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LETTER TO EDITOR

Leonurine affected homocysteine-methionine metabolism
based on metabolomics and gut microbiota studies of
clinical trial samples

Dear Editor,
Cardiovascular disease (CVD) remains the leading cause

of mortality globally, taking several millions of lives every
year. Various risk factors for CVD have been identified
over the years. Homocysteine, an amino acid and one of
the intermediates in themethioninemetabolism, has been
closely associated with CVD for decades. Elevated levels
of homocysteine are normally associated with raised risk
for CVD.1 It was suggested that homocysteine could cause
endothelial dysfunction, therefore accelerating the forma-
tion of thrombin aswell as inhibiting native thrombolysis.2
Methionine is considered as the precursor of homocysteine
in human bodies through multiple reactions. Meanwhile,
homocysteine can be converted intomethionine, catalyzed
by the enzyme, methionine synthase.3
Metabolomics provides new interpretations of various

physiological processes, by evaluating the levels of var-
ious metabolites in biological samples, combined with
bioinformatics.4 It has become a rising star in the omics
studies. Metabolomics has been applied in the studies of
CVD and produced novel and significant hypotheses for
CVD treatment and prevention.5 As for gut microbiota, it
has attracted many researchers’ attention in recent years.
Gut microbiota, the numerous bacteria that reside in our
gastrointestinal tract, contributes greatly to various phys-
iological functions, including contributing to metabolic
functions, protecting against pathogens, and educating our
immune system.6 The dysbiosis of components and abun-
dance in gut microbiota has been associated with various
pathological processes.7
Leonurinewas originally found in the leaves of the tradi-

tional Chinesemedicine,Herba Leonuri (otherwise known
as Chinese Motherwort).8 It was established in our pre-
vious studies that leonurine showed various significant
pharmacological effects, including antiapoptotic, antioxi-
dant, and anti-inflammatory effects. Moreover, leonurine
showed a great cardiovascular protective effect against
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myocardial infarction, myocardial fibrotic response, and
atherosclerosis. Long-term administration of leonurine
was reported to improve lipid profiles in various animal
models, including mice, rabbits, and rhesus monkeys.9 As
a promising novel drug, leonurine has now entered clinical
trials in China for treating hyperlipidemia. However, the
exact mechanism of leonurine’s cardioprotective effects
was not clearly established.
In this study, we wanted to further explore the effects

of leonurine from the angles of metabolomics as well as
gutmicrobiota studies based on the samples collected from
leonurine clinical trials, to provide new insights into the
mechanisms of leonurine. Clinical samples were collected
from participants in the leonurine phase I clinical trial.
These candidates were randomly divided into three groups
of 12, and in every group, three candidates were randomly
assigned to be given the placebo. The three groups of
candidates received leonurine treatment at three different
dosages, which were 50, 150, and 300 mg. Leonurine treat-
ment was given once daily by oral administration for 7
days. Plasma samples were collected at D1-0h (right before
the first leonurine treatment at Day 1), D7-0h (right before
leonurine treatment at Day 7), and D7-3h (3 hours after
leonurine treatment at Day 7). Fecal samples were col-
lected at D0 (within 24 hours before the first treatment of
leonurine) and D7 (within day 7 ± 1).
Since previous clinical experiment has already proved

that dosages, even as high as 300 mg per day, showed
great safety, we mainly focus on the differences before
and after leonurine treatment rather than the dosage
differences. Based on liquid chromatography coupled with
tandem mass spectrometry, the metabolites in plasma
samples were detected and annotated. Partial least square-
discriminant analysis (PLS-DA) was first applied to access
the differences among the three groups. Results suggested
that significant differences were observed between D1-0h
and the other two groups (Figure 1A). However, the
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F IGURE 1 Multivariable analysis results among groups. (A) PLS-DA score plots of detected metabolites in groups including D1-0h,
D7-0h, and D7-3h, in both positive and negative ion mode. (B) PLS-DA score plots of detected metabolites in D1 and D7 (D7-0h) in both
positive and negative modes. (C) Heatmap of significant metabolites indicating differences between group D1 and D7

F IGURE 2 Pathway analysis based on significant metabolites. (A) Pathway analysis suggested that cysteine and methionine metabolism
and glycerophospholipid metabolism could be affected by leonurine treatment. (B) Methionine levels were affected by leonurine treatment.
Statistical analysis was performed by paired Student’s t-test, and * suggested that P value was lower than 0.05
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F IGURE 3 Gut microbiota structure before and after leonurine treatment. (A) The relative bacteria abundance in phylum level (5
highest phyla). (B) The relative bacteria abundance in genus level (20 highest genera). (C) LEfSe analysis and (D) LDA score suggested the
significantly altered bacteria after leonurine treatment

differences between D7-0h and D7-3h were not that
significant, which was understandable given the short
period after leonurine administration.
We then mainly focused on the group differences

between D1 (D1-0h) and D7 (D7-0h). PLS-DA was also

applied to suggest the group differences (Figure 1B) in both
positive (R2X = 0.328,R2Y = 0.994,Q2 = 0.738) and negative
ion mode (R2X = 0.232, R2Y = 0.990, Q2 = 0.728). PLS-DA
also provided the parameter, variable importance in projec-
tion (VIP) to quantify the contribution of each metabolite
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F IGURE 4 Functional prediction by PICRUST based on 16S
rDNA sequencing results

to the group differences. Using fold change (D7/D1) higher
than 2 or lower than 0.5, VIP > 1, and P < 0.05, we were
able to locate the significant metabolites. In total, 94 sig-
nificantmetabolites were identified, with 48 in positive ion
mode (15 increased and 33 decreased) and 46 in negative
ion mode (19 increased and 27 decreased) as shown in the
heatmap in Figure 1C. The details of these 94 metabolites
can be seen in Supplement Tables.
Based on the significant metabolites, pathway analysis

was performed byMetaboAnalyst.10 Pathway analysis sug-
gested that cysteine and methionine metabolism could be
affected by 7-day leonurine treatment (Figure 2A).We then
looked into the levels of metabolites involved in cysteine
andmethioninemetabolism. The levels ofmethionine, one
of the key metabolites, were slightly elevated by leonurine
treatment (Figure 2B).
16S ribosomal DNA (rDNA) sequencing was applied to

study the gut microbiota changes after 7 days of leonurine
treatment. Results suggested that the gut microbiota
structure was altered by 7-day leonurine treatment in both
phylum (Figure 3A) and genus levels (Figure 3B). Linear
discriminant analysis Effect Size (LEfSe) was then applied
to identify the significantly altered bacteria before and
after leonurine treatment (Figure 3C, D). At the genus

level, the relative abundance of Ruminococcus, Streptococ-
caceae, and so on were elevated by leonurine treatment,
while the relative abundance ofMyobacterium, Veillonella,
Lachnospiraceae, andWeissella were downregulated.
Using the 16S rDNA sequencing results, we also did the

functional prediction based on PICRUSt, connecting the
altered gut microbiota structure with metabolism path-
ways (Figure 4). Most of the predicted metabolism path-
ways were upregulated. One of them, PWY-5507, caught
our attention. PWY-5507 is also known as the adenosyl-
cobalamin (AdoCbl) biosynthesis I (early cobalt insertion).
AdoCbl is one of the active forms of the metabolite, cobal-
amin, which is an essential coenzyme for methionine syn-
thase.
In conclusion, combining the results from metabolo-

mics and gutmicrobiota study, we proposed that leonurine
could affect the gut microbiota structure, upregulating
the biosynthesis of AdoCbl, and promoting the reaction
converting homocysteine into methionine, which could
be part of the mechanism explaining its cardioprotective
effects. This study provided new insights into the mecha-
nisms of leonurine and potential directions for future clin-
ical trials.
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