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Study on Renal Anemia

—A Double Tracer Study on Iron Metabolism and Red Cell Life Span in Chronic

Renal Diseases using Radioactive Tron (*Fe) and Chromium(5'Cr)—

Kyungtae Jung, M.D. Munhe Lee, M.D.

Department of Internal Medicine, College of Medicine, Seoul National University

Seoul, Korea

The ferrokinetics and red cell life spans of the patients with chronic glomerulonephritis were inves-
tigated by the double tracing method using radioactive iron (®Fe) and chromium (*Cr). According
to the serum NPN levels, the patients were subdivided into 3 groups:

Group 1, 6 patients, had the levels below 40mg/dl

/7 2. 6 patients, had the levels between 41 mg/dl to 80 mg/d!
/7 8. 10 patients, had the levels above 80 mg/d!

The results were as follows:

1) Red blood cell-, hematocrit- and hemoglobin values were moderately reduced in patients with
normal serum NPN levels, while markedly reduced in patients with elevated serum NPN levels.

2) The plasma volume was increased, while the red cell volume was decreased in patients with ele-
vated serum NPN levels, hence, total blood volume was unchanged.

3) The serum iron level was slightly reduced in patients of groups 1 and 2, while was within the
normal ranges in patients of group 3.

4) i) In patients with normal serum NPN levels, the plasma iron disappearance rate, red cell iron
utilization rate, red cell iron turnover rate, daily red cell iron renewal rate, circulating red cell iron
and red cell iron concentration were within the normal ranges, while the plasma iron turnover rate
was slightly reduced.

i) In patients with elevated serum NPN levels, the plasma ircn disappearance cate was delayed,
while the plasma iron turnover rate was within the ncrmel ranges. The red cell iron utilization rate,

red cell iron turnover rate and circulating red cell iron were decressed and the period in which
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the red cell iron utilization rate reachd its peak was delayed in Group 3 patients.

The daily red cell iron renewal rate and the red cell iron concentration were unchanged.

iti) The mean red cell life span was within the normal ranges in patients with normal serum NPN

levels, while was shortened in patients with elevated serum NPN levels,
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Group 2, 41 mg/dl <NPN<80mg/dl (6
Group 3. NPN>-8lmg/dl (10 fi) 2 #%istglch,
2. REHE
a) ¥'Cr2} “Fe FRFEHIE
ACD 3% 2.0ml 7} &2 WHEEHRE BEY e
HEA A 10~15 m! & Mt %ol E3EM (1000 r.p.m.)
< 1550 @iksld mige SEARS. HHS mE
J 1ml g 30ml o) EBAEK Bl ARilmBkokik
Floz Yz ool 80~100 uc ) Cr P2¥s (BT HWige
Frel A fEaa-2) & sRifiikel EASY 37°CERKE
A A 30 7fE FME 2ERA BEAR <+ FHmEks
REe £BEABEKE Finstar = 100mg ¢ ascorbic
acid & #fndte] FRmuzke] EEA &E Cr& B
ARek o] FRME MWERE ot Riksd 918 miE
~EBAEK BAKeE 20 Fika o HEY &
HE@KZ MEAZD e o EEE FROREER
= EHB FA ool A& BEE 0.1uce] “Feik
<+ Hste e BAT % EsA Loml ¢ iF
Wakel 7KK 99.0ml < FRfnske] 100.0ml & HEHew
22 o Lk RE BEE EEPSE JETS
ik
b BHRERIER
Creol R FRmEkel “Fe Figel BAWY —T&E
+ BAEY WWBERY fRiRd TS REAGA &
g el 1552 4~58l heparin 2 ¥ingh 4%
2 8~0ml 4 Rmsty F2 83 E 1H%E 36 ME
L2 FI0HE 14 REA A Rfmstgon] Za, fkE,
ALER 2 @@ﬂ?ﬁ % 2.0ml & 35 BiEstd 1 Fi
fEE cpm 0.8 FiRshg el
HBSTEERIZE S| & scintillation detector (Tracerlab &) cry-
stal size 1 inch #-& Nuclear Chicago ¢] crystal size 2
inch)8l crytal size 2 inch &) well type scintillation
detector = # 3} ¢ 3L 54557 2% (pulse height analyser)
£ RSt B3R ¥Fesol SCr & £4 =3 #
£t
© MEES) HWE
WiFm o Hiasol k3 SCr o} “Fe fr4taes] omitEe
F2Rel sl ot (Weinstein®, Veal and Vetter?®)

Net 3Cr (:ount:—(]:.'—::%éni ................................. @
Net *Fe count= f:;:‘;:—g ................................. @

___c.p.m. of standard (pure ®Cr) in *Fe photopeak
~ c.p.m. of standard (pure *!Cr) in 5ICr photopeak

c.p.m. of standard (pure ¥Fe) in 5!Cr photopeak
c.p.m. of standard (pure °Fe) in **Fe photopeak

n—

C=measured c.p.m. in $'Cr photopeak

F=measured c.p.m. in *Fe photopeak
AEB A FEESHRAY me 0.001 LTz
ng 0.1~0.20]9lemz @,QAL,
Net S'Cr count=C—nXF
Net *Fe count=F—mxXCo| v},
d) Ferrokinetics o] §3%
Veal and Vetter® o} Huff? 0] L3ke] #e3}g ).
® MRS E (Plasma iron disappearance rate:
PLD.: T 1/2)
HEHE 15 5WReE 4~5E HmTd ABAAY Fe
HEE ERMES FHBEEE LA B, EAR
9Fe o] #FratEEo] (time zero on back extrapolate) 50%
2 PEE RS R Forslgld.
® MmiEE7r{4Z3(Plasma iron turnover rate: P.I.T.R.)

seru(m li)rono (Gmg/ ml) X% V.
_ ml)X0. 693X 24 X6
P.LT.R.(mg/ke/day)=FTD (min) X Body weight(kg)

© FmEkEFIHZE(Red cell iron utilization rate: R.

C1U)
red cell 59F€ n;:l.§).ni.({oznl><R.C.V.
X
RCLU.(%)= standerd *Fe c.p.m./mlXinjected
vol(ml) X100

RCLU. & ZEfEa BhEs A4 S4%F (%3 BY
(day) = ZFRdlgch
© FrIFREBAZZ(Red cell iron turnover rate: R.C.

LT)
P.I.Tﬁ{.é?g[ék%/day)
R.C.LT. (ml/kg/dayy=—RCL L%

® 1| FEREi 48 (Red cell iron renewed per day)
R.C.I.T. (mg/d) X100
circ. red cell iron (mg)
® BBAFMmERE(Circulating red cell iron: C.R.C.L)
C.R.C.I.=Red cell iron cons.XR.C.V.
© HmBREIERE (Red cell iron concentration: R.C.1.C)

hemoglobin (gm/dl) X0. 034
hematocrit(%)

R.C.I. renewed per day (%)=

R.C.LC.(mg/dl)=

o) mulel %
FUBRER.C.V.)S HAHE 1550 HMsk sl A
o SCrpatES (A Hitisg e

5!Crc.p.m./ml of standardXinjected
volume X 100

RCV.-(mD =% cpm./ml of RB.C.(15 min.)

IMEEP.V.)-L @i “Fe{ERiRe FHBUEE b
plot 3ted time 0ol FEEF “Fe MIMHES Rl HH
g vk,

%Fe c.p.m./ml of standardXinjected
_ volume X 100
P.V.(mD)= 9Fe c.p.m./ml of plasma at time=(
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(100=dilution factor of standard solution)

SCr ol #3 RMmMFRES “Feo] KT MEES A3
true whole blood volume (T.W.B.V.)-& k3}4dct.
B T.W.B.V.(m))=R.C.V.(m!) (3 :Cr)+P.V.(ml) (**Fe)

) FlzkEae HE

@ FMFRPHEEZES(Apparent red cell half survival
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at time=—t '
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___46X T2 (day)
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g) o mMEFE X hematocrit i) ME
FRIMEREGE Hayem KK, MEFEEE cyanomethemo-
globin 5%, hematocrit {E3= Wintrobe ¢] micro-hemato-
crit tube & {#3le] 3000 r.p.m. 8] EEER 30 SREEN
stel FESHE I cephalin #°% o)) {3l Frmikel &H
5 Mg HE HIES Ao = (.96 2 3l venous
hematocrit {52 39T},
h) mEERIE
TR WTRAS st Barken™e] #ES
M, spectrophotometer (Beckmann D.UDE HEEER
st

5B K&

DR 3%

MFEBEEEFRENPN)7L 40 mg/dl ATl 45 1 Bl 4
9] EEREEF = Table 1,2 W 35 e}, B) HTFHES
By FRMEREE 3. 7110, 35 mill/mm?, hematocrit i+
3613.0%, (MfsFHE=11 60,50 gm/dl, MiEBEES
(NPN) i+ 26.813.67 mg/dl 0] 9 . & E= 83+8.
88y/dl o] ¢l =k

NEEE 29 MRS 2,247+212.52 ml (40, 9+0.
86 ml/kg), FRiERE-S 167,4:-381. 29 ml (30, 21-4. 91ml

Table 1. Hemoglobin, hematocrit, NPN & serum iron level in chronic glomerulonephritis (Group I)
Weight RBC P NPN Serum Iron
Case No. | Age(yr) | Sex | “ieiet | cmlmmey | HE 9 | HbGm/AD | mgrany | >
1 21 M 60.5 | 427 0 | 121 | 2 91
2 19 M 49 3.53 34 11.5 23 75
3 30 M 65 3.97 36 11.6 27.5 93
4 19 M 49.5 3.70 31 12.0 27.8 78
5 46 M 50 3.18 37 10.8 30.5 90
6 45 5 M 56 3.59 39 11,8 31.0 70
‘Mean 30 M 55 3.71 36 11,6 26.8 83
S.D. — 6.08 0.35 3.0 0.50 3.67 8.88
Table 2. Plasma volume, red cell volume, whole blood volume (Group I)
P. V. R C V. wW. B V.
Case No.
total * mi/kg total ! ml/kg total m/kg
1 2429 40.1 1899 1 3.4 4328 71.5
2 2023 41,3 1578 | 32.2 3601 73.5
3 2569 39.5 2158 | 33.2 4727 72.7
4 2059 41,6 985 19.7 3044 61.3
5 2053 41,0 1490 29.8 3543 70.8
6 2352 42.0 1938 34.6 4290 76.6
Mean 247 | 40.9 l 1674 ‘ 30,2 3902 71.1
S.D. 212.52 | 0.86 381.29 | 4.91 572.86 4.75
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/kgotel L, MmyEE-S 3.902+572.86 ml (71.1+4.75
ml/kg)o] 9ivh.

Ferrokinetics & ® ) MIEEHBEHEEEP.LD)E 84+
3. 87 min, MEEFAERZEP.LT.R.)-L 0. 4030. 04 mg/ke/
24 h(22.27£7.78 mg/24 h), FHRMIFFFARR.C.LU)
£ 79,5411, 37%¢) 2 EEFIME B E HEs 7
+0.91 H, FKOREEARER.CLT.)S 0. 3110.03 mg/
kg/24h (16.881+2.04 mg/24bh), 1 B FHRinEREFTHZ(R.
C.L. renewed per day)-® 1.7940.63%, AR IMIRE
(C.R.C.L)-& 32.614.13mg/kg, (1,8071358.7 mg) 7
MiEREE®R.CLC)E 1,100, 10 mg/ml o] g &},

I ERL B Z 4y (Apparent red cell half survival time:
SICrTVS 3 FHRMFESMR.C.L.S.)L Table 10 ¢
A gt o]l {FK 2610.82 H, 8415.52 Hol e,

2 FE2H

MFERREFR(NPN)EZE 41~80mg/di g1 % 2 ffoll
ALY BSHEREE 2y Table4,5 9t 63 2} B & F
BEE 24, FlREE 3.13+0. 64 mill./mm3, hema-
tocrit fit 314+7.19%, s HEEE 10,942 23 gm/d],
MFERERERNPN)EE 54.8F1.54 me/dl, i SifE
=92.1423.42 r/dl o] g ¥t

migEe vl mEEe 2 3981+128.7ml (46,948,
87 ml/kg), FMmERES 1,2661338.67ml (23, 8+3.39
ml /kg), MMKREL 3,6641388.8m! (70.647.69m/
kg)e] glet.

Ferrokinetics & 2w i REBEP.LD.)E 102+
6.9 4, mMIEBAZREP.LT.R)L 0.42+0.12 mg/kg/
24h (21,2743, 92 mg/24 h), FRfFREFHERR.C.LU.D
£ 62.9+11.47% Sl FiEsE AFEE 841.87H
olgl &, ARMIREZRAER.C.LT.DL 0.2510. 47 mg/kg
/24h (13.09-+13.5mg/24 1), 1 B FHimFRBFTEHRR.C.
1. renewed per day)-& 1.70+0.34%, EBRHFmERE(C.
R.C.IL)L 28.5+4 82mg/kg, (1506374, 16 mg) 7l
FHEEE (R.C.LC)F 1.2040. 09 mg/m! ¢} g c}.

FrnERA25%4E Z 45 (Apparent red cell half survival ti-
me: 3CrT 1/2) 3 THkmFREGFM.R.C.L.S.)-& Table
1064 Rizspel o] K4 23+1.53 H 2 69+8.62 o
Ak

3 EIF

IMEBREEFR(NPN)EF 8img/dl ) 45 3 ol A9 B
BB Table 7.8 & 99 2vh. Bl £ FHES 2
B FRIOEREE 2. 4010, 73mill/mm?3, hemotocrit fHx 23

Table 3. Ferrokinetics in chronic glomerulonephritis (Group 1)

R.C.I.U.

R.C.L ’

| |

Cace No P.I.D. P.IT.R. : R.C.IT. renew. C.R.C.L R.C.IC.
min. |mg/ke/ d% mg/d ‘ % J day img/ kg/d% mg/d p?%‘)iay mg/kg ‘ mg | mg/ml

1 87 0.42 | 25.41 ! 81.8 ’ 7 0.34 20.57\ 179 31.2 1899 1.03

2 84 0.34 ) 16. 66 1 90 6 0.31 15,19 | 1.72 37.0 1815 1.15

3 78 0.47 N 30.55 58 7 0.27 17.55 | 1.13 36.5 2374 ¢ 1.09

4 84 0.39 | 19,31 78 9 0.30 14.85 | 2.36 25.6 1268 | 1.30

5 90 0.41 ‘ 20.50 ‘ 88.6 7 0.36 18.00 | 2.41 29.8 1491 | 0.99

6 8l 0.38 | 2L.23 | 69.8 | 7 0.27 15.12 | 1.35 35.6 1996 | 1.03

Mean 84 | 0.40 | 22.27 l 79.5 7 \ 0.31 16.88 | 1.79 32.6 1807 | 1.10

S.D. 3.87 l 0.04 1 7.78 z 11,371 0.91 \ 0.03 2.04 | 0.63 4,13 358.7| 0.10

PLO.: P.LT.R.: R.C.1.U.: R.C.LT.:

Table 4. Hemoglobin, hematocrit, NPN & serum iron level in chronic glomerulonephritis (Group 2)

Case No. ‘ Age(yr) ‘ Sex >Weight (kg)l (rlrill}?/rim 3 Ht (%) | Hbgm/dD (II:;I;II) Set(xﬁdllgon
7 50 M 54.5 3.50 4 11.1 41 70.1
8 20 M 68 4.10 43 14.2 41.4 67.9
9 36 M 52 3.20 29 12 56.3 93
10 43 F 1 43 2.00 19 6.7 59.3 80.5
11 56 M 47 2.70 31 i1 60. 3 106
12 2 | F 49.5 3.30 32 10.8 70.4 135.5
Mean 40 — 52. 4 3.13 31 10.9 54.8 92.1
S.D. — — 7.88 0.64 7.19 2.23 1.54 23.42
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Table 5. Plasma volume, red cell vo
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lume & whole blood volume (Group 2)

P. v. R C V. wW. B V.
Case No. e
total mi/kg | total mi/kg total mi/kg
7 2617 81 | 1604 29.0 4221 77
8 2256 33.2 1702 25.0 3958 58.2
9 2449 47.1 1331 25.6 3780 72.7
10 2716 63.2 747 17.4 3463 80.5
11 2007 42.7 949 20.2 2956 62.9
12 2345 47.1 1263 25.4 3608 72.5
Mean 2398 46.9 1266 23.8 3664 70.6
S.D. 128.7 8.87 338.67 3.39 388.81 7.69
Table 6. Ferrokinetics in chronic glomerulonephritis (Group 2)
P.LD. P.LTR. R.CLU. rcLT. |RCL CRCL [RCIC.
Case No. :
min. mg/kg/d mg/d | % day |mg/ke/d| mg/d |PT. %%ay mg/ kg| mg |mg/ml
7 105 0.32 17.44 77 7 0.25 13.63 | 1.42 32.4 17641 1,11
8 90 0.25 17.00 97 6 0.24 16.32 | 1.26 2_8. 0 1906 | 1.12
9 96 0.46 23.92 6l.2 7 0.28 14.56 | 1.51 35.8 1863 1 1,40
10 105 0.48 20. 64 38.8 12 0.19 8.17 | 2.07 21,3 916 | 1,20
11 105 0.43 20.21 45.6 8 0.20 9.40 175 24.2 1139 ; 1.20
12 111 0.57 28.39 57.5 8 0.33 16.43 | 2.21 29.1 14521 1L.15
Mean 102 0.42 21.27 62.9 8 0.25 13.09| 1L.70 28.5 1506 | 1.20
S.D. 6.99 0.12 3.92| 11.47 | 1.87 0.47 13.5 | 0.34 4.82 | 374.16 1 0.09

Table 7. Hemoglobin, hematocrit, NPN & serum iron level in chronic glomerulonephritis (Group 3)

Cose No. | Age(y) | Sex | Weight(ke)| umoe | He (%) | HbGgm/dd| 08l | S
13 63| M 54.5 3.40 33 1.3 8L 5 107.8
1 4 F 39.5 1.67 14 4.8 82.4 109.2
15 19| M 4“ 1.80 24 8.5 84.4 145
16 2| M 74.4 2.93 29 10.5 105. 1 161.3
17 | M 55.7 1.89 17 6.2 109, 2 155
18 37| F 46 2.10 20 8.0 111.2 122
19 55 | M 58 2.10 17 6.3 113.6 9
20 35| M 58 2.40 2 8.5 114.2 129
21 58 | M 68 2.36 23 8.0 115.3 117.8
22 | M 15 4.00 32 14.0 126 123
Mean 45 53 | 240 | 23 8.4 104.3 120.2
S.D. 1050 | 0729 | 6.2 | 258 14.94 18.28
+6.2%, MmERET 8.412.58sm/dl, mMFBHBER Ao

(NPN)EE 104,314, 94mg/dl, 1misgEs 120,24
18. 28y/d1 o) ¢ et _
mEES »y, miEES 2,8154511.6ml (51,245,
06ml/kg), FHFMERE-EL 998--362.32ml (17, 9%5.ml/
ke), FEOEEE-S 3,7931832. Iml (69,116, 11ml/kg)o]

Ferrokinetics & ».9l, MIEEEIEEP.LD.)E 148
+21. 68 7, MIEBFREP.LT.R)-E 0.4510.12mg/
kg/24 h (24.08+6.25 mg/24 h), AHmEREFIAER.CL
UL 40.419.85%0l = BB fEe] BjEsl= HFEE 10
41,45 B, FREFREENRERCLT.DL 0.1810. 05 mg/
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Table 8. Plasma volume, red cell volume & whole blood volume (Group 3)
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P. V. R C V. f W. B V.
Case No. S— :
toatl ml/kg total ml/kg total ml/kg
13 3017 55.4 1380 25.3 4397 80.7
14 1955 49.5 4194 12.5 2249 82
15 2222 50.5 533 12,1 2755 62.6
16 3473 46.7 1645 22.1 5118 68.8
17 3515 63.1 720 12.9 4235 76
18 2677 58.2 619 13.3 3289 71.5
19 2981 51.4 1009 17.4 3990 68.8
20 2763 47.6 1496 25.8 4259 73.4
21 3286 48.3 1097 16.1 4383 64. 4
22 2266 41.2 986 21.9 3252 63.1
Mean 2815 51.2 998 17.9 3793 69.1
S.D. 511.6 5.06 392. 32 5.13 832.1 6.11
Table 9. Ferrokinetics (Group 3)
. RCIL
o Mo, | PID. P.IRT R.CIU. RCIT. |X=L)  CRCL |R. CIC.
(min) mg/kg/d| mg/d % day |mg/kg/d mg/d pe(r %d)ay mg/kg l mg ‘(mg/ dn
i3 141 1 1.42 22.89 1 48.4 7 6. 20 10.90 1.2 30.4 1656 | 1.16
14 165 | 0.46 18,17 | 27 10 0.12 4,74 2.03 14.9 592 | 1.20
15 108 | 0.68 29.92 1 28.1 9 0.19 8.36 | 2.97 14.5 640 | 1.20
16 117} 0.40 29.76 | 28.3 12 0.11 8.18 | 0.55 27.2 2023 | 1.23
17 144 | 0.66 36.76 | 45.9 10 0.30 16.71 | 3.36 16.0 893 | 1.24
18 147 | 0.48 22,08 | 38.5 9 0.18 8.28 . 2.08 18.8 867 | 1.40
19 153 | 0.32 18.56 | 45.7 10 0.15 8701 1.18 21.9 1271 | 1.26
20 171 0.36 20.88 | 45.1 9 0.16 9.281 0.89 30.9 1795 1 1.16
21 147 |1 0.39 26.52 | 59 12 0.23 15.64 | 1.74 19.4 1316 | 1.18
22 183} 0.34 15.30 | 37.5 9 0.13 | 5.8 | 0.87 32.8 1478 | 1.48
Mean 148 1 0.45 24,08 { 40.4 10 0.18 I 9.66 ﬁ 1.69 22.7 1253 | 1.25
S.D. 21.68 | 0.12 6.25 | 9.85 1.45 0.05 3.64| 0.87 5.97 |467.26, 0.10
Table 16.a) Apparent red cell half survival time & mean red cell life span in chronic
glemerluonephritis (Group 1 & 2)
Case No. | T1/2("C) | MRCLS. |  Case No. T1/2 ¢y | MRCLS.
1 | % | 8 | 7 24 71
2 27 94 ; 8 25 79
3 25 79 ! 9 23 66
4 25 79 10 21 56
5 25 79 11 25 79
6 26 86 12 22 61
Mean 26 84 Mean 23 69
S.D. 0.82 5.52 S.D. 1.53 8.62
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Tabebl 10.b) Apparent red cell half survice time
& mean red cell life span in chronic
glomerulonephritis (group 3)

oo [ 58 TR femero] T8 T
13 ! 20 | 51| 18 16 35

4 18 '= 43 19 17 39
15| 18 43 20 19 47
6| 20| 5 21 16 %5
7| 15| 32 22 17 39

l Mean 18 42

\ SD. | 216 | 7.22

kg/24 h (9. 663.64 mg/24h), 1 AARMEMFTAEZER.C.L
renewed per day)-& 1,69-0.87%, BEHFMEKEC.R.
C.1L)e 22.7+5.97 mg/kg, (1,2531-467.26 mg) FRmiEk
&l (R.C.LC.)E 1.2510. 10 mg/ml o] ¢ &t

Fr Bk B 2 v (Apparent red cell half survival
time, SCr T 1/2)3} 55k MEk#E A (M.R.C.L.S.) Tab.
106)4) niulel 2l K4 181216 H, 421+8.22H
olgivh

g % B8

BHg R T8 BET 4 9 AnCIT BHEHE
fielztz B FE 2 BASEd st FHY
Zho] A G weld o HBERs 8% ¥R vitamine
By, FFRAIE 487147 REE 2 gdov Eghole B
R #&imskel Aae Aoz ¢uA gk, e &b
HBE a4 BfERel &8 ok HlEES
EHAAE 45 A< ook, @8 AmfEe] glod 4
BHES Bty = BhELEES RENAE
o & LERE % HE BEANE HE BOiE
5 WEEL BAAA —B BEES BlhAA H
E 47 9o BHAmY MEe 2HEE Kms) BEG
fgetz shi

BEEs 2 REEAS M) HEA Wsde, o
HEHERE v 29 BRORBEY nfER 3
B B8 (Strauss,® Rocsoel®), 72iM¢] JLi# (Kuroyan-
agi,*? Joske'®), HimfER(Loge'®), HMBRIEER T
Y3 BE5e] MEUE T (Gallagher®) %ol <l gleh.

—fpho = ZMEHe FHde AmE £ 4 e
o] %@l &MBEEES BT Eldx Mol §
Bl BE/T EURel vt Aol @94, Naets®®
= A4 BEBRHOD o AL umslgdd.

THE Fitehe whel & Bl AEHAE EMmEE
BT szl =8t Amd & FERe fva gk

BHREEe EafsiEsst Sdasiee] Btk Het
o By FE= 42 ¢vh. B Desforges® iz}
M EkeEEEsle] <lolo = HIBIMGE € + dutz
39 o KB4 = NPN {E7F 100 mg/dl 7421 #Ein’k 2E6)
AAE Aifie] 9t BEE g e BHEMY KHE
L 2o EHRME(azotemia) o2 RIS H
el EEY R4S WERS T B®ET o A ¥
& Roscoe: {BEBHEAA mPRHEES Rifnhel
PGS #Hastd 50mg/dle) HEpmel HeA 5 1.8&m
o mEEES BYE 2u9a s RE, 42
W) (ERwEel B mrpel AAEER ¥R Al
& kvt sk 2, Kaye® st Masuya®® = [fiHRFE
BEY meX@EAdE A HMIMGT dun g

v

Kuroyanagi*V& &4 #E ¥+ GFR(glomerular fil-
tration rate), RBF (renal blood flow)sl& IES] HHBA
B Qlx, FRfuFREESL NPN, creatinine fsh+ =
HEBEBIEAT sietn sk

HE BERY AEHR KT BARZ BitAM
8 REoE A7ste BEE ot B ZRRE 2
&%= #pee lipoid nephrosis W 1ol 2vkx 3t
A goE AL AT A 2 BERoEE 44T F 4
.
vach
120F
100r

80}

60

NPN (mgsd!)

40
2Ct

S 46 6 10 iz 14 16 Hb(gm/di

Fig. 1. The relationship between the non-protein

nitrogen and the hemoglobin.

ko) Gl AT MERAERS] LAMAAE E
HER Y EEY AnRe £ 4 A Fig L.

Bifol L4 #m{RHERT (erythropoietin)®]  AEHEL
e Bl 2A EREg zox gle, 24 et
R =X ERHR BEAL At

Jacobson®®-& [w}$-£ o] BEEHRZE ZMHMIIE co-
balt fgtese] BES I ERMFH2] 2 REEER
[rbo-2 Jol A& Migdol HiM{R#ERT (erythropoietin)
= BEY 4+ gdou MEBHMAAE & 4 gl
2 HED o 92, Neets®™e A RAREREEH
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K ORERREN REABHEERN 2 WEHY 35
L2 vre] fstd HEEHN A mEEEEsE
e R, AOBBFIAZESY ETE 23 Sk
e BEY SRR ekl kY AEwHEY R
ol K3 Zo] ohli, FollA A£Ectz AAHE &
MmEH#ERFS] Gl A eoba dhgeh. = NaetsV &=
W24 5~19%2 ETFAL AR i, B, Bl
BE HEREES] 234 #Estd “Fe o] FifHol B4l
REENA A% 52 AL 29 = Reissmann®
HL BRHIete2 e ohvel H(LHoE ERY
Mehfx A% M 4
BMREERTE #RA Xddvts #elA  tubular
tissue 7} IE#ATS E{RERTFRES YEsba #iE
s glvk.

K 2 Desforges® = 9] erythropoietin & EEZ
4 G BT v} 9z, Kan’® 3 Waldmann®® & /)
MaES = IFIEEre EmiER TS Hnd 2 B4
T4 M #iR (extrarenal neoplastic tissue)o] FEiMm{EHE
B BES Foba slgda, Nathan®™-2 BiFHEE
d4 BEMEE EBiEstr] §e BEREE B &
MuBkA KA e] R R Mg fiE 2 1 %% A(eneph-
ric man)ell A EM{BHERT7L PR AL BHER
#% (extrarenal mechanism)®] BfEEH:-S FBHeH= Aoz
3 3, Esbach®™® & B RZHEFA A RIEFET (chronic di-
alysis)& Bl 5 2K EHe FEd T
<+ g+ BHEANA hematocrit fB7F FotAlx &M [
ot Bolut MIT 23 RmEHARE HEANE #
MYERSHE (adaptive mechanism)o] wie] wetA doves A
Zretsn gl

EAERE akeb 2ol Bell A owid HEMmREERTIT &
EHE AL 498 RV, BHARY FEKEE
AETFE rZake s RMshridE obx A g B
file] slvh A A=k

Buamnd BHEY ¢ Jd& 2 A BES ez
ABHBEE st ot 2o B BiEEERY @
HEEY ety Joske'® = mEEMESE MARFREE S
+ BRI fon, B Hsl Ml z 2R R A MR
HEE B/ 4 2 transferrin o] Rrho® A
o IMHEMET WAz gt Masuya® = MiE
transferrin ¢} [ albumin K f-globulin & &7
3 2ol miEe albumin A S} M transferrin & F
= frebAuk 11 S-globulin 3} transferrin 3} 1k
= A FrekA] &), ol & transferrin & WAF ¥
25 & B-globulin o] B3t lipoprotein %2 #E&E
72 #@ine kel K== Aot HEPsget. Car-
twright’” & B4R MFBEE 5 e WE

tubular necrosis & ¢ 0371

Folet shglaL Joske = RFBIEBEANA MiFEMEE E
%, Loge¥= olw HAfiol®l MBEMEY —ET T
(pattern)& 7FA1 1L 1ol A, EmiFEEE #EE, TE
T meFEHE He Z2E ARrEBTes BksEe
EYESA A & 5 g3, old R3lY SnFdEs
BZol WT7F ohd HEm{iEERTIT HEIRLE 4,
B ERER, FEAREAR HERY pEiEex
&80 el Mksl = BhAMESAA BET + A
o0, BMBEERd e LET HER: BEsIg
mFEEdEs): WEERMER protoporphyrin e = —ET
el glgmtx stgdvh. KuroyanagitVy misiEst &
M5 AR 932 NPN 571 60 mg/dl BAT 4] nephrotic
syndrome 3} (BB LA = mEREE EFT B
NPN fti7} 60 mg/dl bl ko)l BiF ko Ae EEelzstz
e E 2, Nakajima®™® = NPN @7 BE= LRI
#ife] H3 BHimBAA L MFEEE EE HE 2 LU
ko2 Fobdcty #ER ¥ et

xrl e MIFEMEES 25040 HRY BEAY i

EES EHE014.0-02.48 7/dD o} sk M1 R B

2Rt A MEHES BT WY, HIMAAE EF
@ERY 92 2 4 doon ol Liftd 4 #
Eob BUR FHELE ¢ F A

mygEd 9ol A Gregerson, s Fudenburg, ¥ Cha-
plin, 02 3,2 @I 40] o) v] $EIKIL viel 2o} S'Cr—ifk
MIRE} ®Fe—MiEE] A 44 venous hematocrit fH
Z FHEse BET ZaERe] YCr—kmEREs} ¥Fe
— gL 435 true whole blood volume 3} A =] &
L ER} Qlon] o8 e EELE hE ARkt €M
Mol A 8] FRmBREE S £Re] K B8 venous he-
matocrit {5¢} true (whole body) hematocrit {E9}-¢] 3R
#o] #HAESE Aoz ¢HA Yok B “Cr—RliRE
3} “Fe—[m¥EHES] #AQ) true whole blood volume £
FEfEs "Cr—hMBES BN 20EES] FHER
o s 7 YFe—MmiEE{Ee] 43 M Es THE
2tk BAS T fe} (Fundenberg, 80 Chaplin®®45).
B AmBks) AENEKREREE HRoE AW
Be JERd 2E RS BED 9 Aok

FEE KERY A MKES SCr—fiiliRks} “Fe—Ifl
gEEo] el true whole bloed volume &2 BIFESHS
o, 4

Gregerson®® 2 —fgi50 2 Afd] slelA e migEe
win, FORES BYstn 2nEEe B g9z 3
93, Kaye'®: WHHEY Ambydl mifie BUN 3
creatinine {fir} E#al Fuct 5% FdA Bz
ARMERE-S K2 BUN % creatinine EFBL L5
Bl A WA Qe Z2mEEd e Bt dolebe @
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Fig. 2. The relationship between the non-protein ni-
trogen and the hemoglobin.
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Fig. 3. The relationship between the non-protein ni-

trogen and the plasma volume.

&5t ul glel. Sekiya®E & RS MET o ek
EERAA Q& BES F9%o] BHERY BRAY EF
6 B0 IfiEE—46.5+2 6 ml/ke, HMERE=3L01+2.0
ml/kg, ZMEE=77.4-+4.5ml/kg o} £% B
MmEEEe NPNEER2c  EHMNA #ndka, il
BB RH= NPNIEERL LRHIA Mgl
U 2Rl = #Ee] gl BFEEY ®ES —BH
4 & 4 gk (Fig. 2 2 3). kg ukep Zo] &
s FRlnEREESE BES R Aol 4HA e
3, &% Bk Hitd REEBCTE FiRs
#MmEES $22%r ferrokinetics o] BT FH S BA &
o}, %3] BARZLRSS) ferrokinetics o) Rl A &t
P SRmERAl 3 FAERCLUNE T Bl
/(1 ,1{: c,;‘ai %&%_‘é_ol -—‘ﬁ;’l gl.g_‘/]_’ 41,46,48,63,64) m;ﬁ
sk (P.LD), DESEAZBEECLT.RY, KMk
BTRERCLT.) % AL @igHgd =k 2R
7b Qo] —EA] et

MERESEEPLD,)S 27 Kayet®: BUN, cre-
atinine &= LEMNA &% 89.04, 66.5502
TEAE(Table 1) 2ok HT 9] EfEE, Desforges® = 16

o] A P.LD.8] wide variation-g& ®3. o] & M &
BERS EEol st AEA TRE o FHL B
gte] H9letn #&stgln, Ragen™ & GHEF K 8 fiel
A 4fE 3B, EH 34, ER 26 HET L
Kuroyanagi*”’ = NPN 60 mg/dl LI F#fel] A 98 502 IE

%, NPN 60mg/dl LI |-9] REfi] A= 169 522 JE
E=9doha #4483 Sekiya®™ = NPN E# A& &

¥ 8.1 5502 FH¥, NPN ERHAAE 1781522
Hzs KA #EY v 92, Nakajima® =
g @5 gl EES Q& K 8RY E
AL HHo = st kT FWY BE (Table 12)
s HEveld v 1 Y H2¥AAE EF, E3
HANAE EELS £ 4 o] NPN#E9 P.LD. @AY=
T WEt Q8 ¢ 5 dgod oo PR
Gz rans] FEHse HKE 1 BATEHEANY
FiRs —#= € Fileler dalch.

mﬁﬁﬁﬁﬁ(P.I.T.R.)_—% 1w Desforges® = {5
FEBE 165k 20 B, 45l EX, delA 10
Bl A= WA 2op —EF HAS £+ ddek s
A3, Ragen®®& 8frh 6 filol A i@/nE, Kuroyanagit”
. NPN 60mg/dl LI Tl A & /P, NPN 60 mg/di Ll
bl A = 808, Kaye® BUN LHE A ETY
®mE Bzstdx, Sekiya® & NPN{f7t LAITFE
ETY mAEmel oot stga, KT® = NPNIEFH
ol Ae HY, NPN LEHAAE ERES &8 |5
ok ook, FES BUEE BEA ERME VE EBRS
EgEel wifsld vd Sl ETY B, &
27 9 H3FAE EFES 2o, BT #HRY K
e A |UL ERE B 5 gk

FRMFEFAIHZER.CLU)S i, Ragen™ - 5 o
A T 69.6% % EEec: £TFE, Kaye® = BUNIE
HEl A Ty 81.5% 2 ERHEERe, BUN LF#l
A g 42.5% 2 HEET WPE KuroyanagiVe RE
fEl A RS BAE B REFAR FE s
Aot Egech EER & ob-&el #i% ¢ vhglz, Desf-
orges'®x 7L FE-S ole], erythropoiesis®) {ET<
BARZY Bk, BEEe] WE RAR, hematocrit &
319 Apololl & obF-3 Bk 9ldeta el =,
Loget = 7l 4 R.C.LU.Y WAE &S g
AEBHNA L REE FINNAE EH 24 &
3Bl AL BAE-E vokoh. RMREBFARY ETe
P.LD.¢] RS #ET FFE7L gle=, NPNeo| Hin
F4-5 “Fed] FEMIN S Bl RN webs
Fifgol ETF=w Aol ohdst A=t

o] g} H-& FTE-L ki3t P.LD.¢4 Pils) 7ol Rk
FHAOAE HREAE Fifeld BATEHAGH B
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Table 11. Comparison of group data
RBC 1 Hb NPN Serum Fe P.V. R.C.V. W.B.V.
(mill/mm?) % (gm/dD) | (mg/dD (r/dD) (ml/kg) (ml/kg) (ml/keg)
Group 1 3.71140.35/ 3633.0 |11.63-0.50| 26.813.67 8348.88 40.910.86| 30.214.91 71.114.75
Group 2 3.13+0.64 31+7.19110.9+2. 23] 54.8+1.54] 92,11+23.42| 46,918, 87 23.8:"_3. 39/ 70.61+7.69
Group 3 2.40+0.73! 2346, 20} 8.412.58104. 3-+14. 94120, 2--18.28, 51.245.06] 17.9+5.13 69.116.11
P.I'.D. P.I.LT.R. R'C'I'U' R.C.IT. R.CILR.P.D.! C.R.CIL ] R.C.I.C.
(min.) | (mg/kg/d) % day | (ma/ke/d) % (mg/kg) . | (mg/dD
Group 1 8413.87, 0.4010.04 79.5+11.37] 7+9.1 | 0.31+0.03] 1.79+0.63 32.614.131.103-0.10
Group 2 10216.99 0.4240.12 62.9+11.47, 8+1.87] 0.25-+0.47, 1.70£0.34] 28,514.821.20-40.09
Group 3 148+21.68 0.45+0.12 40.4+ 9.85] 10+1.45/ 0.18-+0.05 1.69+0.87 22.745.971. 254-0. 10
%, 29 HIFANAL B I, frmREEERC.
Cr T/, (day) M.R.C.L.S. (day)
i Y 1C)NAE A mEpel 95k
Group 1 260,82 ‘ 84-+5.52 L Z%o) ferrokinetics & $EAstd NPN fgst
Group 2 23+1.53 | 6948. 62 ferrokinetics 8} BT HEA 91_%% o & gow

Table 12. Comparison of normal ferrokinetic data

) P.1. \ R.C. R.C. | R.C.L
E’ L D) <T 17 iU I T/ renedw.
min mg P per day
ol 6 Tl PES
2219591 89.3/ 0. 45 80.9/ 0.36| -
Huff(1950)% 90 0.35 —i 0.26
Wemstem( 955)9) 90 0.52 86 -
‘Giblett(1957,%% 101 0.45 78 —
Beierwaltes . _ _ _0.97~
(19575 1.45
Hoshino(1958)¢” | 77.18 0.471| 78.1 0.32

B2 4 gdv R JUsE ¢ 4+ g
FMEREAERZE(R.CLT.)SE 23 Kaye, *®  Sekiyat®
EBHEFLNA BAE HET ¥
Avr. FRE BES 28 H13HAAE EFe9o,
#2290 HFIFAAE KT #ERY RES AY —
¥EE ¥ 4 99t
1 BARMBREFEZER.CL renewed per day)d =
olell - Biat EFL FIE vk Kaye!® &= BHR R
A BUN, creatinine ffis}= 4705 BFE7F vk
Ha wh glvh, &I & RS £ WS BE
A& E¥fE R.C.I renewed per day 1.31%, C.R.C.L

9l KuroyanagitV =

34.0mg/kg, RCILC. 1.10 mg/dl 9} et & %R
£ & 5 A=k
TEBRA MERBUC.R.C.L)L Sekiya, ©® AT EL P

LAdT Qe HEY RES 29 BIMAAE E

& IEFel v EHAA

B} ﬁiﬂ“ﬁﬁﬁﬂﬂﬂ% ﬁ*“iﬂr %’*ﬁﬂ)ﬂ EE@—- 2dF
I gk,

Ragen®-& P.LT.R.& R.C.1.U.9] 5ifffRe] Aleldl &=
block 75% dichotomy 7} 9l o] o] EHEol 2lelA
mERE FFSEE o] YoilE A& BRIt g
3, Kuroyanagi®V¥ B#EkEs NPNo| LHs4 &
%3t i (ineffective erythropoiesis)o] wholx A Fifro) :fE-
#RAdm B9 L Nakajima®® = P.LT.R.8 R.C.L
U.9}8] %71 29 E45 S gordvhw sty
o},
LIRS SEA Hlnse Eigs = B8 B
o] 9=l &-edlx AHEtEL BmRY SERSlel M
FE FIASA E% B8] #Emed il EXEmS
FLEERIEST BRSRsle mEasRe] £Ee] ETIAHT 44
4 vk, 2o ol EREMmS AU T
Q1A obA FEEsE ¢ F ¢vt. Kuroyanagi'+ o] &
5 i (ineffective erythropoiesis)$] ABeE HEEAC] A
ARmERIT R FERe ARmERAR = EEEEA
ol & g Bt FH

sHE BEEEEENY FaBkEME 24 Ragen® &
SCrco s BHEL 9flY FRORBHL EHolztn
S+, Sutherland® = RHEES EB = HiHe 5=
otvlw 319l vk, Chaplin™-2- 51Cr 0 = FRifiEREe]
iR 340 BEAEEY Tmlﬁia EF A Al Bt
] 2 FEfrol EFe] dwl RALE mel I JFE
< SR ek GBI I, Loge“"r Ashby ko 2 B
HEEBEY KRmERE EFANA &msl=a HRokEd
sl g ok S, K
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HE BEAY RORE BRERR &Ristd KFE
NPN F&fdl A = FliskEa-e [EEe] g2, NPN
o REY ERMCAE EFEE vebile] REE 4 8
5 & RMRESS] FiHS extracorpuscular hemolytic
component o] {£3t Zelela Rt Joske? & 18
HEEERA A Sk PBEESY EHe Bl o
9] ROMRPEE THABOZE Jojvn AREE A
Broll FEEHSAES] MIHlE MEFK A FHES L “Fe
Byl Bl ¥ FEE 93 gz, Jendle e R
B 4 BT AmREBEESY G5 Pzsn
MRS AERBETIE REFEEmY FERe Aty 3
gk £ 2061 HAETFEBHREAA SCr R
22 FRORRGE WESY EEQ S5 wEslgde
o MieRE Y miEgEs AMBE-T 9o = NPN,
BUN 9 creatinine % M-bBEY-L= BT 5 H
BRFAGRZT ks #1458 4t 9t Desforges*® & 5!Cr &
MEO 2 MEBEERE AT 11664 FlkEe
o BfEe vx BEY warrEe B BmBdd
M stglch, MEPE B A BEY Rimik
SRR EiE REEA HEY S5 98e
Bl RmBEBEEGS MPBHEE 9 neE
el & =5 A& HMMERT oot shgl 2 Kaye®
E SCrke 2 RMREBESHY BEe Lok

EHEIT AL BURE £ BRI BEAY FEEA
HMBRPTREH G 27.9+3.1 Bk Hogrsls 551 2
A EF, £2 9 ¥3WAE GHe 2o R
Rt Kige —FEE wteh

B W

- AERBE BRI HBRb AT 1B
FaBET BRHE, RESHESoR 1 3 m®
EH RE 201 HRo 2 ¥Fes) SICr FpEBo R
BAH % RORIGE BET Fpd nhBREE
(NPNDE}S] BAfRE H#rslsl sl NPN o] et
o3¢ 37 A

#H 1% NPN<40mg/dl (64

H28 41mg/dl <NPN<80mg/dl (6%

3% NPN>81mg/dl (10 )
2 B3 & fiiEe v ogs 2o

D FRifi#R, M3 2 hematocrit i mMEBHRER
(NPNYE7F EFEIBEL1IDAAE HFF B,
NPN {7} ERIHEE2 9 #E3Md AL EES B
F nged, MEBRKERE) 242 Ame Hl
ot

2) MiEE-e NPN EFEHGEE 1A LARG2 R
FIFOAA Wil RMEE-S NPNEEHGE 1D

vk ERBEGE2 2 FI3AA BETded, 2im
W ol & #Epo] ¢lgivh.

3) mFEREE NPN E%BE(H 135 NPN g L7
BGE 2B AL ET Bt NPN &G LRBGE 3
T A= Edolsdeh

4) £7¥2] ferrokinetics & ¥,

i) NPNE7F E# BEGE 13D AL MR
REPLTR)E EF B, mMEEREK&HEREPLD), #
MERSRFAER.CLU, FRMBMBEARLER.CLT.), —
H ARmEREHEZR.C.L renewed per day), 1R
B#(CRCL), FmRBEERCLC): &% FE
AR 93k

i) MEREEEEPLD)E £1H Y Z28dAE
E#%, $30d4: ERsln mERREE@LT.R)
& $29 HIWAA EFolgiodt, 1 Hacte HF
e EEE 29w, mERFARRCLUY), i
RBZRERCLT.), BEEAMBBECRCI)E %
2 9 3ol A WY, —BRMERTTESR.C.L renew-
ed per day)st FEEFRMEERCLC), dAE B
o] i, FRMBEFIAERCLU.| Bl 3
ale BEE A IR %2 % #3HAA EEs
9ok,

5 RMERBGS 1PN E¥, #29 $3y
dl4 & mEslel ddet.

B, R EFRS frasd BHAMS NPN/{E
ol BER R Qoo ferrokinetics &= HATREME
Mo FELF TS v Fe] AE B M
(ineffective erythropoiesis)®] jrife] HRmKAESY & =
Rl ek 4 A4=e,

(Bo2 APRE 1 51 2 BHS sl 74 B 2300

B, BREGWECA FET BEE soH, okl 5

#® BHRHA A BfreREY J8 A KBE =9ch)
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