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Abstract
1, 8-cineole, linalool, borneol and caryophyllene oxide by QAMS ( quantitative analysis of multi-components by single-marker). [ Methods ]

[ Objectives | To regulate the quality of Wanjinxiang Shushuang Ointment through simultaneously quantifying menthol, camphor,

The method was performed using an Agilent DB-WAX (30 m x0.32 mm, 0.25 pm) polyethylene glycol chromatographic column; with nitro-
gen employed as a carrier gas. The constant pressure was 4.73 psi; and the injection temperature was 240 °C, with a shunt ratio : of 10 : 1;
The hydrogen flame ion detector with a detector temperature of 240 °C ; the injection volume was 0.3 pL. To verify the accuracy and applicabil-
ity of QAMS, the results were compared with those obtained using the internal standard method ( naphthalene). [ Results] In Wanjinxiang
Shushuang Ointment, menthol, camphor, 1, 8-cineole, linalool, borneol, caryophyllene oxide and naphthalene were well separated by the
same chromatography with good linearity in their respective ranges (R =0.999 2). The average recoveries were 99. 66% , 101. 03% ,
98.07% , 98.24% , 101.39% , and 103.39% with RSDs of 0.69% , 1.52% , 1.25% , 1.94% , 1.44% , and 2.74% , respectively. The
QAMS is similar to the internal standard method. [ Conclusions] This simple, accurate method with high precision, separation and reproduc-

ibility can serve as a reference for the quality control of Wanjinxiang Shushuang Ointment.
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1 Introduction

The Wanjinxiang Shushuang Ointment contains Blumea balsamif-
era (L.) DC., 1, 8-cineole, and menthol as its main compo-
nents. This ointment has disinfectant and anti-inflammatory prop-
erties, which can help reduce swelling, pain, and prevent mos-
quito bites. B. balsamifera (L.) DC. , also called Niuer worm-
wood and Dafeng wormwood, is a herbaceous perennial plant from
the asteraceae family’s genus Blumea. It is a popular medicinal
plant in ethnic minority areas of China, like Li, Miao, and
Zhuang, as well as in Southeast Asian countries due to its effects
of clearing heat, reducing itching, inhibiting inflammation, and

[4-6] " Several studies have demon-

providing antioxidant properties
strated that B. balsamifera (1. ) DC. contains several active com-
ponents like borneol, camphor, linalool, among others. These
components promote osmosis, antimicrobial, and other essential

7121 Additionally, research has indi-

pharmacological activities
cated that the ointment’s menthol is present in topical pain-relie-
ving, itch-reducing, antiseptic and cooling products'® ™" 1, 8-

cineole exhibits insect repellent properties'®™"”". It is consistent
with the primary therapeutic function of this formula and can serve

as an indicator for quality control purposes.
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Currently, there is a lack of comprehensive quality control
standards for Wanjinxiang Shushuang Ointment, and only a limit-
ed number of studies have addressed its quality standards. Chinese
medicine has a complex component, an unclear target point, and
mechanism of action, making it challenging to fully evaluate its
quality based solely on the analysis of a single component’s content
and it is only through the joint control of multiple index compo-
nents to ensure the quality control of the required herbs that the
quality of the medicines can be more comprehensively and fully
controlled ™ ™). In this study, we simultaneously determined the
content of six active components using QAMS, a simple, reliable,
and accurate method that provides scientific reference for the qual-

ity control of Wanjinxiang Shushuang Ointment.

2 Instruments and materials

Agilent 7890, Agilent 6890 Gas Chromatographs, DB-WAX, HP-
INNOWax, DB-1701 polyethylene glycol chromatographic column,
produced by Agilent USA ; XS105DU electronic analytical balance
produced by Mettler Toledo, Switzerland.

1, 8-cineole, caryophyllene oxide, camphor, linalool refer-
ence substance ( purity: = 98% ; baich No. . wkq22011706,
wkq21092408, wkq21112403, wkq21052711 ), purchased from
Sichuan Weikeqi Biological Technology CO. , LTD; menthol, bor-
neol ( purity: = 98% ; batch No.. 110728-201707, 110881-
200706) , purchased from Sinopharm Chemical Reagent Co. Ltd. ;
naphthalene (purity: =99. 7% ; batch No. ; 20080515), pur-
chased from Tianjin Zhiyuan Chemical Reagent Co. ; methanol
(‘analytically pure, batch No. ; 20210906 ) purchased from Tianjin



Medicinal Plant

2023

Fuyu Fine Chemical Co. , Ltd. ; Wanjinxiang Shushuang Ointment
(‘batch No.: 20210219, 20210415, 20210620 ) from Guizhou
Hongyu Pharmaceutical Co. , Ltd.

3 Methods

3.1 Gas chromatographic conditions Column; Agilent DB-
WAX (30 m x0.32 mm, 0.25 pm) ; carrier gas: high-purity ni-
trogen ( purity = 99. 999% ) ; Injection temperature: 240 °C;
shunt ratio; 10 : 1; hydrogen flame ion detector; 240 °C ; the in-
jection volume: 0.3 pL. Initial temperature: 40 °C (retention for
2 min) , rising to 230 C at 10 C/min (retention for 10 min).
3.2 Solution preparation

3.2.1 Preparation of internal standard solution. Precise quanti-
ties of naphthalene were placed in a 25 mL volumetric flask,
which was then diluted and adjusted with methanol to be scaled up
and prepared into an internal standard solution with a concentra-
tion of 0.446 0 mg/mL.

3.2.2 Preparation of tested sample solution. A weight of 2.0 g
of Wanjinxiang Shushuang Ointment was carefully measured and
placed into a 10 mL volumetric flask. Then, 0.5 mL of internal

standard solution was added, the mixture was diluted, and fixed

with methanol to the necessary scale.

3.2.3 Preparation of deficiency sample solution. According to
the prescription and production process of Wanjinxiang Shushuang
Ointment make 1, 8-cineole deficiency sample, menthol deficien-
cy sample and Blumea balsamifera (L. ) DC. deficiency sample.
3.2.4 Preparation of reference solution. Precise amounts of men-
thol, camphor, 1, 8-cineole, linalool, borneol and caryophyllene
oxide were accurately measured in methanol to create a mixture of
reference solution containing 4. 650 mg/mL menthol, 0.220 mg/mL
camphor, 1. 690 mg/mL cineole, 0.270 mg/mL linalool, 0. 800
mg/mL borneol, and 0. 690 mg/mL caryophyllene oxide.

3.3 Methodology examination

3.3.1 Exclusivity Test. In accordance with Section 2.2, sepa-
rately tested the tested sample solution, deficiency sample solution
and reference solution. The peaks of menthol, camphor, 1, 8-cin-
eole, linalool, borneol and caryophyllene oxide and naphthalene
were separated well, and the peak positions of the tested sample
substances and the reference substance have the same retention
time, and the peak positions of the components to be tested show
no corresponding peaks in the deficiency sample solution. The re-

sults are illustrated in Fig. 1.
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Note: A. sample solution; B. mixed standard solution; C. 1, 8-cineole deficiency sample; D. menthol deficiency sample; E. Blumea balsamifera (L. ) DC.

deficiency sample; F. cineole, menthol, Blumea balsamifera (1.) DC. deficiency sample; 1. 1, 8-cineole; 2. camphor; 3. linalool; 4. menthol ;

5. borneol; 6. naphthalene; 7. caryophyllene oxide.
Fig.1 Gas chromatograms of various constituents

3.3.2 Linear relationship examination. Precisely measured
0.30, 0.40, 0.50, 1.00, and 2. 00 mL of mixed reference solu-
tion in a 5 mL volumetric flask. Then, added 0.5 mL of the inter-
nal standard solution of naphthalene and dilute with a solution of
methanol to reach the mark. Five different concentrations of the
A standard
curve was plotted with calculated by the concentration of the refer-

standard mixed solution were derived in this manner.

ence substance and the ratio of the peak area of each component to
the peak area of the internal standard as the abscissa and ordinate
coordinates, the results showed that there was a strong linear corre-

lation among the contents of 6 components. The results are shown

in Table 1.

Table 1 Linear relationship of various constituents

Linear range

Component Linear equation r

mg/mL
Menthol Y=2075.5X+3.6112 1.0000 0.0279-0.1860
Camphor Y=1851.9X+0.2952 0.9999 0.001 3 -0.008 8
1, 8-cineole Y=930.13X+0.7509 0.9997 0.0101-0.067 6
Linalool Y=628.94X+0.3135 0.9998 0.0016-0.0108
Borneol Y=1497.7X+0.5412 1.0000 0.0048-0.0320

Caryophyllene oxide Y =183.36X+1.4695 0.9992 0.004 1-0.027 6

3.3.3 Precision test. The working mixed reference solution in-
jected for six consecutive times under chromatographic conditions,
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the peak area of each component was recorded and their RSDs were
calculated. The RSD of menthol, camphor, 1, 8-cineole, linalool ,
borneol and caryophyllene oxide was 0.94% , 1.75% , 2.25% ,
1.65% , 1.93% and 1.76% , respectively, which indicated that
the developed method had a good precision.

3.3.4 Repeatability test. Stability was investigated by analyzing
the tested sample solution at 0, 3, 6, 12, and 24 h at room tem-
perature and recording peak area of each component. The results
in the showed that the RSD value of peak area of menthol, cam-
phor, 1, 8-cineole, linalool, borneol and caryophyllene oxide was
1.69% , 2.87% , 2.51% , 1.87% , 2.39% and 1.06% , respec-
tiviesly, indicating that the tested sample solutions were stable
within 24 h.

3.3.5 Sample recovery test. Accurately weighed 2. 0 g of the
Wanjinxiang Shushuang Ointment( batch No. ; 20210219) , 9 por-
tions, added the mixed reference solution according to 80% ,
100% , 120% of each component, diluted with methanol to the
scale line, and inject the sample for detection. The average recov-
eries of 6 samples are shown in Table 2. The results show that the

method is accurate.

4 Results and analysis

4.1 Relative correction factors The mixed control solution
was aspirated and injected into the sample for detection. In this
experiment, 1, 8-cineole was used as an internal reference stand-
ard, and the correction factor of the remaining five components to
be tested were calculated through the peak areas of the internal ref-
erence standard 1, 8-cineole and the peak areas of the remaining
five components to be tested. ( According to the formula; f =
A/c,
AJe,’

standard, ¢, denotes to the mass concentration of the internal refer-

where A, denotes the peak area of the internal reference

ence standard, A, denotes the peak area of the component to be
measured, ¢, denotes the mass concentration of the component to
be measured ™. ) The relative correction factor of the remaining
components to be measured with the internal reference standard 1,
8-cineole were calculated. (R, =f./f; . nea» . is the correction
factor for the other components. ). The RSD value reflects the sta-
bility of the calculated results ™", The results are shown in Table 3.
4.2 Robustness of RCFs In order to investigate the robustness of
RCFs in different chromatographic conditions, Agilent 7890, Agilent
6890 of gas chromatographs and DB-WAX (30 m x0.32 mm, 0.25
pm) , HP-INNOWax (30 m x0.32 mm, 0.25 pm), DB-1701 col-
umn (30 m X0.25 mm, 0.25 pum) three different models of chroma-
tographic columns were examined, the mixed standard solution was
injected and analyzed. The results showed that the RCFs of each
component were not significantly different under different types of
instruments and columns. The results are shown in Table 4.

4.3 Relative retention time Calculation of the content of
each component through the relative correction factor needs to
confirm the location of the peaks of menthol, camphor, linalool,
borneol and caryophyllene oxide to achieve the purpose of one
measurement and multiple evaluations. In this study, the relative

retention time method was used to calculate the relative retention

Table 2 Determination results of recovery test

. Added  Detected Average
Compound Original amount amount Recovery recovery RSD
mg % %
mg mg %
Menthol 0.2423 0.1888 0.4301 99.49 99.66  0.69
0.2418 0.188 0.4297  99.54
0.2391 0.188 0.4262  99.12
0.2431 0.2323 0.4750 99.82
0.2394 0.2323 0.4739  100.95
0.2401 0.2323 0.4713 99.52
0.2506 0.2904 0.5424  100.48
0.2466 0.2904 0.533 1 98. 66
0.2431 0.2904 0.5317 99.38
Camphor 0.0115 0.0090 0.0207 102.56 101.03 1.52
0.0119 0.0090 0.0209 1.003 3
0.0117 0.0090 0.0206 0.9922
0.0115 0.0110 0.0227 1.0145
0.0120 0.0110 0.0232 1.0145
0.0118 0.0110 0.0231 1.0277
0.0118 0.0138 0.0255 0.9932
0.0116 0.0138 0.0253 0.9928
0.0117 0.0138 0.0259 1.0290
1, 8-cineole 0.0856 0.0663 0.1521 1.0037  98.07 1.25
0.0883 0.0663 0.1533 0.9810
0.0910 0.0663 0.1565 0.988 6
0.0858 0.0816 0.1663 0.9869
0.0860 0.0816 0.1657 0.9769
0.0885 0.0816 0.1677 0.9705
0.0861 0.1020 0.1840 0.9598
0.0889 0.1020 0.1885 0.976 9
0.0800 0.1020 0.1892 0.9821
Linalool 0.0139 0.0109 0.0245 0.9709 98.24 1.94
0.0151 0.0109 0.0259 0.990 8
0.0155 0.0109 0.0263 0.986 3
0.0140 0.0135 0.0274 0.989 5
0.0155 0.0135 0.0289 0.9915
0.0149 0.0135 0.0282 0.981 5
0.0148 0.0169 0.0316 0.99 8
0.0143 0.0169 0.0311 0.9975
0.0151 0.0169 0.0309 0.9366
Borneol 0.0415 0.0324 0.0735 0.9893 101.39 1.44
0.0415 0.0324 0.0748 1.02838
0.0411 0.0324 0.0744 1.0301
0.0410 0.0398 0.0810 1.0049
0.0407 0.0398 0.0814 1.0222
0.0412 0.0398 0.0821 1.0257
0.0411 0.0498 0.0909 0.999 8
0.0417 0.0498 0.0917 1.0047
0.0414 0.0498 0.0922 1.0197
Caryophy- 0.0085 0.0066 0.0153 1.0198 103.64 2.74
llene oxide  0.0083 0.0066 0.0150 1.0106
0.0081 0.0066 0.0149 1.0256
0.0080 0.0082 0.0165 1.0417
0.0086 0.0082 0.0169 1.0172
0.0077 0.0082 0.0164 1.066 2
0.0080 0.0102 0.0189 1.068 6
0.0084 0.0102 0.0186 1.0000
0.0081 0.0102 0.0191 1.078 4
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time of menthol, camphor, linalool, borneol and caryophyllene ox-
ide through the retention time of 1, 8-cineole, the mixed standard

(Alﬁa/R],X—uinr:n]v = Iy
LRy scineole » re 1S the retention time of the sample component,

solution was injected and analyzed.

s

IRi scineoleis the Tetention time of internal reference standard. ) The

results are shown in Table 5 and none of them exhibit a significant

statistical difference between the internal standard method and the
QAMS method. Hence, it proves that QAMS is a feasible option
for quality controlling the active components in Wanjinxiang

Shushuang Ointment. The results are shown in Table 6.

Table 3 Relative correction factors for various constituents

Relative correction factor

difference.
No. . Caryophyllene
4.4 Determination of sample content Precise weighing of a Camphor  Linalool ~ Menthol ~ Borneol oxide
sample of Wanjinxiang Shushuang Ointment ( batch No. ; : 04745  1.2332 04430  0.6067 0.421 9
20210219, 20210415, 20210620). Three batches of samples were 5 0.4735 12785 04475  0.608 7 0.428 8
prepared as tested sample solution, and three portions of each 5 0.4647 1.2547 0.4348  0.5833 0.432 8
batch were prepared in parallel. To evaluate the feasibility of the 4 0.4667 1.2412 0.4398  0.5806 0.416 8
QAMS method, the contents of menthol, camphor, 1, 8-cineole, 5 0.4706 1.2706  0.4390  0.598 8 0.438 3
linalool , borneol and caryophyllene oxide were determined and cal- 6 0.4715 1.2706  0.4403  0.600 1 0.426 1
culated by QAMS method and internal standard method respective- ~ Mean 0.4719  1.2581  0.4407  0.596 4 0.4275
ly, and the results of the above two kinds of results were analyzed RSD//% 1.28 1.44 0.97 1.98 1. 800
by t-test™”!. The results demonstrate that there is no significant
Table 4 Effect of relative correction factors of different instruments and columns
Relative correction factor
Instrument Chromatographic columns - -
Camphor Linalool Menthol Borneol Caryophyllene oxide
Agilent 7890B DB-WAX 0.475 8 1.274 1 0.442 1 0.595 4 0.430 7
HP-INNOWax 0.469 3 1.273 4 0.438 3 0.604 9 0.445 2
DB-1701 0.466 2 1.279 3 0.439 7 0.610 7 0.427 2
Agilent 6890B DB-WAX 0.473 3 1.233 4 0.447 3 0.589 6 0.4329
HP-INNOWax 0.470 1 1.267 9 0.445 1 0.613 3 0.436 4
DB-1701 0.4759 1.287 2 0.443 9 0.6193 0.438 8
Mean 0.473 4 1.264 7 0.442 7 0.605 5 0.4352
RSD // % 0.65 1.62 0.76 1.86 1.47
Table 5 Relative retention time of various constituents min
. Relative correction factor
Instrument Chromatographic columns - -
Camphor Linalool Menthol Borneol Caryophyllene oxide
Agilent 7890 Agilent DB-WAX 1.470 1 1.484 4 1.620 1 1.701 9 2.0537
Agilent HP-INNOWax 1.469 5 1.469 5 1.610 2 1.690 5 2.114 8
Agilent DB-1701 1.448 4 1.448 4 1.6111 1.674 8 2.018 3
Agilent 6890 Agilent DB-WAX 1.471 7 1.4855 1.621 3 1.703 2 2.0559
Agilent HP-INNOWax 1.469 7 1.469 7 1.610 4 1.688 7 2.1110
Agilent DB-1701 1.450 2 1.450 2 1.5912 1.669 6 2.0135
Mean 1.463 3 1.468 0 1.610 7 1.688 1 2.061 2
RSD // % 0.74 1.09 0.67 0.81 2.12
Table 6 Sample content determination results (n =3)
20210219 20210415 20210620
Compound ISM//mg/g QAMS//mg/g RSD//%  ISM//mg/s QAMS//mg/gs RSD//%  1SM//mg/s QAMS//mg/gs RSD//%
1, 8-cineole 0.5256 - - 0.536 5 - - 0.531 - -
Camphor 0.099 4 0.099 8 0.24 0.096 9 0.097 4 0.27 0.104 3 0.104 9 0.26
Linalool 0.087 4 0.086 2 0.71 0.087 4 0.086 3 0.68 0.093 9 0.092 9 0.55
Menthol 1.462 0 1.466 5 0.15 1.469 0 1.474 3 0.18 1.543 0 1.548 5 0.18
Borneol 0.391 0 0.3925 0.20 0.403 9 0.405 4 0.19 0.416 3 0.418 0 0.20
Caryophyllene oxide 0.083 9 0.084 7 0.47 0.085 8 0.084 3 0.88 0.086 9 0.087 5 0.34

S Discussion
5.1 Selection of internal standards Chinese medicines have
complex components. In this study, the internal standard method

can be utilized to eliminate errors due to changes in operating con-

ditions. This makes the measurement and calculation of the rela-
tive peak areas of the internal standard and the components to be
measured more precise. To reduce experimental error, it is advisa-

ble to choose an internal standard with a peak position that is ei-
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ther close to the measured component’s peak position or falls be-
tween the multiple chromatographic peaks of the measured compo-
nent. This experiment evaluated diethyl malonate, m-xylene, n-pro-
panol, n-butanol, and naphthalene as internal standards. The use of
naphthalene as an internal standard revealed that it was positioned
between borneol and caryophyllene oxide peaks, the duration of its
peak was more optimal. Subsequently, the components intended to
be measured could be accurately differentiated. This approach could
effectively prevent the occurrence of systematic errors.

5.2  Chromatographic conditions It was found that under
constant temperature, the separation effect was poor due to the
long interval between the peaks of the active components and the
inability of the separation degree to meet the standard, and the
separation effect was poor. Compared with the constant tempera-
ture determination, the temperature programmed can accelerate the
peak time of high boiling point substances, reduce the diffusion
and shorten the time, so this study adopts the temperature pro-
grammed method. The effect on the chromatographic peak separa-
tion was also investigated from several aspects, such as: injection
volume, shunt ratio, initial temperature, temperature increase
rate, etc. After experimental verification, the initial temperature
was determined to be 40 °C, the shunt ratio was 10 : 1, and the
injection volume was 0.3 pL. Examination of three different mod-
els of columns, including DB-WAX, HP-INNOWax and DB-1701,
showed that the DB-WAX column performed better than the other
models in terms of the response value, the peak shape and the de-
gree of separation. The DB-WAX column was found to be better
than the other columns in terms of response value, peak shape and
separation, which was more suitable for the analysis of the active
components of Wanjinxiang Shushuang Ointment.

5.3 Selection internal reference standard The initial study
reveals that the 1, 8-cineole extract content in the samples was
high and low-cost. It also had a short peak time, and there were
fewer interfering peaks in the vicinity of 1, 8-cineole. As an inter-
nal reference standard adhering to the QAMS choice principle, it is
stable, inexpensive and readily available.

6 Conclusions

Focusing on Wanjinxiang Shushuang Ointment, we established a
reliable and efficient QAMS method to simultaneously determine
the concentration levels of menthol, camphor, cineole, linalool,
borneol, and caryophyllene oxide. Through a comparison of the
QAMS and internal standard methods, the results indicated no sig-
nificant differences, which is consistent with the modernized quali-
ty control of traditional Chinese medicine. This suggests that the
QAMS method is a feasible option for the quality control of Wan-
jinxiang Shushuang Ointment and provides insight into the compre-

hensive quality control of this preparation.
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