture conditions, The effects of five culture parameters
low protein yield and high lactic acid were evaluated with antibod P ield and The culture parameters were optimized by
level before harvest might lead to vy the central composite design experiment.

final concentration of lactic acid as the

/ indexes by full factorial design. \
- models based

Lculture duration } [initial viable cell density ] shift temperature viable on the antibody yield and
cell density lactic acid concentration were

process failure.

The experimental results were as follow:
antibody production up to 5.3 g/L and
lactic acid levels were signifi reduced

The optimized process was then verified
through cell culture.
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in vitro release test
Exelon® patch 2
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human follicle stimulating hormone (hFSH)
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sialidase
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irbesartan
preparations GC-MS/MS ;

Peaks: 1. N-nitrosodimethylamine; 2. N-nitrosomethylethylamine; 3. N-nitrosodiethylamine;
4. N-nitrosodi-n-propylamine; 5. N-nitrosodi-n-butylamine; 6. N-nitrosopiperidine;

7. N-nitrosomorpholine; 8. N-nitrosodiphenylamine; 9. N-nitrosodimethylamine-ds;

10. N-nitrosodi-n-propylamine-dis; 11. N-nitrosodibenzylamine

Total lon Chromatograms of N-Nitrosamine Standards (above) and Sample Solution (below)
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JEDUDIBHIFI R N- L RHAR R EE S 128 GC-MS/MS i 7E

@A, b, & /Y, mke, £ g
(1. K20, B 201203; 2. Bifgii& g fseir, Eilg 201203;
3. [ 5K 24 i B B R A 2 R R B 4 BT S SR, B 201203)

W . r 1 )E DL 9 Pl N- Vi i R 55 1 2% o i AURE €S R I = S DUARAT T 1 (GC-MS/MS) Kl 77 i,
H VE-WAXms BAE (ISR (0.25 mm*30 mx0.5 um) %f 5251 N- WAL G770 55 . 45 R 9 B N- SERS AL &4
FEFTIR BV N2 S R R, ERMR N 0.3 ~ 78.3 ng/ml, AR 0.1 ~ 20.6 ng/ml. “FEIINFEEUTZE A 81.43% ~
123.2%, RSD < 7.80% (n=3) . ¥4 = N A TR e Jb s, K N- A = 2 N- A A N- T4
BT . N- DR 3E T Z B YE R Dy 0.11 ~ 0.54 pg/g, N- RS A G F N 0.16 ~ 0.17 pg/g, N- WAlHE =2 %
K yE Y 0.11 ~ 1.95 uglge Pl ik REEE = (EEELS, ] [ e o DU G e 9 i N- A e A i, yH s
BEHRMIESE .

FKBEIR) « N-MLAHE < JE VLD IHHIR] o BRI ARG ¢ SOl B I

hESHE: TQ460.72; 0657.63 NERFR=ERS: A XEHS: 1001-8255(2020) 06-0759-06

DOI: 10.16522/j.cnki.cjph.2020.06.014

Simultaneous Determination of Genotoxic N-Nitrosamine Impurities in Irbesartan
Preparations by GC-MS/MS

GE Yugqi"*’, YE Xiaoxia™’, LE Jian™’, YANG Yongjian™’, WANG Yan*
(1. School of Pharmacy, Fudan University, Shanghai 201203, 2. Shanghai Institute for Food and Drug Control, Shanghai 201203,
3. Key Lab. for Quality Analysis of Chemical Drug Preparations, National Medical Products Administration, Shanghai 201203)

ABSTRACT: A GC-MS/MS method was established for the determination of nine genotoxic N-nitrosamine
impurities in irbesartan preparations. The separation of a series of N-nitrosamines was performed on a VF-WAXms
capillary column(0.25 mmx=30 mx0.5 pm). The results showed that nine N-nitrosamines were linear in the test
concentration ranges. The quantification limits of nine N-nitrosamines were 0.3 - 78.3 ng/ml and the detection limits
were 0.1 - 20.6 ng/ml. The average recoveries of nine N-nitrosamines were between 81.43% and 123.2%, with
RSDs (n=3) no more than 7.80%. The proposed method was applied to investigate different irbesartan preparations, and
N-nitrosodiethylamine was detected in the range of 0.11 - 0.54 pg/g, N-nitrosomorpholine was detected in the range of
0.16 - 0.17 pg/g, N-nitrosodiphenylamine was detected in the range of 0.11 - 1.95 ng/g. This method has good sensitivity
and high accuracy, and it is suitable for the simultaneous determination of nine N-nitrosamines in irbesartan preparations,
which provides a reliable method for the quality control of the drug.

Key Words: N-nitrosamine; irbesartan preparation; genotoxic impurity; GC-MS/MS
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VL L 2,3 % (N-nitrosomethylethylamine, 2) .
N- W43 — 2% (N-nitrosodiethylamine, 3). N-
RS A% (N-nitrosodi-n-propylamine, 4). N-
VRE3E T % (N-nitrosodi-n-butylamine, 5). N-
WA4FENRIE (N-nitrosopiperidine, 6). N- WAk
Mk (N-nitrosomorpholine, 7). N- WAHHE K%
(N-nitrosodiphenylamine, 8) 5% Ffh N- IV Z54k,
&,

o I 2 — PG PR LAt e, H A s i
BRI T B SE H  FRA  24 0 A R (K i, 9%
BXhG. . BEEE s, BrabEsh kst
IR RAER I, @ybIH, e UYbHE PR
B oK vb HH 25 1 W G R B B I 264 BT, 2018 4
7 H, WL 2 A IR A B B AR AR H AR
SyD IR R 2k T SRR R R B 1, B SRR R

B AR LE B RE i 245 b A= 7= 1) O DLV bR R R 2, &
YW OB 25 v 3 SR e 1 3 F N- LA 2E -N- F
B -4- TR, AL, 2GR K N- AR SR
FERIFRPEZR B 7ok B SRS, IERTRESR B T4
FEFEANZG SRR T R Bk s L
B, I H A HFERKI. BORAIE AR 2k
W, 25 2 A ] v B OV VD R A Y ) 1 A
PEo thEZGZE 2y, SEE FDAL BRIMZ o i &
#J5 (EDQM) 434 kA GC-MS/MS. LC-MS/MS
S5 2 Pk 7 vk DA e vb R R 2 1, 3 56 N-
PN L85 7. EDQM Tt HXf bR A
T N- TE A 4 43 I A AR B AR, JF R T
3 FpE N- VAH LT R B AR J i . R 1
S WNARIER A Gl i L W U e A
T T S A R o R A VA e DL b 3H TR
2R 1 A0 310, (EURINI A 44 5 R S b

D4 T s I s DL b 3 ) 55 v AT BE AR AE I N- WE
MR EE R B A BT, A6 DA N- WA — W -
dg (N-nitrosodimethylamine-d;, 9) il N- MLASFE 14
[l -d,, (N-nitrosodi-n-propylamine-d,,, 10) JNN¥x,
LT Ny EEF 1L 20 3. 4. 5, 6. 7. 8.
N- WAHFE 5% (N-nitrosodibenzylamine, 11)9 Ffi
WL N- VA R R DR 3 4 2% 5 (1) GC-MS/MS far
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W77, FE¥ FRH T e DUyb 38 i) 57 i N-
L REHE S R B P 28 I o
1 UE5RHH

7890 RIS AHAIEL . T000A F = 5 PUNZHFT 5T K I 3
(£ Agilent A7) ) ; BP211D AUfE% KF (##[H Sartorius
NCIDI

1xF R (2 100%, b5 218061274) . 2 X HE 5
(475 100%, b5 218071088) ¥4I T25 [ AccuStandard
AN 3NN (4fE 99.0%, 5 L190S26) . 4 X[
(207 99.0%, #t5 G133155) . 5 4FHEsh (4ifF 99.4%, it
5 G135577) 6 i (Z4BPE 100%, #5 171236ME) .
7% MR (A 99.9%, #E'5 107501) 8 Xf /& (45
98.1%, #t5 132388) ¥ T4E[E Dr. Ehrenstorfer A ; 9
XA (4IFE 100%, #itS CDGG-116935-01) . 10 X[ 4
(4% 100%, #1t'5 CDGG-116940-01) 0625 [H o02si /A7
1M (bRt E RBRHEA R AR, 4% 98.0%, fits
LVAORS1) ; fEH B 45)E Nyb3a - (Bl 150 mg) « BT
WIS EUT (B 150 mg. 75 mg) \ J& DUVbHH A SR Fr (R
#% 150 mg) . JE VAN HUT (UFE 150 mg) . B
TUYDIHRHE (RS 150 mg) « B ULVbIH AU MERR IR 3 (AR
150 mg) , Hrh 3 Fh & 75 il v A SUER & 5 20 12.5 mg.
2 HEEER
2.1 ik R s kA
2.1.1 g%t

¢4 VE-WAXms B4 (0.25 mmx30 mx
0.5 pm) : HA, WA, [HE 127.55 kPa ; &Z 2
T Hi, 50 C4## 1 min, BL 15°C /min J+ % 130 C,
f54#F 2 min, BPL20 C/min J} £ 250 C, fi#+F
10 min) ; SAF OB E 230 C ; #4481 ul; 84
®JE 280 C.
2.1.2 JRiG &M

BT R HT&TEE TR (electron impact ion
source, EI) ; A 3ER 4 min; El®/& 70 eV ; 5
FTREE 230 C; AEF XN ZMNEN (multiple
reaction monitor, MRM) ##z, ZH 3% 1.
2.2 IR
2.2.1 5% FE A AR T A 1

M AT & K B A9 R 10 X R 5O =
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% 1 GC-MS/MS ) MRM &R 5%
Tab.1 MRM Parameters of GC-MS/MS

N E BB TR TEPE TN
P R e ey (RS ReV)
1 6.5 mlz 74—m/z 44 (10) m/z T4—m/z 42 (30)
9 6.5 m/z 80—m/z 50 (5) m/z 80—m/z 46 (20)
2 7.0 mlz 88—m/z 71 (5) m/z 88—m/z 42 (20)
3 7.2 m/z 102—m/z 85 (5) m/z 102—m/z 29 (5)
10 9.1 mlz 144—m/z 126 (0) mlz 144—m/z 50 (10)
4 9.2 m/z 10—m/z 43 (5) m/z 130—m/z 113 (0)
5 11.2 m/z 116—m/z 99 (5) m/z 116—m/z 74 (15)
6 11.6 m/z 114—m/z 84 (10) m/z 114—m/z 41 (15)
7 12.3 m/z 116—m/z 86 (0) m/z 116—m/z 56 (10)
8 17.8 mlz 168—miz 167 (5)  miz 168—m/z 166 (30)
1 234 mlz 91—miz 65 (15) m/z 91—mlz 39 (30)

HIF— 10 ml &, HITWEEER,

w21, AFN 9.

10 AR (2 pg/ml) .

MATER « FEE I 9 WERIZ & 10 PARIE:
FOE R, BH— 100 ml =S, F RS, #5,
YE RN ANARIETR (9 40 ng/ml, 10 60 ng/ml) .

F I RE AR . BRI, 2. 3. 4, 5,
6. 7. 8. 11 XM Fid &, MBEMAN 9 WIS
(2 pg/ml) . 10 WARIE & (2 pg/ml) &, b EE
WRIE e EMBERIRESN S, 10, 20, 50, 100,
150, 200 ng/ml [f] R AR EZLMEEWR, HAE 1 mlH
%1% 940 ng, 10 60 ng, RIREDGLRTF

1. 2. 3L 9 NNARIEAT IR HoAh b &4 LA
10 bR AT IR 5
2.2.2 AR T VR TC )

eI 10 B, f%RE, Hhdl. R
FREU4IAr & = (290 24T B YRR 24 200 mg) ,
FEEMANNFEER2ml. BFS5minf5, &L
(16 162xg) 5 min, HEJHRIE AR MER . AT
H14% 2 rsE . JEULVB B L JE ULy A
W JO DL I SRR A U [FVE AL 3

BT DUPD I IR BE N 590 10 BL, FEZFRE. K
ERIRENEFYE R (L4 T)E b R R 2
200 mg) , [\ E4RAE, SPATHIA 2 O phal s s el .
JG U 10 0 S o i T RV A 3
2.3 PR R R

B “2.2.17 TR R 51U BE 26 PR W 53 ol
FE, O 0OREE (100 ng/ml 2 1 VA 1 1418 B L 1]
1A) o A% N- MEAH AL AT R i 5 P bRk FE LU A

(x) AREALKR, & N- TAH LA AP0 I 5 bR g
ARG () NP APRBEAT VRN, PS4t
W2, fENETEEN, & N- Wi &mErt
KARE

220170 N AW (100 ng/ml) Bk,
BRI, A TE S L (S/N) R 10, 3 BRI
wRARGIIFR . Z5 R EIR 1. 2. 3. 4. 5. 6. 7. 8.
11 (R E RS 58 2.7. 0.3, 6.3, 78.3. 6.0, 0.5, 6.8,
2.2, 6.0 ng/ml, Fill B350y 1.1,0.1, 2.7, 20.6. 1.7,
0.1. 2.3. 0.65 2.5 ng/ml,

F£2 N- WREEEEMCAYMSEMEARER

Tab.2 Linearities of N-Nitrosamines

weEY L EH/ng ml ! CALwiEs
1 5.00~-200.00 »=0.595 0x-0.014 6
2 5.00~-200.00 y=0.471 4x-0.015 5
3 7.08~-283.10 $=0.024 0x-5.926 9
4 78.30~247.50 »=0.061 8x+0.013 4
5 9.84~196.81 =0.085 5x-0.002 0
6 5.00~-200.00 $=2.209 1x-0.059 3
7 11.19~225.77 1=0.233 8x-0.009 5
8 13.15~262.91 ¥=3.279 6x-0.060 7
11 5.24~209.72 »=8.305 5x-0.083 8

VE: U HITRR 1. 2. 6 W BBRALE N 100%, AR g 04
¥ <1009 , 46 o LM 0 1 g 5 B bt 5 15 008 0 225 47840 79
5y 9 P

24 REEERK

B “2.2.17 TR MR (50 ng/ml) , 4% “2.17
T a0 5 o 2% A o A, SRERIERE 6 Ik, THEIE
M) RSDe. &5 78 1. 293, 4. 5. 6. 7. 8.
11U ARR RSD 43575 0.29% . 0.39%. 0.62% .
2.01%. 0.37%. 1.70%. 1.21%. 1.33%. 2.05%,
Ut R A A % FE R o
2.5 AR

R FREUE Vb il S & (A4 T
JE UYL JERIZ5 41 200 mg) , 3L 12 4, 2> HIkE %
BN 4 AN BE (100 50, 100, 150 ng/ml) [ 1
W2 ml, %34y, % “2.2.27 TR JTiEERME,
IR RSB AR IR . 2 BIEREI S, 45 R an
K3 Fm. “FRIMFERICR N 81.43% ~ 123.2%,
RSD < 7.80% .



. 762 -

3 9 Fh M- WREBR L SRR /% (xks, n=3)
Tab.3 Recoveries in the Spiked Sample of Nine
N-nitrosamines/% (x+s, n=3)

thE £ 2 T4 & Chinese Journal of Pharmaceuticals 2020, 51 (6)

wEY 10 ng/ml 50 ng/ml 100 ng/ml 150 ng/ml
1 108.5+3.48 97.93+0.82 96.32+0.17 98.12+0.68

2 103.3+1.76 97.95+0.34 97.47+0.86 100.6+1.02

3 105.8+1.44 99.024+2.10 98.91+2.72 101.84+0.90
4" - 121.2+1.23 119.7+4.15 114.0+8.03
5 122.143.27 112.8+1.10 112.143.71 109.1+2.74

6 109.0+6.23 97.66+1.90 98.81+1.23 99.384+2.00

7 110.0£2.10 98.70+2.82 97.57+1.76 100.24+2.10

8 123.2+0.87 113.5+6.30 117.6+2.58 114.5+8.74

11 111.6+4.02 99.17+4.70 91.714£2.12 81.43£6.35

P ¢ V10 ng/ml ZKFIEAIG T 4 158 TRRR, - A oA 2 B e %

2.6 FF R E

ia F e 77 4 e JE DLyb 3 L B Db 3 i
B, LI B A EER . B
WIH S S VEE R TR, )T UV HH S SRR 2 5O AT
K. RSN, EENVHEAPREHT 3. 7, 18
J[ERVIRTS:E N i AN ENIRS S0 o O N ENLRT'S S L
R e, O DL H A SR o JO A S T 3, AE
JO L A SRR s H T 8. 3 S H i [ A
0.11 ~ 0.54 ug/g ( LI 1C), 7 Mk yERE N 0.16 ~
0.17 ng/g, 8 MIkLHIEE v 0.11 ~ 1.95 ng/g. HAih
N- ARG A S AR H
3 Wig
3.1 iR

We 1 ¥R 2 79 100 ng/ml B9 £ % &, =%
[ 24 o 2% B2 oA B 1, 34k T, e $E VE-
WAXms B ARG (0.25 mm*30.mx0.5 um) *f
THEFEFEATAL, A &A S PIREEE AN TRl Py SE
IR

N- RS R &), DB-WAX E4E
o3k (0.25 mmx30 mx0.25 um) 1 VF-WAXms &
U R (0.25 mmx30 mx0.5 um) S . K
P 19 P O 100 ng/ml 2 PEEWR,  HLBE N- TR A%
A WA 2 Fh it bE ERR RS, 45 R EoR 2
o B S BB 7 B %, {H DB-
WAX (3SR (O 1S Ik A7 4 e . VE-WAXms {43
FE S I BN AR, I BRI AL, AR
fi%, BABARME S, Btk H IR 52151

3.2 JRREAMRIIERE

BCHIIR N 30 pug/ml (15— X BR ARV, JE R
P AR (product scan) , 5% N- TEAHfi%
FALA DI IR K R R ARSI 2 S,
P VR B R S RIS A R e R AR
fBJE i MRM Z5ULE 1.

B EE N 100 ng/ml LR, 2% FDA
RAGHIRG I T ™, Lk 30, 70 eV T E T
WL, BERKNHEZESR, FHTIERA 70 eV /E
N ER R L
3.3 Awilgs Rt

W& DI B T 2 IRME 5 b & i & 2
FHIEAG, W RP 8 E R AT 1 ng/gs
Carcinogenic Potency Database (CPDB % # % ) 1)
HH AR SR 8 1) TD, {24 167 mg: (kg-d) 'Y,
KA E T AR R E SO kg BE T A2
— B RS A H AR EIRE (AI=TDx2x50x%
10°°) N 167 ug. EJE N IHAH & KA 247 &
300 mg HIIEIL R, JE DLZDHE 5 b 1 4450 8 A FZm
M#ia4. 3. 7TH&EBRKE, H CPDB 3
JE v ) B HE 2 R SR 3.7 1) TD, {43314 0.027,
0.109 mg- (kg-d) """, [EVETHE AT AIA R & 50 kg
BT 4 22— B AR A H AR N B BRAE 5 51
J90.027 F10.109 pg. 5% 8 AHEL, o UlybiH
FR 3. TR AEREE K. thoh, JEIypEA R
AL DL B R ANIR & DU ER Y, 2 i B
il A R Can SRS ER AR ) 5 e = 1 2 v 1) ol e
KPR TEES WANER AR A N FEL 3. 7. 8 44
£ Tt SO s o SA S U e D) (i Y A oE el | PO
T, REEAY) A
4 ZEip

AHFFESL T GC-MS/MS 3L 5E 9 Fh N- WAl
B A A, IS8 B ST VRS0, R BT Uy ik
ISR A B LD IE R, 4 R RS H 3 R V-
RS2 R, 4r 58 3. 7. 8. JE ILyb#H th &I
SR REAEAE 3, H 7 A8 BN K . FTEEST I
J& DLb 20 811570 2 51 N- S0 e 2% J5 kG 0 7 92 45
VEfRI(E, 45 FdE, HA RIFMMNARS, 8T
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Fig.1 GC-MS/MS Chromatograms
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