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(1. BHERPHHGHA < BRE > ARAE, T BFXE 050035 2. THEHZETERBBARK, AL BFE 050200
WE. BN ZMEMERAFRAL P SHAMNENKRGENAMEEE FX E#EAEH DB-624 H(LmF (60 m x
0.53 mm,3.00 pwm) , 72 fFHi8 , 3t AF 2 R JE A 220 °C, 4w B A &K B T4k nl 5 (FID) , 4 m 2R JE A 250 C, A A RA,
BAREA 4mL/ min, AL A 20:1, AE#F #HFEH 1L ER VB L8 AR CHRVE.CHRTE. . TR AR,
ZAEABY R ERES> AN 9.361 ~593.2 pg/ mL.10. 01 ~984. 6 pg/ mL.10.23~996.4 wg/ mL.14.31~971.5 wg/ mL.10.22 ~
991. 4 pg/mL.7.313~983. 3 pg/ mL.3.335~201. 6 wg/ mL.10. 12~202. 4 pg/ mL SE B A 5% E@An & £ A R4F(r=0.9998,n=4);
ZFRA A A 9.36,10.01,10.23,14. 31,10. 22,7. 31,3.34,10. 12 pg/ mL, %R R %] 4 2. 81,3.00,3.07,4.29,3.07,2.19,1.01,
3.37 wg/ mL; A5 B F A MRS R4 RSD 33T 6.0%(n=6) ;-3 A wpi & 4 %] 4 103. 25%,103.97%,101. 51%,103. 58%,
102. 63%,100. 92%,103. 67%, 103. 63%, RSD % %1 4 2.24%,5. 70%,2. 15%, 1. 92%,2. 25% ,4. 54%, 3. 28%,0. 95%(n = 9) .3 3Af 5
¥ LB Ae A EA G R B 5 A 0. 17%,0. 16%,0. 19% F= 0. 20%,0. 17%,0. 21% , } A A7) 34 ke ok (S 25 R BIFR R LR
BT S RBE G, TR TSRS 4 RM P 8 APAMENEG TN T BT SR RAH T FE LB AR ZRTE.C
B L BE . LR St 7 LA BR = 7 R B 6 2K, 8 FE ) A 0. 3%,0. 5%,0. 5%,0. 5%,0. 5%,0. 5%,0. 1%,0. 1%
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Determination of Organic Solvent Residues in Active Pharmaceutical Ingredients of

Apremilast by Gas Chromatography
YANG Min' ,YAN Cuigin’ , XU Yanmei® ,HAO Lijuan’, WANG Chunxia’
(1. CSPC Zhonggi Pharmaceutical Technology < SJZ> Co. ,Lid. ,Shijiazhuang ,Hebei,China 050035; 2. Hebei Institute for Drug and Medical Device
Control , Shijiazhuang , Hebei , China 050200)

Abstract: Objective To establish a gas chromatography method for determination of eight organic solvent residues in active
pharmaceutical ingredients (API) of apremilast. Methods The chromatographic column was DB - 624 quartz capillary column
(60 m x 0.53 mm,3.00 wm) with temperature programming,the inlet temperature was 220 °C,the detector was flame ionization
detector (FID) with temperature of 250 °C,the carrier gas was nitrogen with the flow rate of 4 mL / min,the split ratio was 20:1,
and direct injection was adopted with injection volume of 1 L. Results The linear ranges of methanol, ethanol, acetone, methyl
acetate,ethyl acetate,acetic acid,isopropyl deneacetone,and diacetone alcohol were 9.361 - 593.2 png / mL,10.01 - 984.6 pg / mL,
10.23 - 996.4 pg / mL,14.31 - 971.5 pg / mL,10.22 - 991.4 pg / mL,7.313 - 983.3 pg / mL,3.335 - 201.6 pg / mL,
10.12 = 202.4 pwg / mL (r = 0.999 8,n = 4),respectively. The limits of quantification (LOQ) were 9.36,10.01,10.23,14. 31,
10.22,7.31,3.34,and 10. 12 pg / mL, respectively. The limits of detection (LOD) were 2.81,3.00,3.07,4.29,3.07,2.19,1.01,
and 3.37 pg / mL,respectively. The RSDs of precision and repeatability test results were less than 6.0% (n = 6). The average
recoveries of methanol, ethanol, acetone, methyl acetate, ethyl acetate, acetic acid, isopropyl deneacetone, and diacetone alcohol were
103. 25%,103.97%,101. 51%,103. 58%, 102. 63%, 100. 92%, 103. 67% ,and 103. 63% with RSDs of 2.24%,5.70%,2.15%,1.92%,
2.25%,4.54%,3.28%,and 0.95% (n = 9),respectively. The contents of ethanol in the three batches of samples were 0.17%,
0.16%, and 0. 19%, respectively. The contents of acetone in the three batches of samples were 0.20%, 0.17%, and 0.21%,
respectively. No other solvents were detected. Conclusion The method is simple, accurate and reliable with high sensitivity, which
can be used for the determination of eight types of organic solvent residues in the API of apremilast. The residual limits for
methanol, ethanol, acetone, methyl acetate, ethyl acetate, acetic acid, isopropyl deneacetone, and diacetone alcohol in the API of
apremilast are set as 0.3%,0.5%,0.5%,0.5%,0.5%,0.5%,0. 1% ,and 0. 1% ,respectively.

Key words:apremilast;gas chromatography;residual solvents;ethanol;acetone;residual volume;active pharmaceutical ingredients
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i B8 YRR s 2 B L A X B I 284S 1 mL, B 10 mLL
ZE B, I N — 3 I o i, S R R v
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1. Methanol 2. Ethanol 3. Acetone 4. Methyl acetate 5. Ethyl acetate 6. Acetate 7. Isopropyl deneacetone 8. Diacetone alcohol

C. Bk diaik

A. Blank solvent (N — methylpyrrolidone) B. Mixed reference solution C. Test solution
Fig.1 GC chromatograms
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R R L kG 2 2. 2 30 R X I s
Wi 1,3,5,10 mL, B 50 mL 2 H, in N — B &g e
iR PRI 7 2% FB 50 A R SRR B X B S A TR L B L
IR LR A X BT A5 8 i, BRI B R AR
S PRKOF 4% 2. 130T s A5 R R S, DA R A
Sy R (X, g / mL) AR AR bR D TTAL(Y) Gl Ak
PRUEA TR RN ZE R R 1.

Rl GUXFEER TERSHNRBELR
Tab.1 Results of the linear relation test,LOQ and LOD

GERE  RIR REmbERA  RAR

A Py r
(pglmln=4) (ug/nl)  RSD(%,n=6)  (pg/mL)
P& F=0.27954+0.2595 1.0000 9.361~593.2  9.36 419 281
L F=0.3975X-0.4422 1.0000 10.01~984.6  10.01 2.89 3.00
L r=0.4186X-0.6925 1.0000 10.23~%96.4  10.23 378 3.07
LRTE  F=0.20520-0.6115 10000 14.31~971.5 1431 49 429
LRLE  T=034450-1.4165 10000 10.22~91.4  10.22 .66 3.07
LB r=0.1897X-1.2054 0998 7.313~983.3  7.31 8.18 219
FALAE T=0.96720+0.0533 0.99 3.335~201.6 3.3 1.94 1.01
ZABE  F=0.7575K-1.256 1.0000 10.12~202.4  10.12 43 337

S R B 5 RG  FR A 5+ Bk MR TR A 0 R R A TS
T, N — N e TR A R R L 4% 2. 1 I T (A3 g%
PRI, LIS L (S 7 N) K 10 1 R 5 94 28
FETERR, LAS /N Ay 30 1Y ot 2 v 5 R A B o BB it
BELV U A 52 D2 6 U, T 45 2% Joa g T FRLY) RSD . 45 2R
W1,

2 R0 2. 2 TR A T R A L 4
2. VIR s 2 0k B A I A 6 UK, i SR i R L 45 SR
BE LW LR TG E . LB IR LR 57T XN
B - 7N R s 0 TG R Y RSD 3 ) R 2. 16%, 2. 22%,
2.04%,2.01%,2.08%,1.99%,3.27%,3.05%(n = 6)
FW ARG B AT

A RS  HURE i (L5 A74190303) 3F &, K
BERRE , H 2. 20T J5 ik il A B A S R 6 103 5 O BORE
i (5 A74190303) 1. 0 g, K5 FR 2, B 10 mL & =
SRR, T 2. 2 350 X R S YA Y1 mL, N — H SR g
Pt T 5 A O 28 25, 350 VR R s A3 S e, AT
6 103 o K %5 i B A8 3 3 8 B B T s £ 3 3 T A
1 L, % 2. VIR 35 5 F RN E 10 sk ik ] 45 51
AV W S BEERITDN R 5 BA 2 Y RSD 535008 2. 47 %
F12. 11%(n = 6) , HoA FIIA A 5 nbr L3 it 15 v
B CWE N CTRHER  OTR TR LT VSR
VAR PN TR P 2 RT3 Y RSD 4 i R 1. 7%,
4.45%,2.78%,5.73%,0.76%, 0. 34%, 2. 37%, 1. 92%
(n=6), KAINEHE R

R M« B 2. 2 300 VR A X IR A R S T R P
I AR A A W, o i T = IR CE 0,24 hE)
Fie 2. VI S RIEREIN 2 il St B K], IF1T 5 24 h
FEXT T 0 h W TR LUAE L Ay, / Ao, (%) = Agy, | Agy, X
100% o 45 HAR A % BE A i b FBE L OB N L £ R R
fis . W2 TR TR 5N SO TR N BRBERY Ay, / Ay,
53 51k 98. 85%, 97. 46% ,97. 01%, 101. 57%, 98. 96% ,
100. 77%, 98. 53%, 99. 16% , Tl b5 {3 i 7 5 43 1) M
97. 65%,97. 32%,98. 01%,102. 58%,97. 78%,100. 09%,
100. 53%,99. 12% , R W] R E AR =R N E 24 h N
o T AT

T FEP A < B 2. 2 J00 IS TR X R I T S A
PRI T IS A 5 A A5 i, SO i S5 (W
FEIR A R TR ) | 40 A % R WL AR
DR, 25 SR (0 15 45 10 J5 25 T R 0 4 i B L E ARG 2%
JEE R g 25 5 L3R 2, R B vk M R AT
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Tab.2 Results of the durability test

- kAR RAii Fags
A Uz . - . PPV CRUR——
2°C 38C 3.5mb/mn 4.5mL/mn 25 C/min 35°C/min
7& rBE
RSD(%) L9 079 LIS 221 205 LR
PAEICE(%) 10166 10246 10210 10385 10219 103.76
LE rEE 42 46 146 14.0 14.3 14.2
RSD(%) 20 L0 LY 2.19 200 LB
PARERE(%) 90.94 9226 9140 0.8 945 0T
A8 PEE 6.6 69 6.9 6.4 6.7 6.7
RSD(%) 216 L8 L4 218 15 L4
wRECE(%) 90.86 9236 9158 B.05 9L 9.7
LRTE SBE 5356 5.7 5.1 5.3 5.3
RSD(%) 23 106 L3S 2.3 183 LY
PAEICE(%) 10457 103,03 103.00 10273 103.93 10481
LRLE  2BE 183 2.0 23 19.5 N3 184
RSD(%) 28 13 L 2.07 27 LB
PAEICE(%) 10418 103,07 10416 10403 10458 103.88
L& PEE .5 127 138 1.5 39 103
RSD(%) 214 116 149 2.09 265 0.8
PiEICE(%) 10168 10220 100.42 10326 103.47 10261
FALAS NEE 1417 8.0 1.2 17 7.0
RSD(%) 445 4428 2.66 IR )
PAEICE(%) 104.06 10480 103,71 9.2 9046 9.8
ZARE  PRE 87 88 9.2 8.3 8.9 8.5
RSD(%) 330 486 217 3.3 L1820

miFEdA (%) 104.43 10489 10311 104.38 98.47  100.85

JIAE TS5 < BBORE i (4152 A74190303)1. 0 ¢,
KB FRAE 10 mL A BT, FAT 90, 45l in A 2. 2
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R3 PERITEFRHARREBRIFMEERYILRER (0 =9)

Tab.3 Results of the recovery test for residual solvents in the API of apremilast (n=9)

REEH H5AEm MAEmg WEEmg WKE%) %) RO | AEEH  HEAEmg MARm WEEmg) WRE%) 1% RS
ik 0 0.5930 0.6210 104.72 LR LB 0 0.9914 1.0176 102. 64
0 0.5930 0.6140 103. 54 0 0.9914 0.998 8 100. 75
0 0.5930 0.5820 98,15 0 0.9914 0.9743 98.28
0 2.9660 3.1060 104.72 0 49570 5.1650 104.20
0 2.9660 3.0190 101.79 103.25 2.4 0 4.9570 5.0440 10176~ 102.63  2.25
0 2.9660 3.06030 103.27 0 4.9570 5.1270 103.43
0 4.449( 4.7010 105. 66 0 7.4360 7.8750 105. 90
0 4.4490 4.6470 104.45 0 7.4360 77640 104. 41
0 4.4490 4.5810 102.97 0 7.4360 7.6070 102. 30
LE 1.899 0.9850 3.0240 114.21 Ui 0 0.9833 0.9300 94.58
1.899 0.9850 3.0150 113.30 0 0.9833 0.9331 94.89
1.900 0.9850 2.9280 104,37 0 0.9833 0.9473 96. 34
1.900 4.9230 6.9890 103.37 0 4.9160 5.0270 102.26
1.900 4.9230 6.7500 98.52  103.97  5.70 0 4.9160 4.9710 10012 100.92  4.54
1.900 4.9230 6.8530 100. 61 0 4.9160 5.0590 102.91
1. 898 7.3850 9.4730 102. 57 0 7.3740 7.8240 106. 10
1.898 7.3850 9.3360 100. 72 0 1.3740 7.7860 105. 59
1.898 7.3850 9.1370 98.02 0 1.3740 7.704 0 104.48
CE] 2.067 0.996 4 3.1020 103.87 FALAR 0 0.2016 0.2082 103.27
2.067 0.996 4 3.1160 105.28 0 0.2016 0.2180 108. 13
2.068 0.996 4 3.0730 100. 86 0 0.201 6 0.208 8 103.57
2.068 4.9820 7.1700 102. 41 0 1.008 0 1.0540 104. 56
2.068 4.9820 7.0010 99,02 10151 2.15 0 1.008 0 1.0220 101. 39 103.67  3.28
2.068 4.9820 7.0800 100. 60 0 1.008 0 1.004 0 99. 60
2.066 7.4730 9.7210 102. 44 0 1.5120 1.6490 109. 06
2.066 14730 9.5690 100. 40 0 1.5120 1.5100 99,87
2.066 7.4730 9.4430 98.72 0 1.5120 1.5660 103.57
LB P B 0 0.9716 0.9710 99,94 R 0 0.2024 0.2105 104. 00
0 0.9716 0.990 1 101.90 0 0.2024 0.2103 103.90
0 0.971 6 0.990 1 101.90 0 0.2024 0.2132 105.34
0 4.8580 5.1260 105.52 0 1.0120 1.0550 104.25
0 4.8580 5.0810 104,59 103.58  1.92 0 1.0120 1.0390 102. 67 103.63  0.95
0 4.8580 5.1160 105.31 0 1.0120 1.0350 102.27
0 7.2870 7.6520 105. 01 0 1.5180 1.5800 104. 08
0 7.2870 7.6080 104. 41 0 1.5180 1.5680 103.29

WX BRI 45 9%0.2,1.0, 1. S mL, & 34, JON = ' 0.17%,0. 21% , ATV S ARK H o
SN I b R 75 it O o 2, #2520 B R 50%,100%,150% 3 itig
TP B A S VA TR R B S e AL R 3.1 FREHIT

W1 WL, 422, VI g SR A dE R e S s I, i 2275 2020 4 W FE 25 31 (P03 ) yiE ) 0861 % BA
RS MR K RSD 45 5 L3R 3. R e e WITHEE LB AW . LR OB LR
2.4 HESmBPEHRBAFLN B 42 4 PR EE 45 518 0. 3%, 0. 5%, 0. 5%, 0. 5%, 0. 5%

BGHLHES 75 A74190301,A74190302,A74190303)  (H [ 25 i) e AH S8 5 U ) o #4728 20 12 F i L 5+
#5‘:,?“2 22U I A A A VL 2. VIR DN SO A R TR T 1 4 ) BIR R o A B A S FE
TSR UEREIN S 2550 3HERE S b S BERR H EAr Hh BdE, HLZS Derek A1 Sarah 5 PR 7 T A0 (4 50, =
0.17%,0. 16%, 0. 19%, P4 i (/) K6 H 843 51 4 0. 20%,  ¥JUHJE Class 5, 85U HE ICH M707) ] $— s 2% 4 1l
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S5 TN LN TR B AT T e ) A A 31 A PR EE R AR AL S
Y1, 2:%5 1CH Q3AS) g — B4R i 22 I b AT 4511
FREESITT A 0. 1%,
3.2 figiEEE
A it A IO R () B S RS MR R AL B )
Hile 3 ) v S5 Mg Ve (%A DB - 624 % %25 DB - 624 1
WEE A (30 m X 0. 53 mm, 3. 00 wm) , 45 B AL i as
P15 79 2% Jo 06 108 S P ST ) R A D s g ks ), )
Ve AH RS AR RIS Y DB — 624 A1 9 BAREHE (60 m x
0. 53 mm,3. 00 pm) , 23 A% 4 J3 34 T o] 2l 56 45 Bl 4 7]
F 53 85 B, 45 FRp I 390 1) 43 285 B R A W R4, HL 2
F 0 2% B AN T 2% B Aar il
3.3 AFIEE
i >k ) 4 AR K e N, N — - PR P e v s i e
AR 25 A W IR ARRT IV — HH SR b R e D v A A
U AT 2 0. 1 g/ mL (4 J5T v 3 LK T I 1L 0 &5
B TS N S L 747/ 52| I [ B B S 2 77
ARAEIS B A5 5, H N B s 80 2% s AN - |
FEN e B Ay 3R, N RS N — PR BE R R AoE P 3 5
B R AT, HIEIE RAF et Vv — B N Joe i A i 711
3.4 BEEEFEIEE
A AN 500 S A SOV B A5 A 129 °C, A il
Wb RN 166 °CL W R B B AR TS HERE D RIE =
W A N RO R TS SRR R 170 CL A5 R
PRI B e [T WS 3R AR T 85% , e W K If ] A AP, 5
i R 5T 8] AR AR AR, 0 T 5% B A o R B
FEHERE R AT Tt 5 A ot 56 0 e 1) 7 2 1 U
FET A EAE, OB T4, IMISCR AT & 2K,
HJ5 M, ok B i e i
3.5 FEEMG
A5 HHE ST B D VR IR AT AR RO R I
R A, TG L A5 B P S R A A D 2 5K o 2 A R AR 7 AR
FE S ARt G BERN R R, LR S A A LT R
RELEE , LAt 5% BA s A 38 A A o
S 3k
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