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Determination and risk analysis of residual solvents in Borneolum , L-Borneolum
and Borneolum Syntheticum
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(1. Suzhou Vocational Health College, Suzhou 215000, China; 2. Suzhou Institute for Drug Control, Suzhou 215000, China; 2. Jiangsu Institute for
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ABSTRACT: AIM To determine and control the residuals of ethanol, n-hexane, ethyl acetate, cyclohexane,
isooctane and n-heptane in Borneolum, L-Borneolum and Borneolum Syntheticum. METHODS The established
method of headspace gas chromatography with a FID detector using DB-624 (30 mx0.53 mm, 3.0 wm) as the
capillary column through programmed temperature rise was applied upon thirty-four batches of Borneolum, twelve
batches of L-Borneolum, and thirty-four batches of Borneolum Syntheticum for the risk analysis. RESULTS
Borneolum was observed with ethanol in some batches; and concomitant n-hexane, cyclohexane, isooctane, n-
heptane in some batches; and totally 44% n-hexane exceeding the specifications. L-Borneolum was detected with n-
Hexane, cyclohexane and isooctane in some batches, and yet the residual amounts were all within the specifications
limits. All baiches of Borneolum Syntheticum were detected with residual n-hexane, cyclohexane, isooctane and n-
heptane within the specifications limits. CONCLUSION Because three kinds of borneol are generally found with
residual solvents whose quantity are proportionally associated with the purity, in particular, the residual n-hexane-
generated high risk in Borneolum, we suggest to include the control of n-hexane into the quality specification of
Borneolum.
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DL BB ZE T R B, AT 5.0% DLF Y S e i A
10. 0% AT (AR 5 & Bk R B 25 55. 0% L _E 71
BESEI, W% 0.50% LAF AR, R BRE S i
H S, (HEZPREBAE 35% LU 1), MmixFaife T
2B THEENER,

RUHARGE , RARVKR | R BERHIKZE AR ZE
M. BIG R CO, ABUE % T BN Y 4R H,
TATHERRAR S & KA FE L a- IR N
AL, FEHEATIE T R AEBRILRON, FRIA
NaOH /K27, 1A 7= Al £8 17 38 1 7 ML 5
HEEE B E T = F Ak, L 120 15
WO R S A EE . R OB, 2
F ARl 2 v R A R AT RN, A B X
IR ML R B AT, H H AT 2020 4F R
(B2 R XK R R B R T R AT AR
M HACSCHER [14] 8 TXFk R A B =
HORIIE , ARSI Tk RS ® T2, s
SAEE LT i R OE Bk . IEC B, RO
Be. Skt LFRCER. L6 FEAEA PR
FROSE, JEXF 34 #ERERVKRA . 12 3R, 34 4t A
LUK R LR g SR XU 2T
1 e

Agilent 7890B TS AH (2 3% X L B FID Ao il £ |
Agilent 7697A Y H T 2S HEFEAS (L Agilent 2
F]); XSE205DU - K°F (it Mettler Toledo
WNHE) . N, N-HEREHERE (DMF, 7% E Merck
NF) . IEBERE (99.4% , #E5 50721) . IEC kS

(99.5% , #t5 50728) . b (99.9%, =
30506) . SFEkE (99.5%, S 41206) . LR
fiE (99.9% , L5 31202) . & (99.9%, it
41225) (f%[F Dr. Ehrenstorfer GmbH 22 #]) . KK
KA (eI SREATI ., =8, L. J 4.
Wi 6 A=A, $E34 4t R (AR
Kl RMEA =N, 12 4t SRKAE (B
Jehik) KA, =, WL T, LR T K
A, 334, B2 IR TIT 24 A 50 A4S T AF
FE G I HE AT 2500 4 R IE
2 Fik
2.1 &iE%&MH  Agilent DB-624 {4if4E (30 mx
0.53 mm, 3.0 pm); FEFPFHE (PI4H 40 °C, iR
7 min, LA20 °C/min J7+& 200 °C, 453 min); #;
N, BV 4.9 mL/min; #ERE TR 200 °C
SRHERE MR 10 1 15 FID Al gR IR E 250 °C
TS ke, TASIRARTL 20 mL, AT 1 mL; P
R E 80 °C, & | IR 100 C, 1% i % R
110 °C ; “PAEFHFE] 30 min; GC JEFREFAE] 25 min,
2.2 BiRH &
2.2.1 ZFHEW FEHEHDMF 1 mL, % T 20
mL T, nae &, Bt
2.2.2 XEEEER  KEPRRCEE 500 mg, 1EC
5529 mg, MR ZTHE 500 mg, RO 4G 388 mg, ¥
i 100 mg, 1EFEkE 500 mg, & TF[A— 100 mL &l
i, DMF MR ZI 2, #25), HMEER S5 mL, &
T 50 mL 2, DMF WBEEZIE, #25, BE
I 1 mL, & T 20 mL T2, a5 % &t
HIFE
2.2.3 PSR BURSZY 100 mg, KR
E, BT 20 mL )i, H% A DMF 1 mL,
s e, WAEAAMZ 1 min fHIER, BEBE
A1, BIAS (B 1 mL 2954 100 mg) o
2.2.4 AR BURRA) 1 g, FEERRE, BT
10 mL ST, KE2MAGE S X0 I8 S, DMF %
I MmBERZ B, B4, MBEER 1 oL, & T
20 mL Tz, naesgE, i,
3 £R
3.1 FmEFHER
311 LJErEHE B “2.2” WRaH., X8
o, JIARESIR (100% FREEKSF) dfis, 78 “2.17
WA T R, 45 R UK 1, BIrT s,
RS ET R OBE, IEC ke, JBROHER. O ke,
FEERE . IEBRGEARUC G | A5k BR VA ) (55 0 2 (1]
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Fig. 1 Headspace gas chromatograms of various residual solvents

3.1.2 ZRMERRFZE OB “2.2.27 TR XIS b (S/N) 292k 3 Wy ik BN AR (LOD) ,
WS, DMF MR, 75 “2.17 @A S/N 208 10 Bk M E R (L0Q), 45
THEREIE 6 R, DAAEREAVE SRR AR A AR LR 1, WIS R BIA RIS HIE N X R
(X), VB AR (V) #ATEIE, JFLMEMR R4F,

®1 BREBEAFZMXR

Tab.1 Linear relationships of various residual solvents

t/min

5% B VA ) EER r AL/ (pgeml™)  LOD/(pg-g™')  LOQ/(pg-g™') LOQ Wk RSD/%
L Y=0.859 8X-2.383 1 0.999 5 3.253~976.0 8.1 32.5 9.1
ECkE Y=18.209X+2.934 2 0.999 9 0.314 5~62.90 0.8 3.1 1.9
LR Tk Y=1.475 1X-2.496 6 0.999 3 4.004~971.2 10.0 40.0 1.0
Ho ke Y=11.426X-0. 662 4 0.999 8 0.418 8~765.0 1.0 4.2 2.1
S Y=11.17X-0.501 4 0.999 4 0.418 2~206. 8 1.0 4.2 1.2
TE B Y=10.728X-2.499 4 0.999 5 0.356 7~976.2 0.9 3.6 2.6

. RS BAVE R LOQ [ iy i 5 FRLE R e FE 11 200% 305 ML 6 /TR bk JE A HE AT I 2
3.1.3 KSR % “2.2.27 R AT 54%, X AR RN 11% ., 4.7% . 2.2% .

Hil e 6 X IR, #E “2.17 WA ik
e, AR ZmE, k. RO, HA k.
SEakE | IEBERE TR AL RSD 4350 0. 8% | 2.0% |
1.0% . 1.3% . 1.9% . 1.6% , W] {X 2845 % fr
RA4F,

3.1.4 EHEMWRAE BAS (RAKAFHMS
C01170705, & #t 5 120224, & W vk A it 5
BP1812006) &, % “2.2.47 i F ¥ F1iTH
%6 Y IARVATR (100% BREEAKSE), £ “2.17 T
IS R, AR RARVK P O, IEC
Wi, LEROTR, RO ke, ¥, EHKES =
RSD 43510 2.5% . 4.9% . 4.1% . 4.5% . 6.0% .
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2.5% . 2.9% . 2.5% . 2.4% . 2.7% , W%

EEMRL
3.1.5 mkaEr: BOYTRESERE R, HFEIR

THCE 1~2 d JF7E “2.17 T3 500 T SERE)
E, S 2B AR 98.5% ~105. 1% , 1IEC ke
N 98.3% ~110.0% , LR TR N 96. 1% ~
107.0% , RO bEd N 96. 8% ~105. 1% , ¥k
TN 96.2% ~110.0% , 1F Pk &5 &0 96. 7% ~
108. 8% , FHIEWAE 2 d WhREMER LS,
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BP1812006) ifi &, #%& “2.2.4” W R4l & 34y, 78 “2.17 OSSO T HERENE, 1155
50% . 100% . 150% K-F-hbrisil, BRSP4 BOR, 4R E 2,
F2 BHREBBFMERBERLLER (n=9)

Tab.2 Results of recovery tests for various residual solvents (n=9)

o KIRVK R ey B BIK R
SEH A/ % RSD/% S IR/ % RSD/% SEHT ISR /% RSD/%

L 108. 5 2.6 106. 3 1.1 111.2 2.8
IECkE 98.9 4.9 96.2 4.7 100. 7 2.7
LR T 104. 6 4.1 101.0 2.2 106. 5 2.9

Ho b 98.9 4.5 94.3 3.0 98.5 2.7

S bE 96.7 6.0 91.5 3.7 96. 3 3.0

1E B 96.2 5.4 91.4 3.3 9.5 2.7

3.2 AEE RhEC b, BObe, ke, EBLE, (SRS

3.2.1 KRR K3 BIR, 1 RMA 1K B 71% ; It BRI CR K.
MOBE, HEEREE 3% 5 5 KA A 24 LRI
x3I RRKAHERBRANSEVNESR

Tab.3 Results of content determination of various residual solvents in Borneolum

i e . i - A
L EC ke LR Wb SR 1E Bk
ik A 130226 — 0.016 — 0. 029 0. 004 0. 001
140226 — 0. 034 — 0. 062 0. 005 0. 000 4
140224 — 0.032 — 0. 063 0. 005 0.000 4
140227 — 0. 036 — 0. 058 0. 005 0.000 4
140228 — 0. 047 — 0. 055 0. 005 0. 001
130128 — 0.021 — 0.035 0. 004 0. 002
120325 — 0.014 — 0. 025 0. 003 0. 001
130311 — 0. 023 — 0. 037 0. 004 0. 002
140225 — 0. 037 — 0. 064 0. 005 0. 001
120306 — 0.016 — 0. 024 0. 005 0. 001
20170302 — 0. 051 — 0. 066 0. 004 0. 002
20171101 — 0. 039 — 0. 056 0. 006 0. 004
20180101 — 0. 052 — 0. 083 0. 004 0. 001
20180102 — 0. 043 — 0. 064 0. 005 0. 003
20180103 — 0. 063 — 0. 069 0. 007 0. 003
il B 150413 — 0. 054 — 0. 065 0. 004 0. 001
150409 — 0. 049 — 0. 060 0. 004 0. 001
150408 — 0. 044 — 0. 064 0. 004 0. 001
130321 — 0. 025 — 0. 039 0. 005 0. 002
130328 — 0. 030 — 0. 044 0. 005 0. 002
130402 — 0. 030 — 0. 045 0. 005 0. 003
1k C €01170705 0. 021 — — — — —
€01170703 — — — — — —
C01170718 — — — — — —
€01170605 — — — — — —
€01170606 — — — — — —
4 D 181101 — 0. 002 — 0. 050 0.013 0.011
sl E 20170902 — 0. 020 — 0. 040 0. 006 0. 002
L F 201810221 — 0. 001 — 0. 081 0.012 0. 001
201810222 — — — — — —
201810223 — — — — — —
201810224 — — — — — —
201812191 — — — — — —
201812192 — — — — — —

i —Fmn AR,
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3.2.2 MR F4 R, A4dEEEHIESK,  3.2.3 BT 3RS WK, PO i 1 [E]
Wobe, 2SR Ebe, ArAadkAEmEIR WRIEC K, ek, FoEke. Bk, JFHY
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Tab.4 Results of content determination of various residual solvents in L-Borneolum

R/ %

= s 7 ok RO Hoke CEam Pk

ik G 120224 — — — — — —
130318 — — — — — —
140211 — — — — — —
150519 — — — — — —
20171213 — — — — — —
20181219 — — — — — —
20150110 — — — — — —
20180124 — — —
20180303 — 0. 020 — 0. 008 — —
20180503 — 0. 025 — 0. 083 0. 005 —
20180909 — 0.019 — 0. 062 0. 003 —
20180121 — 0.016 — 0. 007 — —

T —FRARKEH,

K5 ARKAHERBRANSENESR

Tab.5 Results of content determination of various residual solvents in Borneolum Syntheticum

=
o s : % A

LT ECkE LR L Tig b S 1E Pk

Mk H 130503 — 0. 002 — 0.039 0.010 0. 009
130507 — 0. 002 — 0.043 0.010 0.011

130516 — 0. 002 — 0.048 0.012 0.015

140112 — 0. 002 — 0. 047 0.012 0.012

130611 — 0. 001 — 0.033 0.013 0.015

k1 140303 — 0. 001 — 0. 044 0.012 0.012
131120 — 0. 001 — 0.025 0. 007 0. 005

130711 — 0. 001 — 0. 029 0. 009 0. 008

140124 — 0. 001 — 0.031 0. 009 0. 008

140328 — 0. 002 — 0.041 0.011 0.012

Ak J 160318 — 0. 002 — 0.071 0.012 0. 037
161111 — 0. 003 — 0.052 0.015 0.021

161112 — 0. 002 — 0. 045 0.014 0.016

161210 — 0. 002 — 0.042 0.014 0.015

161211 — 0. 002 — 0. 044 0.013 0.016

170619 — 0. 005 — 0. 064 0.015 0. 035

170901 — 0. 003 — 0. 041 0.012 0. 020

170902 — 0. 008 — 0. 054 0.013 0. 025

170903 — 0. 002 — 0. 033 0.010 0.014

171004 — 0. 003 — 0. 040 0.011 0.017

180112 — 0. 001 — 0. 050 0.014 0.017

180309 — 0. 001 — 0. 058 0.016 0. 020

180521 — 0. 001 — 0. 061 0.016 0.023

180623 — 0. 002 — 0.031 0.034 0. 005

180701 — 0. 002 — 0. 040 0. 027 0.021

ik K BP1812002 — 0. 003 — 0. 044 0.032 0.024
BP1812003 — 0. 003 — 0.041 0. 029 0. 021

BP1812004 — 0. 003 — 0.042 0. 029 0.024

BP1812005 — 0. 003 — 0.038 0. 028 0. 020

BP1812006 — 0. 002 — 0.032 0. 025 0.013

ik L BP1712016 — 0. 001 — 0.033 0.014 0.010
BP1806004 — 0. 003 — 0.041 0. 024 0. 024

ik N 180909 — 0. 001 — 0.022 0.016 0. 003
ik 0 1807003 — 0. 000 2 — 0.010 0. 006 0. 001

T —FRARK,
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3.3 RFeo#H

3.3.1 FREEAMT 2020 4ERR (PEZGELY WE,
IECKE, FCkEE TR BR G« 2807,
FREE S350 0.029% | 0.388% ; LM, SRR,
EBERE IR T X AR FE R < =287, IR
JEIR 0. 5% 5 Sorbild T L 0% 5 B A s 1
OSSN, 30 H i B A 58 SRS A DL AR BT Y
BB HI7E 0. 19% 17,

1 34 HRSRVK A, A 15 HEIE k& it
2020 4ERR (EIZGEL) PBREEME, RGN 44% ,
Horpr 7 HEEB T BREE(E 9 150% , 5 H 21% , T HAh
VIR B Y I AR R B, 5% B AR AR
TR T — B SR R 80% ~ 120% , & PEE R K
AT 20% O, BT 2020 AR FE 2 i)
FREE ALY 80% by ey WU AL i, R ELA 17 HEAF &%
FRUE, (7 E 50% o H T 5% B T R R A XU
e, WO AR VK R T AR o P B it 1 e
HOEET N

12 LA, 6 Fhak B IRF SRS A
2020 4FRR (P EZGH) BAE; 1 HERE S OE Ok
i 2020 AERR (PR ZG ML) BREE(E R 80% ,
DRV 2y 8% 17T HAh 35 7¥1) A 4% B o 4 328 A1 T AH 1
PRLEEAA

TE 34 LA Rk R b, 6 Rk B VAR S = AT
£ 2020 4EpR (P EZGE) BE, T H AR/ T

I BREE R 20% , 77158 B A R i KU A1

3.3.2 HHAWRERE (PDE) 706 M AH
25 AR ZOR PR 2 (ICH) 7E Q3C (5%
BRVE AR I Y) 77 r 5L T4 % B 1 ) i P AN
HAEE, Ok, Aok, 4., LRLTE.
1EBEE PDE 4385124 2.9, 38.8. 50, 50, 50 mg/d,
i HERA R 10 g KB ARl J5 45 5% 83
VA A PR, 5 3 Rk R WA Ak 2578 2
i, Ak b s PR R D, BORR SR VK A
0.9¢, Xh. AHIKF%0.3 g, ITH=FP6Fh
FREAVREHBEAR (D), Ak DI=£%75%
B xHE LR, DI 5 PDE W KT 1 FRnAfd
FRERUSS  25 5, 34 HERSRVK A IE & Bt K DI
H}0.6 mg/d, HWAE K 0.2; 12 #t3 A iF & bt fx
K DIK0.08 mg/d, WIEHNO0.03, ¥im/hT 1, )
FEILAAL T 7 B Ay AN 2 R | BR BE U R0 04 A
T, 3 UK R A AR R I A AU AT
3.4 RAPERBGEMNEHENXEZ K6 IR,
FEFRSRVK R, Kt AR B RE A, B
i Al TR AR AR R RS
o, R AR BRI, IR E R AER
AR AR BRI R AR RS KRR, Y
EREIA R, RAE BT, KRR ThIEC k.
WO Pk Ea, FRaER, dEdes T
A=y % Y

Ro KEBRMNERSSE, AENELER

Tab. 6 Results of residual solvents, principal component content and purity determination

W 55 5 PR L/ % _ YA/ % _
KIRVK R Xh ARk A

EC 0. 029 0.032 0. 020 0. 002
Bkt 0.388 0. 053 0. 040 0.042

L 0.5 0.021 — —
SR 0.1 0. 005 0. 004 0.016
I B 0.5 0. 002 — 0.016

LR T 0.5 — —
G 96.0/85.0/55.0 98. 12 92.93 58.46
LA AGH /5. 0/ RHLE 0. 04 0.09 38.43
1 i * 3.0/10. 0/0. 50 1.03 5.03 0.18
Hopth 2% i RIE 0.13 0. 60 2.88

. —FoRREH . o 2020 FERR (R EZGHL) e

H1 T 2020 4R (P28 X5 3 ok R &
i AR VEI S, T E A RIR UK R () B s oK
Ko e A ORI B m T30 . Ak, i)
AR S50 2R A ik 4 ALV SRR T A T 22 A
A AT R OR, (BT OB DL 5% B
WS, TRl b % A 1 Al Sk PR B SR R AR

VKR AT Al PRI, RSP I 2 L ) i
IR 3 Rk R R B R A ) (JE R IE
Cbe), Bt ORI /NG < 2RI
R
4 Fig55iR

ARSI T TS BEAR UM @R 34 4L R
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SRUKA . 12363 R, 34 LA MK A e Bkt I
Ckt. AOhE, Frebi, LR, L6 sk
WA TN, RIIARFERRE SR, R
M SRS WA OCHE . b, 44% YRR
VKA HRIE B e & iR I 2020 4ERR (P EZy ) B
JEME, 50% B9 RARVK R rp IE O o6 B 68 o B i 1Y
80% , A FIER BA R MRS KU 0 i s ORI R %
P B R A R R XU AT, (E R P2 B vk R 24t rh
HAAE T A5 AR R . ARk
A AL % B i AT S 2020 AR R (R ETZ
sy BE, KBRS EAC, B, #BE KRR VK A i
SRR IE TP I O b A

S 3.
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