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The short-chain fatty acids responsible for gut homeostasis are volatile fatty acids produced by commensal
bacteria in the gut as fermentation products from undigested food components. Among the short-chain fatty
acids, butyrate is important for maintaining intestinal tract anaerobic conditions, promoting epithelial barrier
functions, and inducing regulatory T cells that suppress inflammatory bowel disease and allergic diarrhea.
However, the type of food-derived molecular components and mechanisms by which they regulate the growth
and butyrate production of butyrate-producing bacteria are not clearly understood. Agathobacter rectalis
is a butyrate-producing bacterium highly colonized in the gut of the Japanese population. In this study, we
investigated the effects on A. rectalis of a soy sauce-like seasoning made by brewing with a low salt concentration.
The soy sauce-like seasoning promoted the growth of A. rectalis 2.6-fold. An ethanol precipitate prepared from
the soy sauce-like seasoning was critical for promoting the growth of A. rectalis and the production of butyrate,
propionate, and lactate. Fourier transform infrared spectroscopy (FT-IR) analysis suggested that polysaccharides
were active ingredients in the ethanol precipitate of the soy sauce-like seasoning. Inulin, a representative prebiotic
with effects against butyrate-producing bacteria, had a limited effect on the growth of 4. rectalis compared with
the soy sauce-like seasoning. Our results indicate that polysaccharides in a soy sauce-like seasoning contributed
to the growth of A. rectalis and enhanced production of butyrate, propionate, and lactate.
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INTRODUCTION

Approximately 1,000 species of bacteria reside in the human
gastrointestinal tract, and the number of colonic bacteria is as high
as 10'! per gram of luminal contents in the colon [1-3]. These
bacterial species form a complicated ecosystem in the gut, which
is called the gut microbiota. Accumulating evidence has revealed
that bacterial populations in the gut microbiota are affected by
various environmental factors, including diet as well as host
age and genetic background [2]. The gut microbiota contributes
to host health by modulating the local and systemic immune
systems, digesting resistant starch and dietary fiber, and inhibiting

pathogen colonization [4]. Disruption of the homeostasis of the
gut microbiota, called dysbiosis, is involved in the development
of various diseases, including type II diabetes, obesity, colon
cancer, inflammatory bowel disease (IBD), and infection [4-6].
Dietary fiber is converted by colonic microbial fermentation to
short-chain fatty acids (SCFAs), acetate (C=2), propionate (C=3),
and butyrate (C=4), which account for 90-95% of SCFAs in the
colon [7, 8]. These SCFAs have pleiotropic effects on the host,
contributing to strengthening the integrity of the intestinal barrier
system, maintaining glucose homeostasis, lipid metabolism,
appetite control, immune system regulation, and anti-inflammatory
responses [9]. Of these SCFAs, butyrate is used as a major energy
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source by intestinal epithelial cells (IECs), which consume
oxygen and convert it to carbon dioxide during metabolism to
maintain anaerobic conditions in the intestinal tract [10]. Butyrate
also promotes intestinal barrier function by strengthening tight
junctions and producing mucin and anti-microbial peptides [11].
In the context of immune system regulation, butyrate is essential
for the differentiation of CD4-positive regulatory T cells (Tregs),
which suppress immune responses, and are expected to ameliorate
IBD and allergic diarrhea [12, 13]. The importance of butyrate-
producing bacteria and butyrate in regulating the pathogenesis of
IBD has been suggested, as both are significantly decreased in
patients with IBD [14].

It was reported that Faecalibacterium prausnitzii of Clostridium
cluster 1V, Eubacterium rectale (Agathobacter rectalis) of cluster
X1Va, and Clostridium butyricum are representative butyrate-
producing human intestinal bacteria [15, 16]. 4. rectalis, first
isolated from the feces of healthy Japanese-Hawaiian males, is
a Gram-positive, anaerobic, rod-shaped bacterium resident in
the human intestine [17, 18]. Because 4. rectalis preferentially
colonizes the mucin layer and produces butyrate, IECs can easily
access and utilize it [19]. Therefore, 4. rectalis has the potential to
exert physiological and beneficial effects on the host. Indeed, 4.
rectalis has been associated with various diseases, including IBD,
intestinal lymphoma, brain tumors, COVID-19, and coronary
heart disease [20-24]. Notably, metagenomic analysis of a
Japanese cohort revealed that 4. rectalis was a dominant bacterial
species in the colon [25, 26]. In contrast, F. prausnitzii was more
predominant than A4. rectalis in a European cohort [27]. Although
there are interracial differences between the colonization of each
butyrate-producing bacterial species, the factors contributing to
these differences remain unclear.

The genetic background of the host immune system and
various environmental factors, especially the daily diet of the
host, are involved in the colonization of commensal bacteria
[28, 29]. Therefore, it is possible that 4. rectalis is dominant in
the colon of Japanese people because of unique components of
the Japanese diet.

In Japan, soy sauce, miso, mirin, Japanese sake, and various
other seasonings produced by traditional koji-fermentation
techniques are routinely used [30]. Some koji-fermented foods
have been reported to help improve the intestinal environment
[31, 32]. However, the effects of most koji-fermented foods
or seasonings, such as soy sauce-like seasoning, on intestinal
bacteria and their functions have yet to be investigated.

In this study, we examined the effects of a soy sauce-like
seasoning on the growth of 4. rectalis and production of acetate,
propionate, butyrate, and lactate by A. rectalis. The soy sauce-
like seasoning has unique features, partly due to its fermentation
process occurring at a lower salt concentration than regular soy
sauce. We hypothesized that this deviation from the normal
fermentation process might lead to the production of unique
dietary substances with a distinct impact on the growth of 4.
rectalis and a consequential increase in the production of SCFAs,
primarily butyrate.

MATERIALS AND METHODS

Bacteria strains

Freeze-dried A. rectalis JCM 174637 was provided by the
Japan Collection of Microorganisms (JCM), RIKEN BioResource

Research Center, which is participating in the National
BioResource Project of the Ministry of Education, Culture,
Sports, Science and Technology, Japan.

Preparation of bacterial culture medium

A vinyl anaerobic chamber (Coy Laboratory Products, Grass
Lake, MI, USA) containing 82.5-83.8% nitrogen, 6.2-7.5%
hydrogen, and 10% carbon dioxide was used for the culture of
A. rectalis, a strict anaerobic bacterium. Modified yeast casitone
fatty acid (YCFA) was prepared by improving YCFA medium
(Table 1). First, 2% (v/v) pre-cultured A. rectalis adjusted to an
optical density (OD)gqq of 0.15-0.25 was inoculated into YCFA
medium and cultured at 37°C for 16 hr. After centrifugation, the
culture supernatant was sterilized twice using a filter system (0.20
um pore size; Sartorius, Gottingen, Germany) for in vitro culture
assay.

Soy sauce-like seasoning

Soy sauce koji was obtained by adding the spores of Aspergillus
sojae to a solid medium containing equal amounts of heat-
denatured soybeans and wheat and then incubated at 25-40°C
for 42 hr. Next, heat-denatured soybeans and soy sauce koji were
mixed at a ratio of 1:2 or more, brine was mixed in so the salt
concentration was less than 4% (w/v), and the mixture, called
moromi (or moromi mash), was digested at 50°C for 24 hr. After
cooling to room temperature, lactate was added, and the pH was
adjusted to 4.0-5.0. Then, the moromi was sterilized at 121°C for
5 min, and the enzymes in the digested moromi were inactivated at
the same time. Soy sauce yeast (Zygosaccharomyces rouxii) was
added to the moromi at a concentration of 1x107 cells/g moromi,
and fermentation was carried out for 5 days at a temperature of
25°C with aeration.

After adding salt at a concentration of 10% to the moromi, it
was pressed and filtered, and the resulting unrefined soy sauce
was heated to 80°C for 30 min. It was then placed in a clarifying
tank for 3 days (omission pulling) to obtain a soy sauce-like
seasoning.

Ethanol precipitation of the soy sauce-like seasoning

First, 99.5% ethanol was added to the soy sauce-like seasoning
at a final concentration of 75% (v/v). After centrifugation, the
pellet was dissolved in Milli-Q waterand adjusted to the same
volume as the original soy sauce-like seasoning sample. The
solution was dialyzed against Milli-Q water using a dialysis tube
(100-500 Da; Repligen, Waltham, MA, USA) with a cut-off
molecular weight of 100-500 Da at 4°C for 24 hr. The sample
was lyophilized using an SP VirTis AdVantage Pro Freeze Dryer
(SP Industries, Warminster, PA, USA) for 48 hr.

In vitro culture assay

First, 5% (v/v) pre-cultured A. rectalis with an adjusted ODgy,
of 0.15-0.25 was inoculated into modified YCFA medium
including each sample and cultured at 37°C for 15 hr. Then, the
0Dy, was measured.

Measurement of SCFA concentrations in culture supernatants
SCFA concentrations in culture supernatants were measured by
a reverse-phase high-performance liquid chromatography system.
Sterilized culture supernatant was added to an ultrafiltration tube
with a cut-off molecular weight of 10,000 Da, and 10 pL of flow-
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Table 1. Preparation method for the yeast casitone fatty acid (YCFA) medium

The composition of YCFA medium

The composition of VFA (volatile fatty acid) mix

Reagent Weight or Volume Reagent Weight or Volume
Tryptone S5g Acetic acid 17.0 mL
Yeast extract 125¢ Propionic acid 6.0 mL
NaHCO;, 2g n-Valeric acid 1.0 mL
Glucose lg iso-Valeric acid 1.0 mL
Maltose lg iso-Butyric acid 1.0 mL
Cellobiose lg 10N NaOH 26.0 mL
L-Cysteine « HCI » H,0 05¢g

Resazurin 0.5 mg The composition of Hemin solution

Mineral solution I (see below) 75 mL Reagent Weight or Volume
Mineral solution II (see below) 75 mL Potassium hydroxide 0.14 g

VFA mix (see below) 3.1mL Hemin 0.05¢g
Hemin solution (see below) SmL Ethanol 12.5 mL
Vitamin solution I (see below) 0.5 mL Distilled water 37.5mL
Vitamin solution II (see below) 0.5mL

Distilled water 330 mL The composition of Vitamin solution I

The composition of Mineral solution I

Reagent Weight or Volume
K,HPO, 0225¢g
Distilled water 75 mL

The composition of Mineral solution II

Reagent Weight or Volume
Biotin 0.5 mg
Vitamin B, 0.5 mg
p-Aminobenzoic acid 1.5 mg
Folic acid 2.5mg
Pyridoxine « HCI1 7.5 mg
Distilled water 50 mL

Reagent Weight or Volume
KH,PO, 0225¢g
(NH,),SO, 045¢g
NaCl 045g
MgSO, * 7TH,0 0.045 ¢
CaCl, « 2H,0 0.045¢g
Distilled water 75 mL

The composition of Vitamin solution I1

Reagent Weight or Volume
Thiamine « HCI 2.5 mg
Riboflavin 2.5 mg
Distilled water 50 mL

The pH of the YCFA medium was adjusted to 7.45 using 10 N sodium hydroxide. After 20 min of autoclaving at 121°C, 0.5 mL

filter-sterilized vitamin solution IT was added.

through solution was chromatographed on a Nexera HPLC system
(Shimadzu, Kyoto, Japan) equipped with Shim-pack SCR-102H
columns run at 0.8 mL min! in 2.5 mmol/L p-toluenesulfonic
acid. The eluate from the column was mixed with 2.5 mmol/L
p-toluenesulfonic acid, 10 mmol/L Bis-Tris, and 0.05 mmol/L
EDTA-4H buffer and detected using an electrical conductivity
meter (polarity: +).

Fourier transform infirared spectroscopy (FTIR) analysis

Infrared spectra were measured using a Fourier transform
infrared spectrophotometer (IRAffinity-1S, Shimadzu) equipped
with an L-alanine-doped deuterated triglycine sulfate (DLaTGS)
detector. Measurements were performed using the transmission
method, with a measurement wavenumber range of 4000—
400 cm™!, a resolution of 4 cm™!, and 45 integrations.

Statistical analysis

All data are presented as the mean + standard deviation (SD).
Comparisons between controls and 5% (v/v) soy sauce-like
seasoning and between controls and each concentration of ethanol
precipitate from soy sauce-like seasoning sample were analyzed

by Student’s t-test or Dunnett’s test. All statistical analyses were
performed using GraphPad Prism ver. 10.0.2 (GraphPad Software
Inc, San Diego, CA, USA).

RESULTS

Soy sauce-like seasoning promoted the growth of A. rectalis

To investigate the diet-derived materials that control the
physiology of 4. rectalis, we evaluated the effect of soy sauce-like
seasoning on the growth of 4. rectalis. A. rectalis was cultured
anaerobically in modified YCFA medium with or without the
soy sauce-like seasoning added at 5% (v/v). The soy sauce-like
seasoning promoted the growth of A. rectalis 2.6-fold compared
with modified YCFA medium without seasoning (Fig. 1),
suggesting a positive impact of the soy sauce-like seasoning on
the growth of 4. rectalis.

Ethanol precipitate of the soy sauce-like seasoning promoted the
growth of A. rectalis

Next, we identified which soy sauce-like seasoning-derived
components facilitated the growth of 4. rectalis. The soy sauce-
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Fig. 1. The soy sauce-like seasoning (SSLS) promotes the growth of 4.
rectalis.

A. rectalis was cultured without or with 5% (v/v) SSLS for 15 hr, and
the ODg, was measured. Values are given as means + standard deviation
(n=3 per group). ****p<0.0001 vs. control (Student’s t-test).

like seasoning was rich in carbohydrates, which were expected
to be metabolized as nutrients for luminal commensal bacteria
in the gut. To extract the carbohydrate content, we prepared
an ethanol precipitate from the soy sauce-like seasoning and
assessed whether the ethanol precipitate affected the growth of 4.
rectalis. The ethanol precipitate from the soy sauce-like seasoning
promoted the growth of A. rectalis in a concentration-dependent
manner, with 3.5-fold enhanced growth at a concentration of 25%
(w/v) compared with the control (Fig. 2). These data indicate that
carbohydrates in the soy sauce-like seasoning have the potential
to promote the growth of A. rectalis.

Ethanol precipitate of the soy sauce-like seasoning enhanced
butyrate, lactate, and propionate production by A. rectalis

A. rectalis is reported to be a butyrate-producing commensal
bacterium. To evaluate the effect of the soy sauce-like seasoning
and its ethanol precipitate on the production of metabolites by A.
rectalis, we quantified the amounts of typical short-chain fatty
acids (acetate, propionate, and butyrate) as well as the organic acid
lactate in the culture supernatant of A. rectalis. When A. rectalis
was cultured in modified YCFA medium supplemented with the
soy sauce-like seasoning at 5% (v/v), the amounts of n-butyrate
and lactate in the culture supernatant increased 3.3- and 1.5-fold,
respectively (Fig. 3A, 3B). We next examined whether the ethanol
precipitate of the soy sauce-like seasoning affected butyrate,
acetate, propionate, and lactate production by 4. rectalis in a
concentration-dependent manner. At a 25 mg/mL concentration,
n-butyrate, lactate, and propionate in the supernatant of A.
rectalis increased 5-, 4.1-, and 2.7-fold, respectively, compared
with the control (Fig. 3C—3E). By contrast, acetate production
did not change at any ethanol precipitate concentration (Fig. 3F).
We found no acetate in the control modified YCFA medium or
in the modified YCFA medium supplemented with the ethanol
precipitate of soy sauce-like seasoning, indicating that acetate
from the sample was not being consumed to increase butyrate
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Fig. 2. Ethanol precipitate from soy sauce-like seasoning (SSLS)
promotes the growth of 4. rectalis.

A. rectalis was cultured with or without 2.5, 5.0, 10, or 25 mg/mL SSLS
precipitate for 15 hr, and the ODg, was measured. Values are given as
means + standard deviation (n=3 per each group). **p<0.01 vs. control
(Dunnett’s test), ****p<0.0001 vs. control (Dunnett’s test).

production. These results indicate that the soy sauce-like
seasoning and ethanol precipitate enhance butyrate, lactate, and
propionate production by A. rectalis.

Composition of the ethanol precipitate of the soy sauce-like
seasoning was inferred to contain polysaccharides

Evidence that the ethanol precipitate of the soy sauce-like
seasoning had a positive impact on the growth of 4. rectalis and
the robust butyrate production by 4. rectalis led us to investigate
the constituent elements of the ethanol precipitate using
Fourier transform infrared spectroscopy. Peak wavenumbers
of 3,279 cm™!, corresponding to hydroxyl groups; 1,584 cm™!,
corresponding to carbonyl groups; 1,402 cm™!, corresponding
to a carbon-hydrogen bond; and 1,042 cm™!, corresponding
to ether groups, were detected (Fig. 4). As these functional
groups constitute polysaccharides and components with a
molecular weight less than 500 Da were excluded during
dialysis, the composition of this ethanol precipitate was inferred
to contain polysaccharides with molecular weights greater than
oligosaccharides.

Inulin had a limited effect on the growth of A. rectalis
compared with the soy sauce-like seasoning

Inulin, a polymerized fructose polysaccharide, is a soluble
fiber that is obtained from chicory roots, Jerusalem artichokes,
dahlia tubers, yacon, asparagus, leeks, onions, bananas, wheat,
and garlic [33] and has been reported to promote the growth
of A. rectalis [34]. We evaluated its effect on the growth of A.
rectalis and compared it with the effect of the soy sauce-like
seasoning. Although inulin promoted the growth of 4. rectalis in a
concentration-dependent manner, the effect was limited compared
with the soy sauce-like seasoning, suggesting the significance of
the ethanol precipitate in the soy sauce-like seasoning as a growth
stimulation agent of A. rectalis (Figs. 2, 5).
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Fig. 3. Soy sauce-like seasoning (SSLS) and its precipitate enhance butyrate, lactate, and propionate production by 4. rectalis.

(A) Butyrate and (B) lactate production levels when cultured without or with 5% SSLS. (C) butyrate, (D) lactate, (E) propionate, and (F) acetate
production levels when cultured with or without 2.5, 5.0, 10, or 25 mg/mL SSLS precipitate. Measurement of butyrate, lactate, propionate, and acetate
production levels was performed using HPLC. Values are given as means + standard deviations (n=3 per group). *p<0.05 vs. control, **p<0.01 vs.
control, ***p<0.001 vs. control, ****p<0.0001 vs. control (Student’s t-test, Fig. 3A, B; Dunnett’s test, Fig. 3C-3F).
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Fig. 5. The effects of inulin on the growth of 4. rectalis are limited
compared with soy sauce-like seasoning (SSLS).

A. rectalis was cultured with or without 2.5, 5.0, 10, or 25 mg/mL inulin
for 15 hr, and the ODg,, was measured. Values are given as the mean +
standard deviation (n=2 per each group).
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DISCUSSION

In this study, we evaluated the effects of a soy sauce-like
seasoning on the growth and butyrate production of A. rectalis, a
ubiquitous butyrate-producing bacteria that colonizes the colons
of Japanese people. We found that the soy sauce-like seasoning
promoted the growth of A. rectalis. An ethanol-insoluble
compound prepared from the soy sauce-like seasoning enhanced
the growth of 4. rectalis as well as its production of butyrate
and lactate. The A. rectalis used in this paper (synonymous with
CIP1059537) is also known to produce lactate as well as butyrate
[34]. Lactate is the substrate for butyrate production by certain
butyrate-producing bacteria: Anaerostipes caccae, Anaerostipes
butyraticus, Anaerostipes hadrus, and Eubacterium hallii [11].
Therefore, increased lactate production by A. rectalis is expected
to induce butyrate production by other resident butyrate-
producing bacteria. The composition of the ethanol insoluble
fraction was presumed to contain polysaccharides with hydroxyl,
carbonyl, carbon-hydrogen bonds, and ether groups. The effect
of the ethanol precipitate of the soy sauce-like seasoning on the
growth of A. rectalis was greater than that of inulin. These results
suggest that polysaccharides in the soy sauce-like seasoning are
utilized by A. rectalis as an active nutritional agent to maintain gut
homeostasis. /n vivo, the effects of the soy sauce-like seasoning
are presumably affected by the genetic background of the host,
digestive enzymes produced by the digestive organs, and various
other environmental factors. In the future, it will be necessary to
investigate the effects of the soy sauce-like seasoning on digestive
enzymes and other environmental factors, as well as the methods
for administration and intestinal delivery of the soy sauce-like
seasoning to 4. rectalis.

The unique traits of polysaccharides in the soy sauce-like
seasoning may be derived from their molecular structures.
Because of the lyophilization process used during preparation
of the ethanol precipitate sample from the soy sauce-like
seasoning, we speculate that the hydroxyl groups are derived
from the composition of the soy sauce-like seasoning and not
from water. In addition, monosaccharides and oligosaccharides
consisting of two or three monosaccharides were not included
in the sample because they were below the 500 Da cutoff during
the preparation of the sample. Therefore, oligosaccharides or
polysaccharides with molecular weights of 500 Da or more are
the active ingredients that promote the growth of 4. rectalis and
their production of butyrate and lactate.

A. rectalis JCM 174637 produces a large number of
glycohydrolases. Its genome encodes 52 glycoside hydrolases,
including B-fructofuranosidases, a-arabinofuranosidases,
B-xylosidases, exo-oligoxylanases, a-amylases, a- and
B-glucosidases, a- and fB-galactosidases, and cellulases [11].
These enzymes work together to break down the polysaccharides
in the soy sauce-like seasoning and contribute to the increased
butyrate and lactate production of 4. rectalis. In addition to A.
rectalis, the Bacteroides group was reported to contain various
glycohydrolase gene sets [35]. Because the polysaccharides in
the soy sauce-like seasoning have pleiotropic effects and unique
features, they might have a positive impact on resident microbes
as well as 4. rectalis.

Inulin, fructooligosaccharides, galactooligosaccharides,
xylooligosaccharides, and starch are dietary fibers that promote

the growth of A. rectalis [36]. In this study, the polysaccharides in
the soy sauce-like seasoning had a higher growth-promoting effect
on A. rectalis than that previously reported for inulin, suggesting
that the polysaccharides in the soy sauce-like seasoning might
be a more effective target for 4. rectalis compared with the
previously reported dietary fiber (Figs. 2, 5). Another report
found that the E. rectale A1-86 strain effectively utilized inulin,
especially HP inulin, resulting in a significant increase in bacterial
growth [17]. This discrepancy between the previous report and
our data may be explained by the different characteristics of
the strains used, namely E. rectale A1-86 and A. rectalis JCM
174637 (synonymous with E. rectale VP10990 and CIP1059537,
respectively) [17]. It has been reported that the distribution
of E. rectale subspecies varies by region and that the families
and number of carbohydrate-active enzyme (CAZy) genes also
differ [37]. In addition, another report suggested that the growth
of E. rectale is influenced by environmental conditions such as
the growth medium and culture chamber [37]. Therefore, the
differences in culture conditions between the previous study and
our study may have led to the discrepancies in the results. In the
future, it is important to investigate the cause of the differences
in saccharide and polysaccharide metabolism among A. rectalis
strains, as well as the effects of culture conditions.

The detailed structures and features of polysaccharides in the
soy sauce-like seasoning are still unknown. When comparing
the ethanol precipitate from the soy sauce-like seasoning and
inulin, the former had a greater effect on A. rectalis growth and
butyrate and lactate production, suggesting that the constituents
and structure of the polysaccharides are more readily available to
A. rectalis. The soy sauce-like seasoning was brewed at low salt
concentrations; thus, the activity profiles of the polysaccharide-
degrading enzymes derived from Aspergillus sojae may have
been altered during moromi fermentation. Additionally, the
brewing temperature was also higher than normal, and this may
have facilitated glycosylation reactions between low-molecular-
weight polysaccharides that had been degraded, producing
polysaccharides that stimulate 4. rectalis.

Among the butyrate-producing bacteria, there are several
glycoside hydrolases only possessed by A. rectalis, including
enzymes belonging to the GH13, GH36, and GH133 families. In
addition, the GH2 family, which contains many active glycoside
hydrolases, is highly expressed in 4. rectalis [38]. It is possible
that these enzymes work together to degrade polysaccharides
derived from the soy sauce-like seasoning. The detailed structures
of the polysaccharides in the soy sauce-like seasoning and the
mechanism by which the polysaccharides positively regulate 4.
rectalis growth will be investigated in future studies.

In conclusion, we found that polysaccharides extracted from
a soy sauce-like seasoning significantly increased the growth of
a butyrate-producing bacteria, A. rectalis, and their production
of butyrate, propionate, and lactate. Our study findings suggest
that polysaccharides contained in the traditional Japanese diet,
which uses fermented seasonings, may have an important role
in regulating gut immune homeostasis by promoting butyrate-
producing bacteria. Examining the detailed structures of the
polysaccharides and investigating their effects on butyrate
production by A. rectalis, including the butyrate production
pathway, might provide a therapeutic target for the development
of novel anti-inflammatory agents.
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