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Analysis of Cinnamic Acid, Cinnamaldehyde and 2-Methoxycinnamaldehyde
in Cinnamomi Ramulus on the Market in Seoul by HPLC

Jeong-Sook Lee”, Sung-Deuk Lee, Kwang-Ho Hwang, Hee-Soon Kim, In-Sil Yoo,
Ki-Young Han and Young-Zoo Chae
Seoul Metropolitan Government Research Institute of Public Health and Environment, Seoul 130-060, Korea

Abstract — For the quality control of traditional herbal medicine, Cinnamomi Ramulus, simultaneous determination of cin-
namic acid, cinnamaldehyde, and 2-methoxycinnamaldehyde was established by using a high performance liquid chro-
matographic (HPLC) method with diode array detector. To separate three constituents, Eclipse XDB C18 (5 um, 4.6 %
250 mm) was used with 0.1% acetic acid and acetonitrile. Validation of the chromatography method was evaluated by lin-
earity, recovery, and precision test. Calibration curve of standard components showed excellent linearity (R%>0.9999). A
simple and efficient method by HPLC was developed to evaluate the quality of traditional herbal medicines made from Cinnami
Ramulus. Three major bioactive ingredients in 30 samples that are from China(8) and Vietnam(22) were separated and quantified.

Keywords [ Cinnamomi Ramulus, high performance liquid chromatography (HPLC), DAD, cinnamic acid, cinnamaldehyde,

2-methoxycinnamaldehyde
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Fig. 1 - Chemical structures of three marker constituents in

Cinnamomi Ramulus.
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Fig. 2 - HPLC chromatogram of standard mixture (A) and Cinnamomi Ramulus sample (B).

Table I - Comparison of marker compounds contents according to extraction solution, time and method

Cinnamic acid (%)

Cinnamaldehyde (%) 2-Methoxycinnamic acid (%)

n=3 n=3 n=3

ZZu)9} A)7F 30 min 1lh 2h 30 min 1h 2h 30 min 1h 2h
e 0067+ 0071+ 0063« 1601+ 1559+ 139+ 0074 0075+ 0057+
100% MeOH &% 0.000% 00026 0002 00059 0054  0.071° 0.000% 00065  0.002°
I 0056+ 0066+  0069x 1419+ 1607+ 1671 0069+ 0077+  0.08l%
70% MeOH &hr+= 0001 0002 0.005% 0.021>  0.034% 0,099 0.001¢ 0002 0.005"
e 0.048= 0048+ 0055+ 1243+ 1242+ 1376+ 0064+ 0065+ 0071+
50% MeOH #75% 0.004? 0.001? 0.003" 0.067* 0.011% 0.053" 0.003° 0001  0.002%
oo 0059% 0062+ 0064 1585 1580+ 1592+ 0075+  0075= 0077+
100% MeOH 25342 (oot 00019 0,001 0015  0010°  0.005 0001 0000  0.001%
VGOH 2osies  0065% 0065+ 0065+ 1604 1584 1595 0082+ 008l 0082
70% MeOH =152 0.000% 0.001% 0.000% 0.013% 0.026° 0.009% 0.001" 0.001" 0.000'
MeOH 2owms  OUBZE 0064+  0065:  L536x  1569x  L577+  0.078x  0080x  0.08L:
50% MeOH =35 o3 0,001%  0.000% 0.054° 0.016° 0.013° 0023 0,001%  0.001%"

1) Mean=+S.D. and the sample alphabet in each column mean not significantly different (p<0.05) by anova Duncan's multiple range test.

Table II - The linearity, correlation coefficient (R?), limit of detection (LOD) and limit of quantification (LOQ) of the compounds studied

Marker compounds Linear range (mg/L) Regression equation R? LODY (mg/L) LOQ? (mg/L)
Cinnamic acid 16.9~270.0 y=98.286x+101.96 0.9999 4.80 14.56
Cinnamaldehyde 15.8~253.0 y=115.147x+22.12 1.0000 2.73 8.27
2-Methoxycinnamaldehyde 18.1~290.0 y="70.305x-10.74 1.0000 2.01 6.09

1) : Limit of detection (LOD)=3.3x§/S.
2) : Limit of quantitation (LOQ)=10x§/S.

(8 : standard deviation, S : the individual slope in calibration curves).
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Table III — Analytical results of precision test through Intra-day and Inter-day

Concentration Intra-day (n=3) Inter-day (n=3)
Marker compounds (ug/ml
ug/mi) Mean=S.D. (ug/ml) RSD (%) Mean+S.D. (ug/ml) RSD (%)
515 53.69+0.09 0.18 53.57+0.13 0.25
Cinnamic acid 30.9 31.89+0.05 0.14 31.76+0.17 0.53
10.3 9.53+1.24 0.16 9.53+0.03 0.27
155.9 154.32+0.38 0.25 153.42+0.47 0.31
Cinnamaldehyde 93.6 93.41+0.15 0.16 92.96+0.54 0.58
31.2 30.97+0.04 0.12 30.74+0.24 0.77
52.5 50.83+0.22 0.44 50.53=0.65 1.28
2-Methoxycinnamaldehyde 315 30.84+0.09 0.29 30.69+0.28 091
10.5 10.66+0.02 0.19 10.47+0.20 191

methoxycinnamaldehyde®] FAR-2HS S8 HAz2AS g5
SIATE. o1 0.1% A1 oEUERS 7:39] HIER A}
23519937 <5 0.8 mi/min®E 3I3ATh DAD detector®] g %
78 230 nm, 254 nm, 265nm, 280 nm=> & L3R 1L, o] F
280 nmellA 3 B 7FE sst AvE dof 280 nm= A

goto] 7h A mAdEe] alldls 9 peak areas SYSISIC

(Fig. 2).
F&x710| 82
AR AR AR F2PE vlns 29t 70% )

&R 30w 2a5FE0] 7FY 550t Table D).
EMubHo| ZMMut HESHH|(LOD), MEEH|(LOQ)
Z=7% peak area A¥ w2} ZA¥ calibration curveS E3]

714 3359 correlation coefficient(RA)FES Bl A},

Table V — Analytical results of stability test of marker compounds

2 AAA(R?>0.9999)S LERHSITE o] At elell o] A&
SHA|(limit of detection)?} “8%3HA|(limit of quantification)s =
A3t Ax}, 3714 9] A FAJE-L 2.01~4.80 mg/l W99 A&

Table IV — Analytical results of accuracy test

Spiked Measured

RSD Recovery

Marker compounds amount  amount
mgh  mgn O @
51.5 55.39+0.31 0.56 107.6
Cinnamic acid 309 33.28+0.11 0.32 107.7
10.3  11.04+0.11 1.02 107.2
1559 15.10+0.13 0.83 96.9
Cinnamaldehyde 93.6 90.59+0.21 0.23 96.8
312 29.44+0.98 3.31 94.4
52.5 48.28+1.47 3.06 92.0
2-Methoxycinnamaldehyde  31.5 29.95+0.08 0.28 95.1
10.5 10.02+0.11 1.05 95.4

Recovery (%)=(Measured amount/Spiked amount)x 100.

; Measured concentration (mg/m/
Marker compounds Cor(lrcl;egn/t;]zla)non Temp. 1 day 7 day (mgf ;0 day RSD (%)
515 4°C 53.62+0.03 53.28+0.09 53.70+0.03 0.42
’ RT 53.80+0.44 53.82+0.07 53.91+0.10 0.10
Cinnamic acid 30.9 4°C 31.76=0.01 31.57+0.01 31.77+0.06 0.35
: RT 32.07+0.05 31.64+0.04 31.88+0.11 0.68
103 4°C 9.54+0.01 9.45+0.01 9.47+0.02 0.50
: RT 9.62+0.03 9.56+0.04 9.54+0.01 0.42
155.9 4°C 153.22+0.17 152.48+0.56 151.47+1.37 0.58
: RT 155.88+1.64 153.23+0.31 149.53+0.10 2.09
Cinnamaldehyde 93.6 4°C 92.77+0.07 92.43+0.02 92.03+0.37 0.40
: RT 93.94+0.21 92.91+0.02 91.37+0.19 1.39
319 4°C 30.66=+0.02 30.54+0.04 30.35+0.06 0.51
i RT 31.17+0.07 27.93+0.29 28.22+0.35 6.16
52.5 4°C 50.62+0.15 50.31+0.05 46.61+3.94 4.54
’ RT 48.68+0.77 42.78+0.16 32.20+0.21 20.26
. 4°C 30.70+£0.04 30.68+0.00 30.09+0.08 1.14
2-Methoxycinnamaldehyde 315 RT 30.3120.09 24.90+0.10 23.92+2.26 13.06
105 4°C 10.40+0.04 10.40+0.04 9.99+0.10 2.29
: RT 10.59+0.04 7.14=0.01 7.55+0.02 22.35

RT: Room temperature.
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Table VI - Contents of three marker compounds in commercial Cinnmomi Ramulus

A3 3P SR BT 5
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WSS Vehle] w3
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Qo A EFALHRSD, %)= 3.31% o5k ke Jehgl

CH(Table IV).

et %X*EJJr(AIOC)OﬂH

AT EE 1 E]
FHAF 1 9FE B Ay AR Al A YR BT Adasast
6.0% ©]3] methoxycm—

Stz Pt o, A& Hyke] 4
namaldehyde= A EFHX7} 10.0% ©]

Al obgskA] 28-S <ok 4= 9 tH(Table V).

qo= 7

FRAS S SANEMUS S8 AN A 24
EBAY SRS A BB AR ol83lo] A% AN #E 32 A
B el B wAske] RN A87ksE AEsk 3714 A%y

Sample No. Origin Cinnamic acid (%) Cinnamaldehyde (%) 2-Methoxycinnamaldehyde (%) Total (%)
1 China 0.14 1.08 0.20 1.42
2 China 0.16 1.26 0.29 1.71
3 China 0.10 1.32 0.34 1.75
4 China 0.12 1.01 0.31 1.45
5 China 0.17 1.45 0.06 1.68
6 China 0.06 1.08 0.08 1.22
7 China 0.08 1.69 0.28 2.05
8 China 0.06 1.75 0.07 1.88

Mean+SD 0.11+0.04 1.33+0.28 0.20+0.12 1.64+0.27

Range 0.06~0.17 1.01~1.75 0.06~0.34 1.22~2.05
9 Vietnam 0.09 1.38 0.25 1.72
10 Vietnam 0.12 1.63 0.06 1.81
11 Vietnam 0.10 1.54 0.07 1.71
12 Vietnam 0.07 1.22 0.22 1.51
13 Vietnam 0.09 1.60 0.07 1.77
14 Vietnam 0.14 1.24 0.07 1.45
15 Vietnam 0.08 1.00 0.05 1.13
16 Vietnam 0.11 1.48 0.06 1.66
17 Vietnam 0.04 0.99 0.04 1.07
18 Vietnam 0.11 141 0.06 1.58
19 Vietnam 0.06 1.78 0.06 1.89
20 Vietnam 0.07 1.48 0.05 1.60
21 Vietnam 0.08 1.15 0.21 144
22 Vietnam 0.10 2.08 0.07 2.25
23 Vietnam 0.07 1.92 0.08 2.07
24 Vietnam 0.06 1.62 0.06 1.74
25 Vietnam 0.12 1.91 0.08 2.11
26 Vietnam 0.12 1.33 0.29 1.74
27 Vietnam 0.05 1.50 0.05 1.60
28 Vietnam 0.06 1.38 0.07 1.51
29 Vietnam 0.06 1.66 0.05 1.77
30 Vietnam 0.07 1.28 0.24 1.60

Mean=SD 0.09%+0.03 1.48+0.29 0.10=0.08 1.67+0.28

Range 0.04~0.14 0.99~2.08 0.04~0.29 1.07~2.25

Total Mean=SD 0.09%+0.03 1.44+0.29 0.13+0.10 1.66+0.27

Range 0.04~0.17 0.99~2.08 0.04~0.34 1.07~2.25

n=3.
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