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Abstract
Active collagen oligopeptides are bioactive collagen-derived peptides detected by a recently-established
ELISA. To facilitate studies of the function and metabolism of these products, this study aims to
determine which of these peptides is recognized by a novel anti-ACOP antibody used in this ELISA. We
then investigate the effect of collagen peptide (CP) ingestion and exercise on urinary ACOP
concentrations in a cohort of university student athletes using colorimetric, LC-MS/MS, and ELISA. We
observed that the antibody showed strong cross-reactivity to Pro-Hyp and Gly-Pro-Hyp and weak cross-
reactivity to commercial CP. CP ingestion increased the urinary level of ACOP over time, which correlated
highly with urinary levels of peptide forms of Hyp and Pro-Hyp. Physical activity signi�cantly decreased
the urinary ACOP level. This study demonstrates changes in urinary ACOP following oral CP intake and
physical activity using ELISA with the novel anti-ACOP antibody. Thus, ACOP may be useful as a new
biomarker for collagen metabolism. 

Introduction
Collagen, which accounts for approximately 30% of the total protein in animals, is an important
component of the extracellular matrix that is essential for cell adhesion and function.1 Collagen
homeostasis in tissues is maintained by collagen turnover.2 Among the metabolites produced during this
process are bioactive collagen peptides (CP) resulting from its enzymatic degradation.3,4 These collagen
peptides are e�ciently absorbed in the digestive tract, appearing in the blood within a few hours of the
ingestion of collagen-containing substances.5

Oral intake of commercially available CP is reported to have physiological effects such as promoting skin
pressure ulcer recovery,6 stimulating bone formation and inhibiting bone resorption,7 inhibiting arthritis,8

increasing fat free body mass and grip strength,9 and preventing atherosclerosis.10 Recent studies report
that prolylhydroxyproline (Pro-Hyp), one of the �nal collagen metabolites, stimulates the proliferation and
differentiation of skin �broblasts,11 chondrocytes,12 and osteocytes.13 The detailed mechanism
underlying the bioactivity of CP is unclear. However, evidence indicates that Pro-Hyp is taken up by
mesenchymal cells via peptide transporters14 and subsequently plays a role in regulating cell function as
a binding factor for nuclear receptors.15

During biosynthesis, collagen undergoes post-translational modi�cations including hydroxylation,
glycation, and the formation of intra- and intermolecular crosslinks.16 Collagen turnover, involving
biosynthesis and degradation, is altered by the effects of aging,17 physical activity,18 and nutritional
status.19 These factors may also affect the status of collagen metabolites in the body. Therefore, the
investigation of CP within the body may be very important to understanding its bioactivity.

Serum and urinary levels of collagen-derived peptides can be used to monitor collagen metabolism.
Collagen-derived amino acids and di- and tripeptides are identi�ed and quanti�ed using liquid
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chromatography,20 gas chromatography,21 and mass spectrometry,22 a highly selective technique known
as LC-MS/MS. A recently developed, highly sensitive ELISA also detects bioactive CP. This assay does not
require dedicated equipment and can be used to analyze many samples simultaneously in a short time.
In this study, we determine the speci�c active collagen oligopeptides (ACOP) detected by this ELISA for
use in monitoring collagen metabolism. We then investigate the effect of CP ingestion and exercise on
urinary ACOP concentrations in a cohort of university student athletes using colorimetric, LC-MS/MS, and
ELISA.

Results
Cross-reactivity of anti-ACOP antibody

ELISA was used to investigate the cross-reactivity of anti-ACOP antibody with six different peptides: Pro-
Hyp, Gly-Pro-Hyp, Pro-Hyp-Gly, Pro-Pro, Hyp-Gly, and commercial CP. In this ELISA, the value measured per
weight was calculated for each sample relative to that of Pro-Hyp. As shown in Figure 1, the cross-
reactivity was approximately 5-fold for Gly-Pro-Hyp and approximately 0.1 to 0.001-fold for Pro-Hyp-Gly,
Pro-Pro, and Hyp-Gly. The cross-reactivity of commercial CP, the hydrolysis product of collagen, was
approximately 0.1-fold. These results show that the anti-ACOP antibody had particularly strong cross-
reactivity with Pro-Hyp and Gly-Pro-Hyp, binding not only to dipeptides and tripeptides but also to the
collagen-derived oligopeptide CP.

Urinary level of ACOP after collagen peptide (CP) ingestion

We observed that the urine levels of six out of seven collagen degradants (Gly-Pro-Hyp, Pro-Hyp-Gly, Pro-
Hyp, peptide forms of Hyp, free Hyp, and ACOP) increased after CP ingestion, with no change in Hyp-Gly
(Figure 2A). The time after ingestion at which the peak concentration was reached was 4 hours for Pro-
Hyp, peptide forms of Hyp, and ACOP, and 2 hours for Pro-Hyp-Gly, Gly-Pro-Hyp, and free Hyp.
Furthermore, as shown in Figure 2B, an increase in ACOP concentration strongly correlated with increases
in Pro-Hyp and peptide forms of Hyp. These results show that ingested CP is metabolized to form ACOP,
which is subsequently excreted in the urine together with Pro-Hyp and peptide forms of Hyp.

Urinary level of ACOP before and after physical activity

Next, we investigated the effect of physical activity on changes in collagen metabolism. omparison of
urinary collagen metabolites both before and after exercise showed a higher level of ACOP than free Hyp,
Pro-Hyp-Gly, and Gly-Pro-Hyp, but lower than peptide forms of Hyp (Figure 3). Two-way analysis of
variance showed that urine from the group with routine CP intake had signi�cantly higher peptide forms
of Hyp and Pro-Hyp and signi�cantly lower levels of 3-methylhistidine (3-MH) (Figure 3). Physical activity
decreased urinary ACOP, free Hyp, peptide forms of Hyp, Pro-Hyp-Gly, and total protein, with the greatest
difference observed in ACOP. The difference between concentrations before and after exercise was
signi�cant only for Pro-Hyp, but only in the group with routine CP intake. Gly-Pro-Hyp and 8-hydroxy-2’-
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deoxyguanosine (8-OHdG) did not differ before and after exercise. These results show that the urinary
ACOP level was decreased by physical activity.

Discussion
The main purpose of this study was to investigate the effects of CP intake and physical activity on ACOP
metabolism. We observed that the anti-ACOP antibody crossreacted with �ve di- and tripeptides and CP
derived from collagen, with strong a�nity for Pro-Hyp and Gly-Pro-Hyp and weak a�nity to CP. Type I
collagen, the source of CP, contains approximately forty Pro-Hyp sequences per molecule.1 Thus, ELISA
using this antibody was able to speci�cally detect ACOP with the Pro-Hyp sequence.

We observed that urinary ACOP increased over time after CP ingestion and correlated highly positively
with Pro-Hyp and peptide forms of Hyp levels. Several collagen-derived di- and tripeptides have been
reported to increase in blood and urine for several hours after CP ingestion.22 These collagen-derived
metabolites have been used as biomarkers to determine their digestibility and absorption.23,24 The current
results are consistent with these previous studies, demonstrating that this ELISA method can be used to
assess changes in urinary ACOP.

Physical activity signi�cantly decreased urinary ACOP levels. This �nding is consistent with a previous
study reporting a decrease in urinary Hyp level immediately after physical activity.25 We observed that
ACOP was unique among the CP metabolites in that the concentration before and after physical activity
differed much more than that of Free Hyp or Pro-Hyp-Gly.

Surprisingly, physical activity did not increase the total urinary protein level. In general, hard physical
activity decreases the �ltration function of the kidney glomeruli and increases the excretion of proteins in
urine.26 We observed that the levels of 8-OHdG, an oxidative stress marker27 and 3-MH, a muscle tissue
damage marker,28 were unchanged, indicating that the exercise load in this study was not taxing for the
athletes and did not cause kidney or muscle tissue damage.

Our investigation of the effect of oral CP intake on urinary metabolites showed that the ACOP level was
unchanged over several hours after the CP intake. A previous study reports that the amount of peptide
forms of Hyp in blood and urine, especially Pro-Hyp, increases for several hours after CP ingestion.22

Similarly, we found that urinary peptide forms of Hyp and Pro-Hyp levels increased signi�cantly after CP
intake. These results show that the response to CP intake differs between ACOP and Pro-Hyp, even
though Pro-Hyp is a major component of ACOP.

We found that ACOP differed from the other collagen metabolites in several ways. Urinary ACOP was
present in greater amounts, less affected by oral CP intake, and more affected by physical activity.
Furthermore, ACOP can be easily measured in a short time using ELISA, which can be used to analyze
urine samples without pretreatment such as cumbersome hydrolysis or expensive equipment as in LC-
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MS/MS. Taken together, ACOP may be a suitable marker for the evaluation of collagen metabolism in
terms of novelty and convenience.

Interestingly, the decrease in urinary Pro-Hyp level following physical activity was observed only in the
group that routinely took CP. This discovery suggests that active collagen oligopeptides may prevent
exercise-induced depletion of Pro-Hyp. The production of Pro-Hyp from ACOP may be a faster and more
�exible response to changes in the body’s demand for Pro-Hyp than that from collagen. Experiments in
animal models using radioisotopes have reported that orally administered Pro-Hyp is rapidly metabolized
and absorbed into speci�c tissues.14 Most of these Pro-Hyp–derived metabolites are unidenti�ed, but
some are reported to be converted into cyclic Pro-Hyp.29 Our �ndings indicate that ACOP is involved in
such Pro-Hyp metabolism. Therefore, dietary ACOP supplementation may be useful for rapid
compensation for Pro-Hyp consumption during physical exertion.

This study has several limitations. First, the cross-reactivity of the anti-ACOP antibody used in this study
was con�rmed only for �ve di- and tripeptides. Therefore, the behavior and strength of its reactivity to
other CP and non-CP–derived peptides remains unknown. Second, the present results were obtained in a
cohort of athletes. In general, the diet, physical activity, and body composition of athletes differ from
those of non-athletes; therefore, the urinary ACOP level observed in this study and its changes in response
to CP intake and physical activity cannot be directly applied to non-athletes.

In conclusion, the present study demonstrated that ACOP was less affected by CP intake and clearly
decreased by physical activity compared to peptide forms of Hyp and Pro-Hyp. Therefore, urinary ACOP
detected by ELISA using anti-ACOP antibody could be a new indicator for monitoring changes in collagen
metabolism. However, it is unknown what the changes in the amount of ACOP excreted in the urine
means. In addition, the molecular pro�les and mechanisms of the changed ACOP remain unresolved in
detail. Further research is needed to understand the physiological role of active collagen oligopeptides.

Methods
Chemicals

Hydroxyproline (Hyp), 8-hydroxy-2’-deoxyguanosine (8-OHdG), 3-methylhistidine (3-MH) and creatinine
were purchased from FUJIFILM Wako Pure Chemical (Osaka, Japan). Pro-Hyp, Hyp-Gly, Pro-Pro, Gly-Pro-
Hyp, Pro-Hyp-Gly, were purchased from GL Biochem (Shanghai, China). The �sh-derived low-molecular
weight commercial collagen peptide (CP, Wellnex TYPE-S) was purchased from Nitta Gelatin (Osaka,
Japan). The Pierce BCA Protein Assay Kit was purchased from Bio-Rad (Hercules, CA, USA). The ELISA kit
was purchased from Air Plants Bio (Tokyo, Japan). The other analytical grade chemicals were purchased
from FUJIFILM Wako Pure Chemical (Osaka, Japan).

Study approval
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This study was approved by the Ethics Committee of Juntendo University (No. 2018133) and conducted
in accordance with the Ethical Guidelines for Medical and Health Research Involving Human Subjects
published by the Ministry of Health, Labour and Welfare of Japan and the Declaration of Helsinki. Written
informed consent was obtained from all participants.

Cross-reactivity con�rmation

Five collagen-derived peptides (Pro-Hyp, Hyp-Gly, Gly-Pro-Hyp, Pro-Hyp-Gly, Pro-Pro) and CP were mixed
with puri�ed water to a concentration of 20 mg/mL. These samples were analyzed by ELISA for cross-
reactivity with the anti-ACOP antibody.

Urine ACOP concentration before and after CP ingestion

One healthy, non-athlete female subject in her thirties was limited to a low-protein diet for dinner and a 12-
hour fast before the start of the experiment. During this time, the subject was restricted from taking
supplements and medications, and liquid intake was limited to water only. The subject was then orally
administered 20 g of commercial CP. Urine samples were collected before and 1, 2, and 4 hours after
ingestion, stored at −20°C, and analyzed for the content of ACOP, collagen-derived di- and tripeptides, Hyp,
and creatinine. The concentration of all analyzed urine constituents was normalized to that of creatinine.

Urine collection before and after physical activity

Forty-six healthy male university students in their teens and twenties were recruited from a running club
at Josai University. All subjects received no intervention regarding diet, dietary supplements, medications,
hydration intake, or exercise regimen during the study. Results of a dietary questionnaire con�rmed that
all subjects had eaten the same dormitory food the day before the study. The subjects were divided into
two groups according to whether they did (n = 24) or did not (n = 22) take CP routinely. While the subjects
were not asked about their speci�c CP intake, we did con�rm that they had not taken any CP-containing
supplements after 20:00 the day before. Physical exercise among the cohort consisted of running for a
mean duration of 1 hour and a distance of approximately 13 km. Urine samples were collected from the
subjects before and after physical activity, stored at −20°C, and analyzed for the content of ACOP,
collagen-derived di- and tripeptides, Hyp, 8-OHdG, 3-MH, total protein, and creatinine. The concentration of
all analyzed urine constituents was normalized to that of creatinine. Concentrations before and after
physical activity were compared between the two groups.

ELISA

Active collagen oligopeptide concentration was determined using the ELISA kit according to the
manufacturer’s instructions. The concentrations were calculated in terms of Pro-Hyp equivalents using a
Pro-Hyp standard.

LC-MS/MS analysis
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LC-MS/MS was used to measure Pro-Hyp, Hyp-Gly, Gly-Pro-Hyp, Pro-Hyp-Gly, and 3-MH concentrations.
An aliquot of urine diluted 500-fold in 50 mM ammonium bicarbonate solution was added to a 3-fold
volume of ethanol. Samples were centrifuged at 3000 rpm for 5 min followed by �ltration through a 0.22
µm �lter. An aliquot of each sample was used for mass spectrometry. Chromatography analysis was
performed using an ACQUI UPLC H-Class Bio system (Waters, MA, USA) equipped with a Hypersil GOLD
PFP column (2.1 × 150 mm, 5 µm; Thermo Fisher Scienti�c, Waltham, MA, USA). The isocratic elution
was performed with 2% methanol/0.2% formic acid/2 mM ammonium acetate in water under the
following conditions: sample injection volume, 0.5 µL; �ow rate, 0.4 mL/min; elution time, 3.5 min;
column temperature, 40°C. Mass spectrometry was performed using a Xevo TQ-XS quadrupole mass
spectrometer (Waters, Milford, MA, USA) under the following conditions: capillary voltage, 1000 V
(positive ionization mode); desorption temperature, 500°C; source temperature, 150°C. Data were acquired
using selective reaction monitoring with m/z transition of 229 > 132 for Pro-Hyp, 189 > 86 for Hyp-Gly,
286 > 189 for Pro-Hyp-Gly, 286 > 155, and 170 > 124 for 3-MH. Data were acquired and quanti�ed using
Mass Lynx software (version 4.2, Waters).

To quantify 8-OHdG, an aliquot of each urine sample was diluted 10-fold in pure water, centrifuged at
3000 rpm (1000 × g) for 5 min, and �ltered using a 0.22 µm �lter. An aliquot of each �ltrate was analyzed
by mass spectrometry. Chromatography analysis was performed with an UPLC proteomics Series
(Shimadzu, Kyoto, Japan) equipped with an Inertsustain AQ-C18 (2.1 x 150 mm, 3 µm; GL Sciences,
Tokyo, Japan). The. The isocratic elution was performed with 8% acetonitrile/0.1% acetic acid in water
under the following conditions: sample injection volume, 10 µL; �ow rate, 0.3 mL/min; elution time, 3 min;
column temperature, 40°C. Mass spectrometry was performed using a 4000 TRAP quadrupole mass
spectrometer (AB Sciex, Tokyo, Japan) under the following conditions: ion spray voltage, 5500 V (positive
ionization mode); source temperature, 500°C. Data were acquired using selective reaction monitoring with
m/z transition of 284 > 168 for 8-OHdG. Data were acquired and quanti�ed using Analyst software
(version 1.5, AB Sciex).

Colorimetry

Hyp concentrations were determined by colorimetric analysis using the Ehrlich reagent after oxidation
with chloramine T.30 An aliquot of the urine sample was hydrolyzed by treatment with 6 N hydrochloric
acid at 110°C for 24 hours and then neutralized w sodium hydroxide. The hydrolyzed sample analyzed
for Hyp content. Free and total Hyp were determined before and after hydrolysis. The peptide form of Hyp
was estimated by subtracting the concentration of free Hyp from that of total Hyp. Total protein
concentration was determined using the colorimetric assay kit according to the manufacturer’s
instructions. Creatinine concentrations were determined using the Jaffe reaction.31

Statistical analysis

Statistical analysis was performed using EZR (version 1.40, Saitama Medical Center, JICHI Medical
University, Saitama, Japan).32 The coe�cient of determinations was calculated to determine whether
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ACOP concentration correlated with other that of collagen metabolites. Two-way analysis of variance
was used to examine the effect of routine CP intake and physical activity on urinary components. The
Smirnov-Grubbs test was used to detect outliers. P < 0.05 was considered statistically signi�cant.
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Figure 1

Cross-reactivity of anti-ACOP antibody to �ve collagen-derived peptides. Data are presented as relative
values per weight normalized to that of Pro-Hyp.
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Figure 2

Urinary levels of collagen-derived metabolites after CP ingestion. (a) Time course of collagen-derived
metabolite levels. (b) Correlation between ACOP and each collagen-derived metabolite. Samples were
measured using colorimetry for free Hyp and peptide forms of Hyp; LC-MS/MS for Gly-Pro-Hyp, Pro-Hyp-
Gly and Pro-Hyp; and ELISA for ACOP. The amount of ACOP was calculated as Pro-Hyp equivalents.
Creatinine level was used to correct for variability in concentrations of urinary components.



Page 14/15

Figure 3

Effect of physical activity on urinary collagen-derived metabolites. Circles and dotted lines indicate
differences between values measured before and after exercise in athletes who did (CP intake) and did
not (No CP intake) routinely take CP supplements. Each sample were measured using colorimetry for free
Hyp and peptide forms of Hyp; total LC-MS/MS for Gly-Pro-Hyp, Pro-Hyp-Gly and Pro-Hyp; and ELISA for
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ACOP. Two-way analysis of variance (upper right corner of each graph) shows the effect of routine CP
intake and physical activity (Exercise). P < 0.05 was considered statistically signi�cant.


