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BEEICES @ Y MAED & 5, CKD BFIXEHTIAWEIC & 0 KoM 2 (RS HE LT
D,V ACBE LTI 1 BIOBT CORRERICBAND 5 7=+ X4, Ui Ui
T REEN ERT S, ZOBRT, B LT, AFICLVERETEREZB LR
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1.2.2. fakh

fal#hiL. PMI Nutrition International fEHlDEE AL 2 7 EE B BERSE7-, &G
X, AT T AREICKT DY REOEIG TR L, 1/2 forage : (BWJX (Ca 0.61%, P
0.30%) ), 1 forage : (5755 Basal (Ca 0.61%, P 0.57%) , 2 forage : (BWJY (Ca 0.61%,
P 1.20%) ), 4:(BWJZ (Ca 0.61% P 2.40%) & L7, 7eds, xfHBEEOfEEE LTiE, 1/2
forage & AV 7=,
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L, 10 BED 7 > MEEFF30 LA L, D56, 20 FLILRL Z ML, #%5 10 [t
XL O F F T, EBRICHV 2, RL TIX, 8 BERRFIZA OBRIZ OV T 4 RO EARD 9
H 1 ARZFEL T 3 ARKZREE LIEBRITIEREICR Lz, BV T 9 BEmRRC, Ao B b Rk
WZALE LTz,

FERIE, Table 1IZ/RTKBESVED 6 FEIZ/0 1T C5hE L7z, FEERAMIL 48 A<, Fhr
KT R B % B - R LT,

Table 1. Feed content (calcium and phosphorus) and group structure

Diet food condition Number
Group RL Calcium (%) Phosphorus Ca/P of
(%) ratio animals
Control n. d. 0.61 0. 30 1/2 5)
N-2.4 n. d. 0.61 2.40 4 5)
RL-0. 3 Treated 0.61 0. 30 1/2 5)
RL-0.6 Treated 0.61 0. 57 1 5)
RL-1.2 Treated 0.61 1. 20 2 )
RL-2.4 Treated 0.61 2.40 4 )

n.d. : not done.
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PTH 33 XL OVFGF23 1%, f#f| gD 7L % AV C ELISA {EIZ X 0 JIIE L 7=,

1.3.5. JiE#REE - HEEMR TR

TIRRIELZ, JFHR - DR - RIS - H - R - 220G - R - KSR - ERG - BRG - Rl - B
Wik + JeR - GCoMR - il - SE - BOREDR - RSB - REER AR - BISZAR - BERE - MR - BRI D o
sRER - FURIR < BB « KBRS« RERESAREY - I CVNIK « KRAK) - TR 2 BRE - FR& L,
10 vol%FMEREE AL~ U AR AMEH L CEE L, Bt T~y b v - AP
(HE) Y ARZ{ER L, X TOEARIC OV THRR L7z,

1.4. #E

TR TOFE M1, BellCuve for Excel Ver3. 20 ((t&EHRY— b 24t 2 HWTHEE
L7z,
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1.5, FER

1.5.1 K& - Bif&E - JRE - UK=E

REIX, RL 21T 72T X CTORET, AREBREHAART & OB 4AIRE I 3BV TR IREE & IE TR
m%fkaMAz%ﬁV%PTi %@&%H&LTDM28’@%%EL®§%Mﬂ%
LoULTH D Day 0D 80%LAT) ICEELTZ7=0, L% Uiz ECs 21T 72, 7=,

2. 4% TIE, ﬁa#ﬂoﬂ&w%®®\ﬁmﬁﬁ%mbto%@@@ﬁ_%wf ,%
EDFBO Bz o7 (Fig. 1A),

JREIE. N-2.4% « RL-1. 2% * RL-2. 4%FEICBUW T, K IRRE & e R CEBRYIK g mE %
~L, (Fig. 1B),

HOKEITIRE L FROHER 2R L, BEEIZIIEERRBO biveaoT,

1.5.2. Rfa#
R U PREEIT, N-2.4% « RL-1. 2% « RL-2. 4%#E T, 7 B H 2> D UNAMES E 72 13 3 Eif5 ai

ETHEMEZR L, FFiC N24%sz%ﬁ?@%?%ok@mZWOW¢ﬁWVA%E
1%, RL-0. 3%#F CTHRACRERFIZ mfi23 L Hdv, N-2.4% - RL-1. 2% - RL-2. 4%F£C 21 H H LAk
WA BZENODRW S OOKEME R 2/~ L7z (Fig. 2B), JRFT7A7 2 0%, RL-1.2% -
RL-2. 4%FE CafE s L, RFHREE - N-2. 4%FE A BR < Z OO R CamfEm 2 r Lz, JRH
JRIFEEFIT, N-2.4%BET 714 HEIZ, RL-2.4%BETT7T HHEIZ, TAZh@EEZ R LT-
(Fig. 20), 7 V7 F =%, RL 21T o 72T X TORE CRlBABH AR AT 27~ L 7= (Fig.

2D), ENLANOIEBEIZHOWTIX, BIERRD Lo T,

1.5.3. Mgt

ARIMEREL « ~E7 B ERE - ~~ F7 Uy MElX, RL-2. 4% CIREZ R L, AEZE
MIODTRUNE DD N-2. 4% TIEME R 232 BTz, HMmEREIX, RL-2. 4%8F CRfEZz s L
72o ZTOMOBECREEB IZBW L, 2B biiehotz,

1.5.4.  IMmigfb PR

MY PREEIE, RL-2.4%FEC 7 H H 2 b ULBEAED £ CRRF I A A~ L, N-2.4% « RL-
L 2% CEEN R Sz (Fig. 3A), M /Ly AL, RL-2. 4% CIRfEAZ < L, N-
2. ARBECTHEZED DD 2N S O OIRfEHEA 23 W 547z (Fig. 3B), BUNIX, RL 21T 78t
TGP EE AR L, N=2. 4% « RL-0. 3% * RL-2. 4% CEEAHUL S 1u7z (Fig. 30),
J LT F =0, RL AT TR GBI REZ R L, N2, A TEOBR b mEZ R L
7= (Fig. 3D),

ALP |%. RL-2. 4%RE CEfEfHf 27~ L7z (Fig. 4A), T OMOBECHRAEEHIZB W T
TALDSFRD SR Do T2, FGF-23 1%, RL-2. 4%FEIC B W CEfiEi &7 L7z (Fig. 4B), PTH
b [FAERIC RL-2. 4% TEfEZ R Lo, £72. N-2.4% « RL-1L. 2% Tld, AEED DRV
t DD FGF-23 36 LN PTH 28 mfEfd A &2 7= L7z (Fig. 40),

1.5.5. fEarEm, FHEERR SO A
B pa T B I, MR OO B RS N-2. 4% « RL—2. 4%EEIC IV THEMN L, AH B &S RL-

13



2. FEIZIWNTHIIN L7z, Z DM OFERIESRIZIR W TR, 2370 bivienoT,

%@ﬁ@ﬁm%@ﬁfi\m%ﬁotﬁf\mﬁ%uﬂéﬁbf#Aﬁ% L0 EH S

RIEANZTE & A7 7 1 o OV & A RAL B STz, AREIT, #%k

\C L HRHZER L2 LT, FEERREIR & B ﬁ%k@ﬁﬁi%%f BERERAL CIE M- D 4%%
SEARNIRE « JREJAE - IREVEREDILIER « R U~ 580 IR E BB DO REHENENLIE - PRABE
FRRROEEFAGRNBIE SN, DI U E2AM LTz RL-2. A%FE T, RL-0. 3%FEIC
PEERTEMEAER L, JRMAEEOILE « JROFEDBIZ STz (Fig. 54), £, B

(272 0 BV ORIEMERIIIR Y - SRHESEMIR O RS 7284 - A RAL « RO AEE & £ 5
R IR DN/ AN B ST (Fig. BB), E7RERMSTIL. B A EIIRIZE/ R BRI
BHIME OJLIE « & 2 BHROER « RU~ %o ERREA - AU~ U BEORE - %
IR ARy~ UBEDHAE « ATV U AHIAOERENBE S Lz (Fig. 50), ZiuH O
AL, RL-1. 2%8EF CHEEICBIZR X723, RL-0. 3% « RL-0. 6%t CHIZ S 2o 72, N
2. A%BEEIC IV T, BRRICAHE RN 2 R USRI PEDPEIR 3 7 H AU, RL-2. 4%HE & 1ZIZ A
OB BEE ST SRERIROER AKIENARIZE /& BRI A M A DYER MBI S 72 h
-7=(Fig. 5D),

LS DIEE TN T, RL-2. A%BFETIE, BRI HRRRE & Fe A~ TIRAHEG T B BEE I
JER L. @fEg CRIFIRRFEEMIROERA L, 7 a~vF U BNARICREL TRE <,
mw“’%ﬁ%®WWﬁﬁ%t&01wt@m 6A, B), RBREF=ALNH O ERE N2k
WU, BIMER A B, BREROSEE IR L, IS AR sEE s g ME LT
(Fig. TA), mfFCIE, xHHRHE L e THIBER OMIL S B ITHEGE L T, B RICE
WU, BRI OB A AR s OB I O £ < Blg2 S aufc (Fig. TB), E7z,
TEVE(E U728 25 s — 5N 0N, BEAFE & ORI B fEIR S B 123 L Tz,

(Fig. 70), &HIT, BHOIME - BIRE - DAMILE A IRKIEBSBIE S,

ZOMOEHZBN T, FFET R EFIMEREOB BRI 0o 72,
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Fig. 1. Body weight change and urinary volume changes of rat chronic kidney
disease (CKD) model

(A)Body weights were slightly lower in all of the partial ligation groups compared to
the control group, both before and at the start of the study (baseline). The body
weight in the RL-2.4% group continued to decline during the study, reaching levels
warranting euthanasia on Day 28 from the perspective of animal ethics (i.e. a body
weight of 80% of or lower than that on Day 0); these animals were therefore euthanized
before scheduled necropsy. Body weight tended to be low in the N-2. 4% group as a result
of decreased body weight gain, although the change was not significant. No changes
were observed in any of the other groups. (B)Urinary volume were compared to the

control group, the N-2.4%, RL1.2%, and RL2. 4% groups showed high levels of urine output
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nearly consistently throughout the duration of the study. Symbols indicate mean +/-

SD. *:Significantly different from the control value.

16



mg
40000

35000

30000

25000

20000

15000

10000

5000

50

mg
3000

mg
80000

70000
2500
60000

50000 2000

40000 1500

30000
1000

20000

10000

day day
Fig. 2. Urinalysis changes of rat chronic kidney disease (CKD) model
The levels of phosphorus in the urine were high from Day 7 until before the animals’
emergency or scheduled necropsy in the N-2.4%, RL-1.2%, and RL-2.4% groups,
particularly in the N-2.4% and RL-2.4% groups (A). The levels of calcium in the urine
were high in the final measurement of the RL-0.3% group, while the levels tended to
be low in the N-2.4%, RL-1.2%, and RL-2.4% groups on and after Day 21, although the
changes were not significant (B). The urine albumin levels were high in the RL-1.2%
and RL-2.4% groups, and tended to be high in all the other groups except for the
control and N-2.4% groups. The urinary urea nitrogen levels were high in the N-2.4%
group on Days 7 and 14, and in the RL-2.4% group on Day 7 (C). The creatinine levels
were smaller at baseline in all of the groups of animals that had undergone partial
renal artery ligation (D). No changes were observed in any of the other test items.

Symbols indicate mean +/— SD. *:Significantly different from the control value.
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Fig. 3. Phosphorus, calcium, blood urea nitrogen, creatinine changes of rat chronic
kidney disease (CKD) model

The levels of phosphorus in the blood were markedly high in the RL-2. 4% group from
Day 7 through emergency necropsy, with the N-2.4% and RL-1.2% groups showing
occasionally high levels (A). The levels of calcium in the blood were low in the RL-
2.4% group, and tended to be low in N-2.4% group, although the difference was not
significant (B). The blood urea nitrogen (BUN) levels were high at the start of the
feeding study in the groups of animals that had undergone partial ligation of the
renal artery, with the N-2.4%, L-0.3% and RL-2.4% groups showing occasionally high
levels (C). The creatinine levels were also high at the start of the feeding in the
groups of animals that had undergone partial ligation of the renal artery, with the
N-2. 4% group continuing to show high levels thereafter (D). Symbols indicate mean +/—

SD. *:Significantly different from the control value.
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Fig. 4. Alkaline phosphatase, FGD-23, PTH changes of rat chronic kidney disease

(CKD) model

The alkaline phosphatase (ALP) levels reported are those at the time of necropsy; the
levels tended to be high in RL-2. 4% group, although the difference was not significant

No changes were observed in any of the other test items or in the other groups (A).
The levels of FGF-23 were high in RL-2.4% group (B). The levels of PTH tended to be
high in N-2.4% and RL-1.2% groups, although the differences were not significant (C).

Symbols indicate mean +/— SD. *:Significantly different from the control value.
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Fig. 5. Histopathological changes of kidney by rat chronic kidney disease
(CKD) model

There were clearly defined boundaries between the ligated areas and the normal

tissues; in the areas around the boundaries, inflammatory interstitial cell
infiltration, urinary casts, expansion of the renal tubular lumen, fibrous thickening
of the Bowman’ s capsule and the renal tubular basement membranes, as well as the
degeneration and regeneration of renal tubular epithelial cells, were observed. In
the RL-2. 4% group whose phosphorus intake had been further increased, the kidneys
were enlarged compared to those in the RL-0.3% group, and expansion of the renal
tubular lumen and urinary casts were also observed (A, B, C). These changes were
almost the same as those observed in the N-2.4% group, although no expansion of the

afferent arteriole lumen and glomerular capillaries was observed (D).
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Fig. 6. Histopathological changes of parathyroid by rat chronic kidney
disease (CKD) model

In the RL-2.4% group, some of the findings in organs other than kidneys included a
marked enlargement of the parathyroid compared to the control group, which was
apparent even under low magnification. Under high magnification, the nuclei of the
parathyroid parenchymal cells appeared bright, while the chromatin were large and
disproportionately concentrated in the cornea, and the granular cell bodies were

prominent in the cytoplasm (A, B)
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Fig. 7. Histopathological changes of bone by rat chronic kidney disease
(CKD) model
The area directly below the growth plate at the distal end of the femur appeared to

be clearer, with the trabecular bone area being markedly thicker and the
hematopoietic cell area narrower (A). Under a high magnification, a marked
proliferation of mesenchymal cells compared to the control group was observed. In the
trabecular bone, a marked growth of osteoblasts was observed, as well as a large
number of osteoclasts (B). In addition, activated osteoblasts formed a line, creating

a marked increase in the osteoid area between them and the existing bones (C).
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1.6. #%%

ARFZEIT, RLICED T b CKDIREEET VARSI L, @) v RBREHICLDRFER I LY
UL DNT 2 ADEACDERERIEIC M AT T BRI OV TR L7,

ZTORER, BAET v NORFEHFY REZBEHE O 4 58I L N-2. A% Tk, (REMR
D) - B ffER) - JREBEOUMIEFRO U v OEERE & vy T AOKIREE - i o FGR23
6 L OVPTH O = FEAE ) » B IREE R OB A A B AL, R ERARRR I IR FIAESC SR ER IR D95
LA 7 n B CORBER R SN, LEni>T fRFhoR ) SREICE 5010
VULEV DT UNT AL, CKDERRREEZFHR T H LI Lo, U v ORIk
T ORI DM IN TN 0 N BFFOHI LT T ALY DT U RAITFEH
LIz IR ON TN D, Fxld, PHOFRICE O T, SIEHBHT v hoREH LY
ULRER Y RED 1/2 725 5 5 E TEB ST 10 @G LI FEREIT > 7203, CKD
F IR EHBRIE A T IIRENBIER SN AR o7, 2D LiE, TEEMENAEE LT CKD B
BBICEY , SLICHHRERRELZFET 12T, BFFOY VREAMYBRESD, &
LWL TLE Y DT NG ZREBEB N T OMERDL 2R LTZbDOTH
%y

—FH.RLZMEL7ZT > FTlE, BFF Y SRELETO 45812 L7 RL-2. 4%FEIZ B0
T—HeRRER BAFICR S Z E BN TE T, 28 0 HIZE LVWMKREHIANS] 23 7 & L7 72 o 22 48
BEATO I D B RWIRIUCH- 72, 2B 08 TIE, Mo FGR23 38 X O PTH O i
FEWTINA, IR« Mg~ — A — D@ Lo, R EERR R S D BIHVIR RO R -
TEVE(E NGRS 4v, BB O LR AN DA IRALIZEE D 2 IR FE S5 CKD JifE
DFEEED N-2. A%FEC LR TE LS EL LTV, LR -> T, RLIE. 7 v FOBEHEE
T &, SREMEIZI W TR IMERIEIC X 0 #7558 SN 5 EECIRME (ISR 2280 - /4
BEIAESHE, BIZEWA RN L RAZNTTND I ERHETH D, ZOZENEEF I
YOULLY DT NG ALK D CKD ERRREE RHNCHEE LRE L EX bND,
RL-2. 4% TlX, BOARLT | BICHRENFAEL, BIFMCHEMIdOE AL, mh
ALP JRE D @& fE 72 & B RE O TUE IS T B HRER DR BN FE SN, b, &5
DIE 72 EICHRAGRENBE SN2 LD, ZOEFICE, B RIREEEE T THE B 5
T2 LD B BRI STV IR RE N B R S 2 L VI LT,

UEXY, RLEBEFOY U EREICIDZANVTLEY DT U NT U RAEMBED
ARG O EBRSEAM L, FLEAE BRI CKD 2 fF 5 B HSRERR L 2 F R T 28T
NELTHENHERT 2D THY, ZOWRERSLE R FHEOMPICET 55D THD
ZEPHIA L, ABFEOREIE. B hORHEFOY COBRERICL 2T LE Y
YOT NG AR CKD BLOVEHRRIED Y A7 L7 0155 2 L 2R3 58 LWAIR T
bDH, ZOREIEL, CKD-MBD OAEMEIA & I ROREICER CE ., o, RHEEE
BEICBWTERICLDY VU EHALY T LADERZITH Z L TEEBERE~DOBITELED
., FHETTREREZRO T LICLERTE 2L 0 TH 5.
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F2E BEFRHERELREIC
BT B RIETR R T %

2. 1. Frim
BHEREOIRIFRICB W TE —BIRIK L L THW LIV TW S B RIS, s a2
A - EROICHHE L, BRI AR T S8, BRI E RIS 2 L AR L T 5
D BRI L 22\ W e B OIER 2B HE S S 19 REEAIC L0 BER
B LT LAGBITIREBIZMA BENNH LT, J b BWRIMHIEIL, B
r"iéﬁﬁﬁﬁT®@’ CRVERTDEIY A7 &S00 >— RERISHNH LT
(T X, IREIB OHEINCE > GEIZET Y A7 BT 5D TH D,
%@mﬁk%mméﬂkT)A7%F I BHEREIC > THIL LB ZH LWEICHE
DREZDFEFIREFEN LW a7 PO TIZBHEINTZ S DT, BRINHIEE & 272
0. BISERINDANA VA7 OFHRIEREICHEHNTE S, LEER-oT, TUNT
T RIE, BHREREERE LTHETHLEZEXA LN TS, LR, TUNRTTF
RIZOWTIE, FERRR G 2MERHMEOBICE i S -7 v PR ARMRERICK VT, HA &
B X 0 BRBENTER SN2, ZORBAMELEEEERICE S EHEZEIN T
2. E I iaof%f B —TEDBRENDHDLBENRH DT, TV RXTF KO M
IREGHIRNZITHIR R E SN DICE T2, Zhwx, o OFERBRIEEZ BB
EHT 2 2 N TET, BHRIELRE. FHIE Y A7 RALITE > TOARFIEERAET T
B 1272, ZOTVNRIF RICEDEDBAMENRE MIBWTHEBL L, i3tz R
THRNRDH -T2 DHREL, SICELLESTLLFELRY, —FH, BIROT v FBRA
JFMRBRICB O T HEIER G THIVTERNDABNELET I 2t HEEICBITS
TUNRTF ROBEPAMEICIE, HEHEEICID2BNGFAEL, BURREHEEEHETH
AULEGEEC X D A[REMEDRIR STz, EEE, T U NI F RIZ L 5~ U AFHRIERE I
LEREAA A~ =N —OEL, BREHEDOEWVCLLEZRRSH D 2 L amed
é%ﬁ%ﬂ%ﬁ%é”m INHOFEFE - BENGIE, RIZT v MIHT 2B AR
WAMECTE DL EMRELIZE LT, T UNTTF FORGHE - HEIZ, & MBI 5%
hh)27®ﬁﬁ-%%%&m?éi%ﬁ%lf%é_k#$ﬁéﬂéo
UEXO, 7URTF R, 2ORGHE - HEZ TRT25Z L2 o TRAMOMEH
AR L 720 | F%&LT%ﬁ%W%% CHUEICE S A A EZRILCX SRR S D, £ D
ZEEHOLMNTT DO, kA RFIETOT —F OERBP RO TN D, & 2 TARBF
Zeix, 7 v ERWT, ﬁf@tF%Vﬁ%f%w%hfw620®%5ﬁff%é 1 [A]
LH&5®*#T?uﬁﬁ%A4ﬁv~w~ @ﬁ%_owfw@&ﬁkw%ﬂ%_ié
BIEHAEH OENE | 2 OFHRIERRIC FATOWTIRIT L T2,
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2.2, FEBMEHS LOU5E

2.2. 1. fEHEY

X, HEPE Crl1:CD(SD) 7 v & AARF ¥ — /LR « UN—latt (EARGEE R ¥
—) EOAFL, AT L ARUA Y —Fr—T % O THEBNZIE L, BEE 21,0~
25.0° C -« ML 40. 0~70. 0% - HABARE[H 12 Kff#/ B OB EICTHE L, 7 v N HEIEEE
(CRF-1, AU = Z VEERETERAS ., O B LU KEKZ B RICERS &
7=

AL, (B OE#ES JOEHICBET ik BXO Rlstha 7 U b —F @
Fhfagt) 2857 L, Ak o#m ERFEE LB S (TACUC) 18X 2% A %23 T 73R
FHEEICANE > T AAALAC FRAEMERR T o RSt A U h—F THEi S i,

2.2.2. HERYE

(LN AR S 27 U /8T F REERRYE (TERIBONE™ Inj. 56.5u g OIEMERKSy)  (IBfk
77—~ B, BA) 2RV, BRI NTT U RTF FEERREIZ, k5RO
EZ 0. 9% AEBRAIEK A2 IV CHREIR EE ICFRHE L 7=

2.2.3. FEBRTVA

i, 10ED T v N & AFEICHEA LT, £0 9 H3oLa#1 L, 7% 5300t %
HARGEZTHOREE L, WTHORRZE W THIBRWE & Bt 5 L2V IREESIC & | (K -
e B ELZ R T D3RI T, R E TH L7 V3T F FEEEREIZ, H1m]
BeGDEET VT F RELTT5 100 « 125.4 pg/ke/IAl, #HAEG-OEAE5 « 10 « 13.6
wg/kg/day, OHET3INH ML MIckEG L,

Table 1. Agent dosage and group structure

Group Frequency of administration
Weekly Daily
Dosage Animal Dosage .
(1 g/kg/18]) number (ng/ke/H) Animal number

Control 0 3 0 3
Low 75 9 5 9
Middle 100 9 10 9
High 125.4 9 13.6 9

FHRGERERM L LTE, DAFMERBROR KRG EL LTO ERMETH L £ H il
TRIE D255 B A BAUCERE LT, W1EHEG L, FaicB e EMKER FR5I2XL 5
TKEBRZ FhE L, RI26f5 DIRENAEE S 5125.4 ug/kg/weekZ mHE E L, §208 &
NIGED e MEENEE SN DH1008 X5 1 g/kg/weekz ZNENHB I OMEHEE L
729, EBES L REEICISER L TG L-BRORE RS, BNAFEMRR T REN I

AT HHETHS13.6 pg/ke/dayz i, b MK TOBRER BEOKI260% DUREE )N EE
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EN510 pg/kg/dayZFHELE L, FI0EDOBRTENTFHREN D5 1g/ke/dayZ (K& &
U7z, ZRBRREICIZ A AR AR (RS KREREETY,, MER) ZRERC
5 L7,

2.3. m&HH
2.3.1. —fxikne

B GBHLART L HDEHE £ ToOM 1 B 2 [l L7z,
2.3.2. {KE

B G-BHbART 1 HICHIE L, #GBRMA% A 2 [ 5-ancfllE L
2.3.3. Toxicokinetics

BB G B GRT & #5592 0.25 + 0.5 + 1+ 2« 4 « 6 FRENCHERRBOICERIM LU, $5RE
DOeHEE (TK) 122\ T Enzyme—Linked Immunosorbent Assay (ELISA) {EIC KV, &8
MARA > MBI 2R T U RT F NEHERERE 2 0IE UAEh L7z, &1L High
Sensitivity Human PTH(1-34) ELISA Kit (Immutopics Inc.. CA, U.S.A.)ZAWTHYE
FEARPIEL, 7V 37 F FAEERES (BLR 7 7 —< St B Ok Lok
BARDN D MUK D7 U N T F REERBEIRE 2 R 7z, MEhT V3T F NEERRERE
1%, duplicate THIE L7 MM A HIERE & L7z,

2.3.4. BB

~A 271 CT (RLmCT AX, BRASHU A2 HEHD) ZHWT, #55MATH & R&kE
HETIRFIZEE 4~56 5 JBEMHE, G RBRE R OLIED CT g &R L, £D CT g2 b EHE
(BMD, HA{T : mg/cm®) ZHH L7~

2.3.5. BRGNS A~—I—HE

B G, B 1 AR GHETIIRGATH S & 54% 6 - 24 - 72 - 144 R[], EH G T
FHERTH &G 6 - 24 [, IZZ2 N EERIML L, ELISAVEIC T, B AA A ~—T
—THOAAT N (0C) BIOWIMaZ —F U 880G T a7 K (NTx) OMmiE
YRS 2 HE L7z, OC X osteocalcin rat ELISA system (GE ~JLVAZ T « Uy N BEE
St HEER) . NIx 34 AT A~—2 NIx Ml (7 V—7 AF ¢ hadkalstt, #on
#) . EEAENUHNTRICEARE L, RERN RO TR ERE O TENLENDR
ErEH L7, Wb duplicate THIE L7 EWE 2 RIERE & L,

2.3.6. JHEAARRFAI A

FIARRE L 5ok HERE B OV S RE D JIT L » Rk« Mt - FORMR « BBz IMAS « il - &3 - |k
s B 2 B - AR L. 10 vol%HPEREmE A L~ Y R AMAH LIEE L, HIEICE-> T
HE e EAE AR 2 ERLL . TR COERICOWTHIR LTz,
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2.4, #at

BMD D F BRI & fe & G4 TRHMEIC DWW TR, BREOFEE R R Z 2B L T
Bartlett {EIC K 20 BO—IRIEDRE (HREAKUEDLN) ZITo7z, DB —ERTHo T8
A&, Dunnett VEIZ & o TxiFREE & BB ERE & OB CHEHEOMREZIT > 7, 7B
—HETRDP TG BT, T — & xS L CHEJE Bartlett ¥AIC X 2 0O — DR
E (AEAKEDS) 21TV, DB —FRICRITER% T — % %2 T Dunnett JEIC K - T
KFREE & BRI ERE & ORI CEIEDOZIZOWTHREEZIT 70, ZORERTH 0 —
TR o758 o7 — & 2 W TR R & SR ERE & OSEBINANL D FEIZ SN T
Steel BEEIT > 77,

2.5. HER
2.5.1. KE, —REBBIE R JOYR B R AR A

REE, —ERBIERE L O TS OFEMMR R A IC B O TL, FET & B s
RO T,

2.5.2. Toxicokinetics (Table 2)

MmAEHFT VT F FEEREIREICOWTIE, 30 HH&EEZICB W THEIEFR GRS X O
HABSHEOWNTN G REEICE U Chim RS L OWIM R REN B U, e F
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Table 2. Comparison of blood parameters in weekly toxicokinetic measurements
after 3—month administration for once-daily groups

The blood levels of PTH 1-34 were measured in animals in the once-weekly and
once—daily groups after 3 months of administration. Both groups showed elevated
maximum serum concentrations and total serum concentration in a dose—dependent

manner, with the time to maximum plasma concentration being between 15 and 30

minutes.
Group Crax Thax AUCan1 Safety
(ug/ke) (pg/mL) (min) (ng' min/mL) margink
Daily (*7)
35 (5%7) 3308. 8 15 900. 9% 16.3
70 (10%7) 4200. 8 15 1600. 9% 29.0
95.2(13.6 *7) 7685. 6 15 2088. 8% 37.9
Weekly
75 24798. 2 30 1277.6 23.2
100 27684.6 15 1406. 1 25.5
125.4 37280. 0 15 1876. 8 34.0

* : AUC for the once—daily groups is multiplied 7x to convert to l-week exposure.
*% 1 AUCps: (results on Day 1) with 56.5 ug administration (sc) in osteoporosis patients
(55. 14 ng-min/mL)
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Fig. 1. Growth rate in the BMD measurement by the three months dosage

BMD for the fourth and fifth lumbar vertebrae, femur, and tibia and were
found to be higher in the PTH 1-34 groups than in the control groups for each
of the measurement sites. Once—daily groups showed a marked, significant,
dose—dependent increase in BMD for all measurement sites at all doses. In
comparison, a relatively small increase in BMD was observed in the once-—
weekly groups and was not dose—dependent. It was statistically significant at

all three doses for femur, and at 2 of 3 doses for vertebrae and tibia.
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Fig. 2. Change comparison of the weekly administrated group in the Osteocalcin
measurement by the three months dosage (A :It is show a change to the next
dosage time (144 hours).) (B: It is show a change to the next dosage time (24
hours). )

In the once-weekly groups, OC measurements showed generally non—significant
transient decreases 6 hours after the administration, except the decrease was
statistically significant at the high dose at 3 months. Osteocalcin returned
to pre—injection levels after 24 hrs in all groups and timepoints. The
measurements continued to increase in the PTH groups, peaking at 72 hrs, and
then almost returning to pre—injection levels after 144 hrs. This suggests
that bone formation decreased transiently and then increased several days
after once—weekly administration, returning to pre—administration levels by
one week. In the once—daily groups, all PTH-treated groups had significantly

higher OC levels than Control at all timepoints. Control, low, and medium-—
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dose groups showed a slight decrease at 6 hours relative to pre—injection
levels. At 3 months there was a similar pattern but the changes were not

significantly different at the low dose.
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Fig. 3. Change comparison of the once a week administrated group in the NTx
measurement by the three months dosage (A: It is show a change to the next
dosage time (144 hours).) (B: It is show a change to the next dosage time (24
hours). )

The once-weekly groups showed NTx levels that were not significantly
different from those of the control groups, except that the levels were
significantly lower than Control in all 3 dose groups at 144 hours suggesting
that once—weekly administration does no effect on and may transiently reduce
bone resorption. Once—-daily administration, although showing little change
for the first 6 hrs, resulted in significantly higher levels after 24 hrs in
the high— and medium—dose groups at 3 months. This suggests that once-daily

administration may stimulate bone resorption slightly
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Abstract

The present study was conducted in order to obtain basic information that
can contribute to the establishment of the strategy to prevent or treat

osteoporosis.

Effect of the dietary phosphorus and calcium concentrations on osteoporosis

The internal balance of minerals, especially phosphorus and calcium, is one
od the major factors for the onset and progress of osteoporosis. It is known
that damage occurring in the kidney accelerates the disease process, and that
the dietary mineral balance also essentially influences, but their detailed
background has largely remained obscure. This study thus aimed to establish a
rat chronic kidney disease (CKD) model by studying the effects of a high-
phosphorus diet in rats that had undergone partial ligation of the renal
arteries (RL).

Separate groups of 10-week—old male Slc:Sprague—Dawley rats underwent RL and
were fed diets with varying phosphorous levels for a period of 48 days. A
marked suppression of body weight gain necessitating humane euthanization
occurred on day 28 in rats that had undergone RL and were given high—phosphorus
feed. By contrast, the group of intact animals on a high—phosphorus feed
exhibited a slightly decreased body weight gain from day 21 and survived until
scheduled euthanization. In rats with RL, hematological, blood biochemical,
and histopathological analyses demonstrated the presence of CKD-like conditions,
particularly in the group that were fed a high—phosphorus diet.
Hyperphosphatemia and hypocalcemia were induced by a high—phosphorus diet in
both the RL and intact groups, both of which had high levels of FGF23 and
parathyroid hormone in the blood. Rats with RL on a high—phosphorus diet showed
decreased hematopoiesis by the hematopoietic cell area being narrower in the
medul lary cavity, proliferation of mesenchymal cells and
osteoblasts/osteoclasts, and expansion of the osteoid area, a furthermore
generalized vascular lesions, such as calcification, were observed

These findings demonstrate that the partial ligation of the renal arteries
combined with a calcium-phosphorus imbalance induced by a high—phosphorus diet
serves as an animal model for CKD-like conditions accompanied by bone lesions,

helping to elucidate this clinical condition and its underlying molecular
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mechanisms.

New strategy of the treatment of osteoporosis by its existing its therapeutic

pharmaceutical

Teriparatide (PTH(1-34)) is an only therapeutic pharmaceutical of
osteoporosis by inducing the osteogenesis, but currently it is allowed to use
only once throughout the lifetime because of its potential carcinogenicity
detected in a nonclinical carcinogenicity study in rats. Recent studies have,
however, revealed a possibility to avoid the carcinogenic risk of teriparatide
by modifying the way of its administration. This study thus aimed to
comparatively examine effects of different ways of the administration of
teriparatide on its enhancing action on the osteogenesis, and their rationale
in the treatment of osteoporosis.

Teriparatide was administered to rats subcutaneously for the duration of 3
months, at a frequency of either once weekly or once daily to demonstrate the
varying levels of anabolic action the drug can have on bone depending on the
dosing frequency. The levels of biomarkers in the blood were compared and found
to vary in osteocalcin (0C), a biomarker of bone formation, and cross—linked
N-telopeptide of type 1 collagen (NTx), a biomarker of bone resorption,
according to the dosing frequency. In the once-weekly regimen, teriparatide
did not affect NTx levels at any of the doses studied, while OC levels increased
with dose, peaking at 72 hrs, then returning to normal before the next injection
(after 1 week). Bone mineral density (BMD) levels increased moderately with no
difference between doses. This was thought to result from the steady state
achieved following increases in bone formation and bone absorption. In the
once—daily dosing regimen, meanwhile, NTx levels increased with dose, and OC
levels were markedly higher when compared to those with the once—weekly dosing.
BMD levels were higher than those with the once-weekly dosing, but with no
difference between doses. This was considered a result of unlimited, excessive
increases in bone formation due to daily administration of the drug.

These results suggest that teriparatide promotes normal bone metabolism
("stationary remodeling”) when administered once weekly, and has an anabolic
action with high metabolic turnover (“high—turnover remodeling”) when

administered once daily.

The above—mentioned achievements of the present study can contribute to draw
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a strategic picture for the prevention and treatment of osteoporosis, and it

is safe to say that the aim of the present study has well been accomplished.
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