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Abstract

During the past years, evidence accumulated showing that glycine comprises anti-inflammatory activities. These effects occur, at
least in part, via the activation of glycine-gated chloride channels (GlyR). Glycine is one of the major structural units of collagen,
making up about 30% of the amino acids. This study aims to investigate the anti-inflammatory potential of collagen hydrolysate
(CH) using the zymosan-induced ear-skin inflammation mouse model. After oral intake of 12.5, 25 or 50 mg CH the plasma levels of
glycine increased in a concentration-dependent manner. CH was able to counteract zymosan-induced ear-skin inflammation
locally (ear swelling) as well as systemically (IL-6 production by lipopolysaccharide (LPS)-stimulated whole blood cells). The LPS-
stimulated IL-6 production in whole blood correlated positively with the ear swelling response. This correlation was abolished by
strychnine (a glycine receptor antagonist), indicating the involvement of GlyR. Collectively, these data show that CH is able to
modulate inflammatory responses both locally as well as systemically. This effect might be constituted by inhibiting pro-inflam-
matory cytokine production via GlyR.

Keywords: Collagen hydrolysate, GlyR, Glycine, inflammation

Experimental Biology and Medicine 2013; 238: 798-802. DOI: 10.1177/1535370213480740

intestine, a decrease in pro-inflammatory cytokine expres-
sion in the fat tissue of lean and obese mice, the inhibition of
peptidoglycan polysaccharide-induced arthritis, and the
inhibition of zymosan-induced inflammation.**!

Glycine is one of the major structural units of collagen,
making up about 30% of the amino acids. It has been indi-
cated that serum glycine levels increase after intake of col-
lagen hydrolysate (CH).'* Clinical studies point to a
possible beneficial effect of CH in osteoarthritis by a reduc-
tion in hip or knee pain, after daily intake of 10 g CH for 60
days to six months."*™°

This study aims to answer the question whether CH is
able to modulate inflammatory responses. The anti-inflam-
matory potential of CH was examined using a mouse model
for zymosan-induced ear-skin inflammation.

Introduction

The simple nonessential amino acid glycine is found in
many different proteins. It acts as an inhibitory neurotrans-
mitter in the central nervous system via glycine-gated chlor-
ide channels (GlyR). The existence of GlyR has been
demonstrated on a wide variety of cells including different
cell types involved in immune responses, such as macro-
phages, monocytes, neutrophils and T lymphocytes.' In
the past years, evidence accumulated showing that glycine
causes an anti-inflammatory response, at least in part via
the activation of GlyR.? Activation of GlyR in immune cells
results in an influx of chloride ions, membrane hyperpolar-
isation and inhibition of voltage-operated calcium channels
and cell activation. Glycine largely prevents endotoxin-
induced TNF-o production by Kupffer cells and alveolar
macrophages, and it reduces IL-18 and TNF-o expression
while simultaneously stimulating IL-10 expression in lipo-
polysaccharide (LPS)-activated monocytes."*> Moreover,
glycine interferes with TNF-o-mediated NF-xB activation
in human coronary arterial endothelial cells and differen-
tiated 3T3-L1 adipocytes.®”

The in vitro data of the effects of glycine are reinforced by
in vivo results derived from different animal models includ-

Materials and methods

All experimental procedures using laboratory animals were
approved by an independent animal experiments commit-
tee (DEC Consult, Bilthoven, the Netherlands).

Prompting zymosan-induced ear-skin inflammation
Male Balb/C mice (Charles River, Maastricht, the

ing: the inhibition of pro-inflammatory cytokine expression
in surgical manipulation-induced inflammation in the
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Netherlands), aged 14 weeks at the start of the experiment
were randomly assigned to groups of six animals and
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acclimatized to the animal housing for one-week prior to
the start of the experiment. All animals had free access to a
standard rodent diet and tap water. Different amounts of
CH (0, 12.5, 25 or 50 mg/mouse) were administered daily
for three constitutive days (day 1 till 3) by oral gavage. Tap
water (vehicle) was applied in the same volume, 200 pL, to
the control mice. Inflammation was induced at day 3, 2h
after administration of CH, by injecting 25uL zymosan
(0.5% suspended in PBS) or PBS (sham), intradermally in
both ears.'”'® Ear thickness was measured prior to and at
3 and 6h after zymosan injection using an engineer’s
micrometer (Mitutoyo Dinamic, Veenendaal, the
Netherlands). After the final ear thickness measurement,
mice were bled under terminal anaesthesia (isoflurane/
N,0O/0O5) and sacrificed.

In a second group of mice, blood was taken at different
time points (1 and 3 h) after CH (50 mg/mouse) intake.

Plasma isolation

Blood was collected in Lithium Heparin MiniCollect
tubes (Greiner Bio-One B.V, Alphen a/d Rijn, the
Netherlands) and preserved at room temperature awaiting
whole blood analysis. After starting the whole blood cell
assay, the remaining blood was centrifuged for 5min at
6000rpm in an Eppendorf® centrifuge, and the plasma
was then collected and stored at —20°C for glycine
detection.

Plasma glycine detection

After precipitation of proteins and polypeptides with per-
chloric acid, the plasma samples were centrifuged. Glycine
concentrations were determined in the supernatant by fully
automated High Performance Liquid Chromatography
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Whole blood assay

Heparinized murine blood (50 pL) was incubated for 20 h
in the presence of LPS (E. coli, B55:055, final concentration
1 pg/mL, Sigma-Aldrich BV, Zwijndrecht, the Netherlands)
with and without strychnine (a glycine receptor antagonist,
final concentration 10 uM, Sigma-Aldrich BV) in a total
volume of 200 pL in culture medium (RPMI-1640 containing
25mM HEPES and 2mM L-glutamine, Life-Technologies,
Merelbeke, Belgium, enriched with 100 U/mL penicillin/
streptomycin 100 pg/mL, Life-Technologies). The plates
were subsequently centrifuged and the supernatants were
harvested and stored at —80°C until cytokine detection.

Cytokine detection

Cytokine levels were detected using a commercial
Multiplex Bead immunoassay (BioRad, Veenendaal, the
Netherlands) including IL-6 and TNF-o, according to the
manufacturer’s protocol. The analysis was performed by
using the Bio-Plex system (BioRad). Results were calculated
using Bio-Plex Manager Software 3.1 (BioRad).

Statistical analysis

All data are expressed as mean =+ standard error of the mean
(SEM). All readout conditions were compared to the control
using the analysis of variance (one-way ANOVA). The over-
all significance of differences for all calculations was tested
using the post hoc Dunnett’s test. Differences between LPS
stimulated IL-6 production and the LPS stimulated IL-6
production in the presence of strychnine were calculated
by a T-test. Correlations were calculated using the
Pearson’s linear regression model.

Results
Plasma glycine levels

(Figure 1, HPLC, Shimadzu, ‘s-Hertogenbosch, the Plasma glycine levels were detected in control conditions
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Figure 1

A typical chromatogram of the plasma free amino acid analysis by HPLC. (A color version of this figure is available in the online journal)
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and 50mg/mouse) after CH intake. CH increased the
plasma glycine level (detected at 8 h after intake) in a con-
centration-dependent manner (Figure 2A). Intake of 50 mg
of CH more than doubled the glycine plasma levels at 1 and
3 h after intake (Figure 2B).

Ear-skin inflammation

To study the effect of CH on zymosan-induced ear-skin
inflammation in mice, CH was administered orally for
three days. On the third day, zymosan or PBS were injected
into both ears intradermally. Ear thickness was measured
before injection and at 3 and 6 h after injection (5 and 8h
after CH intake, respectively). Basal ear thickness was sub-
tracted from the ear thickness at the different time-points
after zymosan injection to calculate ear swelling. In the
vehicle-supplemented animals, the sham injection (PBS)
induced an ear swelling of 79 pm and 112um after 3 and
6 h respectively. This PBS-induced swelling was subtracted
from the zymosan-induced ear swelling to acquire the
‘zymosan specific’ skin-swelling. The ear swelling of the
CH supplemented animals was compared to the control
animals (vehicle supplemented). CH inhibited the zymosan
induced ear-swelling in a concentration dependent manner
at 3h after injection (Figure 3A). At 6h post zymosan chal-
lenge the effect was no longer significant (Figure 3B).

Cytokine levels in an LPS-induced whole blood assay

Blood was incubated, ex vivo, in the presence of LPS with
and without strychnine. After 20h, the supernatant was
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collected. TNF-o and IL-6 levels were detected by a
Multiplex Beat Immunoassay. CH was able to inhibit IL-6
production significantly at 25mg/mL (Figure 4A).
Strychnine counteracted this effect (Figure 4B). Strychnine
significantly increased IL-6 levels in all collagen-treated
conditions but not in the control (Figure 4C1, C2, C3 and
C4). There were no differences detectable in the TNF-o level
at the different tested conditions (data not shown).

Possible correlations between LPS induced IL-6 levels in
whole blood, plasma glycine levels and ear-swelling at 6 h
after zymosan injection were calculated. The IL-6 produc-
tion and ear-swelling at 6 h after zymosan injection showed
a significant correlation (Pearson r=0.63, P=0.002,
Figure 5A). No correlation was found between the ear-
swelling and IL-6 production in the strychnine supple-
mented whole blood «cell assay (Pearson r=0.20,
P =0.377, Figure 5B).

Discussion

Collagen is a natural component of the diet, found in animal
products such as meat and fish. Small peptides and amino
acids derived from CH are detectable in blood.'*'? The pre-
sent study demonstrated that orally administered CH
increases plasma glycine levels in mice in a concentration-
dependent manner. Anti-inflammatory effectiveness was
indicated by counteraction of the zymosan-induced ear
swelling at 3h after zymosan injection (5h after CH
intake). Glycine serum levels, tested for the most effective
anti-inflammatory dose (50mg/day), were more than
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Figure 2 Plasma concentrations of Gly, 8 h after intake of vehicle (0) or different concentrations CH (a). Plasma concentration of Gly before (0) and 1, 3 and 8 h after,
intake of 50mg CH (b). Data are means (mM) + SEM, n = 6. Significant differences from no CH intake (0) are indicated *P < 0.05, **P < 0.01
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Figure 3 Zymosan-induced ear inflammation (swelling) 3 (a) and 6 (b) hours after zymosan injection. Data are means (um) = SEM, n = 6. Significant differences from

no CH intake (0) are indicated **P < 0.01
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Figure 4 LPS-induced (1 pg/mL) IL-6 production by whole blood cells, without (A) and in the presence of strychnine (10 ©M, B). Data are means (ng/mL) + SEM, n =6.
Significant differences from no CH intake (0) are indicated *P < 0.05. Figure C shows LPS-induced IL-6 production by whole blood cells with and without strychnine in
control condition (1) and after intake of 12.5mg (2), 25 mg (3) and 50 mg (4) CH. Significant differences between the control and strychnine condition as detected by T-

test are indicated
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Figure 5 The correlation between ear-swelling 6 h after zymosan injection and LPS induced IL-6 production in whole blood (n =21) in the absence (a) and presence

(b) of strychnine

doubled at the time point of induction of the inflammation
(2h after CH intake).

Effectiveness of CH has been tested in different disease
models. In the ethanol-induced ulcer model in rats, a single
dose of CH resulted in a strong reduction of ulcer forma-
tion'*?® and, in a spontaneous hyperlipidemic mouse
model, C57BL/6.KOR-Apoe(shl), CH feeding showed
besides a lipid-lowering effect a decrease in plasma IL-6
and TNF-o levels.?! Moreover, in osteoarthritis (which is
associated with significant functional impairment in

combination with synovial inflammation) CH is one of the
candidate disease modifying osteoarthritis = drugs
(DMOADs).? Inflammatory cells play a role in osteoarth-
ritis and the aforementioned animal models in which the
effects of CH are described. The results of this study suggest
that modulation of the inflammatory response by CH could
contribute to the protective effectiveness as detected in the
different studies.

Eight hours after intake of different amounts of CH,
blood was collected and stimulated with LPS in the



802 Experimental Biology and Medicine Volume 238 July 2013

presence or absence of strychnine. The neurotoxin strych-
nine acts as an antagonist on the GlyR, neutralizing the anti-
inflammatory effects of glycine on immune cells.” Tt was
found that the LPS-stimulated IL-6 production was lower
after intake of 25 mg CH, demonstrating a systemic effect.
The addition of strychnine significantly increased the pro-
duction of IL-6 in the CH groups but not in the control
group. Recent literature indicates that extracellular pH
changes influence glycine receptor functionality.”® Both,
the plasma and the cell cultures showed a physiological
pH, excluding pH-induced receptor modifications. LPS
induced IL-6 production and the detected ear swelling at
6h after zymosan injection were highly correlated.
Although the plasma glycine levels were low at the time
of LPS stimulation, this correlation in combination with the
strychnine results suggest that the GlyR are involved, point-
ing to a contribution of glycine in the CH-induced anti-
inflammatory effect.

Collectively, these data show that CH is able to modulate
inflammatory responses. This effect might be constituted by
inhibiting pro-inflammatory cytokine production via the
GlyR.
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