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Plant proteins are known to possess important bioactive peptides and have a positive impact on gut microbial
modulation. In this study, we studied the ability of a single dose of a fermented soy protein product (P-SPI) to
reduce high blood pressure in spontaneous hypertensive rats (SHR) and how it modulates the gut microbiota
after six weeks of feeding. SHRs were fed with P-SPI, Captopril or distilled water once, and their blood pressures
were monitored from the first to twelfth-hour post-administration. Consumption of P-SPI significantly reduced
systolic and diastolic blood pressures up to the sixth hour by 25 + 4 mmHg and 40 + 5 mmHg respectively. P-SPI
consumption inhibited serum ACE activity, increased superoxide dismutase activity and nitric oxide levels and
reduced malondialdehyde levels in serum. Analysis of fecal microbial 16S rRNA of hypertensive rats revealed a
significant reduction in microbial richness and diversity in the gut, while P-SPI consumption improved microbial
richness and increased diversity. Also, P-SPI feeding significantly reduced the Firmicutes/Bacteroidetes ratio,
increased propionate- and H,S-producing bacteria and reduced Streptococcaceae and Erysipelotrichales levels.
Our results show that P-SPI is a potential antihypertensive functional food which could remodel the altered gut
microbiota of hypertensive patients.
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INTRODUCTION

Hypertension is one of the modifiable risk factors for stroke,
obesity, cardiovascular diseases and metabolic syndrome
[1]. The prevalence of hypertension still remains high
despite modification of lifestyle and recent improvements
in pharmacotherapy [2]. Patients with treatment-resistant
hypertension may eventually experience dysautonomia and
chronic low-grade inflammation which may promote organ
damage and sustained high blood pressure [2, 3]. Although many
possible mechanisms of hypertension have been proposed over
the years, the renin-angiotensin-aldosterone system (RAAS)
has been most studied [4]. The rate-limiting step of the RAAS
is controlled by angiotensin 1-converting enzyme (ACE), and

this makes ACE a good drug target for blood pressure control
[4]. Recent studies have also demonstrated how decreased gut
microbial richness could be associated with hypertension [5] and
lead to cardiovascular diseases and metabolic syndrome [6]. This
is because the gut microbiota plays a pivotal role in shaping a
healthy systemic and intestinal immune system [7, §]. For this
reason, many studies have investigated the link between the gut
microbiota and hypertension [9, 10]. For instance, the Coronary
Artery Risk Development in Young Adults (CARDIA) study
carried out in the USA showed a clear association between
changes in faecal microbiota and hypertension. The study showed
that Robinsoniella and Catabacter in faccal samples were strongly
associated with hypertension [9]. In another study, hypertensive
patients, relative to their normotensive counterparts, were found
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to have significantly reduced levels of Roseburia spp. and
Faecalibacterium prausnitzii (short-chain fatty acid producers),
while Streptococcus spp. and Klebsiella spp. (opportunistic
pathogens) were increased [10]. All these findings make the
gut microbiota an attractive target for blood pressure control,
and hence various strategies are being sought to reduce blood
pressure and modulate the gut microbiota. Diet could alter the gut
microbiota community and influence its function by modulating
the metabolites it produces [ 11, 12]. Therefore, many studies have
focused on the impact of different foods (high-fat diets, vegetarian
diets, low-fat diets, high-fiber diets, etc.) on the gut microbiota
[11, 12]. Also, several other studies have developed functional
foods to be used as nonpharmacological treatments for high blood
pressure [13]. Although these antihypertensive functional foods,
apart from inhibiting angiotensin-converting enzyme (ACE)
activity and/or reducing renin activity [4, 14], may have direct
impacts on the gut microbiota, very few (if any) studies have
assessed the effects of the foods on gut microbial modulation.
In our previous study, we reported that long-term feeding of
spontaneous hypertensive rats (SHRs) with a soy protein product
(P-SPI) developed with bioconvergence technology significantly
reduced systolic blood pressure [15]. In this study however, we
investigated the impact of a single dose of P-SPI on high blood
pressure and the effect of P-SPI on the faecal microbiota of the
rats after feeding them for six weeks.

MATERIALS AND METHODS

Sample preparation

P-SPI was prepared as we reported earlier [15]. Briefly,
20% (w/v) soybean protein isolates (ADM, Decatur, IL, USA)
was hydrolyzed with Prozyme (Bison Corporation, Gyunggi-
do, South Korea) according to the enzyme manufacturer’s
instructions. After hydrolysis, the hydrolysate was fermented with
Lactobacillus rhamnosus EBD1 (Department of Food Science
and Biotechnology, Kangwon National University, Chuncheon-
si, Kangwon-do, South Korea) for 48 hr at 37°C. The fermentate
was stored at —80°C until it was needed for further experiments.

Animal preparation

All the animal experiments were carried out according to
the ethical procedures and guidelines of the Kangwon National
University-Institutional Animal Care and Use Committee
(approval no. KW-151127-1). In all, forty male SHRs (12 weeks
old) weighing 250-300 g were obtained from Charles River
Laboratories, Barcelona, Spain, and used for the experiments.
The SHRs were separated by simple randomization into four
groups, kept in temperature-controlled rooms (23°C) with 12 hr
light/dark cycles and provided with tap water and standard 5001
rodent laboratory chow (Purina, Saint Hubert, Quebec, Canada)
ad libitum. Indirect blood pressure in awake restrained rats was
measured by the non-invasive tail-cuff method using computer-
assisted non-invasive blood pressure equipment (NIBP 76-0173
unit with LES160R cuff & transducer, Sang Chung Commercial
Co., Ltd, Kangnam-Ku, South Korea). To make the pulsations of
the tail artery detectable, the rats were kept at 37°C for 15 min.

Blood pressure lowering effect of P-SPI in SHRs
To study the impact of a single dose of P-SPI consumption
on blood pressure, each group of hypertensive rats was either

administered with 10 mg of P-SPI per kg body weight (BW),
100 mg/kg of P-SPI per kg BW, 50 mg/kg BW of Captopril
(Sigma-Aldrich, Yongin, South Korea) or 750 uL distilled water
once by gastric intubation. Systolic blood pressure (SBP) and
diastolic blood pressure (DBP) were measured before P-SPI
intake (time 0) and after intake every hour for the next 12 hr.
To avoid stress during blood pressure measurements, the tail-cuff
was deflated after each measurement. Each value of SBP and
DBP was obtained by averaging five successful measurements
without disturbance of the signal. After 12 hr of treatment, five
rats from each group were anesthetized using pentobarbital at an
intraperitoneal dose of 60 mg kg ! body weight, and the blood
was extracted by cardiac puncture (5 mL per rat) with a 5 mL
23 G syringe. Serum was recovered from the blood and stored at
—80°C for further studies.

To study the impact of long-term feeding on SHRs, the
remaining SHRs (n=>5 rats per group) were continuously given
their respective treatments (once a day) for six weeks, and their
blood pressures were recorded once every two weeks.

ACE inhibitory ability of P-SPI in SHR serum

ACE inhibition in the serum of the rats used in the study was
measured using a previously reported method [16]. Hippuryl-
L-histidyl-L-leucine was dissolved in 0.1 mol/L sodium borate
buffer (pH 8.3) containing 0.3 mol/L NaCl. The reaction was
started by adding 100 uL of the serum, and the mixture was
incubated at 37°C. After 30 min, the reaction was stopped by
adding 1 mL of 1 M HCI. Hippuric acid (HA) liberated by the
reaction was extracted using 1.0 mL ethyl acetate, vortexed for
60 sec and centrifuged at 2,000 x g for 5 min. The ethyl acetate
layer (0.8 mL) was transferred to a 1.5 mL Eppendorf tube and
evaporated on a water bath. The HA in the tube was dissolved
with distilled water (0.8 mL). The amount of HA formed was
measured at 228 nm using a biospectrometer (Eppendorf
Biospectrometer® fluorescence, Eppendorf Korea Ltd., Seoul,
South Korea). One unit (U) of activity was defined as the amount
of enzyme which released 1.0 mmol of hippuric acid/min under
the above conditions. The specific activity of ACE in serum was
expressed as U/L.

Estimation of serum nitric oxide (NO) after P-SPI consumption

Serum NO concentration was determined by the Griess reaction
with a colorimetric assay kit (BioVision, Inc., Milpitas, CA,
USA). This assay was carried out according to the manufacturer’s
instructions. The concentration of NO in serum was expressed as
pmol/L.

Biomarkers of oxidative stress after P-SPI consumption

Superoxide dismutase (SOD) activity

Determination of SOD activity in serum was performed using
a superoxide dismutase assay kit (BioVision, Inc., Milpitas, CA,
USA). The assay was carried out according to the manufacturer’s
instructions.

Determination of lipid peroxidation

The extent of lipid peroxidation in serum was determined
using a Lipid Peroxidation Colorimetric Assay Kit (BioVision,
Inc., Milpitas, CA, USA). The degree of lipid peroxidation
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was measured indirectly by determining the levels of
malondialdehyde in serum. The assay was carried out according
to the manufacturer’s instructions.

Long-term effects of P-SPI on the gut microbiota

Using sterile plastic vials, fresh fecal samples were collected
directly from the anus of the experimental rats after the six
weeks of feeding with P-SPI and immediately stored at —80°C.
Total bacterial DNA in the faecal samples was extracted using a
Bacterial Genomic DNA Isolation Kit (BioVision, Inc., Milpitas,
CA, USA) according to the manufacturer’s protocols. The DNA
was delivered to Macrogen Inc (Geuncheon-gu, Seoul, South
Korea) for next generation sequencing.

Next generation sequence (NGS)

1llumina next generation sequence workflow

Next generation sequencing was carried out by Macrogen
Inc (Geuncheon-gu, Seoul, South Korea). After subjecting the
extracted DNA to quality control measures, qualified samples
were used for library construction. The sequencing library was
prepared by random fragmentation of the DNA or cDNA sample,
followed by 5" and 3’ adapter ligation. Adapter-ligated fragments
were then amplified by polymerase chain reaction and purified
by gel electrophoresis. For cluster generation, the library was
loaded into a flow cell, where fragments were captured on a lawn
of surface-bound oligos complementary to the library adapters.
Each fragment was then amplified into unique clonal clusters
through bridge amplification. Illumina SBS technology was
used to generate accurate base-by-base sequencing. Sequencing
data was converted into raw data for the analysis. The base calls
binary was converted into FASTQ utilizing the illumina package
bel2fastq.

NGS data analysis

Effective reads from all samples were clustered into
operational taxonomic units (OTUs), based on 97% sequence
similarity. Rarefaction analysis and principal coordinate analysis
(PCoA) were performed using R software. Explicet version
2.10.5 [17] was used to calculate the Simpson’s and Shannon’s
alpha diversity in the faecal samples from each group based on
the relative abundance of each genus. To statistically compare
the Simpson diversity between samples, the bootstrap sampling
method was used. Community diversity between samples was
determined using the UniFrac distance (weighted). Bray—Curtis
dissimilarity was used to evaluate the diversity (gene richness)
between samples.

Statistical analysis

Baseline blood pressure was defined as the mean of the values
measured in the first run-in period. Blood pressure was presented
as the mean value + standard deviations for all experimental
animals in each group. The outcomes of measurements from
each time period were compared between groups with one-way
ANOVA followed by the Tukey test. Differences in measurements
were said to be significant when p<0.05. All statistical analyses
were carried out using GraphPad Prism version 5.01 (GraphPad
Software, Inc).

RESULTS

Single oral dose of P-SPI reduces blood pressure in SHRs in a
dose-dependent manner

The mean SBP for all the hypertensive rats in the four
experimental groups prior to treatment was 179 + 5.6 mmHg, and
their mean DBP was 111.2 + 2.7 (n=20). At the sixth hour, the
single oral administration of Captopril reduced SBP to 144.7 +
3.7 (p<0.05), while 100 mg/kg P-SPI reduced SBP to 151.9 + 5.0
(p<0.05); in both cases, the blood pressure subsequently began to
rise (Fig. 1). Meanwhile, the blood pressure of hypertensive rats
that received distilled water remained high (175 £ 5.0, p>0.05)
throughout the experimental period. The maximum blood
pressure reduction in all the experimental groups was recorded
at the sixth hour. Hypertensive rats that received 10 mg/kg P-SPI
experienced a 22.2 mmHg reduction in SBP and a 24.7 mmHg
reduction in DBP. Meanwhile, hypertensive rats that received
100 mg/kg P-SPI also experienced 27.1 mmHg and 38.6 mmHg
reductions in SBP and DBP respectively. Captopril caused 34.3
mmHg and 34.2 mmHg reductions in SBP and DBP respectively
(Fig. 1).

Single oral dose of P-SPI improves serum parameters associated
with hypertension

To assess the in vivo ACE inhibitory activity of P-SPI, we
determined the ACE activity in the serum of treated and untreated
rat groups (Fig. 2A). Serum ACE activity was significantly
reduced in hypertensive rats treated with Captopril and P-SPI
relative to untreated hypertensive rats. It is known that impaired
NO production can lead to endothelial dysfunction and result in
high blood pressure [18]. We therefore assessed the impact of
P-SPI consumption on serum NO levels. After the treatments,
serum NO concentrations were significantly (p<0.05) higher
than in the untreated hypertensive rats (Fig. 2B). There was
no significant (p>0.05) difference in the NO levels in rats that
received 10 mg/kg P-SPI and the Captopril group. However, rats
that received 100 mg/kg P-SPI had the highest levels of serum
NO. SOD is an intracellular antioxidant system that modulates
vascular remodeling and regulates blood pressure [19]. Treatment
with either P-SPI or Captopril caused a significant increase in
SOD activity (Fig. 2C). SOD activity in the Captopril group
was not significantly different from that in the 100 mg/kg P-SPI
group (p>0.05). Untreated hypertensive rats, however, had the
least SOD activity. It is known that hypertension is associated
with an increased degree of lipid peroxidation [20], so we
measured the levels of one of the products of lipid peroxidation,
malondialdehyde (MDA), in rat serum. The levels of MDA
products in the serum were used as an indicator for the degree of
lipid peroxidation (Fig. 2D). It was observed that untreated SHRs
showed the highest levels of MDA relative to the treated rats.

Long term P-SPI consumption alters the gut microbial
community of SHRs

To assess the effects of long-term P-SPI consumption on the
gut microbiota, we compared the faecal microbial communities
in the untreated, P-SPI-treated (100 mg/kg body weight) and
Captopril-treated rat groups.

We assessed the phylogenetic dispersion of the untreated
SHR, Captopril and P-SPI groups using rarefaction curves.
Phylogenetic dispersion (APD) values were highest in the
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9 10 11 12

Effects of single-dose oral administration of P-SPI on blood pressure in spontaneous hypertensive rats. (A)

Systolic blood pressure of spontanecous hypertensive rats before and after treatment with 10 mg/kg P-SPI, 100 mg/
kg P-SPI or 50 mg/kg Captopril and (B) diastolic blood pressure of spontaneous hypertensive rats before and after
treatment with 10 mg/kg P-SPI, 100 mg/kg P-SPI or 50 mg/kg Captopril. Data are presented as means + SD. Data
points sharing the same letter within the same hour were not significantly different (p>0.05).

Captopril group and lowest in the untreated SHR group (Fig. 3A).
Bacteria community compositions were evaluated by calculating
two ecological parameters: Shannon diversity (Fig. 3B) and
Simpson index (Fig. 3C). Microbial diversity, richness and
evenness were significantly decreased in the untreated SHR group
relative to the P-SPI and Captopril groups. The P-SPI group had
the highest gut microbial richness and evenness. To calculate
distances between the bacteria communities in faecal samples
from the three rat groups, we used weighted UniFrac to assess
their relative relatedness and visualized it by performing a 2-D
PCoA. There was a clear separation between the three clusters
indicating three distinct gut environments (Fig. 3D). Also, Bray-
Curtis dissimilarity was used to analyze how different the gut
bacteria communities of the three rat groups were from each
other, and this was visualized in a dendrogram. The composition
of the faecal microbial communities of the P-SPI group was
distinct, while Captopril-treated rats had similar communities to
those of untreated rats (Fig. 3E). At the phylum level, Firmicutes
accounted for 82.3% of the entire OTUs identified in the faecal
samples of untreated SHRs, while Bacteroidetes accounted for
8.2% (Fig. 4). When the rats were treated with Captopril, the
levels of Firmicutes were reduced to 61.3%, while the levels

of Bacteroidetes increased to 25.3%. P-SPI feeding, however,
reduced Firmicutes populations in SHRs to 49.6% and increased
Bacteroidetes populations to 46.6%.

SHRs had low levels of Bacteroidia and diminished
levels of Alphaproteobacteria, but they had high levels of
Clostridia. After the administration of P-SPI, the levels of
Bacteroidia and Alphaproteobacteria increased significantly,
while the populations of Clostridia decreased (Fig. 5 and
Supplementary Fig. 2). Also, treatment of SHRs with
P-SPI significantly increased the levels of Bacteroidales,
Rhodospirillales and Desulfovibrionales. However, the levels of
Erysipelotrichales and Clostridiales were significantly decreased
after P-SPI treatment (Fig. 6 and Supplementary Fig. 3). At the
family level, P-SPI administration significantly increased the
levels of Bacteroidaceae, Prevotellaceae and Christensenellaceae
in SHRs. However, P-SPI treatment drastically decreased the
populations of Peptostreptococcaceae, Erysipelotrichaceae and
Streptococcaceae (Fig. 7 and Supplementary Fig. 4). At the genus
level, P-SPI increased the levels of Christensenella, Bacteroides,
Parabacteroides, Sporanaerobacter, Caloramator and Prevotella
in SHRs, while it reduced the levels of Clostridium in SHRs
(Fig. 8 and Supplementary Fig. 5).
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DISCUSSION

Since hypertension is a key risk factor for cardiovascular
disease and brain stroke, a reduction in blood pressure reduces

the risk of these diseases [13]. Results from the present study
showed a clear reduction in SBP and DBP when hypertensive
rats were fed with P-SPI (Fig. | and Supplementary Fig. 1). In
an earlier study, Shin ez al. [21] reported a 32 mmHg reduction in
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blood pressure after rats were injected with 5 mg/kg of a soybean
tripeptide (HHL). The drastic reduction in blood pressure could
have been influenced by the route of administration, as intravenous
administration makes the peptides readily available in blood for
transportation to target organs. In contrast, when peptides are
orally administered (as in this study), they may be hydrolyzed
and later absorbed. Unabsorbed peptides are then transported
to the colon for gut microbial fermentation. All these factors
could account for the differences in antihypertensive effects
of peptides reported over the years. In this study, although the
antihypertensive ability of Captopril (a standard antihypertensive
drug) was relatively higher than that of P-SPI, the significance
of P-SPI lies in the fact that it is relatively cheap and easy to
produce. Moreover, food-derived antihypertensive peptides have
been shown to have better tissue affinities and to be more slowly
cleared from tissues [22]. The slow clearance would therefore
enhance a slower rate of blood pressure increase even after the
redrawal from the treatment.

In our earlier study, we reported how P-SPI strongly inhibited
ACE activity in vitro and reduced high blood pressure in SHRs
after long-term feeding (Supplementary Fig. 1) [15]. In this
study, single oral doses of P-SPI also significantly lowered
blood pressure in hypertensive rats and so we studied the
mechanisms which might have led to the antihypertensive effect.
It was observed that P-SPI consumption significantly decreased
serum ACE activity. ACE is known to mediate the conversion
of angiotensin I to angiotensin II (the rate-limiting step of the
RAAS), so a decrease in its activity would eventually lower
blood pressure [23]. Similar findings regarding the ability of  rats.
ACE inhibition in the blood to reduce blood pressure have been
reported in earlier studies [24, 25]. Since P-SPI significantly
reduced ACE activity in circulating serum, it is likely that this

mechanistic pathway is involved in its hypotensive effect.
Relative to the untreated SHRs, serum NO concentrations
were significantly increased in P-SPI-fed rats in a dose-dependent
manner. Nitric oxide plays a role in vasorelaxation and neutralizes
superoxide radicals to prevent oxidative damage [26]. Earlier
studies have shown that low NO bioavailability may result in the
development of endothelial dysfunction and eventually cause high
blood pressure [27]. Therefore, the ability of P-SPI to increase NO
bioavailability may have played a role in reducing blood pressure
by improving vasodilation in this study. Our findings agree with
those of an earlier study that reported the ability of fermented
milk to reduce hypertension by increasing NO production in rats
[27]. Earlier studies have shown that antihypertensive products
such as Captopril [28, 29] and some natural products [30]
enhance enzymatic antioxidant levels and activities. In this study
also, SOD activity was significantly improved after hypertensive
rats were treated with Captopril or P-SPI (Fig. 2C). Interestingly,

there was no significant difference between hypertensive rats

that were treated with 100 mg/kg body weight of P-SPI and the
Captopril-treated group. SODs are major antioxidant defense
systems that reduce O, in mammals, and they play important
roles in the defense against the pathogenesis of hypertension [31].
A significant reduction in SOD activity increases myogenic tone,
augments vasoconstrictor responses in response to serotonin and
phenylephrine and impairs NO-mediated endothelium-dependent
relaxation in both large arteries and microvessels [32]. Therefore,
the ability of P-SPI to increase SOD activity in serum could have
played a role in reducing high blood pressure in the hypertensive

Recent studies have shown that an increase in biomarkers of
lipid peroxidation in the blood is associated with hypertension
in humans [33]. We therefore indirectly estimated the extent of
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with P-SPI or Captopril.

lipid peroxidation by measuring the amounts of malondialdehyde
in the serum of experimental animals. P-SPI reduced serum
malondialdehyde levels in a dose-dependent manner, while the
level of malondialdehyde remained high in hypertensive rats.

Since diets have important impacts on the gut microbiota, it is
probable that apart from the absorption of low-molecular-weight
P-SPI peptides into the circulation, which may eventually inhibit
ACE activity in serum and in tissues [ 1 3, 22], unabsorbed peptides
could influence the gut microbiota to contribute to the observed
blood pressure-lowering effect. This idea is supported by the fact
that hypertension has a strong association with dysbiosis of the gut
microbiota and that modulating the gut microbes may reduce high
blood pressure [34]. Our results show that the SHRs had reduced
gut microbial evenness, richness and diversity, and this agrees
with previous human studies that showed reduced gut microbial
species richness, evenness and diversity in hypertensive patients
[5]. The gut ecological evenness and richness of the rats were,
however, improved after P-SPI was consumed for six weeks.

A key biomarker for hypertension is the Firmicutes/
Bacteroidetes ratio [35, 36], and this was dramatically increased

N

D
&
R

&

Effects of P-SPI feeding on bacteria genus. Bar graphs represent gut microbial genus with significant changes after rats were treated

in the faecal samples of the SHRs used in this study. The increase
in Firmicutes/Bacteroidetes ratio was caused by a significant
increase in the levels of Firmicutes and a drastic decrease in
the levels of Bacteroidetes (Fig. 4). Feeding rats with P-SPI
significantly decreased the levels of Firmicutes (F) while
increasing the levels of Bacteroidetes (B). This implies that P-SPI
has modulatory effect on the gut microbiota might have played a
role in reducing blood pressure.

Recent reports have shown that several diseases that involve
inflammatory processes are associated with reduced populations of
Bacteroidia (propionate producers) [37] and Alphaproteobacteria
in the gut [38]. Propionate is essential because it binds to receptors
OIfr78, Gpr41 and Gpr43 to induce vasodilation of blood vessels
and reduce high blood pressure [39, 40]. In this study, feeding
SHRs with P-SPI significantly increased the levels of Bacteroidia
and Alphaproteobacteria, indicating the anti-inflammatory
potential and consequent antihypertensive ability of P-SPI. Also,
P-SPI increased Desulfovibrionales levels (Fig. 6C) in the SHR
gut. These bacteria produce H,S in the gut, which plays a critical
role in arterial blood pressure regulation [41]. The populations
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of potential pathogenic bacteria such as Streptococcaceae and
Erysipelotrichales were high in SHRs but were drastically
reduced after P-SPI feeding. Bacteria genera such as Prevotella,
Bacteroides and Christensenella, which are usually reduced in
hypertensive patients [42], were significantly increased after
SHRs were fed with P-SPI (Fig. 8).

P-SPI consumption therefore reduces hypertension and
improves the gut microbiota of SHRs. Taken together, we have
demonstrated the antihypertensive ability of P-SPI and some
mechanisms that are involved in the blood pressure-reducing
effect. Our results show that P-SPI reduces blood pressure
by directly inhibiting serum ACE activity, improving NO
production and enhancing antioxidation in a dose-dependent
manner. Also, we have demonstrated how long-term feeding
of P-SPI positively modulates the gut microbiota in SHRs and
how these changes are associated with hypertension reduction.
Since the rat gut metagenome is very similar to that of humans,
P-SPI consumption may positively modulate the gut microbiota
and reduce hypertension in humans. However, further studies
about which microbial metabolites are produced after P-SPI
consumption are warranted. Identifying such compounds would
be helpful in understanding the molecular mechanism behind the
antihypertensive effects of P-SPL.
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