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Abstract

Background: Quantitation analysis and chromatographic fingerprint of multi-components are frequently used to
evaluate quality of herbal medicines but fail to reveal activity of the components. It is necessary to develop a
rational approach of chromatography coupled with activity detection for quality assessment of herbal medicines.

Methods: An on-line HPLC-ultraviolet detection-2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) free radical
scavenging (HPLC-UV-ABTS) method was developed to obtain the chromatographic fingerprints and ABTS+•

inhibition profiles (active fingerprints) of Rehmanniae Radix (Dihuang) and Rehmannia Radix Praeparata (Shu
Dihuang). Eighteen compounds showing ABTS+• inhibition activity were identified by HPLC-fourier-transform mass
spectrometry (HPLC-FTMS). Verbascoside was used as a positive control to evaluate the total activities of the
samples and the contribution rate of each compound. The similarities of the chromatographic and active
fingerprints were estimated by the vectorial angle cosine method.

Results: The results showed that the HPLC-UV-ABTS method could efficiently detect antioxidant activity of the herbal
medicine samples. The antioxidants were different between the two herbs and several new antioxidants were identified
in Shu Dihuang. A function equation was generated in terms of the negative peak area (x) and the concentrations of
verbascoside (y, μg/mL), y = 2E-07 × 4 - 8E-05 × 3 + 0.0079 × 2 + 0.5755x + 1.4754, R2 = 1. Iridoid glycosides were identified
as main antioxidants and showed their higher contributions to the total activity of the samples. The total contributions of
the three main active components in the Dihuang and Shu Dihuang samples to the total activity, such as echinacoside,
verbascoside and an unknown compound, were 39.2–58.1% and 55.9–69.4%, respectively. The potencies of the main
active components in the Shu Dihuang samples were two to ten times those in the Dihuang samples. Similarity values
for S12 in the chromatographic fingerprints and S03, S12 and P03 in the active fingerprints were less than 0.9. The three
batches of samples might show their different quality with the other samples.

Conclusions: The results suggested that the combination of “quantity-effect” research strategy and the HPLC-UV-ABTS
analysis method could comprehensively evaluate the active components and quality of Dihuang and Shu Dhuang.
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Background
Rehmannia glutinosa Libosch, one of the most common
and important medicinal plants in China, is recorded in
Chinese medical classic ‘Shennong’s Herba’. R. glutinosa
based on the different processing methods is classified
into three categories, namely fresh roots, dried roots
(Dihuang), and steamed roots (Shu Dihuang), and they
are applied to treat different diseases clinically. Shu
Dihuang is usually applied to in the traditional Chinese
medicine formulas that can nourish the Yin deficiency of
liver, kidney and heart [1–3]. Many clinical and experi-
mental studies have reported that the root of R. gluti-
nosa possesses hypoglycaemic [4], anti-oxidant [5, 6]
anti-cancer [7], anti-inflammatory [8], and immune-
enhancement effects [9].
Iridoid glycosides are considered the main active ingre-

dients in Dihuang. At present, a number of chemical con-
stituents from Dihuang, such as iridoids, ionone
glucosides, sesquiterpenes and phenylethanoid glycosides
[10–12], have been isolated and identified. In the Chinese
Pharmacopoeia (Ch. P), catalpol and verbascoside were
quantified by HPLC methods to control the quality of
Dihuang and Shu Dihuang, and 1,1-Diphenyl-2-picrylhy-
drazyl (DPPH) scavenging method was applied to distin-
guish verbascoside through thin layer chromatography
(TLC) [13]. However, these methods might not be able to
reveal efficiently the bioactivity of the compounds in
Dihuang and Shu Dihuang.
Free radicals may be involved in cancer, ageing and

cardiovascular diseases [14]. There has been a large re-
search focus on antioxidants, especially plant-derived an-
tioxidants. In order to identify efficiently antioxidants in
complex extracts, the combinational techniques such as
HPLC-DAD-DPPH, HPLC-DAD-ABTS, DPPH-CE-
DAD and ABTS-CE-DAD for the analysis of DPPH• and
ABTS+• scavenging activities, have been developed to
screen radical scavengers in herbal medicines [15–19].
In these on-line methods, antioxidants separated by
HPLC and CE will produce their negative peaks in real
time detected at 517 nm for DPPH• or at 414/734 nm
for ABTS+•. This avoids the long and tedious process of
bioassay-guided fractionation and isolation for structure
elucidation in searching antioxidants from complex ma-
trixes. Although the on-line methods have been used to
evaluate the antioxidant activity of some herbal medi-
cines, their effectiveness and extensive application need
to be further verified.
In this study, an on-line HPLC-UV-ABTS method was

developed to screen antioxidants in Dihuang and Shu
Dihuang. The chromatographic and active fingerprints
could be simultaneously obtained, and antioxidants from
the two herbs were compared and identified by HPLC-
FTMS. The angle cosine method was used to analyze the
similarities of the chromatographic and active fingerprints.
Thus, the quality of the herbs could be assessed compre-
hensively through the proposed research methods.

Methods
Materials and reagents
The information of the Dihuang and Shu Dihuang samples
was listed in Additional file 1. Thirteen batches of Dihuang
and 13 batches of Shu Dihuang samples were purchased
from eleven manufacturers in China. Seven batches of
Dihuang samples from the five manufacturers in Hubei
province were recorded as S01, S02, S03, S04, S05, S06 and
S12. Four batches of Dihuang samples from the four manu-
facturers in Anhui province were labeled as S07, S08, S09
and S13, while S10 and S11 were collected from the manu-
facturers of Guangzhou and Hangzhou, respectively. The
thirteen of batches of Shu Dihuang samples from the same
manufacturers were labeled as P01–13. Verbascoside was
purchased from Chromadex (Irvine, America). ABTS was
purchased from TCI (Shanghai, China).
HPLC and MS grade acetonitrile were obtained from

Merck Drugs & Biotechnology (Darmstadt, Germany).
Formic acid (FA) was purchased from Aladdin industrial
corporation (Shanghai, China). Sodium chloride (NaCl),
sodium dihydrogen phosphate (NaH2PO4), potassium
chloride (KCl), potassium persulfate (K2S2O8), disodium
hydrogen phosphate (Na2HPO4), sodium dihydrogen
phosphate (NaH2PO4), sodium phosphate (Na3PO3) and
acetic acid were analytical reagent grade. The water used
was purified from a Millipore water purification system
(Millipore, Bedford, MA, USA).

Preparation of sample and standard solutions
All of the Dihuang and Shu Dihuang samples were dried
at 60 °C under reduced pressure and pulverized to coarse
powder. Sample powder (3 g) was extracted twice with
70mL methanol for 40 min by ultra-sonication at room
temperature. The extract solutions were filtered and
mixed, then evaporated to dryness under vacuum and
diluted with 15% ethanol to 10 mL. After being centri-
fuged at 10000 rpm for 10 min, an aliquot of 20 μL solu-
tion was analyzed by HPLC.
Verbascoside (7.78 mg and 3.81 mg) was weighed ac-

curately and dissolved in 50 mL by methanol as the
stock solutions. The different concentrations solutions,
such as 3.05、6.10、18.7、50.3、99.6 and 155.6 μg/mL,
were obtained through diluting the stock solutions with
methanol. The standard solutions were used to set up
the correlative graphs and equations between inhibiting
peak areas and the concentrations of verbascoside.

Preparation of ABTS solution
A stock solution was prepared with ABTS (0.110 g) dis-
solved in 100 mL of PBS solution (4.1 g NaCl, 0.135 g
NaH2PO4, 0.7 g Na2HPO4 and 0.075 g KCl in 500 mL)
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containing 0.3 mM K2S2O8. A 2.0 mM stock solution
was diluted using PBS solution containing 10% methanol
to 0.3, 0.4, 0.5, 0.6, 0.7 and 0.8 mM, respectively. In on-
line analysis, ABTS solution was freshly prepared and
protected from light and cooled in an ice bath.

HPLC-UV-ABTS assay
The HPLC-UV-ABTS system was reported in our previ-
ous publication [20]. The on-line instrumentation con-
sisted of a Waters HPLC for chromatographic
fingerprint analysis at 334 nm or 250 nm and an Ultim-
ate 3000 UV detector for ABTS+• scavenging analysis at
734 nm. ABTS solution was delivered with an injection
pump of Pickering PCX Della (Pichering Laboratories
Inc., USA) at the flow rate of 0.5 mL/min after PDA de-
tector, and then the elution was mixed with ABTS solu-
tion after PDA detector through a reaction coil with 1.4
mL volume. The reaction products were determined at
734 nm by UV detector (Ultimate 3000). All other parts
of the HPLC-UV-ABTS system were interconnected
using polyether ether ketone (PEEK, 0.5 mm i.d.) tubes
and T-shaped PEEK tubes.
Agilent Extend C18 columns (250 mm × 4.6 mm, 5 μm)

were used for all chromatographic separations. The mo-
bile phase comprised 0.1% (v/v) acetic acid (A) and
acetonitrile (B). Gradient elution was performed as fol-
lows: 2–4% B in 0–10min, 4–15% B in 10–40min, 15–
25% B in 40-55 min, 25–30% B in 55-60 min and 30–
95% B in 60-65 min. The flow rate was 1.0 mL/min and
column temperature was maintained at 30 °C. The de-
tection wavelength was set at 334 and 250 nm for ac-
quiring chromatograms. An aliquot of 20 μL sample
solution was injected for HPLC-UV-ABTS analysis.

HPLC-FTMS analysis
Thermo Scientific Orbitrap Fusion Tribrid HPLC-MS
system was controlled by Xcalibur software (Version
3.0). The chromatographic conditions were the same as
those in the HPLC-UV-ABTS analysis. The mobile
phase was split after the DAD detector by a T-tube con-
nected using two PEEK tubes with the same inner i.d.
and different length. The split solution with a flow rate
of 0.2 mL/min finally arrived at the MS detector.
The MS experiments were performed to get an accur-

ate MS and MS2 of the new analogue. The ionization
source was operated in the negative ionization modes
with the flow rates of the sheath gas and auxiliary gas at
40 and 10 arbitrary unit, respectively, capillary
temperature at 320 °C, ion spray source capillary at 2.5
kV, source current at 100 μA. Six scan events were se-
lected in the MS experiment. Scan event 1 was used for
full scan with scan range from 100 to 1000m/z and
resolution 60,000. Scan events 2–6 were used to produce
MS2 through dependent scans selecting the 1th to 5th
most intense ions in scan event 1 and resolution 15,000.
Collision energy was set at 35 V using High Energy Col-
lision Dissociation (HCD).

Similarity of the two-dimensional fingerprint
It is well known that the samples with similar chromato-
graphic fingerprint possess likely similar properties.
Therefore, the consistency of herbal medicines can be
tested through comparing the similarity between the
chromatographic fingerprints of samples and the refer-
ence/standard fingerprints.
In this paper, a data analysis method was employed to

evaluate the similarity of the two-dimensional fingerprint
[21]. The chromatographic and active fingerprints from
HPLC-UV-ABTS method were represented mathematic-
ally by a vector of their chromatographic peak areas and
inhibiting peak areas. Thus, taking the two-dimensional
fingerprint as an example, assume that vector X (x1, x2,
x3, …, xn) (| X | =

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

x12 þ x22 þ x32 þ⋯⋯xn2
p

) repre-
sents the chromatographic or active fingerprint and the
other vector Y (y1, y2, y3,…, yn) (| Y | =

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

y12 þ y22 þ y32 þ⋯⋯yn2
p

) represents the reference
fingerprints, while the vector angle of X and Y is calcu-
lated by the formula. The two vectors are more similar
when the cosine values are near 1.

cosθ ¼ X � Y
j X j � j Y j

Where xi denotes absolute peak area of chromato-
graphic or active fingerprints, and yi denotes mean area
of the peak.

Results
Optimization of HPLC-UV-ABTS analysis conditions
HPLC-UV-ABTS was developed for the determination
of free radical scavengers in the complex matrixes due
to a relatively simple and stable instrument system.
Methanol/acetonitrile-acid aqueous solution used as mo-
bile phases were compatible with the on-line detection
of ABTS+• inhibition after column or UV detector. Base-
line was relatively stable due to the buffer effect of ABTS
dissolved in buffer solutions to mobile phases.
The concentrations of the ABTS solution affected

directly the sensitivity of the HPLC-UV-ABTS
method. In view of this, the different concentrations
of ABTS including 0.3, 0.4, 0.5, 0.6, 0.7 and 0.8 mM
were investigated. The results showed that the stron-
ger inhibition peaks were produced when the lower
concentrations of ABTS were selected, while the
higher concentrations induced strong baseline draft.
Finally, 0.6 mM ABTS was used to analysis the anti-
oxidants in the two herbs. Additionally, the flow rates
at 0.25 and 0.5 mL/min for the ABTS solution were
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optimized. The flow rate of 0.5 mL/min was finally se-
lected owing to a long time delay from the lower flow
rate for ABTS+• scavenging analysis.

Method validation for HPLC-UV-ABTS
The analytical methods of the chromatographic and ac-
tive fingerprints were validated based on retention times,
peak areas and ABTS+• inhibition peak areas. The intra-
day precisions of HPLC-PDA were 0.086–0.75% (n = 5)
for retention times and 0.70–1.46% (n = 5) for peak
areas, while the inter-day precisions were 0.10–0.83%
(n = 5) for retention times and 1.18–3.37% (n = 5) for
peak areas. The intra-day precisions of HPLC-UV-ABTS
were within the range of 0.028–0.93% (n = 5) for reten-
tion times and 0.069–0.95% (n = 5) for negative peak
areas, whereas the inter-day precisions were 1.23–4.73%
(n = 5) for retention times and 1.66–5.71% (n = 5) for
negative peak areas.

On-line HPLC-UV-ABTS analysis
The chromatographic and active fingerprints of Dihuang
and Shu Dihuang were shown in Fig. 1. Although chro-
matographic fingerprints of Dihuang and Shu Dihuang
were similar, their active fingerprints were different.
Fourteen negative peaks were observed in Dihuang
(Fig. 1a), while there were 17 inhibition peaks in Shu
Dihuang (Fig. 1b). The negative peaks 1, 2, 3, 4, 8, 9, 10
and 16 in Shu Dihuang were stronger than those in
Dihuang. In addition, several new negative peaks were
found in Shu Dihuang such as 5, 6 and 7, and negative
peak 12 in Dihuang disappeared.
Fig. 1 The chromatographic fingerprints and ABTS+• inhibition profiles of D
chromatograms of the two samples at 250 nm. A partial chromatogram at
partial chromatogram at 250 nm from 12.0 min to 24.0 min in chromatogr
In Fig. 1a and b, few peaks were observed from 10min
to 40 min in the chromatographic fingerprints of the two
herbs detected at 334 nm, while some weak peaks could
be found at 250 nm and these peaks in Shu Dihuang
showed obvious ABTS+• inhibition activity, such as
peaks 3–9. In view of stronger chromatographic signal at
334 nm for iridoid glycosides as main components in the
two herbs, the chromatographic fingerprints were de-
tected at this wavelength. Furthermore, ABTS+• scaven-
ging activity was detected usually at 414 nm and 734 nm,
but the wavelength at 734 nm was selected in order to
avoid the interference from the herb extracts at 414 nm.

The activity evaluation of antioxidants in samples
As shown in Fig. 1, there were 18 antioxidants in the
Dihuang and Shu Dihuang samples and their capacities for
scavenging ABTS+• were obviously different. However, it
was difficult to evaluate and compare the activity of the an-
tioxidants due to the impossibility of all the standards ob-
tained. Some publications reported that the relative
potencies of the antioxidants in complex extracts could be
evaluated by the “quantity-effect” equation of a positive
control [22, 23]. Thus the potencies of the antioxidants
against free radical could be compared and antioxidant ac-
tivity of a complex extract could be obtained through calcu-
lating the total potency of all the antioxidant components.
In Figs. 1 and 2, verbascoside showed strong

ABTS+• scavenging activity in all the Dihuang and
Shu Dihuang samples, so it was applied as a positive control.
The functional equation of verbascoside y = 2E-07 × 4 - 8E-
05 × 3 + 0.0079 × 2 + 0.5755x + 1.4754 (R2 = 1) was generated
ihaung S07 (a) and Shu Dihuang P07 (b) at 334 nm and the partial
250 nm from 15.0 min to 21.0 min in chromatogram of Dihuang, a
am of Shu Dihuang



Fig. 2 The chromatographic fingerprints and ABTS+• inhibition profiles of 13 batches of Dihuang and 13 batches of Shu Dihuang samples. a
Dihuang, b Shu Dihuang. The chromatographic fingerprints detected at 334 nm. ABTS+• inhibition profiles detected at 734 nm
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using negative peak areas (x) and C (y) (Fig. 3) (Add-
itional file 2). If verbascoside (1 μg/ml) was presumed as a
potency unit, the potencies of 18 antioxidants in the samples
could be calculated by the functional equation
(Additional file 3).
The potencies of 18 antioxidants in all of the

Dihuang samples and Shu Dihuang samples were
shown in Fig. 4a and b. The potencies of the antioxi-
dants in Dihuang and Shu Dihuang were markedly
different. In Fig. 4a, peak 2, 11, 12, 13 and 14 in the
Dihuang samples showed strong ABTS+• inhibition
activity, while the antioxidant potencies of peak 1, 2,
3, 4, 11, 13, 14 and 16 in the Shu Dihuang samples
were twice to ten times than those in the Dihuang
samples (Fig. 4b). In addition, the activity of peak 1,
2, 3, 4, 8 and 16 in Shu Dihuang increased and this
might attributed to the processing action of Dihuang.
In our previous study, the HPLC-UV-DPPH method
was developed to compare DPPH• scavengers in
Dihuang and Shu Dihuang [24], and the results were
consistent with the above the results of HPLC-UV-
ABTS analysis.

Main antioxidants in Dihuang and Shu Dihuang
The eighteen negative peaks in Fig. 1 were identified
by HPLC-FTMS and comparison with reference stan-
dards and the data in related literatures [12], and the
MS data were listed in Table 1. As shown in Table 1,
the most common inhibition peaks were iridoid glyco-
sides, such as peaks 6–18 except for peak 8. In the
Dihuang samples, the stronger negative peaks 11, 12,
13, 14 and 16 were identified as echinacoside, isomer
of echinacoside, jionoside A1/A2, verbascoside and
isoverbascoside, respectively. While peak 1, 4, 8 and 9
showing stronger activity in the Shu Dihuang samples
were identified as glutinoside, geniposidic acid, mus-
sarnosidic acid, and syringic acid-4-O-α-L-rhamno-
side, respectively. Peaks 2 and 3 needed to be further
identified.
Iridoid glycosides are main ingredients in Dihuang

and Shu Dihuang, and verbascoside exhibiting stron-
ger antioxidant activity is used to control quality of
the two herbs in Ch. P. However, the activity of the
other iridoid glycosides can’t be ignored. The contri-
butions of 18 antioxidants in the Dihuang and Shu
Dihuang samples to the total activity were shown in
Fig. 5 (Additional file 4). In Fig. 5a, peaks 2, 11 and
14 in the Dihuang samples exhibited their high con-
tributions, and the total contribution percentage of
the three main active components in the Dihuang was
39.2–58.1%. Peaks 1, 2, 3, 11, 14 and 16 in the Shu
Dihuang samples showed their high contributions (Fig. 5b),
and the total contribution percentage of peak 2, 11 and 14
was 55.9–69.4%. In addition, the contributions of peak 1,
2, 3, 4, 8 and 16 in the Shu Dihuang samples were twice
to twenty times than those in the Di Huang samples, while



Fig. 3 The correlative graphs and equations between the negative peak areas and concentrations for verbascoside against ABTS+•

Li et al. BMC Complementary Medicine and Therapies           (2020) 20:16 Page 6 of 10
the contributions of peak 11, 13 and 14 in the Shu
Dihuang samples decreased. The results indicated that the
antioxidant activity of Dihuang might be changed after be-
ing processed.

Similarity for Dihuang and Shu Dihuang samples
The chromatographic and active fingerprints of the
thirteen batches of the Dihuang and Shu Dihuang
samples from the different manufacturers were dis-
played in Fig. 2. As shown in Fig. 2a and b, the
Fig. 4 The potencies of the chromatographic peaks in the Dihuang and Sh
chromatographic and active fingerprints among the
different samples were similar. In order to evaluate
objectively the quality of the samples, the angle cosine
method was employed to analyze the similarities of
the two fingerprints. The angle cosine values of each
chromatographic and active fingerprint to their re-
spective reference chromatogram were calculated and
listed in Table 2. The raw data were shown in
Additional file 5 and Additional file 6. In Table 2, the
different common peaks were used to evaluate the
u Dihuang samples. a Dihuang, b Shu Dihuang



Table 1 Identification of active components in Dihuang and Shu Dihuang sample by HPLC-FTMS

Peak RT [M-H]- Chemical formula MS2 Identification

1 6.22 397.0238 C15H23O10Cl 379.1123,276.9031,252.2112 glutinoside

2 8.55 495.1254 C26H23O10 477.1181,379.1190, 217.0684, 199.0581 unknown

3 14.37 731.2100 C29H33O14N9 505.1492, 323.0935, 263.0734,221.0633 unknown

4 17.25 373.1073 C16H22O10 283.0792,211.0580,167.0687,123.0431 geniposidic acid

5 18.61 375.1246 C16H24O10 315.1030,255.0831,213.0735,169.0843, 125.0586 8-epiloganic acid

6 19.60 389.1168 C17H26O10 183.0634,165.0531,139.0377 loganin

7 20.55 461.1592 C20H30O12 315.1039,297.0937,161.0429,135.0429 decaffeoylacteoside

8 21.94 375.1246 C16H24O10 315.1021,213.0738,169.0843,151.0740 mussarnosidic acid

9 29.57 343.0262 C15H20O9 299.1118,284.0858,197.0424,182.0192 syringic acid-4-O-α-L-rhamnoside

10 32.87 475.1747 C21H32O12 329.1194,311.1093,143.0583,161.0429 darendoside B

11 41.02 785.2394 C35H45O20 623.2108,461.1603,161.0218 echinacoside

12 43.60 785.2394 C35H45O20 623.2108,461.1603,161.0218 isomer of echinacoside

13 45.74 799.2570 C36H48O20 623.2102,605.1965,461.1597,315.1040 jionoside A1/A2

14 50.14 623.1865 C29H36O15 477.1354,461.1599,443.1508,315.1039,179.0321,161.0218 verbascoside

15 50.98 813.2729 C37H50O20 637.2254,491.1701,193.0477,175.0373 jionoside B1/B2

16 52.17 623.1865 C29H36O15 461.1600,315.1040,251.0525,179.0322,161.0218 isoverbascoside

17 54.61 637.2048 C30H38O15 491.1492,475.1773,461.4599,443.1497 jionoside D/leucosceptoside A

18 59.89 651.2176 C31H40O15 505.1632 475.1754 193.0477 martynoside/isomer
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similarities of the two fingerprints. The peak 12 was
not detected in the Shu Dihuang samples, so 8 com-
mon peaks were selected in the similarity evaluation
of the chromatographic fingerprints. Fifteen and
seventeen common peaks were used to analyze the
similarity of the active fingerprints of the Dihuang
and Shu Dihuang samples, respectively.
As shown in Table 2, the chromatographic and ac-

tive fingerprints of the samples represented their dif-
ferences to some extent. The similarity values of S03
and S12 in the two fingerprints were lower than those
of the other samples, and their similarity values in
Fig. 5 The contributions of the chromatographic peaks in the Dihuang and
the active fingerprints were less than 0.9. Moreover,
the similarity value of P03 in the chromatographic
fingerprints was lower than that of the other samples
and less than 0.9 in the active fingerprints. Although
the similarity values of the two fingerprints were dif-
ferences, the quality of the Dihuang and the Shu
Dihuang samples were basically consistent except for
the several samples.

Discussion
In this study, the HPLC-UV-ABTS method was devel-
oped to evaluate the main antioxidants and quality of
Shu Dihuang samples to the total activity. a Dihuang, b Shu Dihuang



Table 2 Similarity of Dihuang and Shu Dihuang samples

Samples Dihuang Samples Shu Dihuang

HPLC (9 common peaks) ABTS (15 common peaks) HPLC (8 common peaks) ABTS (17 common peaks)

S01 0.994 0.982 P01 0.991 0.969

S02 0.954 0.957 P02 0.964 0.959

S03 0.903 0.898 P03 0.902 0.854

S04 0.952 0.958 P04 0.952 0.980

S05 0.988 0.978 P05 0.968 0.961

S06 0.975 0.969 P06 0.976 0.955

S07 0.994 0.974 P07 0.984 0.984

S08 0.989 0.974 P08 0.932 0.944

S09 0.992 0.988 P09 0.987 0.991

S10 0.991 0.934 P10 0.983 0.966

S11 0.941 0.946 P11 0.946 0.975

S12 0.840 0.716 P12 0.974 0.984

S13 0.994 0.993 P13 0.993 0.989
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the two herbs. Sensitivity of the on-line method corre-
lated mainly concentration and flow rate of ABTS so-
lution. Lower concentrations of ABTS solution were
used, and stronger inhibition peaks in the samples
could be obtained. Considering strong baseline drift
induced by the higher concentrations of ABTS solu-
tion, 0.6 mM within the range of 0.3–0.8 mM was se-
lected for the on-line analysis. Moreover, flow rate of
ABTS solution affected directly the reaction times of
the compounds and ABTS+• when volume of reaction
coil (1.4 mL) and flow rate of HPLC elution were
stable. Flow rate of 0.5 mL/min for ABTS solution
was applied due to a long time delay and lower reso-
lution of the active fingerprints from the lower flow
rates. Under the above analysis conditions, the
method validation of HPLC-UV-ABTS was investi-
gated through the intra-day and inter-day precisions
of the chromatographic peaks, the negative peaks and
retention times. The results indicated that the on-line
method was stable and reproducible.
The chromatographic fingerprints of all the samples

were detected at 334 nm, while some minor peaks
were found in the chromatographic fingerprints of
Shu Dihuang at 250 nm and showed their ABTS+•

scavenging activity. These minor peaks are hardly fo-
cused on owing to their weak signals in the chroma-
tographic fingerprints. Chromatographic fingerprint
mainly showing characteristics of strong peaks gave
too much weight to major peaks than to minor peaks.
In view of this, the similarities of the chromato-
graphic and active fingerprints were evaluated and
compared by the vector angle cosine method. Similar-
ity values of several samples were less than 0.9. This
might imply their different quality with the other
samples. Thus, the combination method of the chro-
matographic and active fingerprints could evaluate ob-
jectively the quality of herbal medicines.
In order to assess and compare the activity of the

components in the Dihuang and Shu Dihuang sam-
ples, verbascoside was used as a positive control to
obtain the relative activity of the ABTS+• inhibition
peaks. The results found that the active components
in the two herbs were markedly different. Contents of
some components in Dihuang were changed after be-
ing processed so as to induce their different activity
in the two herbs. This might imply the different
therapeutic effects of the two herbs in clinical to
some extent. Thus, the “quantity-effect” research
method displayed its important action in the quality
evaluation and identification of the active compounds
of herbal medicines.

Conclusion
In this study, the on-line HPLC-UV-ABTS method and
a “quantity-effect” research idea were developed to
evaluate the quality and antioxidant activity of the
Dihuang and Shu Dihuang samples from the different
manufacturers. The results revealed that the antioxidants
in the Shu Dihuang samples were obviously different
from those in the Dihuang samples owing to the con-
tents of some components having changed after Dihuang
was processed. Iridoid glycosides were the main antioxi-
dants and their contributions to the total activity were
higher, while the new produced ingredients in Shu
Dihuang displaying significant ABTS+• inhibition activity
could not be ignored. In short, the HPLC-UV-ABTS
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method was simple, rapid and reliable and could be ap-
plied widely to screen the antioxidants and evaluate the
antioxidant activity of the complex extracts. The com-
bination method of the chromatographic and active fin-
gerprints could evaluate integratedly the active
components of the complex matrixes and might be valu-
able and meaningful for improving the quality control of
herbal medicines.
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