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HEHAL
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2 &A% Fag 53 e Erdd 44E ¢ 2
ol ek el

3) ulejgl D ciAMR A S &3

F 24 HHFstel vlet]D HAEAHQ] 25- hydro-
xycholecalciferol (]l 25.0H-D,2 23h) = 1, 25
dihydroxycholecalciferol (¢} 3} 1,25-(OH),-D, 2 2¥3l)
o =& FA4sdd.

4) Egrlof R2| §E O|R2 UKD URYH BB

28 Haerat

4% 39 A3 %% 3094 elemental calcium
1500 mge] &5 E4lol & M &F 117 2
Ao g 33 Yt o] &3 YFE FHIAL £
gA¢ JERH(-70C) e}t haER, BAEY
7 B4 2 Ee ZAo o] &3 %iet,

5) &3 Wy

¥yeol 24, ¢, BUN, zs#lolejd 9 alkaline
phosphatase, £®l 9] zalotelyd, #4, o ¥ £H%
£ atomic absorption# spectrophotometric method
& o] &3l Sl

3l o] 23 L4 selective electroded ©] %3t
2 rhaEd, ZABRY, ¥4 $2E 9 25-0H-Ds
¥+ RIA kit(INCSTAR, MN USA)E& 1,25-(OH),-D,
£ radioreceptor assay (INCSTAR, MN USA) & ol
£3lod FA3gir

(1) 25-OH-D; &% &3

3 25.0H-D, ¥+ ¥A o 2He acetonitriled
o[ &3le] 25-0H-D, & ¥| %38 4413t HALEA 53
e AR F APt 2AHE o] B3l FH3
o},

D 2% A Yol 25-0H-D; 34 0.5mlE H1
of 7|l gl YA 25 plE 71 F 1027} FA o
& Aol A 1200GE 1087 U4l Eej 47|53 AFHol
A 25yl o] F o 2 33,

@ &4 25 ule) 2FF Lol 50 pl9} [*H]25-0OH-D,
2} 1.0mle} o 25-0H-D,9 &4 § ¥& % AFel A
712 AEE 2AAYA GEA7 L ALA 147 F
ot wlekAl 7l ohg 100 pl9) vl8] E¢E Hwk EAE
Z7)5be] Hol A A2elA ThA] 2087 Al el Ete 4
Z % scintillation vialell =2} ¥ & ¥ 5.5mlg
scintillation cocktail & 7}tz & E¥ 3 &
G-scintillation counters. WA E4& 2Hsiqcl, &

A8 0, 0.37, 0.58, 0.97, 2.10, 5.109] 67§ s
M A udos YAGAHE FA5le ol BFEF
Aol 4 #ate) @3 95.0H-D, $5& F5t2rh,

(2) 1,25-(0H),-D, &% &3

@ ulel=l D HAHEE 24 o 1,25-(0H).-D; €58
274 © #zkel @4 1mlell [*H]1,25-(OH),-Ds 50 pl
5} 1mlé) acetonitriled A7}5tod 1045t 57 4
ofF ¥ 760GE Al ¥l st AFYatE # o] 0.4N
potassium phosphate (pH 10.5) 1 mlz} 4o ©}4] 760
Gz dAEYsgch o Aol AsH EAFEQ [
$H]1,25-(0H),-D, recovery, acetonitrile, potassium
phosphate & Z+7+ 482 Ao A vetyl Do
recovery rates 2 33}7] 9§ tracer A, assay ¥
)&l whAds g AAN A} FHeo=,
acetonitrileZ & A A=A ¢ AL AA] Y3}
of AL-g3k9lth, oloiA & #Aeid SAP-PAK C18 OH
cartilage INCSTAR, MN USA)E o|&3te] A&d
Aol 4 228 ASdo] EAste vlelrl D iAEA
=2 % 1,25-(0H),-Dyubg 75203500,

® Radio-Receptor Assay: A% Zol] 4824 50
£19h 1,25-(0OH),-Ds ) 484 400 ul & H7bste] 4o
F % 18%CollA 1417k FaF WA sk [*H]1,25-(0OH),
-D, 50 1 A 7}ebe] 4 F b4 18CellA 187 F
Qb WA e, 74 AE g ice-batholl A 1027 4A
% & cold-charcoal #®ted 100 ul& #H7}3led ice-
batholl 4] ©hA] 25%-7F WA & F- 4'Cll4 1800GE 15¢
7+ YA ¥als ok, Scintillation vialell odo] 2 Ab&of
3 5mle) scintillation cocktail g M 7}3led & 4 %
B-scintillation counterZ *He $4=& S48},
E3x5 T 7 sampled] $AEE HZ3le] 1,25
-(OH),-Dy¢} ¥ =& 78 v+& 7749 recovery rate
& o] g3t AA Fx& 2l

% ]

L chabgixiel oS B3

o Abskate] FelE-e 62.1+4.8410%2, HAl
A2 1685 cmel vt Aol HolAHAEE AP
o] 44 BEAFE 57H5kgel AT 7€ 0UF
o] BFAFH4E 5kgel ek (Table 1),
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2. A O} ZA}

U4 A Jusg ol BEAAE 434

Table 1. Age, Height and Change of Weight in the
Pre- and Postoperative Periods.

Preoperative Postoperative
period period
Age (year) 62.1+4.8
Height (cm) 168+5
Weight (kg) 57+5 52+6*

Data are expressed as mean=SD.
*p<0.01.

o2 AFHdfols E78ln Fe59 AridHate
FEAH vad o 24% B4 r o

chaf Al o) =) ulel A A Bk 40~50% 43k (Table
2),

3. SN Wsiata Al Sl 244128 2 FHAL

FolAbol el BA Qe A g 24417k &
A Al eteld ol i At ol videl e A
Fof ato]7} gigic(Table 3),

4. BUE BYU USHET A 2¥H BY
wEud

“Cag ol &3le] Faollsle £LAFEFFAA A 2

Table 2, Estimated Daily Nutrient Intake in the Pre- and Post Operative Periods.

Preoperative Postoperative Percent of

period period decrease
Calorie (Kcal) 1879+ 303 10314513 45%**
Carbohydrate (g} 314+ 34 161+ 91 49%**
Protein (g) 71+ 26 41+ 14 42%**
Fat (g) 38+ 11 25+ 13 34%**
Calcium (mg) 6521203 497+218 24%*

Data are expressed as mean=SD.
*p<0.05, **p<0.01.

Table 3. Biochemical Findings Related with Bone Mineral Metabolism in the Pre- and Postoperative Periods.

Preoperative Postoperative
period period
Serum values
Calcium (mg/dl) 9.2 =+ 0.4 9.2 + 0.4
Phosphorus (mg/dl) 3.6 + 0.6 3.6 £ 0.6
BUN (mg/dD 13.8 + 0.4 13.7 = 3.9
Creatinine (mg/d}l) 0.9 £ 0.1 1.0 £ 0.1
Na (mEq/]) 140 £+ 3 142 £ 3
Magnesium (mg/dl) 1.73= 0.13 1.80% 0.19
Protein (g/dl) 6.5+ 0.4 6.8 + 0.2
Albumin (g/dl) 4.2 £ 0.2 4.3 + 0.3
Alkaline phosphatase (IU/]) 92 + 24 8 + 17
Urine values
Na/Cr 0.09+ 0.05 0.12%+ 0.07
Ca/Cr 0.16%+ 0.06 0.17+ 0.06
P/Cr 0.32+ 0.20 0.19% 0.11

Data are expressed as mean+SD,
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. Fractional calcium absorption in the preoper-
ative (0 —0) and postoperative (@®-—@) periods.
Values are expressed as meanzt SD.

*p<0.05.
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Fig. 2. Fractional urinary excretion of calcium for 3
hours in the preoperative (0—0) and postoper-
ative (@ —®) periods. Values are expressed as
mean=SD.

Preop;ntive
period

A BAo, FEFelE AHF 24 vk
HIAE 2o F47F AddsE FAE vk ey
AT A7t ot FRUFEFFFLE SR
4.73%°1 1 ¥l 4.43% 2 vxddeng F471
A= 7 Ak Faeke] Aaste AL obdE o
4 Atk (Fig. 1), SAlol A8& AHF 34254t
4 &3 “CalAdgs A3l o] § Holx
skt (Fig. 2),

5. ERtAoIHRe ojEx WD WA A
g E2Ewe WYY

TEAFE vlas vy FEAY stAEYUR 74
AHor) o] &8 Zhar, £AtAA SR g AjEIL @
ogle #olE Heola] gta, wletyl D sHAREAQ
25-(OH)-D; 9 1,25-(0OH),-Dy % #}o]-& Ho|x] ggkeh
(Table 4),

Ei4lol ot A T2 FuE FALTF R T
o) 47 s Wt e Fol vind A
o, g4 FAE-RE Ao vlEte a3 @A W
o Aloleoll tHit W= FolH o, o] 23 e,
AR o BN 3B 2L SgA ol T e
£ HolA %3kt (Fig. 3).

il &

YAFE F2AE G4 AFFE B FE o
st o SAHel A AN FHuoh A g4
4o wed 24l A3 Basl 8, 200 3

WAl Al A=A gt o] el & A F5} o] w2

Table 4. Fasting Levels of Ionized Calcium and Hormones Related to Calcium Metabolism in the Pre- and

Post- operative Periods.

Preoperative Postoperative
period period

Tonized calecium (mg/dl) 4.1 + 0.5 4.4 + 0.7
Gastrin (pg/ml) 49.00+£42.71 17.52+11.58*
Parathyroid hormone (pg/ml) 21.64+ 5.18 23.94%+ 5.05
Calcitonin (pg/ml) 45.35+ 7.49 47.13+£15.97
25-OH-D; (ng/ml) 16.57+ 6.39 12.92+ 2.6
1.25-(OH),-D;s (pg/ml) 131. 7+66.38 131.57+24.51

1 Data are expressed as mean+SD.
*p<0.05.
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4 gl olutelx wio] Zgel LEE F7H4]7
AN Y=Y, @ Az Ao ggd w4
7 23 7ol At A 2F AEFEI] A
Toll e FA7} 517 gk,

o] AAo] &g Fool B A7 Az Xql
ol gold dd Al H AL 800 mgalH ol o
Aol TAT ALZEgic, &, dHoE £45E
g ae Aol FaEA 4 ZFEHFH 3Tl
100~130mg A= HAH o £A4zke] Foirt, £
Wog £AEE ok 3HFol 150mg FE ol wile
2 &4 o 5ol 15mg Axolrh, wela] A4}
of @A £AsE AL HAH £4FL
250~280 mg A E.olch®, AU FHFYE F2 F
FE4ol o8 2=l 9led Was A7 AAE
B AaLg ko] 4l ajakel 20~40%3 thH-Fo] F
A oo e ARE & 5 ek, 2l A
& 800mg2l 30%7} Fsofokat Al HAH £
Adekel 250 mgd HAE 4 gleba e,

£ Aol Al 19 Alukell ZF 800 mga} ¥ 10 gol
A o] A S FA & AT #2efrt 23H 4
AHE FFEEA AT SRl AAZ AHE A4
gke 248 A Yol Aol ehr3g, WA a
zure) 3ol ook} Zrejel A3 WAE Hasid
o}, ZaAdae dUdnsE Fild AFNAIE
ET75n ATl oefgle Aol & By A7 HF
650 mga}t 500 mge 2 YA Aekol = 0] X% £319 7]
o 7l waH AAeEg BAE 4 gloeet 47
Hr}, T4 B dTolME dekig g A4l Fg
AHE Feisldiat dutd o g oluet o] 2 4F
o g AHsteiel 4o, Be 4o FEd A4
7] fell e Aol Bol FHH AFoE $FE v
3¢ a7aE, A2 53 g FAF £vE FRiok
Fed #3408 F 200 goll & Lgol 250 mg 5o
it

Zgiale) dFadyo A Wylag dfshe A
AAF5 o] A A eke] 20~40%E S FHo] A
3 o widEa g Y ats] Bov|st PEof
S ap7b wAlE 7] 43 whA ol glrk, didoll g FHY
4% ol ¢ AT vimA Hsly] At AAHeE
F48 45ae AT S drke el sk =¥
ol Aoj4 whuiA ks vlelnl D Aef Fofl BE 9

¢ Wit BEESY T8 Aole) AT A, A
W 24 b DY Al 2em 43, 28, Q4%
g9} 2 A Ado] o8 G vl £ o
FoAAE AEFsol e FE 29lo2 dais Ay
o} aho] & glol7] S1ah 50~60c] Al Bl chabe
2 39 wat ohiel 32259 s nHsle 2
AEY, A £223 u[eiR] D BAEAE 8
2459, £4HES vlas] 2 B39 ek
D a4 ¢l 25-OH-Dy 9} 1,25-(0H),-Ds+ o] & B
olx| ghskeh, 2Blw BaHAlo|o} gl AFE BEE T
AR 347 Bt AV G TR EES WA 4
A Fol MY AHZ o] 28 BE, BARY A B3
44 322 £eAfol Fag AolF volx Wt
o webd BEFSol d%E FE ohE 995 #g
Eoglolen BEFEE AABAL LA 4
of e AL ANz & W Aol gg
& agith, 347 Satel AW B MABE S5
Fol ahol7} GA T WAl ae AL AR B Al
& B4 4 2AekAE gtk AobaRAR
BozREe BHEST A4S ol e 2AH
AHes segel Wl Saseiel A=A
2 Qe Asz 44 09%Y oA dr|ze A
Hal A Fol M B F4ol Aol & WAL 4 gath

Agdo 2} Qam ez ofn] G uhe} 2o} A3
A7t EUEE 24478 Uelol A5k Aol &g
2ol ob7l5l e 24 AT wlekel D Agolebw ol R
59 ¥3FFL THEEE AUY 4= YL Aot
2 QAT BEAAL Fohe ARA L ofrbs
ZEEERA FRaHE AN 02 oldls] o7
A sk, WebA e g Aol ot AReM e 2
FEH4ol Fofatt Rolol = o 7Wez Bojele
A 2ol

FoAb Bohe) & ohE UAH 2902 EHA ol
og 2AEYe) Aot Bulukgo] A FY HAE
2 4oz & olFola® Akl o)E Alde
7ag slaeds ARz ddse] ok Hol
o BAEUE SfEAL 75 ARGezn BA
G2 §okE A g shdl, ol He] AR BEEH,
HaEd F& B HulatTelatel whgatod f2f = A
Agol| AL FEFE JATLIA FRo2Y
B §49 #5e Faros TFeE 28e g @
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24l 7hmErlo] AlFs) nzgEFel o] AR
FejARAAE g Po A Fokd A E o] woj
A shEA 28 FETE AR dge) d4E 7
dotn AA4sgdet, oy 2 ATl Si4ele)
A ATE ZAEE FALE R e 32EE
Hatep-e FeAfol vind A, YA sjrEde
FEAel vlsle] +EF dAE ol Aol W&
5 glolg ot AR s Foll T3l Ao

HolA] eigheh, aejnE shaEdlo] ZhgehAlel 1]

o 2,

¢

|2 3 gS Eahsichn st
Zelol] FE2AES A% Aol gastrin17& LA E
U3} f2bskAl A 248 % (hypocalcemia) & f45)
v, o] &b F7kAA AT ZAE el gloix e}
v, YA AA%E =3 fundectomy Follv £AlF =
2, 7haEe] ¥ AHFEFTE A R ol
2 Geoa e HAE EHide B4 43225
Folshd ol ehtg abg Fupsle 99 ol
A s staE 274 (gastrocalein) o) g o)l
setol ool 7 A Adels Fabe] Yok, whaii
v Zg AL S A sed glojM Hojx Frix] A
oA FLEE 4 4 ek AME A& vhe} 22o] 4]
o|Fo] &4 B¢z Awd FAAA LA
A ZaEFTE FAA T = 85 A Fol| FolE = la
Edo] TAAH N3 Hb-E o2 BulE £ o]w] pA
E 2 714 (gastrocalcin) o] 2l s Ele|z 52 22 $oj
Al A A 2Hgo] glof ol & Fsl4 Agol F2A
28 o7 F UEE FE zhgolchy, FEAHANA
33l A2g 9 sielo]l = 5= E(gastrocalcin) ol o
& ATt Aol e olal o] FozlR) fgkAInl, 49
stae 2 Aol £ o] Habe Fulste FoolA &
g Aozt f+ Zgd Aol glol Z2EE B9
T A7I2A ol#] 5o o} girl,

oldl 7tH ez Eohd HAAM gl FHol vl 2o
Aol ok e G g v A 4 ed ol A WA AE 2
ARBLE o i shae ] A Aol Ao gl Abel
Y ZEEE] Wstofatg dolb oz stk £ 9)
o}, g2 HAatol o s F47) Lol dhAl =l H4 2
Alge AAHEE E7b5eA slnz Ay da§s
of gloiA] Slotd At ¥ejsteist Adde, =
G AHA AL rhreele Huldle HAAYE #a) o}

Yeh shiEZ A Bulske 2oz A7tEE A1y

E @A A s ol staEdle] g ZA RS
el FAE e FA gt olel ke PAlE P4
s)2 ot 48 e FxA Wz A5 A4
712iet A7k, el $opA A A S Fol & v & A}
2E& o] Al strE 2 FALE Fuldte AR
b dAS 2R staE 2 Al o] shaElolat ez] ¢
g vldezss Huld & gleow shaER Al
gl s 28-& BENA Aot avjng 44
AAlge HotddA g Zgds ¥ oig A%
o Fgpol FxH oz ol gEedl YolA o & F2jsly
ol gt et AL e Aol shEA A
AR ohe H4HE BuEhe $9E BEH S8 Hobda
Agol THAARE dldsiedl v% F2j ¥ sleoit,

£ dre Ao Aot AAF HA8 zag A% 7}
£EF S| ko] A E e wi-gol WtE 2elslx] &
3k o 23 Ao FEIt A dAsA FAHE B
of 7t=Erle] Zgeistel gt ko] mjaksitE RE
& 4 AR, AF FEAHAA FA= R SfrER
Ao Argtel M EAcHE HAFE wE3E Yot
ARAEL 2y Yl 274 E 35T 4 ey
Fasedl 2 ATl AY Aold ATl Fge
el FAEE T |Ade] ohdst Azdet, 2
At FtrE R gAY AYL dF FEAME dFH
AR Abgbol| A & obA] EA7t AFH 2wt gich, £
ATE B3 A2 slaE 2Rl BN b
Aol A7l derH o vhelr} AR AT AR 24
A FEAEE T keE2 DAY TAE WY &
= 3& Aol

AEH 0B SobA A AFol gloiA BFFsol o
A7 AFde 3ol BEEFIE A s
e glov 45T AsE Aol7h glgih, o &
Foll FEE 2l 4 gle AAETE FAHA L A
EW, #3444 225 vell D oHAEA §9 Ao
EWAT 4 dgld 2y e w2
A HAH £A4E S5 A5 v XA Ealgen
2 EFEE AgAAst 2A3F 4H ARz 2 g
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Calcium Metabolism after Gastrectomy
in Patients with Stomach Carcinoma
—A Short-term Prospective Study—

Young Sik Lee, M.D., Won Ho Kim, M.D,,
Hyun Seung Shin, M.D., Jin Kyung Kang, M.D.
and In Suh Park, M.D.

Department of Internal Medicine, College of Medicine,
Yonsei University, Seoul, Korea

Choong Bai Kim, M.D.
Department of General Surgery

Objectives: Metabolic bone disease may occur as a
late complication of gastrectomy. The main causes are
decreased absorption of dietary calcium and vitamin D
in the gastrointestinal tract and disturbaces in calcium
uptake of bone related to lower level of gastrin which
are supposed to stimulate postprandial secretion of
calcitonin. We tried a short-term prospective study to
identify the early metabolic effects of gastrectomy in-
cluding calcium absorption and changes of hormones
related to calcium metabolism.

Methods: We studied fractional calcium absorption,
urinary calcium excretion and serum levels of 25-OH-D,
and 1,25-(OH),-D,, as well as changes in postprandial
patterns of ionized calcium, gastrin, calcitonin and
parathyroid hormone between the pre- and 30 days
post-operative periods after subtotal gastrectomy in 7
male patients with stomach carcinoma.

Results:

1) The mean age of subjects was 62.1+4.8 years, the
mean height was 168+5cm, the preoperative mean
weight was 57+5 kg, and the mean loss of weight was 5
kg.

2) Daily calcium intake in the postoperative period
was decreased by 24% compared to the preoperative
period (6524203 mg/d) and intakes of calorie, carbo-
hydrate, protein and fat were also decreased by 40
~50%.

3) Serum biochemical tests related to calcium metab-
olism and the ratios of calcium and phosphorus to
creatinine in 24-hour urine were not different between
two periods.

4) Fractional calcium absorption test using **Ca
showed delayed peak serum level at 2 hour in the
postoperative period while at 1 hour in the preoperative
period. However, areas under the curve for 3 hours were
similar between two periods (4.73% vs. 4.43%). At the
same time, urinary excretions of **Ca for 3 hours were
also not different.

5) Serum levels of 25-OH-D; (16.57+6.39 vs, 12.92+2.
6 ng/ml) and 1,25-(0H),-D, (131.7+66.38 vs. 131.57+24.
51 pg/ml) were similar.

6) The preprandial level of gastrin (49.00+42.71 vs.
17.52+11.58 pg/ml) was decreased but those of ionized
calcium (4.13+0.5 vs. 4.4+0.7 mg/d}), calcitonin (45.35+7.
49 vs. 47.13+15.97 pg/ml) and parathyroid hormone (21.
64+5.18 vs. 23.94+5.05 pg/ml) were not changed after
gastrectomy. The postprandial changing patterns of
ionized calcium, calcitonin and parathyroid hormone
were also not different except for absent reponse of
gastrin.

Conelusion: Fractional calcium absorption and serum
levels of 25-OH-D, and 1,25-(0OH),-D, were similar and
postprandial patterns of ionized calcium, calcitonin and
parathyroid hormone were not changed although gas-
trin was deficient. Calcium intake was decreased in
spite of encouraged high calcium diet and so it may be
concluded that calcium balance is not maintained due to
inadequate oral calcium intake rather than poor cal-
cium absortion in 30 days after subtotal gastrectomy.
We need long-term follow-up study and also compara-
tive study between total and subtotal gastrectomy to
clarify the effects of gastrectomy on calcium metabo-
lism.

Key Words: Gastrectomy, Calcium absorption, Gas-
trin, Calcitonin, Vitamin D
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