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[Abstract] Objective To establish HPLC analysis methods for controlling the related
substances and its enantiomer in the active pharmaceutical ingredient of rotigotine. Methods The
HPLC chromatographic conditions for related substances were as follows: the separation was
performed on a Waters Sunfire C,; column (150 mm X 4.6 mm, 3.5 um) with a mobile phase
consisting of potassium dihydrogen phosphate buffer (pH 6.55+0.05, mobile phase A), acetonitrile
(mobile phase B), and methanol (mobile phase C) with gradient elution, the detection wavelength
was 220 nm, the flow rate was 1.0 mL/min, the column temperature was 40 “C, and the injection

volume was 10 pL. The HPLC chromatographic conditions for enantiomer were as follows: the
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separation was performed on a CHIRALPAK IB N-5 chiral column (250 mm X 4.6 mm, 5 um) with a mobile
phase consisting of n-hexane-diluent (anhydrous ethanol isopropanol=95: 5) -diethylamine (97: 3: 0.1), the
detection wavelength was 225 nm, the flow rate was 0.8 mL/min, the column temperature was 35 °C, and the
injection volume was 5 pL. Results In the determination of related substances, rotigotine was well separated
from its known impurities. The linearity of all components was satisfactory within the investigated
concentration ranges (r = 0.9970). The average recoveries at three spiked levels (limit of quantitation, 100%
limit, 150% limit) ranged from 95.7% to 104.5%, with RSDs < 4.80% (n = 9). In the determination of the
enantiomer, impurity A exhibited a good linear relationship within the concentration range of 1.4-8.8 pg/mL
(r = 1.0000). The average recoveries at three spiked levels (limit of quantitation, 100% limit, 150% limit) were
124.0%, 101.1%, and 114.2%, and RSDs were 4.69%, 1.88% and 0.78% (n = 9), respectively. Conclusion The

method is specific, sensitive, accurate, and robust, and can be applied for the quality control of related

substances and the enantiomer in the active pharmaceutical ingredient of rotigotine.
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Table 1. Gradient elution program
E] (min)  GESIAHA (%) WSIAAB (%) WsifC (%)

0~40 82 18 0
40 ~ 40.1 82—25 18—65 0—10
40.1 ~ 65 25 65 10
65 ~ 65.1 25—15 65—75 10
65.1 ~70 15 75 10
70 ~70.1 15—82 75—18 10—0
70.1 ~ 80 82 18 0
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Figure 2. Typical HPLC chromatogram of related substances determination
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Table 2. Summary of method validation results for rotigotine and its impurities

PEVE SRl E B PRI 14
415 R , %Eﬁfl ﬁgﬁi (ﬁif) TS miegism ()
BT Y=233594X+4.8385 0.997 0 0.82 ~6.16 0.246 3 0.8211 — —
Z&J5 B Y =18.007 2X + 0.246 3 1.000 0 0.67 ~3.36 0.201 8 0.6727 0.10 96.2 ~ 100.7
Z& )i C Y =22.2386X+0.7860 1.000 0 0.78 ~ 5.87 0.2347 0.782 4 0.21 97.3 ~ 102.1
Z&ITE Y=15.1814X+1.1022 1.000 0 0.76 ~ 2.85 0.228 2 0.760 6 0.07 96.1 ~ 104.5
Z&J5 K Y =80.209 5X - 0.411 2 1.000 0 0.86 ~3.22 0.257 6 0.858 5 0.10 96.7 ~ 100.1
Z=J5 D Y=23.5090X-0.3191 1.000 0 0.85 ~4.26 0.2559 0.852 8 0.13 95.7~99.4
Z=5iH Y=222976X+1.3132 1.000 0 0.85~3.18 0.254 4 0.848 1 0.12 96.2 ~ 101.5
Z=Jii ] Y=252737X-2.1917 0.998 0 091 ~4.53 0.2718 0.906 1 0.14 96.6 ~ 102.9
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Table 3. Durability assessment results of material inspection

i P S| Z&J B &I C Z&JE FEK D BEET JRH )
Pt A Iy ESRE N/A 44.46 3.16 26.35 16.16 26.75 15.74 18.85
RRT 0.12 0.37 0.40 0.56 0.71 1.00 1.46 1.87

FeFEEE (%) 010 0.21 0.07 0.10 0.13 N/A 0.12 0.14

R 35 °C ISR N/A 49.23 3.96 20.63 10.78 20.79 26.44 20.63
RRT 0.12 0.38 0.41 0.59 0.70 1.00 1.49 1.93

RFEHE (%) 010 0.21 0.07 0.11 0.13 N/A 0.12 0.15

HER 42 C SIS N/A 50.06 3.66 27.75 18.52 25.81 34.02 31.09
RRT 0.12 0.37 0.39 0.56 0.70 1.00 1.46 1.88

A (%) 0.07 0.15 0.07 0.07 0.09 N/A 0.08 0.10

P 218 nm IR N/A 28.94 2.79 17.10 12.23 19.56 5.72 19.36
RRT 0.12 0.37 0.40 0.56 0.71 1.00 1.46 1.87

AR (%) 0.11 0.20 0.07 0.11 0.13 N/A 0.12 0.14

1222 nm I N/A 28.87 2.79 17.09 12.20 19.6 25.44 19.35
RRT 0.12 0.37 0.40 0.56 0.71 1.00 1.46 1.87

AR (%) 0.09 0.21 0.07 0.10 0.13 N/A 0.12 0.15

ANTRHE 5 (E Oy ESEE N/A 4731 7.24 27.81 14.66 26.45 34.18 30.42
RRT 0.12 0.37 0.39 0.56 0.70 1.00 1.46 1.88

RFEERE (%) 007 0.15 0.07 0.07 0.09 N/A 0.08 0.10

s A (pH 6.50) I N/A 39.62 5.70 27.27 9.06 23.14 13.94 28.84
B A (pH 6.56) SIS N/A 41.74 4.24 27.02 13.84 25.57 15.13 29.35
T A (pH 6.65) SIS N/A 4401 221 26.47 17.96 26.49 15.48 18.50
st A (pH 6.70) ST N/A  43.63 (EFICHETEES) 2493 21.13 27.57 16.09 17.62
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222 BEikegH & GE, BT 10 mLEjfrp, RS B i F iR

(1) #BER B: LKL EE-SFNEE-— LM
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B2, #25, B (494 mg/ml).
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R BRI TR BRI AL & BT T 4 mg/mL, 42T A
6 wg/mL., Z2ffi B 6 wg/mL. 245 C 8 pg/mL., Z4Jf
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Figure 3. Typical chromatogram of enantiomer
determination
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Y=15 127.5X-3 852.4 (r=1.0000), W _H1E
2 FLIN 0 B DX ] NS4 ELAT O S R PR AF DG
225 = FRb Kk

BB R VTR IR L 2% 0t A X R i
WGBS B RE, & “2.2.17 WUF ks
PRI E o AR S/N 02 i RARE . SIN=~
L0BHE J e TR, S/N =~ 305 AR . 45545
N R E T BRI R K 0.6 peg/ml, 2 &R A
1.5 pg/ml; 245 A PRI FR 4 0.6 pe/mlL, 2 & BR
1.4 we/ml
22.6 AHEEIXE

WAGE RS R, % “2.2.17 TN ALk
P SEHERE S B, B R ETT M 2% T A ) 0 T FR
RSD#/<1.85 (n=5),
227 EFHMWKE

] —#t ks (it . LTG-231101), #%
“2.2.27 TR 7 AT R 6 10 inAw kA TR
(2B A 296 pg/ml), FEAENE, FZHMRIETT
BT AL 6 AR A il S W AR BT A 1Y
S E RN 0.10%, RSDH4.5% (n=6), FUIK
R
228 AT MK

BUMPRE I AR (44 A 296 pg/mL) ,
EEREMET T 0, 6, 11, 17, 27, 36,
45 hgERE B o S5 R R, bR Bt IR e
45h N (ZeFi AR50 hAU22(H < 0.02%) FarE .
229 WK R

WOHMAR CREH 22T A) B2 2 &R
B2 (5. LTG-231101) #4740 mg, KHHGE,
B 10 mLEih, 5 AE &R . 100% R
FEMRFE (0.15%) . 150% FRIE MR 3 47K ) 4= o
AR W, BEAOKOE AT ECH 3 M, %
“2.2.27 TR 7 il A B W, HEREDNE
FEAMREIT R CR . 5 RER, PERITEY
ISR N 113.1% (RSD =2.45%, n=9), FHHE
T R Ao
2.2.10 & R I

HZRTOAEFMHEREEMNDES (K
M+ 0.2 mL/min, #& +2°C. WEHHAHIES
e £ 1%, RIEE +£2 nom) X IAR R 5
VU L2 A I A R R . 2R,
BARNGMT, 25 IR E 0 2= A Hhigeab
KA EWESHTAZ R EE > 1.68,
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FUEHE R T < 1.87; Jdr sl #5924 5 A
SR ESAELE, 2E(ER KN 0.02%. R
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J7 W AE AE 1 A8 B [ N i R R 4
W34,

T4 NMBHERENTAEERER
Table 4. Results of the durability assessment of the enantiomeric checks

i P2 A i H AT A BT BEEITHRENT

brifEsc IrERE N/A 1.83 1.72
A (%) 0.11 N/A

L% 0.6 mL/min R N/A 2.02 1.76
ZeiE (%) 0.10 N/A

i 1.0 mL/min Iy B N/A 1.79 1.57
At (%) 0.09 N/A

Hii33C Iy N/A 1.89 1.64
ZeP R (%) 0.09 N/A

FEHR 37 °C I3 N/A 1.82 1.65
ZefitE (%) 0.11 N/A

P 223 nm Iy e N/A 1.88 1.47
At (%) 0.09 N/A

P 227 nm STE N/A 1.96 1.87
Zei R (%) 0.11 N/A

WAARLLE]: IO BE-RRER A-— O (96 1 41 0.1) 3 N/A 1.68 1.71
A (%) 0.11 N/A

WAL IEC - RS A-Z 2 (98 121 0.1) Iy N/A 2.08 1.72
A h (%) 0.10 N/A

E: NAFIRAEH]
2.3 HEMANE

B3 B TR 2y (5 . 16240301,
16240401, 16240501) , 4 il #%& “2.1.27 Al
“2.2.27 BRIy ikl s s, R 2117
22,17 BUN OISR E , DIAMRETT
AR AR, GRS,
£5 RRBPTLYRRHRSAEOVEER (1=2)
Table 5. Determination results of related substances

and enantiomer in samples (n = 2)

el it
16240301 16240401 16240501

A ARH A A

B Akt AT AREIRR AT AREIIER
C 0.01% 0.01% 0.01%

E AT AREIRR AT AREIIRR AT AREIIFR
K TR IR RKzH RKzHH

D e oA ES ok RKEHH

H IRTAREIIBR T AREIIBR T AREIIFR
J At A i A i
3 it

3.1 BAXWRBEEHMNL
FEHL SN A pHAES 2T, 2850 C 528 R E 1Y 43

B A7 pH E A 5 i P P I B R
B M shAE A B9 pH {1 6.50 THE £ 6.70, —F 4>
BER TR, EpH 670N E LS E., X
— I AT BE 2 Fh 2% 9 25 T AR AS B 5 1 A
MEAEHMZERA &, ATk mRadE,
TBhAH A [ pHAEE FIAf R 6.55 £ 0.05, FEIE
Bl PN R 2% A9 40 B R R 310 2,79, I R 4t il Pk
BUR (= 1.5) . HAE/IMER A REf AR 3h
AR R S TR, R TR R
3.2 XMERHMEFIEE

AT R-XFBLRRIR (Z2FTA) FEA LY
Faka A 1) Cpp iG55 T 5 g3 g, ok
B, g TS E k. ZHEP 123,
BP 2026 & USP-NF 2026 %1t ™, % JH £ i
A=) oM 3B 8 R F A (CHIRALPAK 1B N-5)
FEIEARZRAF T 528 T B 1T 5 X e A 1A 1Y)
R (B> 1.5), JTESFRIESE BRI,
YOTER Bk . REUE S . KR WK
FER BT S48 W ZR, B M R 47
3.3 FERILESDH

BRI S R B AR G R A i (2
JEB., Z&RE, 22 K) MT 2R (ZEC,
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ZHEHIE 2026 £ 9 AE 305FE 9
ZeTED. AR ). AR H) o R RS 4 R R

Wy, BEEITIER mﬁﬁ?vﬁwﬁ F LR A
TR R 2R B K FZR T Ky 7R SR T R
JTEE; MR R AR A AR o
DL TRk 2 9 R o 390 A 7 o o v g T 055G
L AR AR R R A
3.4 ZRIREFIT

BRI E WK G257, SR
ICH Q3A ¢ T R4 vh 2% BT 5% i A SG 20K,
JEME EP 123, BP 2026 J USP-NF 2026 % % &
TR B RRE ), UE P BT E AR
PIRREEANT . 24 B (LWEwy OB BmiT) BR
FER0.15%, 2 CBRIE N 0.2%, 24D (L4
BREETT) BRER0.15%, 24 ] (BEEIT-0-
EWY 23 ) FREE N 0.15%, =5 EFREE R 0.10%,
A K FRE N 0.10%, 245 HFREE R 0.10%, HAl
B R R T BR BE M 0.10%, 2% S R JE R
0.6%. XTHLSFHIA (Z2A) FREEH 0.15%, A
DRSS A R FIRRR R, v TP
TTIEURE 245 S0 S50 K ek e S ey AR 4 o 4
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