
I· . 

:;~'."
~· ,:. .. 

' ~t J 

UNIVERSITY OF 

CALIFORNIA 

TWO-WEEK LOAN COPY 

This is a library Circulating Copy 
which may be borrowed for two weeks. 
For a personal retention copy, call 

Tech. Info. Diuision, Ext. 5545 

BERKELEY, CALIFORNIA 



DISCLAIMER ~ 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



,'If., 

('! 
.J. .• 

• 'i 
\ . ._) 

UCRL-2860 
Unclassified Health and Biology 

UNIVERSlTY OF CALIFORNIA 

Radiation Laboratory 
Berkeley, California 

Contract No. W -7405-eng-48 

THE MEASUREMENT OF LIVER CIRCULATION BY MEANS OF 
THE COLLOID DISAPPEARANCE RATE. II. 

CHANGES IN LIVER BLOOD FLOW PRODUCED BY FEEDING, 
EPINEPHRINE ADMINISTRATION, AND CHRONIC L YMPHAT.IC LEUKEMIA* 

. , 
Geo.rge. F. Warner, Ernest L. Dobson, Muriel E. Johnston 

and Caroline R, Finney 

February 4, 19 55 

~ ... .. 
~· .. 
~· 

*The work reported herein was supported in part by the Atomic Energy Com
mission and additional support was received from the Office of Naval Research 
under Contract N7onr-295/4. 

Printed for the U. S. Atomic Energy Commission 

<;;-J 



\) 

-2- UCRL-2860 

THE MEASUREMENT OF LIVER CIRCULATION BY MEANS OF 
THE COLLOID DISAPPEARANCE RATE. II. 

CHANGES IN LIVER BLOOD FLOW PRODUCED BY FEEDING 
EPINEPHRINE ADMINISTRATION, AND CHRONIC LYMPHATIC LEUKEMIA* 

George F. Warner, Ernest L .. Dobson, Muriel E. Johnston, 
and Car6ibine R. Finney· 

·Donner Laboratory of Biophysics and Medical Physics 
and Radiation Laboratory,. Department of Physics 

University of California, Berkeley, California 

February 4, 1955 

ABSTRACT 

Human liver blood flow has been measured by the colloid disappear

ance rate method in one pathological and in two experimental conditions. The 

eating of a light meal always produced an increase in blood flow, while the 

administration of epinephrine produced quite variable results. The degree 

b.ut not the direction of this variability was proportional to the dose of 

epinephrine. Increased splanchnic blood flow was obse.rved in chronic lymph

atic leukemia, and was correlated with spleen size. 

*The work reported herein was supported in part by the Atomic Energy Com
mission and additional support was received from the Office of Naval Research 
under Contract N?onr-295/4. 
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THE MEASUREMENT OF LIVER CIRCULATION BY MEANS OF 
THE COLLOID DISAPPEARANCE RATE. II. 

I . . 

CHANGES IN LIVER BLOOD FLOW PRODUCED BY FEEDING, 
EPINEPHRINE ADMINISTRATION, AND CHRONIC LYMPHATIC LEUKEMIA* 

George F. Warner, Ernest L. Dobson, Muriel .E. Johnston, 
and Caroline R. Finney 

Donner Laboratory of Biophysics and Medical Physics 
and Radiation Laboratory, Department of Physics 

University of California, Berkeley, California 

. February 4, 19 55 

INTRODUCTION 

A description of the method for calculating the liver blood flow by 

means of the rate of disappearance of colloidal chromic phosphate from the 

blood, and the application of this rneth~d to the study of liver circulation in 

fasting normal men has been previously described. 
1 

This paper is concerned 

with the changes in the colloid disappearance rate produced by certain ex

perimental and pathologic factors. 

METHOD 

A complete discussion of the calculations and the assumptions involved 

in the interpretation of the colloid disappearance rate as a measure of liver 

blood flow has been presented in a previous communication. 
1

. Briefly, the 

method consists of following the rate of removal from the blood of P
32

-

labelled colloidal chromic phosphq.te by the phagocytes of the liver and spleen. 

Follcming the intravenous injection of P
32 

-labelled chromic phos

phate,·** 5. 0 rnl serial venous blood samples were taken at frequent intervals 

for 10 minutes. Simultaneous blood volume rneasure~ents were made in most 

cases by adding 10-20 rngrn. of the blue dye T-1824*** to the injection volume. 
32 

After collection of the samples, the P activity was determined with a Geiger-

Muller counter, and the T-1824 concentration in the plasma was determined 

spectrophotornetrically. The ratio CrP04/T-l824 of the samples was then 
.(..\ 

( \, plotted on semi-logarithmic paper as a function of time. The plot thus obtained 

u * The work reported herein was supported in part by the Atomic Energy Corn
mission and additional support was received from the Office of Naval Re
search under Contract N?onr-295/4. 

** The dosage was 2-4 rnicrocuries in the normal in<;lividuals, a safe tracer 
dose. However, some of the patients with leukemia received larger amounts, 
usually because of a high background of activity from radiophosphorus 
therapy. , 

***The T-1824 was obtained from the Warner Chilcott Co., New York. 
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1s straight during the disappearance of 90o/o of the injected dose, and can be 
-kt 

described as a simple exponential represented by the equation C ;::: C e , 
. 0 . 

where C is the concentration at any time t, C ·is the. initial concentration, 
0 

and k is a constant. The slope of the semi-log plot represents the fraction 

of the total blood volume perfusing the liver per unit time, and has been 

termed the colloid disappearanc.e rate constant, identical with k in the e

quation above. The disappearance rate constant is related to the half-time 

of disappearance by the expression, k = ~- 1~9/. The liver bloodflow in liters 

per minute ·may be obtained by multiplying the blood volume by k. The ratio 

CrP04/T -1824 is used in an attempt to correct the early points for mixing 

influences. 
1 

RESULTS 

Changes in Liver Blood Flow Produced by Feeding 

All subjects were fasted overnight and a base-line liver blood flow 

and blood volume determination was made the following morning. A light meal 

consisting of 1-2 sandwiches, milk, and cake was then eaten by the subject 

and repeat determinations of liver .blood flow and blood volume were made 

approximately one hour after the meal. The effect of such feeding on liver 

blood flow in six normal individuals is shown in Table 1. As a result of the 

meal the colloid disappearance rate constant, k, shows an increase of approx

imately 40o/o over the pre-prandial fasting value. This represents an average 

increase .in liver blood flow of 650 cc./min. The blood volume showed no 

change as a result of the meal. 

Changes in Liver Blood Flow ProCj.uced by the 

Administration of Epinephrine 

~ All_s_ul:>je<;ts;_ were fasted overnight and a base -line determination 
------~-~---- -· --------

of liver blood flow and blood volume was made. In eight -normal maresa ___ _ 

moderately large dose of epinephrine (1. 0 mgm. adrenalin chloride, Parke

Davis) was injected subcutaneously. In five other normal subjects a smaller 

dose of 0. 25 rngm. was used. These data are summarized in Table 2. On 

the average, epinephrine appears to have little effe<7t on liver blood flow. 

However, the data show marked differences in individual instances both in 
. . . . 

magnitude and direction when the larger dose was used, although there was 

a consistent increase in pulse pressure and pulse rate in all. The smaller 

dose of epinephrine produ.ced a definite increase in pulse rate and a minor 

'·J 

{ . 
J 
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increase in pulse pressure. Liver blood flow .measurements after the smaller 

dosage showed the same erratic variations in direction as those noted with 

the larger dose but were of Smaller magnitu~e. N~ ~ignificant change in blood 

".. volume was observed in any of'the subjects. 

When the absolute magnitude. of the change (without regard to direc:.. 

~., tion) after epinephrine is considered, a striking difference between: the large 

and small doses is notedo The average percent change in liver blood flow 

after 1. 0 mgm. epinephrine subcutaneously is 34, and after the smaller dose 

of 0. 25 mgmo is 18. In' four subjects on whom repeat measurements were 

made soon after the subcutaneous injection of 0. 25 cc. normal saline, and 

after the application of heat to the abdomen, the average percent change was 

less than two. 

Changes in Liver. Blood Flow in Chronic Lymphatic Leukemia 

Chromic phosphate disappearance rate determinations were made 

on eight male patients with well-established chronic lymphatic leukemia. 

Table 3 shows the essential clinical data together with the results of 13 liver 

blood flow and blood volume measurements on the eight patientso The average 

half-time of disappearance of colloidal chromic phosphate, without regard to 

clinical status or' therapy, is 1. 4 min. (k = 00 496). This increase in rate of 

disappearance implies an increase in liver blood flow of 73o/o over the flow 

in young normal maleso 
1 

Liver blood flow determinations in a limited number 

of normal males in 'older age groups show no marked alterations from the 

value obtained in the young normal group. In a separate study seven normal 

men with ages ranging from 38-59 years showed an average disappearance 

half-time of 2. 4 min. 

The data in Table 3 also show a positive correlation between the size 

of the spleen, the degree of anemia, and the liver blood flow. These relation

ships are further emphasized by successive measurements on the same indi

viduals. These patients (HEN, PAL, BRE, TRU) showed varying degrees 

of change in their anemia and splenomegalyo In on:e patient (PAL), values 

before and after splenectomy show a reduction in the increased liver blood 

flow after convalescence from the surgical procedure; 
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DISCUSSION 

Changes in Liver Blood Flow After Feeding 

An increa.se in splanchnic blood flow after eating has long beensus

pected. · The common sensation of drowsiness following a heavy meal presumes 

a decrease in cerebral blood flow occasioned by increased demand in the 

splanchnic area. Lewis
2 

has concluded from BSP clearance studies. that there 

is such an· increased splanchnic blood flow in rabbits, and the present study 

demonstrates a similar consistent increase in human liver blood flow follow

ing a light meal. 

Changes in Liver Blood Flow Produced by Epinephrine 

Liver blood flow changes with adrenalin have been observed in many 

animals ranging from frogs to monke·ys and man .. A wide varienty of methods, 

both direct and indirect, have been employed, and the results of these inves

tigations are conflicting and confusin,g. Burton-Opitz, 
3

• 
4 

using mechanical 

stromuhrs in dogs showed that ir~.trahepatic artery or intra-portal vein injec-
5 . 

tions of adrenalin reduced the flow in these vessels. l)eysach showed a dif-

ferenti<l:l effect of intra-portal vein injections of adrenalin on the flow through 

'the perfused excised surviving li.vers of rabbits, cats and monkeys. Small 

doses caused marked increases and large doses decreases in flow. However, 

it should be noted that the flow rates cited are considerably lower than those 

subsequently recorded by others in intact animals. Burton-:Opitz
3

• 
4 

also 

observed that systematic adrenalin increased the hepatic artery flow in the 
. . 6 

dog if there was a rise in systemic blood pressure. Grayson and Johnson,. 

on. the oth.er hand, report that in the rabbit if the blood pressure is maintained 

constant by use of a reservoir, the infusion of adrenalin produces a sustained 

diminution in hepatic blood flow. More recently Bearn, Billing and Sherlock, 
7 

and Bradley-.and c.o.woxk.e:rE!.• 
8

_using BSP and hepatic cathete.rization techniques, 
- ~- ~ - -· ~- ·-- ·--------- -

have reported marked increases in blood flow through the human liver u.-sing - -

intravenous and intramuscular doses of adrenalin without an accompanying 

rise in mean arterial blood pressure. 

The results of the present study are somewhat at variance with the 

reports just cited in that they do not reflect the consistent increase in liver 

blood flow described by them. A decrease in disappearance rate noted in 

some of the subjects could be explained by a change in the removal efficiency 

induced by adrenalin. A reduction in removal efficiency could be caused 
II 

either by a reduced phagocytic activity of the Kupfer cells or by the opening 

' 
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of arterio-venous shunts providing a bypass of blood away from the phagocytic 

cells. Reduction in phagocytosis by either of these two mechanisms of suf

ficient extent to cause an apparent reduction in liver blood flow to one-half 

(subjects NEE, STE) is unlikely. In the present study the subcutaneous 

route of administration was used, whereas Bearri et al
7 

used the intravenous 

~., :route and Bradley and associates
8 

the intramuscular route. Variability 

in the rate of absorp'tion from subcutaneous epinephrine injection may occur 

as a result of local vasoconstrictor actiox7. For this rea·son measurements 

were deferred until a definite systematic effect was noted. In all subjects 

given l mgm. epinephrine a consistent increase in pulse rate and pulse pres

sure was obtained before the liver blood flow measurement was made.· 
-

The complexity and rrultiplicity of the possible sites of action of 

epinephrine as regards the entire splanchnic vascular bed, the overall effect 

on the systemic- ; blood pressure, and the presence of varying amounts of 

nor-epinephrine in USP Epinephrine, 9 may well combine to produce a variable 

and unpredictable response in a given individual and re.sult in the variations 

noted in this study. 

Changes in Liver Blood Flow in Chronic Lymphatic Leukemia 

There are two principal explanations for the increased colloid dis

appearance rate seen in chronic lymphatic leukemia. One of these is the 

possibility of increased extra- spleno-hepatic removal, and the other an actual 

increase in sp1anchic blood flow. 

Animal experiments indicate that the bone marrow removes only 

0. 5-5.0 percent of intravenously injected colloidal material.
10 

The bone 

marrow hyperplasia which accompanies leukemia might be expected to cause 

an increase in extra-spleno-hepatic removal. However, for bone marrow 

hyperplasia to account for the increased removal rate seen in leukemia, it 

would have to increase in activity from 30 to 300 times above normal. Al

though tissue distribution data in chronic lymphatic leukemia is not available, 

the marked incr'ease in colloid disappearance rate observed in these patients 

can be explained more reasonably as a result of an increase in liver blood 

flow rather than as a result of hyperactivity of the phagocytic elements of 

the bone marrow. 

Due to the already high phagocytic efficiency of the normal liver ( 85 

percent), the increased removal rate of colloidal chromic phosphate seen in 

chronic lymphatic leukemia cannot be accounted for by a simple increase in 

the phagocytic elements of the spleno-hepatic system which might result from 
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splenomegaly .. Thus if the, efficiency were to increase .to 100 percent, the 

removal rate could be. increased by only 15 percenL . The increased size of 

the spleen, however, may directly account for increased splanchnic circu

lation by increasing the volume contribution of the splenic stream to the 

portal flow. 

The clinical data indicate a positive correlation between the increased 

colloid removal rate and the increase i'n spleen size. This is most likely 

due to a direct increase in blood flow through the enlarged spleeno However, 

several indirect mechanisms may also be operating to prodt1ce the increased 

blood flow through the liver. Among the~e would be a possible generalized 

increase in circulation (cardiac output) resulting from the accompanying 

anemia and the increased metabolic rate frequently present in these patients, 

SUMMARY AND CONCLUSIONS 

1. Liver blood flow increases following a light meal. 

2. Liver blood flow changes are variable after epinephrine admin

istratiOfl;, and the. degree of variability is related to the dose. . . 

3. A marked increase in coiloid dl.sappearance rate is seen in 
. . ' 

patients with chronic lymphatic leukemia. This change is due 

to increased splanchnic blood flow ra,ther than to changes in 

phagocytic efficiency. 

Information Division 
2-4-55 bl 
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TABLE 1 

The Effect of Feeding on the Colloid Disappearance 
Rate Constant, k, and on the Estimated Hepatic Blood Flow (EHBF) 

EHBF and the 
B ld. Vol. Rate of Disappearance of CrP04 from Venous Blood* 

T-1824 Fasting After Feeding 

EHBF EHBF 
Age o/o 1 . 

k -1 liters 1 . 
k -1 liters 

Subject yrs. Liters Body wt. t2 mm. min. per min tz- mm. min. per min. 

SCH 22 6.3 6.3 2.6 0.27 1. 70 1.6 0.43 2.71 

ELD 21 6.5 8.5 2.2 0.31 2.01 1.8 0.39 2.54 

HER 21 6.2 7. 1 2.4 0.29 1. 80 1.8 0.39 2.42 

SAN 23 6.2 8.4 2.4 0.29 1. 80 1.4 0.50 3. 10 

JO.N 25 7.7 11. 0 2. 5 0.28 2. 16 2.3 0.30 2.31 

DEA 22 4.5 7.7 2.7 0.26 1. 17 2.2 0.32 1. 44 

Average 8.2 2.5 0.28 l. 77 1.8 0.39 2.42 
±0. 08'1'* ±0.008 ±0. 16 ,±0. 048 

I 

* Plotted as the ratio CrP04 /T1824 t~d\ 
**All errors expressed as standard error of the mean using u m = . _ • 

'!::;:- ·-

l 
'· 
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Subject 

NEE 

STE 

MER 

LIS 

SAN 

PAC 

JOH 

SCHr 

Average 

Subject 

DUL 

CAR 

KAP 

MEL 

LAM 

Average 

<) \ 
.M- ... 

TABLE 2 

The Effect of Large and Small Doses of Subcutaneous Epinephrine on the 
Colloid Disappearance Rate Constant, k, and the Associated Effect on 

Blood Pressure and Pulse Rate 

·~ " 

Pre -epinephrine Post-epinephrine, 1. 0 mgm 

Age t! k 
-1 

Blood Pulse t! k 
-1 

Blood 
yrs. min. min. pressure rate min. min. pressure 

23 2.2 0.32 120/80 80 4.2 00 16 170/65 

23 2.2 0.32 --- -- 4.0 0. 17 ---
22 2.8 0.25 110/60 72 3.2 0.22 160/70 

21 3.4 0.20 . 118/75 60 2.2 0.32 150/60 

23 2.6 0.27 115/75 80 3. 1 0.22 140/55 

22 2.6 0.27 100/70 64 3.0 0.23 125/55 

22 2.4 0.29 110/75 68 2.4 0.29 180/60 

21 2.8 0.25 105/75 80 2.4 0.29 115/75 

2.6 0.27 3. 1 0.24 ' 

±0. 15* ±00015 ±0.28 I ±0. 022 

Pre -epinephrine Post-epinephrine, 0. 25 mgm 

d· k Blood Pulse tf k --·- Blood 
-1 -1 Age min. min. pressure rate min. min. pressure 

23 2.2 0.32 110/70 64 2.4 0.29 110/65 

21 2.4 0.29 100/65 52 2.7 Oo26 115/70 

22 2.4 0.29 125/70 68 1.8 0.38 130/65 

23 2.0 0.35 100/60 68 2.4 0.29 105/60 

21 2.6 Oo27 125/80 72 2.0 0.35 145/80 

2.3 0.30 2.3 0.31 
±0. 11 ±0.014 / ±0. 18 ±0.024 

i ~d2 
*All errors expressed as standard error of the mean using CJ m = N _ 

1 
· 

Pulse 
rate 

104 
! 

--
1o4 1 

100 

100 

76 

72 

88 

Pulse 
rate 

70 

60 

80 

80 

100 

,_. 
,_. 
I 

~ 
() 

~ 
t""' 
I 

N 
00 
0' 
0 



Age 
Patient yrs. 

HEN 67 

HEN 71 

AN'D 61 

PAL 67 

PAL 67 

HAG 61 

BRE 60 

BRE 60 

FLE 56 

HIG 39 

TRU 66 

TRU 66 

TRU 67 

TABLE 3 

The Effect of Chronic Lymp~atic Leukemia on the Colloid Disappearance 
Rate Constant, k, and on the Estimated Hepatic Blood Flow ( EHBF) 

T -1824 1 Spleen t""" 
Weight Blood Volume 2. k EHBF size Hgb RBC WBC -1 
kgm. liters min. min. 1/min. ems.* gms. millions ( o/o lymphs) 

90,000 
81.0 5.5 2.0 0.35 l. 92 4 11. 6 3.4 (90) 

80,000 
77.0 8.5 1.7 0.41 3.48 10 8.5 2.3 (9 8) 

13' 000 
75.9 6.3 1.0 0. 69 4.35 7 9.4 3. 1 ( 81) 

3,300 
61.0 6. 1 1. 1 0.63 3.84 5 7. 1 2.8 ( 36) 

Splen- 6,400 
65.0 6. 1 2.0 0.35 2. 14 ectomy 10.0 3.3 ( 65) 

23,000 
56.8 5. 1 1.6 0.43 2. 19 5 12 0 6 4.0 ( 81) 

' 
66,000 

80.5 6.5 1.3 0.53 3.44 5 10.2 3.2 (50) 

168,000 
80.5 6. 1 1.4 0.50 3.05 5 9.5 2.4 ( 3 1) 

12,000 
76. 1 6.8 1.0 0. 69 4. 69 7 11. 7 3.5 (69) . 
67.5 --- 1.3 0.53 --- details not available ---

64. 1 6.2 1.4 0.50 3. 10 
11,000 

12 11. 5 3.6 ( 83) 
. 

69.8 6. 1 2.2 0.32 l. 95 6 14.0 4.7 
5,200 

( 36) 

9,400 
66.8 6.7 1.8 0.38 2.54 12 12. 1 4.4 (72) 

*Centimeters below left costal margin at mid-clavicular line. 

,... ~ ·-:::._ 

date of 
measure-

ment 

10(20(50 

1/12/54 

10(27(50 

3(21(52 

7 /21(52 

9/23/52 

11/25/52 

12/9 /52 

7/8 /54 

6/9 /50 

5/19/53 

1/22/54 

8/5 /54 
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