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Introduction

Herbal medicines generally exert their therapeutic effects through the synergic action of the
multiple bioactive components, which are affected by the varieties of herbs and the medicinal
formulas. Flos Chrysanthemi, the dried capitulum of Chrysanthemum morifolium Ramat.
(Compositae), is a well-known crude drug for their therapeutic effects of scattering cold,
cleaning heat and toxin properties, and brightening eyes with several cultivated varieties
available, in which, four varieties of C. morifolium cv. ‘Hangju’ (HJ), ‘Boju’ (BJ), ‘Chuju’
(CJ), and ‘Gongju’ (GJ) have been recorded into Chinese Pharmacopoeia (2010) as the
standard varieties. In contrast, Shuang-Huang-Lian (SHL) preparation, a representative
composite formula of traditional Chinese medicine, is comprised of three herbs: Flos
Lonicerae, Radix Scutellariae, and Fructus Forsythiae, which is commonly used to treat
upper respiratory illnesses caused by viruses or bacterial infections such as tonsillitis,
pharyngitis, pneumonia, etc. Considering these crude drugs and composite formulas, it is
required to simultaneously determine the bioactive components in order to perform the
quantitative evaluation of herbal medicines.

A liquid chromatography (LC) with electrochemical detection (ECD) is a valuable
analytical method due to its high sensitivity and selectivity for the redox compounds such as
caffeoylquinic acids and flavonoids, which are the main bioactive components in Flos
Chrysanthemi and SHL preparations. As the gradient elution ECD would reduce the
sensitivity of the analytes and the single channel isocratic elution ECD is hard to obtain the
good separation of the different polarity analytes, the development of multi-channel ECD
system was necessary for the quantitative evaluation of herbal medicines. In this study, a
novel LC with three-channel isocratic elution ECD (LC-3ECD) system with high sensitivity
and efficiency has been developed to simultaneously determine the various redox compounds



by the new design of channel connections and the technique of alternate rotations of switching
valves. Moreover, by the analyses of Flos Chrysanthemi and SHL preparations as examples, it
was shown that LC-3ECD was useful for the quantitative evaluation of herbal medicines.

Chapter 1 The novel LC-3ECD method for the determination of various redox
compounds

An LC-3ECD method has been developed to simultaneously determine 7 caffeoylquinic
acids of chlorogenic acid (CHA), neochlorogenic acid (NCHA), cryptochlorogenic acid
(CCHA), isochlorogenic acid A (ICHA A), isochlorogenic acid B (ICHA B), isochlorogenic
acid C (ICHA C), and caffeic acid (CFA) and 2 flavonoids of luteolin 7-O-glucoside (LTG)
and luteolin (LT) from Flos Chrysanthemi, and 6 caffeoylquinic acids of CHA, NCHA,
CCHA, ICHA B, ICHA C
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in Fig. 1, a novel LC-3ECD
system has been designed, Fig.1 Block diagram of the present LC-3ECD for the analysis
of Flos Chrysanthemi. MP 1.3, mobile phase; SV 1., switching
for the simultaneous valves; I_\/!eCN, acetonitrile; H,0, water; H3POy, phosphoric acid.
. ] Composition (v/v/v) of MP 1.3, flow rate of MP 1.3 (ul/min), length
determination  of  various (L, mm) of pre-column and column 1.3, and applied potential (V vs.
bioactive components in  Ag/AgCI) in detector 1.3 were described in the figure.
herbal medicines. Through
alternately rotating the SV1 and SV; at the different time to change the elution flow way on
pre-column, the high polarity compounds, middle polarity compounds, and low polarity
compounds retained in pre-column after sample injection, were alternatively eluted into
column 1, 2, and 3 by MP1, MP», and MP3, respectively. Then, the high polarity compounds
were fully separated on column 1 and determined in detector 1. The middle polarity
compounds were fully separated on column > and determined in detector 2. The low polarity
compounds were fully separated on column 3 and determined in detector 3. Meanwhile, MP 4, »,
and 3 always flowed through detector 1, 2, and 3, respectively, to keep the isocratic elution in
each detection channel in the whole analytical process.

By the present LC-3ECD, the standard mixtures containing 9 compounds of NCHA, CHA,
CCHA, CFA, LTG, ICHA B, ICHA A, ICHA C, and LT concerned with Flos Chrysanthemi
were analyzed under the present system conditions shown in Fig. 1 and the chromatographic
separation results were shown in Fig. 2. Furthermore, the standard mixtures containing 11
compounds of NCHA, CHA, CCHA, CFA, FTA, STL, ICHA B, ICHA C, BC, WGD, and

assembled, and established



BCE concerned with SHL preparations were also analyzed by the present LC-3ECD to verify
the effectiveness and feasibility of the present LC-3ECD. The desirable separation, wide
linear range, and high sensitivity, as well as the good precision, were obtained by LC-3ECD.
The present LC-3ECD method for determining 9 compounds from Flos Chrysanthemi and 11
compounds from SHL preparations has been validated by the standard substances.
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Fig. 2 Chromatograms of mixed standards concerned with Flos Chrysanthemi. Peaks: NCHA (a),
CHA (b), CCHA (c), CFA (d), LTG (e), ICHA B (f), ICHA A (g), ICHA C (h), LT (i). The left, middle, and
right chromatograms were obtained from detector 1, 2, 3, using protocatechuic aldehyde (PAD, I1S1), ethyl
gallate (EG, 1S2), and butyl gallate (BG, 1S3) as internal standards, respectively.

Chapter 2 System repeatability estimation in quantitative HPLC-UV and LC-3ECD
for herbal medicines by 1SO 11843-7

A new methodology to estimate the system repeatability in quantitative HPLC-UV and
LC-3ECD for herbal medicines was proposed based on International Organization for
Standardization 11843 part 7 (ISO 11843-7), which provides detection limits stochastically.
By ISO 11843-7, a real power spectrum was obtained from the baseline noise of a
chromatogram by Fourier transform. By the least squared fitting of the model power spectrum
to the real power spectrum, the SD of white noise (W), and the SD of the Markov process
(m), and the retention parameter (p) of the Markov process were determined as three noise
parameters. A measurement RSD of the chromatographic peak, the expression of precision/
system repeatability, which has a peak area (A) or peak height (H), width (i.e., integration
domain, ks ), and error of injection volume (1), was obtained by the following equation:
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While using H for determination, A was substituted by H. In an HPLC-UV for determining
BC from Scutellaria Radix, the stochastically observed RSD of A at 50 xg/ml of BC by ISO
11843-7 was 0.12% (n=1), which was within the 95% confidence interval of the statistically
observed RSD by repetitive measurements (n=6), ranging from 0.094% to 0.37%. In an
LC-3ECD for determining 9 compounds from Flos Chrysanthemi, the stochastically observed
RSDs of H at 30 ng/ml of CHA, CCHA, ICHA B, ICHA A, LTG, and LT, 20 ng/ml of NCHA,



10 ng/ml of CFA and ICHA C by ISO 11843-7 (n=1) were also within the 95% confidence
intervals of the statistically observed RSDs (n=6) at each concentration of the compounds,
respectively. Therefore, 1SO 11843-7 was applicable to estimate the system repeatability
(precision) in HPLC-UV and LC-3ECD for herbal medicines, contributing to reducing the
experimental time for providing a reliable validation.

Chapter 3 Quantitative evaluation of Flos Chrysanthemi and SHL preparations by
LC-3ECD

After the development of the LC-3ECD system by the new design of channel connections,
the verification of its effectiveness by the standard substances, and the reconfirmation of its
precision by ISO 11843-7, its specificity, repeatability, and accuracy were validated by using
the real samples. Then, 9 bioactive components of NCHA, CHA, CCHA, CFA, LTG, ICHA B,
ICHA A, ICHA C, and LT from Flos Chrysanthemi and their sulfur-fumigated products were
simultaneously determined by LC-3ECD. Significant differences were found among four
cultivated varieties of ‘HJ’,
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analysis (PCA). Based on Fig. 3 PCA results obtained from the content data set of ‘HJ’,
the content determination, ‘BJ’, ‘CJ’ and ‘GJ’ samples. (A) the scores plot; (B) the loadings

nearly 60% of LTG and Plot

more than 47% of caffeoylquinic acids were lost during the sulfur fumigation process. Sulfur
fumigation showed a destructive effect on Flos Chrysanthemi. Concerning the PCA results of
‘HJ’, ‘BJ’, “CJ’, and ‘GJ’ samples shown in Fig. 3, PC1 and PCzexplained 68.8% and 19.1%
of the variation, respectively. 87.9% of the total variation was illustrated by two PCs. The
samples of ‘HJ’, ‘BJ’, ‘CJ’, and ‘GJ’ were clearly classified into four groups on the scores
plot (Fig. 3A). The weights of 9 analytes combined to form the PCA scores were shown on
the loadings plot (Fig. 3B). The similarity and inhomogeneity of 9 analytes in four cultivated
varieties of Flos Chrysanthemi were clearly exhibited in Fig. 3A and Fig. 3B.

As next real samples, 11 bioactive components of NCHA, CHA, CCHA, CFA, FTA, STL,
ICHA B, ICHA C, BC, WGD, and BCE from 14 batches of SHL oral liquid and 12 batches of
SHL lyophilized powder for injection were simultaneously determined by the present
LC-3ECD. The contents of these 11 components differed greatly among the different batches
of SHL samples. Therefore, the multiple components determination by the present LC-3ECD
could reflect the quality of herbal medicines, comprehensively.



Conclusions

In this study, a novel LC-3ECD method has been developed for the simultaneous
determination of various bioactive components from Flos Chrysanthemi and SHL
preparations with high sensitivity and efficiency. It is reliable, applicable and superior for the
quantitative evaluation of herbal medicines. In addition, 1ISO 11843-7 was successfully
applied to estimate the system repeatability of quantitative HPLC-UV and LC-3ECD. It is a
very helpful methodology for the system repeatability estimation of HPLC during the
quantitative evaluation of herbal medicines.
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