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A comparative study of blood chemistry in bome marrow
and peripheral blood

Jun Seop Jahng, M.D., and in Hee Chung, M.D.

Department of Orthopedic Surgery,

Yonsei University College of Medicine, Seoul, Korea

This study was undertaken to obtain baseline data on electrolyte composition of bone marrow blood
and compare it with those of simultaneously obtained peripheral blood in order to assess the clinical
usefulness of bone marrow blood as an indicator of the early changes of bone mineral metabolism.

The mineral salts deposited in the skeleton are not in chemical equilibrium with the circulating blood
(Ramp and Neuman), and while the local concentration in bone lesions might thus be high, after dilu-
tion into the entire circulating volume, the total amount of enzyme might be too small to cause chang-
es in the peripheral blood readings. And even when no tissue is obtained, the bone blood from the
lesion may provide useful information(Woodard and Marcove).

In the animal experimental group, electrolyte composition of femoral bone marrow blood was com-
pared with a simultaneously obtained peripheral blood from the abdominal aorta of six week old Long
Evans male rats with normal and calcium deficient diets.

In the human group, 10 ml of bone marrow blood was obtained from the iliac donor site at the time
of bone grafting for spondylolysis, spondylolisthesis and lumbar disc herniation and 10 ml of peripheral
blood was obtained from the cephalic vein immediately before the bone grafting.

Electrolyte and enzyme composition of bone marrow blood from bone tumor sites was compared
with peripheral blood and also with that obtained from the bone grafting(control) group.

The results obtained are as follows. ;

1. The concentration of total and ionized calcium in the bone marrow blood was significantly lower

and inorganic phosphorus was significantly higher than values obtained from the peripheral blood
of rats fed with normal and calcium deficient diets.

2. Similar differences were demonstrated in the human bone marrow blood and peripheral blood
obtained from the bone grafting group. A modertae excess of alkaline phosphatase was found in
the bone marrow blood.

3. A large excess of alkaline phosphatase was found in the bone marrow blood obtained from bone
tumor.
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FL%Fel Yo AealA AMA A= E  wbyuc
Ay WAL Hel 4 At B Hstn wmEle W
Hol vi% Yo7 FRe2 el :
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A2 E FAsA o oA kol Ay
HE YF Y FFo] gt 412 (calcium deficient
diet) ¥ Fo43ldct. FE4AY LEE 22T Wl

2 8Hgieh.
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a) FEAYZANAEL AYSEE cther o} 3ol
FoAANET THQCHE ¥+ N ANEHE B
A+ % 33 0.5ml(500 units of USP) 2] sodium heparin
(Eli Lilly) & = A= (RMIR A F4&sdet. F4 5
EAzE 23S dslEe Fu =dygee dxETd
kEsa jEEF YHYe HEFE S AYEAch A
¢ A% alzT THFREYe] 18 gauge F A3 o}
2y 2cc g FarRA i"‘?“é%‘ oF 1.5cc®& MY
skl

aelx F AE AMNEHT dEHezRe FY
o gl g ANt SYR 42 x4t A
A &) gt ol4tzt o] AR Yy Yoy
e 5 (Tcs, total calcium), o] -&3+% % (Cationized
calcium), 719l (Pi, inorganic phosphorus), #£t©|$-
(Na, sodium) % FEeb+A1& (K, potassium)E 23
shoiet. |
Total calcium-g &34 &9 (Corning Calcium Analy-
zer940) 2.8 % A3} ¢ ionized calcium-& Corning
lonized Calcium Analyzer SS-20 2 & A3}%ch.
2]3 inorganic phosphorus &= Goldenberg
andez'® ¥y 2 8 ZRA35}9 2 n sodium 3} potassium
€ 4% 234 354 (Corning Flame photometer 450)
2 212+ ZAskqdcl.
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A REFR Az QN-ZAE ghitElz 2Fl0cc 2] §
Ng A8 AYALH o]a) FAFAL A}E3h=|
okgtel., €37t RAISHER S5cc§ F4Fr] 3~474
€ nAEstderl MYyl NG falydoz §
ol FAL 4 Mgt 2 B4
o YA AL FAlel dR Y4 Fo Yol
Mygslgdel. o4zt ol Mysl Yl YYo=
M.y calcium, inorganic phosphorus, sodium % pota-
ssiuma} alkaline potasphatase & & A3}¢ic}.

£ AYTE EFFTAE 54 43E A1¥Y
2 GRAENE Bl oFl0ced] N3} Fe] a2y
N-g FolA Tl e Yo ANY Yo
o]+ calcium, inorganic phosphorus$} alkaline pho-
sphatasenl-& & 2 3}9{c}.

L4¢dA FAukyd L SMA 12/60, Survey
Model (Technicon)'® 2 4 calcium2 Kessler2} Wo-
Ifman'*' %] &} 4= A% Gitelman® ®|u} 2 2 mag-
nesium 2] ¥}3§ w) A &}~ 913l 8-hydroxyquinoline
& A8 ges HFehash
sphorust= phosphomolyodic acid”} stannous chloride
hydrazineol] 2]a) f =+ ' o2 A 43lge
=] alkaline phosphataset= Bessey' W}#]-& 3%
Morgenstern'® 2] wltj o2 &35} 9-tdl o) A AL
At IR E A8 28 sodium 3}
potassium 2 3% 33 354 (Colemann51 Ca) &
7z &35t

Inorganic pho-

HAAe § FAU 120ke] 9] mld 504 MY
gy W TExYYelAe FHx= B3 o)
Total calcium % ionized calcium -& 2 E golol| 4] X
o} EF4gYdl 4 et inorganic phosphorus +
T4l 4 Estok. 28t sodium3} potassium-&
Fdol] ¥ grgfd g vixdgdoed AAolE
Y+ gddet

b) UBEHHAIR RO T

Z4ol g AR E T4 1208 2] 0] 4 54
A AP T R TExddHe FHPA=
E 29 Aon AHAE AT vt F
& ol o] A total calcium 3 ionized calcium & %3gtir
inorganic phosphorus &= ¥3tt}.

el F4als Fo T4 B} total calcium %
inorganic phosphorus 7} ¢¥7F E=-&4]§ JVep i |
<& garstgdcet.
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Apghe] Ao A MR E-YEY oj2l FAld
N g2 &P B33 2} cal-
ciumg x| Rl FF Yoo wgton
inorganic phosphorus + F48Yel 4 E&A]F JE}
Wiz iglel. 22|32 alkaline phosphataset= W3
Holj ) FgyNol 4 AFalg el S
€ Farstkgdcel. 18y sodium Y potassium & &

Aol 4 e} vhatrl=i2 T4 g9 TR o)
A F e},
3. A AN + UAYg = gsiet
b) BT
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a) HAAIR BOTP Fa=loll A sMalg]l FFPRat olof FAla] Masl
BE1 HAAE FAF(F) 9 B4y 9 Hryqe] vaidE
Tca, mg% Cat mg% Pi, mg% Na, meq/1 K, meq/1
E5 A 8.461+0.12+ 3.68+0.14* 8.92+0.26* 134.8+1.8 5.04+0.3
L R 8.96+0.07 4.22+0.09 8.52+0.29 133.9+2.1 5.0+0.5
* P< 0.01
H2. 2% A 48 $47 ()Y B4 9 2PN vimzgsds
Tca, mg% Ca, mg% Pi, mg%
€ 4 L 8.87+0.16 » 3.76+0.10* 9.23+0.25+
u % & ol 9.431+0.14 4.30+0.10 8.68+0.29
* P 00T
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TN A FYx B4 9 g}l Calcium
inorganic phosphorus & 2t7+9] el gy ¥
A A 994+ gigdel. = alkaline phosphatase & &
TyHodl4q g4 Foslo] UEAE BAY 5 AR
I FolATq HEFF viadle F4e] Y g2
o 5ol Frkslel UfH(ES W6).
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Yyl FAolA 25 g FAReG W
14 FAMS Telm FFFe EZrlAnY A=
$49 Qe Hekd BHYA QT 2 99}

BALE sloAs =4 3R] AwAAYol oY
o4 #4gode] dstE o FoujzgRow uq)
ot %5 F (W) 2] WY ATE i B
He| P4 4y ¥4 ZF FAYPe| 2
29| AT olg FulReo] QAo 2%
Aoz Aztsict

2l qlale] AL FAHHNE F2AL g4y
ol 4 °F65—70%7} hydroxyapatite &| 57| 2 2 ae]
o F2 Agsl Frlgaddes F4Aslo] g (Ca/
P=1.3—2.0), o 30—35%7} #7142 o]% 95~
99 % 7} collagen 2.2 =lo] gcp* Lemg B
At FAR & AT sl olF B A o

B3, E4TAAD)Y F5EY o gayl vagdE

Tca, mg% Pi, mg% Na, meq/1 K, meq/1 Alk. P-ase, mu/ml
B4 gy 8.34+0.14+ 4.40+0.11" 136.0+3.52 4.73+0.59 106.70+10.20 *
432 oy 8.6910.15 3.71+0.18 135.3+2.51 4.20+0.22 78.30+ 9.70

« P< 0.01

H4. & 3479 oY) 3 LAY vLEAE

Tca, mg% Pi, mg% Alk. P-ase, mu/ml
* T 8 o 8.641+0.32 4.231+0.22 262.40+24.40*
L) - 3 a3 el 9.02+0.21 3.8140.29 140.60+14. 36
*PC 0.01
HS5. AHA olATz 54T F4 Yo viand s
Tca, mg% Pi, mg% Alk. P-ase, mu/ml
2 ¥ T 8.341+0.14 4.401+0.11 106. 70+10. 20
E F %% ¥ 8.64+0.32 4.231+0.22 262.40+24.40 *
+ PC0.01

B6. Fdol4ws TFAT Tagye wadds

Tca, mg% Pi, mg% Al k. P-ase, mu/ml
3 AF €T 8.69+0.15 3.71+0.18 78.30+9.70
h F o ¥ 9.02+0.21 3.81+0.29 140.601:14.36 *
* PC 0.05
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T odFe UEE 4T deld A g ¥
ol ol&) AFul4te] SHoiftel, WS sodium, po-
tassium % magnesium o] A E B AT Ho)
wEse glor Aol ks A=z et
dby oz 4 4l B4l 1,000~1,200gm
A7t gdon 2 ojf-Re] F4of =l Ust
1% ot 1gm A Eule] ECF (extracellular fluid) W
ol glos oF 0.3gm & AN A3tz Ut F}
F T lgm o LH§ ANsHASA o 200~250
gm JE7} Aol A Aot FAANLE Fild F3)
Al el &3 ¥FLEFEES 2AGU 2 FW 4
QxR AN LFEFTrt $HsEH £ LAV 4
24 Q4] Argko] EA)she AlANEAS NN
%4+ ARt 185 vitamin D v parathyroid

hormone 3 A AFESol SMAE F4r) A=,

45 Z45-L extracellular poolZ Fof 1A 5=
intracellular fluidv} A}7a2] Aztat8 £ F3F ¢
A Zgo) nyHr). BFEUY B45%7t ol
slggo2 o] Aol A4 HAlAGol RodEAl 5
€ Aeolchin M g g oA FAY F
obe] A2 Faj T4 AEYPqt ohviel Y §gw
3} ZRAAAFA T4 4L E JHAH 2o E
F2o ¥4 2 2 gY3el A4FH49 weg
A48 758 zecth

AP o2 calcium o] gt ALEF FEAA Fo
A, FHAHL A BG4 Alee A
e AgeAE FgAYPer F2LEFE do
4 gleb #Ado) glew] FE4 (osteoporosis) A=}

o] AEFolA ¥AN LFE Y44 A7 e

2B oloe WAl B4uds ATEE
sj2¢ AE FhHE A= s

el F7]]14kE & 4 <lell A 500~600gm A = 7}
T ghsleol doe 27 85% 7 Bl &3
v}, L v}o} %]+ intracellular phosphate 2] organic
pool o]} inorganic pool o] EM e EaE @
2] A7, 248 Y F24 el =tel d3r 70|
2golch, F2 AAsHRolA A4NFY o T0%5)
FoEs Age 48 AN 9 A4gda e A
ZANA F57 gAsd 4AFE, vitamin D ©
parathyroid hormone 5o 2844 F-$7} F7+5ch,
T4 L o] &3} Alejol= 2 ALF-al o 3} ak§ol
A4 HAsE e} sgg ol FARc. Frlidadd
2 FojapHgat ofiz} it (glycolysis) o] ZAls}
ANz afoll = ol F8Y & Al A}V
Clark" = 5ol phosphorus 7} g+ <& § 43}
W EY4Gl AN FRAAY AFE e

I 3}3ict. Phosphorus 2y o] qlalo] Yol 4  Fa
3] & (osteomalacia) € ¢]2 7] = F 2% Uelo|g & F
2] 8} )4 eje}. Glincher 9 Krane' ol 2]3}d ext-
racellular fluid W] ] A}kl qlald & Foll A unm-
ineralized osteoid & 4 3]3}§ ol 7|&=v] F 4% =
£-4 b3 FaE%cl. Calciums) inorganic phos-
phorus 2} &4}F4) -2 715 (homeostasis) o] o] 3}
£ 83 §FE-C parathyroid hormone(PTH) calcitonir
(CT) 8l 1,25(0H):Dso)= 19lel] ZH4rAd, H-41s| 3
A4 g AAFEIoItHY FEo] AU slaHR
4 943 A"} (plasma membrane) &| receptorell =&
e WYt FAPFEAQ adenyl cyclese 71 A3}
5l = dyAnte] ARAHE F7Hxlch Adenyl cy-
clase 7} ¥433}sl9 cyclic AMP7} 5713814 R}
2. 23} protein kinase 2] cell calcium ¢] mitochond-
rial matrix space 2--E| cell cyttosol2 &2 2A] 5
c}. Cyclic AMP & ql4bg 2] #3234 A3tz A%
3 =2 P& e g wARHT ¢ A
dch* 1 Lyben ¥ Cohn'®’ o]  ¢]3}wl  parathyroid
hormone -& cyclic AMP & %3%}o hyaluronate &4
€ Z7FAA 2 A5} ionized calcium o] V9 A ==
calcitonin -& hyaluronate synthesis 3+ 4-& <At}
3 F#skqlet. Ramp % Neuman'! & ZZA&o] 3
#5¢] ¥t mineral salts & t43 YL o] F A
%E Aolele 7HA 4£8 AT FE AHAA
Q3L Fof (bone fluid)& wlmIAstAiul FeYeoll
A} potassium3} strontium ¢] £k sodium magnesium
9 calciume] Hcix wnEglcl. %3] potassium &
ATl A FR3H 4Ao] sku g TdAe A
viir G ¥ E e, el CaxPi producte Fo§ol
A Y44 Holchn 3t¢lcl. Woodard % Marcove™
£ Abte] Aol MY FToeYdal Yaygoye
Aol A A4 W ertel4 QAdF 49 Kol
< F4gRelA & g2 FFL g7 ddn &
¢].2.=, alkaline phosphatase?] &7} Zw2 4L
o F7199 Frhel BAIMe s WAy A AA S
A& Fsisich :

Aol A FEAY Y ¥ 4H 2FANA ca-
lcium % ionized calcium & F#4 Yol 4 gton]
inorganic phosphorust= #4846l 4 Fgtch. 18
v} sodium 9l potassium 9] Aol JAFELx] REHA
o}, EFGTANAE FFEYel4 Fgol &2 R
F79e &7k gsrovh FAA o= glgle. #F
Tk} Fal4rt Aglen gfoR FPgs FF
FAAte] oY Ao 2w N}, Woodard 3 Mar-
cove™ £ F48 A4S #8Folvd ¥AAKAH



o sl FdAE FFol A3 FLHT 2R
d} glth. Robinson 3 Soames™ ™ = F&o] a3}
+ alkaline phosphatase~} phosphoric acidi #x]4]
# Z3+ AYst bone minerald ¥4 dche 7H4
€ gEQ} A} A2 Fed Agsed 2
t}+ alkaline phosphatase?] RAE 7} FL& Fole
phosphoric acid 7} @e] ®el=o UR& RAY +
At

19301 7 H-et U4 =v A4 EFSE HA
el 4 WAL Ab4Y ¥ ey A4RLY FA
< 2 fAH4el oln] AP YA L
ol slelA b4 A so] Y& 4oy, TE|R
alkaline phosphataset= A4 R W-Euj4] AR}
AL FH AR Ui 7HEZRAYAHAY FH4}
off FAVAYE F=AoE oA Uk ¢ ® Kay™
+ ¥4 ¥ ¥ Aol phosphatase 7} Alg3l=2&
st 2 McKeown % Ostergren' 3} Tollman®™
e FEAYANAY QARLY YHEE FAIHA
FHEYA 70T QAR L %ol FbEtn E4
YA g ALt gFEIA. Wikins R
Regen® & S8 A Yol4 FRL 4 QU4 B4
FAE7F SrHEa YA JQAIRALE o3 FAHR
i 319l o Botterell ¥ King” & #A2 71¥&3%
HollAnk AT} AF=o] 712k AL =t &
Hujol = & €37 givtn F34ske}.

Alkaline phosphatase?| =& 7|Alel] o3} Hisat-
oshi™' & phosphorus =X calcium 3¢ phosphorus 2]
o] F 3 Y ol] PogFteti 392 Fleish Y Neuman”
€ F7h= A€ Fol A A (collagen) Y 4 ol
FAslst F44 438832} oAl A4l pyrophosphate
¥+ gt A9dlgicl. Woodard 9 Marcove™
E FAEFTYRA A4 9 g4 A4k Bl
Fax gl A8} oFk Frbsle] elx 3hgdel. 4
A QARALE AJ3AGS] FANA K FEYY
o4 BA4LAE Jebin gt FFERdA
+ 58 7§ 3ol 1v}d| giant cell tumor,
Plasa cell myeloma % small cell sarcoma 5ol A%
X2 AF Rolx, ¥IlEl4 AL ERE ¢
%E7AF 2 ey AN AAE S 4
A€ e FAHYSY Aol X444 A4
EYAo] BHdlA golx F7Hd £ & JAY 5
At F3skgde

Mz} 2] 7% alkaline phosphatase &+ ¥#3 ¥ ol
A Fo|4Fe Aol Huct 4] Y wAy
o Eu4 Frse] Ago FAxoRE 99
7t Agct. 2ela E4 Qe TR Yl B

2. Bodansky, A., and Jaffe, H.L.:

o Y4 vigge| Frkse] Usich

2.3 44 alkaline phosphatase2] &7}
o] @& calcium 3 phosphorus?| W2l ILars]x)
& sket.

AAETY Rl A ¢4 AR AA A
24Nl ) 4 FLalEF el Qoo
YA ZEA4] S FoAY Hart glon By
AR A4S 4L E4RNYAANA ©lf dlvlstoz
olell e {t od-Fof Jatao] &2 297 FxRer n)
o] Alef.

5.d &

Tyl T2 YRS A JAsEA fdtd @
Ao FEHAYE A4, ohAl ApgdellA AL
N FEok =} E4YYa TRYNE viam HA
AR g3 2 RES A

1. 3|9 48B4 calcium 9 ionized calcium
€ gay N A8t Fgk o] inorganic phosphorus
+ =k

2. A¢9 HATFFENANAE calciumE Wk
inorganic phosphorus+ ¥3tv}. Alkaline phosphata-
se £ F5YNHlA Fokeh

3. &FokF o4+ calcium 9 phosphorus 2] =}
ol v JAY 4+ gidled £ F4A AEFIY wn
AN ASE Bt FAS A gsieh. 28 alka-
line phosphatase = F484ol|4 &3 Frise]
UG ATz oA F4 % g2
2FolA FrERAE U K3 Y
A8 E7b= % st Uddeh

aseg F4yole] gJardo| g 3R At
Y 22 A3F Faslr] Habd 2 29t FHoR
AL& f et
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