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Abstract: Formula granule (FG), as an improved preparation form of traditional liquid dedoction, is of increasing interest and
hence it is necessary to develop facile analytical or discrimination methods. Based on the established 3-Stage IR method, a new
external disturbance of lab environment (LE) in which room temperature (RT) is 25-30°C and humidity is 25-30%, is introduced
to test its applicability in discrimination of Danggui formula granules from different companies in which the LE is used to affect
the prepared KBr pellet to produce enough variations for the 3S-IR method. Firstly, the 2D-spectra and pattern recognition
algorithm of principal component analysis (PCA) and hierarchical cluster analysis (HCA) are used to select the analytical basis
for 2D-COS IR. Secondly, LE-based 2D-COS IR is used for the discrimination. The newly-established LE-based IR can avoid
the complex parts of programmed temperature and sampling in IR instrument, and achieve the discrimination of different

Danggui Formula Granules.
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1. Introduction

Angelicae Sinensis Radix (called Danggui in Chinese,
abbreviated as DG hereinafter) is officially recorded as
traditional Chinese medicine (TCM) to possess the function of
enriching blood, activating blood circulation, regulating
menstruation and amenorrhoea, relieving pain and relaxing
bowels [1, 2]. Due to its pharmacological effects [1, 3, 4], DG
has been one of the commonly used ingradients in compound
prescriptions, and also has been made into several dosage
forms such as pills, dedoctions and oral liquids [1, 5-7].

Formula granule (FG) is made by spray drying of extracts of
the effective compositions of the decoction of a single herbal

medicine [8, 9]. Instead of boiling the mixture of herbal
prescriptions for hours, the formula granule can be instantly
dissolved in water by just adding one or several kinds of TCM
according to the prescription, and hence provides much
flexibility and convenience [9]. As the recently-emerging
improved preparation form of traditional liquid dedoction, the
corresponding standards for quality control of FGs is on the
way [10]. Because of the involvement of modern extraction
and preparation technology, especially the change of physical
appearance of the TCM, it is of vital importance to guarantee
the validity of manufacture and also identify the sources in
quality control of FGs by means of modern analytical
methods.
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Componential analysis, used in the analysis of FGs, usually
includes two kinds: (1) liquid chromatography (LC)-based
methods [11-14] for providing much information of detailed
compositions, namely micro-fingerprint. LC-based method is
able to be quatitative but meanwhile time-consuming, (2)
IR-based methods [8, 11, 15-19] for providing holistic
features, namely macro-fingerprint. IR-based methods are
rapid but mostly qualitative due to the overlapping spectra of
complex compositions. By virtue of the development of
spectrometry technology including derivative IR spectrometry
(DE-IR) and the two dimensional correlation IR spectrometry
(2D-COS IR), and with the assistance of data processing
methods such as pricinple component analysis (PCA),
IR-based methods have seen tremendous applications in the
differentiation and identification of TCM [15]. Among the
established IR-based methods, the most noteworthy one is the
three-stage infrared spectroscopy identification method
(3S-IR) developed by Sun [8, 15-20]. The 2nd derivative IR
(2D-IR) spectroscopy is used for high-resolved and in-depth
analysis of the FT-IR. The 2D-COS IR spectroscopy
introduces external interferences to help providing more
detailed information when the system gives responses.
However, the external disturbance usually used in 3S-IR is
continuous changing of temperature, and this depends on the
temperature control unit in the FT-IR instrument, which is not
very common and somewhat expensive in common labs.
Since IR-based methods can provide both holistic feature and
detailed information at the same time in rapid differentiation
of TCM and TCM preparations, it is necessary to explore new
ways to implement the external disturbance for wide and
convenient application of 3S-IR.
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Figure 1. The principle of this work.

In this work, the lab environment (LE), in which room
temperature (RT) is 25-30°C and humidity is 25-30%, is
applied as the external disturbance in the 3S-IR method. As
shown in Figure 1, the IR data were collected at a series of
intervallic time of the KBr pellet prepared and kept in lab
environment. Different from common IR experiments in
which the KBr pellet is tested immediately after preparation,
this work used lab environment to affect the prepared KBr
pellet to produce enough variations for the 3S-IR method.
Similar to long-term stability or observation trials of drugs
[21], the environmental factors were exerted onto the samples.

Using the DG-FGs of different pharmaceutical companies as
the test samples, this LE was proved to be an effective external
disturbance, by which the rapid discrimination of the chosen
DG-FGs was achieved on the basis of the 3S-IR method.

2. Experimental
2.1. Apparatus

Spectrum 100 FT-IR spectrometer (Perkin-Elmer Inc.,
Waltham, Massachusetts, USA) equipped with a DTGS
detector was used.

2.2. Samples

Samples of formula granule from 6 different
pharmaceutical companies in China were collected. The
pharmaceutical companies and corresponding abbreviated
codes used in this article are as follows: Sichuan Neo-Green
Pharmaceutical Technology Development Co., Ltd (refferred
as Sample A), Guangdong Yifang Pharmaceutical Co., Ltd
(refferred as Sample B), Jiangyin Tianjiang Pharmaceutical
Co., Ltd (refferred as Sample C), Beijing Tcmages
Pharmaceutical Co., Ltd (refferred as Sample D), Huarun
Sanjiu Pharmaceutical Co., Ltd.(refferred as Sample E), China
Shineway Pharmaceutical Group Ltd.(refferred as Sample F),

2.3. Procedures and Analysis

Each sample (about 3-5 mg) was added into KBr (200 mg).
After grinded uniformly to powder, the mixture was pressed to
be a KBr pellet for later IR test. The IR spectra of the 6
samples were accumulated by 16 times in the range of 4000
cm-1 to 400 cm-1 with a resolution of 4 cm-1. The interfering
signals of water and carbon dioxide were eliminated by
calibration function of the IR software. The raw IR spectra
were then processed by Origin software (OriginPro 2017) to
substract baselines and get normalized. The resulting IR
spectra (referred as primary IR spectra) were then smooth by
the 4-point FFT filter method to get 2D-spectra in a
rationally-selected range.

To obtain the dynamic FT-IR spectra, the prepared sample
pellets were exposed in lab environment in which room
temperature (RT) is 25-30°C and humidity is 25-30%. At
intervals of 30 minutes, the sample pellets were scanned with
abovementioned IR parameters. After sufficient IR spectra
were collected, the time-dependent spectra were processed by
2D correlation analysis software developed by Tsinghua
University (Beijing, China).

3. Results and Discussion
3.1. Common Features in the Primary IR Spectra

Figure 2(a) shows the IR spectra of the 6 Danggui formula
granules. Due to the same active ingredients and similar
excipients, the IR spectra possess the some macroscopic
characters in common. However, because of the overlapping
IR spectra of the complex components, the peak cannot be
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precisely identified. In the range of 4000-2000 cm-1, there are
two identifiable peaks: the 3400 cm-1(the wavenumber is
approximate when describing the common feature of all IR
spectra, hereinafters) is attributed to O-H stretching vibration,
and the 2900 cm-1 is attributed to C-H antisymmetric
stretching vibration, which can be attributed to the existence
of excipients of polysaccharide kinds and cannot provide more
information for differentiation. In the range below 800 cm-1,
the identifiable peaks are few. In the range of 1800-800 cm-1,
the peaks become complex: for instance, the 1650 cm-1 is
attributed to C=O stretching vibration, the 1450 cm-1 is
attributed to phenyl ring, the 1100-900 cm-1 is attributed to
C-O stretching vibration. The range of 1800-800 cm-1 is of
more peaks and complex peak shapes and hence can provide
more details for further differentiation.

3.2. Extended Differences in 2D Spectra and Primary
Discrimination

On the basis of the above-mentioned analysis, the range of
1800-800 cm-1 is chosen for deep differentiation. Firstly, 2D
spectra are obtained as shown in Figure 2(b). Secondly, to
fully reveal the differences, pattern recognition algorithm of
principal component analysis (PCA) and hierarchical cluster
analysis (HCA) are applied in this research. As shown in
Figure 3(a), the first two PCA factors total to more than 90%,
and hence the PCA is qualified to express the main features for
discrimination. Sample D is clearly different from all the
others. Sample A and B are of delicate difference and are close
in PCA figure. Sample C, sample D, sample E and the Sample
A/B group are discriminated by a moderate distance in PCA
figure from one another. To further analyze the inter-similarity,
HCA is applied as shown in Figure 3(b), sample C and E are
firstly clustered and then clustered with sample A. Then
sample B and F are cluster to this group in order. Sample D is
the last one. PCA and HCA convert the 2D spectra to
visualized differences and inter-similarity, which not only
functions to contribute to the primary discrimination of the 6
samples, but also prove the 2D spectra of the chosen range
include sufficient information for discrimination and thus
provide the basis for 2D-COS IR method.
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Figure 2. (a) IR and (b) 2D spectra (1800-800 cm™) of the 6 Danggui formula
granules. A-E respectively represents Sample A-E.
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Figure 3. (a) PCA and (b) HCA of 2D-IR.
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3.3. LE-Based 2D-COS IR for Final Discrimination

The LE-based synchronous 2D-COS IR are obtained from
the range of 1800-800 cm-1. In the 2D-COS IR, positive
correlation (red or green area) means that a group of
absorption bands changes simultaneously (either increase or
decrease); negative correlation (blue area) is just the reverse
[19]. As shown in Figure 4, the macroscopic and
discriminative features are very clear. The strongest
positively-correlated peak group (red area) is around 1000
cm-1, which can be seen in all samples. The
negatively-correlated peaks (blue area) contribute differently,
which can help discriminate all the samples. Sample B and F
are obviously different from the others. Sample A and C,
sample D and E are two close pairs and meanwhile possess
subtle different patterns of blue area between each other.
Therefore, the LE is proved to an effective external
disturbance in 3S-IR method. As a result, the 6 samples of
Danggui Formula Granules can be completely discriminated.
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Figure 4. LE-based 2D-COS IR. (a)~(f) represent Sample A-F.

4. Conclusion

In this work, LE is applied as the external disturbance in the
3S-IR method. Firstly, the 2D-spectra and pattern recognition
algorithm of PCA and HCA are used to select the analytical
basis for 2D-COS IR and accomplish the primary
discrimination. Secondly, LE-based 2D-COS IR achieves the
final discrimination of different Danggui Formula Granules.
LE is proved to be an effective external disturbance and avoid
the complex parts of programmed temperature and sampling
in IR instrument. As a consequence, the LE improved 3S-IR
method can be applied in TCM analysis.
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