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Research on the effects of milk-derived peptides on bone and cartilage growth

Masahiro Yamada
March 2024

1. Introduction

The “bones” serve as a foundation for a child's
hundred-year life, and it is crucial to nurture bone
health during early childhood to prevent future issues
such as fractures, osteoporosis, lower back pain, and
bunions. Additionally, fostering bone development,
which forms the basis for dental health, contributes to
achieving well-aligned teeth. However, there is a
current trend of declining bone density in children,
leading to increased rates of bone fractures,
insufficient permanent teeth, and enamel hypoplasia.
Therefore, we focused on the growth period, which is
the foundation of body building and the key to
supporting healthy body building, and conducted
research on the effects of supplementation with “milk-
derived peptides”, which are a new peptide material
derived from milk protein, on bones during the growth
period. We believed that if we could demonstrate that
“milk-derived peptides” have the ability to promote
ossification during growth and promote the growth of
individuals, it could be useful for the bone health of
people all over the world, especially children.

2. Experimental

There is a research report that examined the effects
on bones of zebrafish by administering Lactobacillus
rhamnosus, a component of the human gut microflora
[1]. Using this research report as a reference, we
administered “Milk-Derived Peptides” to zebrafish
larvae, a model for the growth period and the effects
on bone formation and growth were examined through
double staining with Alcian Blue and Alizarin Red [2]
as well as expression analysis of relevant genes.

100 juvenile zebrafish on the second day after
fertilization were transferred to a case containing 250
mL of breeding water, and administration of milk-
derived peptides at concentrations of 0 (Control), 0.3,
I, 3, 10, and 33 pg/mL were started, and the
continuous experiment was conducted for a period of
21 days. After 21 days of administration, double
staining with Alcian blue and alizarin red [2] was
conducted, and standard-length measurements were
taken. Analysis of Alizarin Red staining intensity was
performed using ImageJ based on the obtained bone
staining images (in red). Additionally, the expression
levels of marker genes for osteoblasts and
chondrocytes in zebrafish were analyzed using real-
time PCR at 14 and 21 days after the start of
administration.

3. Results and Discussion

From the results of double staining with Alcian
Blue and Alizarin Red and the amount of alizarin red
staining using ImageJ from the obtained bone staining
image (red), compared to the control, zebrafish
administered with milk-derived peptides had better
bone formation. It was observed that the formation
was promoted. Furthermore, the results of body length
measurements  (standard-length)  showed that
zebrafish treated with milk-derived peptides tended to
grow taller than controls. In addition, the best values
were obtained in zebrafish treated with milk-derived
peptides at 3 pg/mL, so it is deemed necessary to
investigate whether 3 pg/mL is the optimal
concentration for promoting bone formation and
growth in future studies.

The results of gene expression analysis focusing on
osteoblast and chondrocyte markers showed a slight
increase in the gene expression of osteoblasts and
chondrocytes in zebrafish administered with milk-
derived peptides compared to the control. However,
since almost no significant results were obtained, we
thought it necessary to repeat the experiment.

4. Conclusions

From the findings of this study, it has been
identified that supplementation with milk-derived
peptides has the potential to promote bone formation
and growth. In the future, we will study the dose
response of milk-derived peptides, re-experiment gene
expression analysis focusing on osteoblast and
chondrocyte markers, and study the differentiation
effects on osteoblasts through the administration of
milk-derived peptides using MC3T3-E1 cells.
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Relative mgp mRNA expression levels
o
N

o

1.2

o o
o )

(Normalized by actb)
[=]
S

Relative mgp mRNA expression levels

X 10

%k %k

Control 3ug/mL 10pg/mL 33ug/mL
SIWIRRRTFRIZSEE

| 3ug/mL 10pg/mL
SIVIBRARTF NG5 EE

(a) 16dpf, (b)23dpf DET 77 4 v/ =D mgp @ mRNA FEHL L~ L

ZHkp<0.05 , *kp<0.01
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FFTEIXT, 86, YOI EER T Tod 5 runx2a |3 Control & HEEZ L,
23dpf DI NIRRT F K33 ug/nlL 5 LI-ET T 7 4 vy 2BV TRIENSHE
ZHML TR Y, R Y oE MM EIRER T T % spT (2B L Tid 16dpf @ I v
THRKSTF R3pug/ml KR 10pg/mlL &5 LIZET T 7 4 v allB W TRRENAE
WCHIML Tz, TNHDZ &b, WIoEH Ml 0Mb & BRI ET 5
runx2a, sp7 D956, INTHRSNTF RELELIZET T 7 1 v 21280 T spl B
runx2a ([ZHE > TRE S HILL, F D% runx2a OFRBENBRKE 725 LWV D T THEIZEN
TREL TWDERTF R R LN Z EnbroT,

WIZE 9 s, FEHDO~—H—"Td 5D bglap I& Control &L, 23dpf & I /L7 ik
NRTFR3Bug/mLHE LT T 7 4 vy 2B CREENEEICEML T, &
D EMD, REEBIC S CINT BHRXTF REL LIZET T 7 1 v v a O EE
MEMULT=Z EMBZBD,

WIZK 10 2206, REO~—H—Tod 5 mgp (% Control &L, 16dpf (BT IV
HR~_TF RF3ug/ml L33 ug/mLBHLIZET T 7 4 v allBWTHBEENAREIC
WML CWz, ZDZ b, EOPHIEBETIN I BRNTF FEELTZET T 7 4
YV a DSFPEE BRI LT 2 EREZ Bhb,

£, FOMla~—A—Th-o-Th, FEDRE, FOEMTH-TH, Control &
WL CINT BT F REL LB T T 7 4 v v a O PEBEFRANKE L2,
NI HRARTTF REEIZ L o THEHFM & OE M @i o808 Reons 2 & %
e LTWen, EOX%EZRTY Control &G L TRELEND FR> TLESTZHDON
W OH Y, BN - eERila~ — b — &2l & L7eEIE BT ISR L CI3a &
IRRERDIF O Do T, BRI U THEIORERDE L WO EHERT 5720, £lonv A
F—E U T BIET acth IZBWTT —Z DONRTOEXPE LTV ez, HERPMNET &
EZTW5D,
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3-4. T DAMDEFERRIZIT SR

EAOEGHERTIX, 0(control), 100, 300 u g/mL DILEETIT-> Tz, LinL, T
OOREIZEEIBARIIZSDET T 7 4 v vadE LT LEVHEEPMRHTLE
DT ENbhoT, £IT, REAZ/NSS LTRERBREZIT T,

ROBEFABRTIE, 0~33 u g/mL DL TRIAL AR 8~20 A L TG 21T
72y, ERGEIC K DB « BIEEAVDOERNEL, T—FDONTOENRKREL 2o
TLEW, IVTHRATF ROKREIZE > THEA « BREMEET D rTREMEA R E 72
LLTH, ABREDH LT —FRELNRNoT, £2T, EECZLDLT—ZD/NTD
Ea/NSLT DD, INVTHRSTTF FEE0O 21 A M OfEGERER O 51T DO FE AN
Beh4% 14 A H (16dpf) (1B SNVERDT-Z & 925, 16dpf 725 L7 RATF REER
BraBiia L, 23dpf £ TO 1 EMOMERER &V O B THREMIM 28 < L TT272, L
L, 7=FONRTOXNEL RS, FEEOHLT—ZI/bNnRnole, £z, 7
— B DT OEIYERFRIZ L DN T OE DA ONWTHBEX 2 LR3HY, 5/
TR COIREIC L DYt b, Ylimikn LD 2 KRSV AI I = —FT—4—T
DOREFERIZ LA IOV B2 T, LovL, T—F ORI OXIRE S 2o 17

W, T—HONTOXORFEIFHPERRIZL 53T D& TE R, RV EFREICL DA
TOETHHEERT, ZNOOWRENGEEREICL DT O 2/ LT 5720121,
BT T 7 4w 2 HEFADOEERER (n 50 %49 100 EERICHEMESE 2 0ER S 5 EB 2 T,
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3-5. SR DTRE

ARl « ol RGO R OEERRREDORE RN S, BRRICBOTHEREICED
TH INNT HRATF R 3pg/ml FHIZB W TR BENTENG LN Z L0, AR5
BRCORNRE ThH 2 V7 RRTTF R 0.3 pg/nl B 5-DOHEIT S ETEM - BHEIME
ETHEMR RO Z &R broTlz, ZHHLORERNG, 3ug/ml R L TREDR
EAeDy, ZORE LD BREWEFEER ULIED D D0y, B - BREMEET 5 5
INDIREIZENL BWRONEERT DVERDD EEX T, £IT, INVITHRATT
REEIZ L DB - BREILT T AR E 7o b TR/ NDOIREZ MO HT2DIT, &
OITIRIREE TO IV 7 HERAR T F RGBTV, WONZEHRRIZ L > TEEEZ RS
IRVERROBEE LHERT D EVWIET, IATHIATF RO R—AL AR AIZDNT
DORFEAT) TETH D,

F70, AENLEIHEMIE - B Hila~— b — & Fh & LT s FRBMTICRB O T, A
BIAERBE Do 7o, BB EEEL & PR iR L CRIN A 1B%E Lo,
HEREEIT O,

IHITIE, AENTET 77 4 v a2 Ve in vivo FEEREIT 57208, WISHIREZ v
7z in vitro EBRHATV, IT HRATF FEGIC L > THREICES T /Ao 1 5
TH 5B HFMIBDIEROMERE 2T 2 2N OW T ORE 1T 9, BRINZITE M
S EE D 72D ORIEEHING & LC MC3T3-EL Allfa (= 7 A JHZE HMiaek) 2 FHvC, 4
{EIRF FCEET 5 Z LI K 0 FHFfila~ & mobsE, ZIICINTHRNTF Reikh
L, MeDIRIEL 25T VA1 Y IR AT 7 24— (ALP) Yo CORMAER NI L > TILY
HRARTTF FEEAC L 2~ O EICOWTHE 21T 9 TETH 5.
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weiE

ARFZETIE, TINTHRARTTF N ORI X 2 BEH OB IS5 2 BT OV T
REATO DI, MEMOET T 7 4 v ol [INTHRRTF R 25252 L&
T, TAVT T N— T IHF Y by RO ZEPRGEER (R T ORBRITIC LY, &
ok - BRREASOHRICONTRFAEE T 72,

SNTHERTF REE 21 HRIZBIFAT VYT oI — T UHF Y Ly ROTHE
Yeta OFER L ONEHER R OFERD D, INT BT T FEEIZE > TEIEAL « BREN
S MmN RSNz, —F TEFEME - B~ — 0 —ZHl & Lios 7 RELA7F
Hinblx, HEVFERT—ZBELNR1oT,

SHILE BITIRRE CTO IV 7 HRAR T F R e b3  OEMERRBRIC L 2 17 ke
TF RO R—=A VAR AZOWTORE, V72 A 5 PCRIC K 255 - degHifa

~—H—ZHuh & LB FRBITIC IV TR 0 EMREZ 1S5 72O O IR, MC3T3-
B1AAZ FI 2 V7 B3RAT T REEAC X 2B MR~ DML ERIC W T oG %
FTELTND,
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