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Abstract

Eighty twenty-four month old male mice, maintained under standardized conditions, were divided depending on
dietary supply: A) standard age-balanced chow food and B) added with GPT-2218 (dosage to be worked out after
preliminary data). Animals were weight-matched and each group randomly allocated to: s) a sedentary protocol or t)
training protocol by applying endurance exercise. Namely, after adaptation in an ergometric treadmill for one week
(5%, 6-8 m/min), the latter group was subjected to following schedule: 20 m/min, 8° slope, 50 min/day for the first
week and 25 m/min, 8° slope, 50 min/day (corresponding to 75% of maximum VO2) for the second week. A further
group, either sedentary or trained, was supplemented with a generic fish collagen-peptide compound(C) claimed of
stamina effect. So, altogether six groups were examined as follows: As (standard food, sedentary), At (standard food
under training), Bs (supplemented-sedentary), Bt (supplemented under training), Cs and Ct. Parameters measured
were VO2max, liver and gastrocnemius tissue level of glycogen, gastrocnemius level of oxidative markers and
inflammatory/anti-inflammatory balance. Results showed that as compared to At, where training showed only a trend
improvement of VO2max, Bt had a significant improvement (p<0.05 vs baseline and sedentary group). However, Bt
showed significantly better performance than At (p<0.05 vs Bt and 0.01 vs baseline and sedentary group). Skeletal
muscle concentration of TBARs significantly increased in both training group soon after exercise (p<0.05) but only
Bt. At 2 h observation showed a significant, albeit partial, recovery (p<0.05 vs At). Concomitantly immediately after
exercise, there was a drop of SOD (only in At reached a significance of p<0.05) and GSH-Px (p<0.05 vs baseline).
Both these values in both groups recovered after 2 h (p<0.05). However, as for SOD only Bt recovery-values was
significantly better (p<0.05 vs At). The forelimb strength was significantly improved by training (p<0.05) but at a
higher rate in Bt group (p<0.05 vs At). Physical training brought about a significant increase/decrease of IL-1beta
and IL-10, respectively in both groups (p<0.05). However, at 2 h post-exercise observation, these values recovered
only in Bt group (p<0.05 vs At group). Hepatic glycogen stores were depleted only in At group (p<0.05), whereas
both groups showed a significant decrease in skeletal concentration of glycogen (p<0.05). These values did not
recover after 2 h in At group while a significant replenishment was recorded in Bt group (p<0.05). Overall, it appears
that GPT-2218 enables a better training benefit on VO2, together with a better hormetic effect of training on redox
and inflammatory balance leading to a more efficient preservation of skeletal muscular glycogen and more
consistent strength performance. Whatever the set of experiments and the parameters tested, the generic fish
collagen-peptide did not yield any significant change, being comparable to the un supplemented group A. Further
studies are awaited to scrutinize the impact of a GPT-2218 association with selective amino acids formulas.
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Introduction
Skeletal muscle mass in adults comes from a balance between

protein synthesis and degradation ratio [1]. Our body triggers a
complex set of biological responses to dynamically affecting such
synthesis/degradation balance homeostasis. It has been shown that the
adaptive response of muscle to disuse as well to ageing is represented
by a reduction in glycogen content and protein synthesis. This is
further detrimentally associated with an increase in protein
degradation [2,3]. This invariably leads to a decline in muscle mass,
efficiency and dysfunction in motor coordination [4]. This overall

sarcopenic picture may heavily impair quality of life and increased risk
of fractures due to falls [5]. Indeed, a change in body composition
takes place from the third decade of life to different extent. Between
the age of 30 and 60, it leads to an average gain of 0.45 kg of fat and
loss of about 0.23 kg of muscle per year. Taken overall, the phenotypic
aging feature in skeletal muscle mainly consists of accumulating
oxidative byproducts of lipids, proteins and DNA, affecting the whole
body and muscle in particular [6]. Proper nutrition and quality
exercise is known to play an important role to partially counteract this
phenomenon. However, it has been shown that under training the
increase of muscle protein synthesis in older individuals, is about 30%
less efficient, when compared with younger ones [7]. On top of this, it
seems that older individuals may develop adaptations to resistance
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exercise by reducing muscle anabolism with 2.5 and 16% in muscle
volume and muscle vs 6.2 and 27%, respectively as compared to
younger control group [8,9]. Moreover, we have to consider that aging
per se is associated to higher level of inflammatory parameters and
these may be further elevated after moderate-intense training [10,11].
Selected nutrition supplementations when applied under specific
condition have been shown to improve muscle build up. Leucine alone
or in association with other branched-chain amino acids remarkably
promotes protein synthesis via a mammalian target of rapamycin
(mTOR)-mediated mechanism [12,13] and may also exert anti
proteolytic properties. However, so far it is not fully resolved the issue
whether these beneficial effects of leucine have to be entirely ascribed
to its direct action or through intermediate metabolites [14]. Therefore,
tailored addition of leucine metabolite to a well-balanced nutrition
may prove to counter fight the tendency over the long term use of
leucine supplementation to fully maintain its anabolic effect although
this is still producing contradictory data [15]. Recently, it has been
reported that collagen peptides may play a beneficial effect on the
increase of muscle volume and strength in older individuals when
associated with physical exercise. In a study enrolling elderly men
(mean age 72) with sarcopenia joining a strength training program (3
days/week for 3 months), those supplemented with 15 g/day of
collagen peptides had significantly larger growth in lean muscle mass
and workload capacity than those given placebo [16]. The aim of the
present study was to test a collagen-based multicomponent formula
GPT-2218 (hydrolysed collagen, hydroximethyl-butirrate, creatine, L-
leucine, vitamin C, E, B5, B6, B2, B1, A, D, B12, folic acid, zinc.
Peptivis, Named Co., Italy) on functional and metabolic of old mice
undergoing physical exercise.

Materials and Methods

Experimental animals, handling and supplementation
Eighty 24-month old male mice were housed in polypropylene cages

(2-3 mice per cage) and maintained under standardized conditions: 12
h-light/dark circle, 22°C and 70% humidity. Standard laboratory chow
diet and water were available ad libitum. Before the experiments, the
mice were acclimatized for 1 week to the environment and diet. All
animal procedures were performed to minimize animal discomfort
following the international guidelines for animal research for
experimental and other scientific purposes (National Research
Council. Guide for the Care and Use of Laboratory Animals.
Washington: National Academy Press; 1996). Food intake and water
consumption were recorded daily, and all animals were weighed
weekly. Blood were withdrawn at the start of the study to provide
baselines. Each group was divided depending on dietary supply: A)
standard age-balanced chow food and B) added with GPT-2218 (100
mg/kg). Each group was then assigned to one of the two treatments
below indicated.

Exercise and monitoring (energy metabolism) method
At the end of this period, animals were matched for weight and

randomly divided into two further groups: s) a sedentary control or t)
a training group undergoing the endurance exercise training. In this
latter subgroup, all animals were accustomised in an ergometric
treadmill for one week (5%, 6-8 m/min, no incline, 10 min/day). After
adaptation, B group animals were subjected to following schedule: 20
m/min, 8° slope, 50 min/day for the first week and 25 m/min, 8° slope,
50 min/day (averaging 75% of maximum VO2) for the second week.

So, altogether four groups were examined as follows: As (standard
food, sedentary), At (standard food under training), Bs
(supplemented)- sedentary and Bt (supplemented under training).
Collaterally, we had a group of 10 mice supplemented with a French
marine station-derived fish collagen and protein hydrolysate promoted
as a stamina booster with also anti-inflammatory properties (Celergen,
Swiss cap packaging, Switzerland).

Parameters tested
Body composition analysis: Body composition, i.e. lean mass and,

fat mass were analysed by a dual-energy x-ray densitometer under
general anaesthesia (isoflurane) using a PIXImus imager (GE Lunar,
Madison, WI, USA). Data were analysed using the manufacturer-
supplied software Lunar PIXImus, version 2.2 (Lunar PIXImus Corp.,
Madison, USA).

In-vivo muscle strength assessment: In vivo muscle strength was
assessed as forelimb absolute grip strength with a low-force calibrated
grip strength testing system (Panlab, Cornella, Spain) after mice were
being familiarized for 2 days before the test by taking advantage of the
animal’s attitude to grasp a bar while suspended by its tail. This test
consisted by prompting the mouse to grip a force transducer equipped
with a metal bar (2 mm in diameter and 7.5 cm in length) with both
forelimbs and pulling it by the tail (proximal to the body) parallel to
the orientation of the strain gauge and the bar (Leiter JR.). In order to
minimize human variability, the same operator measured all the mice
in a group and in a blinded fashion, at the same time of day and in a
protected environment. Force transducer meters were set to zero or
reset before each measurement. The maximal force exerted by the
mouse counter pull was calculated the degreeof tensile force. The
absolute maximum grip strength was defined as the maximum tension
recorded over five repetitions.

Measurement of maximal oxygen consumption: After seven weeks
of training, animals were transferred into a flow-through sealed
treadmill chamber open-circuit system, VO2max was calculated by
letting a unidirectional flow of gas and the exercise test started on a
15% grade at the initial speed used for training. The velocity of
treadmill was increased 3 m/min every 3 min till the mice were unable
to catch up with the running speed. VO2max was defined as the highest
VO2 reached during the exercise. Ambient air was pumped through
the chamber at a flow rate of 5.5 l/min. Gas was sampled (500 ml/min)
from a rear metabolic chamber and respiratory gas as measured by O2
uptake and CO2 production were determined through electronic gas
analysers (Minato MG-360, Tokyo, Japan). The gas analyser was
calibrated immediately before and after each test using standardized
gases. The mice were measured in the same environment both before
and after training.

Blood biochemistry and haematology

Tissue sampling and analysis (at baseline, end of exercise and
2 h later)

Markers of oxidative stress: Skeletal muscle and liver tissues were
homogenized to examine redox parameters, such as thiobarbituric acid
(TBARS), by spectrophotometry (532 nm) and expressed in nmol/mg/
protein, as described by Draper et al. [17]. Superoxide Dismutase
(SOD), glutathione peroxidase (GSH-Px), together with inflammation-
related parameters, including IL-1βand IL-10. The levels of the above
biochemical parameters in the skeletal muscle and liver were assessed
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by ELISA (Jian-cheng Biotech. Sci. Co., Shanghai, China). Briefly,
tissues were homogenized with the polytron homogenizer in 20 mM
N-2 hydroxyethyl piperazine-N'-2-ethanesulfonic acid (HEPES buffer),
1 mM ethylene glycol tetra-acetic acid, 210 mM mannitol, 70 mM
sucrose, pH 7.2 per g of tissue). After centrifugation at 12,000 g for 20
min at 4 ˚C the supernatant was retrieved and the reaction was started
by adding diluted xanthine oxidase. After immediately incubation for
20 min, the absorbance was then read at 450 nm with the
spectrophotometer. Glutathione peroxidase (GPx) was assayed in the
liver sample homogenized in 8 volumes of cold buffer (50 mM Tris-
HCl, pH 7.5, containing 5 mM EDTA and 1 mM 2-mercaptoethanol),
next centrifuged 8500xg for 10 minutes at 40C. GPx activity was
determined in supernatant using Bio-tech GPx-340TM Assay kit
(O2XIS International, Inc., USA).

Glycogen analysis at muscular and liver tissue level
Liver and muscle samples (10 mg of snap frozen tissue) were

incubated in 2 ml of KRBH-3% FA-free BSA with 0.2 μCi/ml of D-[U-
14C] glucose. At the end of the incubation, the samples were digested
in 1 M KOH and 100 μl of a solution by titrating the pH to 4.8 and 500
μl of acetate buffer (containing 0.5 mg/ml amyloglucosidase). After
overnight hydrolyzation of the glycogen, the solution was neutralized
and added 1 ml of TRA buffer (TRA 0.3 M, MgSO4 4.05 mM, KOH 1
N, pH 7.5, with hexokinase/glucose-6-phosphate dehydrogenase 250
U/ml, ATP 1 mM and NADP 0.9 mM) to convert glycogen to
glycosylic units followed by enzymatic determination of glycosylic
units and absorbance was read at 340 nM wavelength with the use of a
glucose standard and normalized against both the free glucose sample
controls and sample weight [18].

Statistical analysis
Data were expressed as mean and standard error of the mean and

analysed statistically using one-way analysis of variance (ANOVA)
followed by the Tukey test. The level of significance was set at 5%
(p<0.05). The Statistical Package for the Social Sciences (SPSS®) 17.0 for
Windows software was used for data analysis.

Results
Animals showed no side effects in eating up all the food, either

supplemented or not, they were provided. Two mice supplemented
with Celergen, developed a severe skin rash in one case and another
some loose stools and fatigue.

Body weight, food intake, muscle weight and body
composition
There was no significant difference in body weight between groups

at baseline. Both aged groups showed no significant variation of their
bodyweights over the course of the study (data not shown).

Redox measurement in gastrocnemius in sedentary and
exercised animals without and with supplementation

Redox analysis of gastrocnemius showed that physical exercise in
unsupplemented animals brought about a significant elevation of
TBARs (Figure 1, p<0.05 vs baseline) which was paralleled by an

inversely (r: -073, p<0.05) related decrease of SOD and GPx Figures 2
and 3 p<0.05 vs baseline). Same data were obtained in fish collagen-
supplemented group, whereas the group supplemented with GPT-2218,
showed no change in SOD and a lower increase of TBARs (p<0.05 vs
fish collagen). While one week later, the whole redox panel (p<0.05 vs
post-exercise) in GPT-2218 treated group, fish collagen
supplementation did not provide any significant biochemical benefit
(fish-collagen supplemented values: ns).

Figure 1: TBARs concentration in gastrocnemius: effect of
GPT-2218
*p<0.05 vs baseline of all groups. **p<0.05 vs same timing testing in
all other groups.

Figure 2: SOD concentration in gastrocnemius: Effect of GPT-2218
*p<0.05 vs baseline of all groups; § p<0.05 vs same timing in C
group and vs values recorded immediately after exercise in A group.
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Figure 3: GPX concentration in gastrocnemius: effect of GPT-2218
*p<0.05 vs baseline of all groups; **p<0.05 vs same timing recorded
in C group.

Modification of inflammatory/anti-inflammatory tissue level
As for the pro/anti-inflammatory panel, irrespective of the training

and supplementation, the immediate post-exercise assessment showed
a statistically significant decrease of IL-10 and increase of IL-beta
(Figures 4 and 5, p<0.01 vs baseline). However, while what observed in
the unsupplemented group and in the one fed fish collagen which after
one week were still significantly abnormal (p<0.05 vs baseline), the
group fed GPT-2218, showed a virtual recover to pre-exercise values
(p<0.01 vs post-exercise values in unsupplemented and in fish collagen
supplemented).

Figure 4: IL-10 concentration in skeletal muscle under training:
effect of GPT-2218
*p<0.05 vs baseline of all groups; **p<0.05 vs same timing in all
groups.

Figure 5: IL-1β concentration in skeletal muscle under training:
effect of GPT-2218
*p<0.05 vs baseline of all groups; **p<0.05 vs same timing in all
groups.

Muscle strength assessment
The analysis of forelimb strength variations during supplementation

with or without physical exercise showed that training per se’, within
the short observation period significantly changed this parameter
(Figure 6, p<0.05 vs baseline and vs sedentary group). The
supplementeation with GPT-2218, but not the one with fish collagen,
when associated to training significantly further enhanced the
muscular performance (p<0.01 vs baseline and p<0.05
unsupplemented trained group and fish collagen-supplemented
trained group).

Figure 6: Effect of GPT-2218 on forelimb grip strength
*p<0.05 vs baseline of all groups; **p<0.05 vs same timing in all
groups.

Effect of GPT-2218 on hepatic and muscular glycogen levels
As shown in Figures 7 and 8, hepatic and muscular glycogen levels

was not affected in sedentary animals, irrespective of the
supplementation (Figures 7 and 8). However, unsupplemented
animals, soon after training had a significant decreased concentration
(p<0.05 vs baseline) with an uncomplete but not significant recovery of
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hepatic glycogen level but a significant drop in the muscular
compartment (p<0.05 vs baseline) when tested 2 h afterwards. On the
contrary, mice supplemented with GTP-2218, had a not significant
decrease at the end of the exercise and 2 h later there was a significant
recovery (p<0.05 vs immediate post-exercise value and vs sedentary
value). When analysing the level of glycogen concentration in the
gastrocnemius 2 h after the training session, GST-2218 supplemented
mice showed a significant, albeit incomplete, recovery (p<0.05 vs
sedentary and vs fish collagen-supplemented group) [19]. Overall, the
fish collagen-peptide supplementation was ineffective to modify the
above parameters, its data virtually mirroring the ones of
unsupplemented group.

Figure 7: Hepatic glycogen concentration effect of GPT-2218
*p<0.05 vs baseline of all groups; **p<0.05 vs same timing in all
groups.

Figure 8: Glycogen concentration in gastrocnemius: effect of
GPT-2218
*p<0.05 vs baseline of all groups; § p<0.03 vs values recorded
immediately after exercise; *p<0.05 vs same timing in all groups.

Maximal oxygen uptake
Within the short training protocol, exercise per se did not bring any

significant increase of this value in the unsupplemented groups (Figure
9). The supplementation of fish collagen-peptide was similarly
ineffective, while GPT-2218 enabled a significant improvement of this

value of about 10% (p<0.01 vs baseline, sedendary and fish collagen-
supplemented group).

Figure 9: Effect of GPT-2218 on Maximal Oxygen Uptake
*p<0.01 vs baseline and other ecording time in all groups.

Conclusion
The ability to perform muscular work is critical for maintaining

health and performing activities of daily living and the reduction of
muscle mass and its functional ability to exert workload during ageing
is one of the main factors causing frailty in the elderly [20]. It is
reported that, from the age of 60, there is an acceleration of muscle
mass loss averaging 2% annually [19]. Moreover this phenomenon is
paralleled by a concomitant muscle strength decay estimated at 3%
yearly [21]. Such progression of sarcopenia is affected by changes such
as modified lifestyle habits, reduction in anabolism, increased low-
grade inflammation and altered redox balance, all conjuring up for a
significant muscle catabolism [22,23]. From an anatomic viewpoint,
this is mirrored by a reduction in total muscle cross-sectional area of
nearly 40% between 20 and 60 years of age [24]. Being the main source
of adenosine triphosphate, glycogen is the major secondary form of
long-term energy storage and its tissue levels are reliable markers of
workload-related expenditure [25]. Indeed, it can be quickly mobilized
to meet a sudden need for blood glucose during exercise [26] and its
depletion when performing long-lasting intensive exercises, may lead
to severe exhaustion. If such phenomena progresses to a constant
further consumption of blood glucose, the liver glycogen, is debulked
by glucagon to glucose and lactate builds up causing considerable
fatigue [27]. Collagen peptides are gaining a growing interest in the
medical field. As a matter of fact, collagen is the most common protein
of the extracellular matrix and it beneficially affects skeletal muscle, by
supporting tensile strength and elasticity [28]. Unlike what shown for
muscle mass, the synthesis rate of collagen in skeletal muscle is known
to decay about tenfold already from 1 to 24 months of age [29].
Moreover, its apparent age-related increase is indeed due to a defective
resorption rather than a true neo-collagen synthesis, thus invariably
bringing to a detrimental effect on the overall muscle physiology [30].
Only very recently has been convincingly reported by Zdzieblik et al.
[16] that a specific quantitative collagen peptide supplementation
could exert favourable body composition changes in elderly subjects
and, namely, on muscle mass when undergoing a rationale and
physically affordable exercise training. This prompted us to further
deepen the our study by using a complex formula either using this
collagen peptide and further endowed with a mixture of selected
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amino acids, vitamins, minerals and trace elements (GPT-2218). Our
results showed that this intervention exerted significant benefits on all
parameters tested unlike and well beyond any generic fish collagen
peptide-antioxidant formula. As for antioxidant protection exerted by
GPT-2218, one can refer to the radical scavenging property of its
peptide moieties potentiated by the presence of specific amino acids
within its sequence. Indeed, they may hand over protons to electron-
deficient radicals, such as it has been shown primarily for Tyr, Trp and
Met, and, to a lesser extent, also by Phe, Cys and His [31-33]. The
failure of the antioxidants component (lutein, resveratrol, coenzyme
Q10 and selenium) of the generic, albeit much stamina-endowing
claimed, fish collagen-peptide to bring about any traceable redox effect
can be ascribed to its likely poor bioavailability or defective inner
titre). The same doubts can be casted as for the uneffective anti-
inflammatory action of this fish collagen mixture whereas, on the
contrary, GPT-2218 showed a significant beneficial modulation of pro/
anti-inflammatory cytokines. It is likely that, an efficient antioxidant
activity of GPT-2218, enabled a reduced catabolic cytokine release and
a faster anti-inflammatory cytokine counterbalancing recovery.
Furthermore, it is known that peripherally generated ROS can move
across the cell membrane of myocyte bringing about a dysregulaion of
systemic redox balance as a whole. In this respect, as main organ in
metabolic homeostasis, the liver is significantly affected by ROS during
and after physical exercise [34,35]. Although we do not have data taken
during the endurance exercise training period, one can envisage that.
Given the moderate magnitude and duration causing a likely limited
exercise-associated ROS generation, this may have triggered redox-
sensitive signalling [36] with beneficial preconditioning phenotype
effect of GPT-2218 [37,38]. If so, this can help explaining also the
observed trend higher immediate post-exercise values of hepatic and
muscular glycogen stores when compared to their sedentary
counterpart. Again, this trend did not appear when the generic fish
collagen peptide complex was used.

All the above biochemical modulations can be advocated to be
among the factors explaining the significant physical performance
improvement in GPT-2218-supplemented mice either as pure strength
output and better aerobic capacity developed while tested by intensive
exercise. Besides the already mentioned importance to buffer the
exercise-induced increase of ATP demands burdening mitochondrial
electron transport chains, other beneficial factors especially in aging
[39] are the robust anti-atrophic effect of leucine, independent of its
conversion to HMB, as shown in the immobilization model of
sarcopenia [40] and suppress protein breakdown in the body [41,42]. A
further beneficial component of GPT-2218 is HMB which has been
reported to stimulate protein synthesis via activation of mammalian
target of rapamycin pathway [43]. Moreover HMB is capable to
mitigate protein degradation via, firstly, inhibition of ubiquitin
proteasome pathway as well as inhibiting proapoptotic mechanisms in
catabolic states [44]. Although we did not analyse the detailed
enzymatic machinery of collagen synthesis, our data hold some
interesting when considering that a recent study with green tea extract
failed to exert a significant glycogen replenishment effect [45]. Overall,
although these data come from an experimental setting, are worth of
interest in clinics especially when considering the limiting age-factor in
maintaining a proper muscle structure and lower responsiveness to
training [46-49].

References
1. Greenhaf PL (2006) The molecular physiology of human limb

immobilization and rehabilitation. Exerc Sport Sci Rev 34: 159-163.

2. Tanner RE, Brunker LB, Agergaard J, Barrows KM, Briggs RA, et al.
(2015) Age-related differences in lean mass, protein synthesis and skeletal
muscle markers of proteolysis after bed rest and exercise rehabilitation. J
Physiol 593: 4259-4273.

3. Greig C, Gray C, Rankin D, Young A, Mann V, et al. (2011) Blunting of
adaptive responses to resistance exercise training in women over 75 y.
Exp Gerontol 46: 884-890.

4. Jee H, Kim JH (2017) A mini-overview of single muscle fibre mechanics:
the effects of age, inactivity and exercise in animals and humans. Swiss
Med Wkly 147: w14488.

5. Gafner SC, Bastiaenen CH, Ferrari S, Gold G, Terrier P, et al. (2017) Hip
muscle and hand-grip strength to differentiate between older fallers and
non-fallers: a cross-sectional validity study. Clin Interv Aging 13: 1-8.

6. Bouzid MA, Filaire E, Matran R, Robin S, Fabre C (2018) Lifelong
Voluntary Exercise Modulates Age-Related Changes in Oxidative Stress.
Int J Sports Med 39: 21-28.

7. Kumar V, Selby A, Rankin D, Patel R, Atherton P, et al. (2008) Age-related
differences in dose response of muscle protein synthesis to resistance
exercise in young and old men. J Physiol 587: 211-217.

8. Da Boit M, Sibson R, Sivasubramaniam S, Meakin JR, Greig CA, et al.
(2017) Sex differences in the effect of fish-oil supplementation on the
adaptive response to resistance exercise training in older people: a
randomized controlled trial. Am J Clin Nutr 105: 151-158.

9. Churchward-Venne TA, Tieland M, Verdijk LB, Leenders M, Dirks ML, et
al. (2015) There Are No Nonresponders to Resistance-Type Exercise
Training in Older Men and Women. J Am Med Dir Assoc 16: 400-411.

10. Arroyo E, Wells AJ, Gordon JA 3rd, Varanoske AN, Gepner Y, et al.
(2017) Tumor necrosis factor-alpha and soluble TNF-alpha receptor
responses in young vs. middle-aged males following eccentric exercise.
Exp Gerontol 100: 28-35.

11. Dalle S, Rossmeislova L, Koppo K (2017) The Role of Inflammation in
Age-Related Sarcopenia. Front Physiol 8: 1045.

12. Crozier SJ, Kimball SR, Emmert SW, Anthony JC, Jefferson LS (2005)
Oral leucine administration stimulates protein synthesis in rat skeletal
muscle. J Nutr 135: 376-382.

13. Frost RA, Lang CH (2011) mTorsignaling in skeletal muscle during sepsis
and inflammation: where does it all go wrong? Physiology (Bethesda) 26:
83-96.

14. Wilkinson DJ, Hossain T, Hill DS, Phillips BE, Crossland H, et al. (2013)
Effects of leucine and itsmetabolite β-hydroxy-β-methylbutyrate on
human skeletal muscle protein metabolism. J Physiol 591: 2911-2923.

15. Komar B, Schwingshackl L, Hoffmann G (2015) Effects of leucine-rich
protein supplements on anthropometric parameter and muscle strength
in the elderly: a systematic review and meta-analysis. J Nutr Health Aging
19: 437-446.

16. Zdzieblik D, Oesser S, Baumstark MW, Gollhofer A, König D (2015)
Collagen peptide supplementation in combination with resistance
training improves body composition and increases muscle strength in
elderly sarcopenic men: a randomised controlled trial. Br J Nutr 114:
1237-1245.

17. Draper HH, Squires EJ, Mahmoodi H, Wu J, Agarwal S, et al. (1993) A
comparative evaluation of thiobarbituric acid methods for the
determination of malondialdehyde in biological materials. Free Radic
Biol Med 15: 353-363.

18. Zhang P (2012) Analysis of Mouse Liver Glycogen Content. Bio-protocol
2: e186.

19. Tomé D (2017) Muscle Protein Synthesis and Muscle Mass in Healthy
Older Men. J Nutr 147: 2209-2211.

20. Pérez-López FR, Ara I (2016) Fragility fracture risk and skeletal muscle
function. Climacteric 19: 37-41.

21. Van Ancum JM, Scheerman K, Jonkman NH, Smeenk HE, Kruizinga RC,
et al. (2017) Change in muscle strength and muscle mass in older
hospitalized patients: A systematic review and meta-analysis. Exp
Gerontol 92: 34-41.

Citation: Makida Y, He F, Mohania D, Kumar N, Naito Y, et al. (2018) An Enriched Collagen Peptide Formula but not Fish Collagen Improves
Exercise Performance and Metabolic Status in Old Mice. Metabolomics (Los Angels) 8: 198. doi:10.4172/2153-0769.1000198

Page 6 of 7

Metabolomics (Los Angels), an open access journal
ISSN: 2153-0769

Volume 8 • Issue 1 • 1000198

https://doi.org/10.1249/01.jes.0000240017.99877.8a
https://doi.org/10.1249/01.jes.0000240017.99877.8a
https://doi.org/10.1113/jp270699
https://doi.org/10.1113/jp270699
https://doi.org/10.1113/jp270699
https://doi.org/10.1113/jp270699
https://doi.org/10.1016/j.exger.2011.07.010
https://doi.org/10.1016/j.exger.2011.07.010
https://doi.org/10.1016/j.exger.2011.07.010
https://doi.org/10.4414/smw.2017.14488
https://doi.org/10.4414/smw.2017.14488
https://doi.org/10.4414/smw.2017.14488
https://doi.org/10.2147/cia.s146834
https://doi.org/10.2147/cia.s146834
https://doi.org/10.2147/cia.s146834
https://doi.org/10.1055/s-0043-119882
https://doi.org/10.1055/s-0043-119882
https://doi.org/10.1055/s-0043-119882
https://doi.org/10.1113/jphysiol.2008.164483
https://doi.org/10.1113/jphysiol.2008.164483
https://doi.org/10.1113/jphysiol.2008.164483
https://doi.org/10.3945/ajcn.116.140780
https://doi.org/10.3945/ajcn.116.140780
https://doi.org/10.3945/ajcn.116.140780
https://doi.org/10.3945/ajcn.116.140780
https://doi.org/10.1016/j.jamda.2015.01.071
https://doi.org/10.1016/j.jamda.2015.01.071
https://doi.org/10.1016/j.jamda.2015.01.071
https://doi.org/10.1016/j.exger.2017.10.012
https://doi.org/10.1016/j.exger.2017.10.012
https://doi.org/10.1016/j.exger.2017.10.012
https://doi.org/10.1016/j.exger.2017.10.012
https://doi.org/10.3389/fphys.2017.01045
https://doi.org/10.3389/fphys.2017.01045
https://doi.org/10.1093/jn/135.3.376
https://doi.org/10.1093/jn/135.3.376
https://doi.org/10.1093/jn/135.3.376
https://doi.org/10.1152/physiol.00044.2010
https://doi.org/10.1152/physiol.00044.2010
https://doi.org/10.1152/physiol.00044.2010
https://doi.org/10.1113/jphysiol.2013.253203
https://doi.org/10.1113/jphysiol.2013.253203
https://doi.org/10.1113/jphysiol.2013.253203
https://doi.org/10.1007/s12603-014-0559-4
https://doi.org/10.1007/s12603-014-0559-4
https://doi.org/10.1007/s12603-014-0559-4
https://doi.org/10.1007/s12603-014-0559-4
https://doi.org/10.1017/s0007114515002810
https://doi.org/10.1017/s0007114515002810
https://doi.org/10.1017/s0007114515002810
https://doi.org/10.1017/s0007114515002810
https://doi.org/10.1017/s0007114515002810
https://doi.org/10.1016/0891-5849(93)90035-s
https://doi.org/10.1016/0891-5849(93)90035-s
https://doi.org/10.1016/0891-5849(93)90035-s
https://doi.org/10.1016/0891-5849(93)90035-s
https://doi.org/10.21769/bioprotoc.186
https://doi.org/10.21769/bioprotoc.186
https://doi.org/10.3945/jn.117.263491
https://doi.org/10.3945/jn.117.263491
https://doi.org/10.3109/13697137.2015.1115261
https://doi.org/10.3109/13697137.2015.1115261
https://doi.org/10.1016/j.exger.2017.03.006
https://doi.org/10.1016/j.exger.2017.03.006
https://doi.org/10.1016/j.exger.2017.03.006
https://doi.org/10.1016/j.exger.2017.03.006


22. Scott D, Daly RM, Sanders KM, Ebeling PR (2015) Fall and Fracture Risk
in Sarcopenia and Dynapenia With and Without Obesity: the Role of
Lifestyle Interventions. Curr Osteoporos Rep 13: 235-244.

23. Waters DL, Baumgartner RN, Garry PJ, Vellas B (2010) Advantages of
dietary, exercise-related, and therapeutic interventions to prevent and
treat sarcopenia in adult patients: an update. Clin Interv Aging 7:
259-270.

24. Nedergaard A, Henriksen K, Karsdal MA, Christiansen C (2013)
Musculoskeletal ageing and primary prevention. Best Pract Res Clin
Obstet Gynaecol 27: 673-688.

25. Greene J, Louis J, Korostynska O, Mason A (2017) State-of-the-Art
Methods for Skeletal Muscle Glycogen Analysis in Athletes-The Need for
Novel Non-Invasive Techniques. Biosensors (Basel) 7: 11.

26. Ørtenblad N, Westerblad H, Nielsen J (2013) Muscle glycogen stores and
fatigue. J Physiol 591: 4405-4413.

27. Vanhatalo A, Rossiter HB, Jones AM (2016) Critical Power: An Important
Fatigue Threshold in Exercise Physiology. Poole DC, Burnley M, Med Sci
Sports Exerc 48: 2320-2334.

28. Stemmerik MG, Madsen KL, Laforêt P, Buch AE, Vissing J (2017) Muscle
glycogen synthesis and breakdown are both impaired in glycogenin-1
deficiency. Neurology 89: 2491-2494.

29. Magnusson SP, Heinemeier KM, Kjaer M (2016) Collagen Homeostasis
and Metabolism. Adv Exp Med Biol 920: 11-25.

30. Parker L, Caldow MK, Watts R, Levinger P, Cameron-Smith D, et al.
(2017) Age and sex differences in human skeletal muscle fibrosis markers
and transforming growth factor-β signaling. Eur J Appl Physiol 117:
1463-1472.

31. Wada Y, Takeda Y, Kuwahata M (2017) Potential Role of Amino Acid/
Protein Nutrition and Exercise in Serum Albumin Redox State. Nutrients
10: 17.

32. Dávalos A, Miguel M, Bartolomé B, López-Fandiño R (2004) Antioxidant
activity of peptides derived from egg white proteins by enzymatic
hydrolysis. J Food Protection 67: 1939-1944.

33. Suetsuna K, Ukeda H, Ochi H (2000) Isolation and characterization of
free radical scavenging activities of peptides derived from casein. J Nutr
Biochem 11: 128-131.

34. Navarro-Arevalo A, Sanchez-del-Pino MJ (1998) Age and exercise-
related changes in lipid peroxidation and superoxide dismutase activity in
liver and soleus muscle tissues of rats. Mech Ageing Dev 104: 91-102.

35. Ogono vs zky H, Sasvári M, Dosek A, Berkes I, Kaneko T, et al. (2005)
The effects of moderate, strenuous, and overtraining on oxidative stress
markers and DNA repair in rat liver. Can J Appl Physiol 30: 186-195.

36. Jackson MJ (2011) Control of reactive oxygen species production in
contracting skeletal muscle. Antioxid Redox Signal 15: 2477-2486.

37. McArdle F, Spiers S, Aldemir H, Vasilaki A, Beaver A, et al. (2004)
Preconditioning of skeletal muscle against contraction-induced damage:
The role of adaptations to oxidants in mice. Physiol 561(Pt 1): 233-244.

38. Mahoney DJ, Parise G, Melov S, Safdar A, Tarnopolsky MA (2005)
Analysis of global mRNA expression in human skeletal muscle during
recovery from endurance exercise. FASEB J 19: 1498-1500.

39. Vasilaki A, Mansouri A, van Remmen H, van der Meulen JH, Larkin L, et
al. (2006) Free radical generation by skeletal muscle of adult and old mice:
Effect of contractile activity. Aging Cell 5: 109-117.

40. Nair KS, Schwartz RG, Welle S (1992) Leucine as a regulator of whole
body and skeletal muscle protein metabolism in humans. Am J Physiol
Endocrinol Metab 263: E928-E934.

41. Nakashima K, Ishida A, Yamazaki M, Abe H (2005) Leucine suppresses
myofibrillar proteolysis by down-regulating ubiquitin-proteasome
pathway in chick skeletal muscles. Biochem Biophys Res Commun 336:
660-666.

42. Zanchi NE, Nicastro H, Lancha AH Jr (2008) Potential antiproteolytic
effects of L-leucine: observations of in vitro and in vivo studies. Nutr
Metab (Lond) 5: 20-25.

43. Eley HL, Russell ST, Baxter JH, Mukerji P, Tisdale MJ (2007) Signaling
pathways initiated by beta-hydroxy-betamethylbutyrate to attenuate the
depression of protein synthesis in skeletal muscle in response to cachectic
stimuli. Am J Physiol Endocrinol Metab 293: E923-E931.

44. Fitschen PJ, Wilson GJ, Wilson JM, Wilund KR (2013) Efficacy of beta-
hydroxy-beta-methylbutyrate supplementation in elderly and clinical
populations. Nutrition 29: 29-36.

45. Tsai TW, Chang CC, Liao SF, Liao YH, Hou CW, et al. (2017) Effect of
green tea extract supplementation on glycogen replenishment in
exercised human skeletal muscle. Br J Nutr 117: 1343-1350.

46. Drummond MJ, Dreyer HC, Pennings B, Fry CS, Dhanani S, et al. (2008)
Skeletal muscle protein anabolic response to resistance exercise and
essential amino acids is delayed with aging. J Appl Physiol 104:
1452-1461.

47. Mikkelsen UR, Agergaard J, Couppé C, Grosset JF, Karlsen A, et al. (2017)
Skeletal muscle morphology and regulatory signalling in endurance-
trained and sedentary individuals: The influence of ageing. Exp Gerontol
93: 54-67.

48. Francaux M, Demeulder B, Naslain D, Fortin R, Lutz O, et al. (2016)
Aging Reduces the Activation of the mTORC1 Pathway after Resistance
Exercise and Protein Intake in Human Skeletal Muscle: Potential Role of
REDD1 and Impaired Anabolic Sensitivity. Nutrients 8: 47.

49. Baptista IL, Silva WJ, Artioli GG, Guilherme JPLF, Leal ML, et al. (2013)
Leucine and HMB Differentially Modulate Proteasome System in Skeletal
Muscle under Different Sarcopenic Conditions. PLoS ONE 8: e76752.

 

Citation: Makida Y, He F, Mohania D, Kumar N, Naito Y, et al. (2018) An Enriched Collagen Peptide Formula but not Fish Collagen Improves
Exercise Performance and Metabolic Status in Old Mice. Metabolomics (Los Angels) 8: 198. doi:10.4172/2153-0769.1000198

Page 7 of 7

Metabolomics (Los Angels), an open access journal
ISSN: 2153-0769

Volume 8 • Issue 1 • 1000198

https://doi.org/10.1007/s11914-015-0274-z
https://doi.org/10.1007/s11914-015-0274-z
https://doi.org/10.1007/s11914-015-0274-z
https://doi.org/10.2147/cia.s6920
https://doi.org/10.2147/cia.s6920
https://doi.org/10.2147/cia.s6920
https://doi.org/10.2147/cia.s6920
https://doi.org/10.1016/j.bpobgyn.2013.06.001
https://doi.org/10.1016/j.bpobgyn.2013.06.001
https://doi.org/10.1016/j.bpobgyn.2013.06.001
https://doi.org/10.3390/bios7010011
https://doi.org/10.3390/bios7010011
https://doi.org/10.3390/bios7010011
https://doi.org/10.1113/jphysiol.2013.251629
https://doi.org/10.1113/jphysiol.2013.251629
https://doi.org/10.1249/mss.0000000000000939
https://doi.org/10.1249/mss.0000000000000939
https://doi.org/10.1249/mss.0000000000000939
https://doi.org/10.1212/wnl.0000000000004752
https://doi.org/10.1212/wnl.0000000000004752
https://doi.org/10.1212/wnl.0000000000004752
https://doi.org/10.1007/978-3-319-33943-6_2
https://doi.org/10.1007/978-3-319-33943-6_2
https://doi.org/10.1007/s00421-017-3639-4
https://doi.org/10.1007/s00421-017-3639-4
https://doi.org/10.1007/s00421-017-3639-4
https://doi.org/10.1007/s00421-017-3639-4
https://doi.org/10.3390/nu10010017
https://doi.org/10.3390/nu10010017
https://doi.org/10.3390/nu10010017
https://doi.org/10.4315/0362-028x-67.9.1939
https://doi.org/10.4315/0362-028x-67.9.1939
https://doi.org/10.4315/0362-028x-67.9.1939
https://doi.org/10.1016/s0955-2863(99)00083-2
https://doi.org/10.1016/s0955-2863(99)00083-2
https://doi.org/10.1016/s0955-2863(99)00083-2
https://doi.org/10.1016/s0047-6374(98)00061-x
https://doi.org/10.1016/s0047-6374(98)00061-x
https://doi.org/10.1016/s0047-6374(98)00061-x
https://doi.org/10.1139/h05-114
https://doi.org/10.1139/h05-114
https://doi.org/10.1139/h05-114
https://doi.org/10.1089/ars.2011.3976
https://doi.org/10.1089/ars.2011.3976
https://doi.org/10.1113/jphysiol.2004.069914
https://doi.org/10.1113/jphysiol.2004.069914
https://doi.org/10.1113/jphysiol.2004.069914
https://doi.org/10.1096/fj.04-3149fje
https://doi.org/10.1096/fj.04-3149fje
https://doi.org/10.1096/fj.04-3149fje
https://doi.org/10.1111/j.1474-9726.2006.00198.x
https://doi.org/10.1111/j.1474-9726.2006.00198.x
https://doi.org/10.1111/j.1474-9726.2006.00198.x
https://doi.org/10.1152/ajpendo.1992.263.5.e928
https://doi.org/10.1152/ajpendo.1992.263.5.e928
https://doi.org/10.1152/ajpendo.1992.263.5.e928
https://doi.org/10.1016/j.bbrc.2005.08.138
https://doi.org/10.1016/j.bbrc.2005.08.138
https://doi.org/10.1016/j.bbrc.2005.08.138
https://doi.org/10.1016/j.bbrc.2005.08.138
https://doi.org/10.1186/1743-7075-5-20
https://doi.org/10.1186/1743-7075-5-20
https://doi.org/10.1186/1743-7075-5-20
https://doi.org/10.1152/ajpendo.00314.2007
https://doi.org/10.1152/ajpendo.00314.2007
https://doi.org/10.1152/ajpendo.00314.2007
https://doi.org/10.1152/ajpendo.00314.2007
https://doi.org/10.1016/j.nut.2012.05.005
https://doi.org/10.1016/j.nut.2012.05.005
https://doi.org/10.1016/j.nut.2012.05.005
https://doi.org/10.1017/s0007114517001374
https://doi.org/10.1017/s0007114517001374
https://doi.org/10.1017/s0007114517001374
https://doi.org/10.1152/japplphysiol.00021.2008
https://doi.org/10.1152/japplphysiol.00021.2008
https://doi.org/10.1152/japplphysiol.00021.2008
https://doi.org/10.1152/japplphysiol.00021.2008
https://doi.org/10.1016/j.exger.2017.04.001
https://doi.org/10.1016/j.exger.2017.04.001
https://doi.org/10.1016/j.exger.2017.04.001
https://doi.org/10.1016/j.exger.2017.04.001
https://doi.org/10.3390/nu8010047
https://doi.org/10.3390/nu8010047
https://doi.org/10.3390/nu8010047
https://doi.org/10.3390/nu8010047
https://doi.org/10.1371/journal.pone.0076752
https://doi.org/10.1371/journal.pone.0076752
https://doi.org/10.1371/journal.pone.0076752

	Contents
	An Enriched Collagen Peptide Formula but not Fish Collagen Improves Exercise Performance and Metabolic Status in Old Mice
	Abstract
	Keywords:
	Introduction
	Materials and Methods
	Experimental animals, handling and supplementation
	Exercise and monitoring (energy metabolism) method
	Parameters tested
	Blood biochemistry and haematology
	Tissue sampling and analysis (at baseline, end of exercise and 2 h later)

	Glycogen analysis at muscular and liver tissue level
	Statistical analysis

	Results
	Body weight, food intake, muscle weight and body composition
	Redox measurement in gastrocnemius in sedentary and exercised animals without and with supplementation
	Modification of inflammatory/anti-inflammatory tissue level
	Muscle strength assessment
	Effect of GPT-2218 on hepatic and muscular glycogen levels
	Maximal oxygen uptake

	Conclusion
	References


