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Structural identification of the related substances in progesterone
sustained—release vaginal gel by LC-Q TOF MS
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Abstract Objective: To identify the related substances of progesterone sustained—release vaginal gel by liquid
chromatography mass spectrometry (LC—MS). Methods: The separation was carried out on YMC—Triart Cis (150 mm x
4.6 mm, 3 um) column by gradient elution using acetonitrile and water as the mobile phases. The accurate mass
and elemental composition of the parent ions and their product ions of related substances were determined by
electrospray—ionization quadrupole time—of—flight high resolution mass spectrometry (ESI Q TOF MS) at collision
energies of 5-45 eV. The structures of the related substances were identified by spectral analysis. Results: Under
the established analytical condition, progesterone and its related substances were adequately separated, and 18
major related substances were detected and identified by hyphenated techniques in progesterone sustained—-release
vaginal gel and their stressed samples. Among them, 7 were the impurities listed in the EP or previous reported,
and the others were unknown related substances identified for the first time in this paper. The established LC-MS

technique was effective for the separation and identification of the related substances of progesterone sustained—
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release vaginal gel. Conclusion: Progesterone is unstable under acid, alkaline, and high—temperature stress

conditions, and prone to produce oxidation degradants. The research results can provide a reference for the quality

control of progesterone sustained-release vaginal gel.

Keywords: progesterone sustained—release vaginal gel; steroid; stressed degradation; related substances; structural

identification; LC-MS
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Fig. 1 HPLC chromatograms of progesterone sustained—release vaginal gel and its stressed test solutions
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Tab.1 Mass balance of progesterone sustained—release vaginal gel and its stressed test solutions
IR AT (stress condition ) C/(mg+-mL™") IR AT arean/C Pkt Hf‘%-
(areaxp ) (areap ) (' mass balance ratio )
MR (none ) 5.184 211.2452 211.4899 40.80 /
R TR (dry heat ) 5.022 194.268 8 208.596 7 41.54 1.02
e TR L A (et heat ) 5.378 220.095 7 229.135 8 42.61 1.04
JEIEIRIE IR (wet photolytic ) 5.546 239.901 7 241.1876 43.49 1.07
HEIETEEBER (dry photolytic ) 5.444 211.380 4 216.878 6 39.84 0.98
ALK (oxidation ) 5.470 248.408 3 251.299 9 45.94 1.13
BBEIA (alkaline ) 4977 244.586 2 224.847 5 45.18 1.11
FRREIA (acidic ) 5.557 247.661 2 248.220 8 44.67 1.09
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Fig. 2 Chemical structures of progesterone and its related substances 1-18
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Fig. 3 MS/MS spectra of progesterone and its related substance [M+H]" ions
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Fig. 3 (continued)

®2 ENEREZRERE XY LC-Q TOF MS £E 4R
Tab. 2 Related substances identified in progesterone sustained—-release vaginal gel by LC-Q TOF MS

%' Ry 1 i GE RN " WHRET e
min 1
(code No. ) ('parent ion ) m/z ! (content ) /% (iion formula ) ( product ions ) m/z (origin )
API 315.2319 17.26 / CuHx0," 121 297.221 7,279.211 1,255.211 1,239.179 5,213.163 9,  API

173.132 2,159.116 6, 147.116 7, 133.100 9, 123.080 2,
109.064 4, 97.064 4, 79.053 6

1( CRID-6a. ) 331.2270 4.30 0.19 CH305"  0.85 313.216 4,295.206 0, 277.195 5,271.206 0, 255.174 6,  Dr
253.195 3,237.164 0,211.148 1, 197.132 6, 175.111 6,
157.100 8, 147.116 5, 133.100 8

2 329.211'1 4.60 0.07 CoH0,"  1.64 311.1999,293.189 7, 269.189 3, 253.157 9, 241.157 9 Dr

3 347.2218 4.71 0.07 CxH3047 035 315.195 5,297.185 0, 287.200 4, 229.158 6,123.079 8,  Dr
109.064 1, 97.064 1,79.053 5

4 347.2217 5.18 0.06 CH304"  0.46 287.200 8,229.158 5, 123.079 6, 109.064 1,97.064 0,  Dr
79.053 4

5(CRID-6p) 331.227 2 5.51 0.15 CxH305"  1.39 313.217 6,295.209 0,277.194 7,271.211 6,255.177 5,  Dr

253.197 9,237.167 1,211.154 1, 197.135 8, 175.115 9,
157.104 0, 147.117 7, 133.103 1

6 347.2217 5.60 0.07 CH3047  0.23 313.2159,269.189 8, 163.111 3, 145.100 5, 131.085 2,  Dr
123.080 0, 109.064 2, 97.064 1
7 347.2217 5.87 0.11 CxH3047 020 330.219 5,313.216 1,297.184 8,279.173 7,269.189 6,  Dr

261.184 7,243.174 2,227.142 7,201.163 7, 145.100 7,
123.079 8, 109.064 1, 97.064 1

8 329.2110 6.14 0.14 CaH05"  1.49 311.200 8,269.289 9, 189.090 6, 173.095 5, 159.116 3,  Dr
133.100 5

9 3472217 6.64 0.05 CH304"  0.58 330.219 1,215.195 2,297.185 0, 269.191 2, 145.100 4,  Dr
123.079 4, 109.064 1, 97.064 1

10 287.204 1 7.67 0.14 CaoH3,0" 1.81 269.189 6,251.179 0,229.258 1,211.147 9,185.131 8,  Dr

173,131 9, 159.116 3, 145.100 7, 123.079 6, 109.064 1,
97.064 0,79.053 4

11 ( CRID-6Keto ) 329.211 1 8.38 0.57 C2iH05"  0.18 311.200 8,293.190 6, 269190 5,253.158 8,251.179 7,  Dr
209.132 6, 173.096 0, 159.116 5, 145.101 0, 133.101 0

12 347.2217 8.59 0.08 CxH304°  0.61 2872004, 269,189 5,123,119 3, 109.064 2, 97.064 1 Dr

13(EP-B) 317.2477 10.70 0.05 CH30,"  0.60 299.237 2,281.226 8,273.221 5,255.210 9,241.1959, Pr

177.127 3,159.116 6, 147.116 5, 133.100 9, 123.080 2,
109.064 4, 97.064 3, 79.053 6

14 389.269 7 12.19 1.19 CaH3,04° 272 315.231 1,297.221 0,201.163 1, 189.163 0, 117.053 9,  Dr
109.064 0, 97.063 9
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®2(4)
5% AT  am | mrt WA ET I
(code No. ) ( parent ion ) m/z tu/min (content ) /% (ion formula ) bif ( product ions ) m/z (origin )
15 389.269 7 12.45 0.28 CyH3,04"°  2.62 315.231 4,297.220 9,201.163 2, 189.163 2, 117.053 9,  Dr
109.064 0, 97.064 0
16(EP-H) 313.2162 14.23 0.22 CyHp0,"  0.83 295.206 1,255.174 5,211.148 0, 175.111 6, 159.116 6,  Pr/Dr
147.080 1, 133.100 9
17 (EP-C) 317.2477 16.31 0.06 CyH50,"  0.66 299.237 2,281.226 7,273.221 4,255.211 0,241.1959, Dr
177.127 2,159.116 6, 147.116 5, 133.100 8, 123.080 1,
109.064 4, 97.064 3, 79.053 6
18 (EP-M ) 315.2320 18.45 6.15 CH30," 041 297.224 9,279.214 1,255.213 3,239.182 2,213.166 2,  Dr

173.134 3, 159.118 4, 147.118 3, 133.102 5,
109.065 8

123.081 7,

 (note ) : Dif. WA BT 3 2 7 5 4

( degradation related substance )

3.3 CHIA YRR
30 S YA 3 A S B M, -5 T R R
X HE S R 45 BRI KW R 4540 . S5 5R R 5 X8
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mlz279.210 8
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B4 EEW [M+H] BFHRIEREEE
Fig. 4 Progesterone [M+H]" ion MS/MS fragmentation pathways

XoF B A ) R 45 2 A D) o P — SR o i 5 1
YRR A7 LU R T AR R A SRR AR
Br, LA R A (] 4 ), & B AR 1 C 046 X9
Ji MS/MS Z4ff RN T

D #AHR  EP-B ., EP-C Fll EP-M, fb2#4544 | A
WA B IR SE A — 3, )7 A m/z 79.97.109., 123,
133,147 159 BEAES T

@ R EP-M Z544 I 3 0 F1 20 (7 45A 14

L mlz2252107

m/z173.132'5

(:IZHIS+
mlz 159.116 9

%22 (MS difference as parts per millium ) ; Pr: T A X ( process related substance )5 Dr: FEfEA W) i

JFi1.5.11.13.16.17 .18 7355 B HIZRJF 60— F2 24
fili . 6B- 2 2 . 6Keto— T &l . EP-B . EP-H . EP-C
1 EP-M BOZERFH R o

L)
O

CigHar*
mlz213.163 8

C 19H272+ C ]EiHZfSJr

m/z239.179 5

CH;
CllHlS+
miz 147.116 9

C13Hl7+ C]UH]3+

m/z 133.101 2

+
CH3 CH; cH
SO S D
H,0 HO *

CxHHO+
mlz 123.080 5

CeHoO"
m/z97.064 8

CﬁH7+
m/z79.054 3

P EP-B L EP-C 85819 3 7 A 1M 3k, 20 fir
A VAR WA B R 18 Fil 36 YRR AR
RET B FESL T 2 44T H0.

@) R FI EP-M . 60— 35 22 i . 6B— ¥ 27 [ |
6Keto— B AR 20 v A BRIL, H 2 A~y (v L3A
H 5,53 % k4= McLafferty FHE

@ &R K A O TR T 3 5 IR o, B-
ANUFIERZERE , G e S0 v 2k 2 TR ( CHa=C=0 ),

RO



142

G S

=+

VAR

Chin J Pharm Anal 2025,45(1) ‘ J PA y

& AR S A W T 685 AR B B ke A 3R
24, IR RO S T ER 1 RS

R B (AR B2 L 05 DG o X Se 25 A AT,
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34 KA Y B IE

XA AR A XKW, AR PRI HPLC AR BB ATH
DAD EI3F e AR E O A X R 22 5, 456 A R
FI R T2 BT, P S E 4544

BT 2 0t BB R B R, Y 8
2 TR R A A P . A A S 5 2 T 8[M+HT Y
YR B4 R 329.211 9.329.211 6,1 55 7=
[CoiHaoOs]" FHRE, 5 B ARERAH LD 2 A~ H, 2 14~ 0,
Hrh A W5 2 MR DAD JGiE (K 5) Bni 54
KT 16 HA7 R 1, ULBHZ5 4 1A B 4 437 3L
SOIE LS, B o, B- ANRURIER IS5 P Y 5241
WSO TE FAEE TN, A DG T 2 2544 | A A XU
([ B s 1) B A 52 A MO 4 R KT 300 nm ) 5 A7
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FEE AR, H MS/MS R BT m/Az 311.199 9
( CotHy705" ) mlz 269.189 3 ( CioHas0" ) 43515 [M+H]*
Hi Pk % 2R H,0 ., Ho0 20 Bl ( CHo=C=0 ) A1 X Bz,
W R B T m/z 293.189 7( CoiHasO" ). m/z 253.157 9
(CigH2 0% ) m/z 241.157 9 ( C;H»,0") 43 3 5 m/z
311.199 9 HrE 2k HyO L NI McLafferty 55 HF 5 2
2 3L 2 15T ( CH;COCH=CH, ).,
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Fig. 5 DAD spectra of related substances 2, 8, 11 and 16
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Fig. 6 Related substances 2 and 8[M+H]" ion MS/MS fragmentation pathways
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Fig.7 Related substances 3 and 4[M+H]" ion MS/MS fragmentation pathways
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Fig. 8 Related substance 10[M+H]" ion MS/MS fragmentation pathways
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