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a  b  s  t  r  a  c  t

Herbal  injections  are  powerful  preparations  of  traditional  Chinese  medicines.  However,  the  quality  con-
trol  (QC)  of  these  formulations  is  difficult  to  establish.  Recently,  chemical  fingerprinting  (CF)  has  been
recommended  as  a potential  strategy  for  the  QC  of herbal  injections.  However,  some  constituents  cannot
be detected  by  chromatographic  methods.  To  establish  a  comprehensive  QC  process,  biological  fin-
gerprinting  (BF)  was  combined  with  CF to  detect  the  fluctuation  in  quality  of  a  herbal  injection  from
chemical  and  biological  aspects.  Yinzhihuang  injection  was  selected  as  a representative  herbal  injection.
Ten  batches  of  normal  samples  and  six  batches  of artificially  abnormal  samples  were  collected.  High-
performance  liquid  chromatography  and  thermal  activity  monitoring  were  applied  to  develop  CF  and  BF,
uality fluctuation
hemical fingerprinting
iological fingerprinting

respectively.  The  CF  and  BF  of  normal  samples  were  similar,  with  good  stability  and  consistency,  but  the
abnormal  samples  were  not.  The  results  were  analyzed  by  hierarchical  clustering  analysis:  all  abnormal
samples  could  be correctly  distinguished  when  CF  and  BF  were  combined.  The  recognition  ratio  was
higher  for  CF  (87.5%)  than  for BF  (93.75%).  The  key  factors  of  quality  fluctuation  were  bacterial  contam-
ination,  high  temperature,  lighting,  and  sterilizing  conditions.  The  described  method  could  be  used  for
early  prediction  of  adverse  drug  events,  which  could  help  improve  the  safety  of  herbal  injections.
. Introduction

Herbal injections have been widely employed in China owing
o their rapid and powerful therapeutic effects [1,2]. However, the
uality control (QC) of such herbal injections has been difficult to
stablish [3,4].

Chemical fingerprinting (CF) and assaying of multiple ingredi-
nts have been demonstrated to be powerful techniques for the QC
f herbal injections [5,6]. More advanced analytical methods have
lso been applied, including high-performance liquid chromatog-
aphy (HPLC) [7],  gas chromatography [8],  capillary electrophoresis
9], and mass spectroscopy [10] as well as their hyphenated tech-
iques [11]. These modern analytical instruments are powerful
ools to identify more compounds in herbal injections, and have

mproved the QC of herbal injections.

Nevertheless, many substances cannot be detected by chro-
atographic methods because of a lack of absorption in spectra, in
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particular certain biological active ingredients, biopollutants, and
pharmaceutical adjuvants [12]. This has been a problem in the QC
of herbal injections because unknown substances have resulted in
adverse drug reactions and adverse drug events [13]. These include
pyrogenic reactions, anaphylactic reactions, allergic shock, or even
death [14,15]. Hence, it has become necessary to establish novel
approaches for the QC of herbal injections from a biological view-
point [16–18].

The methods for the biological QC of herbal injections should be
sensitive and specific, and have “fingerprint” qualities [19]. Herein,
a quantitative and versatile bioanalytical method (“biothermody-
namics”) was adopted to establish biological fingerprinting (BF)
for the QC of herbal injections. This method has been used to
investigate heat metabolism along with the growth processes of
organisms using a microcalorimeter, and has been widely applied in
pharmaceutical analyses, biotechnology, and environmental evalu-
ation [20,21]. In suitable conditions, the power–time curve of each
biosystem (e.g., Staphylococcus aureus)  was  species-specific and
consistent [22,23]. When conditions changed, the curve shifted and

was  different from the standard curves. This is helpful to check the
consistency and stability of herbal injections.

Yinzhihuang injection (YZHI) is derived from the traditional
Chinese medicine Yin Chen Hao Tang. This agent is used for

dx.doi.org/10.1016/j.jpba.2011.05.006
http://www.sciencedirect.com/science/journal/07317085
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materials of normal samples and the fluctuation of abnormal sam-
ig. 1. Flowchart for the detection of the quality fluctuation of herbal injections via
 combination of HPLC and biothermokinetic fingerprinting.

he treatment of chronic jaundice and hepatitis [24,25]. The
ain constituents of YZHI are coumarin from Herba Artemisiae

copariae (Yinchen), chlorogenic from Flos Lonicerae (Jinyin-
ua), gardenoside from Fructus Gardeniae (Zhizi) and baicalin

rom Radix Scutellariae (Huangqin), and they have detoxifica-
ion and antimicrobial properties [26,27]. However, only the
ontent of baicalin has been adopted for the QC of YZHI
http://baike.baidu.com/view/564926.htm#sub564926).

In this work, a feasible approach for the QC and safety of a herbal
njection was established based on the QC and stability detection
y a combination of CF by HPLC and BF by thermal activity monitor-

ng (TAM). Herein, YZHI was selected as a representative of herbal
njections.

Ten batches of normal samples and 6 batches of artificial abnor-
al  samples were collected to establish CF and their effect on

ensitive strains of S. aureus chosen to establish BF. The proce-
ures are shown in Fig. 1. The results were analyzed by multivariate
tatistical analysis methods, and reported below.

. Experimental

.1. Reagents and materials

Chromatographic-grade methanol was purchased from Fisher
hemicals (Pittsburgh, PA, USA). All other chemicals were of ana-
ytical grade and purchased from Beijing Chemical Factory (Beijing,
hina). Water was purified using a Milli-Q Water Purification Sys-
em (Millipore, Bedford, MA,  USA).
iomedical Analysis 56 (2011) 436– 442 437

Reference substances (geniposide, caffeic acid, chlorogenic acid,
jasminoidin, baicalin, wogonoside, baicalein, wogonin) were pur-
chased from the National Institutes for Food and Drug Control
(NIFDC) (Beijing, China). Their purity was >99.8%. S. aureus (CMCC
B 26 003) was  also obtained from the NIFDC.

2.2. Preparation of culture medium

The nutrient broth culture medium contained (per 1000 mL)  (pH
7.0): 5 g NaCl, 10 g peptone, and 6 g beef extract. Lactose broth (LB)
culture medium contained (per 1000 mL)  (pH 7.0): 10 g peptone,
5 g yeast extract and 5 g NaCl. These broths were sterilized at high-
pressure (0.1 MPa) steam at 121 ◦C for 30 min.

2.3. Preparation of samples

Ten batches of normal YZHI samples were purchased from a
Chinese pharmaceutical factory (Shineway, Shijiazhuang, China). 6
batches of abnormal samples were prepared to expose and magnify
the data on quality fluctuation according to influencing factors such
as: sterilization condition, high temperature, highlight and expo-
sure to air. These samples are classified in Table 1 according to their
sources and grouping.

2.4. CF assay

2.4.1. Preparation of standard solutions
Standard solutions (geniposide, caffeic acid, chlorogenic acid,

jasminoidin, baicalin, wogonoside, baicalein, wogonin) were pre-
pared by adding an accurately weighed amount of each standard
stock into a volumetric flask and dissolving with 100 mL MeOH
to make a final concentration of 0.118, 0.111, 0.144, 0.108, 0.126,
0.138, 0.121 and 0.115 mg  mL−1, respectively. These were then fil-
tered through a 0.45-�m micropore film to yield the standard
solution.

2.4.2. Preparation of sample solution
Two milliliters YZHI were accurately obtained and diluted to

10 mL  using methanol. This was  then filtered through a 0.45-�m
micropore film to yield the sample solution.

2.4.3. Apparatus and conditions
CF of YZHI were undertaken using an Agilent 1100 HPLC system

(Agilent Technologies, Santa Clara, CA, USA). This included a vac-
uum degasser, quaternary pump, autosampler manager, column
compartment, and diode array detector (DAD).

The chromatographic separation was  carried out using a
KromasilTM C18 column (250 mm × 4.6 mm;  5 �m),  operated at
25 ◦C. The mobile phase was water/phosphoric acid (100/0.05, A)
and methanol (B). Gradient elution was done using the follow-
ing linear gradient: 0–54 min, 10%–46% B; 54–79 min, 46%–60% B;
79–85 min, 60% B. The mobile flow rate was 1.0 mL  min−1. The sam-
ple injection volume was  10 �L. The detection wavelength was set
at 238 nm.  CF of each sample was  repeated thrice and mean values
used for analyses.

2.4.4. Similarity analyses of CF
A similarity evaluation system for the CF of traditional Chinese

medicines (TCMs; Chinese Pharmacopoeia Committee, Version
2004A) was  applied to evaluate the consistency of the chemical
ples. Common peaks were defined, and a representative standard
chemical fingerprint (RSCF) generated by using the mean value of
10 batches of normal samples. All samples were compared with the
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Table  1
Samples used in this work.

Sample Source Group Sample Sources Group

S01 SW06060811 Normal S09 SW07070942 Normal
S02 SW06060813 Normal S10 SW07040341 Normal
S03 SW06060912 Normal S11a Non-sterilized samples Abnormal
S04  SW07010242 Normal S12b High-temperature accelerated samples Abnormal
S05 SW07010243 Normal S13c Light-accelerated samples Abnormal
S06  SW07021042 Normal S14d Samples exposed to the environment Abnormal
S07  SW07021141 Normal S15e Insufficiently sterilized samples Abnormal
S08  SW07021142 Normal S16f Over-sterilized samples Abnormal

a S11: semi-product without sterilization, the same batch with S10.
b S12: kept S10 in a 60 ◦C calorstat for 7 days.
c S13: kept S10 under 1 × 104 lx illumination for 7 days.
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Fig. 3 shows that the number of common peaks decreased to 15
(peak numbers 1, 8, 9, 11, 12, 15, 19, 21, 22, 25 (S), 28, 29, 30, 31, 33)
when compared with six batches of abnormal YZHI samples and 10
batches of normal samples.
d S14: broke off the ampoule of S10 and kept in a sterile room for 15 days.
e S15: sterilized S11 by a 100 ◦C flowing steam for 10 min.
f S16: sterilized S11 by moist heat at 126 ◦C for 30 min.

SCF. The relative retention time (RRT) and the relative peak area
RPA) of common peaks were then calculated.

.5. BF assay

.5.1. Preparation of sample solution
In sterile surroundings, a 20-mL ampoule was  used to inject a

00 �L YZHI sample and 4.9 mL  LB culture medium. The concentra-
ion of the S. aureus suspension was 2 × 106 cells mL−1.

.5.2. Apparatus and conditions
An eight-channel twin microcalorimeter, 3114 thermal active

onitor, and an air isothermal calorimeter (Thermometric AB,
tockholm, Sweden) were used to measure the metabolic
ower–time curves of the growth of S. aureus affected by YZHI. The

nstrument was thermostated at 37 ◦C. The sample ampoule was
ut into the sample compartment of the calorimeter, and another
omogenous ampoule containing 5 mL  sterile water was put into

ts twin side as a static reference. The experiment was ended when
he curve returned to the baseline. The BF of the growth of S. aureus
t 37 ◦C as influenced by YZHI was obtained. The BF of each sample
as repeated thrice and mean values used for analyses.

.5.3. Similarity analyses of BF
According to the similarity evaluation of CF, a representative

tandard biological fingerprint (RSBF) was generated by taking the
ean values of 10 batches of normal samples. The similarity of all

amples with the RSBF was then calculated.

.5.4. Hierarchical clustering analysis (HCA)
HCA was used to sort samples into groups. This technique

omprises an unsupervised classification procedure that involves
easuring the distance or similarity between the objects to be clus-

ered. The similarity or dissimilarity between samples (objects) is
sually represented in a dendrogram for ease of interpretation. In
he present study, HCA of samples S01–S16 was undertaken using
AS statistical software (SAS for Windows 8.0, SAS, Chicago, IL,
SA). The between-groups linkage method as the amalgamation

ule and the squared Euclidean distance as the metric were used to
stablish clusters.

. Results and discussion

.1. Chromatographic fingerprint analyses of YZHI
.1.1. Methodology validation
To obtain a stable and repeatable chromatographic fingerprint

f YZHI for QC, a method validation of HPLC fingerprint analyses
as undertaken on the basis of retention time and peak area. One
sample (S06) was chosen randomly and successively injected into
the HPLC system six times at 25 ◦C by automatic sampling. The rel-
ative standard deviations (RSD) for the precision of retention times
and peak areas of all peaks were ≤3% and ≤5%, respectively. The
stability test was  done with S06 for 0 h, 2 h, 4 h, 6 h, 8 h and 24 h
at 25 ◦C by automatic sampling. The RSD of peak areas was <5%.
This indicated that the sample solution was  stable within 24 h. All
results indicated that the method of HPLC for the fingerprint anal-
ysis was  valid and satisfactory. The HPLC fingerprints of YZHI were
obtained under optimized conditions.

3.1.2. Similarity analyses
The RSCF was  generated from 10 batches of normal YZHI (Fig. 2).

Thirty-seven peaks (which contributed >98% peak area and which
were in each chromatogram of normal YZHI samples) were selected
as the common characteristic peaks. Peak 25 of baicalin at retention
time 56.27 min  was  selected as the reference peak (S). The simi-
larities between the atlas of 10 batches of qualified samples and
the reference atlas were all as high as 1.000. This indicated a high
consistency and stability between batches.
Fig. 2. Reference atlas from 10 batches of qualified YZHI. The reference atlas was
generated from 10 batches of qualified YZHI chromatograms using a similarity eval-
uation system for the chromatographic fingerprint of traditional Chinese medicines
(TCMs) (Chinese Pharmacopoeia Committee, Version 2004A) using the median
method.
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Fig. 4. Power–time curve of the growth of S. aureus at 37 ◦C. The power–time curves
of  SA growth at 37 ◦C were obtained using a 3114 TAM air isothermal calorimeter.
They  could be divided into four phases: first exponential (AB), lag (BC), second expo-
ig. 3. HPLC fingerprints of 10 batches of qualified YZHI (S01–S10), reference stan-
ard chromatographic fingerprints and six batches of abnormal samples (S11–S16).

When we compared chromatographic peaks in sample finger-
rints with standard substances at the same retention time, eight
onstituents present in normal and abnormal samples were iden-
ified: geniposide (P12), caffeic acid (P15), chlorogenic acid (P19),
asminoidin (P21), baicalin (P25, S), wogonoside (P29), baicalein
P30) and wogonin (P33).

The similarities between the atlas of six batches of abnormal
amples and the RSCF were 1.000, 0.996, 0.975, 0.827, 1.000 and
.705. The RRT and RPA of common peaks from the RSCF and six
atches of abnormal samples are shown in Table 2.

Peak 33 from S12 and peak 34 from S13 were enhanced. This
uggested that these peaks were sensitive to temperature and light.
he RPA of S14 (samples exposed to the environment) degraded
cutely, indicating exhaustion of these materials. Peak 25 of S16
ivided into two peaks (peak 25 and 25′), indicating that this con-
tituent had decomposed. Several peaks disappeared from the CF
f S12–S16, suggesting quality fluctuation in these samples.

.1.3. Results of HCA
The HCA for CF of samples S01–S16 was undertaken using SAS

tatistical software (Fig. S1 in Supporting Information). This showed
hat the samples could be divided into two  clusters: samples
01–S11 and S15 were in cluster I; samples S12, S13, S14 and S16 in
luster II. Apart from S11 (non-sterilized samples) and S15 (insuf-
ciently sterilized samples), the other samples in cluster I were
ll normal, and the squared Euclidean distance was  <4. In cluster
I, all samples were far from cluster I. The distance between sam-
les increased gradually, just like the change in CF. This indicated
hat CF could be used to discriminate certain abnormal samples
rom qualified samples if the chemical composition changed. How-
ver, non-sterilized samples and insufficiently sterilized samples
ould not be detected by CF. The prevalence of mis-classification
as as high as 12.5% (two errors in classification out of 16 samples).

herefore, further investigation should be applied to complement
hemical-based QC methods.

.2. BF analyses of YZHI

.2.1. BF and biothermokinetic parameters
The power–time curve of S. aureus growth at 37 ◦C is shown in

ig. 4. The shape of these fingerprints could be divided into four

hases: first exponential (AB), lag (BC), second exponential (CD)
nd decline (DE). The quantitative parameters P1

m and P2
m were the

aximum power output of the first and second exponential phases,
espectively; T1

m and T2
m were the appearance time of P1

m and P2
m; Qt
nential (CD) and decline (DE). The biothermokinetic parameters were: B (T1
m,  P1

m), D
(T2

m, P2
m), Qt (AUCAE), k1 and k2 (slope rate from linear equation ln Pt–t of section AB

and CD).

was  the total thermogenesis of S. aureus calculated from the area
under the curve (AUC) of the power–time curve were obtained.

The growth rate constants k1 and k2 were calculated by fitting
ln Pt of the exponential growth phase (section AB and CD in Fig. 4)
with t to a linear equation according to the equation Pt = P0 exp(k · t)
or ln Pt = ln P0 + k · t′′ [28], where P0 represents the heat power of the
beginning of the baseline and Pt represents the power at time t.

3.2.2. Methodological validation
To evaluate the methodological validation of BF for the QC of

YZHI, sample S06 was chosen randomly and used in eight chan-
nels simultaneously at 37 ◦C. The RSD of k1 from each channel was
<1.5%, indicating good homogeneity among channels. The stabil-
ity test was  undertaken: S06 was detected in the same channel six
times at 37 ◦C. The RSD of k1 was <3%, which indicated that the sys-
tem was stable under this condition. The results indicated that the
method for BF of YZHI was valid and satisfactory. Under the opti-
mized conditions, BF of YZHI was  established and biothermokinetic
parameters extracted: the results are shown in Fig. 5 and Table 3.

3.2.3. Similarity analyses
The similarity of BF was calculated using the vector angle cosine

model. The RSBF was  generated by taking the mean values of
10 batches of normal samples. The similarity of all samples with
the RSBF is shown in Table 3. The similarity of normal samples
with the RSBF was  >0.98, whereas most of the abnormal samples
(except for S16, which was 0.982) were <0.98. This suggested that
similarity analysis alone was inadequate for the discrimination of
abnormal samples. The BF of normal samples was homogeneous
and stable, yet the BF of abnormal samples fluctuated (Fig. 5).
There were “ghost peaks” in the BF of S11 (non-sterilized samples),
S14 (samples exposed to the environment) and S15 (insufficiently
sterilized samples), indicating potential bacterial contamination of
these samples. The P2

m enhancement of S11, S12, and S15 indi-
cated a reduction of the antibacterial effect. The P2

m decrease and
T2

m prolongation of S13 and S14 indicated that the inhibition effect
increased in them.
3.2.4. Results of HCA
The HCA for the BF of samples S01–S16 was  undertaken using

SAS statistical software (Fig. S2 in Supporting Information). This
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Table  2
Mean RRT and RPA of common peaks from abnormal samples (n = 3).d

Peak no. Mean RPAc of common peak

RRTa RSCFb RSCFe S11 S12 S13 S14 S15 S16

1 0.05 75.51 1 1.36 1.14 0.88 3.97 1.04 1.04
2  0.08 40.48 1 1.24 1.42 – 1.56 0.53 0.43
3  0.09 26.25 1 0.70 2.99 – 1.53 1.61 1.35
4 0.10  14.96 1 1.38 2.00 – – 1.03 0.99
5 0.15  21.12 1 0.76 3.13 – 1.38 1.53 1.64
6  0.17 21.57 1 0.78 1.64 – 1.22 1.15 1.17
7  0.19 26.19 1 1.13 1.03 – – – –
8  0.23 128.81 1 0.70 1.04 0.83 1.19 0.78 0.78
9  0.24 120.04 1 1.12 0.78 1.05 0.91 0.97 1.00

10 0.25  22.73 1 1.05 1.24 0 0 2.15 1.28
11 0.30  49.06 1 0.80 1.27 1.23 1.28 1.21 1.15
12  0.37 87.38 1 1.14 0.77 1.08 0.65 1.01 1.12
13 0.39  17.62 1 0.88 – – – – –
14  0.42 87.47 1 1.14 – – 0.81 – –
15  0.43 148.71 1 0.93 1.51 1.60 1.15 1.53 1.61
16  0.44 74.37 1 1.18 – 0.75 0.65 0.70 0.70
17  0.48 30.63 1 0.70 – – 2.93 2.73 1.24
18  0.48 38.68 1 1.07 – – – 1.15 1.12
19 0.51  1115.49 1 0.92 1.16 1.07 1.25 1.05 1.08
20  0.77 61.78 1 1.17 1.02 – – 1.38 0.30
21 0.79  523.36 1 0.92 1.44 1.45 0.25 1.78 2.07
22  0.89 67.93 1 1.08 0.32 0.87 0.80 0.75 0.55
23  0.92 51.97 1 0.84 – – 0.73 0.85 0.48
24  0.97 54.02 1 0.95 0.66 – 0.65 1.05 0.45
25  1.00 49349.7 1 1.00 0.99 1.04 0.04 1.00 0.50
25′ 1.02 – 0.02 0.0022 – – 0.49
26  1.03 74.32 1 1.01 2.10 1.04 – 1.83 3.47
27 1.05  42.54 1 1.00 8.20 2.37 – 2.41 1.52
28  1.08 60.68 1 0.86 5.77 1.83 0.58 2.46 2.12
29  1.10 909.87 1 1.02 1.21 1.08 0.08 1.05 1.07
30 1.13  2199.20 1 1.00 1.07 1.08 0.24 1.06 1.05
31  1.15 161.80 1 1.01 1.81 1.33 0.81 1.22 1.23
32 1.19  112.85 1 0.86 0.77 0.61 – 0.53 0.59
33  1.30 258.21 1 1.01 17.26 2.53 0.39 0.66 5.12
34  1.32 297.22 1 0.73 0.20 39.47 – 0.22 0.24
35  1.46 120.37 1 0.74 1.78 1.60 – 1.57 1.53
36  1.50 50.99 1 0.98 4.09 1.74 – 1.83 2.97
37 1.54  58.67 1 0.84 1.76 1.37 – 0.45 1.21

a RRT: relative retention time.
b Original value of the representative standard chemical fingerprint (RSCF).
c Relative peak area (RPA) = peak area/homologous peak area from RSCF.
d Mean of three experiments.
e RPA of RSCF.

Fig. 5. Biological fingerprints of YZHI. BF was the thermogenesis curve of S. aureus as influenced by YZHI obtained using 3114 TAM air isothermal calorimeter at 37 ◦C. (A)
Control,  thermogenesis curve of S. aureus without YZHI; S01–S10, qualified samples; (B) control, thermogenesis curve of S. aureus without YZHI; normal, reference standard
generated by simulating the mean BF of 10 batches of qualified samples; S11, non-sterilized samples; S12, high temperature-accelerated samples; S13, light-accelerated
samples; S14, samples exposed to the environment; S15, insufficiently sterilized samples; S16, over-sterilized samples.
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Table 3
Quantitative parameters of S. aureus growth affected by YZHIa (n = 3).b

Sample k1/h−1 k2/h−1 T1
m/s P1

m/mW T2
m/s P2

m/mW Qt (J) Similarity

S01 1.556 0.201 6320 0.435 27280 0.518 21.892 0.996
S02 1.517 0.207 5920 0.437 26740 0.518 21.141 0.996
S03 1.583 0.206 6060 0.433 28000 0.518 22.381 0.997
S04  1.580 0.194 5980 0.439 27700 0.513 21.957 0.992
S05  1.580 0.194 5760 0.428 27560 0.512 22.350 0.982
S06  1.636 0.209 5810 0.412 27490 0.518 21.759 0.997
S07  1.560 0.174 6120 0.435 27960 0.516 22.434 0.998
S08 1.637 0.204 6030 0.429 27710 0.518 21.237 0.999
S09 1.509 0.160 6010 0.431 28020 0.515 21.965 0.992
S10 1.555 0.167 5960 0.433 28130 0.517 21.698 0.989
RSBFc 1.571 0.191 5997 0.431 27659 0.516 21.881 1.000
S11  1.026 0.178 6200 0.398 30200 0.576 25.185 0.973
S12  0.706 0.136 8480 0.394 32340 0.551 26.285 0.972
S13 0.672 0.107 8360 0.347 32460 0.463 25.656 0.962
S14  0.916 0.150 8120 0.254 33880 0.462 26.153 0.929
S15 0.996 0.174 6140 0.470 28160 0.688 25.660 0.978
S16  1.494 0.183 7120 0.467 24880 0.542 19.752 0.982
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a YZHI: Yinzhihuang injection.
b Mean of three experiments.
c RSBF: representative standard biological fingerprint.

howed that samples could be divided into two clusters: samples
01–S10 and S16 were in cluster I; samples S11–S15 in cluster II.
ost samples in cluster I were normal, and the squared Euclidean

istance was <1.5, which indicated good homogeneity of these sam-
les. In cluster II, samples could be divided into two classes. The
rst was S11 and S15 close to cluster I; then S12, S13 and S14 were
lustered far from the other samples. S16 (over-sterilized samples)
ere clustered with normal samples at ∼2. This indicated that S16
as difficult to distinguish from normal samples, and the preva-

ence of mis-classification was 6.25% (one error in classification out
f 16 samples), which was lower than that for CF. Nevertheless, BF
ould not be used to distinguish samples as significantly as CF. This
s because the furthest cluster distance of BF was only 6, whereas
he distance of CF was 14. It was therefore necessary to combine BF
ith CF for the QC of herbal injections.

.3. Results of the combination of CF with BF

To assure the quality of YZHI from chemical and biological
spects, CF and BF were combined. The ability to distinguish
etween samples was evaluated by HCA (Fig. S3 in Support-

ng Information). Compared with the HCA result of CF and BF
espectively, a great elevation of discrimination capability was
hown (Fig. S3).  Samples could be divided into two clusters: cluster

 for normal samples and cluster II for abnormal samples. Samples
11, S15 and S16, which were misjudged by CF or BF, were correctly
istinguished from normal samples. Furthermore, the distance
etween abnormal samples was S11 < S15 < S16 < S13 < S12 < S14,
hich was much closer to the real situation. This could be

ery helpful in predicting the potentially hazardous nature of
ertain components of herbal injections. If developed further,
F could be used to elucidate the general difference between
hemical constituents in samples. Similarly, BF could be used to
alibrate/complement/magnify the differences in the biological
roperties of samples. Compared with the Ministry of Authorized
tandards (which determined only the content of baicalin for the
C of YZHI), the combination of BF and CF could elicit more compre-
ensive QC information for YZHI. It could be adopted as an effective
omplementary method for the QC of other herbal injections.
. Conclusions

In the present study, to monitor the product consistency and
tability of YZHI from chemical and biological aspects, CF and BF
from HPLC and TAM were combined. Both methods detected the
fluctuation in quality precisely and sensitively. The former empha-
sized fluctuation of the quality of chemical constituents, while the
latter emphasized fluctuation of the quality of biological products.

The results of similarity analyses of CF showed that normal
samples had very similar fingerprints. CF changed considerably if
samples were treated at high temperatures and in a lot of light,
and if they were exposed to the environment. Most abnormal sam-
ples could be identified by CF or BF. However, S11 (non-sterilized
samples) and S15 (insufficiently sterilized samples) could not be
detected by CF. S16 (over-sterilized samples) could not be detected
by BF.

When we  combined CF with BF, all samples were classified cor-
rectly. This combination could give more detailed and complete
information of the conditions of samples. Hence, using such a com-
bination, it will become easier to predict the safety of products.
Many ADEs caused by QC problems could therefore be avoided
earlier.

This work introduced a novel approach to the QC and predic-
tion of severity of adverse reactions of herbal injections. It would
be equally applicable to the analyses of other types of herbal injec-
tions of TCMs. HPLC and TAM fingerprints provided a powerful and
meaningful tool in complementing the existing methods of evalu-
ation of the QC of herbal injections.
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