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With the aging of population, vascular dementia (VaD) seriously threatens people’s health and quality of life. It is of great significance to
explore biomarkers of VaD from the perspective of metabolomics and traditional Chinese medicine (TCM). Therefore, VaD was divided
into kidney deficiency and blood stasis syndrome (KDBS) and non-KDBS according to TCM. Then, some patients received the
treatment of Hengqing I (HQI) prescription. The urine of six groups (VaD group, normal group, KDBS group, non-KDBS group, HQI
group, and control group) was detected on LC-MS/MS. Multivariate statistical analysis showed that the metabolic profiles of the three
comparisons were significantly different. The top analysis-ready molecules of downregulated histamine and upregulated biotin,
methionine, pantothenic acid, SAH, histidine, and kaempferol may be the most related metabolites. These putative biomarkers play an
important role in the regulation of key metabolic processes linked to VaD. Additionally, pathway analysis showed aminoacyl-tRNA
biosynthesis, and amino acids metabolic pathways were highly correlated with the occurrence of VaD. In this present paper, vitamins,
amino acids, and their derivatives were selected as the basis for VaD diagnosis and treatment monitoring, and the significance of TCM

classification and Henggqing I prescription in the treatment of VaD was discussed.

1. Introduction

As the second most common type of dementia in the world,
vascular dementia (VaD) is caused by multiple ischemic foci
in the brain [1-3]. To date, people suffering from VaD in-
creased around the world, especially the elderly. With the
ageing of society, Cylus and Tayara proposed that if older
workers are healthy, ageing will not result in economic
decline [4]. However, there is no effective drug for the
treatment of VaD, and the clinical diagnosis of VaD is not so
easy [5, 6]. This poses a great threat to the health and quality
of life of the elderly [7]. Recently, many studies focused on
the biomarkers of VaD [8, 9]. Liu found that lipids ceramides
and cholesterol ester were abnormal in VaD patients
compared with the healthy group [10]. In addition, tradi-
tional Chinese medicine (TCM) YGS significantly improved

2-VO (two-vessel occlusion) induced cognitive impairment
and alleviated hippocampal histopathological abnormalities
in rat [2]. Although biomarkers of VaD have been exten-
sively studied, the pathophysiological mechanism regulating
the VaD severity and clinical phenotype is not completely
clear. Therefore, the specific markers of VaD are very im-
portant for the diagnosis and treatment of VaD. Moreover,
these studies mainly focused on blood biomarkers in VaD
and rarely involve the study on urine metabolites. Finding
biomarkers from urine could provide a new perspective to
study VaD.

Facing the dilemma that there are still no drugs for VaD,
TCM is a huge resource for the explanation on VaD. TCM
plays a more and more important role in the prevention and
treatment of VaD and gradually shows a great application
prospect [2, 11, 12]. However, the use of TCM in the
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treatment of VaD still lacks the corresponding theoretical
basis. We consider that the classification of VaD according
to TCM syndrome differentiation can provide medication
basis. VaD can be divided into kidney deficiency and blood
stasis syndrome (KDBS) and non-KDBS according to TCM
syndrome differentiation [13], and there is no relevant re-
search on the difference of metabolomics between them.
Studying the metabolomic differences between them has
great theoretical significance for the treatment of VaD by
TCM. Henggqing I, a TCM compound, is an effective pre-
scription for the treatment of VaD summarized by our
research group [14, 15]. One dose of Hengqing I is composed
of ten medicinal herbs: Alpinia oxyphylla Miq. (30g),
Cuscuta chinensis Lam. (15 g), Ligusticum chuanxiong Hort.
(15 g), Acorus tatarinowii Schott (20 g), Rehmannia glutinosa
Libosch. (15g), Eucommia ulmoides Oliv. (15g), Pheretima
aspergillum (E.Perrier) (10g powder), Curcuma longa
L. (15g), Gastrodia elata Bl. (10 g), and Uncaria macrophylla
Wall. (10 g) with simmer in water. Hengqing I can signifi-
cantly improve the cognitive function of patients with VaD,
reduce the levels of serum triacylglycerol, total cholesterol,
and low-density lipoprotein cholesterol, increase the level of
Mini-Mental State Examination (MMSE), and improve
Hasegawa Dementia Scale (HDS) and Activity of Daily
Living Scale (ADL) [14]. However, due to the complicated
chemical composition and the unknown synergistic actions
from these multiple components, the molecular mechanism
underlying the protective effects of Hengqing I on VaD still
remains unclear. Therefore, the use of scale to measure the
therapeutic effects of VaD still lacks objective basis.
Therefore, it is necessary to study the effects of Hengqing I
on VaD and the TCM classification of VaD by
metabolomics.

In recent years, metabolomics research has made great
progress. The efficiency and reliability of metabolite detec-
tion have been improved [16, 17]. It is a powerful way to
study VaD pathogenic mechanism and explore VaD bio-
markers. In order to provide a new understanding of the
pathogenesis of VaD from urine metabolites, this study
observed the metabolomic differences between VAD and
healthy individuals. Then, the biomarkers of VaD of taking
Hengging I were screened, and a new clinical research
strategy of TCM in the treatment of VaD was explored.

2. Materials and Methods

2.1. Study Population and Urine Samples Collection. This
study recruited 90 VaD patients as VaD group and 30
healthy volunteers as normal group. After exclusion and
abscission criteria, 87 VaD patients were retained.
According to TCM syndrome differentiation, VaD group
was divided into KDBS group (59 patients) and non-KDBS
group (28 patients). Urine samples from normal cases and
VaD patients (including KDBS group and non-KDBS group)
were collected. KDBS cases were further randomly divided
into HQI group (29 patients) and control group (30 pa-
tients). HQI group patients took TCM prescription
Hengging I once a day for five days per week, while control
group patients took equivalent dummy pills. On this basis,
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VaD patients with hypertension and diabetes should be
given corresponding to antihypertensive treatment and
hypoglycemic treatment. After eight weeks, urine samples
were collected from HQI group and control group. Urine
samples were stored at —80°C, and then the metabolites in
urine samples were detected. This study was approved by
Shanghai Sixth People’s Hospital Ethics Committee, and
ethics approval number is 2019-012.

2.2. Clinical Cognitive Assessment for VaD Patients. In order
to evaluate the changes of cognitive level of VaD patients
after taking Henggqing I, we tested the cognitive scale of HQI
group and control group before treatment and after treat-
ment eight weeks. Cognitive level tests included MMSE
score, HDS score, and ADL score. MMSE score ranges from
0 to 30, including language understanding, language ex-
pression, reading comprehension, time orientation, speech
expression, attention, drawing, short-term memory, and
computing ability. The lower the score, the more serious the
cognitive impairment. The HDS score ranges from 0 to 32.5.
The score above 31 is normal, the score of 22 to 30.5 is lower
than normal, the score of 10.5 to 21.5 is predementia, and the
score below 10 is dementia. The full score of ADL is 100. The
lower score, the worse the living ability.

2.3. Pretreatment of Urine Samples. The samples were un-
frozen on ice, and 100 L was transferred to 1.5mL cen-
trifugal tube. The solution (300 uL methanol) and internal
standard (10 L) were added into samples. Internal standard
consists of 2.8mg/mL DL-o-chlorophenylalanine with
2.8 mg/mL lysophosphatidylcholine (12:0). The samples
were shaken 30 seconds and placed one hour at 4°C for
dissolving samples. After 15 min centrifugation (12000 rpm/
min), all supernatant was taken into a new tube and placed
one hour at —40°C. Centrifugation was done one more time
at 4°C. The supernatant (200 uL) was transferred into small
bottle for LC-MS/MS loading. In addition, 5 uL supernatant
of each sample was mixed as 14 quality control (QC) samples
to ensure the stability of LC-MS/MS data.

2.4. LC-MS/MS Parameters and Liquid Phase Composition.
UHPLC (Ultra High Performance Liquid Chromatography
LC-30A TOF5600+ (AB SCIEX)) was used to separate
samples, and XBridge Amide column was used to separate
urine metabolites [18, 19]. Liquid phase A consists of ul-
trapure water with 10 mM ammonium formate and 0.1% (v/
v) formic acid. Liquid phase B was chromatographic ace-
tonitrile. Elution gradients of liquid B were 95%B (0.5 min),
95%B-65%B (0.5-10 min), 65%B-40%B (10-14 min), 40%
B-40%B (14-16 min), 40%B-95%B (16-16.1 min), and 95%
B-95%B (16.1-20 min). Elution rate was 0.8 mL/min, in-
jection volume was 4 L, and column temperature was 40°C.

Mass spectrometer (Triple TOF5600+, AB SCIEX, USA)
with electron spray ionization was used to detect fragment
ion of metabolites. Both sheath gas and aux gas were ni-
trogen, and the flow rates were 35 arb and 15 arb, respec-
tively. Mass spectrometer scan ranges from 100 to 1000 m/z.
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Electron spray voltage was 4.2KV, and ion transmission
capillary temperature was 350°C. The data were collected by
high resolution Fourier transform mode. The resolution of
MS1 was 60000, and MS2 was 15000. MS2 data were col-
lected by data-dependent analyst mode. Dynamic exclusion
time was 15s. Collision mode was higher energy collisional
dissociation. Collisional energy was 20%, 40%, and 60% basis
on different metabolites. Isolation width was 3 Da, and
activation time was 30 ms.

2.5. Data Analysis. Raw data were converted to ABF format
by AbfConverter 4.0.0. MS-DIAL was used for peak ex-
traction, peak contrast, peak filter, fill gap, and material
identification. Then, data were normalized to two-dimen-
sional data matrix (Excel table). Two-dimensional data
consist of retention time, m/z, metabolites peak area, and
other information. The data matrix after pretreatment was
multivariate statistical analysis by SIMCA-P 14.0 (Umetrics
AB, Umea, Sweden) [20]. If the data conformed to normal
distribution, the data could be expressed as mean and
standard deviation, otherwise as median and quartile. If
comparison between the two groups accorded with normal
distribution and homogeneity of variance, the data were
analyzed by Student’s test, otherwise else by Mann-Whitney
U nonparametric test. If P value is less than 0.05, the dif-
ferences are considered to be significant. The data analysis
was completed by SPSS 13.0 statistical software.

3. Results

3.1. Effect of Hengqing I on Cognitive Level of VaD Patients.
After treatment, MMSE score, HDS score, and ADL score in
the control group increased, but there was no significant
difference compared with those before treatment (P > 0.05).
MMSE score, HDS score, and ADL score in the HQI group
were significantly higher than the control group (P <0.05,
Table 1). These results showed that Hengqing I can signif-
icantly improve the cognitive level of patients with VaD. In
order to understand what components of Hengqing I against
VaD, we performed subsequent metabolomic analysis of
urine samples.

3.2. Multivariate Analysis of LC-MS/MS Results. The mul-
tivariate analysis was used to measure the changes in the
urine metabolic profiles of six groups (VaD group, normal
group, KDBS group, non-KDBS group, HQI group, and
control group) [21]. The normal group was healthy indi-
viduals without VaD. The control group was VaD patients
who did not take Hengqing I. PCA analysis is an unsu-
pervised model analysis method, which can classify data
according to their similarity and reflect the differences of
overall metabolic profile between two groups [22]. In Fig-
ure 1, there are obvious clusters that are consistent with the
group in three comparisons, which illustrates that there are
significant metabolic differences between the two groups.
Meanwhile, the relative standard deviation of the peak area
of QC is 16.05%, indicating that the data has good stability.

In addition to principal component analysis, the OPLS-
DA (orthogonal partial least squares-discriminant analysis)
was further used to analyze the data [23]. OPLS-DA can
determine which metabolite variables cause differences
between groups and obtain the contribution rate of different
substances for each group, which makes it simpler to find the
main variables. The OPLS-DA scores are presented in
Figure 2. VaD and KDBS samples could be clearly distin-
guished from normal and non-KDBS samples, and HQI and
control samples could clearly be distinguished. As shown in
Figures 2(d)-2(f), the models possess satisfactory fit, which
indicates that there are discriminations of the urine
metabolomics signature between groups.

3.3. Differential Metabolites of VaD Ratio Normal, KDBS
Ratio Non-KDBS, and HQI Ratio Control. The urine me-
tabolites from each group were examined. Variance im-
portance projection (VIP) scores demonstrated the
interrelated significance of each metabolite for dis-
tinguishing two groups. VIP scores provide a method to
understand the importance of metabolites better, as higher
VIP scores indicate a greater discrimination contribution.
VIP scores greater than 1 for the first principal component of
the OPLS-DA model and combined with the P-value
(threshold value of 0.05) of Student’s t-test (T-test) can be
used to determine the differential metabolites. When VaD
cases were compared with the normal group cases, 90
metabolites were significantly altered (59 upregulated and 31
downregulated, Table 2). The top ten most altered differ-
ential metabolites were biotin, N-acetyl-L-leucine, cis-4-
hydroxy-D-proline, 1,7-dimethyluric acid, 4-hydroxy-6-
methyl-2-pyrone, H-Pro-Hyp-OH, decanoylcarnitine, 5-
methyluridine, and 5-aminolevulinic. These upregulated
differential metabolites are highly correlated with VaD. The
identification criteria of metabolites are that mass tolerance
is 10 ppm and match factor threshold is 60.

Moreover, there were 86 different metabolites in the
urine samples of KDBS cases compared with non-KDBS
cases, including most altered pantothenic acid, norleucine,
biotin, N-cinnamoylglycine, pyroglutamic acid, N-acetyl-L-
leucine, 5-aminolevulinic acid, hexamethylene bisacetamide,
cis-4-hydroxy-D-proline, and N-acetylputrescine (P <0.05,
Table 3). Among them, biotin, cis-4-hydroxy-D-proline,
N-acetyl-L-leucine, 5-aminolevulinic acid, and H-Pro-Hyp-
OH also appeared in VaD ratio normal comparison. What is
more, there are some metabolic differences in Table 2. For
example, pantothenic acid, norleucine, N-cinnamoylglycine,
and pyroglutamic acid are significantly upregulated (logFC
>3), which shows that KDBS type VaD patients not only
have the metabolites of common VaD cases, but also have
new significantly upregulated differential metabolites,
compared with non-KDBS patients. This refers to that the
classification of VaD through TCM syndrome differentia-
tion is true and reliable. At the same time, these significantly
upregulated substances can be used as the biomarkers of
VaD from kidney deficiency and blood stasis. A total of 84
metabolites were significantly distinguishable between HQI
group and control group (42 upregulated and 42



4 Evidence-Based Complementary and Alternative Medicine
TaBLE 1: Effect of Hengqing I on cognitive level of VaD patients.
G MMSE score HDS score ADL score
rou;
P Before treatment After treatment Before treatment After treatment Before treatment After treatment
HQI 22.45+3.32 28.48 + 4.32ab 23.48 +3.22 30.30 + 3.72ab 41.88 +£9.38 76.5+6.72ab
Control 23.08 £3.15 25.52+3.39 22.36 £3.95 27.32+4.8 43.49+9.14 58.49+7.33

Small “a” indicates significant difference compared with that before treatment (P < 0.05). Small “b” indicates significant difference compared with the control

group (P <0.05).
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F1GURE 1: The PCA score plots of VaD ratio normal (a), KDBS ratio non-KDBS (b), and HQI ratio control group (c).

downregulated, Table 4), including most altered histamine,
hexamethylene bisacetamide, dopamine, decanoylcarnitine,
xanthurenic acid, N-acetylleucine, 4-methylpyrimidine, and
1-methylnicotinamide. This comparison revealed a sub-
stantial number of novel divergent metabolites, which might
indicate alterations in the pathogenic process of VaD. These
novel differential metabolites might be the reason why
Henggqing I treatment improves VaD patients’ cognitive
abilities.

3.4. Pathway Analysis of Three Comparisons. We located the
above differential metabolites to metabolic pathways by
MetaboAnalyst 5.0 website [24]. The found pathways were
screened with P-value < 0.05 and impact value>0. The
smaller the P-value, the more reliable the metabolic path-
way. The impact value represents the influence of metab-
olites on the metabolic pathway. In Figure 3, the three
comparisons located 6, 8, and 6 pathways, respectively. In
the VaD ratio normal, we found aminoacyl-tRNA biosyn-
thesis, valine, leucine and isoleucine biosynthesis, arginine
biosynthesis, arginine and proline metabolism, phenylala-
nine, tyrosine and tryptophan biosynthesis, and histidine
metabolism pathways. In the second comparison, the beta-
alanine metabolism, pantothenate and CoA biosynthesis,
cysteine and methionine metabolism and glycine, serine,
and threonine metabolism pathways were unique. Mean-
while, the phenylalanine metabolism and purine metabolism
were specific in HQI ratio control.

4. Discussion

In pathway analysis, it should be noted that the aminoacyl-
tRNA biosynthesis pathway appeared in three comparisons.
And this pathway mapped the greatest number of differ-
ential metabolites, indicating that this pathway actively
participates in the pathogenesis and treatment of VaD,
which is consistent with the research results made by
Hosoki, Tanaka, and Thara. However, the impact value of this
pathway was less than most pathways in three comparisons.
This showed that the influence of aminoacyl-tRNA bio-
synthesis had a weaker effect on VaD than other pathways.
In addition, there were a large number of amino acid
metabolic pathways in the three comparisons, such as valine
biosynthesis, histidine metabolism, and methionine meta-
bolism. Amino acids synthesis and metabolism could affect
the physiological phenomena related to cerebral vessels and
finally affect the cognitive function of the brain, which will
be an important idea for us to screen biomarkers in dif-
ferential metabolites.

Therefore, we screened biomarkers according to the
metabolic pathways and the fold change of differential
metabolites. In comparison of normal group, biotin had max
fold change in VaD (logFC was 4.10). Biotin, known as
vitamin B7 or H, is an organic heterobicyclic compound, and
it presents in minute amounts in every living cell [25, 26].
Cooper found that the biotin deficiency occurs in dementia
patients compared with healthy cases [27]. We found that
the contents of biotin in urine of VaD and KDBS type VaD
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TaBLE 2: Differential analysis of the metabolites in VaD and normal groups (as shown in the first 20 lines).
Name m/z' RT? (min) VIP P-value LogFC?
Biotin 245.09 5.12 1.05 1.52E-06 4.10
N-Acetyl-L-leucine 174.11 415 1.48 8.72E-10 3.72
cis-4-Hydroxy-D-proline 132.06 11.87 1.87 2.75E-10 2.68
4-Hydroxy-6-methyl-2-pyrone 127.04 3.15 1.60 1.21E-09 2.46
1,7-Dimethyluric acid 197.07 6.10 1.13 1.56E-04 2.33
H-Pro-Hyp-OH 229.12 11.92 1.97 1.47E-09 2.29
Decanoylcarnitine 316.25 6.53 1.79 2.44E-14 2.21
5-Methyluridine 259.09 11.17 1.60 5.52E-04 2.18
5-Aminolevulinic acid 132.06 5.00 1.08 6.75E-05 2.04
Naringenin 273.08 6.45 1.06 9.81E-03 -2.00
3-Aminoisobutyric acid 104.07 10.51 1.34 7.05E-06 1.86
Kynurenine 209.09 8.96 1.87 3.67E-10 1.82
Isoleucine 132.10 9.21 2.33 4.17E-09 1.81
6-Hydroxynicotinic acid 140.04 8.97 1.31 9.53E-04 1.80
Sorbitol 205.07 9.84 1.44 2.73E-02 -1.79
Deoxycarnitine 146.12 10.29 1.73 3.59E-07 1.77
Asp-Phe 281.10 10.84 1.74 1.09E-03 1.69
Tyrosine 182.08 10.09 1.70 3.80E-03 -1.66
Methionine 150.06 9.55 1.88 8.48E-09 1.54
Trigonelline 160.04 9.83 1.98 1.67E-05 -1.48
"Mass-to-charge ratio; “retention time; *logarithm of fold change based on two.
TaBLE 3: Differential analysis of the metabolites in KDBS and non-KDBS groups (as shown in the first 20 lines).

Name m/z! RT? (min) VIP P-value LogFC?
Pantothenic acid 220.12 522 1.81 3.00E-05 5.90
Norleucine 132.10 4.15 1.80 5.55E-09 4.66
Biotin 245.09 512 1.77 8.15E-07 4.44
N-Cinnamoylglycine 206.08 4.64 1.64 9.54E-05 415
Pyroglutamic acid 130.05 6.29 1.50 4.77E-08 3.61
N-Acetyl-L-leucine 174.11 4.15 1.90 5.87E—-10 3.47
5-Aminolevulinic acid 132.06 5.00 1.45 6.06E - 07 2.59
Hexamethylene bisacetamide 201.16 8.88 1.20 1.64E - 03 1.90
cis-4-Hydroxy-D-proline 132.06 11.87 1.90 1.10E-07 1.88
N-Acetylputrescine 131.11 9.54 1.70 4.75E-09 -1.83
3-Indoleacetic acid 176.07 6.68 1.88 2.94E - 04 -1.81
H-Pro-Hyp-OH 229.12 11.92 1.73 3.73E-07 1.75
Phosphocholine 184.07 12.71 1.39 112E-02 1.50
S-Adenosyl-L-homocysteine 385.13 12.16 2.02 1.92E - 05 1.49
5-Methylcytidine 258.11 8.56 1.08 3.83E-04 1.48
D-Maltose 343.12 12.34 1.59 291E-03 1.44
Acetylhomoserine 162.07 7.21 1.60 1.60E - 06 -1.42
Ecgonine 186.11 431 1.46 2.62E-03 -1.35
Hippuric acid 180.07 4.44 1.76 2.45E-06 -1.35
L-Citrulline 176.10 12.21 1.75 3.93E-03 1.32

"Mass-to-charge ratio; “retention time; *logarithm of fold change based o

patients were both upregulated significantly, which is in-
tuitively inconsistent with Cooper’s conclusion. It was
speculated that VaD patients cannot make good use of bi-
otin, thus resulting in a large amount of biotin excretion
through urine. However, this hypothesis needs to be proved
by subsequent studies on the content of biotin in blood and
brain. In amino acids, isoleucine also significantly upregu-
lated in VaD and HQI group. Isoleucine was mapped at
valine, leucine, and isoleucine biosynthesis in pathway
analysis. These three amino acids were BCAA (branched
chain amino acid). The metabolic abnormality of BCAA is
mainly related to diabetes [28], but the relationship between

n two.

BCAA and VaD has not been reported yet. And valine,
leucine, and isoleucine biosynthesis had small impact value
in three comparisons. This showed that it had a weaker effect
on VaD than other pathways, which was similar to ami-
noacyl-tRNA biosynthesis. In addition, methionine was
upregulated in VaD and KDBS type VaD patients compared
with another group. Studies on feeding rodents high levels of
methionine have shown that methionine could promote
atherosclerotic plaques [29, 30]. A similar study in Finnish
men showed the same effect [31]. It is reasonable to suspect
that the increase of methionine could lead to the blockage of
cerebral blood vessels and then cerebral ischemia.



Evidence-Based Complementary and Alternative Medicine 7
TaBLE 4: Differential analysis of the metabolites in HQI and control groups (as shown in the first 20 lines).
Name m/z' RT? (min) VIP P-value LogFC?
Histamine lact12.09 9.14 1.55 8.58E-03 =311
Hexamethylene bisacetamide 201.16 8.88 2.43 2.48E-06 -3.03
Dopamine 154.10 9.15 1.21 8.12E-03 -2.84
Decanoylcarnitine 316.25 6.53 2.20 2.04E-07 2.54
Xanthurenic acid 206.04 7.44 1.96 2.17E-04 —-2.44
N-Acetyl-L-leucine 174.11 4.15 1.77 6.18E-03 2.42
4-Methylpyrimidine 95.06 9.14 1.42 9.51E-03 -2.36
1-Methylnicotinamide 137.07 9.37 2.16 2.67E-09 -2.08
5-Methyluridine 259.09 11.17 1.64 1.73E-02 2.06
Kynurenine 209.09 8.96 2.14 2.03E-06 2.04
H-Pro-Hyp-OH 229.12 11.92 1.78 1.24E-05 1.83
Methionine 150.06 9.55 2.24 3.08E-06 1.82
Methylguanidine 74.07 8.80 1.30 3.91E-03 1.76
Isoleucine 132.10 9.21 2.33 1.33E-10 1.72
5-Methylcytosine 126.07 8.26 1.42 1.10E - 04 1.63
Asp-Phe 281.10 10.84 1.86 7.88E-03 1.56
Propionylcarnitine 218.14 8.81 1.48 2.53E-03 1.54
Tyrosine 182.08 10.09 1.68 3.20E-02 -1.53
Kaempferol 287.05 1.52 1.07 3.42E-02 1.46
Histidine 156.08 13.74 1.52 3.11E-04 1.24
"Mass-to-charge ratio; “retention time; *logarithm of fold change based on two.
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The metabolomic differences between KDBS and non-
KDBS VaD were also studied. To the best of our knowledge,
this is the first study on the metabolite profiles in VaD with
KDBS and non-KDBS. In addition to the above biotin and
methionine, new metabolic differential substances pan-
tothenic acid and pyroglutamic acid were upregulated in
KDBS group. Pantothenic Acid (Vitamin B5) is a water-
soluble vitamin ubiquitously in plants and animal tissues
with antioxidant property. Vitamin B5 is a growth factor and
it is essential for various metabolic functions, including the
synthesis of cholesterol, lipids, neurotransmitters, and he-
moglobin. Xu revealed that severe vitamin B5 brain defi-
ciency was common in AD patients, especially in areas with
severe brain damage [32]. From research, abnormal pan-
tothenic acid levels in dementia patients were also found
[27]. In this study, same as the biotin situation, pantothenic
acid was upregulated in KDBS group. Pyroglutamic acid (5-
oxoproline) is a cyclized derivative of L-glutamic acid.

Elevated blood levels are related to glutamine or glutathione
metabolism. At present, there is no report on pyrolysine and
VaD related diseases. The relationship between pyrogluta-
mic acid and VaD needs more research. S-Adenosyl-L-
homocysteine (SAH) was upregulated in KDBS urine. SAH
is almost the product of all methylation reactions that in-
volve S-adenosylmethionine (SAM) as the methyl donor.
The disturbances in the transmethylation pathway indicated
by abnormal SAH, SAM, or their ratio have been reported in
many neurodegenerative diseases, such as dementia, de-
pression, and Parkinson’s disease [33, 34]. Cervellati also
observed a trend toward elevation of homocysteine in VaD
compared with control [35]. This displays that cerebro-
vascular blockage by homocysteine is the cause of KDBS type
VaD, which is similar to the significant upregulation of
methionine. Moreover, in this comparison, we found a
unique methionine synthesis pathway. The two comparisons
(VaD ratio normal, KDBS ratio non-KDBS) had the same
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FIGURE 4: Relationship between different metabolites and VaD and biomarkers of Hengqing I against VaD.

metabolites and specific metabolites. However, they both
suggested that the blockage of blood vessels could lead to
cerebral ischemia and the increase of vitamin B in urine.
These differential metabolites proved that VaD can be
classified through TCM syndrome differentiation, and then
the corresponding treatment can be carried out through
TCM.

Compared with the control group, histamine decreased
significantly after VaD patients took Henggqing I. Histamine
is an amine derived by enzymatic decarboxylation of his-
tidine. Some studies showed that histamine is regarded as a
vasodilator [36, 37]. This may be that, when the cerebral
focus of VaD patients is ischemic, their body would induce a
large amount of histamine to expand blood vessels to make
up for blood supply. Hengqing I prescription could improve
the blood supply to the brain, so the contents of histamine in
urine decrease significantly. At the same time, histidine was
significantly upregulated, which may downregulate hista-
mine, thus leading to the accumulation of histidine. It is
worth noting that histidine metabolism appeared in the
three comparisons. But the impact of histidine metabolism
in HQI ratio control was max (impact > 0.5). This showed
that taking Hengqing I prescription had a great effect on the
histidine metabolism. Moreover, after taking Hengqing I
prescription, kaempferol, a tetrahydroxyflavone from plant,
was significantly upregulated. Kaempferol acts as an anti-
oxidant by reducing oxidative stress. According to previous
studies, kaempferol may protect the brain of the elderly, and
kaempferol can prevent hippocampal injury and memory
impairment caused by cadmium chloride [38]. Kaempferol
in ginseng also has certain effects on the treatment of
Alzheimer’s disease [39]. And Kaempferol did not appear in
the previous two comparisons. It can be inferred that
kaempferol in the patient’s urine was ingested through
Hengqing I prescription.

Based on the above discussion, we regard that the me-
thionine and S-Adenosyl-L-homocysteine caused blockage
of blood vessels in the brain and then led to cerebral is-
chemia. Cerebral ischemia can cause metabolic disorder of
vitamin B (biotin and pantothenic acid). Kaempferol in
Henggqing I can relieve cerebral ischemia in VaD patients, so
that a large amount of histamine is not required to dilate

blood vessels, which reduces the content of histamine and
accumulates histidine (Figure 4). Histamine, histidine, and
kaempferol could be as biomarkers of Hengqing I against
VabD.

5. Conclusions

Our work suggested that urine metabolomics exhibits
considerable potential in elucidating the response mecha-
nisms of VaD cases. The metabolic profiles of VaD ratio
normal, KDBS ratio non-KDBS, and HQI ratio control were
significantly different. Then, over 90 differential metabolites
were found. Metabolic pathway analysis showed that ami-
noacyl-tRNA biosynthesis and amino acids metabolic
pathways are highly correlated with the occurrence of
vascular dementia. Among differential metabolites, biotin,
methionine, pantothenic acid, and S-Adenosyl-L-homo-
cysteine were related to cerebral ischemia. Hengqing I
prescription may relieve the cerebral ischemia and lead to
the downregulation of histamine and the upregulation of
histidine. These metabolites deepen our understanding of
the disease mechanism of VaD and provide the possibility
for the effective treatment of VaD.
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