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ABSTRACT

EEE G e =M@ o] EIMIYES : High-Intensity Interval Training (HIIT) and plasma injection
from young rats are novel approaches for improving bone metabolism in aging. This study

aimed to investigate the effects of HIIT and plasma injection from young rats (both
exercised and non-exercised) on the morphology of bone cells (osteoblasts, osteoclasts,
and osteocytes) in aged male rats.

: This experimental study included 35 aged male Wistar rats (22
months old) which were divided into five groups: 1) HIIT, 2) plasma injection from
exercised young rats (PInt), 3) plasma injection from non-exercised young rats (PInC), 4)
saline placebo injection (Sham), and 5) control (Cont). The HIIT protocol was conducted
over 6 weeks, five sessions per week, consisting of 30-second intervals at 80-95% of
maximal speed followed by 60 seconds of rest at 50-60% of maximal speed. Plasma
collected from exercised and non-exercised young rats was injected intravenously. After
the intervention, femoral bone cell morphology was assessed using hematoxylin and
eosin staining.

HIIT significantly increased osteoblasts and decreased osteoclasts. A significant
increase in osteoblasts was observed in the PInt group, while the PInC group showed a
significant decrease in osteoclasts and an increase in osteocytes. No significant difference
was found between the HIIT and PInt groups. However, the effect of HIIT on osteoblasts
and osteoclasts was greater compared to the PInC group.

: HIIT and plasma injection from young rats (both exercised and non-
exercised) improved bone cell morphology in aged rats. These findings suggest that both
interventions may contribute to enhancing bone health.
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Introduction

Bone is a living and dynamic tissue that
plays a crucial role in mechanical support of
the body and maintaining systemic
homeostasis. With aging, a significant

reduction in bone mass occurs in both sexes, which, if
untreated, can lead to osteoporosis and an increased risk of
fractures. The balance between the activities of key bone
cells is essential for maintaining bone mass and strength.
However, this balance is disrupted during aging, resulting
in decreased bone-forming capacity. Physical activity,
especially  high-intensity interval training (HIIT),
stimulates bone anabolic processes by applying
mechanical stress and increasing biochemical factors,
which can help preserve or enhance bone density and
strength. Recently, the use of young blood plasma has
gained attention as a novel approach to slow aging and
improve organ function. Injection of plasma from young
animals into older ones has been shown to improve the
function of various tissues, including bone, likely by
enhancing osteoblastic differentiation and accelerating
bone regeneration. Considering the importance of blood
supply in bone tissue repair and the high prevalence of
osteoporosis among the elderly, investigating the
combined or comparative effects of HIIT and young rat
plasma injection on bone morphology in aged rats holds
significant value. This study aims to compare the effects of
plasma injection from young (trained or untrained) rats
versus high-intensity interval exercise on bone cells. The
findings could contribute to developing innovative, non-
pharmacological strategies for maintaining bone health
during aging.

Methods

This experimental study included 35 aged male
Wistar rats (20 to 24 months old) and 60 young
male rats (8 weeks old). The sample size was
determined using G*Power software assuming a
significance level of 0.05, a power of 0.8, five
groups, and an ANOVA analysis. To account for
potential dropouts, the number of aged rats was
increased to 35. The animals were housed under
controlled conditions with standardized light-dark
cycles, temperature, humidity, and free access to
food and water. Inclusion criteria for animals were
weight and strain similarity, physical and
physiological health, and no prior participation in
experiments. The study was performed in two
phases. In Phase One, the young rats were
randomly divided into two groups: one subjected to
high-intensity interval training (HIIT) and a control
group placed on a treadmill without exercise. After
the training period, blood samples were collected
from both groups, and plasma was separated and
stored for use in Phase Two, yielding plasma
derived from exercised young rats and plasma from
non-exercised young rats. In Phase Two, the 35
aged rats were randomly assigned to five groups:
1) HIT exercise group, 2) plasma injection from

exercised young rats (PInt), 3) plasma injection
from non-exercised young rats (PInc), 4) saline
injection control (Sham), and 5) sedentary control
(Cont). Plasma or saline was injected intravenously
via the lateral tail vein at 2 ml/kg body weight, 14
times over six weeks (2-3 injections per week).
Prior to exercise, the aged rats were acclimated to
the treadmill for 10 days, and their maximal
running speed was determined through incremental
speed tests until fatigue. The HIIT protocol lasted
six weeks with five sessions per week, consisting
of 30-second high-intensity intervals (80-95% of
maximal speed) interspersed with one-minute
active rest periods (50-60% of maximal speed),
progressively increasing in intensity and
repetitions. Twenty-four hours after the last
injection or exercise session, the rats were
anesthetized, and right femur bones were harvested
and fixed for histological analysis. Tissue sections
were prepared and stained with hematoxylin and
eosin. Histomorphometric analysis was performed
under 100x magnification, measuring trabecular
thickness, growth plate layers, and counting
osteoblasts, osteoclasts, and osteocytes using
Image]J software. Statistical analysis was
conducted using ANCOVA and Bonferroni post
hoc tests in SPSS wversion 26, setting the
significance level at p < 0.05. This methodology
allowed evaluation of the effects of HIIT and
young plasma injections on bone morphology in
aged rats.

Results

The results of the univariate analysis of variance showed
significant differences among groups in terms of the levels
of osteoblasts (F=16.84, P=0.001), osteoclasts (F=6.09,
P=0.001), and osteocytes (F=10.19, P=0.001). The
osteoblast count in the HIIT group was significantly higher
compared to the PInc (P=0.001), Sham (P=0.001), and Cont
(P=0.001) groups. Similarly, the PInt group showed a
significant increase compared to the PInc (P=0.008) and
Sham (P=0.003) groups. No significant differences were
observed in other pairwise comparisons (Figure 1).
Regarding osteoclast changes, results indicated that the HIIT
(P=0.001), PInc (P=0.044), PInt (P=0.020), and Sham
(P=0.012) groups had significantly lower levels compared to
the Cont group. No significant differences were found in
other pairwise comparisons (Figure 2). Osteocyte changes
revealed several significant increases. Both the PlInc and
Sham groups had significantly higher osteocyte counts than
the HIT group (P=0.001 and P=0.003, respectively).
Moreover, the PInc group also showed a significant increase
over the Cont group (P=0.001), as did the Sham group
(P=0.013). No significant differences were noted in other
pairwise comparisons (Figure 3).
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Conclusion

The results of the study showed that high-intensity
interval training (HIIT) and injection of plasma from young
rats, especially plasma from exercised young rats, have
significant positive effects on bone regeneration in aged rats.
HIIT improved cellular indicators related to bone health by
increasing the number of osteoblasts and osteocytes and
decreasing osteoclasts. Additionally, injection of young
plasma, particularly from exercised animals, could mimic
some of these effects, likely due to the transfer of bioactive
factors induced by exercise. Therefore, both HIT and
injection of plasma from young rats, especially exercised
ones, can be considered effective interventions for
improving bone health during aging. The transfer of
exercise-induced factors through plasma offers a novel
avenue in biological therapies for age-related bone density
disorders.

Ethical Considerations

Compliance with ethical guidelines

All procedures of this research were conducted in
accordance with the ethical principles of bioethics and the
guidelines for the care and use of laboratory animals. The
study protocol was approved by the Ethics Committee of
Ferdowsi University of Mashhad (Ref. ID: 61257). All
efforts were made to minimize the suffering and distress of
the animals and to use the minimum number of animals
necessary to achieve the research objectives.

Funding
This article has no financial support.

Author's contributions

Fatemeh Darini was responsible for conceptualization,
methodology, data analysis, initial draft preparation, editing
and review, and project administration. Fatemeh Darini and
Bashir Sobhani contributed to data collection, review, and
conceptualization. Seyed Alireza Hosseini  Kakhak
performed article revisions. The final manuscript was
approved by Fatemeh Darini, Seyed Alireza Hosseini
Kakhak, and Bashir Sobhani.

Conflicts of interest
According to the authors, this article has no conflict of
interest.

Acknowledgements

This research is part of the first author's doctoral
dissertation, registered at Ferdowsi University of Mashhad
(registration number: 62134). The authors express their
gratitude to all those who contributed to this study.

Hosseini Kakhak SAR, et al. The Effect of High-Intensity Interval Training and Young Rat Plasma Injection on Bone Morphology in Aged Male
Rats. Jundishapur Scientific Medical Journal. 2025; 24(3):280-291

Archive of SID.ir




Archive of SID.ir

e

I;aw.% 9).: Al

2 Ol §5998,90 3 0l S, Slawdly 1,5 9 Wb (29l5 o ped WU
» P sko,

r‘;n?u.w M T SAE w Lno)g_.l& S “U;':)"’ acbld

Ol 2] o ¢ onig3,8 DI (59 pole BUSUENS ¢ 05559 (S9)92 528 09,5 653 (sgmidila.)

Ol 52! i ¢ owgd 3 BIEUEID ( ouii 59 pole BASEGIS ¢ o9 (559092 58 0955 DLiwl.Y

Ol 9] (i cuine (owgd pd BIEUEIID (S 01> 0SGG1S iy pole 89,5 ¢ glamn o STl panass (555 (oeils.Y

Use your device to scan
and read the article online

Dareini F, Hosseini Kakhak SAR, Sobhani B. [The Effect of High-Intensity Interval Training and Young Rat
Plasma Injection on Bone Morphology in Aged Male Rats] (Persian)]. Jundishapur Scientific Medical Journal. 2025;
24(3):280-291. 10.32592/jsmj.24.2.114

o http://www.doi.org/10.32592/jsmj.24.2.114

T EO6

2 0Pl e gilio 390 12 (9 SBLA9 I Ol S Slawdls 2555 9 (HIT) spadd (gls iy yod
(03555032505 9 03,5 032 95) Ol SO (Slomedly (3235 9 HIT (32505 y5 (oniy 2 anlllan (2] B g 0 D gmuee (G¥kallw
391 gt 5 GOy )3 (Copgiinnl g Con¥lS giins! cCumiMlagitnsl) (Sgciant Slaohes 55958 )90

HIT) 3535 (g5 (5205 () 20505 s 95 50 4 (4040 VY) s 5 iy €55 o0 YD 125 axline o1, SONOROEDY
Ol sleigyls 2,55 (8 dPINC) 03,5003 Bl S (slowsdly (32,35 (3 dPINt) 03,5 03255 g S (slowdly 32,5 (2
2o yd A0-Ae 13 glanli Yo gl b citd 1> duds gy D (ind o &y HIIT (43 05 JSUg s (Cont) J S (B 4 (Sham)
03,5 o3 yo3 (ilgn SR 31 w3 5yl @on (SlowiMly o | 2] diguiis CuE pout a2 )3 B oD+ 43 glawili £o ol yinn] g diwiins S pav
— S glod (5300185 L 908 (fgBiedl Sl (555890 2195 UL 31 (ot 43,5 52,5 (G395 900 4 03 S5 yo5
D gy 37

Sas foline il i bCusdS gl S LA 5 Bewligind ami i3l cage g lobse ybds HII Yo shyh V¥ sl p g b
Crgld s 22 Uie PINC 89,5 15 WCumwgiian! i jI5line (4! 581 g WCuwS gi! Dlan yIoline (idlS o PInt 29,5 1> CusMgiinns! Vo 535 105y g,
2393 piudiay PINC 095" Ay Comund CanVlS giiun! 5 CaVlginns! 315 3 HIT 31 Lol ctuiis sl Pint g HIIT (slaog )5 s (5 yl5lie

2 Sl Sl 55958 190 910t 90 (63,55t 303 9 03,5 (0 305) (g (SO ) Slows¥ly (32,35 9 HIIT (3 505
S S ylgiim] Cuor 39it A Wilgi o s e gy 95 B WD o (S Sl WS g S,

Ol (55959 90 clowidly el (29LS (2 o ‘d-‘3-°-‘

HIP YW X VWPt EY

SEE (o L puleipw

Ol e (o933 BIUIS ()59 Pk OIS (o5 )9 (S99 48 09,5 1 Lk
SANYOFAYY - 208l

hosseinik@um.ac.ir :aobbl,

25 SS9 gl 395890 31 Bl SO, (Slowdly (B2y5 g el (19T el iU 0o § SE g L ke g

Archive of



file:///E:/graphic/صفحه%20آرایی/جندی-شاپور/jsmj.ajums.ac.ir
http://www.doi.org/10.32592/jsmj.24.2.114
mailto:hosseinik@um.ac.ir

Arc

VFoF oY 0)losd Y 09

hive of SID.ir

*

.(\7) ) ol)om

by 1y B odpygp 5l doyd Ve dgds leseinl aSul 4 as g b
(W) S o Ll (8L (silosle ) (oo S5 Fge (Sly g S (o
b 3 g3 Jelgs G5 (o) 0 4 939900 Sl 929 nl b

L) Slazdlsys 559

Olyinl (Sor Vb gged 5 Cmor (grialls 0aisl 38 K5, 4 x5 L
Ol codlos bai> sl 9o gyl (Uolid ¢ s 095 ul 5
GuF Cute Sl jl anlyd ae S cunl o) 0 slofg Cueal ]
Ll )3 3929 Al ©)pg0dr (8))9 Slizyed g Oloz 55 Glowdly
ozl gilojl ) 3,59y 93 cnl lmlie b (oS 5 ISl (8T
ey Oy Sl oA )y 23 h (om kD ) ofiga
b i 0 305 5 (29)P0 0 g Slby) drwgi & Wl e
o)l 5 03,8 a8 (shiallis )3 ol s sy inlS
5l ol Slol (g g (Bl silojl 0j 3 (slojb

Oler oy Slawdly B35 Wlodl (L o5 ganlsd @ arg b
Orzmen g (V) 1S 606 |y logeinl Spbl sl wlg
Jlgw A A) 8515 gzl pudgilio  (pebie 5135 (23559 Sl yed
A oy Gledl &5 U & cwl ol ol Giagh
Blg o bbb (29l Ol a3 b dunlio )3 (03)S5 0y 503 9 03, (32 53)
2 Olezil glacumwgiinl 5 bewMS gl dacuwdgiul Folaw »
o b sl IS0 sy lac)

Tadd 039)

2o YO Jolis adiges s 2l g (b (058 ©yg0ts p2l ingly
FANY (59 Sk b (elo VY B V) Jlis 3135 1 (e 55 (2l )
Ole by (i cudd) o oloro @y Fr olawi 9 0 5 FHV/YY 1
NPley 5l ool b diged woes o dg p)S YAY/¥. 45
<IN )l lgi o/+0 (g )blme o 8,5 i 3 L G*Power
Yo adgl diges o g 8 ol uslyly o Sl o3lisal g 09,5 iy Sl
2o YO 2 JS olass dadised B3y Jlail 4 g b0 059l e
<l il
(¥ oolp alis (Y 59 alas (V ol adllae &y 3959 (sbojlne
(kB slagiag 5 odlitul dbls pas (¥ ((Sjglgd 5 (o Codles
25 Sb 48 (25) obay Sy <5550 oBtlesl I g 2,
1Y clod lidg Soyb celo WY & 5 Jols o J,zS Lyl

25 S, 5 ol (5958090 31 Blor SR, (Slowdly (3155 9 Mo (29U el I )

IRl gu—

doddo

5 Sl Cales 1 Lage LB & Cal gy g 055 38l ¢l
Gl o GRIBIL (V) 15 o Wl Satges jliwgan Lais 5 o
248 dghi e odaldia iz 93 p )3 Jlgiul 035 ) (2 g LB
sdiallis )3 0hag0 gl (Sor jor 4 g loy pas g0

(V) 295 e

ey il e 3 o gl sl ko el
03gizwe ) Jelge cpl 4 Sloj by JIE lesuiwl lase 3, 50
Ol Sl 5 B gm ol S (e Jos Sl b
e b o395 3 palls s e ploinl Gilujl 452 g enslais
aw ICawMS il g acuwgiinl dacuwdbgzisl (V) Lb o aoldl ]
5 oSole 5w b caMgul iiws 2B cpl 0 oalS Jolo
S oy Wb gileglwl 0 Jol 8 (gile gixe
3ol 90 oyl e Jole st gl Judod Jgtuune s MS gl
(F) cosl )98 (Sl (S )b 5 0395 i 4

G290 5 03)55 o8y P ol (S5l kulpd o b e SRl
oleg ) g (eSS jad Gl el pllouul g 03y als
Cawl 0 odmliio b Jlos Slalllas )5 (F=Y) 5945 oo ylgmeinl (Se
il gl 5 lacusdlogiinl 5 ol i o (ial33l L &S
(V) Mbioe il (bl plgs g Ly
b (obiyg Clld o dimd o L5 (oduate Salpd 0> (g9 ]
Syl o815 Gl b > w5 e oyl pudiplie S5
el 33l 5 (Sl 5 sl b g 3 A) 5l e
V0] 858 oo g |y (sl Sl slasial B eos > lrosdsn
83900 13U Canl (Sen (b ud b oliisl @l yei a7 Jbs p
L 29l5 Gl el 094 bj U lawgie i b by yod il 4l
ol cage (HIIT: High-intensity interval training)
(WY A) Sloss sl plSiocial 5 15,3

g by Olyed Oler oo Glowdhy jlesliul 31 sla Lo >

O Sdingly g3 290 dnplil 3 Slos 9000 5 (5 gy (2508 sl
Wlgi e & Cusl b Jalge g5l (o 93 (V) ol 43515
Sblos 4y ez Sllgs glawdly 35,55 48" Wloals s Slalllas L(V0)
@S he ol 5lajls 5 55558 el 3)Slas Sgute 2o (e
O8> 93,5 duy oo Hlas 4 (V0 NF) Canl o (lescinl (> g 0S8
Syl ilojl g 5 odlgiinl plod cad )b (Rl3EIL ol

9SS caes LS e

f SID.ir



Archive of SID.ir

Ty o o b B i loj (Khud oy (S 4 e
S SSIl Sos glods cul Sy Y ol Zuly (b o asye
V) s ool b o SusS

e SS9

b bl (anin )3 dul> o) tin (BD Gt 4 pad 3l (8
e b Csp) (5055 BB aw b dul> o Sy o> kb
BA-) YL s b gl Yo Jlogzal V) 65 ol usus ST (a2
Jub colial g 1 Jgl atin )3 i & (Cep Sl 20)> 20
Dy (ceyw ySlis 8o £ 0 ) laadacs

b g jlwoslof

RIS SN ROCI WY o ST 5 [ PR Ve I v T
Vo) el S 5 b o) dog S ded ) (315 5 (559 (rped dul>
L2 e (pS9S o) e 10) sy 5 (p S 9kS 2 p)S e
4 938 pbul i) (oled 53 Cusly Caows j908 gl (il g
b Jatte (300l S3) lilojl plowl cg lleyd (gl sladlg)

S0l S5y (g

e § Wb S 2 Ve (o )3 Ll bl 50l S 51
3B g > Sygeody 803 Voo B0 o JSUIL (6, oo b
ol > el (oubly oo b (gjlocilis ) L i oolel
P35 Slecy > s Wb s (99)5ee P LD sl 9 6 S JB
S5 8 Y oy e 5 398 aSsle SaSer JI b s
b S ubls > 6pS)3 Jge Jolie Jols gblie (5500185,
oy b aS gy el o JSI dal (S gilod walises slaclale
o.b'.my Jvo\f 9 LJM”] v L Lmuu).: ‘FLQAI )I g S Pbul R
L s pies 905t pgbad 90 oaalie ()50 ) 4 Mg
M)modLb¢\j9\j5§\olfwl>uosbmw)§f‘f Voo LS’L"“f))J
5 CawMS gl gl (sla S dliai puored (A (g pSojlul
s Imagel Jle s Lo ijled (astie Colus ) Cumwgiin
(M) sas

sslol o9 3 solel Juloigas o jolaiads 031D i gay 35
Jelodga o5 8 oMkl Sgpiigr il (90jl 9 yeillesS i
b plo (P /+0) (6l sine o Y5 455 SPSS Jj8le s b (5l

Sl Ol g (6)lo6 (glié o pd Vo b A Cugby ol 5 il 45,0 YY
T RPRRVS R}
18y plosl 6 93 ) gl

09)5 WD (ol 09)5 93 4y (ol ygbay (g slo i gl Al e

s (N=30) pgo 05,5 5 15,5 5 HIIT iyy05 cos (n=30) o
9 2 jl e 23T 5] g (0o og) 905 03 )13 o35 (s
W50 Joudy ol lowdly (iluliz jolaiods g Ad 48,5 (03 diged 095
Wb (5l 35 gl a2 > Ar e (sled p3 o] il (slawdly
2 5 SilupSer (hgleer Wl ©pon 095y slawdly
alsyo ] 53 5 055 o 6 )3 odlisl (el (o e G slayise
Sy 5l lowwsdly 5 03)5 13505 (Sl Loy 205 a5 Lousdly 95 93

S (9

(2L ooy 4 391 3 ) YO Jals g pgd b ye ipgd ey

(V< V) (HIIT) a5 (29l 030505 095 (1 20505 o 095 5
3 03,5 3508 Slacs) jloadis glaer bl slowdl s & (29)
ble glowdly o5 (29,5 (¥ (0 V) 33 Gy lag| & (PINt) S,
Goy ol 4 (PINC) S 56 o3 Scoll slacs, Jl sadsslaen
V) (Sham) s )55 g & (ol & J555 09,5 (F oy V) 2235
V) (Cont) wzs )3 )5 Jues s g5, b & S 250 09,5 (B 9 o

(o

(sl (0 g b I sy Bh ©ogon ol b Ll (35
plol aidn b Sde 4y g (0 (g PSS o sl il e Vg0 b
Pl b g Oygon g Jgie sloatin (b 55 ¥ ggerme )00
015 e ()Sen 9 Sagyg gy bl 2 3 cal a8 ploxl wian
013 oo 5 syl e S lgudl Sy Sl oolial b 325 (V1) 392
Fom celo Y )00 plxl o3 4y Caws 4 gyl 9 25 S il o)
olgal €l ad Sl Sl dad qped s b 35 (25
SBoyb g oS o s Ar ke slod 3 iy 4 5 ogleen o)y
PAD 0333 (gdm Sl el gl o3 Ve e (gl

Gl Co s Sk gl

odl> cale Juod i &y joy Vo o &y sy ¢y yed plodl 5l i
A1 (s 905 o (4833 1 o A iy by 4B V- Wljg) i
P {ead e A oy b aBEY) (9,55l am S T2l sy

b cdbie il aids ) yio 93 Gliwe & Jeody Cop a5l WY

25 SS9 gl 395890 31 Bl SO, (Slowdly (B2y5 g el (19T el iU 0o § SE g L ke g

Archive of

YEeF (Y 0yl YF 295




Archive of SID.ir

° = )%l—hﬁd.}«—é

28 (gld (nyed sl Y Jo

Jhé Col gl ©uds Collad o Col gl lo; Loyl dlaas PRT

~ (¢t po 55157) ~ (¢ oo 55157) (e6iss) (,1,%9)
se 0. A- ol ol agh £e/cdld agb vy 5 Js!
£e 0. A col ol agh £e/cyld agb vy \ 29d
£ bo- Ad ol ol 4l £+ fellab 4l Y A Py
5o Q. oyl agh £e/eld b Y- q o ks
Fe Lo 0 col ol 4ok £e/cdld agb vy Ve pe Y
£e 0. 0 col ol agh £e/cyld agb vy AN fomionsd

P& b Gl Y Jads 0 CaodS gl Ol oy o Lasdl

(P=-/-Y+)PInt {P=-/-¥§) PInC . (P=-/-\) HIIT slnoy s

39 & yblas 2als CONt 05,5 4 cuns (P=+/-1Y) Sham 055 o o83 QLAY gz 19 0SS iy Jiod b

CaMS gzl (FVFIAE =P-[v))  cudlgiiol  zolaw
glis (F=V-/VA =P /e o)) cumgiinl o (F=5/-2 =P+/- 1))

s odmlie (g)blize cigley g Scins sladwlio plw )b

(Y Jlaged)
O3 2429 (g,boline
Ol &S ol AL Y Jade pd Camwetinl Glpd awyp o

HIIT 65,5 b dwslie ;> Sham os,5 5 PINC cloos S 55 (s oline P gl (lie o5 a3 QLAY Jgir )3 oselcwre gl

Sham +4,5 (P=-+/-+1) PINC (slrog,S 4 cuns HIT 54,8
Opimad sl Jblize Liol3sl (P=2/++1) CoNt 095 4 (P=+/-+1)
(P=+/++A) PINC sloog,5 & o PINt 09,5 )3 (g,loline yil38l
slawlie plo > a5 saalie (P=:/--Y) Sham .55 ,

09,5 33 (5 olixe Liul8l cpimads 3yl3 3939 (P=+/+ %) (P= /- +V)
wolgs > el cans & (P=+/-+1) Cont 09,5 4 cowus PINc
(P=-+/-1¢) Cont 05,5 4 cows Sham 05,5 ,3 (¢)blixe yiolj3l
s 0yd (g blize gldy g S ladunlio plw )0 A5 odalin
e () Soged) 2t 00> (5)bline Cglis (g5 >

Buis (gog)S 5> Cunwgiiv] § CuwMS gl Mgl dunlis ¥ Joda

(N?) glojlst  (ololine prdans F Slygloms K5l il asy Slygdome ggexe s @iio Lo pio
NiaNt Fofee VFINE \YATS ¥ £ odsgMol Jse CauoMygias!
-[AAY ol \PYO 08 OVY/AD \ OVY/AD lae jl 4oy
-[5aY YA VEIAY i ¥ S¥I5N 09,5

QIAVE Y- YA s
() VEVV/YE Js
¥ RATAYN &S esdsg Mol
-[FF8 oo -4 /g5 ¥ V-I5¥ oMol Jo Cao)S gl
XY /e vYa/e) avy/ay ) avy/ay Tase 5l Jops
-I¥¥a e /-4 \Wiss ¥ V-I5¥ 095
YIA A AINS s
() VAYa/-0 Js
e vav/oy JS sl
-[ovs /e V-4 VE/TY ¥ av/o) oxipMol Jio St
-13Ad e Yova/se YASYIAY ) YASYIAY Tae 5l Uoye
-Jove /e V-4 VE/YY ¥ av/o) 09,5
Al Y- FY/YY s
Yo Yasy/vy J
Y¥ Qa/A¥ Jf oﬁc){.@‘
Wb 43S las )3 o[+ jieS (6 blize s *

28 B, 3 GloFl SiPsdy00 1 oler SWs) Slowdl B35 9 M (19 (ppod S L olSod 9 SEL g Lo e s f SI D i r
l |




Archive of SID.ir

)%

e g

VFeF ¥ oylowi .YF 093

*

Sasiy (oxiss (gejl @ls ¥ Jgaa

o gian] CawMS gl CawMsgiian! 09,5
oo R Fofes) Pinc HIT
<[+AY \ow NN Pint HIT
ooy \oe Fofee Sham HIT
\ow oo Fofee Cont HIT
I¥Y AR SYRRYN Pint Pinc
Voo Voo Voo Sham Pinc
Fofew) *o[o¥¥ AR Cont Pinc
e e #ofeoy Sham Pint
+/YAQ #ofoYe AN Cont PInt
Eofe\y =[Ny <MY Cont Sham
b 43S a5 > /0 jieS (6 blize o *
Y,
Yoo AAY
—_— = T“'ﬁ."'ﬁ.
Y.fA
1 A ] T
2 et el ] 9,?:
et 5,0F g .Y
3 re i T e T 2]
et ey ey
o ] Ty m b
3 et Fid ey e
2 f et Fid ey o d e
2 et Fid ey o d et
et Fid ey o d et
et Fid ey o d Lt
Y, et Fid ey o d Lt
et Fid ey o d e
et Fid ey o d L
. Lo 1 1 1 1 )
HIT Plnc Pint Sham Cont

______________________________________________________________________________________________ L

oy S iy 5> Cundlygiinl Clywss LY 15903

2P SBO, ) Gl 5909890 3 ol GO, lowdl B2y 9 2w (29U (2505 U )00 9 SEE s LS jle s

Archive of



b - -
Archive of SID.ir
L oo
)9 S >
Yooe
e VA7
Ao
3 v, g
: . ]
% ’* Any f’TA f, [
J o _— F2E] ﬁ’“ 625
3 s b ] o] o]
2 . e b ] ] ]
a2 v ] b ] ] ]
] b ] ] ]
Y, ] b ] ] ]
] b ] ] ]
Yo ] Y ] ] ]
] Y ] ] ]
] . b . ey , Y , ] ,
HIT Plnc Pint Sham Cont
2055y ) CawdS gt lyss ¥ yl0g0d
Woe Ve vy
o o
Yoo a,yy
NN ] SENN
3 Y.EY N o] i) Y.V
3 A , Y ] b ]
;1 T b g ] T
S Y g b ]
) Y g b ] [y
} 5. ] Y ] b ] [y
: g o] Y g b ] [y
o ] Y ] b ] [y
3 ] Y g b ] [y
3 s o] Y ] b ] [y
a b o] Y g b ] [y
o] Y g b ] [y
o] Y g b ] [y
Y. o] Y g b ] [y
; ] Y g b ] [y
] Y g b ] [y
] Y g b ] [y
] . o) . ] . b ] . [ .
HIT Plnc PInt Sham Cont
2055 o ) Comgiinn] Clpeis ¥ 413900
BP9 b (9l (pyed &S b L asl by yy S slae, Coy
C.»‘),,'}'l'i mb)fo:“).o.'i dlmb) Lglm»)b o394y ‘OI? Lglzz»c)) L;Lm:)i: st . | .
8 S o A Sl Gasls s 2 (RSB SR OFS A QU an 22 OB
Joline LilS g UncauShgzial st Jlsbins ialjél ctia b § o dt"’i’l‘“ s ‘“5”] i ” ;5(3’? "f’ ’ ;j’f“}jf”) i? L‘sh?u)l
oy 13 Iacuwgiul 2lass )3 Jolixe s 593 CwwMS gtiwl sl » ecuwgiul g lacwd gl dacwdgiiol Jold Sy

28 B, 3 GleFl S3Pedy00 1 oler SWs) Glowdl B35 9 3w (19 o po8 ST ] 9 SELE o> U e Sy f S 1. D ir
I J




Archive of SID.ir

Db (gl cpped & 2D L Lol 855 5 0y Sl dwalie

GuF & S il 5 browdlginl sliss )3 (glbline ]38l
oline Coglis &S (v )3 ccudly (o3 (g Ol G slowdly
oamldio 038y o (Slowodly (3235 09,5 9 b (29l (3 po5 095 (3
S psbime (pyed 4S8 cal ol 5l Sk asl ol s
ol 3l iz oy plyal edjle Sladshe Cogl » (a2 B
13 oddgd 5 N3e sloyeSle b 5l Cal Sas SJpll @l
03,5 i yeS Slowdly )5 45 GligS 29 Jitie (pyed 4 Gl
S psbolan S byl mites el abde Sl Cusl il
Wl giluglsenl oo slaygSl (Rl L (o35 Slyjed
Do MICFORNA g5l (clapg;o35T g BMPS dGF-1 ( oy 501
sy Glewdly Gy (Y8 V¥ YY) dlisu o dee 1) (lgeil
03,8 Jtio o ) 4 ) aygiS16 ol Wl o 55 03,8 cnyed g
80 30 |y ezl cwdls o

S 35 4ol

Slowdly G5 g b (2l (el &5 b L imgh gl

5 Cute SLdl w038 pyed Sl lowdly ofiga ol slac)
DD (205 (208 )15 i S )3 gl (giloil 255 BB
oM gl iS5 Cwgiin] 5 Candlgiiol dlass iuliel b
(oian S d9ut |y gl CooMes b b e ok (slo sl
I (B candlg 03,8 ppes Sllg Slofgas o slawdl 32y
i) € ysiS Uil 51 o5l Yias] & 08 (gjldnnd |, S5 oyl
G w9 b (9l (pe8 w cnlpl 29 (e | ol g
Olyeds Wlgice 03,5 (npe8 Ol Logad lp slac) sloawdly
Nod grkae Sy hgd > Oli] oMl dgue Cax Fge Ml
2 g B dadly @bl oadlll (ppe sy Jlal
wald cxiale o lescil $ST5 ialS SYMB] ) slayleys

..))9]

ST Ollaade
oRgi G Jaol 51 (59 m

5 olradlon (SW Jool b llae (inggy ol plonl Jolpe 48

b el aale]l Cllges ) oslial 5 cudlye sla sl ysisd
b dgudio (owga,d oKy yimgh j0 G dipeS lawgy dalllas [SSg
b @y SRl el M bl 5,5 agl SIVAY M1 a8

Glial 4y gl Caa Sl p3Y slas Bl i ooliiwl g llge

sl Glysa dacupwgiiol Ab ssalie JyuS 0g)S & oy
b5 & B gV JsSblS 4 b ) ol Lol
sSlae & Mtan Joho o oS & (SolSe @ISy 00
S o a5 |y ghaoge 5 (e lo g e MS g2l dicowlgisal
S Cogl g il B GRIP cage UK JUil ()l
o nyed Cue ST 3 oty Slalllas (TY) 398 gl
Jke gl lod S a1y Vb owe 0 leseinl codlo jr aa
GlBl Cage (ppes pl & 2008 (IS hlSen g (g
ST g S gl S g s b Lng o st sl S5
(Y\“) .)94»& RVON[RrS dl.mwy: » ul}?&.wl gobml )LLM
P LD gl el PUENY O Ol)lﬁm 9 Kb adllao (e
b baye cloy] ol dgste 5 ol e GiIE cel obsS s
g okl | ggi N 5 S5yl RUNX2 alos 1 lesel JSiis
Il hge (Sl o psiinl Jao )31 gzl plloxiul 5 o515
2 oo ol Sl Sl s GliSY (laawly id (VF) 223 0
D 5 3 G G ) 85 03 G 38 gl
b oMas olal (guen (YO) AS o Jos CwwDgil
gzl S Wil o 45 398 o IL-6 il él Cogo HIIT il yo5
il exmslis PINP ¢ sSGans] @lpss g amd iljél |,
ol Egema 13 (V) ol aaoMginnl 1> 555903] 05 5 ool
Sl o8 b wad (sl (08 & sl Gl 1 (S anled
Wil JoSis b basye (Jege Jolse Gl 5 it
S > Oyl oMl bais g gilojl 30 Sl Sge sllSlae

Ll

A oo lowdhy 4 2l (i3 gl dewdly 82y 5 B (o0y 0
sy Gialil g bacawMSginl sl ials el oyl o
Goblize 13U Lol s S 09,8 &) Gy sy 53 i gl
Bup &S cwl ol Sl asl ol el bewdbgiial slas p
iloile sloanl B e s olse JESI L le slacs) (slawdly
2 V) diSy e g |y lesiin] oD 5 Syo0 1y lgsl
oS gl § cwsMgiinl s zals LOU ol siadls slacs,
(VA) ol (gtiallus g gl g Syl (63buily g pials” Sl
56 Y] g el 525 5 s BasdIS sl Sl zals
L,«JL;B &S cwl 019? Lgl.o.w)\; Bel a..\;;f)le(o dllb”:ﬂé S99 )‘
Jleta | sl (sl 03,5 o5 | sl o o sl oo
35le dawsMly 53 5350 S e 5 oS a3 (gl ygiS15 (YR) 425 o
colld ol cage (Jope iS5 3, laygss
Oyl (gilwjl sulp oleie o (clalsyo colan g lacaoMS gzl
(V) 20,8 oo lozin] Codls dguty & yoio &S Wi 0

25 SS9 gl 395890 31 Bl SO, (Slowdly (B2y5 g el (19T el iU 0o § SE g L ke g

Archive of

YEeF (Y 0yl YF 295




Archive of SID.ir

VEoF (¥ olad TF 050 ‘ & .
- - )5 g d *

285 Cygo gk
S (ol

S5 o als dlie o)

o Mg o8 jlin
Al pasiohn A ooy lod (bl by (sile pspie
S debliofg Co e 5 gy g Llalig
s s 5 Gyl Akl i gjlupsrie )y dmodly (59155
Cawd g b pool SEI e Lo yde i bwgy dlie cbMsl 4

ok g S e Lopde dw u)ls 4kl by ols aude

&8bo 2,5

oy > &S cawl Jgl oty (6555 Ay Juobs ol il
ol 3l Bl gl oad 3 EYIYY o)lad 4 dpuiie g0 y8

LS o (108 5 S5 D S ()8 Byl plodl 3 45 luS

25 ERO) 13 Ol S39I5890 2 Ol S Slowdhs (1,5 9 b (19W 05 U -JF r, &E 7‘; Lo ks spnw f I ir
S D ]



Archive of SID.ir

Jundishapur
Scientific Medical Journal

References

[1] Cook CV, Lighty AM, Smith BJ, Ford VVersypt AN. A review
of mathematical modeling of bone remodeling from a
systems biology perspective. Frontiers in systems biology.
2024 Apr 9;4:1368555. [10.3389/fsysb.2024.1368555 ]
[PMID]

[2

—

Clarke BL, Khosla S. Physiology of bone loss. Radiologic
Clinics of North America. 2010 May;48(3):483.
[10.1016/].rcl.2010.02.014 ] [PMID]

[3] Corrado A, Cici D, Rotondo C, Maruotti N, Cantatore FP.

Molecular basis of bone aging. International journal of

molecular  sciences. 2020 May  23;21(10):3679.

[10.3390/ijms21103679 ] [PMID]

Chandra A, Rajawat J. Skeletal aging and osteoporosis:

mechanisms and therapeutics. International journal of

molecular  sciences. 2021 Mar 29;22(7):3553.

[10.3390/ijms22073553 ] [PMID]

[5] Nehlin JO, Jafari A, Tencerova M, Kassem M. Aging and
lineage allocation changes of bone marrow skeletal
(stromal) stem cells. Bone. 2019 Jun 1;123:265-73.
[10.1016/j.bone.2019.03.041 ] [PMID]

[6]Conboy IM, Rando TA. Heterochronic parabiosis for the study
of the effects of aging on stem cells and their niches. Cell
cycle. 2012 Jun 15;11(12):2260-7. [10.4161/cc.20437 ]
[PMID]

[7]Almeida M. Aging mechanisms in bone. BoneKEy reports.
2012 Jul 4;1:102. [10.1038/bonekey.2012.102 ] [PMID]

[8] LuM, LiM,YilL, LiF, FenglL, Ji T, Zang Y, Qiu J. Effects of 8-
week high-intensity interval training and moderate-
intensity continuous training on bone metabolism in
sedentary young females. Journal of Exercise Science &
Fitness. 2022 Apr 1;20(2):77-83.
[10.1016/j.jesf.2022.01.001] [PMID]

[9] Paiva LA, Silva IS, Oliveira SA, Souza AS, Jacques CO. Analysis
of high-intensity interval training on bone mineral density
in an experimental model of type 2 diabetes. Acta Cirurgica
Brasileira. 2022 May 2;37(2):e370207.[10.1590/ach370207
1[PMID]

[10] Portier H, Benaitreau D, Pallu S. Does physical exercise
always improve bone quality in rats?. Life. 2020 Sep
23;10(10):217. [10.3390/1ife10100217 ] [PMID]

[11] Ghaderi M, Letafatkar A. Effects of a Period of HIT
Exercises on Bone Mineral Density and Bone Mineral
Content in Male Mature Rats. The Scientific Journal of
Rehabilitation Medicine. 2018 Sep 23;7(3):236-43.

[12] Polisel EE, Beck WR, Scariot PP, Pejon TM, Gobatto CA,
Manchado-Gobatto FB. Effects of high-intensity interval
training in more or less active mice on biomechanical,
biophysical and biochemical bone parameters. Scientific
Reports. 2021 Mar 19;11(1):6414. [10.1038/s41598-021-
85585-9 ] [PMID]

[13] Kaikhosravi F, Daryanoosh F, Koushkie Jahromi M, Nemati
J. The Effect of High Intensity Interval Training with
Genistein on Biomechanical Properties of Femur Bone in
Elderly Female Rats. Jorjani Biomedicine Journal.2020 Mar
10;8(1):51-9.

[14] Erdogan K, Ceylani T, Teker HT, Sengil AZ, Uysal F. Young

plasma transfer recovers decreased sperm counts and

[4

[}

July & August 2025. Vol 24. No 3

Experimental
1;172:112042.

restores epigenetics in aged testis.
Gerontology. 2023 Feb
[10.1016/j.exger.2022.112042 ] [PMID]

[15] Ceylani T, Teker HT. The effect of young blood plasma
administration on gut microbiota in middle-aged rats.
Archives of  Microbiology. 2022 Sep;204(9):541.
[10.1007/s00203-022-03154-8 ] [PMID]

[16] Baht GS, Silkstone D, Vi L, Nadesan P, Amani Y, Whetstone
H, Wei Q, Alman BA. Exposure to a youthful circulation
rejuvenates bone repair through modulation of B-catenin.
Nature communications. 2015 May 19;6(1):7131.
[10.1038/ncomms8131 ] [PMID]

[17] Al-Hamed FS, Rodan R, Ramirez-Garcialuna JL, Elkashty
O, Al-Shahrani N, Tran SD, Lordkipanidzé M, Kaartinen M,
Badran Z, Tamimi F. The effect of aging on the bone healing
properties of blood plasma. Injury. 2021 Jul 1;52(7):1697-
708.[10.1016 /j.injury.2021.05.001 ] [PMID]

[18] Goutianos G, Veskoukis AS, Tzioura A, Paschalis V,
Margaritelis NV, Dipla K, Zafeiridis A, Vrabas IS, Nikolaidis
MG, Kyparos A. Plasma from exercised rats administered to
sedentary rats induces systemic and tissue inflammation.
Physiological reports. 2016 Dec;4(24):e13087.
[10.14814/phy2.13087 ] [PMID]

[19] Norevik CS, Huuha AM, Rgsbjgrgen RN, Bergersen LH,
Jacobsen K, Miguel-dos-Santos R, Ryan L, Skender B,
Moreira JB, Kobro-Flatmoen A, Witter MP. Exercised blood
plasma promotes hippocampal neurogenesis in the
Alzheimer's disease rat brain. Journal of Sport and Health
Science. 2024 Mar 1;13(2):245-55. [10.1016/].
ishs.2023.07.003 ] [PMID]

[20] Soori R, Ghram A, Zare Shahneh M, Choobineh S, Costa PB,
Voltarelli FA. Effects of high intensity interval training and
aging on cardiac muscle apoptosis markers in C57BL/6
Mice. Sport Sciences for Health. 2021 Mar;17(1):173-9.

[21] Luna LG. Manual of histologic staining methods of the
Armed Forces Institute of Pathology. InManual of histologic
staining methods of the Armed Forces Institute of
Pathology 1968 (pp. xii-258).

[22] Chang X, Xu S, Zhang H. Regulation of bone health through
physical exercise: Mechanisms and types. Frontiers in
endocrinology. 2022 Dec 7;13:1029475.
[10.3389/fend0.2022.1029475 ] [PMID]

[23] Keikhosravi F, Daryanoosh F, Jahromi MK, Nemati J. High-
Intensity Interval Training Effects with Genistein on Serum
Osteocalcin and Bone Alkaline Phosphatase in Female
Elderly Rats. Journal of Nutrition, Fasting & Health. 2021
Apr 1;9(2) .

[24] Yang R, Cao K, Zhao W, Wang Q, Lu C, Zhang Y. Mechanisms
by which high-intensity interval training influences bone
health in a rat model of postmenopausal osteoporosis.
Chinese Journal of Tissue Engineering Research. 2024 Nov
18;28(32):5141.

[25] Zhu Z, Chen Y, Zou J, Gao S, Wu D, Li X, Hu N, Zhao J, Huang
W, Chen H. Lactate mediates the bone anabolic effect of
high-intensity interval training by inducing osteoblast
differentiation. JBJS. 2023 Mar 1;105(5):369-79. [10.2106/
JBJS.22.01028 ] [PMID]

[26] Sasimontonkul S, Sirivarasai J. The 40-min HIT acutely

Hosseini Kakhak SAR, et al. The Effect of High-Intensity Interval Training and Young Rat Plasma Injection on Bone Morphology in Aged Male
Rats. Jundishapur Scientific Medical Journal. 2025; 24(3):280-291

Archive of



https://doi.org/10.3389/fsysb.2024.1368555
https://pubmed.ncbi.nlm.nih.gov/40012834/
https://doi.org/10.1016/j.rcl.2010.02.014
https://pubmed.ncbi.nlm.nih.gov/20609887/
https://doi.org/10.3390/ijms21103679
https://pubmed.ncbi.nlm.nih.gov/32456199/
https://doi.org/10.3390/ijms22073553
https://pubmed.ncbi.nlm.nih.gov/33805567/
https://doi.org/10.1016/j.bone.2019.03.041
https://pubmed.ncbi.nlm.nih.gov/30946971/
https://doi.org/10.4161/cc.20437
https://pubmed.ncbi.nlm.nih.gov/22617385/
https://doi.org/10.1038/bonekey.2012.102
https://pubmed.ncbi.nlm.nih.gov/23705067/
https://doi.org/10.1016/j.jesf.2022.01.001
https://pubmed.ncbi.nlm.nih.gov/35096081/
https://doi.org/10.1590/acb370207
https://doi.org/10.1590/acb370207
https://pubmed.ncbi.nlm.nih.gov/35507971/
https://doi.org/10.3390/life10100217
https://pubmed.ncbi.nlm.nih.gov/32977460/
https://doi.org/10.1038/s41598-021-85585-9
https://doi.org/10.1038/s41598-021-85585-9
https://pubmed.ncbi.nlm.nih.gov/33742012/
https://doi.org/10.1016/j.exger.2022.112042
https://pubmed.ncbi.nlm.nih.gov/36481396/
https://doi.org/10.1007/s00203-022-03154-8
https://pubmed.ncbi.nlm.nih.gov/35930195/
https://doi.org/10.1038/ncomms8131
https://pubmed.ncbi.nlm.nih.gov/25988592/
https://doi.org/10.1016/j.injury.2021.05.001
https://pubmed.ncbi.nlm.nih.gov/34049703/
https://doi.org/10.14814/phy2.13087
https://pubmed.ncbi.nlm.nih.gov/28003566/
https://doi.org/10.1016/j.jshs.2023.07.003
https://doi.org/10.1016/j.jshs.2023.07.003
https://pubmed.ncbi.nlm.nih.gov/37500010/
https://doi.org/10.3389/fendo.2022.1029475
https://pubmed.ncbi.nlm.nih.gov/36568096/
https://doi.org/10.2106/jbjs.22.01028
https://doi.org/10.2106/jbjs.22.01028
https://pubmed.ncbi.nlm.nih.gov/36728458/

Archive of SID.ir

Jundishapur

Scientific Medical Journal

induced bone formation which was likely through the

increases in muscle derived interleukin 6 and adiponectin Authors retain the copyright and full
activation: The 16 weeks of HIIT intervention, longitudinal publishing rights.
randomized controlled trial. Bone. 2024 Jul 1;184:117105. Published by  ahvaz _jundishapur
[10.1016/j.bone.2024.117105 ] [PMID] university of medical sclier;ce. Thicsi arti;:le
[27] Tripathi SS, Kumar R, Arya JK, Rizvi SI. Plasma from young zg s an open access article licensed under
rats injected into old rats induce antiaging effects. 8 M the Creative Commons Attribution-
Rejuvenation Research. 2021 Jun 1;24(3):206-12. NonCommercial 4.0
[10.1089/re}.2020.2354 ] [PMID] (https://creativecommons.org/licenses/
[28] Duque G, Rivas D, Li W, Li A, Henderson JE, Ferland G, by-nc/4.0/).

Gaudreau P. Age-related bone loss in the LOU/c rat model
of healthy ageing. Experimental gerontology. 2009 Mar
1;44(3):183-9. [10.1016/j.exger.2008.10.004 ] [PMID].

[29] Neale SD, Schulze E, Smith R, Athanasou NA. The influence
of serum cytokines and growth factors on osteoclast
formation in Paget's disease. Qjm. 2002 Apr 1;95(4):233-40.
[10.1093/gjmed/95.4.233 ] [PMID]

[30] Montemurro N, Pierozzi E, Inchingolo AM, Pahwa B, De
Carlo A, Palermo A, Scarola R, Dipalma G, Corsalini M,
Inchingolo AD, Inchingolo F. New biograft solution, growth
factors and bone regenerative approaches in neurosurgery,
dentistry, and orthopedics: A review. European Review for
Medical and Pharmacological Sciences. 2023;27(16):7653-
64.[10.26355/eurrev_202308 33419 ] [PMID]

Hosseini Kakhak SAR, et al. The Effect of High-Intensi ma Injection on Bone Morphology in Aged Male Rats.

Jundishapur Scientific Medical Journal. 2025; 24(3):280- ZArch' Ve of SID ’r



https://doi.org/10.1016/j.bone.2024.117105
https://pubmed.ncbi.nlm.nih.gov/38636620/
https://doi.org/10.1089/rej.2020.2354
https://pubmed.ncbi.nlm.nih.gov/33161876/
https://doi.org/10.1016/j.exger.2008.10.004
https://pubmed.ncbi.nlm.nih.gov/18992316/
https://doi.org/10.1093/qjmed/95.4.233
https://pubmed.ncbi.nlm.nih.gov/11937650/
https://doi.org/10.26355/eurrev_202308_33419
https://pubmed.ncbi.nlm.nih.gov/37667943/
https://en.ajums.ac.ir/
https://en.ajums.ac.ir/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

