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Varijations of tissue blood volume distribution induced by hemorrhage,

over-transfusion and epinephrine in rabbits.
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7 da ko] Faleal wiol BA T AM = Hqek
& Qdh Alzte] glolAE TAZo| AFE 39.7%F Table 2.  Hematocrit, blood volume and red cell

=3
volume of rabbits before and after
o/ B = =] 16) 3] = - 2 .
w7} 17.6% 8 XA 3w A sloldE Ao administration of epinephrine.

454%, #7t 10.9% % Axdohe 2 2 =3 3lo]

AE: < s 2o Hemat. X | Blood Vol-| Total Red
Ae AAY g 2F Ao AL (Trapping | ume (rgl 7 ((:(e:nm)vob
Al AlEL 1w Ho Alas Factor 100 gm B. r’sm
| #45 AFL 1A 222 Aot Tracerlab B.wt., gm 0.96) | wt) 100gm B. wt.

| o 11 scintillati ter 2 A 45 .
| ¢l well scintillation counter 2 7| 4-2gl} before' after }before{ after lbefore‘ after

H4EHMHH 1970 88.31 37.9| 4.38 4.46] 1.68) 1.69
1600 38.4 37.4] 5.9 5.96| 2.11] 2.23

RAAREZE, FAALT 2 FAol&dz 279 #HF,
. 34 e 2 S S =714 zﬂ?_ 1830 34.4/ 32.6] 5.20 5.27 1.79] 1.79
Avtea®, FRTE R FYAFE A LIl 2AH 1750 383 s7.4 619 7.15 237 2.69
St 1630 39.4 384 5.39 5.8 212 2.25
AR ET 279 dvlead 3L 36.311.71%°1 3 1850 39.4) 39.4 5.47, 5.61 2.16] 2.21
2, 28733 28ay JFAL AS 100gme} 7 2100 37.4 35.9 6.14 6.69 2.30] 2.40
7t 1.8740.12ml, 5.11::0.32ml o) Qe o]l 3t Ao 2050 33.9) 33.00 7.22 891 245 2.94
279 W7o geADe uod D 53wz 1500 475 44.1 528 5.87 250 2.59
o Aolsh G Aolgieh. 1850 39.8 38.4/ 5.30 575 2.1 2.21
) 1800 39.4 39.8| 5.65 5.79 2.23] 2.30
FRART =19 dvtEaE @2 2882069% 24 1800 384 374 6.01 696 2.31 2.60

gz Fo] vldled G PAE wolgtt, FEFEEL e 18

- Mean 1811 | 88.7| 37.6| 5.64 6.19 2.18 2.32

1.3240.08ml/100gm 24 HxFuch Aisgen, £
‘ /100gm 24 = = e, & S.D. 32 29 .61 108 .24 .41
AL 463%AFon HETES FaE Helge S.E.M. o7l 87 a8 .32 07 .12
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Table 1. Hematocrit, blood volume and red cell volume of normal, hemorrhaged and
over-transfused drabbits.

Body wt., gm Hemg;.(:)t(o(rTg‘aé%ging (}%/loo% oYighgrtl?) TOt%lcﬁfsl%cg x;).lume
Normal | oo O seal Normal| et Lt amal Normal] Moot | buned Normal | "EERed onetused
2220 2013 1730 39.0 39.8 50.8 5.19 6.99 6.50 2.02 2.08 3.30
2100 1910 2028 38.6 27.6 32.6 7.04 4.71 7.09 2.72 1.30 2.31
2180 1730 1630 35.6 26.4 42.8 4.83 4.60 6.34 1.72 1.21 2.29
1950 1830 1655 27.3 24.9 39.1 3.97 4.24 5.10 1.08 1.06 1.99
1900 2190 1650 36.3 28.8 45.6 4.90 3.71 6.54 1.78 1.07 2.98
1670 1830 2050 41.2 31.6 46.6 4.14 3.97 g.02 1.71 1.25 2.34
1850 1890 1720 34.3 27.2 45.1 6.43 3.01 5.04 2.21 0.82 2.27
2170 1800 1800 38.4 32.2 45.6 4.48 3.25 4.19 1.73 1.05 1.91
1930 1850 1620 31.0 28.8 40.8 5.52 6.19 5.43 1.71 1.78 2.22
1580 1550 1670 29.8 33.1 45.1 3.70 5.50 6.13 1.10 1.82 2.76
1675 1650 1550 47.5 28.3 49.0 5.98 5.45 5.64 2.84 1.54 2.76
1720 1600 27.6 44.2 4.62 5.42 1.28 2.40

1820 1635 24.9 39.0 3.91 5.25 0.97 2.05

1710 1650 27.6 45.6 4.65 5.73 1.28 2.61

1670 40.4 5.14 2.08

Mean1930, 1795 1711 36.3 28.8 43.5 5.11 4.63 5.57 1.87 1.82 2.42
S.D. 5.4 2.6 4.4 1.01 1.08 0.71 0.37 0.30 0.31
S.EM 1.71 0.69 118 032 0.28 0.19 0.12 0.08 0.08
P <.05 <.05 <.10 <.10 .05 <.05
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Eol FEiA £3& vdehich oty AdFelMe  AF old:, FAb I dHutEad e 37.6+0.87%
ek zhroh Helo F4E F 5 Yl 24 FAA wlste] Wk Fels}b glhont, Ty
FHelsd 279 sntea® e 43.541.18% 24 z7hol deleke] E7lr) glglowt 2 E fod Kol

gzruc X3 $78n, FE7%-2 24240.08ml/ oA
100gm b.wt.olw, FF k2 5574+0.19% A F o 24 BAHETS FAAET 2R 24 A
EE 27 F71E woldrh AYFP oAM= 4 & A 3Eo ZAsk A4 2re =2A FdRE
§ F 30Nl Wun Wozo ax o]EL Moy 27 v 2 pl 2 BA S AR A 67 pl/gm o H
dollgk 2Q7| 7o sl s o1 AL velx e #1476, 7 133, uig 218, 117, =% 15,
gor dHe FHEWME Hlake] Frigt o] 36, S 25 AR 33, 9 30, w92, ¢ B2
A3ttt AT 45 pl/gm o] AAE dgiet F AUlEE ¥ dq
Aoz Roix EroA oIl zal Fab A F e slulel A sb F4-sted 476 pl/gm el G, wHE
dAwtead, 7 H oz WEE A 284 24 o] wizgto g 218 ul/gm ol g, 7titel 133 ul/gm, ¥
BHgeh oozl FA A9 detray e 38.74 Bl 117ul/gm ¢ Fom FAske] Wolkvh 2wy =
0.97%, &7 2.18:0.07% A %5, d Y2 5.64-0.18% Aol A& 100 ul/gm o] 48] g dfekd sixlE AL

Table 3.
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total body blood volume.

A. ul Blood volume/gm tissue

Tissue blood volume of normal and hemorrhaged rabbits expressed as ul/gm and % of

Heart Lung Liver Spleen Kidney Muscle Bone
before after | before after | before after | before after | before after | before after | before after
Mean 67 64 476 246 133 72 218 183 117 127 15 15 36 37
S.D. 12 34 114 139 43 20 94 222 43 48 15 5 28 16
S.E.M. 4 10 36 40 15 6 31 64 14 14 6 2 10 5
P 15 01 .01 {15
9% diff. —4.5 —48.3 —45.9 —16.1 +7.9 0 +0.3
Brain Intestine Stomach Gall bladder Ovary Uterus
before after before after before after before after before after before  after
Mean 25 27 33 33 30 24 92 100 52 49 45 ¢3
S.D. 13 12 13 19 9 16 82 63 12 26 11 32
S.EM. 4 3 5 6 3 5 31 18 5 9 4 11
P
9, diff. +8.0 0 —20.0 +8.7 —5.8 +17.8
B. Blood volume/whole organ (% of total blood volume.)
Heart Lung Liver Spleen Kidney Muscle Bone
before after | before after | befor after | before after | before after | before after | before after
Mean .369 .381 | 4.61 2.26 | 6.1 4.55 | 0.15 0.11 | 1.67 1.61 | 13.14 2.22 1 7.57 7.23
S.D. 013 .167 | 2.23 .65 | 1.21 4.39 1 0.08 0.08 | 0.48 .84
9% diff +3.1 -51.0 —25.4 —30.0 -3.8 -7.0 —4.5
Brain Intestine Stomach 1 Gall bladder Ovary Uterus
before after before after before after { before after before after before after
Mean .158 .190 396 396 .884 .836 023 .018 .026 .024 .266 .319
S.D. .105 .039 .302 .609 .016 .012 .015 .015 133 .305
o diff +16.8 0 —5.4 —21.7 —-7.7 +16.6
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dgich. 2719 do dfeke 2YADe] g PEE
2 39 AAY 2E FAZ E2Ho] gl Yasko)
7hE B 13. 14% 01 Q3 Mo A 7.57%. 2+7o] 6.10%,
3 ofol] 4.61%, FTRol)] 1.67%9] =H = e AL B
32 A ube] ArlelA Skl 1% o)A
FdE TR B7E B 4 40 o)E AYAYH
£ Rieke ¥ Everett'® (=A% 248ul/gm, 7} 136
#1/gm RBC)4} Dellenback® (A=A % 212ul/gm, 7}
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i HeolE B 4 o AL F= AUE HFI
€ & 9 ZYe] ArlzAe Yelo) Avhr} 2ty
=tke] 2Ae] W} vimd & WEE 230 Y HAelgt o
45, B Age gloide Age 4 2 Ao g g
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9 g 2ot AAASY Yo el He e
R AAALe 22L& YE§ Rieke 2 Everettlg)
3 v mate] wlsesh) dupE o w ofz e I
At olA-& TEY FF, 2], A e e &
FFETY 240 e AHYAH Aol S A o2&
X3t

TAAET E7 Urleela] 2 =7 glgke A 3
Fo FAFEAYG AN ETH wlmste] 10% o) 4
9 Heol 53] HEo] Yt 2Aoz: o] 246
sl/gm 2 46%(p<.05)7} a3 7hge] 72ul/gm
2 46%(p<.05), $7} 24ul/gm 2 20%, u]Ao) 183l
/gm 2 16%7} Z7 asigled, oyt zAea
< € #FaE gt A ArleA prd el
FEAR] Y JEES ud FHojolA 2.36%, 7
A4 1.55%, FAZNA 0.92%, »old 0.34%= Z}
7t ARG ollsld FAALe] glolA] Wy T
g FHE 7B g, 34 2 gl g F
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EAGg e FEolE 24 QAR L YirIoz ¥
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< A4 el TAFYL ARNA 76 pl/gm(E Fo
Hl3te] 13% %71, oldt by, 24 150(13%), w7
299@37%>, T¥ U1Q1%), =% 1713%), = 39(8
%), W 33(32%), =& FA 37(12%), 9 38(26%),
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Fig. 1. Changes in tissue blood volume of various
organs after hemorrhage in rabbits. Middle
of thick bar indicates the normal control
value and tip of arrow indicates the value
after hemorrhage. Changes are manifested
in lung, liver and spleen. H: heart, Lu:
lung, Li: liver, Sp: spleen, K: kidney, M:
muscle, Bo: bone, Br: brain, I: intestine,
St: stomach, G: gall bladder, O: overy and
U: Uterus.
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total body blood volume.
A. pl Blood volume/gm tissue

Tisssue blood volume of normal and over-transfused rabbits expressed as ul/gm and % of

Heart

Lung

Liver

Spleen Kidney Muscle Bone

before after

before after

before after

before after

before after | before after | before after

Mean 67 76 476 434 133 150 218 299 117 141 15 17 36 39
S.D. 12 37 114 181 43 133 94 169 43 41 15 17 28 21
S.EM. 11 36 52 15 38 31 56 14 13 6 5 10 7
P {.05 {.05
% diff. +13 —8.8 +37 +37 +21 +13 +8
Brain Intestine Stomach Gall bladder Ovary Uterus
before after before after before after before after before after before after
Mean 25 33 33 37 30 38 92 108 52 74 45 64
S.D. 13 15 13 31 9 19 82 131 12 62 11 41
S.E.M. 4 4 5 9 3 6 31 38 5 21 4 13
P {.15 <.05 {.20 {.20 <.20
% diff. +32 +12 +26 +17 +42 -+40
B. Blood volume/whole organ (% of total blood volume)
Heart Lung Liver Spleen Kidney Muscle Bone
before after | before after | before after | before after | before after | before after | before after
Mean .369 374 | 4.61 3.26 | 6.10 8.05 | .150 .188 1.67 1.62 [13.14 13.84| 7.57 7.23
S.D. 013 .234 | 223 1.25 | 1.21 9.92 | .079 .067 48 .19
9 diff +1.3 —29.4 +24.2 4-20.2 -3.1 +6.1 —4.5
‘Brain Intestine Stomach Gall bladder Ovary . Uterus
before after before after before after before after before after ‘ before  after
Mean .158 .236 396 444 .884 916 .023 .020 .026 .025 .266 .198
S.D. .105 .126 .302 .735 .016 .025 .015 021 .133 .110
% diff +33.1 +12 +3.5 —13.0 —3.8 —~25.6
Fo]=dF oA 2= Yy HEE 1H 2 o 550%9 /1% 2o Ad g ez T
o] noleh, EFo pl/gm oz A 25 ddeg o 41%, 7473 8%, AT 33%, AR 32%, & 5%,
arxzoz Agm NEe) Az wdsgs. #e AT 3% ¥ FE v =€ A7AA S

A4 2T e vEhie F8E BL B

P zA ek TAD oA wRo]l HAH
Z7t7h de o2 Zlael BA gles,
2 DelAe #HEel 8zt 2 g vl F8d A
£ dzAein, At A ko] T HFBMU%
Fyez), TH(13.84% FYAW) Foz T3 ol

w3keh

vz FoJF E7 120t A
o W% A 530 mE vl Agke
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Table 5. Tissue blood volume of rabbits before and after the administration of epinephrine expressed
as ul/gm and % of total blood volume.

A. ul Blood Volume /gm tissue.

’ Heart } Lung Liver | Spleen ‘ Kidney 1 Muscle ‘ Bone

‘ before after 1 before after . before after | before after ‘ before after i before after 'before after
|

|
| Mean N 99 476 422 133 184 218 1390 117 165 15 20 l 36 37
S. D. 12 16 114 299 | 43 68 | 94 1020 | 43 80 | 15 8 | 28 14
S.EM 4 5 36 90 15 21 31 323 14 24 6 3 10 5
P <.20 .20 <.01 <0.15
% Diff . +32.3 —11.3 +38.3 -+550 +41.0 +33.3 +3
| ‘ Brain l Intestine ¥ Stomach " Gall bladder l Overy ‘ Uterus
| before after ‘ before after ' before after ! before after l before after k before after
|
| Mean 25 28 33 31 34 93 52 91 45 60
S.D. 13 12 13 11 13 43
S.EEM. 4 4 5 4 | 3 4 13
! P <.25 <1.5
9, diff. +12.0 | —6.0 +13.3 +1.1 +75.0 -+33.3
B. Blood volume / whole organ (% of total blcod volume)
‘ l Heart \ Lung ‘ Liver ‘ Spleen ] Kidney ’ Muscle
l before after } before after i before after } before after ‘ before after l before after
‘ Mean 500 4.61 3.06 l 6.10 9.15 .150 1.020 1.67 2.03 13.14 16.03
‘ S.D. 110 2.23 1.73 1.21 2.58 079 .686 A7 1.28
; %diff ‘ +35.8 —33.6 —+50.0 -+580 +21.6 +22.0
. Bone l Brain | Intestiue ‘ Stomach ‘ Gall bladder
| ‘ before after } before after ’ before after ' before after ’ before after
‘ Mean 1 «7.12 158 173 .396 372 ] 884 854 023 .020
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Variations of Tissue Blood Volume Dist-
ribution Induced by Hemorrhage,
Over-transfusion and Epinephrine in

Rabbits.

Zong Sun Park, M.D.
Department of Physiology, College of Medicine,
Seoul National University, Seoul, Korea.
(Director:Prof. Kee Yong Nam, M.D.)

Variations of red cell volume and tissue blood
volume were measured in 52 nembutalized rabbits by
means of Cr® -labeled red blood cell technique.
Animals were divided into 4 groups: the first was
control group consisted of 11 rabbits, the second
group (14 rabbits) was hemorrhaged 33¢ of total
blood volume within 5 minutes, the third group (15
rabbits) was over-transfused amounting 34% of nor-
mal pretransfusion volume, and in the fourth group
epinephrine was injected intravenously. The following
results were obtained.

1. The normal red blood cell volume in rabbits
was 1.8740.12 ml/100 gm body weight. Total bloocd
volume was 5.11+£0.32% body weight. Tissue blood
volume was highest in lung (476 ul/gm). Tissue blood
volume values in other tissues were: spleen 218,
liver 133, and kidney 117 ul/gm. The other tissues
examined contained less than 100 pl/gm tissue blood
volume.

2. In acute hemorrhage there appeared the decrease
in hematocrit, red cell volume, total volume and tiss-
ue blood volume. Tissue blood volume decrement in
lung showed the highest value ranging 48% as compa-
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red to the control group. Liver showed a 46% decre-
ment. Skeletal muscle showed little decrement. Blood
was mobilized chiefly from lung and liver in acute
hemorrhage.

8. In over-transfusion there was a diffuse and even
increment of tissue blood volume in various organs.
Liver and skeletal muscle, however, showed high
value of increase in tissue blood volume.

4. In the epinephrine administered rabbits. there
were incrases in red cell volume, total blood volume
and tissue blood volume.The increase in tissue blood vo-
lume was highest in spleen, e.g., 550% as compared to
the preinjection values. Tissue blood volume incre
ased also in liver and skeletal muscle and decreased in

lung and bone.
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