with various food groups, and found that intake of green vegeta-
bles correlated well with folate status and Hcy levels. Further-
more, it was revealed by the quartile analysis that the highest
Hcy group showed the lowest BMD, the lowest serum folate
concentration, the lowest folate intake and the lowest intake of
green vegetables. This analysis suggests that insufficient intake of
green vegetables, but not insufficient caloric intake, causes folate
insufficiency in the group with the highest Hcy.

The strength of the present study is that it is the first study
to show that nutritional status of folate might affect the homo-
cysteine level, a putative risk factor for osteoporosis, in Japanese

patients with type 2 diabetes. The present study is also mean- -

ingful in promoting awareness of the importance of diet quality,
because patients with diabetes are at high risk of developing
osteoporosis. In contrast, the present study has some limita-
tions. First, the sample size was not large enough for conclu-
sions regarding marginal insignificant P-values. We estimated
sample size using a correlation coefficient obtained from a pre-
vious cross-sectional study assessing the relationship between
BMD and plasma Hcy®. The correlation coefficient of femoral
BMD with Hcy was —0.18 and the sample size was estimated
to be n = 153 (two-sided o = 0.1, B = 0.2), while we analyzed
125 patients. Second, we only analyzed patients with type 2 dia-
betes and comparison with non-diabetic subjects is necessary.
An unanswered question is whether diabetes modulates the
effects of nutritional state of folate on Hcy metabolism, and the
effects of Hcy levels on BMD. Finally, a longitudinal study is
required to examine the effects of Hcy on rate of BMD loss
and risk of fracture for a longer duration in patients with type 2
diabetes. It is also necessary to determine whether encouraging
patients with higher Hcy levels to eat more green vegetables
is useful as a dietary intervention to improve Hcy levels
and BMD.

In conclusion, the present study shows that BMD inversely
correlates to plasma Hcy levels in Japanese patients with type 2
diabetes, and that dietary intake and the serum concentration of
folate are determinant factors of Hcy levels. When our group
was analyzed across quartiles, BMD, serum folate concentration,
folate intake and intake of green vegetables were lowest in the
highest Hey group. Taken together, in Japanese patients with
type 2 diabetes, a diet low in green vegetables rather than a calo-
rie-restricted diet might be the more important factor in the
declining nutritional status of folate that increases the Hcy level,
a putative risk factor for osteoporosis.
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Overestimated serum albumin levels in patients with hip fracture

Hip fracture is associated with high mortality and morbidity.
Malnutrition has been reported to an important predictor of clinical
outcomes. Serum albumin level and blood total lymphocyte count
(TLC) are considered to be the simple, but reliable markers indi-
cating the patients’ nutritional status, and often employed in
various clinical settings including hip fracture.! Recently O’Daly
et al.2 in the recent issue of Clinical Nutrition, studied the signifi-
cance of these two markers as the predictors of outcome in hip frac-
tured patients. They defined protein energy malnutrition (PEM) as
serum albumin level below 3.5 g/dl and TLC below 1500/mm?>.
Patients with both parameters below the cut-off had higher one
year mortality than those with both values above the cut-off
(odds ratio; 4.6). Cox regression analysis revealed that serum
albumin level (hazard ratio; 0.932) and age were independent
prognostic factors of mortality. Lee et al.? also reported that serum
albumin was associated with increased post-operative complica-
tions (odds ratio; 6.23) after adjusting for various confounders.
Although these findings are of clinical interest, measurement
method for serum albumin is not described. Serum albumin level
can be measured with various ways, each having its own pros
and cons. BCG (bromocresol green) binding assay is the most
frequently used one, but has the disadvantage that BCG also binds
to o1 and o2 globulins, which are acute phase proteins and
increased in inflammation. Thus, serum albumin level can be over-
estimated with BCG assay. Then, we have measured serum albumin
level in 86 patients with hip fracture by BCG assay (albumin-BCG)
and nepherometry (albumin-N), which is based on antigen-anti-
body interaction and free from the interference by globulins.
Written consent was obtained from the subjects or the proxy.
Albumin-BCG (3.86 + 0.42 g/dl) was significantly higher than
albumin-N (3.51 + 0.43 g/dl) by paired t-test (p < 0.001). Next,
we have compared the number of subjects with their serum
albumin level below or above the cut-off of 3.5 g/dl (Table 1). All
subjects with albumin-BCG below 3.5 g/dl had also albumin-N
below 3.5 g/dl. In contrast, approximately half of the subjects
with albumin-BCG above 3.5 g/dL had albumin-N below 3.5 g/dl.
Our results show that the measurement of serum albumin level
by BCG assay could overestimate the serum albumin level, and
underestimate the percentage of subjects with PEM in hip fractured
patients. Thus, the method of serum albumin measurement must
be specified, and the positive interference by globulins in the

Table 1
Comparison of albumin-BCG and albumin-N.
Albumin-N
<3.5 g/dl >3.5 g/dl
Albumin-BCG <3.5 g/dl 13 0
>3.5 g/dl 36 37

Albumin-BCG and Albumin-N indicate the serum albumin level determined by BCG
assay, and that by nepherometry, respectively. Data were analyzed by chi-square
test (p = 0.002).

bye-binding assay should be taken into account in the nutritional
assessment of the hip fractured subjects.
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ELTHEE SN, T BCo, LR, BT 2/-A
ECHEEREML, BH7IJBS-NVhoRBET I/
B (ZITRY YY) BAE BEERELASCEE
REEFLA LI THST 5. HIB7I VB (22T
FUYY) PEBRTRELAESEICLELRED R
mahal, RAESERZZNU EARTBULENRLR Y
»T, BT I BEEONER BCO, PRI —E Lk
% (H6)o ZOBMBEFEBLASCELERLELD
Nb, ZOEGERHTOE, BE7I VBELT
BCPhe 2 FIF T 2541, M m¥rh® ®CPhe &
C.Phe I EEQE G L BOI—ETH D Z EHBUETH bo

& 1= AIEE (13C-Phe)

HEET /B (1°C-Phe)

BRIt - AIECERER
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AIFKERS

BE 22 -REGE

4 FAEKHELEEDERS
BADAE BLERERE, AN RDhIEREEZH, K-ATCHEERH
B30 0ELEELAIKEOBRNNERETSH 5,
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F COy DRI EIE—FE L2 5,
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WEDT, BELAECELY)DERET I VBOIIEIHF
WEOEALAI/NEV, HEET I VBE LTid, “CPhe 78
BOBVHEECTHESNTE ., 5%, HeaT7 /B
PIRE7IBELTHAL, ZAXCERECHEYS
BE7IVBELTOFMMILETH S,

#2112, HWRBRELELST, ELb-AECHE

BUL AV LB EBR IS S 5 BEA R

Il ThE, BENGEEFOFETLAECERHE

280 EEEE

1

S hUCo, BT
(1360, 12GO, )

POCone

\Er— RADRIEE
(KEREFHASH)

K7 RO E R OFE

REZRODIEDNTETH . Br ACREoT2A
FERBERESEH TS, FACEER S A VA%
L3 iuE, ZOMmME, RBR:AECERBEREL S
W3 b eHTEL, 72 1AAO Eid, AT TRL
BRI O BEE T TR UFETE AT CERBERS
PHIMETELEEZI NG,

%312, TIBBNROBERTES COVWTE
WLRUVRERENW W ETh b, BlEIE KB4
AE L BEBED 7 Th DI L OBELEORETHY,
FRIENE OBLESERICHE SR TR 2 2EP
R L v, Biebid, —ERETERERYAAT
VHREES-YICT v bEAR, MBS VHOSK%E
EIREU S 7 IR L, RS EE (KEEF
HAAH) 2RV, BEUCO,B% C Loglat L
THZELTWS (F7).

EmEREEEEE Vol9Nob 2 5



V. S5y MIBTBIAA0 EICKB A ERH
ERBOHEY

EBEDOLAMECERELTHEAL VEMNETNVT Y
2V, IAAO BT A ACERBERRICOVT,
EBREOAMECEBIZL D EVWHKR LN P EIRETL
77 Ty M, PMEINVFUEEREE L TCHWEES
LEDLETRNTDERIIONWT, EBRET4EEEM L,
20%HEA yEEXBHERE Lz, EBH, 7v b3,
6EREONES VY EUERR (4.3, 8.6, 12.9, 17.2,
21.5, 25.8% A¥A X&), T/, 6ERBOSMESNT
YEEUERE (7.2, 10.8, 14.4, 18.0, 21.6, 25.2%
INETNTVE) ©)E—2%09: 002518 00F T3
BEZEIC4EERLZ. 1EOKRERIISy Mo 1H
BRAED1/8ETOL L7z, BCEMWERSII3EED
JEEERS 15 1 00 (NaH™®CO;, 0. 88 mg/kg BW; NaHCO;,
7.92 mg/kg BW; ¥CPhe, 3.3 mg/kg BW; Phe, 29.7
mg/kg BW) (ZBH#&L, 16:00, 17:00, 18:00 (**C-Phe,
6.0 mg/kg BW; Phe, 54.0 mg/kg BW) F THtiF7,
BC B IR 5% 722510 T v PR F ¥ v S—ICA
Nizo 15: 0092519 : 00F TIOHT &1, F v v /5—H
DEAEREFLET Il UTHEREUS Y IR L
HAV IR (POCone ; REBFHASH) 1Ic&kD
IEH BCO, BEMEL 7.

T2AESEEENCEBEO I EL VEZERELT S
EB (n=8) ENEINT U REEEREETHER (=
8) ZhZh 6Ed IAAO Bid, EMEHIx2 DEMMEE

L, 2BRLPICSET L. EREOHEBEE2ISRL
720

[AAQ HICB VTR, EAASSEED SO AL
CEEIAENAERELESETYS, BFEH0 ®CPhe &
YCPhe nEB LT [12C] Fuv v *CTyr) o&%
—BIRIEPUETH S, IDIXITHESh-ASF
REM LB, ke migd o BCPhe 7217 Th <,
BCTyr L ¥CTyr 0B b —ETHHI L RRATHI L
DPUETH B, 4.3%NEAL VEELT.2%HEL B+ 8
WLBEEDS v bOMi Phe & Tyr IEE#E 3IZRL
720 HEA YEDIAZBELNVEL 3% D517, 2%
Z{bseTH, M4 5CPhe & “CPhe EDEE L &2
—EThole F72, MHEECTyr & PCTy BEOEE
LEL—ETHol. E512, BCTy oid 5 BCTyr
DEE1, “CPhe 123T 3 *C-Phe nEI& LY B
{, TOZ &, Phe 5 Tyr ~ORBIITTHEL TV A
WZEEFELT Y5, T/, FFIE® & OB ok
T I BIZOWTHE LR, gL RgcAE¥L v
BOAMIKELVRVEL 3% H17.2% B8 T
b, M3 °CPhe & “CPhe ENEE L 8B X UM
BCTyr & BCTy BEDEAGLEL—ETho7 (F
3o

T AEBERBERER, 18 300 BCO, B A RN
BB (2 BERAAE) W s X VBT L, BRI 7
AT BRI KT B IRR T BCO, B B/AME L 2 B R
fise LCTER Lz, RIETIE, 9y MIBWTIAAD
BIEY, BEL U RLAESBRE LB AL

#2 EBREOMK
Casein diet Wheat gluten diet

Protein

4.3% 8.6% 12.9% 17.2% 21.5% 25.8% 7.2% 10.8% 14.4% 18.0% 21.6% 25.2%

g/kg diet g/kg diet

Casein 50 100 150 200 250 300 - - - - - -
Wheat gluten - - - - - - 100 150 200 250 300 350
Cornstarch 557 523 490 457 423 390 527 498 470 440 411 383
Sucrose 278 262 245 228 212 195 265 250 235 221 206 190
Rapeseed oil 35 35 35 35 35 35 31 27 22 18 14 9
Soy bean oil 15 15 15 15 15 15 12 10 8 6 4 3
Vitamins 10 10 10 10 10 10 10 10 10 10 10 10
Minerals 35 35 35 35 35 35 35 35 35 35 35 35
Cellulose 20 20 20 20 20 20 20 20 20 20 20 20
L-Phenylalanine 11 9 7 5 2 - 9 7 5 3 1 -
L-Tyrosine 13 10 8 5 3 - 13 11 10 9 8 6
Energy (kJ/g) 154 154 155 155 155 15.6 155 155 155 155 156 156

HEL D AEL EEEII86.2% (NX6.38), NEFNVTF Y DAL BERIIT2.0% (NX5.70) Thb, BEFOT ==
T I vERE, £TOAET 13,500 mg/ke diet & Uiz, 72751, 25.2%/NES VT V& OBAITIE, 14, 350 mg/kg diet & L7,
37, EFEtoFurEEIL, £TORET 15 000 mg/kg diet & L7z,

-514-

S

TR




AR HE T3 / BORERIBT BB

£3 M FE BEESOT7TioVTISoyBLIUFOY VRE

Phenylalanine . Tyrosine
Diet 13C-Phe 12CPhe BCTyr 2CTyr Total
Plasma (nmol/mL)
4. 3% casein 13.2 £ 2.9 47.2 = 4.3 60.4 £ 7.0 7.5 =20 113.0 = 29.4  120.6 + 30.7
17. 2% casein 12.1 = 2.5 50.8 = 10.0 62.9 £ 11.8 8.5= 14 119.8 + 15.2  128.3 + 16.2

10.6 = 0.4 40.9
10.4 = 2.1 43.1

4. 3% casein *
17. 2% casein +
4. 3% casein 13.0 £ 1.7 46.6 £ 4.5
17. 2% casein 11.6 £ 1.9 43.2 £ 2.5

Liver (nmol/g)
51 51.5 = 4.9
10.5 53.6 = 12.3
Gastrocnemius muscle (nmol/g)
59.6 = 5.7
59.8 = 3.6

7.4+1.3
8.8 +2.8

99.4 = 32.0 106.9 = 33.2
92.5 7.5 101.4 £ 9.2

8.4 +0.38

91.9 = 8.7 100.3 = 8.
7.0 = 1.1 +5

84.7 £ 5.8 91.7

SFHE+SE (4. 3% casein, n—5; 17. 2% casein, n=5). £TD T — ¥ 24, 3% casein F & 17. 2% casein # & DI Student’s ttest I

THEZTRD ol
13 4
12 - o casein
% heat glut
2 11 O wheat gluten
=4
< 104
2
o)
o 9 0)
o
<
o 8 4
£
g 7 B
S (::] =] T
[ -
g °© )
5 4
4 r r v r r \
0 5 10 20 25 30 35

Proteinintake (g/’kg BW/day)

8 TARCHERBEREOHN

HEAVE 0=8) LAEINFVE (0=8) DA EERELBsES
BEOIFER BCO, BEROE(LE FHE+ EERETR LA, 7¥4 VEADERE
BRI, v=10.73-0.35x &£ y=6.17 TH Y, AESNVF yEOEBERNIZ,
y=18.87—-0.66% & y=6.92 ThH o7z, BHAIL, HEA vEH13.1g/kgBW/H,

INET VT EH18.1g/kg BW/BThH o7

HRBERE 13.1 g/kg BW/day AR T2 LHEE S
hi- (B8,

INFEETZAESERE Lz IAAO BT, 2AEKE
RBERSIZ18.1 g/kg BW/day L BEH I, HESL
FLRABCEBLLABLINIBNMETH /2. AR
CEVERIBEOAECEBRTEL, $HED:A
WBBIMTEL oz bW RRIT, Fr OEHICE
L, TAAO EiZ - AMEC EOEFHMBICRIAT A 2 LA5T
xBEER BN

VI. ERCIHTSIAAD EICE B A CERHE
KEOHE

1 HORBRULERE, FURT I BOBEL 2 IER
VARWENRS VA, FRIZ a-T I BFERERDL TSR
WRTIVBEERTAZEEHTLOTH S, 2007
412 Humayun 5% 1%, 1AAO %AV THRAD A
CELEBZHFFHL TS, HHICEb ERABED
FAEKELERE, 0.93¢g/keBW/ HThoT Fi
b, JAAQ EZ W THARABRABRO 7 AL BERHBE
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REREFML 7 ZORE, 0.91 g/kg BW/H LHEEL
7 (F—7E3R%EF), £/, A0 EEZHAVT, BRAX
P2 0.91 g/kg/ B, 2EHTIE 1.3g/kg/AT &
WEINTVE, WIhd, EXHMETRESNE
LD DREN,

PED X5z, TAAO HEiZ AL BERHEREB DM
B Til, RAECHEDENOEMICORATESLIL
Bhhole 62, FATAF—VHOLAEER
BERE 25\ 5 RN O 22 A ERBEROH
FRLFHATELFETHLLEZ LN,

B

FRERZ DD, FEDHLHEARBEYEERY
EEzEEINZECHL, BERZREOELERIILD,
REZOFHBEEMLE L EWFE§, AR, X
BRERASHEBMER, RERKFARERIEENR
B b OV HARRF L KSR IR A S RERE IR <7
bh7zb DT, MREBTTHICH A B ITHREN
Tl BR—EBRZELERE RATBREERFH
B) CEHEBELIET. T4, KEEEHRKSHTIEEX
HIIRE L THEEF VWAL LAHEREL GukE
FEMFTRE) S0 & DESEE L BT+, RERLAYE
TRERLELOIYE L T8 2 Wiz72 8 F Lkl
BAEERF RSB HIE GINIRERBILAZEHRE) 1
ELHLBLETEY, BRICRD LA, HEKRE
RERZBRRELFFARRAEBFHED X O HHATL
RERFREEFEFEZ TORRABIESE 2 5 FITKE
Bt - SEEEEL, EREOR S ATEIEHALET,
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Review Article 7ABRE - 7TIVBOLERICHT %

Dietary Requirements of Protein and Amino Acids
Yasuhiro Kido

Laboratory of Nutrition Science, Division of Applied Life Science, Graduate School of Life
and Environmental Sciences, Kyoto Prefectural University

ABSTRACT

Even when energy intake is adequate, the classic protein deficiency disease kwashiorkor increases suscep-
tibility to infection. The protein requirement defines the requirement in terms of the needs to maintain the
physical structure and body functions, i.e. metabolic demands, and the dietary protein requirement will sat-
isfy those demands. Protein requirement is generally determined by nitrogen balance studies, but various
limitations are associated with this method. The indicator amino acid oxidation (IAAO) method, with a
theoretical foundation quite different from that of the nitrogen balance method, was developed as an alter-
native for studies in animals and humans. We employed the IAAO technique to evaluate dietary protein
requirements and protein quality in rats and healthy men. The results indicated that the IAAO method is
effective for evaluating the dietary protein requirements for people of all ages and for postoperative patients
or those with injuries or infections, all of who represent a wide range of metabolic demand. This method
could also be used to evaluate protein quality.

Jpn. J. Nutr. Diet., 69 (6) 285~293 (2011)

Key words: amino acid and protein, protein requirement, metabolic demand, nitrogen balance method,

indicator amino acid oxidation method
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(2= AEFVEFN) ~6-L FOFy
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FRB B LCHRT LI B RESh
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H1. E43IVRIBREEONRHERPOL S IV BOFLOBRSE

Y& 2B (ug/B) 30~150 70300
CF3vBs (ug/l) 40150 60250 70~350
€% 3Bs (ug/H)  150~600 300~1000  500~1400 500~1400
FA4Fy (mg/RY  25~10 45~20 5~25 §~25
. MY MF VB (ng/RY 09~3 15~55 227 22~7
E=m (ug/B) 3 ~70 45~15 720 7.~20
YA (pg/H) 5~15 $5~30 10~40 10~40
¥2 3vC (mg/R) 570 20~90 2590 25~90
3. HERPAEMCZIHEEEE u
BLEREEER s
BBEIO T HRFOKEHE S 3> WEIFT W
FHBAR2IORT, FYY 30024 1. BELXSNOLFBEHISTBR
YrlsaeTAY PEE2ICRLAED SROMETY.

THb, a-CRHCEBLTRRERLT
Wi,

48(144) § RBE—SFHEFAE vol.28 no2
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B 5 AERMEERNEIEL, »
SEBF L. K5I, FOARRAT
FRMPTRARCRCHEL, RkE
PHIEB IR v, T, 7 0 ARRA
EPHRER L SNAN, BRIBELL,
BT & 2 EME SR PIHER O MRS
B, WEIZ, TRLHSRETHEY
AV SETmEEL <, mispRE:
ERBWLBENRS B,

2. AYRE L L ORBEE

FauE, ¥y, TUTSFUOIEE
Rk E AR & T B OT,
R o T B BT C
Bho 1L, HRDL ) CRPIBEL
ERE L OERROBEST 540
T, BEEONENBECH D, ST
RERBELOEESKEvIyEL L
LY LTREBWAEREEER

A, EU VI LTIRME S BW R

B OWTHRRG,

(1) IUFE

SHTR, 1HROIVHRRELIY
EEREE O T3 v ERNE (ug/
B) =R 3 oKl (ug/l) x00235%
& (kg) | OEFBRARETSEY, TH
RAOEEERGUERE] (201048 2 1t
TA2RADI vHRRI0 ug/t/H %
FHERIITfEAT B &, KES ke TR
PEREOZ ug/AE b B, T OHIKBK
BEMFENRELTY A, BATHE
ORMWEH 1 OOHRER D, LBHEFRE
HEEE (WHO) TRERF S & KiRIEI00
ug/lR AL LCBY, RETRES
REI00ug/eRB O ANOB & T ¥ R
PRROADEEIZHELT S,

(2) &L

e LY 2o R E TRER L
DR PYMRE50~70%E LT w39,
—%, kb ro 1 BRPYHEE (ug/H)

BER—RETEAX b —BEDHWEKAN—

%2, HZEHO1BRPOABHRY 23 L8R

U, FTY R EHHES I VBB RERARLTY
( N /m* 1938 | W00~400 | ATRHENB Y ET. BREAEHTEY IVE,
S FRML T B0, DB 2mg/ AT,

. , : HFYRY AL ES 3 VB R KEICHERL TY
Cag/E) 2526 | 70350 | AEMEMANDh ET. MELAEOUTEY 3B
e LTS, BERE 1 200/B T

V53 B CHSUAY AL ES I VB ARICEL T
g/ 3978 | 500~1400 | AFHeHA D Y FFo MRIAEDHTYS 3 7B;

Y FRRLCL RS PERELIng/ A THe

FATVY 03 | o~ps | TAT Y ORBUMEES D F b BEEG
{mg/8) - T | 12mg/RTE.

YT 13 pomqg | 257 NFVBETACHNTE TR W T RIS D
(mg/6) T p R, SERE Smg/HTT . .
- 62 gy | FRETHIHRT EToROTREND Y £,
(ug/B) LBEN240u g/ BT o

g - logg | EAF Y OBRCHELRS ) F 4 Ao HTEEUS0L
(ug/H) ' gBTY, .
E¥y3ve 12 poogy | EF IYCEHFEMMTE TOR VTN S Y
(mg/B) ¥, PESII00me/ B TF.
pamayp | CHOETIVELRCEMCTECORVITEE —HOYY I v ERRE
e | BORL TV B HEEAS B OT, — B, BRI RIHREE LT (SR,

{ug/ke/R)
6 -

~
T

IR NN B

N
T

y=0.884x—0.441
r=0.960 (p<0.001)

| c )

. 1 L
2 -4 6 8(#8”‘5/5)

EYTFERE

M2, HEERFALHCETZEY T ARBEAUMEERPETY T7 HEE E OB

SRl AR vol28 no2 | #9(145)
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EZLTF =y (Cre) BES-HYOMH
BROELVBE (ug/g Cre) LN
CHEVCHEBIEEShAY, Thed
S YERELR RO L VRES

LEETRETH D, BEADERP L >
BECHTAIHRERS G, FOMEERE
Btrh2s~60ug/g CreTH B9 9,
ABRTOR L Y ORBEEROSE,
Cre?® | HEHUE EBAD £ L R
(B30 ug/H, KHBug/H) 2EET
2k, BEROL L VIEESEIT20 ug/
g Cre3# TRIZRETHNITLL Y 0E
WRREVL S,

— T IREA O L o SRR O S
ML CRER BV, BRADM
HEl rBEOE L IZ110~130 ug/lo
WHICH 29, ERIBMBICBT2 L
VERBELME L CRESDE, WE
M (L Vv ERE (ug/B) =MiFE
Vs (ug/e) %0672+ 2] v )
RSB LI, ERBCHIET A0
Wl v BEIR0-~Bug/ LR %, L
L, SOLIBEMREE L CBERE
RERETISRC TWRESE L, Sk
ERTOHREICRTEL Y, ELIRE
FENEORRAE S RRBEEO
FTHRIEBELTEY, RIEHOMEE
L B IX13~80 ug/ 0TH B, —H,
&t L v RBP4 OEELICEB Y %
EOREREFCHLZERELAMSHT
BY, Wil L HEE60~70 g/ 0% FHE
BEYARIDPRED LTIRENS VT,
BLEXh, L VORREHL v BA
oML L EET0~80 ug/ 2% T
BOBRETNETHL.

3. Sk EEMRONEET
HBUELRBRELOREF BN

W, B, wUA Y, FUATERE
FHOLEEEMRELY, T TR

50(146) § 3B —SFH & BRFE vol.28 0.2

LESICHLT, M¥EF— 5 A nRE
%%@ﬁ':@’ﬁ?ao
(1) MEF—2ITES HROERER

bABEORAZEOHISREERZE

Bl ThHb, SOREEHCRBRE~D
HEBOLOERENE{, ROREY
HEEDHTEETH S, B, HOHE
ERBOWEYL LT, MiGSBE, M
oA (ol iron-binding capacity 5
TIBC), MMk 4 8 (unsatu-
rated iron-binding capacity ; UIBC),
BLUME7 =) F VBESAMENT
Ve BRETIE, IEKEEILET,
TIBCE LRET 270, BEOETHS
UIBC. 35 & DNtk gk B & TIBC D I (Ut
WERIRE/TIBC) PEXZDI VEED

BOBEE LD, BEETHE YT
ik, BRMICEBATORL R

EThdHE BELZLEIAOERI
Lo TLEHT AL, HERELOH
BERDLROCESH B 7Y F
BN EHPEHALOT, mEKEES
LUTIBCOM IS E T R EHHH
KW ThHE, ZhoHDEREIRERM
TERETOERENDD, LEOBET

i 3% £k o F IR 4%40-~50 ug/dd, TIBC

@ LR AR400~450 ug/diTH Bo 7L

EREMCRINSOBBEEFOE Tk

Bed, PLBLeAREZRET O
PEWCH B, :

(2) mUAENIRRE
WESRRBRFATERS 1 HERESRIC
CHL, $kERBEILERFS VIR
GNTHDH, HEREIURRIC X 5 AR
ELLCHERENELTHE, T/,
B8 Y OBEBE THERRERBOR
THERRELRET A0, M-8
MR CHESOREERIFCRE L
ENZN, WEOL 25, HHERKE
BT AIE L U TSRS O A0H
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HMESNTVD, S ORERETOMm
BB LS TRIZ60~65 ug/dl73 77,
TABETORERECHBEORRLR Y
FHESH 2O TTFRA80 pg/diic <
XLOESHH LD, ERETHTLER
PERICTZOPELCHAL T, MFE
HEFIAAZET 20 TCRMITERE
BRI 08 L,
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R X
ANV I MY VBERERKBET Y PO
N YTy aF T I NEH
—ERCyIVELOBEE—
4 K B E OB L &L EOE %% H ow &t

(201143 B 4 HEAT; 2011 4E 6 A 28 HZH)

EE: M7 7Y (Trp) OBLRBICIZIEY Y I VB, By, Bl boTwa, 22T, KBE, TH
B, TOEOYYI VEEREUCHEZRSE LI T BIERENEDI I ICEHTIONE, BES Y
FEERFT Y PERHWTHERLE, BES Yy MIBWTY, BREI Y M2BWTh, by I v
BEGEBOERI T BMRFICIILLEELBIIZE o7 BRKT Y MBS Trp=a2F 73
F (Nam) SEH8REEES Y PO 1I/SEECITRTLTCW 2 N-AFVZaF U7 I FIMERICER LA
TWREREBICD o720 TOBRZIIBAANOEHIRED NamiBED LR EZ5] R TREEYNH 5, EHR
® Nam i3, poly (ADPribose) ABER LA P Y FT £ F I —ELh EHL4 DBEZOBRERNTH 5, LI2hio
T, PERFFFICIE Nam REBEEIC L 2 HEPENDIWERESDY, SOLRIMENLETH S,

F—TJ—R:ZAMLTFII MY, BERRK VNI TrY, ZaFUTIF, EFYI U

PERE, — R E ORI ABEICHIBEES NS 7
B, BT ABEORBANEL{HEAL, oM
EPEAER B, Thbh, ¥ VNI EOREBER
7 I VBROERIRFDVTET B, 2020, FERHI
BbhbAEFIVB, FATVY, NV MFUVEBOER
BENHAL, 2207 IV BORRFICELLIEY IV
B DEREBIRBIIETIAZLNTFEENE, AHET
L ERRICBITAE Y I VEDEVE NS T 7 -
ZaFr7 I FRECB IITTEEICOWT, /4 b
Y77 VEARBHCOWTHLMITAI LR BN
L, UToZonZ tizonwTilfil, —2HIZ, ¥
I VEREOERN N7 7 VERBICED X
IRBEEBLIITONTH b,

ZORERKET Y VERBRETy bO=aF T IF
ZOHDDEIRBDRNITOWTTH b, TRBERR
DEFNVEWTHALA LTI MU BIOT7OFY
VHERERFET Y MTIE, BEI Y MR MUTE
77 VOBRARBESLRY)TELTVREIDLEZ LN
T b, Mehler et al.?, ITkedaetal?, Sanada efal® it
BERFET Y PCRIFBO7I ) ANVEAF YA VEEE I
TVTFe FRRBEREERE T v L HTEEC
Bl RBIEEREL TS, ZDERFEHROHEAIEE b
VS Y77 r-maF T I FERBRBROETREEE 2

5% ) VEOEBREDKTA2BI&REIL, =aFv7
I FRENOWAPET L, 7V VEERBE~ORAE
WEL Y, BREEWTHLHT7 T IV-CoADERED
WAL Ei127% 5, McDaniel et al? 1, 7ox+
VHERBSDRTy NCR VIS NI 7 v EERT A E
BESy Ve RRT=aF 73 FOELRBEYTH
BN-2FNV=aF 73 F (MNA) ORF~OHEEE
PEL roTnzds, TORBEF=AFUTINFDOAF
WLRIEDETICE B DTIEZL, MY T r7 7o
L=IF VT I PNOERBERIMEL 2o/ ThH S
I EREL TS, LA 5T, MacDaniel ef al? 13,
BERWIE=aF 7 I FORARBICEIREEZB LT
TRV LEER L, $1Z, Shibata et al. 137
OFHVERY BIUX ML RV Y UHERY ERR
SD#&RSy bTiE, M) T 77 v 2EBMLE2VERE
BRETY, PP 77 v bEERIhEZaTF
TINOEMETFLTWD I &% MNA, N-2F)L2-¥
URVSHVEFHIF 2Py) BLPN-2F V4L
FY3ANREHIPN @Py) 2llETAHILT, BE
BB L TWwWA, 3512, Shibata et al i, 7OF9 U5
RYERBSDRI Y b EAMV T MM VERER
FBSDHZT v £ Tlt, =aF V73 FORLBEY
TdH 5 4Py/2Py HEil & I © O (2-Py +4-Py) /MNA

* ERE - BURIFERSE (E-mail: kshibata@shc.usp.ac.jp)

VR R RENE LG R RS (522-8533 K
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314 HANE ARFEREE
et ELAMEE S v PLRBL T, ZEFREOLLL
Motz L #HB L, MacDaniel ef al? 2SR L2 X5
WCHERKBE=aF 73 FORRFICIZELB LT
T EEARVEVIHRICEFEE L

LIAN, Ty bORME SDHRT v b5 Wistar
Sy MIEZ CRABRERETo-E2 5, Wistar 25 v
P CIIBERBIC 2B, ERRO=aF VT I FE/AH
EYOPERE L ATEE KT+ 5 2 & % Shibata ef al.” &
B2z, CoERIE, SDRT v b CRERMBIRET
b MNABMUEEETEEAME T Lie Ao 72%%, Wistar 2 5 v
FCRETFTLZZETHoR" PIT 7 7 VOBR
HIEERLRMED L VIERECLIEENIE LW L
DHEISNTWABIB, L 72455T, SDHRT v b & Wistar
FZIv VETRONzaF 7 I FORAMRBERD
ZRII5 v FVORKICERT2HEODDOTH 5 HENH
BEVY, HEZELLTHDboTWAEY I VOERE
DERERTATEHELTETE LV,

YYIVBEFXLVZVIE/ FFIFF—EY L
2-Py 25 MNA BE{LEESE, 4-Py A5 MNA BLEER O#
BELLTY, ¥¥yIVBldFXbor—¥® Fx
Lov 73 v A7 —¥0 ofBERE LTH
BEThbo MBEHTIEHHA, PRPP DRIERMED Y K—
A5 VEBEOERICEETA YT v P —ERBICE
FIVBABRETHLY, ZDXHZ, PITET 7
VORRBEIEROC I VIHESE5 TR, 22T, =
a7 I FORMHBRSA I LTI MU TR
BrZyA Wistar 29 v M2 HWT, BHE, BHE
+HEDOEY I VEAEEUCEMEERS LI N T
N7 v-=aF T I FRBPED L) REEEZRT
WERANR, T, BREI Yy VERES Y FHOMY
T 77 VERBHIOWTH B L 72,

£ B 75 &

1. BMESE
AEBIZMEBRVAKZEMEREZEESORE 2=
2o BMIEEOREIX 2THI%, BBV A 7V, FRI6

#64d H55 (2011)

W~FR6RTH, FHROR~FRI6ERE L,
5HED Wistar RHET v FEHARZ L7 (BR) LK W g
AlL7z. BAR, FHLORBIERS L2012, B
2, Iy VER#E S —Y (BEAZ L 7HE, CTH0) I
BRI AN, ELICRLZ1%AINI ¥ ¥ 3 ViEAY
EEL20% YA VELKREERICSZ, 1:BRFHEA
Bl 2LTC, 6lERoBEET, Sy hOFEY
HEPZIEFHFIILE LTI ETOZRIIGIT 72,
—HD5y VEERBICT A0, 01mol/LDH
VEECPpH % 44 ICRE L 05% &K 1L.OmLIZA b
V7N Mo %Ty VOBELkg %720 70 mg & %4
% X HER U BERICES Lz ANLT Y
N U¥5 3 B AERETOMBEME A 200 mg/dL B
LoboERFERLOD, ANV MNY Y EREFLE
BHERRMT v ML Lz MMOBICIEA ML IV b
VUREELRCAUEEEENICES Lz, ToBE R
oy ML Lize EHEZ LABEIZFE 9820 98
07L L7, O, BRET Yy MNEEELBES v M
DZOOFE, ENSEFARICX o TZ0o0E M4
fEL7z. 03% Y I VRAEAMLENSCLERE
Y IVRAER 05%Y 7 I VEASEFRPER
TP HEYY I VIREER, 10%E 5 I VBEEEH
BERRNSELTHREEY I VBEEBO=ZHTH 5,
APVTM MY EEE LTy FOABERER,
RBEZy P XD DIRLAICH D, BRFRESELE
WTEZI0B#D2) 20, M2k ) ENERE
DEELTL BT L FMERCTHRR L. BHRD
DHEENRONLZEZR/ELTWBEY, BERFET v b
HOCy I VENEZRET Y MOLBRTREHELAZ
572012, EBRFAE 10 B, FHREBRBOERKES v
FOSEEREYEIILCEY I VRAERBHE L
R e E Uiz, BRFET v MBI, EREB 1 ED
HiX, RIKERLAZEHIC, BET Y MCEZ-E£88
DI2BEDEY I VRAZECHAREEZLZLET, I
ByREEESy VEOL Y I VENELRIZ .
FEHRE70 B E Lie 0/, S EkizEm

K1 SRR

BET vy b PERFET v b

03% VX 05% VX 1.0% VX #A% 03% VX A% 0.5% VX A% 1.0% VX

f LR L FIEL B R R £ LR
Crivo)—SAsAElY 20 20 20 20 20 20
LAFAZY 0.2 0.2 0.2 0.2 02 0.2
- TR Y —F 463 468 468 468 4638 4638
Yoo 24.2 24 235 2435 2425 24
SRRy 5 5 5 5 5 5
I AT NVESE (AIN93-G-MX) 3.5 3.5 35 3.5 35 35
A
€y s VRS 03 0.5 1 0.15 0.25 05

(= a7 VEE/R AIN-93-MX)

FEX%TRL "REES Y PEBERFERHT v POYY I VEGENEOARZ LY Y I VRAFREHTZA
ZB1DI, BRFEZ v FOABTOLS I VEEE 1/2120 72, TOEMBE, BRHET v MNIRET v r ORI 2

BOMBERETHS720TH 5o
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SIZ5 vy vDIYIT VT 7 =FAT ¥ AGH 315

BREL, BHIHLVWIOIKE L. Ty PO )
R 8 B~ 10 RO BIC AT\, AR & SRHENLE & RS SR
WOSSS<Se o 28 8
L7z EERBME % Day 1 & LC, SHHMHO Day Bolahians 22 8
70 1 HIR (Day 70 D41 9 B ~Day 71 “FH1 9 B © 24 £ Edasgdgdl iV
B 207, FEAROREEBBET CED, & &
Rk, AHTIC BT B F T 20T THRAE L 72 N
=7 —~ o = O
2. L $E R LEE888 %, ne «
EyIVIY—3INIHEL Y, ValE LAFEF= 23RS TT S 88 8
N OO [
Y, 235 YT 3K, T Y AT 2 VEBRRAERIETE () wDESE8888 IV
(KBR) & WA L7so T — 2 £ MIZTkOFE (B) () BRI |SSS
IDBAL, aa—Y 25 —F, 32T VEA (AIN- Plx
93GMX)®, €% I VEAE (AIN9VX)™® 4y x> S|l gleeakhy
FVERER) LVBALL, XV UVE YL % DEFFTH5 3 SR g
. - = Mo H o S I
VER, MNAERFEALBRIEM) (RE) L VBA L. e ;\% E we s de g iV
2Py X 0 4Py i, %4 Pullman & Colowick? 5 & Uf pof v |
Shibata et al.®® OFEIC L YA L7ze fho{bEEEEMIZ N
TRmDOF TREMED D DEFEH L, H Y IR % 7Y [ S
8. RO U T b7 7 RS BEORE 1 | R = B O P
FUASZVEY, XX LVED, FHUY L UED, @ SSeRRIgE VT Tk
MNA™, Nam®, 2Py®, # X UF4Py® 13 % & THRIC R ®
RLZZTETHRE L7, B »
s A as ol I L S =
PG il o FEZISNEEE 2 g |8
TRTCOT =5 T PHE L RERETRLI, 75 Bl ISR 5 g
r H <
DB, ZTRESBAN (2way ANOVA) ZF70r, SIE3SSEERE VT T m
EhHHLEFEENILE, Tukey IS TS EILBMHE & &
BTV, p<005% b o THEEE Lz BHEICIZHARE 3 )
Windows it Statistical Package for Social Science (SPSS, ) | ol Al mabbll imw o v
Chicago, IL) Ver.14 % v 7z, Bﬂ%{ g S 3 ;NT E 4 E i § § § S
4 Ho & = 83 Y, #q
fa U ajE—|T T B
= e
1. AP0 IF VER-ESZIVREEZEDEL) N S
HRE, MRS LCRPECEREBCHLET -3 PR =
2sm szv—(w—(r—(v—(N\—i =249 3 |Y
e EEALL SR S8 3L
APV IR YU RBEELERT v FOREW, gﬁggggggg oS °x
BET Y MCHNTBLZ19~35Th oz $72, N g kN
M7V a—ABLCRPZVa— 2PeE, RIRE *‘r; #
EXRPHEBIZOVTHRET v MIH~HERT v MIB W 5 °
. e e e~ v . Q§VMHHMNM imo o |4
WTHEBILEEZRLEY, €7 I VEBEGOEBNEDE E‘Emuijﬂ;igg 22 =D
VIS X BB ET ko (F2) gBERERAEE S C Kk
2. FRFOES S VEAROEENESES v hO b ® | Y
VT hT7 7V DRERBICBKFTRE J:R'( i
FUT LT 7 v OBRCREEY T, RPCHHESLS sEsBs =
EERLAWONELTolee BITRLLEZED I, # s, 0 #
n O H i
B Wistar RS v 1 2R R (03%VX), & (0.5% sEfz3s28. 12
VX), +4E (L0%VX) O=aF VBT —DES 3 Do SHBHEY 2=
—{ i 1 1
VREFEUANTEHICEREETBOT VATV XX ox ox x x| g N o)
B, FXLUEE FYUYLUEBEREEE, €Y IVER PN % N ‘{’\ﬂﬁ o o
EOEREOECIZL 2HBEEZT hd o7 AN S ol =
AEBTE=IF VBT ) —HRERELEOT, & SEREEEECONVE
BL7z=aF 73 FeZORMRFEDIETTHE i
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