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[ABSTRACT] Shuang-huang-lian Injection (SHLI) is the first successfully developed drug from traditional Chinese medicine (TCM) 
powder for injection, since its use for the treatment of acute respiratory tract infection, pneumonia, influenza, etc. At the same time, its 
allergic reactions have also emerged, which limits clinical applications. However, few scholars pay attention to the mechanism of 
allergic reactions. In this present study, metabonomics technology was used to explore the changes in endogenous metabolites in urine 
of the rat model of SHLI induced allergic reaction; we and analyzed the metabolites, metabolic pathway, and the mechanism which 
were closely related to the allergic reactions. The levels of serum histamine and tryptase were examined and changes in histomorphol-
ogy were also observed. Based on the UPLC-Q-TOF/MS metabonomics, we carried out the pattern recognition analysis, selected po-
tential biomarkers associated with allergic reactions, and explored the pathological mechanism for SHLI induced allergic reaction, 
which laid the foundation for the safety research of SHLI. Our results showed that SHLI increased the levels of serum histamine and 
tryptase in rats with allergic reaction; we determined 15 biomarkers in rat allergic reaction model induced by SHLI and found multiple 
metabolic pathways involved, such as metabolism of linolenic acid, phenylalanine, amino acid, 2-oxo acid, and purine and other meta-
bolic pathways. 
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Introduction 

Allergic reaction, including sensitization and stimulation, 
is a type of tissue injury with physiological disorder caused 
by the same antigenic substance, which is considered as an 
abnormal and pathological immune response. Shuang-huang- 
lian Injection (SHLI) is one of the earliest injection formulations 
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developed from traditional Chinese medicine (TCM) powder, 
which is composed of three herbs, Lonicera japonica, Baical 
skullcap root, and Forsythia suspensa, streamlining from the 
Yinqiaosan ("Warm Febrile Diseases"). SHLI is used for the 
treatment of viral and bacterial acute upper respiratory tract 
infection, acute bronchitis, tonsillitis, pharyngitis, and urinary 
tract infections. However, with a wide range of clinical appli-
cations, adverse reactions reports have also increased year by 
year, especially the allergic reactions, and the reasons are not 
clear. Moreover, few researchers have focused on the mecha-
nism of allergic reactions. For thousands of years, TCM has 
made a great contribution to healing the wounded and rescu-
ing the dying. Nowadays, TCM is widely concerned by the 
whole world because of its good therapeutic effect and low 
toxicity. Therefore, it is necessary to study the mechanism of 
SHLI induced allergic reactions and to lay the foundation for 
the safe application of TCM injections.  

Metabonomics is a newly developed technology in post- 
genome era, with high separation efficiency, high sensitivity 
and low detection limit, which can be used to study the metabolic 



GU Yuan-Yuan, et al. / Chin J Nat Med, 2018, 16(8): 628640 

– 629 – 

pathways of biological systems by investigating the changes 
of their metabolites or their changes over time after stimulat-
ing or disturbing the biological system (e.g., a particular gene 
variation or environmental changes) [1-4]. In 2005, Wrona et al. 
introduced a new mass spectrometry technique for metabolic 
studies [5]. Recently, ultra performance liquid chromatography 
(UPLC) technique is suggested to be suitable for me-
tabonomics, because of its high sensitivity in detecting me-
tabolites and high efficiency in separation, especially for 
large-scale untargeted metabonomics [6]. The mass spectro-
metryElevated Energy technique has been proven to be a powerful 
tool for confirming their presence and for identification of 
trace components in complex mixtures. As the emergence of 
more effective UPLC-MSE technologies, metabolomics in-
vestigations have been greatly expanded [7-11]. Nowadays, 
UPLC-MSE is one of the most versatile techniques, offering a 
significant potential for discovery of novel biomarkers from 
disease samples [12-17]. It has a wide dynamic range, high sen-
sitivity and high resolution that are required for comprehen-
sive analysis of metabolites; at the same time, with improve-
ments in quantitation accuracy, robustness, and throughput, 
UPLC-MS can analyze volatile, non-volatile, and polar com-
pounds, over a wide mass range and does not require sample 
derivatization.  

In agreement with the holistic concept of TCM, me-
tabolomics has shown potential in pharmacological and toxico-
logical evaluation of TCM [18-19]. The UPLC-MSE-based me-
tabolomics platform may become a powerful tool for phar-
macological and toxicological evaluation of TCM. Based on 
UPLC-MSE metabolomics technique, Zhang et al. have re-
ported pharmacological activity and biochemical action 
mechanism of rhubarb on chronic kidney disease [20]. Their 
results have demonstrated that rhubarb can restore upregulation 
expression of α smooth muscle actin, collagen I, fibronectin 
and plasminogen activator inhibitor-1 proteins against tubu-
lointerstitial fibrosis and show a beneficial nephroprotective 
effect [21]. The aristolochic acid-indcued nephrotoxicity has 
been systematically evaluated by UPLC-MSE metabolomic 
approach using serum, urine and tissue samples [22-24]. Me-
tabolomics results have demonstrated that the dysregulation 
of lipid abnormalities is closely associated with oxidative 
stress, inflammation, fibrosis, and Nrf2 dysfunction in aris-
tolochic acid-induced nephropathy [25]. 

Metabonomics is an important part of biology system 
that combines overall, dynamic, and comprehensive analysis 
using various methodologies, which is consistent with the 
overall concept in medicine [26]. In the present study, we used 
the bovine serum albumin and SHLI induced acute allergic 
reaction model to investigate the changes in endogenous me-
tabolites, determine the regulation of SHLI on metabolism 
and identify the biomarkers associated with SHLI induced 
allergic reaction [27], further elucidating the mechanism of 
allergic reaction. It was hoped that our results will help ex-
pand the application of metabonomics in studying drug aller-

gic reaction [28-29], by demonstrating [30-33]. 

Materials and Methods 

Chemicals and reagents 
SHLI (lyophilized, 600 mg each) was obtained from the 

Second Chinese Medicine Factory of Harbin Pharm. Group 
Co., Ltd. (Product batch No. 1409405; Harbin, China). HPLC- 
grade acetonitrile was acquired from Fisher Corporation 
(Waltham, Massachusetts, USA). Watsons Water was purchased 
from Guangzhou Watsons Food Co., Ltd. (Guangzhou, China). 
Formic acid (HPLC grade) was obtained from Tianjin Kemiou 
Chemical Reagent Co., Ltd. (Tianjin, China). Leucine en-
kephalin (LEnK) was purchased from Sigma Chemical Co., 
Ltd. (St. Louis, MO, USA). Rat serum histamine detection kit 
was purchased from Shanghai Blue-based Biotechnol. Ltd. 
(Shanghai, China). Trypsin was purchased from Beijing 
Soledad Bao Technology Co., Ltd. (Beijing, China). Sodium 
chloride injection (0.9%, W/V), as a negative control drug and 
solvent, was purchased from Zhejiang Doubang Pharmaeutical 
Co., Ltd. (Quzhou, China). Bovine serum albumin (BSA) 
formulated in 0.9% sodium chloride injection was purchased 
from Sigma Chemical Co., Ltd. (St. Louis, MO, USA).  
Apparatus 

KDC-160HR high speed freezing centrifuge was pur-
chased from HKUST Innovation Co., Ltd. Jia Branch (China); 
microplate reader was purchased from Shanghai Thermo 
Fisher Instrument Co., Ltd. (Shanghai, China); ultra-low 
temperature freezer was purchased from Shanghai Thermo 
Fisher Instrument Co., Ltd. (Shanghai, China); KQ5200E 
ultrasonic cleaner was purchased from Kunshan Ultrasonic 
Instrument Co., Ltd. (Kunshan, China); JA2003 Precision 
electronic balance was purchased from Shanghai Ryohei In-
strument Factory Co., Ltd. (Shanghai, China). 
UPLC-Q-TOF/MS 

Ultra-performance liquid chromatography was performed 
with the Waters AcquityTM system (Milford, Massachusetts, 
USA equipped with quaternary pump, -line vacuum degasser, 
autosampler, Diode array detector, and column oven). Quad- 
rupole time-of-flight mass spectrometry was accomplished 
with the Micromass Q-TOF microTM, system, (Milford, Mas- 
sachusetts, USA) with electrospray ionization-positive and 
negative scanning method. The column used in the present 
study was an ACQUITY UPLCTM BEH C18 column (1.7 μm, 
2.1 mm × 50 mm, Waters Corp, Milford USA), The column 
temperature was kept at 40 °C, the sample compartment tem- 
perature was at 4 °C, and the flow rate was set at 0.3 mL·min−1. 
The injection volume was 3 μL. Acetonitrile was used as mo-
bile phase A and 0.1% aqueous formic acid (V/V) was used as 
mobile phase B. The linear gradient elution of A was per- 
formed as follows: 2%−40% A at 0−8 min, 40%−98% A at 
8−10 min, 98%−100% A at 10−13 min.  

The eluent was transferred to the mass spectrometer di-
rectly rather than a split; Electro-spray ionization (ESI) inter-
face was used to scan in both positive and negative ion modes. 
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The desolvation temperature was set at 350 °C and with the 
flow rate was set at 750 L·h−1 for both positive ion and nega-
tive ions. The flow rate of cone was set at 20 L·h−1, the capil-
lary voltage was set at 1.3 KV in positive ion and 1.5 KV in 
negative ion, and the sample cone voltage and extraction 
voltages were 60 and 5V, respectively. The source of tem-
perature was set at 110 °C, collision energy was 100 V, and 
the gas of collision was Argon. For an accurate mass acquisi-
tion, a lock-mass of leucine enkephalin was used in positive 
ion mode and negative ion mode ([M + H]+ m/z 556.277, [M + 
H]– m/z 554.2615). MS data were acquired in full-scan mode 
from m/z 100 to 1500 Da, MassLynx Station (V4.1) (Waters 
Corporation, Milford, USA) and MarkerLynx software (Waters 
Corporation, Milford, USA) were applied to the peak detection 
principal component analysis [34-35].  
Animal groups and preparation of samples 

Healthy SD male rats (SPF grade), weighting between 
200 ± 20 g, obtained from GLP of Heilongjiang University of 
Chinese Medicine (China), License number: SYXK (HEI) 2013- 
012, were given standard laboratory feed and the temperature, 
kept the temperature at (22 ± 1) °C with 40%−50% humidity 
in controlled rooms and 12 h light to dark cycle, with free 
access to diet and water, the animals were kept in individual 
metabolic cages for 7 days, before being used in the study. All 
the animal experiments were in line with national law for the 
use of experimental animal requirements (China) [36].  

Twenty-two SD rats were randomly divided into control 
group (K), SHL high dose group (H), SHLI medium dose group 
(M) and SHL low dose group (L) with 8 rats each group. The 
sensitized rats were administrated with H (720 mg·kg−1), M 
(360 mg·kg−1) and L (180 mg·kg−1) by intraperitoneal injec-
tion of SHL once every other day, continuous injection of 
three times. In the first 14th and 21st days after the initial 
sensitization, the rats were injected by tail vein with the dou-
ble dose, The control group were given the same volume of 
0.9% sodium chloride injection, then observed the physical 
signs immediately to 30 min. Urine was collected in the next 
day (between 7: 00−8: 00 am) from metabolism cages within 
12 hours of each rat and centrifuged at 13 000 r·min−1 at 4 °C 
for 15 min, then the supernatants were stored frozen at −80 °C 
until metabonomics analysis, blood was collected from the 
eye venous plexus in the 14th and 21st days after the excita-
tion in 30 min, After centrifuging the samples at 3000 r·min−1 
for 15 min, The supernatants were frozen at −80 °C until 
analysis [37-41], After collecting the urine in the last time, the 
rats were anesthetized, fixed parts of the lung and trachea 
tissue placed in 4% poly formaldehyde, The pathological 
examination were carried as routine [42]. 
Biochemical index detection 

We operated as the instructions of ELISA Histamine test 
kit, and detected the content of histamine in rat serum. The 
content of tryptase was detected by using a method of specific 
substrate [43]. 
Statistical analysis 

The urine metabolic profile data of each group were in-

troduced into the Markerlynx software (Waters Corporation 

Milford, Massachusetts, USA) to identify the peak and peak 

matching, and the method of principal component analysis 

(PCA) and partial least squares discriminant analysis (PLS- 

DA) were applied in metabolomic-based drug metabolism 

studies [44] To reduce the multi-dimensional data, EZ-info 2.0 

software (Waters Corp., Milford, Massachusetts, USA) soft- 

ware modules were used to obtain mass matrix information. 

According to the metabolic data of urine and different time of 

urine metabolome analysis, the score plot to reflect the degree 

of dispersion between groups was depicted, and the OPLS-DA 

analysis for the control group and the administration groups 

of SHLI was carried out [45-46]. Cluster analysis was performed 

in the PCA score plot. According to PCA analysis obtained 

from projection (loading plot), we looked the biomarkers 

based on the variation of each component to determine the 

size of the contribution. Struc-tural analysis was applied to 

the potential biomarkers of the VIP values exceeding two, to 

ensure the reliability of the endogenous biomarker. The 

analysis of secondary mass spectrometry was carried out on 

the metabolites of the differences, to resolve the biomarkers 

and related to metabolic pathways. HMDB (http://www. 

hmdb.ca/), METLIN (http://metlin.scripps.edu/), Massbank 

(http://www.massbank.jp), and KEGG (http://www. kegg.com/), 

were used as biochemical database to identify the potential 

markers [47-48].  

Results 

Biochemical parameters and pathological changes 
To evaluate the allergies of SHLI, the serum histamine 

and tryptase were detected in rats. Compared with the control 

group (K), the high dose (H) and medium dose (M) groups 

showed the significantly increased contents of histamine and 

tryptase (P < 0.01), and low dose group (L) showed a slight 

increase, which was not statistically significant (Fig. 1).  

H&E staining was applied to trachea and lungs of the rats. 

In control group, false ciliated epithelial layer was intact in 

trachea, with visible collagen and elastic fibers in Lamina 

propria and visible blood vessels, lymph vessels, and lymph 

tissue. The ring of cartilage was complete. In the low dose 

group, the mucosa and submucosa of trachea were thickened, 

false ciliated epithelial cells and lamina propria were still 

visible and visible blood vessels, lymph vessels and lymph 

tissue, lymphocytes were increased, and the ring of cartilage 

was complete. In the medium dose group, the mucosa and 

submucosa were further thickened, and most of false ciliated 

epithelial cells and lamina propria were disappeared. It 

showed enhanced the basophilic of cells. In the high dose 

group, the mucosa and submucosa were thickened, false cili-

ated epithelial cells and lamina propria were disappeared, and 

basophilic of cells were enhanced, indicating that the levels of 

lesions were gradually increased as the increases of the dose, 

as shown in Fig. 2 (1). 
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Fig. 1  Comparison serum histamine (A) and tryptase (B) contents in rats of each group (Mean ± SD, n = 8). K: control group; L: 
low dosage group of SHLI; M: medium dosage group of SHLI; H: high dosage group of SHLI 

 

 

Fig. 2  The tracheal (1) and lung tissue (2) histopathology 
sections of rats in different groups (H&E, × 40). A, control 
group; B, low dose group; C, medium dose group; and D, 
high dose group 
 

As shown in Fig. 2(2), the structures of lung tissue in the 
control group were intact. In the low dose group, partial atelecta-
sis within the organization was found. In the medium dose group, 
a local thickening of alveolar septa within the organization, 

infiltrated of inflammatory cells, and capillary congestion 
were observed. In the high dose group, alveolar atelectasis 
in local organizations was obvious, alveolar septa was 
thickened, capillary congestion was seen in local, and 
macrophages and eosinophils were increased, indicating that 
the levels of lesions were gradually increased as the in-
creases of SHLI dose.  
Metabonomics analysis 

Under the optimal U-HPLC-TOF/MS conditions, in posi-
tive and negative scan mode, mass metabolites could get a 
better separation and effective response effect in a 13-min 
elution time [49-51]. Based on peak intensity (BPI), urine sam-
ples were collected in positive and negative ion mode, chro-
matograms are shown in Fig. 3(1), and Fig. 3(2).  
PCA analysis  

EZinfo software (Waters Corp, Milford, USA) was used 
to analyze the multivariate data matrix. The unsupervised 
segregation was checked by principal component analysis 
(PCA). Both PCA and PLS-DA were used, because of their 
ability to cope with noisy, highly multivariate, colinear and 
possibly incomplete data. PCA is an unsupervised pattern 
recognition method initially used to discern the presence of 
inherent similarities in spectral profiles. It is a major method 
to reduce the multi-dimensional data, the process is designed 
to eliminate more coexistence in the overlapping portion and 
to extract the main component. According to the structure of 
the covariance matrix in original data, we looked for a new 
linear combination of the original variables obtained by the 
principal component. From the PCA score plots in four samples 
(Fig. 4), administration of SHLI disrupted the normal urine 
metabolic profiles of rat to a large extent. The rats in the 
same group had a good similarity of urinary metabolite pro-
file and different groups could be separated to clusters. The 
H group was shown to be the furthest away from the control 
group. These results indicated that the metabolic profiles 
were greatly changed as a consequence of administration of 
SHLI in a dose-dependent manner. The endogenous metabo-
lites of rats showed the most significant difference between 
the control group and the high dose group. These changes in 
endogenous metabolites may affect the metabolic pathways 
and networks [52-56]. 
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Fig. 3  BPI chromatograms of (A) control group, (B) L group, (C) M group, (D) H group urine samples on the last day analyzed 
by UPLC-TOF/MS in positive (1) and negative (2) ESI modes 

   

 

Fig. 4  PCA Score plots of urine samples collected from dif-
ferent groups of rats in positive mode (A) and negative mode 

(B). K: control group(■); L: low dosage group of SHLI(▲); 

M: medium dosage group of SHLI(◆); H: high dosage group 

of SHLI(▲). 
 

OPLS-DA analysis 
With the completion of the orthogonal projection to latent 

structures discriminate analysis (OPLS-DA), we used computa-
tional systems analysis with the Metabo Analyst data annotation 
approach [57] to distinguish between the control group and the 
SHL treated groups. PLS-plot has been used in prediction pat-
tern recognition, exploratory data analysis and data mining 
problems for a long time. In order to obtain a better discrimina-
tion among the control and these administration groups, the 

OPLS-DA approach was applied to the metabolic profiles. 
OPLS-DA score plots separated the urine samples into two 
blocks, showing a clear separation between the control group 
and high dosage group in both positive and negative ion modes 
(Fig. 5, P < 0.05). The potential markers were extracted based 
on their contributions to the variations and correlation within 
the dataset. Based on VIP > 1 and the degrees of perturbance in 
the metabolites evaluated by Student’s t-test, the 15 metabolites 
were identified as potential biomarkers. The found marks dif-
ferentiating metabolites for the model of allergies reaction and 
are revealed in serial numbers in Tables 1 and 2. 
Potential biomarkers  

All the detected ions were arranged in descending order 
according to their VIP values, and the highest VIP value was 
2.16 in the positive mode and 2.41 in the negative mode. 
Combining the results of the OPLS analysis with the amount 
variation of ions in each group, 6 ions with VIP values ex-
ceeding 2 were selected in the positive mode. At the same 
time, 9 ions with VIP values exceeding 2 were selected in 
negative mode. The UPLC-HDMS segregation analysis 
platform provided the retention time, precise molecular 
mass and MS/MS data for the structural identification of 
biomarkers. The precise molecular mass was determined 
within measurement errors (< 5 ppm) by Q-TOF, and mean-
while, the potential elemental composition, degree of un-
saturation and fractional isotope abundance of compounds 
were obtained. The supposed molecular formula was searched 
in Chemspider, the Human Metabolome Database, Mass 
Bank and other related databases to identify the possible 
chemical constitutions, and the MS/MS data were screened 
to determine the potential structures of the ions. Thus, tak-
ing two ions as examples, the identification procedures were 
described as follows [58-59]. 
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Fig. 5  OPLS-DA model results between the control group and high dosage group of SHLI (HG) in positive (1) and negative (2) 
mode. (A, 2-D plot; B, 3-D plot) 

Table 1  Potential biomarkers identified in positive ESI mode 

No. 
VIP 

values 
tR_M+ Actual_M 

Content 
variance 

[M + H]+ Proposed 
compound 

MS/MS Losses Proposed strucure 

1 2.10 1.92_372.2408 371.2824 ↓ 372.5561
Docosahexaenoyl 

ethanolamide 
C24H37NO2 

133 
105 
147 

-C14H25NO2 
-C16H29NO2 
-C14H27NO 

H

O

O

2 2.16 5.66_271.0612 270.0964 ↓ 271.2420
Aspartyl-Histidine 

C10H14N4O5 

220 
178 
177 
110 

-H3O3 
-CH3NO4 
-C2H6O4 

-C5H7NO5 
N

N

OO

N

O

O

O

N

3 2.10 1.89_386.2219 383.1907 ↓ 363.4115
Isopentenylade-

nine-9-N-glucoside
C17H25N5O4 

192 
297 

-C7H12N2O3 
-C4H5N 

O

O

O
N

O

N

N

N

N

4 2.05 1.16_297.1437 296.1624 ↑ 297.3157 Marasmal C15H20O6

192 
210 
126 

-C4H9O3 
-C4H7O2 
-C9H15O3 

O

O

O

O
O

5 2.03 3.17_234.1306 233.1012 ↑ 234.2218
Glutaminyl-Serine 

C8H15N3O5 

110 
 84 
124 

-C3H10NO4 
-C3H6N2O5 
-C2H8NO4 

N

N N O

O
O O

O

6 2.01 3.27_220.1615 219.1120 ↑ 220.2431
Cis-zeatin 
C10H13N5O 

165 
192 
135 

-C2H3N2 
-CH2N 

-C2H3N3O 

N
NN

N N

O  
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Table 2  Potential biomarkers identified in negative ESI mode 

No. 
VIP 

values 
tR_M− Actual_M 

Content 
variance 

[M − H]
Proposed 
compound 

MS/MS Losses Proposed structure 

1 2.14 5.68_269.0453 270.0528 ↑ 269.2369
6-Hydroxydaidzein 

C15H10O5 
162 
119 

-C5HO3-C7H4O 

O

O

O

O

O

2 2.17 1.96_159.0662 160.0484 ↑ 159.128
Tricholomicacid 

C5H8N2O4 
119 
160 

-C2H2O N O

N

O
O

O

3 2.15 2.51_163.0407 164.0473 ↑ 163.158
Phenylpyruvic acid 

C9H8O3 
119 
 91 

-CO2 
-C2O3 

O
O

O

 

4 2.32 0.83_173.0705 174.0528 ↓ 173.1513
2-Isopropyl-3- 
oxosuccinate 

C7H10O5 

111 
 87 
 85 

-C2H6O2 
-C4H6O2 -C3H4O3 

O

O

O

O O  

5 2.13 3.92_187.0959 188.0797 ↓ 187.1812
N-acetylglutamine 

C7H12N2O4 
116 
117 

-C2HNO2 
-C2H2N2O 

N

O

O

N

O

O

 

6 2.30 12.8_201.121 202.0338 ↑ 201.1249

5-Hydroxy-2-oxo-4-ure
ido-2, 5-dihydro-1H- 

imidazole-5-carboxylate
C5H6N4O5 

162 
119 
160 

-C2N2O2 N

N

O

N

N
O

O

OO

7 2.30 4.85_201.1136 202.1116 ↑ 201.0116
1, 2, 3, 4-Tetrahydro- 
2-methyl-b-carboline

C12H14N2 

119 
 84 

-C4H6N2 
-C8H7N 

N

O
N

8 2.41 2.97_201.1125 202.0954 ↑ 201.2078
Serinyl-Proline 

C8H14N2O4 
162 
119 

-C3H3 
-CH6O4 

OO

N
O

N

O

9 2.18 2.86_211.0602 212.0568 ↑ 211.2041
Questiomycin A 

C12H8N2O2 

142 
107 
143 
108 

-C3HO2 
-C6O2 
-C3O2 
-C3O2 

N

O

N

O

 

 
In the positive ion mode, the VIP value was 2.16 and the 

retention time was 5.66 for [M + H]+ 271.0612. The ion con- 
tained an even number of nitrogen atoms and an odd number 
of oxygen atoms, its. precise molecular weight was 270.0964, 
and from the analysis of elemental composition and isotopic 
abundances its molecular formula was speculated to be 
C10H14N4O5. By the analysis of MS/MS, the main fragment 
ions were m/z 220, 178 and 110; which could be [M − H]− lost 
-H3O3, -CH3NO4, and -C5H7NO5. At last, according to the 
database, it was speculated to be Aspartyl-Histidine. Its 
structure and mass spectrum are shown in Fig. 6. In the nega-
tive ion mode, the VIP value was 2.15 and the the retention 
time was 2.51 for [M − H]− 163.0407. The ion contained an 
even number of nitrogen atoms and an odd number of oxygen 
atoms. Its precise molecular weight was 164.0473, and from 

the analysis of elemental composition and isotopic abun-
dances, the molecular formula was speculated to be C9H8O3, 
By the analysis of MS/MS, the main fragment ions were m/z 
119, 91, which could be [M − H]− lost -CO2, -C2O3, Finally, 
according to the database it was speculated to be phenylpyru-
vic acid. Its structure and mass spectrum are shown in Fig.6. 
All of the indentified potential biomarkers are displayed in 
Tables 1 and 2. And the Arabic numbers in Fig. 6 are compati-
ble with the serial numbers in Tables 1 and 2. In the following 
discussion section, we further explored the metabolic pathway 
biomarkers associated with allergic effects [60]. 

Discussion 

SHLI is a famous Chinese patent medicine and in the 
form of a freeze-dried powder, which was developed by 
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Harbin Pharmaceutical Group in the 1990s. In recent years, 
because of its wide distribution and potent biological effects, 
SHLI has attracted widespread attention and the market de-
mand has increased greatly. Its allergic reactions have 
emerged, which limits clinical applications. Therefore, we 
have studied the metabolic profiles for SHLI induced allergic 
reactions. Our results may provide new ideas and methods to 
improve the safety and effectiveness of traditional Chinese 
medicine injection. Urine is an ideal biological medium for 
disease research and the most common specimen used in me-
tabolomics [61] because it is easy to get without sampling fre-
quency and time constraints or damage to the body. Dynamic 
detection and analysis could be performed, and therefore, 
urine samples were used in metabolomics study of SHLI. 

In the present study, the allergy model was produced by 
administration of different doses of SHLI in rats. UPLC-TOF/ 
MS was used to study the urinary metabolic perturbations asso-
ciated with allergy induced by SHLI and to identify the relations 
between the injections and alters of metabonomic profiles, 
and then to discover potential biomarkers of SHLI in allergies.  

The results from the present study suggested that the me-
tabonomic spectra of post-treatment were greatly changed in 
the SHL groups and the profiles was deviated significantly. 
These changes were dose-dependent among the groups treated 
with various doses of SHLI. By the analysis of pattern recog-
nition, we found 15 potential biomarkers related to allergy.  

In the following sections, we would like to discuss the 
biological significance of the major biomarkers found in the 
present study. Docosahexaenoic acid (DHA) is an essential 

fatty acid in humans, and is the most abundant of ω-3 fatty 
acids in neural tissues. Docosahexaenoyl ethanolamide 
(DHEA) is ethanolamine amide of DHA. It has been reported 
that the concentrations in brain and retina are similar to that 
of arachidonoyl ethanolamide (AEA). Docosahexaenoic acid 
is the differential metabolite of SHLI induced allergic reac-
tions and is closely related to inflammatory mediators. The 
possible reason was related to elevate free fatty acids (FFAs) 
and endothelial dysfunction. Docosahexaenoic acid has 
animportant biological significance in inflammation. And by 
related analysis of metabolic pathway, its impact is mainly on 
the metabolic pathway of linolenic acid. 

Phenylpyruvic acid is catabolic byproduct of phenyl- 
alanine metabolism or an intermediate of a keto-acid, and it 
has a slight odor of honey. The amount of phenylpyruvate is 
usually very low in urine or blood, and it can be found at high 
levels of phenyl pyruvate in the urine of individuals with 
phenylketonuria (PKU). The lack of phenylalanine hydroxyl- 
ase (PAH) is the main reason of PKU, so that phenylalanine is 
converted to phenylpyruvic acid rather than tyrosine, espe-
cially, by a transaminase pathway route involving glutamate, 
and excess phenylalanine can be metabolized into phenylke-
tones. The metabolites of the transamination reaction include 
phenethylamine, phenylacetate, and phenylpyruvate. In per-
sons with PKU, dietary phenylalanine is either converted to 
phenylpyruvic acid or accumulated in the body. In the present 
study, the content of phenylketonuria was increased in urine, 
suggesting that it is involved the metabolic disorders of 
phenylalanine. 
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Fig. 6  Chemical structure and mass fragment information of aspartyl-histidine in positive (A) and negative ESI (B) mode 
 
Aspartyl-histidine is a dipeptide made up of aspartate and 

histidine. Glutaminyl-Serine is a dipeptide made up of gluta-
mine and serine. It is an incomplete breakdown product of 
protein catabolism or protein digestion. The metabolic path-
ways are involved in the metabolism of amino acid. 
2-Isopropyl-3-oxosuccinate is an intermediate in leucine bio-
synthesis, as the third step in leucine biosynthesis after the 
fork from valine synthesis, and can be generated from (2R, 3S) - 
3-Isopropylmalate. It is a reaction of oxidative decarboxy- 
lation. Leucine biosynthesis involves a five-step conversion 
process beginning with the valine precursor 2-keto-isovalerate. 
In this pathway, the final step is catalyzed by two transami-
nases of broad specificity involving Branched-chain amino 
acid transferase (IlvE) and Tyrosine aminotransferase (TyrB). 
Through the spontaneous reaction, 2-isopropyl-3-oxosuccinate 
is converted to 4-methyl-2-oxo-valeric acid, and in this pathway, 
specifically involved is the metabolism of 2-oxo-acid.  

N-Acetylglutamine (GIcNAc) is an amino acid (an ac-
etylated analogue of glutamine) that is modified, and a me-
tabolite exist in normal human urine. By NMR and HPLC- 
MS, the decomposition products of GIcNAc have been iden-
tified as N-(2, 6-dioxo-3-piperidinyl) acetamide, N- acetyl-L- 
glutamic acid, glutamic acid, pyroglutamic acid, and gluta-
mine. GLcNAc is the source of glutamine for parenteral nutri-
tion, as glutamine is too unstable, but GIcNAc is very stable. 
In the patients treated with glycopeptides and/or aminoglyco-

sides, the urine levels of GIcNAc indicates the degree of renal 
tubular injury. We have detected the high amounts of N-ace-
tylated amino acids (i.e.: N-acetylglutamine) in the patient 
with aminoacylase I deficiency (EC 3.5.1.14, a homodimeric 
zinc-binding metalloenzyme located in the cytosol) [62].  

5-Hydroxy-2-oxo-4-ureido-2, 5-dihydro-1H-imidazole-5- 
carboxylate is a portion of the metabolism pathway of purine.  

All the results from the present study suggested that the 
metabolic profiles of healthy rats were disturbed by admini-
stration of SHLI. The potential biomarkers identified may 
provide the evidence of allergy induced by SHLI.  

Conclusion 

In the present study, on the analysis of metabolic path-
ways based the UPLC/ESI-TOF-MS technique combined 
with chemometrics method was used to demonstrate the uri-
nary metabolic characteristics in rats treated with SHLI. The 
principal component analysis was used as an example of pat-
tern recognition techniques to apply the chromatographic data 
to develop a distinct clustering of the three groups, based on 
their urine samples. With the OPLS analysis, 15 biomarkers 
related to SHL allergy were identified rapidly and precisely. 
Importantly, we discovered the metabolic pathways were 
associated with allergic reactions of SHLI. We were the first 
to study the mechanism of SHLI induced allergic reactions at 
the metabolic level. These results indicated that metabonom-
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ics is a powerful tool for allergy study to gain more insights 
into the mechanism of allergy at the metabolic level. In con-
clusion, our results from the present study suggested that 
metabonomic methods not only were high sensitive and spe-
cific, but also could benefit further understanding of disease 
mechanisms, developing biomarkers for earlier detection. The 
strategy could provide a practical method for assessment of 
drug allergy in traditional Chinese medicines.  
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