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FOREWORD 

This report was prepared in the Internal Medicine Branch under task No. 776502, 
I t  was received for  and covers work performed between January and March 1968. 

publication on 6 June 1968. 

The radiation detection system used in the study consisted of a sodium iodide 
crystal, model No. 815B, and a model No. 432A rate  meter and power supply. 
manufactured by Baird-Atomic, Inc.; an RCA photomultiplier tube, No. 6342A; and 
a Texas Instruments model PRR s t r ipchar t  recorder. 

The subjects receiving radioisotopes were informed volunteers. 
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This report has been reviewed and is approved. 

G E ~ R G E  E. SCHAFER v 
Golonel,, USAF, YC 
Commander 
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ABSTRACT 

The '9Fe concentration in the hematopoietic centers (sacrum, liver, and spleen) 
can be accurately and reproducibly determined with a rate meter. a photomultiplier 
probe, and a scintillation crystal detection system. When the three isotopes BlCr, 
12'1, and '9Fe are present, a 10 mm. lead filter screens out essentially all of the 
chromium and iodine isotope activity while allowing 60% of the 'OFe activity to pass. 
The use of a constant standard and the calculation of the R factor (area of radiation 
sitelarea of standard) makes decay correction unnecessary. ~ Since iron metabolism 
is normally measured as part of a larger study of erythrokinetics and blood parametera, 
this technic allows two or more isotope studies of hematopoietic centers to be conducted 
simultaneoualy. 
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MEASURING IRON METABOLISM IN HEMATOPOIETK CENTERS 
USING *'FE IN THE PRESENCE OF "CR AND lZ5l 

1. INTRODUCTION 

Intravenous injection of *"e and subse- 
quent in vivo surface counting over hematopoi- 
etic centers aids investigators in determining 
the iron metabolism in these centers. Both 
61Cr and 1251 may be used simultaneously to 
measure several blood parameters, without im- 
peding the external surface counting. 

This report describes a standard counting 
technic for measuring the concentration of 
*OFe. A method for  detecting 5YFe in the 
presence of P'Cr and I25I ,  a procedure for elimi- 
nating computations of decay factor, and a 
technic for delineating primary 5YFe radio- 
activity from residual JOFe activity are in- 
cluded. 

11. MATERIALS 

Iron-59 

Radioactive iron was supplied in the form 
of ferric chloride, "Fe. Sodium hydroxide or 
hydrochloric acid was present to adjust the pH 
to 7.4. The solution contained approximately 
30 pc./ml., with a specific activity of 10 mc./ 
mg. of iron. Iron-59 has a physical half-life 
of 44.5 days and emits three separate gamma 
rays of 0.19, 1.10! and 1.29 MeV. Each subject 
received 5 pc. of >'Fe in each study. 

Chromium-51 

Radioactive chromium was supplied as 
sodium chromate, "Cr. The pH was adjusted 
to 7.4 with sodium hydroxide or hydrochloric 

acid. Chromium-51, which has a physical half- 
life of 27.8 days, emits gamma rays by K 
capture. Each subject received 15 &. of W r  
for each study. 

RISA-iodine-125 

Iodinated human serum albumin in sterile 
saline was labeled with '251. Concentration of 
radioactivity in the solution was 10 &/mi. 
The physical half-life of lZ5I is 60 days, with 
a principal gamma photopeak of 35.4 kev. 
Each injection dose consisted of 5 pc. 

Scintillation radiation detector 

The scintillation detector used was a solid 
sodium iodide, thallium-activated crystal, 
l"/t inclles in diameter by 1 inch thick. The 
crystal and photomultiplier tube were encased 
in a cylinder of lead. 3/* inch thick, and col- 
limated by' a cylindrical collimator, 33'2 inches 
in diameter, lY4 inches thick. The detector 
was driven by a power supply and rate meter, 
coupled with a s t r ipchart  recorder. 

111. METHODS 

A modification of the lead filter method, 
as described by C,rook and Szur ( l ) ,  was em- 
ployed to segregate the radiation due to "Fe 
from the radiation due to  the 51Cr and I2>I. 
This method is based on the differential ab- 
sorption of the gamma emissions of each 
isotope. Figure 1 shows the percent abJorption 
of each isotope with increasing lead thick- 
nesses. A lead filter, I0  mm. thick, allowed 
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The difjrrential absorption of 
with  increasing lead thicknesses. 

approximately 60% of the 59Fe emissions to be 
detected while absorbing all radiation due to 
lZ5I and approximately 96% of the W r  emis- 
sions. The lead filter was fabricated to f i t  
directly into the collimator. This enabled the 
collimator to be placed in direct contact with 
the skin and minimized the distance between 
organ and detector. 

A standard source was prepared to yield 
approximately 5,000 c.p.m. when placed in a 
cylindrical phantom made of machined Lucite. 
The phantom provjded a scattering medium 
closely resembling the site geometry and 
allowed accurate duplication of probe placement. 
The standard, prepared on the day that organ 
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counting began, was counted at the same time 
each external count was performed. 

The hematopoietic centers under investiga- 
tion were the sacrum, liver. and spleen. Sur- 
face counting over the heart was also con- 
ducted to monitor 68Fe activity in the 
circulating blood. The method of Pollycove 
and Mortimer (2) was utilized to select sites 
and to determine probe placement over each 
site. 

The preparation and administration of "Fe 
and W r  were accomplished as described by 
Logsdon and Green (3). External surface 
counting began 15 minutes after injection. 
The 15-minute interval gave ample time for 
isotope equilibration within the circulatory 
system. Each hematopoietic center was count- 
ed a t  2, 4, and 6 hours after injection; then 
daily for 7 days, and every third day to day 30. 
The study was completed on day 30. 

Each site was counted for 2 minutes with 
the use of a range differential of 10,000 c.p.m. 
and a 10-second time constant. The activity 
was recorded versus time on strip-chart record- 
ing paper at a chart speed of 3 inches per 
minute. 

Because of the inherent variation of radio- 
active disintegration, the stylus deflection pro- 
duced an irregular line recording. To achieve 
greater precision. a planimeter was used to 
determine the area under a 1-minute section 
of the count-rate recording. The area meas- 
urements were conducted on both site and 
standard recordings. Figure 2 shows a typical 
chart recording with the bold line indicating 
the area measured. The area of each site was 
divided by the area of the standard to yield a 
factor, R. Factor R, for any site, was directly 
proportional to the radioactivity of the  site. 

For plotting purposes, the R factor was 
then converted to percent of time zero for each 
site. The value was calculated by the formula: 

x 100 = 70 Time zero __ Rt 
R,, 

where R, = factor R (for any organ) at time t, 
and Ro = factor R (for same organ) at time 
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FIGURE 2 

Typical stripchart reemding. The bold line eneloaelr the measured area. 

zero. When plotted on linear graph paper as 
percent of time zero versus time in days, a 
picture of the hematopoietic iron metabolism 
was seen. 

A duplicate study was initiated 30 days 
after the original injection. Preparation and 
administration of the isotopes were identical 
to the first study. A slight addition to the 
original procedure w k  necessarj to account 
for residual ‘3Fe remaining in the subject from 
the first study. This consisted of the prepara- 
tion of a new 5nFe standard (S,OOO c.p.m.) 
7 days before the second injection. .The new 
standard was counted daily, up to and includ- 
ing the day of injection of the second iron dose. 

For each of the 7 days, an R factor for 
each site was calculated by use of the new 
standard. The R values for the last 7 days of 
the previous study were calculated based upon 
the old standard. The 7 days of R values 
calculated according to the new standard pro- 
duced a base line for the second study. Then, 

with the use of the new standard, R values for 
the second study were calculated as previously 
described. To compare the second study with 
the previous study, the base line was made 
equal to zero by subtracting the mean R value 
of the base line from all R values of the second 
study. 

11’. RESULTS 

Figure 3 represents two separate studies 
for the same individual, performed 30 days 
apart. The similarity of the two graphs dem- 
onstrates the reproducibility of the in vivo sur- 
face counting technic. Comparable results 
were obtained with seven other subjects. 

Results obtained from the eight individ- 
uals indicate that marrow activity rises a p  
proximately 200%. o r  higher, within 4 to 
6 hours. The hepatic and splenic activity drops 
to about 713% to 6S7k of the equilibrium value 
within the same time period. All activity 
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FIGURE 3 

Summary a w e s  f m  fenokinetie stulwa. The upper curve ia the initicll study;  the 
lower curve repreaents the second r tudy,  conducted SO &us af ter  the f i re t .  

curves reach equilibrium (100%) in 6 to 10 
days and remain constant throughout the 30- 
day period. 

V. DISCUSSION 

The R-factor method for calculating the 
change in SgFe activity of the hematopoietic 
centers versus time eliminates the need for  
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decay correction procedures and provides a 
method for separating two or more studies. It 
provides a standard technic for treating the 
data so that  comparisons with other studies 
can be made. 

Since iron metabolism is normally meas- 
ured as part of a larger simultaneous study of 
erythrokinetics and blood parameters, isotopes 
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other than 69 Fe may be present. Two of those hematopoietic centers in the presence of 1 2 0 1  

commonly found are lzbI and W r  (4). Our and Wr; therefore, thia information can be 
technic allows the measurement of sDFe in gathered as part of the larger study. 
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