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ABSTRACT

Traditional Chinese Medicine (TCM) is currently used as an alternative treatment because it is
considered cheaper and does not cause any side effects. Chlorogenic acid is a marker
compound as a standard in a number of TCM preparations. HPLC are required not only for
authentication of herbal formulations by fingerprint analysis but also for quality assurance a
marker. Therefore, the aim of this literature review is to resume the method of HPLC that has
been used to standardize in TCM with chlorogenic acid as a marker. This literature review
focused on the type of detector for the HPLC method used in the analysis of chlorogenic acid
as a marker. The results of the study showed the method HPLC-UV/Vis, HPLC-DAD, HPLC-
MS/MS, HPLC-DAD-ESI/MS, and HPLC-ELSD had been used to analyze chlorogenic acid
and standardized TCM. The HPLC-DAD-ESI/MS is the best method because it can perform
analyses on a wider range of LOD and LOQ ranges.
Keywords: Chlorogenic acid, Detector, HPLC, Standardization, TCM

INTRODUCTION

Chlorogenic acid (Figure 1) is a phenolic
compound derived from a class of
hydroxycinnamic acid (a derivative of

cinnamates acid) [1]. The chemical

structure of this compound is composed of
a caffeine group and a quinic acid group,
and chlorogenic acid also referred to as 5-

caffeoylquinic acid (5-CQA). Chlorogenic
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acid is a compound that belongs to a group
of esters, quinic acid and some trans-
cinnamic acid, where generally caffeine,
coumarin, and ferulic acidare dispersed in a
wide variety of plants and are the fraction
of the phenol compounds most consumed
by humans [2]. Chlorogenic acid can
protect plants from microorganisms,
insects, and UV radiation [3]. Besides,
chlorogenic acid also provides many other
benefits that are good for human health,
namely as antioxidants, antifungal, and
anti-inflammatory [4]. However, some also
mention as 3-CQA, the difference between
the nomenclature is caused by the history of
chlorogenic acid [5].

Nowadays, chlorogenic acid is
widely studied because the compound is
scattered in various plants. Chlorogenic
acid shows the activity of cardiovascular
antiviral,

protection, antioxidant,

antibacterial, liver  protection, lipid-
lowering, and hypoglycemic [6].
Chlorogenic acid can be found in foods and
spices such as apples, artichokes, betel nut,
carrot, coffee beans, eggplant, grape, kiwi,
pear, potato, tea, tomato, and tobacco leaf
[7]. Most of the research conducted on
chlorogenic acid is associated with its
benefits to disorders related to metabolic
syndrome, that is related to metabolism and
biochemistry such as type 2 diabetes and

cardiovascular disease [8].
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Figure 1: Chemical structure of chlorogenic acid (5-
caffeoylquinic) [9]

Traditional Chinese Medicine (TCM) has
been used and believed to cure various
diseases for thousands of years. The
community uses this treatment as an
alternative treatment of medical treatment
because the community considers medical
treatment is more expensive, sometimes
causes side effects, and makes the patient's
body weaker than ever so that the quality-
of-life decreases. The Area of TCM is very
wide, including acupuncture, herbal
Medicine, and energy healing (Qi Gong)
[10]. The National Pharmacopoeia of China
establishes chlorogenic acid as a marker in
the standardization and identification of
Herbs [11]. In addition, the determination
of chlorogenic acid as marker is also
included in the European Pharmacopoeia
and USP 35-NF30 is wused for its
identification, purity, and content [12]. The
analysis of the compound marker has also
been introduced and applied by the World
Health Organization (WHO) and the Food
and Drug Administration (FDA) as a
quality assessment strategy for herbal
medicine [13].

In conventional methods, chlorogenic acid

is isolated from the dried plant by using a
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solvent extraction and followed by filtration
[14]. The method of HPLC to determinate
chlorogenic acid in various herbs can be
used as a standardized method of herbal
plants so that the herbs that are later used
for the treatment is standardized, either the
compounds contained and the content or
amount of the compounds contained [15].
Reversed-phase high-performance liquid
chromatography (RP-HPLC) with mass
spectrometry detector (HPLC-MS/MS) has
been successfully and extensively applied
to the structure of phenolic compounds in a
wide variety of samples, having high
sensitivity advantages, speed, and low
Besides, liquid

sample  consumption.

chromatography with tandemmass
spectrometry techniques (LC-MS/MS) is
useful for explaining the structure of an

active compound (e.g., a non-volatile

phenolic compound) and discriminating the
compound based on its molecular weights
[11].

The purpose of this literature review is to
review the research that has been conducted
related to the determination of chlorogenic
acid as a marker compound in TCM using
the method of HPLC.

METHOD

The journal source used for this study was
journals from PubMed sources using the
keywords namely Traditional Chinese
Medicine, HPLC, chlorogenic acid, and
standardization;published from 1996 to
2020. They are grouped by UV-Vis,
MS/MS, DAD, DAD-ESIMS, and ELSD
detectors. The focus of this literature review
is the type of detector used in the analysis

of chlorogenic acid by using HPLC (Table
1).

Table 1: HPLC detector attributes in quality assurance and fingerprint analysis of chlorogenic acid as a marker in

Traditional Chinese Medicine (TCM)

Detector Key Attributes Application Reference
UV-Vis Most V;l‘i‘;'pyt:;ed and ng;‘;‘::;i'eve;n 4 | 161 17-19%), [24-26], [29], [341, 1411,
. ) * *
Fingerprint. [53], [55], [57], [58]*, and [59]*.
Photodiode Arra . .
Detectors (PDA) and | PDA or DAD peak purity = Qualitative, [13]%, [18], [20-21], [23], [27], [37-38]
Diode Arra homogeneity; reliable; and Quantitative, and 1 4’3| [ 4’51* [ 491’ [52]’* anzl 57] >
Y easy to use. Fingerprint. > ’ ’ ’
Detectors (DAD)
Evaporative Light Detects most nonvolatile Qualitative and
Scattering Detector analytes. Quantitative [22] and [57]
(ELSD) )
.Identlfy the comp.onen.t Qualitative,
Mass Spectroscopy usingm/z and retention time Quantitative, and [1], [17], [18], [21], [28], [30-33], [35-40],
(t(R)), exclusion and high . . [42], [44, 45*- 51%], [54]*, [56], and [57].
Fingerprint.
selectivity,

“*> tandem fingerprint analysis
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RESULT AND DISCUSSION
Traditional Chinese Medicine (TCM)
Traditional ~ Chinese = Medicine
(TCM) has been used for the treatment and
prevention of various diseases for more
than 1000 years [60]. In China, plant
processing has been developed for a long
time and is an important aspect of the use of
herbal plants. Traditional Chinese Medicine
(TCM) has used for reducing toxicity,
improving

ingredient [26]. The

efficacy, andstabilizing the

active chemical
compounds in TCM is influenced by
geographic origin of species, cultivation
practices, harvest time, storage conditions,
and processing methods. It makes
complexity and difficulties for the quality
assessment of TCM [61]. China,as the
country of origin and implementation of
TCM, has a unique TCM theoretical system
and effective methods of treatment. By
research and improvement for many years,
a great breakthroughs and extraordinary
achievements have been made for
standardization TCM, but there are still
many problems related to standardization
TCM [57]. The World Health Organization
(WHO) reported that TCM has grown into
an international industry. However, due to
the lack of standardization of TCM, there is
a demand for the development of
standardization methods in the modern era

and globalism as it is today [62]. Many

methods of standardization and evaluation

of TCM, both single and simultaneous,
have been applied [63]. Biological tests are
also used for standardization TCM but they
have certain limitations in operation, high
cost, and low in precision [64].

At this time, many herbs are used as
ingredients for TCM, among others,
Gardeniae fructus and Helianthus tuberosus
L. Gardeniae fructus is TMC commonly
called Zhizi in Chinese. It was derived from
the dried fruit of Gardenia jasminoides of
family madder. The Gardeniae fructus has
been investigated to contain a wide range of
phytochemical content, and the results show
that in the Gerdeniae fructus there are
genial compounds, chlorogenic acid,
crocin-1, and rutin as its main components
[65]. This herb is used for the treatment of
cholagogue effects (Gallstone shredders), to
reduce fever, and diuretics [60].
LepidoGrammitisdrymoglossum is used in
the treatment of tuberculosis, pulmonary,
inflammatory, diarrhea, and fever by the
Chinese ethnic community Miao, Yao, and
Tong. This herb is a member of the Family
Polypodiaceae, which is widespread in
western and southern China, especially in
Guangxi, Guizhou, and Guangdong
provinces. In some reports of chlorogenic
acid contained in the plant due to the
resemblance of its activity, the common
chlorogenic acid is used as a biomarker of

herbal plants in China [4].
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Helianthus  tuberosus L.  (Jerusalem
artichoke), the family of Asteraceae is an
herbal medicine originating from the north
of America. As a source of inulin, the tuber
has been used as a traditional remedy for
the treatment of rheumatism and diabetes
with a variety of pharmacological activities,
such as cholagogue, gastric, aperient,
spermatogenic,  diuretic, tonic, and
antioxidants.The main phenolic acids in H.
tuberosus leaves are chlorogenic acid [11].
Artemisiaeargyu folium is a widespread
herbal plant in the region of East Asia. This
herb is commonly wused in TCM
prescriptions. The pharmacological activity
of this plant is to treat bleeding, insomnia,
asthma, and osteoarthritis [6]. Epimedium
is a traditional herb used to strengthen and
nourish the kidneys in China. Epimedium
brevicone Maxim has been listed in the
Chinese Pharmacopeia [31]. Currently,
pharmacological studies have shown that
tumor

Epimedium has activities as

inhibitors, antioxidants, and anti-
inflammatory [66-70].

Many compounds can be isolated from
Epimedium, such as flavonoids glycosides,
phenylpropanoid, alkaloids,
polysaccharides, lignin and sesquiterpenes
[71].
High-Performance

Chromatography (HPLC)

Liquid

High-Performance liquid chromatography
(HPLC) (Figure 2) was developed from

classical column chromatography; the
sample solution is injected into the porous
material column (stationary phase) and
solvent (mobile phase) by using a high-
pressure pump. The separation of the
samples is based on differing migration
rates of components through the columns
which arising from different partitions of
the components into the stationary phase
and the mobile phase. This difference
depends on the partitions and the timing of
the elution of various components [72].

The development and validation methods
play an important role in the discovery,
development and manufacturing of drug.
This method is used to ensure identity,
potency, purity, performance of medicinal
preparations. In developing of a method,
initially by collected the information about
the physicochemical properties of analytes
(pKa, logP, and solubility) fordetermine
which mode of detection will be suitable for
analysis [73]. The purpose of the HPLC
method is to isolate and quantify the main
active compounds, other compounds, and
impurities.

The UV-Visible absorption detector is the
most commonly used in HPLC method
because many of the compounds are
absorbed in the UV and Visible region (190
— 600 nm). The concentration of the
samples was proportional to the absorbance,

determined by the light fraction transmitted
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through the detector cell by the law of
Lambert-Beer.
1. HPLC-UV/Vis

The UV-Visible detector is the most
commonly used in HPLC for compounds
that absorb in the UV (or Visible) regions
(from 190 — 600 nm). The concentration of
samples is comparable to its absorbance.
The HPLC with the UV-Vis detector is
distinguished into a fixed and variable-
wavelength detector, where by the fixed
wavelength detector can only read at a
certain wavelength, usually with a 254 nm
from a low-pressure mercury lamp. While
the variable wavelength detectors can be
adjusted to operate at maximum absorption
of analytes or at wavelengths that provide
more selectivity [73].
The HPLC-UV/Vis method is used to
analyze chlorogenic acid as a marker in
herbal plants as a TCM raw material. From
the results of studies that have been
conducted, the method of HPLC-UV/V is
valid is used to analyze the compound of
chlorogenic acid. Lepido Grammitis
drymoglossum have contained chlorogenic
acid by using the HPLC-UV/Vis. The
HPLC conditions were carried out a
Phenomenex Luna Cig (250 x 4.6 mm i.d.;
5 um particle size; 100 A pore size)
column; the mixture of acetonitrile and
0.5% aqueous phosphoric acid (11.5:88.5,
v/v) as mobile phase; the flow rate of 1.0

mL/min and wavelength at 327 nm with

injection volume of 10 pL (Figure 3). The
LOD and LQD values of CGA standard
were 0.049 and 0.132 mg/L, respectively
[4].

2. HPLC-PDA

The Photodiode Array Detectors (PDA) and
Diode Array Detector (DAD) is a detector
that has the same absorption as the UV-Vis
detector of 190 — 600 nm. This detector has
an optical pathway similar to a variable-
wavelength detector except the light passes
through the flow cell before crashing the
grid, allowing it to diffuse the spectrum
across an array of diodes [73]. The detector
is generated both absorbance and spectral
data and it can be used for identification,
quantitation, and peak purity.

Analysis of chlorogenic acid using HPLC-
PDA on the sample of Gardeniae fructus
was done simultaneously with the content
of rutin compounds, geniposide, and crocin-
1 [65]. Detection wavelengths for rutin,
geniposide,  chlorogenic  acid, and
crocinlwere set at 254 nm, 240 nm, 330
nm, and 440 nm, respectively. An Agilent
Zorbax Extend C;g (250 mm x 4.6 mm, 5
um) was used at a flow rate of 1.0 mL/min.
A mixture of (A) aqueous phosphoric acid
and (B) acetonitrile (0.4%, v/v) as mobile
phase and operated in a gradient elution of
0~45 min, 5%~30% B; 45~60 min, and
30%~50% B. Typical chromatograms of the

contents (%) of chlorogenic acid and
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reference compounds in Gardeniae fructus
(Figure 5 and Table 6).
3. HPLC-ELSD

The HPLC with evaporative light
scattering detector (ELSD) is commonly
used for analysis of compounds not absorb
UV radiation, such as sugars, antibiotics,
antivirals, lipids, fatty acids, oils, polymers,
phospholipids, terpenoids, surfactants, and
triglycerides. The detector has a high
sensitivity of up to 10 ng and compatibility
with the gradient elution.

The HPLC-ELSD method has been
used to determinate the compounds
contained in the Sargentodoxa cuneata
simultaneously. It is known that the plant
contains 3,4-dihydroxyphenylethyl alcohol
glycosides, chlorogenic acid, salidroside,
and liriodendrin. A Hypersil ODS (Cg)
column (250 mm x 4.6 mm id, 5 um) was
operated at
35°C. A mixture of acetonitrile (A) and
0.2% formic acid aqueous solution (B) was
used as the mobile phase and performed
using a stepwise gradient elution [22].
Typical chromatograms of reference
compounds and the contents (%) of
chlorogenic acid in Gardeniae fructus
(Figure 5). This method was validated for
limits of detection and quantification,
precision, and  reproducibility. = The
calibration curves of this method showed
good linearity. The range of recoveries

were  96.39%-104.64%. The relative

standard deviations of precision for intraday
and interday were less than 2.90% and
3.30%, respectively.

4. HPLC-MS/MS

HPLC-MS/MS provides an effective means
of analyzing

complex samples both

quantitative  analysis and  qualitative
identification [21].

Each mass spectrometer consists of three
main components, which are sources of
ionization, analyzers, and detectors. Ions
are obtained by ionization of electrospray
and the ionization of the most widely used
atmospheric pressure.

HPLC-MS/MS has been used for the
determination of phenolic compounds and
argyifolium.

flavonoids in Artemisiae

Twenty-two components including 5
phenolic acids and 17 flavonoids in Folium
Artemisiae argyi samples were quantified
by the developed LC-MS/MS method.
Chromatographic separation was achieved
on a reversed-phase
(Shiseido, Pak Cig

(150%3.0mm LD., 3um) at 35°C, and the

chromatography
Capcell column)
eluent was acetonitrile (A)- aqueous formic
acid (100:0.1, v/v) (B) and performed using
a gradient elution [6].

5. HPLC-DAD-ESI/MS

The high-performance liquid
chromatography—diode  array  detector
coupled to an electrospray tandem mass
spectrometer (HPLC-DAD-ESI/MS) isan

HPLC with photodiode detector and mass
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ionization electrospray spectrometry and
commonly used for the identification of a
compound. Both detectors (DAD and MS)
if used together can produce three-
dimensional data 1i.e., retention time,
UV/Vis spectrum, and ion mass analysis.
When

coupled with the  proper

chromatography =~ method, a  three-
dimensional analysis will provide scientific
and accurate data to identify and measure
the detected compounds [57].

The HPLC-DAD-ESI/MS method has been
used to standardize the herb plant of
Gardenia  efructus and chemometric
analysis by wusing principal component
analysis (PCA) and cluster analysis (CA)
(Figure 7-8). The eight compounds
identified in the Gardeniae fructus and
chlorogenic acid are the main components.

Chromatographic

performed on an Agilent ZORBAX SB-Cjs

separations were

analytical column and a mixture of aqueous
solution of 0.1%formic acid (A) and
acetonitrile (B) as mobile phase [21]. The
results indicated that the contents of the 8
major bioactive constituents in G.fructus
(34 batches samples).

6. Final consideration

The HPLC-UV/Vis method is the most
widely used detector, and the advantages of
this HPLC-UV/Vis method is that it is
generally easy to use, it can be used by all
samples, more cost-effective, qualitative

and quantitative analysis.

But the disadvantages of this method are
that the analyzed compounds should have a
chromophore group, the solvent used
should be colorless, only to detect at one
wavelength and not be good if used for
identification and test purity [73]. From the
review of the literature, LOD and LOQ
values with UV-Vis detector are greater
than other detectors. The high values of
LOD and LOQ indicate less sensitive UV-
Vis detectors if the analytical compounds
are in very small quantities.

The HPLC with DAD detector is better than
the UV-Vis detector because the UV/Vis
detector can detect a single wavelength
while the DAD can detect at variable
wavelength (190-800 nm). DAD is a
UV/Vis detector but has some photodiodes,
then scans all the components that can
respond in wavelength range of 190-800 nm
which no need for any adjustments. In the
development of the method, the DAD is a
better choice because the UV/Vis detector

is very time-consuming. HPLC-DAD can

collect peak data that issued for
identification, evaluation  of  peak
homogeneities and purity [73]. The

parameter that becomes the advantage of
the HPLC-DAD method is the small value
of RSD repeatability of 1.01%. It shows
high accuracy and repeatability but still not
as good as the HPLC-MS/MS detector.

HPLC-MS/MS is a better method if

compared to the above two methods. This is
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because HPLC-MS/MS will give an
overview of the compound structure. This
method can be both qualitative analysis and
more accurate identification to identify
compounds that are not yet known structure
[39] the HPLC-MS/MS method has the
lowest LOD and LOQ, the most sensitive
MS detector in analyzing the analytes as it
can detect up tonanograms (ng).HPLC-
DAD-ESI/MS is a combination of
photodiode detector and mass spectroscopy;
it certainly gives better results as it can
provide more analytical data because the
DAD detector serves to quantify while the
MS detector for identification can be used
for purity testing. The advantage of this
method is that it can analyze with a wide
range of wavelengths than can be known
the information of structure and mass of a
compound. Based on the parameters in this

review of the literature, HPLC-DAD-

sample

e Injector
um
P HPLC column

HPLC
solvent

ESIU/MS has a good level of precision
compared to other methods.

HPLC-ELSD is typically used for non-UV
compounds, ELSD is the main choice
because the detection principle does not
rely on the optical properties of the
dissolved substances. From the results of
the literature review HPLC-ELSD has good
repeatability value over other methods.

Of the five methods that have been
mentioned, HPLC-DAD-ESI/MS is the best
method for the determination of
chlorogenic acid in the standardization of
TCM, because to determine because to
determine the standard required
comprehensive parameter data. The HPLC-
DAD-ESI/MS

method is considered

comprehensive because it uses two
detectors that can perform quantification

and identification analysis.

Detector

Data aquisition

waste

Figure 2: High Performance liquid chromatography (HPLC) schematic diagram [73]
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b
Figure 3: Typical chromatograms of (a) CGA standard and (b) L. drymoglossoides extracts with the retention
time of analyte is 15.521 min of (a) and 15.778 min of (b).[4]

Figure 4: Typical chromatograms of components in Gardeniae fructus [65]

Table 2: The contents (%) of chlorogenic acid in Gardeniaefructus [65]

Sample Suppliers Rutin Chlorogenic acid Geniposide Crocin-1
Crude Hunan 0.207 0.398 3.897 0.417
Jiangxi 0.251 0.407 3.699 0.837
Zhejiang 0.238 0.162 4.242 0.625
CZp Hunan - 0.273 2.594 -
Jiangxi 0.116 0.286 2.492 -
Zhejiang - 0.189 2.658 -

’-> not detected

3581
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Figure 5: Typical chromatogram of reference compounds and the contents (%) of chlorogenic acid in Gardeniae
fructus. Samples at wavelengths 271 nm (a); Samples with ELSD (b); Standard solution of ELSD (c). Peak: (1) 3, 4 -
3,4-dihydroxyphenylethyl alcohol glycosides; (2) Salidroside; (3) chlorogenic acid; and (4) Liriodendrin [22]
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Figure 6: Typical HPLC-MS/MS chromatogram of 22 constituents in Folium Artemisiae argyi extract [6]
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Figure 7: Typical chromatograms in negative-ion ESI/MS mode (a) and score plot (b) for major bioactive constituents

in G. fructus [21]

CONCLUSION
The HPLC-UV-Vis, HPLC-DAD, HPLC-
MS/MS, HPLC-DAD-ESI/MS, and HPLC-
ELSD methods are valid to be used as
standardized of chlorogenic acid content in
Traditional Chinese Medicine (TCM). The
HPLC method with the DAD-ESI/MS
detector is the best method because it can
perform qualitative, quantitative, high
sensitivity analysis, and can be used for
compound identification and purity test.
The results of the literature review show
that the HPLC-DAD-ESI/MS method can
be used for the analysis of chlorogenic acid
in herbal preparations of TCM with good
sensitivity. Therefore, this method can be
developed to detect chlorogenic acid in the
Indonesian natural product.
REFERENCES
[1] Ouyang, H., Li, J., Wu, B., Zhang, X.,
Li, Y., Yang, S. & Feng, Y. (2017). A

2]

[3]

[4]

robust platform based on ultra-high
performance liquid chromatography
Quadrupole time of flight tandem mass
spectrometry with a two-step data
mining strategy in the investigation,
classification, and identification of
chlorogenic acids in Ainsliaea fragrans
Champ. Journal of Chromatography A,
1502, 38-50.

Marques, V., & Farah, A. (2009).
Chlorogenic  acids and  related
compounds in medicinal plants and
infusions. 113(4),
1370-1376.

Chu, Y. F. (Ed.). (2012). Coffee:

Food Chemistry,

emerging health effects and disease
prevention (Vol. 59). John Wiley &
Sons.

Wen, J., Kang, L., Liu, H., Xiao, Y.,
Zhang, X., & Chen, Y. (2012). A
validated UV-HPLC method for

IJBPAS, October, 2021, 10(10)

3583



Asnawi A et al

Review Article

determination of chlorogenic acid in

Lepidogrammitisdrymoglossoides

(Baker) Ching, Polypodiaceae.
Pharmacognosy Research, 4(3), 148.

[5] Santana-Galvez, J., Cisneros-Zevallos,
L., &Jacobo-Velazquez, D. A. (2017).
Chlorogenic acid: Recent advances on
its dual role as a food additive and a
nutraceutical metabolic
syndrome. Molecules, 22(3), 358.

[6] Xia, J. X., Zhao, B. B., Zan, J. F.,

Wang, P., & Chen, L. L. (2019).

against

Simultaneous determination of

phenolic acids and flavonoids in

ArtemisiaeArgyi Folium by HPLC-

MS/MS and discovery of antioxidant

ingredients based on relevance
analysis. Journal of pharmaceutical
and biomedical analysis, 175, 112734.

[7] Niggeweg, R., Michael, A. J., &
Martin, C. (2004). Engineering plants
with increased levels of the antioxidant
chlorogenic acid. Nature
biotechnology, 22(6), 746-754.

[8] Kaur, J. (2014). A comprehensive
review on metabolic  syndrome.
Cardiology research and practice,
2014.

[9] National Center for Biotechnology
Information (2020). PubChem

Compound

1794427, Chlorogenic acid. Retrieved

December 9, 2020 from

Summary for CID

https://pubchem.ncbi.nlm.nih.gov/com
pound/Chlorogenic-acid.

[10] Wang, X., Zhang, A., Sun, H., &
Wang, P. (2012). Systems biology

technologies  enable  personalized
traditional  Chinese = medicine: a
systematic review. The American

journal of Chinese medicine, 40(06),
1109-1122.

[11] Chen, F., Long, X., Liu, Z., Shao, H.,
& Liu, L. (2014). Analysis of phenolic
acids of  Jerusalem  artichoke
(Helianthus tuberosus L.) responding to
salt-stress by liquid
chromatography/tandem mass
spectrometry. The scientific world
journal, 2014.

[12] Zo6llner, T., & Schwarz, M. (2013).
Herbal Reference Standards:

applications, definitions and regulatory

requirements.  RevistaBrasileira de
Farmacognosia, 23(1), 1-21.

[13] Yang, D. Z., An, Y. Q., Jiang, X. L.,
Tang, D. Q., Gao, Y. Y., Zhao, H. T.,
& Wu, X. W. (2011). Development of
a novel method combining HPLC
fingerprint and  multi-ingredients

quantitative  analysis for quality

evaluation of traditional Chinese
medicine preparation. Talanta, 85(2),
885-890.

[14] Upadhyay, R., Ramalakshmi, K., &
Rao, L. J. M. (2012). Microwave-

assisted extraction of chlorogenic acids

IJBPAS, October, 2021, 10(10)

3584



Asnawi A et al

Review Article

from green coffee beans. Food

Chemistry, 130(1), 184-188.

[15] Vongsak, B., Sithisarn, P., &

Gritsanapan, W. (2013). Simultaneous
determination of crypto-chlorogenic
acid, 1isoquercetin, and astragalin
contents in Moringa oleifera leaf
extracts by TLC-densitometric method.
Evidence-Based Complementary and

Alternative Medicine, 2013.

[16]Li XF, Shi HM, Xu M, Meng L.

[HPLC fingerprint  chromatogram
analysis of some Taraxacum in Henan
province]. Zhong Yao Cai. 2008
Oct;31(10):1470-3. Chinese. PMID:
19230392.

[17]Chai X, Wang Y, Su Y, Bah AJ, Hu L,

Gao Y, Gao X. A rapid ultra
performance liquid chromatography-
tandem mass spectrometric method for
the qualitative and quantitative analysis
of ten compounds in FEucommia
ulmodiesOliv. J Pharm Biomed Anal.
2012 Jan 5;57:52-61. doi:
10.1016/j.jpba.2011.08.023. Epub 2011
Aug 22. PMID: 21907523.

[18] Qian ZM, Wen XD, Li HJ, Liu Y, Qin

SJ, Li P. Analysis of interaction
property of bioactive components in
FlosLoniceraeJaponicae with protein
by microdialysis coupled with HPLC-
DAD-MS. Biol Pharm Bull. 2008
Jan;31(1):126-30. doi:
10.1248/bpb.31.126. PMID: 18175954.

[19] Feng WY, Qiu HR, Tian J, Du J, He B.

[Study on chromatogrgphic fingerprint
of qingying injection]. Zhongguo
Zhong Yao Za  Zhi 2004
Feb;29(2):141-6.  Chinese.  PMID:
15719680.

[20] Liu L, Suo Z, Zheng J. [Simultaneous

determination of four compounds in
SanjingShuanghuanglian Oral Liquid
by high performance liquid
chromatography-diode array detection-
electrochemical detection]. Se Pu. 2006
May;24(3):247-50. Chinese. PMID:
16929841.

[21]Wu X, Zhou Y, Yin F, Mao C, Li L,

Cai B, Lu T. Quality control and
producing areas differentiation of
Gardeniae fructus for eight bioactive
constituents by HPLC-DAD-ESI/MS.
Phytomedicine. 2014 Mar 15;
21(4):551-9. doi:
10.1016/j.phymed.2013.10.002. Epub
2013 Oct 31. PMID: 24183952.

[22]Li DH, Lv YS, Liu JH, Yang L, Wang

Y, Zhang SK, Zhuo YZ. Simultaneous
Determination  of  Four  Active
Ingredients in Sargentodoxa cuneata
by HPLC Coupled with Evaporative
Light Scattering Detection. Int J Anal
Chem. 2016; 2016:8509858. Doi:
10.1155/2016/8509858. Epub 2016
May 29. PMID: 27313618; PMCID:
PMC4903121.

IJBPAS, October, 2021, 10(10)

3585



Asnawi A et al

Review Article

[23]Qin K, Wang B, Cai H, Li W, Yao Z,

Zhang X, Lu T, Cai B. Simultaneous
determination  of  five  marker
compounds in Xuanfu Daizhe Tang by
high-performance liquid
chromatography coupled with diode
array detection for quality control.
Pharmacogn Mag. 2012 Oct;8(32):250-
5. doi: 10.4103/0973-1296.103647.
PMID: 24082626; PMCID:
PMC3785160.

[24]Hu X, Li WD, Li O, Hao JB, Liu JK.

[Effect of gas-turbine green discoloring
and drying processing methods on
herbal quality of tetraploid Lonicerae
japonicae Flos]. Zhongguo Zhong Yao
Za Zhi. 2012 Sep; 37(17): 2554-7.
Chinese. PMID: 23236750.

[25] Gao XY, Li N, Fan Q, Wang Y, Qiao

YJ. [Study on the method of rapid
quality control of aqueous solution of
floslonicerae japonicae extraction in
the  preparation of  qingkailing
injection]. Guang Pu Xue Yu Guang Pu
Fen Xi. 2006 May; 26(5): 904-7.
Chinese. PMID: 16883865.

[26]Liu QD, Qin KM, Shen BJ, Cai H, Cai

BC. Optimization of the processing
technology of Fructus Arctii by
response surface methodology. Chin J
Nat Med. 2015 Mar; 13(3): 222-31.
doi: 10.1016/S1875-5364(15)30008-X.
PMID: 25835367.

[27] Tan XJ, Li Q, Chen XH, Wang ZW,

Shi ZY, Bi KS, Jia Y. Simultaneous
determination of 13  bioactive
compounds in Herba artemisiae
Scopariae (Yin Chen) from different
harvest seasons by HPLC-DAD. J
Pharm Biomed Anal. 2008 Aug 5;
47(4-5): 847-53. doi:
10.1016/.jpba.2008.04.010. Epub 2008
Apr 15. PMID: 18502075.

[28] Peng L, Gao X, Song Y, Zhao L, Guo

M, Su J, Zhang L, Liu H. A rapid and
sensitive  UPLC-MS/MS method for
quantification of two caffeoylquinic
acids and four main active components
in rat plasma after an intravenous
administration of Qingkailing injection
and its application to a
pharmacokinetic study. Biomed
Chromatogr. 2014 May; 28(5): 601-9.
doi: 10.1002/bmc.3077. Epub 2013

Nov 4. PMID: 24185835.

[29] Xiao M, Liu ZY, Wu X, Chen XQ, Zan

K. [Simultaneous determination of 6
main components in AchilleacHerba by
HPLC]. Zhongguo Zhong Yao Za Zhi.
2020 May; 45(9): 2138-2143. Chinese.
doi:
10.19540/j.cnki.cjcmm.20200220.201.
PMID: 32495563.

[30]Luo Y, Wen Q, Yang S, Feng Y, Tan

T. Chemical composition and anti-
complement activity of

GlechomaeHerba collected in different

IJBPAS, October, 2021, 10(10)

3586



Asnawi A et al

Review Article

months. Biomed Chromatogr. 2020
Mar;34(3):e4762. doi:
10.1002/bmc.4762. Epub 2020 Jan 12.
PMID: 31760665.

[31]Huang M, Zhang Y, Xu S, Xu W, Chu

K, Xu W, Zhao H, Lu J. Identification
and  quantification of  phenolic
compounds in Vitex negundo L. var.
cannabifolia (Siebold et Zucc.) Hand.-
Mazz. using liquid chromatography
combined with quadrupole time-of-
flight and triple quadrupole mass
spectrometers. J Pharm Biomed Anal.
2015 Apr 10; 108:11-20. doi:
10.1016/j.jpba.2015.01.049. Epub 2015
Feb 7. PMID: 25703235.

[32]Guo W, Wang L, Gao Y, Zhao B,

Wang D, Duan W, Yu Z. Isolation of
isochlorogenic acid isomers in flower
buds of Lonicera japonica by high-
speed counter-current chromatography
and preparative high performance
liquid chromatography. J Chromatogr
B AnalytTechnol Biomed Life Sci.
2015 Feb 15; 981-982:27-32. doi:
10.1016/j.jchromb.2014.12.020. Epub
2015 Jan 3. PMID: 25596381.

[33]Liu Y, Chi S, Wang W, Su L, Liu B.

Simultaneous Determination of Seven
Components in Rat Plasma by the
UPLC-MS/MS Method and
Application of  Pharmacokinetic
Studies to SimiaoYong'an Decoction.

Molecules. 2017 Nov 9; 22(11): 1937.

doi: 10.3390/molecules22111937.
PMID: 29120359; PMCID:
PMC6150365.

[34] Wang L, Cao Y, Xu H, Ye J. [Study on

quality control and fingerprint of
Chinese traditional medicine Yinhuang
oral liquid]. Se Pu. 2006 Jul; 24(4):
367-72. Chinese. PMID: 17017162.

[35]Han Y, Zhou M, Wang L, Ying X,

Peng J, Jiang M, Bai G, Luo G.
Comparative evaluation of different
cultivars of FlosChrysanthemi by an
anti-inflammatory-based NF-xB
reporter gene assay coupled to UPLC-
Q/TOF MS with PCA and ANN. J
Ethnopharmacol. 2015 Nov 4;
174:387-95. doi:
10.1016/j.jep.2015.08.044. Epub 2015
Aug 29. PMID: 26320691.

[36] Yu XA, LiJ, Azietaku JT, Liu W, He J,

Chang YX. A Single Standard to
Determine Multi-Components Method
Coupled with Chemometric Methods
for the Quantification, Evaluation and
Classification of Notopterygii Rhizoma
et Radix from Different Regions.

Molecules. 2019 Oct 3; 24(19): 3574.

doi: 10.3390/molecules24193574.
PMID: 31623363; PMCID:
PMC6804041.

[37]Ruan M, Li Y, Li X, Luo J, Kong L.

Qualitative and quantitative analysis of
the major constituents in Chinese

medicinal preparation Guan-Xin-Ning

IJBPAS, October, 2021, 10(10)

3587



Asnawi A et al

Review Article

injection by HPLC-DAD-ESI-MS(n). J
Pharm Biomed Anal. 2012 Feb 5;
59:184-9. doi:
10.1016/j.jpba.2011.10.007. Epub 2011
Oct 15. PMID: 22071444.

[38]Che Y, Wang Z, Zhu Z, Ma Y, Zhang

Y, Gu W, Zhang J, Rao G.
Simultaneous Qualitation and
Quantitation of Chlorogenic Acids in
Kuding Tea Using Ultra-High-
Performance Liquid Chromatography-
Diode Array Detection Coupled with
Linear lon  Trap-Orbitrap  Mass
Spectrometer. Molecules. 2016 Dec 16;
21(12):1728. doi:
10.3390/molecules21121728.  PMID:
27999287; PMCID: PMC6274195.

[39] Pang HQ, Tang YP, Cao YJ, Tan YJ,

Jin Y, Shi XQ, Huang SL, Sun DZ, Sun
J, Tang ZS, Duan JA. Comparatively
evaluating the pharmacokinetic of
fifteen constituents in normal and
blood deficiency rats after oral
administration  of  Xin-Sheng-Hua
Granule by UPLC-MS/MS. J
Chromatogr B AnalytTechnol Biomed
Life Sci. 2017 Sep 1;1061-1062:372-
381. doi:
10.1016/j.jchromb.2017.07.042.  Epub
2017 Jul 30. PMID: 28802217.

[40] Bao HS, Hou JY, Hu HJ, Li YT, Zheng

L, Huang Y, Wang GC, Zhou M, Lan
YY, Gong ZP. [Determination of

plasma protein binding rates of nine

compounds of /nula cappa extraction
based on method of equilibrium
dialysis]. Zhongguo Zhong Yao Za
Zhi. 2019 Apr; 44(7): 1475-1484.
Chinese. doi:
10.19540/j.cnki.cjcmm.20190116.007.
PMID: 31090307.

[41]Chen P, Wang Y, Chen L, Jiang W,

Niu Y, Shao Q, Gao L, Zhao Q, Yan L,
Wang S. Comparison of the anti-
inflammatory active constituents and
hepatotoxic pyrrolizidine alkaloids in
two  Senecio plants and their
preparations by LC-UV and LC-MS. J
Pharm Biomed Anal. 2015 Nov 10;
115:260-71. doi:
10.1016/j.jpba.2015.07.014. Epub 2015
Jul 26. PMID: 26257293.

[42] Zhou W, Tam KY, Meng M, Shan J,

Wang S, Ju W, Cai B, Di L.
Pharmacokinetics screening for multi-
components absorbed in the rat plasma
after oral administration of traditional
Chinese medicine Flos Lonicerae
Japonicae-Fructus  Forsythiae  herb

couple by sequential negative and

positive ionization ultra-high-
performance liquid
chromatography/tandem triple
quadrupole mass spectrometric

detection. J Chromatogr A. 2015 Jan 9;
1376:84-97. doi:
10.1016/j.chroma.2014.12.018.  Epub
2014 Dec 15. PMID: 25533397.

IJBPAS, October, 2021, 10(10)

3588



Asnawi A et al

Review Article

[43] Luan L, Wang G, Lin R. HPLC and

chemometrics  for the  quality
consistency evaluation of
Shuanghuanglian injection. J
Chromatogr Sci. 2014 Aug; 52(7): 707-
12.  doi: 10.1093/chromsci/bmt104.

Epub 2013 Jul 18. PMID: 23868179.

[44] Yang B, Ying Y, Zou J, Ge S, Zuo L.

Comprehensive characterization and
quantification of multiple components
in Dan-Huang-Qu-Yu capsule using a
multivariate data processing approach
based on microwave-assisted extraction
with UHPLC and Q Exactive
quadrupole-orbitrap high-resolution
mass spectrometry. J Sep Sci. 2019
Jun;42(11):2069-2079. doi:
10.1002/jss¢.201801246. Epub 2019
Apr 24. PMID: 30942527.

[45]Yin F, Wu X, Li L, Chen Y, Lu T, Li

W, Cai B, Yin W. Quality control of
Gardeniae Fructus by HPLC-PDA
fingerprint coupled with chemometric
methods. J Chromatogr Sci. 2015 Nov-
Dec;53(10):1685-94. doi:
10.1093/chromsci/bmv072. Epub 2015
Jun 12. PMID: 26071608.

[46] Tao Y, Du Y, Su D, Li W, Cai B.

UHPLC-MS/MS quantification
combined with chemometrics for the
comparative analysis of different
batches of raw and wine-processed
Dipsacus asper. J Sep Sci. 2017

Apr;40(8):1686-1693. doi:

10.1002/jss¢.201601459. Epub 2017
Mar 21. PMID: 28218445.

[47] Zhang F, Sun L, Gao SH, Chen WS,

Chai YF. LC-MS/MS analysis and
pharmacokinetic ~ study on  five
bioactive constituents of Tanreqing
injection in rats. Chin J Nat Med. 2016
Oct;14(10):769-775. doi:
10.1016/S1875-5364(16)30091-7.
Epub 2016 Oct 31. PMID: 28236406.

[48] Shen J, Jia Q, Huang X, Yao G, Ma W,

Zhang H, Ouyang H, He 1.
Development of a HPLC-MS/MS
Method to Determine the 13 Elements
of Semen Cuscutae and Application to
a Pharmacokinetic Study in Rats. Evid
Based Complement Alternat Med.
2019 Nov 6; 2019:6518528. doi:
10.1155/2019/6518528. PMID:
31885656; PMCID: PMC6925736.

[49] Chen LX, Hu DJ, Lam SC, Ge L, Wu

D, Zhao J, Long ZR, Yang WJ, Fan B,
Li SP. Comparison of antioxidant
activities of different parts from snow
chrysanthemum (Coreopsis tinctoria
Nutt.) and identification of their natural
antioxidants using high performance
liquid chromatography coupled with
diode array detection and mass
spectrometry and  2,2'-azinobis(3-
ethylbenzthiazoline-sulfonic

acid)diammonium salt-based assay. J

Chromatogr A. 2016 Jan 8; 1428:134-

IJBPAS, October, 2021, 10(10)

3589



Asnawi A et al

Review Article

42. doi: 10.1016/j.chroma.2015.10.037.
Epub 2015 Oct 19. PMID: 26521095.

[S0] Chang YX, Ge AH, Yu XA, Jiao XC,

LiJ, He J, Tian J, Liu W, Azietaku JT,
Zhang BL, Gao XM. Simultaneous
determination of four phenolic acids
and seven alkaloids in rat plasma after
oral administration of traditional
Chinese medicinal preparation
JingiJiangtang Tablet by LC-ESI-
MS/MS. J Pharm Biomed Anal. 2016
Jan 5; 117:1-10. doi:
10.1016/5.jpba.2015.08.030. Epub 2015

Aug 24. PMID: 26340557.

[S1]Dai YT, Li Q, Fan ZQ, Wang DD,

Dong Q, Tong JY, Takehisa T, Chen
SL. [Quality evaluation of decoction of
single medicinal herb--a case of
Lonicerae japinicae Flos]. Zhongguo
Zhong Yao Za  Zhi 2017
Mar;42(5):809-816.  Chinese.  doi:
10.19540/j.cnki.cjcmm.2017.0024.
PMID: 28994518.

[52]Wu X, Liu Q, Chen D, Qin W, Lu B,

Bi Q, Wang Z, Jia Y, Tan N.
Identification of quality control
markers in Suhuang antitussive capsule
based on HPLC-PDA fingerprint and
anti-inflammatory screening. J Pharm
Biomed Anal. 2020 Feb 20;
180:113053. doi:
10.1016/j.jpba.2019.113053. Epub
2019 Dec 19. PMID: 31901736.

[53] Arslan Burnaz N, Kiiciik M, Akar Z.

An on-line HPLC system for detection
of antioxidant compounds in some
plant extracts by comparing three
different methods. J Chromatogr B
AnalytTechnol Biomed Life Sci. 2017
May 1; 1052:66-72. doi:
10.1016/j.jchromb.2017.03.003. Epub
2017 Mar 12. PMID: 28359985.

[54] Zhang XF, Chen J, Yang JL, Shi YP.

UPLC-MS/MS analysis for antioxidant
components of Lycii Fructus based on
spectrum-effect relationship. Talanta.
2018 Apr 1; 180:389-395. doi:
10.1016/j.talanta.2017.12.078.  Epub
2017 Dec 25. PMID: 29332828.

[S5]Basang ZG, Lan J, A P. [Quality

control method of Tibetan medicine
Saussureacobvalltae]. Zhongguo Zhong

Yao Za Zhi. 2016 Jan; 41(1): 134-138.

Chinese. doi:
10.4268/cjcmm?20160126. PMID:
28845655.

[56] Sun M, Yin Y, Wei J, Chen X, Ouyang

H, Chang Y, Gao X, He 1.
Development and Validation of a
HPLC-MS/MS Method for
Simultaneous Determination of Twelve
Bioactive Compounds in Epimedium:
Application to a Pharmacokinetic
Study in Rats. Molecules. 2018 May
31; 23(6): 1322. doi:
10.3390/molecules23061322.  PMID:
29857519; PMCID: PMC6100475.

IJBPAS, October, 2021, 10(10)

3590



Asnawi A et al Review Article

[S7] Wang SF, Leng J, Xu YM, Feng ML. longituba extracts by high performance

Identification and determination of liquid chromatography.
major constituents in a traditional PharmacognMag. 2013 Jul; 9(35): 216-
Chinese medicine compound recipe 9. doi: 10.4103/0973-1296.113269.
Xiongdankaiming tablet using HPLC- PMID: 23930004; PMCID:
PDA/ESI-MS(n) and HPLC- PMC3732423.

UV/ELSD. J Zhejiang Univ Sci B. [62] WHO. 2013. WHO  Traditional
2013 Jul;14(7):604-14. doi: Medicine Strategy: 2014-2023. World
10.1631/jzus.B1200295. PMID:
23825146, PMCID: PMC3709065.

[58] Zheng XK, Wei Y, Feng WS.

Health Organization.
[63] Wang, J., Guo, Y., & Li, G. L. (2016).

Current status of standardization of

[Chemical pattern recognition for
HPLC  fingerprint  analysis  of
FlosLonicerae japonicae in different
collecting time]. Zhong Yao Cai. 2007
Oct;30(10):1203-6. Chinese. PMID:
18300484.

[S9]Qu QL, Yang B, Wang QP, Yi CQ,

Xiao YQ, Wang YY. [Identification of
jizhi syrup using HPLC fingerprint].
Zhongguo Zhong Yao Za Zhi. 2007
Apr; 32(8): 681-3. Chinese. PMID:
17608218.

[60]Lee EJ, Hong JK, Whang WK.

Simultaneous determination of
bioactive marker compounds from
Gardeniae fructus by high performance
liquid chromatography. Arch Pharm
Res. 2014 Aug; 37(8): 992-1000. doi:
10.1007/s12272-013-0293-1. Epub

2013 Nov 26. PMID: 24277694.

[61]Shan Q, Cao G, Cai H, Cai B.

Simultaneous determination of four

bioactive compounds in Glechoma

traditional Chinese medicine in China.
Evidence-Based Complementary and

Alternative Medicine, 2016.

[64] Chen Z, Wang M, Yang Y, Cui X, Hu

J, Li'Y, Zhao F. Promotion of a quality
standard for Porana sinensis Hemsl.
based on the efficacy-oriented Effect-
Constituent Index. Biomed
Chromatogr. 2020 Feb; 34(2): e4726.
doi: 10.1002/bmc.4726. Epub 2019
Nov 19. PMID: 31654585.

[65] Ouyang, E., Zhang, C., & Li, X.

(2011). Simultaneous determination of
geniposide, chlorogenic acid, crocinl,
and rutin in crude and processed
fructus gardeniae extracts by high
performance liquid chromatography.

Pharmacognosy Magazine, 7(28), 267.

[66] Yin J, Qu J, Zhang W, Lu D, Gao Y,

Ying X, Kang T. Tissue distribution
comparison between healthy and fatty
liver rats after oral administration of

hawthorn  leaf  extract. Biomed

IJBPAS, October, 2021, 10(10)

3591



Asnawi A et al

Review Article

Chromatogr. 2014 May; 28(5): 637-47.
doi: 10.1002/bmc.3082. Epub 2013
Nov 20. PMID: 24254959.

[67] Chen Z, Liao L, Zhang Z, Wu L, Wang

Z. Comparison of active constituents,
acute toxicity, anti-nociceptive and
anti-inflammatory activities of Porana
sinensis Hemsl., Erycibeobtusifolia
Benth. and ErycibeschmidtiiCraib. J
Ethnopharmacol. 2013 Nov 25; 150(2):
501-6. doi: 10.1016/j.jep.2013.08.059.
Epub 2013 Sep 17. PMID: 24055469.

[68]Jiang P, Sheng YC, Chen YH, Ji LL,

Wang ZT. Protection of FlosLonicerae
against acetaminophen-induced liver
injury and its mechanism. Environ
ToxicolPharmacol. 2014 Nov; 38(3):
991-9. doi: 10.1016/j.etap.2014.10.019.
Epub 2014 Nov 1. PMID: 25461560.

[69] Ren J, Jiang X, Li C. Investigation on

the absorption kinetics of chlorogenic
acid in rats by HPLC. Arch Pharm Res.
2007  Jul;  30(7):  911-6.  doi:
10.1007/BF02978845. PMID:
17703746.

[70] Zhou L, Zhang T, Lu B, Yu Z, Mei X,

Abulizi P, Ji L. Loniceraej aponicae
Flos attenuates diabetic retinopathy by
inhibiting retinal angiogenesis. J
Ethnopharmacol. 2016  Aug 2;
189:117-25. doi: 10. 1016/ j.jep. 2016.
05.039. Epub 2016 May 16. PMID:
27196298.

[71] Zhang Q, Li J, Wang C, Sun W, Zhang

Z, Cheng W. A gradient HPLC method
for the quality control of chlorogenic
acid, linarin and luteolin in
FlosChrysanthemilndici suppository. J
Pharm Biomed Anal. 2007 Jan 17;
43(2): 753-7. doi:
10.1016/j.jpba.2006.07.037. Epub 2006
Aug 22. PMID: 16930915.

[72] Gupta, V., Jain, A. D. K. J., Gill, N. S,

& Guptan, K. 2012. Development and
validation of HPLC method-a review.
International Research Journal of

Pharmaceutical and Applied Sciences,

2(4), 17-25.

[73] Chandrul Kaushal, K., & Srivastava, B.

2010. A process of method
development: A chromatographic
approach. J. Chem. Pharm. Res, 2(2),
519-545.

IJBPAS, October, 2021, 10(10)

3592



