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CHAPTER 1

INTRODUCTION

During this report period (FY 1963), reorientation of
the biomedical research program toward molecular and cel-
Jular level studies continued at an accelerated rate. As a
result, there have been a large number of changes in organiza-
tion involving new hires, terminations, transfers of per-
sonnel within the group, and redefining and reallocating of

responsibilities,

(a) Program Orientation

Continuing to increase emphasis on more fundamental
research at the cellular and molecular levels and the ter-
mination of Dr. Lushbaugh, Section Leader of the Clinical
Investigations Section, are resulting in a less diversified
biomedical research program than in past years, Dﬁring the
next report period (FY 1964), projects involving clinical
applications of radiation and radioactive isotopes will be

brought to a reasonable conclusion, the section discontinued,
10554814 -11-
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and the remaining personnel transferred to other sectionms,
Some of the effort of the Low-Level Counting Section will be
diverted also to other sections because of decreased interest
in fallout as a result of the nuclear test ban treaty. This
will result in the FY 1964 research activities being con-
fined largely to the following program categories:
06-01-01 General Radiation Effects (Mammalian Radiobiology
Section)

06-01-02 Toxicology of Radioelements (Mammalian Metabolism
: Section)

06-02-02 Radiation Genetics (Mammalian Radiobiology Section)

06-04 Molecular and Cellular Level Studies (Molecular
and Cellular Radiobiology Sections)

06-06 Radiological and Health Physics and Instrumenta-
tion (Low-Level Counting Section)

The Low-Level Counting Section will continue a curtailed

effort in environmental radiation studies (0§-05), consist-

ing of projects of potential interest to civil defense.

(b) Terminations

The following terminations occurred during or shortly

after the end of the present report period:

Dr. C. C. Lushbaugh (Section Leader, Clinical Investiga-

tions Section).

-12-
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D. B. Hale (research assistant, Clinical Investigations
Section),

G. L. Humason (research assistant, Clinical Investiga-
tions Section).

M. W. Rowe (research assistant, Low-Level Counting Sec-
tion).

A, E, Hargett (technician, Low-Level Counting Section).

M. Magee (technician, Molecular Radiobiology Section).

L. T. Rivera (research assistant, Cellular Radiobiology
Section),

(c) Leave of Absence

Dr, Irene U, Boone (Section Leader, Cellular Radio-
biology Section) was granted a year's leave of absence at
the end of the report period to practice medicine in the

Los Alamos Medical Center.

(d) Transfers within the Group

Dr, E. C., Anderson was transferred from the Low-Le§e1
Cohnting Section, of which he was the Section Leader, to
the Cellular Radiobiology Section to work on the sequential
biochemistry of cellular proliferation using radiotracer
methodology.

T. T. Trujillo was transferred from the Mammalian Radio-
bilology Section to the Molecular Radiobiology Section.

105548b -13- Lo
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0. S. Johnson was transferred from the Mammalian Metab-
olism Section to the Mammalian Radiobiology Section.

N. J. Basmann and V., M. Gibbs were transferred from the
Clinical Investigations Section to the Cellular Radiobiology

Section.

(e) Change in Administrative Responsibility

Dr. D, G. Ott was made Alternate Group Leader and
assigned the specific responsibility of supervising and
coordinating all fundamental research activities. This
consists of those projects being pursued in the Cellular
anq Molecular Radiobiology Sections,

Dr. M. A, Van Dilla was made Section Leader of the Low-
Level Counting Section, replacing Dr, E. C. Anderson; and
Dr. D. F. Petersen was appointed Section Leader of the Cel-

lular Radiobiology Section, replacing Dr. I. U, Boone.

(f) New Hires

During the past report period, a rather vigorous recruit-

ing campaign was carried out to fill vacancies created by
terminations and to increase the staff level in cellular and
molecular radiobiology. New hires during the report period
or at the beginning of FY 1964 are as follows:

Robert L. Ratliff (staff ‘member, Molecular Radiobiology

p- -14-
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Section), Ph.D, in BiocheuistPYa_

Lt sy

Donald E, Hoard (staff member, Molecular Radiobiology
Section), Ph.D. in Biochemistry,

BB T a b+ s>
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Section), Ph.D., in Biochemistry,

—

J. Coleman Hensley (staff member, Mammalian Radiobiology

section), .v.x., (Y

Mack J. Fulwyler (staff member, Low-Level Counting Sec-

A e b RN SR

=l )

tion), B.S. in Physics,

Evelyn M. Campbell (research assistant, Cellular Radio-
biology Section), B.Sc.,

1955468 -15-



Jean S, Findlay (research assistant, Mammalian Metab-

Billie J. Noland (research assistant, Molecular Radio-

biology Section), B.A.,
AR el o b KRGS 0 [ LSRN L LY

Glenda L. Oakley (research assistant, Mammalian Radio-

biology Sectiomn, B.S.,

.....

Roxye L. DePriest (data analyst, Low-Level Counting Sec-

Valerie M. Gibbs (technician, Cellular Radiobiology Sec-
tion), B.S.,

1055469 -16-
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Leo J. Carr (electronics technician, Low-Level Counting
Section), transferred from P-Division Electronics Group.
Antonio R, Vvigil (electronics technician, Low-Level

Counting Section), transferred from P-Division Electronics

Group,

(g) New Hires (Pending Completion of Postdoctoral Fellow-

ships or Degrees)

Robert A. Tobey (staff member, Cellular Radiobiology

Ph.D. in Microbiology, —

Section),

will report for work here in January 1964,

Elva A, Hyatt (staff member, Cellular Radiobiology Sec-

tion), Ph.D. in Microbiology,

will report for work here in April

1964,

Benjamin J. Barnhart (staff member, Cellular Radio-

biology Section), Sc.D. in Biochemistry,

LHRREL 1 ol o 4 el w1y

- will report for work here about October 1964,

1055440 "1
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Charles H. Blomquist (staff member, Cellular Radio-

biology Section),

Arthur G, Saponara (staff member, Molecular Radio-

biology Section), —Ph.D. in Biochemistry, -
—11 report for work here about January

1964,

(h) organization

At the end of the present report period (first half of
FY 1964), the table of organization giving some indication
of the division of effort among the various sections is

shown on the following pages.
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CHAPTER 2

MAMMALIAN METABOLISM SECTION

132

Retention of Intravenously Administered Cesium by Man

(C. R. Richmond, J. E. London, and J. E. Furchner)

INTRODUCTION

1

Increasing use of short-lived Cs 32 (6,5-day physical

half-life) for calibration of whole-body counting facilities
affords additional opportunities for measuring biological

turnover of cesium by human subjects., The gamma-ray energy

of Cs132 is remarkably similar to that of 28-year C5137

(i.e,, 0,67 and 0.66 Hév, respectively), thus allowing the

132

substitution of Cs for in vivo calibration experiments,

This report presents preliminary results of the effective

132

retention of Cs by 4 normal young adult subjects,

METHODS AND MATERIALS

2

The 0513 was obtained from the Tokai Laboratory of the

Japan Atomic Energy Research Institute, This solution was

-21~



neutralized, sterilized, and prepared for intravenous injec-
tion (1). At administration, the specific activity was

approximately 0,204 mc per gram of cesium, One ml of the

05132 chloride solution was administered (2) to each person

between 8:00 and 9:00 a.m. The activity of the syringes

137 standard before and after

132

wvas measured relative to a Cs
injection as part of the estimation of the amount of Cs
injected., Table 1 gives some pertinent experimental data
for each subject. All were considered to be in good health,
Prior to injection, the subjects were counted in the
Los Alamos Human Counter (Humco II) to establish normal
whole-body gamma-ray activities., Measurements in the sodium

iodide spectrometer facility showed the presence of K4

Cs13‘7

0 and
only., Counting times never exceeded 500 seconds dura-
tion throughout the experiment, The raw counting data were
electronically processed by an IBM 7090 computer to deter-
mine the count rates corrected for counter instability at the
exact times of measurement (e.g., x is error-free in sub-
sequent data analysis), The output of this program provides
the input for the least squares curve-fit program (3). A
single exponential function was used as the biological model

in the analysis,

g5 -22-
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RESULTS AND DISCUSSION

Table 2 lists the intercept and rate parameters plus
their standard deviations as calculated by the least squares
curve-fit program. The small standard deviations for both
parameters are indicative of the high precision of the
instrumentation and the correct choice of model. One can
also note in Table 2 the effect of body mass on attenuation
of gamma activity arising from within the body. An inverse
relation is apparent between body mass and measured count
rate at time zero (a,).

The mean effective half-1life (EHL) of 6 days for C3132
corresponds to a derived biological half-.life (BHL) of
approximately 75 days for stable cesium, It should be em-
phasized that a physical half-1ife (PHL) of 6,53 days was
assumed in deriving the BHL in this study. However, if one
uses 6.4 days as ihe PHL, the derived BHL would be about
100 days. A 6,3-day PHL corresponds to a 130-day derived
BHL., Thus, one must exercise care wheh estimating BHL
values from tracer studies done with radionuclides of short
PHL., Figures 1-4 show the time course of retention for each
subject, Figure 5 gives the same for all 4 subjects,

Maletskos et al. (4) report a twvo-exponential retention

132

system for 5 elderly subjects given Cs intravenously.

- The BHL for the slow component was 80 to 90 days. Decay

(0554971 | -24-
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corrections based on a 6,53-day PHL were used to convert the
counting data to biological retention, and the latter was

plotted as a function of time, The BHL derived from our

03132 study is considerably shorter than BHL values obtained

34 137

by us (5) and others (6-13) when Cs1 or Cs was used as

the tracer. Liden (14) reports a BHL value of 74 days for

1 subject following intravenous administration of Cs134.

In general, most reported BHL values for stable cesium range

between 100 and 150 days. Low specific activity is one fac-

132

tor which argues against the use of Cs as a tracer for

stable cesium, In our studies, about 3 mg of stable cesium

were administered along with the 05132

to each person. The
International Commission for Radiological Protection reports
a value of less than lo's'gram as the body content of stable
cesium, . Other workers (15) suggest a number closer to
1.5 x 10'3 gram, Regardless of the actual value, the admin-
istration of 3 mg stable cesium does not conform to the
requirements of a true tracer study.

One would not anticipate a difference between the metab-

olism of Csl32 137

and Cs strictly on the basis of the masses
of the radionuclides; however, this possibility cannot be
completely ignored. We plan to repeat this experiment in
several of the same subjects using carrier-free C5137 as

the tracer. Such studies can be done with high precision

-31-
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when only 0.2 to 0.3 uc is administered. We should add here

that the csl37

body burdens of certain small population
groups currently are higher than these levels as a result

of nuclear weapon testing.
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Lack of Effect of Exercise on the Excretion of Cesium in

Mice (J. E. Furchner, C. R. Richmond, and G. A. Trafton)

INTRODUCTION

It has been demonstrated that the excretion rate of

05137 in mice is inversely related to environmental tem-

peratures (1). It is also well known that basal metabolic
rates are inversely related to temperature (2,3)., The pres-

ent report describes an attempt to modify the excretion of

137

Cs by enforced exercise.

METHODS

Thirty RFl female mice 82 days old (25,1 g) were in-

jected with ~ 0.5 pc of Csi3?

injection, the C3137 activity in each mouse was assayed in

Clz. Within 30 minutes after

LASAC II, a 4v 1liquid scintillation counter, and then half
were returned to cages and the other half placed in a cylin-
dric cage of stainless steel mesh (8 x 16 in,) that revolved
at the rate of 1.7 RPM for 40 minutes every 2 hours, Both
groups of animals had free access to Purina Lab Chow and
water, The food consumption was measured by weighing. The
animals were weighed at each assay, Urine and feces were
collected and assayed periodically. The whole-body counting
data were analyzed by an IBM 7090 computer programmed to
perform an iterative least squares analysis,

1053501 =34~ L
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RESULTS

The whole-body retention data for the experimental and
control groups, corrected for counter fluctuation but not for
decay, were described by retention functions of 3 exponential
components (Table 1), Data points for each mouse were used
in the least squares analysis for the best fit to all the
points, Plots of the retention functions are given in Fig. 1,
along with the average values (which were not used in the
analysis), Derivatives of these functions are plotted as a
function of time in Fig. 2., The data points in Fig. 2 rep-
resent the excretion rate per mouse per day as calculated
from the assay of the excreta, Figure 3 shows the weight

changes during the course of the experiment.

DISCUSSION

The data presented in Table 1 and in Figs. 1 and 2
clearly indicate no change resulted from the enforced ex-
ercise, Figure 3 indicates that control mice showed a small
weight gain, after an initial loss, that was absent in the
exercised animals, However, the exercised mice consumed
less food (3.0 versus 3.3 g per mouse per day) than the
controls, It has been pointed out that increases in metab-
olism due to cold increase food intake (4,5). Presumably,

the enforced exercise was not vigorous enough to increase

35~
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the metabolic rate. An increase in the RPM or in the running

time, or both, may increase the metabolic rate and so affect

the cesium excretion.

(1)

(2)
(3)

(4)
(5)

1055513
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Distribution of Cesium'>’ in Mice and Dogs after Chronic

Exposure (J. E, Furchner, C. R. Richmond, and G. A. Trafton)

INTRODUCT ION

There have been a number of reparts pointing out bone

concentrations of C8137

equaling or exceeding soft tissue
concentrations (1,2)., These reports deal with tracer amounts
found in humans, Tissue distribution studies of cesium after
acute exposure show that only 1 per cent is found in bone,
compared to 80 per cent in muscle at 20 days (3). This
report is concerned with the whole-body activity in mice and

137

dogs during chronic exposure to Cs and with the distribu-

tion in tissues after such chronic exposure,
METHODS

The drinking water of 12 RFI female mice was contaminated

with cst37

at a concentration of about 0,06 uc/ml, The mice
had free access to Purina Lab Chow and the contaminated drink-
ing water. The whole-body activity, body weight, water con-
sumption, and activity of the excreta were determined period-
ically over a period of 442 days. The mice were 216 days old
at the beginning of the experiment (weight 2914 g). The exper-
iment was terminated when half the animals had died., Deaths

occurred on days 221, 261, 313, 348, 359, and 402. The

-41-



survivors were killed by ether anesthesia, and the following
tiasues were assayed for Cs137 activity: pelt, gut, liver,
kidneys, lungs, heart, spleen, both femurs, ovaries, uterus
and adherent fat, carcass, and the remainder which consisted
principally of mesentery stripped from the gut, fat, and
blood,

Three male beagle hounds were fed ~O0.017 uc 05137 on
a Purina monkey pellet for a period of 674 days. At that
time, the dogs were sacrificed with an intravenous overdose
of sodium pentathol., The following tissues were assayed for

137

Cs activity: pelt, gut, liver, kidneys, heart, spleen,

both femurs, muscle, testes, pancreatic tissue, brain, blood,

fat, and remainder,
RESULTS

The whole-body retention data for dogs and mice are

shown in Fig. 1. The integral of a retention function for

137

2 single dose of Cs administered intravenously to dogs

is shown as a solid line, as is the integral of the reten-

137

tion function for a single oral dose of Cs in mice which

were the same age at to as those used in the chronic study.

The average distribution of 03137

in mice and dogs is shown
in Table 1 and in Fig. 2. In Fig. 2, the values for dogs

have been "normalized" for purposes of comparison with mice

105555 -42-
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TABLE 1. CESIUI131 DISTRIBUTION AFTER CHRONIC EXPOSURE

Mice Dogs
Whole-Body Whole-Body Whole-Body Whole-Body
Burden Burden Burden Burden
Tissue (per cent) (per cent/g) (per cent) (per cent/g)

Whole-body 100.00 3.72 100,00 0.0062
Carcass 69, 98 5.05 80,51 0.0078
Pelt 7.24 1,84 2,68 0.0016
Remainder 2,26 1.01 0.92 0.0008
Gut 10.69 3.58 4.76 0.0062
Liver 3.54 2,91 3.69 0.0063
Muscle - 5.23 - 0.0129
Blood - - - 0.0008
Fat - - - 0.0004
Lungs 0. 98 2,83 0.58 0.0043
Heart 0.89 3.49 0.77 0.0063
Femur (2) 0.63 3.60 0.99 0.0013
Brain - - 0.38 0.0046
Pancreas - - - 0.0060
Spleen 0.67 3.66 0.20 0.0069
Gonads 1.59 1,63 0.12 0.0060
Kidneys 1.86 4.40 0.59 0.0082

1055511 -44-
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after chronic ingestion by mice and dogs (dog

data "normalized'" to mouse weights),

Fig. 2,
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by multiplying the per cent per gram values by 590, the
ratio of dog body weight to mouse body weight.

DISCUSSION

N arery g—yes Wi v

The whole-~body retention of mice seems to fit the in-~

ESE

tegral of the retention function satisfactorily. Some of
the sharp divergences of the data points are due to deaths

4 seveenre.s .

of individual mice. The reason for the discrepancy between
the integral of the retention function for intravenously

137 and the chronic oral retention data for

ad-iﬁistored Cs
dogs is not apparent, The whole-body activity is higher by
a factor of 2 than the estimate derived from the integral of
the retention function, At about TEBO' the dogs were moved
from outdoor quarters during severely cold weather into !
heated dog runs, where they remained until they were killed. ‘
No seasonal fluctuations were apparent thereafter. It is

possible that a further component may be necessary to describe
whole-body retention, one that is not readily detected in an

acute experiment. However, if this is the case, a deficiency

in activity between Tloo and 1225 requires explanation. A '

137 equilibrium

chronic feeding experiment shows that the Cs
level in mice varies directly with temperature (4),
The tissues may be roughly divided into 3 groups (Table 1).

Higher concentrations are found in the kidneys, muscle, and the
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carcass which is mostly muscle. Intermediate concentrations
(which are close to the whole-body concentration) are found

in the gut, liver, lungs, heart, and spleen in both species,
Lower concentrations are found in the pelt and remains in

both species. The brain, pancreatic tissue, and gonads
(testes) of the dog are in the intermediate range. The gonads
(ovary and accessory sex organs) in the mouse fall in the lower
concentration group, probably due to fat adherent to the uterus
and Fallopian tubes, The dog femur has a low concentration
comparable to that of the pelt, while the mouse femur has an
intermediate concentration comparable to the heart and gut,

- These groups are diagrammed in Fig. 2, where the values
derived from dogs have been "normalized" for comparison. The
normalization is, of course, false in the sense that organ
weights are not directly proportional to body weights,

It is apparent that the bone metabolisms of the two

species differ in respect to 03137. The data of Ballou and

Thompson (5) show that the concentration of Cs137

in muscle

is considerably greater than in bone in the rat, Thus, dogs
and rats are similar in this respect and differ from man and
mouse, At present, the authors have no explanation for these

findings.

-47-
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(1)
(2)
(3)
(4)

(3)
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Metabolism of lan!an03054 in Rats and Mice (J. E. Furchner,

C. R. Richmond, and G. A. Traftom)

INTRODUCTION

As part of the program for measuring whole-body reten-
tion of gamma-ray-emitting isotopes with 47 scintillation
counters, I(n54 was administered to rats and mice by various
routes, As long as the whole-body activities remain above
the lower limit of the detection system, the studies will be

continued.

RESULTS AND DISCUSSION

Figure 1 shows the variability of retention in the rat
after a single oral dose, The activity (in c/sec), corrected
for counter error but not for physical decay, is plotted
against time, Eye-fit lines are drawn for purpose of compar-
ison. An ettecfive half-time of about 30 days approximately
fits the latter portions of the data. At present, no explana-
tion of why two animals retained about 30 times the amount
retained by the other four animais is offered. .

Figure 2 shows early retention in mice, Here again,
the effective retention is plotted as a function of time.
Average values for each group are plotted., It is too early
to determine the significance of the difference in retention

after intravenous and intraperitoneal administration. The

1055522 ~49- LARL



2000

1000

200

100

30

WHOLE BODY EFFECTIVE RETENTION (C/S)

Fig. 1.

1055523

80008 T T | T
a Me™® RATS, ORAL

after oral administration.

=30~

- -
| 1 { 1 | !
o 0 20 30 40 80 60
' TIME (DAYS)
¥hole-body effective retention of Ins‘ in male rats



WHOLE BODY EFFECTIVE RETENTION (C/S)

Fig.

|
—y
10001~ —
sooH —
Me ¢ MICE
8 ORAL
200 ° LV _
A LP.
100 —
80 _
20 _
10 —
8 | | | | | ]
) 2 4 e s ) 12

2,

TIME (DAYS)

10559524
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mice retained about 0.5 per cent of the orally administered
manganese on the third day, showing that intestinal absorp-
tion of this element is very low, The comparable figure for
rats (excluding the 2 with high activity) is about 1 per cent.
Retention of manganese in monkeys and dogs will be
neasured, and additional rat experiments (orally administered

ln54) are in progress,
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Retention of ztrconiungs after Oral and Intraperitoneal

Administration to Mice (J. E. Furchner, C, R. Richmond, and

INTRODUCTION

The increasing use of zirconium imposes interest in the
retention and excrefion of this element. In addition, zirco-
nium has been examined for use as a means of displacing heavy
metals deposited in bone. The present paper deals with the
whole-body retention of zirconium in mice. Related studies

in rats, dogs, and monkeys are in progress.
METHODS

Twelve er female mice, 54 days old (22.5 g weight),
were given about 0.215 puc of a zirconium-niobium equilibrium
mixture as the citrate by gastric gavage. The mice were
paired, and the activity in each pair was measured in a 4r
whole-body liquid scintillation counter for small animals,
Appropriate standards were also assayed, On the first day
after administration, the activity had fallen by a factor of
about 100, and the activity of the group (6 pairs) was then
measured in the Los Alamos Human Counter (Humco II), Meas-
urements were continued until the 67th day after administra-
tion,

A second group of 12 mice of the same age were injected

=53~ g -
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intraperitoneally with the same amount of the zirconium-
niobium mixture and assayed in the small animal counter., The
animals were counted at appropriate intervals for 435 days.
The whole-body counting data from this group, corrected for
counter fluctuation but not for physical decay, were then
analyzed by an IBM 7090 computer programmed to fit the data
by an iterative least squares procedure, The data from each
pair were analyzed 1ndiv1du311y; and the data from the 6 pairs

were also analyzed en masse,
RESULTS

Retention functions of 3 exponential components fit the
data of each pair and of the group (I. P.). Table 1 gives
the parameters of the retention functions for each pair and
for the group., Figure 1 shows all the data points for 1 piir
of mice. At intervals, the data points for the 6 pairs are
also plotted to indicate the range within the group. The
smooth curve drawn through the data points is a plot of the
retention function derived by the IBM 7090. In the same
figure are shown the data points for whole-body retention
after oral administration,

DISCUSSION

The data, as presented, represent whole-body effective

1055521 ~54-
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retention., The retention function for the mice treated by
oral administration was eye-fit with the assumption that the
slope constant of the last component was the appropriate
constant to use, The remaining parameters were then derived
by "curve peeling.”" More sophisticated computer analyses
will be used in a later report.

. The data and parameters representing the retention after
intraperitoneal administration show good agreement among the
6 pairs, The average values of these parameters agree vell
with the values derived from the group as a whole (lines
labeled "all mice" and "X" in Table 1), The half-times
l1isted under k3 approach 65 days, the physical bhalf-time for
ngo. The rate constants for effective retention (k3) are
the sum of the biological rate constant (kab) and the physical

2 rate constant (AZr):

ka - k3b + er'
95
The physical rate constant for Zr , with a half-time of

0.693
65

from ka, the upper values of each pair in the last column

65 days, equals

= 0.01066, V¥hen this value is taken

‘ in Table 1 are the result, and the half-times derived from
these rate constants range between 3000 days and infinity.
For mice, the difference between 3000 days and infinity may
be ignored, For longer-lived individuals, the difference

-7 =

10959530



may be important if the bilological retention is the param-
eter of interest., These data illustrate the disadvantages
of studying the metabolism of nuclides having long biolog-
ical half-times with isotopes having comparatively short
physical half-lives.

105553 -58- i

£ 3 Reem



Effective Retention of Intravenously Administered Beryllium7

by Rats (C. R. Richmond, J. E. Furchner, and J. E., London)

INTRODYCTION

This report summarizes our work covering the whole-body
effective retention of intravenously administered carrier-
free Be7C12 by rats, This work is part of a continuing
effort to establish metabolic parameters for various mamma-
lian species with interspecific correlations as the final
"goal, Studies in the mouse and doz are essentially complete,

as are tissue distribution studies in the rat. A complete

summary should be ready for the next report.

METHODS AND MATERIALS

Six 70-day-old male Sprague-Dawley rats were used, The.
average body weight for the group was about 283 g. To each
of 6 of the animals was given 5.5 uc of carrier-free Be7
contained in 0.11 ml solution as the chloride., Injection
was into the lateral taill vein of the anesthetized animals.,
All animals were maintained in temperature controlled (75° F)
rooms and allowed free access to water and Purina Lab Chow,
The entire animal was measured in the Los Alamos Small Animal
Counter (LASAC III) shortly after administration and at
appropriate subsequent times, All counting times were of

100 seconds duration, Background and Be7 standards were

-59- Lo
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measured before and after the experimental animals, Effec-
tive retention parameters were then deterained by computer
methods, Results of urinary and fecal excretion are not

reported here.

RESULTS AND DISCUSSION

Table 1 gives the effective retention parameters for
each of the 6 animals and for all combined as calculated by
the least squares curve-fit program., The standard deviation
for each parameter is also given, Table 2 gives the effec-
tive and biological half-lives for each retention component
for all the analyses. A three-component exponential model
appears to fit the data quite adequately. The value of
54 days was used as the physical half-life of Be7 in these
analyses, Component 3, which tentatively may be ascribed
to bone, is the component of most interest as the effective
half-life is extremely close to the S5S4-day physical half-
.1110. This component contributes over 95 per cent of the
total area under the effective retention function when in-
tegrated from zero to infinite time. Figure 1 shows a
computer derived plot 6! the data, Statistical weightiq;
factors (1) were used. The analysis requires no logarithamic
transformations of the observed data.

In summary, preliminary results suggest that the hard

ak
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tissues bind beryllium more tenaciously than do other tis-
sues, The effective half-1ife for this component is approx-
imately 51 days.

REFERENCE

(1) C. R. Richmond, J. E, Furchner, P, N, Dean, and P,
McWilliams, Health PpPhys,
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The Effect of Environmental Temperature on the Retention of

Strontium in Mice (J. E. Furchner, C. R. Richmond, and G. A.
Trafton)

INTRODUCTION

It has been demonstrated that the whole-body retention
and excretion of Cs137 are a function of the temperature at
which the mice are maintained (1). The principal site of
deposition for cesium in mammals is soft tissue, The effect
of temperature on the whole-body retention of strontium, an

element deposited principally in bone, is reported here.
METHODS

After a single intraperitoneal injection of about 0.5 uc
sr8% at a pH of 6.0, 30 RF, female mice (80 days, X 23 g)
were divided into 3 equal groups, Initial activity was
determined in LASAC III, a 47 liquid scintillation counter (2).
After assay, the mice were placed in cages and maintained at
34°, 22°, and 5° C (+ 2°). Whole-body activity was measured
at convenient intervals until 172 days after injection,
Weights were recorded during the experiment.

The retention data (in c/sec) were corrected for counter
fluctuation (bﬁt not for physical decay) and were analyzed by

an IBM 7090 computer programmed for an 1terative least squares

analysis (3). The parameters of the function describing

1055538 68 :



retention in each animal were determined and tested by the
Duncan-Kramer test of comparison among means (4,5). The rate
and intercept parameters of the functions dgscribing reten-
tion for each group were determined by the computer, along
with the standard deviation of each parameter, The values
(c/sec) determined on each day of measurement were subjected

to the Duncan-Kramer test,
RESULTS

Three-component exponential equations were fit to the
‘retention data of each animal and each group of animals, 1In
Fig. 1, where the units.of the ordinate are activity (in
c/sec) and those of the abscissa are time (in days), plots of
the best fit retention functions for each group are drawn,
along with average values and vertical bars to show the range
of values, The average values were not used in the analyses
of the data and are included to indicate the assay tinmes,
Overlap in the range of values for the high and low tem-
perature groups is indicated by the solid portion of the
vertical bars, The data from the animals at 22° C overlap
the higher and lower values of the 5° and 34° C animals,
respectively, throughout.

In Table 1, the values of the parameters describing

whole-body effective retention are given with standard

10555319 -66-
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deviations., The underlined parameters (31 and 13) differ
from the parameters of the other two groups by more than

2 standard deviations (P = 0,05). The retention parameters
obtained from each mouse were averaged, and the mean values
of the parameters were subjected to the Duncan-Kramer test

of comparisons among means (P = 0.01), The results of this
test agreed with results found above with the additional dif-
ference that k3, the rate constant of the third component
for the mice maintained at 5°, differed from those of the
other two groups,

A day-by-day comparison of the activity in each group
was made by analysis of variance and the Duncan-Kramer test
of comparisons among means, The day zero counts did not dif-
fer significantly at the 1 per cent level. The 34° and 5° C
groups differed significantly at all times from day 1 to
day 172; the 22° and 5° C temperature groups differed signif-
icantly from the seventh to the 172nd days, and the 22° and
34° groups differed significantly at the 1 per cent level
from the ninth day to 172 days, with the exception of the
24th and 66th days, where the differences were significant at

the § per cent level,

DISCUSSION

We are aware of no test. which will test for difference

1055542 -69-



between multicomponent curves. The solutions derived by the
computer program are not unique, The value given for any
parameter is not independent of the values of the other param-
eters of the function, Therefore, the tests applied are not
appropriate., The same reasoning holds true for the AQV test
applied to the group values at the various assay times,
because the activity in a mouse on any day is not independent
of the activity at earlier times. Although the significance
levels do not apply, it seems clear that the intercept paranm-
eters of the retention functions differ. Because there are
no rate differences among the most rapidly moving components,
it appears that more is available to be lost at this rate at
lower temperatures and, because of the greater loss, less
remains for loss at the slowest rate,

The differences among the measurements are small, The
equilibrium level under conditions of chronic exposure to
Sr85 (11/2 = 65 days), estimated by the integral of the reten-
tion function, would be 30 per cent lower at 5° C than at
22° C. However, if Srgo ('1‘1/2 = 28 years) is used, the life-
time body burden in mice at 5° C (integral between O and
1095 days) is only half that at 22° C (Table 2), If the dif-
ferences among the‘snallott rate constants (k3) are real,
as indicated by the Duncan-Kramer test, then the strontium
in the most slowly moving pool is affected by the increased

metabolic rate associated with low temperature,

=70~ .
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While tempsrature was effective in altering the amount
838

of Sr lost at the various rates, it is not clear that

relation between strontium metabolism and environmental tem-

perature is direct as is that of o2 consumption and environ-

mental temperature, The data presented here suggest that

short exposures ( ~1 week) at these temperatures would result

in retention patterns similar to those presented in Fig. 1,

unless the difference in the excretion rate found in the

animals exposed to cold is real,

1)

(2)

(3)

(4)
(5)

1055549
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Potassiunm and Cesium Levels of Bca!;o Hounds (C. R.
Richmond, J. E. Furchner, and J. E. London)

INTRODUCTION

Before large animals can be used in tracer studies,
their natural gamma-ray activities must be accurately meas-

o and Csl37.

ured, This activity normally is comprised of K4
This report summarizes our findings for 20 beagle hounds

which were measured prior to low-level tracer experiments.

METHODS AND MATERIALS

Each animal was thoroughly washed and dried before
being counted for 25 minutes in the Los Alamos Human Counter
(Humco II). The counting time was divided into three 500-
second periods, each of which was preceded and followed by
a 500-second background measurement on the animal's cage.
Assays were repeated on 9 of the animals roughly 1 week

137 and x40

following the first measurement, Humco II Cs
standards were also measured with each animal, Raw count-
ing data were processed by a modification of a computer
method programmed for the IBM 7080 by E. C. Anderson of the
Low-Level Counting Section. This program will calculate the
amount of potassium in the animal from the animal's K‘o
activity (assumes 3 gamma rays per second are emitted from

137

each gram of “normal" potassium). The total Cs level,

-73- L, fﬁ ?‘ gm.



expressed in picocuries per gram of potassium or as nano-

curies of C3137

» 18 also calculated. The original data,
measured for any or all of the 6 channels, are used are pre-

experimental animal backgrounds in tracer experiments,

RESULTS AND DISCUSSION

40

Table 1 gives the K 137

and Cs levels for each animal,
It is interesting to note that the amount of potassium per
kilogram body weight is essentially the same as that for

human subjects. Also, the total 03137 burdens (pc 03137

/g K)
are very comparable to those for human subjects at that

particular time (June-July, 1962). The replicate measure-
40

ments suggest that the X
reproducible than the 03137
137

determination is somewhat more
determination., This is because
the precision of the Cs

4 to 5 per cent for K4°. Age- or sex-dependent trends were

measurement is not as good as the

not looked for because 61 the small sample size, As this
type of information accumulates, however, such trends may
become apparent, Also, because the genetic and environmental
variation of laboratory animals is less than for human sub-
Jects, one might expect to find smaller variations in those

parameters which are related to body potassium content.

74
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TABLE 1., C!SIUI13 AND POTASSIUM LEVELS OF ADULT BEAGLE

HOUNDS*
Dog Weight 137 Potassium Cesiun137
No. (kg) gK/kg pc Cs™" /g K () (nc)
60 13,9 1.72 56.40 23,9 1.38
60 13.3 1.75 72,79 23.2 1.69
61 13.9 2,09 53,18 29.0 1.54
62 13.7 2.14 72.14 29.3 2.11
63 16.9 1,72 68.42 29,1 1,99
64 15.6 1.81 66,71 28.3 1.88
65 15.0 1,93 61.65 28.9 1.78
65 15.5 1.83 75.80 28.4 2,15
66 16,5 1,85 64.19 30.5 1,96
86 16, 3 2,01 52,81 32.8 1.73
687 9.3 1,79 62,46 16,7 1.04
68 8.5 1,72 102,64 14,7 1.50
68 8.3 1.61 106,64 13.7 1.46
42 10. 5 1.46 89,79 15,3 1,37
42 10.7 1.45 91,02 15.5 1.41
49 11,8 2,11 74.79 24.9 1.86
49 11.5 2,15 60, 27 24,7 1.49
S0 12,7 2,08 86.03 26.4 2.27
51 14.0 1.98 64,14 27.7 1.77
52 11.5 2.25 80.15 28,9 2,07
53 14.2 1,92 70.71 27.3 1.93
53 14.0 2,15 67.07 30.1 2,02
54 15.2 2,31 73.50 35.1 2.58
54 15,0 2,33 62.45 34.9 2,18
56 11.0 1.86 58,28 20.5 1.20
56 10,8 1.78 85,12 18.6 1.59
44 21,7 1.49 98, 86 32.4 3.20
2 16.1 ©1.47 137.06 23,7 3.24
36 15.0 1.43 92.10 21.5 1.98

*A11 males except Nos. 2, 36, 42, 56, and 68,

-75-
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Volume and Turnover of Body Water in Male Macaca mulatta and
Macaca speciosa Monkeys (C. R. Richmond and J. E. London)

INTRODUCTION

Various metabolic, physiologic, and hematologic param-
eters are being determined for Macaca mulatta and Macaca
speciosa monkeys, This report summarizes data on volume and

turnover of body water measured by the tritiated dilution
method.

METHODS AND MATERIALS

Four males of each species were used after a 3-week
period of acclimation in individual metabolism cages. Based
on body weight (1), gross dentition, and information from
suppliers, we estimate the ages to range between 3 and
4 years, Each non-anesthetized animal was given about 1 mc
of tritium water (HTO) by parenteral administration., The
volume of this material was about 0.5 ml., Each syringe was
weighed before and after injection to determine the exact
amount administered. Animals were allowed water ad libitum
during the experiment, Samples of venous blood were with-
drawn from the saphénous vein on days 2, 7, 10, 14, 17,_and
21 after injection, Pure water was obtained from each
sample by a vacuum distillation procedure modified after

Cooper et al, (2). EFach sample was distilled to dryness to

-76-
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avoid any possible isotopic fractiomation effects. One-half
mnl of each HTO sample plus 0,5 ml distilled water and 15 ml
scintillator solution (3) were added to a counting vial and
counted in a Packard Tri-Carb counter, Adequate dilutions
of the injection solution were also counted. The count
rates (counts per minute per 0.5 ml body water) were fitted
as a function of time (days) by an electronic computer (IBM
7090) to obtain the best fit to the data. No logarithmic
transformations are made in this procedure., Figure 1 shows
data for 1 animal (Macaca mulatta, No. 8).

Body water determinations were made accordinz to the
tritium dilution principle., However, body water samples
were not obtained at some assumed time of equilibrium between
the HTO and the body water, Instead, the intercept of the
regression function which describes the decrease in body
water HTO activity was used. Validity of this procedure
has been described previously (4).

Table 1 summarizes body water, half-time, and turnover
data for these animals. The agreement between the two species
is quite good. No statistical tests were run because of the
small number of animals, Two of the M. speciosa monkeys
(not shown in Table 1) gave appirent body water volumes and
half-times of 70 to 80 per cent of body weight and about
2 days, respectively., These animals were later found to be

heavily infested with hookworms,

-77- ;
10555350 -



- i
-
b -
| Q
:‘ o
! S i
% =
| o
] Q
: W
<
7 >
> -
1 %3 i
1 @ | PARAMETERS OF RETENTION FUNCTION
¥ =z () 8.40i84x10*
= (2) -1.12102x 107
! > | ]
S TRITIUM WATER: MACACA MULATTA *s
- SINGLE PARENTERAL ADMINISTRATION
S Q - -
N < ® ACTUAL POINTS
163 1 | ! 1 L
3 ) 4 8 ) 3 20 i4

TIME AFTER ADM, (DAYS)

Fig. 1. Change in body HTO specific activity versus days
after administration for 1 male M. mulatta monkey.
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TABLE 1. VOLUME AND TURNOVER OF BODY WATER IN MALE MACACA
MULATTA AND MACACA SPECIOSA MONKEYS AS MEASURED
BY TRITIATED WATER

Body Body Water Water
Animal VWeight (per cent of Half-Time Turnover
No, () body water) (days) (ml/day)

Macaca mulatta

1 5682 62,44 5.3 462
2 3864 62,97 4.6 364
6 4091 60,06 - -
8 4545 69,01 6.2 . 352
Average 4546 63.62 5.4 393

Macaca speciosa

1055552

1 4818 69.49 5.3 437
4 5795 67,19 4.9 554
Average 3307 68,34 5.1 496

*From the derivative of V, = v, e'kt, when V_ is the volume
of the exchangeable body Snter pool (ml), t fs time zero,
and k is the rate constant (fractional change per day) of
the exponential function,



gg g

Respective turnover values of 393 and 498 ml per day
for the M, mulatta and M., speciosa are in good agreement
with values of 411 and 465 ml per day as predicted by inter-
specific relations given by Richmond et al, (4).

Additional comparative studies using gamma-emitting
radionuclides and whole-body counting technigues are now in

progress,
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CHAPTER 3

MAMMALIAN RADIOBIOLOGY SECTION

Comparative Fundamental Physiological Parameters of Macaca
mulatta and a New Laboratory Primate, Macaca speciosa (J. C.
Hensley and C. R. Richmond)

INTRODUCTION

Four male Macaca speciosa monkeys were received by
Group H-4 as a possible experimental primate for radiobiolog-
ical studies where frequent handling is necessary. Macaca
mulatta is recognized to be a hearty laboratory primate (1),
but its inherent fierce nature frequently precludes exper-
imental procedures where handling is required, Only expe-
rienced caretaker personnel can capably handle M. mulatta,
and often these personnel are seriously injured in handling
procedures,

The 4 M, speciosa in this colony have demonstrated
remarkable docility, Common veterinary clinical procedures

are performed with an ease equivalent to human pediatric

-83-
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practices. Although references to the fact that M. speciosa
"will not bite" are possibly inaccurate (2), extreme provoca-
tion can result in a relatively feeble attempt or success at
biting.

Physiological conformation of M. speciosa to known values
for M, mulatta is essential if this new species is to be

routinely used in laboratory procedures,

METHODS AND RESULTS

Four male Macaca speciosa monkeys and 3 male and 1 female
Macaca mulatta were subjected to physiological analysis through
an E.-M., Instrument Company "Physiograph Six,"” a highly Qen-
sitive polygraph designed for laboratory use. The instrument
sensitivity is such that common physiological parameter meas-
uronont.is possible using mice,

The physiographic equipment is located within a cell-
type wire-mesh shielded enclosure for the elimination of
radio interference and other electrical interference with
accurate measurement of desired signals,

The monkeys were placed individually in a securing
device designed and fabricated at this lLaboratory. Although
M. speciosa is docile when allowed relative freedom, the
restriction 1np0léd by the securing devices caused severe
alteration of parameters to be measured. Macaca mulatta,

although fierce with freedom, frequently remains quiescent

1055351



when secured but will bite or scratch the operator at every

opportunity., Therefore, 5 mg/pound body weight of "Tranvet,"
a commercial animal tranquilizer, was administered to pre-
clude alteration of physiological parameters by hyperexcit-
ability or movement.

All physiological tests on each monkey were monitored
simultaneously; however, each parameter was treated both
individually and collectively. Comparisons were made on
established equivalents for M, mulatta, data acquired from
M. mulatta in this colony, and data acquired from the M.
speciosa mentioned above, Although neurological stereotaxic
mapping and psychological studies have been made on M,
speciosa (2), no literature is available }egarding their
physiology. The M. mulatta and M. speciosa used in this
study were between 2-1/2 to 3-1/2 years of age.

Body Weights

Table 1 is a conbarilon of the parameters measured. The
average body weight of the M, mulatta selected at random and
aged from this colony as 3 years of age was 9,9 pounds, The
average body weight of the 4 M. speciosa was determined to
be 11.97 pounds, The weight ranges were wider in q. speciosa,

however,

-85~
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Electrocardiographs

Animals were placed in the restraining device, and the
correct tranquilizer dose was administered intramuscularly
in the left thigh, Electrodes necessary for all parameters
were secured to record the electrocardiogram and respirogram
simultaneously., EKG leads were placed at points determined
by Atta and Vance (3) as best suited to record the potentials
to the right ventricle, septum, and left ventricle, Poten-

~ tials from the right ventricle were measured best with lead
one electrode implanted beneath the skin in the fourth right
intercostal space at a distance of 4 cm from the midsternal
line, Septal potentials were measured best on the opposite
side of the chest at a point symmetrical to lead one. Since
the animals were upright rather than supine, left ventric-
ular potentials were also monitored from lead two, Sterile
needle electrédes were placed under the shaven skin at the
above points, These leads were connected to a hi-gain pre-
amplifier through a shielded input extension cable, A time
constant selection of 2 seconds was made, as this constint
was found to monitor the low frequency response faithfully
to allow reproduction of all components of the EKG., The
preamplifier was calibrated so that a l-millivolt impulse
caused a pen deflection of 1 cm, Recording paper speeds of

2,5 and 5 cm/sec were used. Auscultation revealed no
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evidence of murmurs or abnormal sounds in any of the subjects
tested,

Although the limited number of subjects precluded an
extensive study of electrocardiography, the following table
shows briefly the electrocardiographic data recorded on the
subjects tested (Table 2). Recording amplitudes in M.
mulatta were considerably higher than those of M. speciosa,
as evidenced by greater deflections of the pen calibration.

Respirography

Respirogram recordings were obtained through the same
two leads employed in the EKG study above. After calibra-
tion of the hi-gain preamplifier, a twin lead shielded in-
put cable was connected between the hi-gain preamplifier and
an 1n§edanco pneu,ograph transducer. The voltage impressed
on the subject does not exceed 2 millivolts Rms. This does
not interfere with EKG recordings due to a filter network in
the coupling circuit,

Although optimum electrode placement is recommended at
the fifth and sixth rib interspace, suitable recordings are
traced in the fourth rib interspace in deference to suitable
EKG tracings, Normal electrode impedance is 500 ohms, and
light breathing patterns produce approximately a 1 per cent
change per cycle, or about 5 in 500 ohms. Deflections in

105556 LRI
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TABLE 2, ELECTROCARDIOGRAPHIC ANALYSIS

Macaca mulatta

Measurement Macaca speciosa Los Alamos Normal Ranges

Rate Average 243/min 227/min 160 - 333

P=-R Interval 0,087 m/sec 0.064 m/sec 0.047 - 0,100

QRS Duration 0,041 m/sec 0.065 m/sec 0.020 - 0,036

Q-T Interval 0.116 m/sec 0.195 m/sec 0.107 - 0.200
-89~ .
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both M., mulatta and M. speciosa respirograms did not exceed
this value. Respiratory patterns in M. mulatta were regular
and synchronous through entire tracings, indicating a regular
depth and rate of breathing. Individual respiratory cycles
were jerky, though synchronous (Fig. 1, tracing A). Respir-
atory patterns in M, speciosa, though highly irregular in
rate, showed more organized respiratory cycles and a smoother

respiratory cycle in general. The respiratory rates are de-

tailed in Table 1. Macaca speciosa averaged 51.25 cycles/min,

while M, mulatta averaged 53.5 cycles/min.

Eloctrosphiggg;rupgz

Systolic and diastolic blood pressures and differential
pulse pressures were determined with an electrosphygmograph
as provided with the "Physiograph Six.'" The instrument is
capable of recording indirect blood pressures within 5 to
10 mm Hg accuracy. The apparatus coansists of a photoelectric
pressure transducer, a common sphygmomanometer cuff with an
attached microphone for recording Korotkoff sounds, and cuff
pump connections for pressure sampling (4).

The cuff was wrapped about the right upper arm of each
subject, and cuff pressure was increased to the upper limits
of normal pressures expected (about 180 mm). Calibration

was then completed to write out the Korotkoff sounds at a

<
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reasonable magnitude, Cuff pressure was then increased until
the upper limit was once again 180 mm Hg. While recording,
the pressure was slowly released to zero, The tracing

(Fig. 1, tracing B) shows an increased pen deflection at the
occurrence of the systolic pulse and a severe decrease in
magnitude at the occurrence of the diastole, Macaca specilosa
averaged 90 mm Hg systolic pressure and 48 mm Hg diastolic
pressure, while M. mulatta averaged 93 mm Hg systolic and

48 mm Hg diastolic pressures, Table 1 presents the varia-
tions noted., Pulse pressure differences averaged 42 mm Hg

for M. speciosa and 45 mm Hg for M. mulatta (Table 1),

Galvanic Skin Response

Since many stimuli will incite the galvanic skin
response, or psychogalvanic reflex, basal skin resistance
was measured to determine a basal emotional quotient for
these animals, This, in effect, correlates theoretically
with aggressiveness or docility of the two species of pri-
mates under investigation., Relationships are only hypothet-
ical, as observed docility or aggressiveness cannot be meas-
ured in any other way with mathematical efficiency. There-
fore, we must assume that basal skin resistance is a func-
tion of basal psychological position as sympathetic stimuli
evoke levels of response, while parasympathetic stimuli

inhibit or reduce levels of response (5),

10555635
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Two electrodes (one a ground electrode and the other
the sensing electrode) are attached to the animal, Both are
plate electrodes, the former attached to the ventrum of the
wrist and the latter to the dorsum of the index finger. The
right forearm was used in all instances.

A constant DC current of 20 microamperes is applied to
the electrodes, and the voltage across the electrodes is
then amplified and recorded. With constant current applied,
voltage across the electrodes is directly proportional to
the electrode resistance. Any given ohmic level of resist-
ance at the electrode interface will then be recorded as a
constant amount over the basal electrode resistance, varying
from O to 1 x 106 ohns,

After zero calibration, the galvanic skin response pre-
amplifier is switched to record direct current. The basal
skin resistance inherent in the animal causes a wide deflec-
tion of the recording pen. Recalibration to zero level then
determines the basal interface resistance between the elec-
trodes attached to the animal, One would note in Table 1
that calibration levels for M. nulatfn are 64,1 per cent
higher than those for M. speciosa, indicative of a greater
response to testing procedures, though not visible grossly
to the observer, Since we will assume tranquilization

renders equal nonchalance to experimental procedure, we must

-93-
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conclude that the aggressive nature of M, mulatta as opposed
to M. speciosa is still supofior, regardless of tranquiliza-
tion. One may then conclude a mathematical quotient for
docility or aggressiveness as observed in the normal caged

animal.

DISCUSSION

A comparison of the tvo Macaca species in question seems
to indicate a remarkable similarity. Differences, except
galvanic skin response, are slight and would not basically
alter results of experiments where M., speciosa is substituted
for M. mulatta,

The M. speciosa used in this study were but recently
acquired, After arrival, each animal was subjected to
clinical examination, tuberculosis testing, treatment for
intestinal parasites, and antibiotic therapy. All primates
arriving at this lLaboratory are subjected to rigorous test-
ing and examination over a 60-day period. Nutritional states
of the M. speciosa received were low and possibly beneath
that of the M. mulatta tested, which have been in this colony
for 3 years minimum under optimum environmental conditions.
However, one notes that body weight ranges are considerably
" higher for M. speciosa., All animals tested were determined

to be clinically sound before physiological evaluation,
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Preliminary tissue culture attempts and chromosome anal.
ysis indicate a close similarity of the two species from this
standpoint.

Hematological and radiometabolic studies are in progress
by the Mammalian Metabolism Sectionm.

Continued extensive metabolic and microscopic comparison
are planned with possible replacement of the M. mulatta in

this colony with the more docile and cooperative, but phys-
iologically similar, M. speciosa,
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Cellular Elements in the Peripheral Blood of Macaca mulatta

and Macaca speciosa Monkeys (C. R. Richmond and J. E, London)

INTRODUCTION

Several hematological parameters were measured for
Macaca mulatta and Macaca speciosa monkeys as part of a
larger project to obtain comparative data for these species.

This report summarizes these measurements,

METHODS AND MATERIALS

All measurenments were made on fresh blood removed from
the saphenous vein of the restrained non-anesthetized animals,
The M., speciosa monkeys had just completed a 80-day period of
quarantine since arrival at our laboratory and were in reason-
ably good apparent health, The M. mulatta monkeys have been
maintained in our laboratory for several years and are about
3-1/2 years o0ld based on gross dentition, estimates of the
supplier, and body measurement data (1). It is assumed, on
the basis of body weights and gross dentition, that the M.
speciosa were approximately the same age.

Hematocrits were determined by a microhematocrit cap-
illary tube method immediately after centrifuging the samples
for 3 minutes at 12,500 rpm in an Adams microhematocrit
centrifuge, Erythrocyte numbers were measured by a Coulter

counter on a 1 to 10° dilution of whole blood adjusted to

-96-
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TABLE 1. ERYTHROCYTE DATA FOR MACACA MULATTA AND MACACA
SPECIOSA MONKEYS'

Animal Erythrocytes Hematocrit Mean Corpuscular
No, Sex (loe/lla) (»1/100 ml) Volume (ua)

Macaca mulatta

3 F 5.86 43.2 73.7
S F 5.82 40,3 69.2
9 F 6.96 45,4 65,2
11 F 5.24 39.1 74.6
Average 5,97 42.0 70.7

| M 6.66 48.8 73.3
2 M 7.92 30,0 63.1
4 M 6.28 45,0 71.7
6 M 6.62 48.8 73.7
7 M 6.34 44.3 69.9
8 M 6,62 50.0 75.3
10 M 6.18 49,1 79.4
Average 6.66 48.0 72.4

Macaca speciosa

1 M 6.08 42,2 69,4
2 M 5,84 42.3 72.4
3 M §.20 40.5 77.9
4 M 6,34 43.5 68.6
Average 5,87 42.1 72.1

.Body weight 4 to 6 kg. Age estimated at 3 to 4 years, based
on dentition and body weights,

1055511 L.
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The erythrocyte concentrations of M. specliosa were sinm-
ilar to those of female M. mulatta, All mean values in
Table 1 were similar, although larger, than the 5,444 x 106
per cubic millimeter reported by Young et al, (3). A ratio
of about 0.88 exists between male M, speciosa and male M.
mulatta for both mean hematocrit and mean erythrocyte con-
centrations, This is suggested by the same mean value of
about 72 u3 for the mean corpuscular volume (MCV) for males
of both species. One might speculate that the M. speciosa
had not reached the same level of acclimation as the M,
mulatta., It does appear that these species are quite sim-
ilar as to concentration of erythrocytes, hematocrit, and
.cell size, Cursory inspection of the cell sizing data ob-
tained from the Coulter counter shows a remarkable similar-
ity between the erythrocyte profiles of these species.

Spector (2) gives no values for erythrocyte concentra-
tion or mean cellular volume for macaques. A NCV of 71 can
be estimated from Young et al, (3). Prosser (4) suggests a
value of 5 x 106 erythrocytes per cubic millimeter as a
reasonable mean for "macaque erythrocytes.,"

Table 2 gives leucocyte values for 4 males of each spe-
cies after a 2l-day period in individual metabolism cages.
During this time, all animals were handled and treated in

essentially the same way, The higher leucocyte concentration
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TABLE 2, LEUCOCYTE CONCENTRATIONS AND DIFFERENTIAL COUNTS
FOR MALE MACACA NMULATTA AND MACACA SPECIOSA MONKEYS

Differential Counts (per cent)

Animal Loucgcyt;s Lympho- Segmented Mono- Eosin- Stab
No, (10°/mm™) cytes Neutrophils cytes ophils Cells
Macaca mulatta
1 11.0 89 9 1 1 -
2 16.5 81 14 1 1 3
6 11.7 77 20 - 2 |
8 8.0 71 26 - 1 2
Mean 11.8
Macaca speciosa
1 18.2 72 21 - 7 -
2 17.2 61 35 - 4 -
3 15.8 41 59 - - -
4 15,5 68 24 - 8 -
Mean 15,8
-100-
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in the blood of M, speciosa is probably suggestive of a gen-
erally poorer state of well-being as compared with M. mulatta,

Young et al, (3) report a mean of 14.68 x 103

leucocytes per
cubic millimeter for the 5 M. mulatta monkeys mentioned ear-
lier, .

The relatively high percentage of neutrophils in M.
speciosa Nos. 2 and 3 is of interest, as these animals were
later found to be quite heavily infected by hookworms (Strong-
yloidea). Results of metabolic studies using tritiated water

- in these animals indicated abnormally large body water res-
ervoirs and very rapid turnover rates, This was presumably
caused by the heavy nematode infestation. The relatively
high incidence of eosinophils in M, speciosa is also sugges-
tive of parasitism,

Differential leucocyte count data did not agree with
that reported by Young et al. (3). Respective percentage
values for neutrophils, lymphocytes, and eosinophils were
53.8, 39.4, and 1.8. No other cell types were given. Kuk-
sova (3) points out that the literature provides only scant
and contradictory data on the composition of monkey blood.
Age, sex, diurnal and seasonal factors, plus the small num-
bers of animals, contribute to the large variations. Recent
works (6,7) give no hematological values for monkeys.

In summary, preliminary investigations on the cellular

-101-
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elements in the peripheral blood show a reasonable similar-

ity between the primate species M. mulatta and M. speciosa,

Because of the general lack of information of this nature,

additional data will be accrued on these species. Thyroid

function and other metabolic studies should also help in

comparing M. speciosa with M. mulatta,

(1)
(2)

(3)

(4)

(5)

(6)

(7

1055957135
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Longevity of First and Second Generation Offspring from Male
Mice Exposed to Fission Neutrons and Gamma Rays (J. F. Spald-
ing and R, F. Archuleta)

INTRODUCTION

Russell (1) has reported evidence that bomb neutron expo-
sure of male mice was instrumental in reducing not only the
life expectancy of the exposed animal but also that of his
offspring. This finding was of considerable importance and
has been generally accepted as one of the human hazards of
exposure to ionizing radiation. Because of the significance
of Russell's findings, it was felt that a similar experiment
designed specifically for the end point desired and done
under laboratory, rather than under field, conditions was
indicated. The study reported below was done to determine
the effect of both neutron and gamma-ray exposures to male
mice on longevity of their first and second generation off-

spring.

METHODS AND RESULTS

Two hundred and twenty RF male mice 8 weeks of age were
used to produce the mice for the longevity study. They were
randomrly divided into 11 groups, 20 mice each for 10 exposure
groups and 20 mice for the controls. Groups 1 through 5 were

given acute doses of 32, 67, 102, 134, and 177 rads of fission

-103-
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neutrons to the whole body, respectively, Groups 68 through

10 were given acute whole-body doses of Coao

gamma rays of
60, 120, 180, 240, and 300 rads, respectively, and Group 11
was retained as an unexposed control group.

Following neutron and gamma-ray exposures and coatrol
sham exposures, all mice from each of the 11 groups described
above were placed 1n/$roed1ng cages with a randomized popula-
tion of RF female mice 10 to 12 .weeks of age with a caging
ratio of 1 male to 4 females, The males remained with the
females for 18 days [about one-half the duration of spermat-
ogenesis (2)], after which time they were separated from the
females, Offspring from these matings were considered to
have been conceived from male germ cells irradiated in the
post spermatogonial stages (sperm, spermatids, and possibly
a few spermatocytes) and were identified as Fll mice (first
generation mice from early breedings, Fig. 1). The 1life span
of these mice (rll) and that of their offapring (second gen-

eration mice from early broedingl identified as le

mice,
Fig. 1) were studied.

Sixteen weeks after the males were exposed to either
neutrons or gamma rays, all irradiated and control males
were again placed in breeding cages with a second randomized
population of RF fo‘nlo mice 10 to 12 weeks of age with a
caging ratio of 1 male to 6 females., Offspring from these

matings were, therefore, derived from irradiated apﬁr-ntogonia

-104-
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and were identified as rlz mice (first generation mice from
late breedings, Fig. 1). Longevity of these mice (rlz) and
that of their offspring (second generation mice from late
breedings identified as F,> mice, Fig. 1) were studied.

The doses to the sire or grandsire, number of mice ob-
served, and the mean lengths of life for each of the gfoupl
are tabulated in Tables 1, 2, 3, and 4. Analysis of these
data failed to show any meaningful correlation between life
span and dose to the sire or grandsire in either the gamma-
ray or neutron exposed groups. Significant differences did
appear between some doses and in some instances between sexes,
However, it was not possible to fit a straight line, by the
weighted least squares method, through the data in any of the

four tables and to obtain a slope which would suggest that
1life span was affected by exposure of the sire or grandsire
to ionizing radiation., In fact, the average life span for
all control females was 602 days, compared to 633 days for
all female offspring from irradiated sires or grandsires, and
control males had an average life span of 593 days, compared
to 647 for all male offspring from irradiated sires or grand-
sires. Im both sexes, mice with irradiated parentage out-
lived their control counterparts. The results of this study
do not support the earlier findings of Russell (1).

Changes in sex ratio have been suggested as a method of

; =108~
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TABLE 1. MEAN LIFE SPAN IN OFFSPRING OF MALE MICE EXPOSED
TO GAMMA IRRADIATION

Mean Length of Life and

Total Dose Number of Offspring Standard Error (days)
to Sire
(rads) Males Females )Jales Females

!'11 (Early Matings, 1 to 18 days after gamma-ray exposure)

o} 28 32 625 + 36 610 + 31
60 37 32 686 + 25 684 + 23
120 28 38 568 + 41 708 + 29
180 31 38 725 + 17 682 + 24
240 59 52 675 + 24 639 + 20
300 11 16 605 + 43 639 + 46

1"12 (Late Matings, 16 weeks after gamma-ray exposure)

o 8 14 514 + 63 587 + 34
60 8 26 584 + 74 700 + 35
120 8 14 517 + 86 553 + 36
180 8 6 624 + 19 588 + 33
240 34 30 625 + 25 676 + 29
300 13 12 677 + 58 674 + 65

1055580 -107-



TABLE 2. MEAN LIFE SPAN IN GRANDOFFSPRING OF MALE MICE
EXPOSED TO GAMMA IRRADIATION

Mean Length of Life and
Total Dose to Number of Offspring Standard Error (days)

Grandsire
(rads) Males Females Jlales Females
1l 1l
F,~ (0ffspring of r1 , Table 1)
0 37 S50 624 + 24 603 + 21
(o] 40 48 630 + 33 660 + 19
120 43 40 674 + 30 651 + 32
180 59 71 664 + 24 674 + 18
240 44 335 642 + 28 645 + 36
300 22 19 S04 + 35 570 + 42
2 2
rz (Offspring of !'1 , Table 1)
0 17 18 646 + 37 575 + 46
60 42 36 708 + 21 682 + 23
120 335 52 607 + 40 669 + 21
180 44 39 647 + 25 655 + 29
240 111 111 668 + 17 683 + 15
300 25 20 649 + 28 594 + 35
-108- |
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TABLE 3. MEAN LIFE SPAN IN OFFSPRING OF MALE MICE EXPOSED
TO FISSION NEUTRONS

Mean Length of Life and

Total Dose Number of Offspring Standard Error (days)
to Sire
(rads)= Males Females Males Fenmales

!'11 (Early Matings, 1 to 18 days after neutron exposure)

o) 28 32 €25 + 36 610 + 31
32 23 24 639 + 37 710 + 19
67 26 22 535 + 37 534 + 33

102 12 13 568 + 38 632 + 38

134 9 6 738 + 35 699 + 55

177 2 2 649 + 40 €88 + 126
l"l2 (Late Matings, 16 weeks after neutron exposure)

o 8 14 514 + 63 587 + 34
32 12 5 563 + 57 613 + 96
87 15 12 550 + 58 593 + 54

102 20 22 629 + 30 719 + 28
134 2 12 735 + 87 655 + 49
177 None survived to weaning

‘Gam-ray dose approximately 15 per cent of neutron dose.
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TABLE 4. MEAN LIFE SPAN IN GRANDOFFSPRING OF MALE MICE
EXPOSED TO FISSION NEUTRONS

Mean Length of Life and

Total Dose to Number of Offspring Standard Error (days)
Grandsire
(rads)* Males Females Males Females

1

F,' (offspring of F,1, Table 3)
0 37 50 625 + 24 603 + 21
32 38 32 643 + 30 658 + 25
67 48 57 614 + 26 598 + 21
102 12 20 643 + 32 507 + 41
134 29 34 580 + 47 672 + 29
177 None produced
F,? (oftspring of F,?, Table 3)
0 17 18 646 + 37 575 + 46
32 44 43 670 + 19 644 + 18
67 08 69 672 + 18 662 + 19
102 48 73 679 + 25 649 + 16
134 8 12 651 + 38 683 + 35

177 None produced

*Ga-na-ray dose approximately 15 per cent of neutron dose,
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estimating the genetic hazards of ionizing radiations to man.
According to genetic theory, Fy offspring from irradiated
sires would be predominantly males if sex-linked lethals were
induced by exposure, In this study, the sex ratio of all
control mice was 1,287, rl mice from gamma-irradiated sires
had a sex ratio of 1.114, and the sex ratio of mice from
neutron-irradiated sires was 0,975. These comparative sex

ratios were contrary to genetic theory,

REFERENCES

(1) W, L. Russell, Proc. Nat, Acad. Sci. 43(4), 324 (1957).
(2) E. F. Oakberg, Am. J. Anat. 99, 507 (1956).
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Acute Radiosensitivity as a Function of Age in Mice (J. F.
Spalding, O, S. Johnson, and R, F. Archuleta)

INTRODUCTION

An earlier study was done (1) to determine radiation
sensitivity as a function of age using the fractionated dose
method, which allows for biological repair between acute
exposures., It was concluded tnat under that type of expo-
sure condition, radioresistance was relatively stable through
the first half of adult life, at which time it deteriorated
rapidly until the end of the normal life expectancy. The
following is a report on acute radiosensitivity as a function

30

of age using the Lnso approach.

METHODS AND RESULTS

Some 2900 RF strain virgin female mice of 14 age groups
were used (Table 1). Mice in each age group were randomly
divided into a minimum of § and a maximum of 12 acute X-ray
exposure groups to bracket the Lngg. Acute X-ray exposures
were made with a 250 KVP X-ray machine with a beryllium
window tube. Exposure conditions were as follows: voltage
250 KVP; 30 ma; Thoraeus II filter; HVL 2.6 mm Cu; target-
to-specimen distance 60 cm; and dose rate 50 rads/min,

Following X-ray exposure, mice were housed in standard

wire-bottom cages and observed for 30 days post exposure,

-112-
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TABLE 1. LD, FOR FEMALE MICE VERSUS AGE

30

Age Number LDsg Standard
(weeks) of Mice (rads) Error
3.6 326 593 14.6
6.0 186 : 647 18.9
8.0 210 691 14.8
12,8 180 733 13.5
21.4 300 697 15.8
30.0 363 634 20.3
42.8 131 487 18.7
51.4 120 547 35.9
60.0 157 537 16.0
68.6 125 453 5.16
77.1 179 424 22,8
85.7 e 442 17.6
94.3 152 441 12,5
103.6 342 343 18.6
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Deaths were recorded daily, and 30-day lethality was sub-
jected to standard methods of probit analysis to obtain the
Lngg for each group. The results are tabulated in Table 1
and are plotted in Fig. 1. Radioresistance increased with
age, reaching maximum resistance at 13 to 17 weeks of age,
Beginning at 18 to 20 weeks of age, resistance declined
throughout the remainder of the life span, reaching a min-
imum at 104 weeks (average life span for this strain is
96 weeks),

There was no appreciable period of relative stability
in radioresistance throughout the entire 1life span, This is
not consistent with earlier studies where radioresistance was
tested by the fractionated method. The difference in response
to radiation exposures by these two methods suggests a con-
stant recovery rate from sublethal X-ray exposures throughout
the greater part of the life span, with a constantly changing
sensitivity to lethal X-ray exposures,

Figure 1 shows increased variability of radioresistance
with increased age -- a characteristic commonly associated
with advancing age. It was also found that an exponential

function was a better fit to the data than was a linear one.

This is also characteristic of many biological parameters,
REFERENCE

(1) J. F. Spalding and T. T. Trujillo, Radiation Res, 16,
125 (1962).
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Cold Stress as a Test for Rate of Aging in Three Lines of

Mice with Different Histories of Ancestral X-Ray Exposure

(J. F. Spalding and T. T. Trujillo)

INTRODUCTION

There appear to be many similarities between aged mice

and young mice with an irreparable burden of radiation injury.

The Federation Proceedings on "Radiation and Ageing” (1) and
one report by Upton (2) provide excellent reviews and the-
ories on "radiation aging."” It is a generally accepted fact
that exposure of the total body of a mammal to ionizing
radiation will reduce the life expectancy of the exposed
animal (2)., Trujillo (3) has shown that cold stress may be
a useful tool in comparing similarities between chronologic
and "radiation-accelerated" aging.

The genetic aspects of the life shortening effect on
the offspring of irradiated parénts Are also unknown param-
eters of radiation injury. Russell (4) was the first to
report life shortening in the offspring of male mice exposed
to neutrons from an atomic detonation, Spalding et al., (8)
showed a reduction in life expectancy of mice from 5 genera-
tions of X-irradiated sires. 1In contrast to these findings,
an adjoined report shows no difference in the 1life span in
the offspring of sires exposed to graded acute doses of
neutrons or gamma rays, and offspring froam both early and
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late breeding were studied, It must be concluded that there
is still considerable doubt as to whether or not the genetic
mechanise which regulates life span is affected by exposure
to ionizing radiation. However, since there is some ev-
idence (4,5) that a premature aging factor may be inherited
from sires exposed to ionizing radiation, and since resist-
ance to cold stress appears to vary with age (3), it was
felt that cold stress might be a useful test to determine
the rate of aging of mice with a history of irradiated sires
as compared to that of control mice. The study reported
here is an attempt to test this thesis,

METHODS AND RESULTS

Virgin female RFM strain mice from the following three
basic lines were used: irradiated line (granddaughters of
the 15th generation of sires given 200 rads of X rays at
weaning for 15 consecutive generations); irradiated sub-
line (granddaughters of the 15th generation of sires given
200 rads °‘,x rays at weaning for only the first 10 consec-
utive generations); and granddaughters of the 15th genera-
tion of control mice with no history of X irradiation. All
three lines originated from one mating, and brother-sister
matings vere‘uled in each of the three lines,

Exposure conditions for irradiated males in the

-117-
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irradiated line and the irradiated sub-line were as follows:
250 KVP with a beryllium window tube; 30 ma filament current;
Thoraeus II filter; 20 mm Cu HVL; 60 cm target-to-specimen
distance; and 50 rads/min dose rate. Victoreen 100-r chambers
were used. Dose asasurements were made at the midline of
Lucite mouse phantoms in Lucite chambers geometrically designed
to give uniform doses at any chamber position, Victoreen read-
ings were corrected for barometric pressure and temperature
and converted to tissue dose by the factor 1 r = 0,98 rad,

Five age groups (age range between 6 weeks and 12 months,
Table 1) from each of the 3 lines described above were rando‘ly
caged in individual compartments, supplied with food and water
ad libitum, and placed in a cold environment at a temperature
of 6 to 7° C for 14 days, After the l4-day period of cold
stress, the mice were maintained at room temperature for
10 days. Records of survival during the l4-day stress and 10-
day post stress periods were made and coampared for each age
group within each of the 3 lines,

The results of this preliminary study are shown in Tables 1,
2, and 3 and in Fig. 1. The 3 lines of mice studied showed a
considerable amount of variability of response to cold stress
throughout the age interval studied. However, as shown in
Fig. 1, there was a definite trend toward decreased resistancs

to cold with increased age. When a best bit slope was fitted

-118-
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TABLE 1. SURVIVAL OF FIVE AGE GROUPS OF IRRADIATED LINE'
MICE FROM COLD STRESS®®

Age Number of Survival
(months) Mice Number Per Cent
1.39 92 84 91.3
3.01 52 52 1000
6.65 109 98 90. 6
8,38 100 49 49.0
12,66 129 82 63.6

*Seventoonth generation mice in which each of the first
15 generations of males was exposed to 200 rads of X rays
at 24 to 28 days of age,

**Expression of best fit: Y = 100 + -3.37 X.

1055592 -119-
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TABLE 2. SURVIVAL OF FIVE AGE GROUPS OF IRRADIATED SUB-LINE'
MICE FROM COLD STRESS®®

Survival
Age Number of
(months) Mice Number Per Cent

2,23 94 : 86 91.4
3.21 52 51 98.0
6.61 85 67 78.8
8.38 102 52 51.0
12,75 119 87 73.1

.| *Seventeenth generation mice in which each of the first
! 10 generations of males was exposed to 200 rads of X rays
K at 24 to 28 days of age.

"Expression of best fit: Y = 100 + -3.3 X.

-120-
1055543




TABLE 3. SURVIVAL OF FIVE AGE GROUPS OF CONTROL LINE® MICE
FROM COLD STRESS®”®

Survival
Age Number of
(months) Mice Number Per Cent
2,18 92 87 94.5
3.04 52 50 96.1
6,65 26 87 90.6
8.59 28 60 61.2
12.46 92 67 72.8

‘Seventoenth generation mice with no history of X-ray expo-
sure to the line.,

*‘Exprelsion of best fit: Y = 100 + -2.64 X.
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to the data in Tables 1, 2, and 3, with the intercept fixed
at 100 per cent, the slopes were shown to increase in accord-
ance with the number of generations of X irradiation (Fig. 1).
This observation suggests that (using cold stress as the test
system) mice from 10 generations of irradiated sires aged
more rapidly than did control mice and that mice with 15 gen-
erations of irradiated sires aged more rapidly than did mice
with 10 generations of irradiated sires. In the mouse, the
optimum age range for studying aging by the cold stress method
is 12 to 22 months, Unfortunately, our environmental room
was unavailable for the studies after completion of the 12-
month age group study, These preliminary results point to the
possibility of cold stress as a test of rate of aging, but

more complete studies await the availability of an environ-

mental chamber.

REFERENCES

(1) P. Handler, ed., Radiation and Ageing, Fed. Proc. 20(2),

Part 2, Suppl. 8 (1961).

(2) A. C. Upton, Gerontologia 4, 162 (1960).

(3) T. T. Trujillo, J. F. Spalding, and ¥, H, Langhanm,
Radiation Res. 16, 144 (1962), '

(4) VW, L. Russell, Proc, Nat, Acad. Sci. 43, 324 (1957).

(5) J. F. Spalding and V. G. Strang, Radiation Res. 16,
159 (1962). |
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Breeding Characteristics of Offspring froa Mice with Fifteen
Generations of X Irradiation to the Males (J. F. Spalding
and M. R. Brooks)

INTRODUCTION

This is a continuing study in which the breeding effic-
iency of mice from X-irradiated sires is studied at S5-
generation intervals. VWhen this study was started, little
or no information was available on the genetic consequence
of X irradiation to consecutive generations of mammals, Thii
progran was designed to study the breeding characteristics
and nonspecific genetic effects of X irradiation to the sires

in a continuing population of mice.

METHODS AND RESULTS

Breeding characteristics were studied on 3 basic lines:
(a) control line, 16th generation mice with no history of
ionizing radiation above background; (b) irradiated line,

offspring of 15 generations of X irradiation to the males;
and (c) irradiated sub-line, 16th generation mice-in which
only the first 10 generations of males were given exposures
of X rays. The origin of the mice studied is i1llustrated in
Fig. 1.

One hundred sib pairs of mice from each of the 3 basic

lines were mated at weaning and were allowed to mate ad libitum
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for their entire life span, A record of the reproductive
proficiency of each line was maintained for line comparisons.
The comparative productivity of each of the 3 basic lines is
tabulated in Tables 1 and 2,

Notable differences appear among the 3 lines for several
characteristics, Litter size was largest in the control line,
smallest in the irradiated line, and intermediate in the
irradiated sub-line, It was interesting to note that litter
size could be rated according to the number of generations
exposed to X irradiation, with the control line receiving
the highest fating. On the contrary, however, age at last
litter, reproductive life, and number of conceptions are rated
in the reverse order with the irradiated line being rated
first, There appears to be an attempt by Nature to compen-
sate for genetic damage causing reduced litter size by pro-
longing the reproductive period of the female, The success
of this compensatory effect is reflected in the total number
of mice weaned (Table 2), Both irradiated lines outranked
the control line in number of mice weaned,

Such characteristics as litter size (Table 1), number of
litters cannibalized, and number of mice born dead (Table 2)
reflect the radiation-induced genetic decrement to the
reproductive efficiency of the irradiated line and irradiated
sub-1line. However, the extended reproductive 1life of these

2 lines suggests a natural compensation,
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TABLE 1., GROUP AVERAGES

Control Irradiated Irradiated

Line Line Sub-Line
Characteristic (sibs) (sibs) (sibs)
Age at First Litter (days) 71.7 72,2 78,2
Age at Last Litter (days) 264,2 333.1 300.7
Reproductive Life (days) 193.5 261,9 223.5
Conceptions (number) 5,99 7.69 7.23
Litter Size
At Birth 5,39 , 3.91 4,42
At Weaning 4,13 3.34 3.86
Weaning Weight (grams)
Per Individual 10.4 10,5 10.8
Per Litter 42,7 35.1 41.9
1055600
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TABLE 2. GROUP TOTALS AND SEX RATIOS

Control Irradiated Irradiated
Line Line Sub-Line
Characteristic (sibs) (sibs) (sibs)
Total Number of Mice Born
(per group) 3,216 2,888 3,042
Sex Ratio (male/female) 1.09 1.15 1.11
Total Number of Mice Weaned
(per group) 2,410 2,486 2,673
Number of Litters Cannibalized
before Weaning 179 335 229
Number of Mice Born Dead 40 316 96
Number of Pairs Producing
Average Litter Size of
3 or Less ] 27 14
2 or Less Litters 9 8 10
No Litters 0 3 3
-128-
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Radiation-Induced Irreparable Biological Damage in Three
Genetic Lines of Mice with Different Ancestral Histories of
Radiation Exposure (J. F. Spalding and R. F. Archuleta)

INTRODUCTION

Earlier studies (1,2) have shown that mice from a
genetic line in which the males received X-ray exposure each
of several consecutive generations were less tolerant of
protracted low-intensity gamma rays and fractionated X rays
than were mice from the same origin but with no ancestral X-
ray exposure, The difference in radiosensitivity between
the two lines may be attributed to a number of factors.
However, in the broadest sense, radioresistance or radio-
sensitivity is determined by the amount of irreparable in-
jury induced and the repair rate of the reparable portion of
radiation injury. The following study is an attempt to
determine which of the above factors are primarily respon-
sible for the difference in radiosensitivity of the two

lines,

METHODS AND RESULTS

Approximately 50 virgin female mice (7 + 0.5 months of
age) from each of the 3 basic genetic lines described in the
preceding report were used (3), and the mice used in this
study were seventeenth generation mice or litters from the

1055602
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previous study. Fifty mice from each of the 3 lines were
exposed to gamma irradiation at a dose rate of 1,69 rads/hr
until an accumulated dose of 1500 rads was achieved. Follow-
ing this conditioning exposure, the mice were allowed 90 days
to recuperate from the reparable damage induced by exposure
to ionizing radiation, On day 31 of the recovery period,

all mice in each group were placed in individual compartments
and exposed to low temperature stress (6 to 7° C) for 14 con-
secutive days, The number of mice in each group surviving
this l4-day cold stress and a 10-day post stress period was
recorded for purposes of comparison, Table 1 shows the
results of this study, Survival from cold stress was substan-
tially lower in the irradiated line and irradiated sub-~1line
than in control line mice, The decreased resistance to cold
stress in the irradiated lines over that of the control 1line
may be due to the amount of irreparable damage induced by
1500 rads of gamma-ray exposure, In other words, irreparable
damage in the irradiated lines might have been 10 to 15 per
cent of the total accumulated dose, while in the control 1line
it was only 5 per cent, However, since control line mice
were much more resistant to cold stress than mice of this
chronological age with a 1500-rad gamma-ray exposure would

be expected to be (4), these findings are inconclusive and

suggest further studies.
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TABLE 1. ABILITY OF THREE GENETIC LINES OF MICE TO TOLERATE
COLD STRESS FOLLOWING PROTRACTED GAMMA-RAY STRESS*

Conditioning Survival
Dose Age Number of
(rads gamma) (months) Mice Number Per Cent

Group I (Irradiated Line)

1500 7+ 0.5 48 35 72.9
Group II (Irradiated Sub-Line)

1500 7 + 0.5 50 37 74.0
Group III (Control Line)

1500 7+ 0.5 49 48 97.9

*A 90-day interval was allowed between gamma conditioning
dose and cold stress,
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Inability of the Mouse to Recognize Gamma Radiations. 1I,
Variable Low Dose Rate Studies in RF Mice (J. C. Hensley,
J., F, Spalding, W. F. Schwe:l.tzer,i and R, F., Archuleta)

INTRODUCTION

The recognition of ionizing radiations by mammalian
subjects has been reported by Andrews and Peterson (1).
These authors concluded that no recognition of X irradiation
is observed by mice when exposed to 10 r/min or less during
acute exposures, with questionable avoidance noted as rates
approached 50 r/min, and definite avoidance response as
rates increased. Their conclusions were based on visual
observation., Others have made visual observations of behav-
ioral disturbance reactions in radiation fields (2).

No application of accurate dosimetry to a study of the
recognition of radiations by individual subjects has been
reported. The dose rates used in this study are below those
of previous recognition studies to eliminate interference of
radioneurological disorder with selection of position in a

radiation field.

METHODS AND RESULTS

Thirty RF mice were selected randomly from a group of
3- to 4-month-old mice. Observation of mice this age indicates

maximal curiosity and activity.

*Fron LASL Group H-8,
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Individual AsPO3 glass rods were implanted aseptically
subcutaneously at the abdominal midline (1 cm posterior of
the xiphoid in each mouse). Identical AgPO3 rods were posi-
tioned as stationary dosimeters. Rods implanted were 6 mm
in length and 1 mm in diameter -- a convenient size for
implantation., Tolerance of these rods to tissue fluids and
excellent stability are recognized.

The range of dosimetry possible with these rods was from
10 to 105 r gamme, Exposure of significance causes formation
of stable fluorescent loci within the rods which, when ex-
cited by near ultraviolet light, produce illuminescence of a
wave length of 6400 1. Fluorescence is relative to the total
dose absorbed., A Turner Fluorimeter was used for analysis,

A 3-curie 0060

source was used for exposures (Fig. 1). The
mice were positioned 10 per cage in the cage-run assembly
shown in Fig. 1._ Food, water, and bedding were supplied at
these cage positions, Light sources were equidistant from
each cage position and of equal intensity, Ambient tem-
peratures were essentially equal at all points, The entire
assembly was positioned 18 in, above the floor and was leveled.
It was assumed that environmental clues as to direction from
the source were absent,

The position of the mice was noted at the same time each

day. Thirty-two observations were made where 90 per cent of
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the subjects were at a specific position in the cage-run
assembly. The dose rate at each position was also monitored
by Azpoa glass rods (Fig. 1). The total dose to each posi-
tion is indicated in Fig. 2. Cage positions I, II, and III
received total accumulated doses of 5702,76, 2105.32, and
900,.0 r, respectively, Dosimeter positions I through V
indicated dose rates ranging from 7.57 to 1.20 r/hr (Fig. 1)
during the 752-hour period.

The average accumulated dose received by implanted

dosimeters was 2628 x 103 rads, within the range of 2.3 x 10

to 2,8 x 103 rads, Figure 3 indicates the percentage of

3

animals receiving total absorbed doses indicated in the range
categories of 0,05 MAD variance, Note that distribution of
dose accumulation was decidedly toward the higher dose ranges,
indicating a tendency to spend a proportionately greater per-
centage of time during irradiation in the vicinity of the
Coeo source,

Figure 2 indicates the observed position of the mice,
Had the subjects actually spent time as observed in the
vicinity of the source, the average actual dose would have'
been 0,68 rad/mouse more than that derived from implanted

dosimeters, indicating that actual time spent in the vicinity

of the source was greater taan noted,
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DISCUSSION

Since there were no environmental clues to location of
the source in relation to the cage-run assembly, one must
conclude that low dose rate gamma radiations, regardless of
accunulated dose totals, do not evoke a recognition response
in mice. Since dose rates were sufficiently low to avoid
neurological disorder from exposure, and since actual expo-
sure was determined by individual dosineterg carried by the
mice, no alteration of recognition evaluation was observed
visually and no "exposure confusion" was manifested,

The average mouse dose rates, compared to those of
stationary dosimeters, contrarily indicated a tendency to
equilibrium between possible dose rate points, with a pos-
itive tendency toward positions closer to the source.

More extensive studies are planned involving extremes
in dose rates and total possible dose for determination of
recognition possible within exposure fields where inability
to recognize high dose rates will result in early mortality.
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CHAPTER 4

W COUNTING SECTION

Humco II: Status Report (P. N, Dean and E. C, Anderson)

Humco II has now been fully calibrated for measuring
Cl137 and potassium, The 03137 calibration was initially
done using water phantoms, When 03132 became available, it
was used with human subjects, CGsiunlaz is very useful for
this purpose in that it has a 6,2-day half-life and a gamma-

ray energy of 0,667 Mev (0,662 for 03137

). The potassium
calibration vai done using x42 with a half-life of 12,5 hours
and a gamma energy of 1,53 Mev (1.46 for K*o). The two cal-
ibration curves are shown in Figs. 1 and 2,

Humco I was removed in the fall of 1962, This alloied
the construction of a well such that there is now a single
room containing all equipment associated with Humco II and
used exclusively for whole-body counting. Figures 3 and 4

show the present arrangement of the room and equipment,

In January 1963, a failure of the high voltage supply

10556 1b
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Humco II instrumentation console,
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introduced an instability into the counter. It is believed
that this was due to an excessive voltage being applied to
the photomultiplier tubes by the high voltage supply, as it
broke down, Since this condition could permanently damage
the photomultipliers, steps have been taken to preveat its
recurrence, An electronic device has been constructed such
that if the high voltage ever changes (either plus or minus)
by more than a predetermined amount, the high voltage supply
will be turned off., Under present operating conditions, the
monitor is set to trigger on a change in high voltage of

+ 1 per cent.

A slight decrease in signal output of the photomultiplier-
scintillator combination led to the flushing of the scin-
tillator solution with argon, It is believed that since the
tank has a small diameter vent pipe to the atmosphere, oxygen
had entered the solutiom, thus causing a decrease in pulse
height from the scintillator. The counter had operated for
9 months without argon flushing. To prevent a recurrence of
this problem, it has been decided that 60 cubic feet of argon
will be bubbled through the scintillator once every 2 months
at the rate of 4 cubic feet per hour,

During the ti,o from April 1962 to June 1963, a total of
345 measurements were made of the gamma activity (both K‘o

1

and Cs 37) of human subjects using Humco II, This was a

. -148-
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random population sample consisting of visitors to the Health
Research Laboratory and residents of Los Alamos, A determina-
tion of potassium concentration versus age was made on these
subjects, Two previous studies of potassium concentration
versus age were made using Humco I and have been reported (1,
2), The present study was made to determine whether data
from Humco II would agree with that from Humco I. Figure 5
shows the results from all three studies. The plotted points
.are from the Humco Il study with an error of 1 standard devia-
tion of the mean (0, Vn, where o, is calculated from the ob-
served scatter of the data, and n is the number of determina-
tions), The somewhat larger scatter of the points is due to
the small sample size, the variation in a group of given age
and sex corresponding to an average o4 of 12 per cent --
similar to that previously observed,

The results for adult females agree within experimental
error with the previous curves, For adult males, there is a
tendency for the present data to lie several per cent above
the previous. The male peak at age 16 is about as in the
1959-1960 data., The peak at age 8 appears to be confirmed,
although the statistics are marginal, The primary value of
these data is to provide an independent operational confirma-
tion of the agreement of the average potassium calibrations

of Humco I and Humco II.

0
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Absolute Calibration of Whole-Body Gamma-Ray Spectrometer
for Potassium and Cesium!>’ (P. N. Dean and M. A, Van Dilla)

INTRODUCTION

Past work with the human gamma-ray spectrometer at this
Laboratory did not require absolute calibration for potassium
and C8137. When Humco II was put into operation, however,
careful absolute calibration was necessary, and we took advan-
tage of this opportunity to calibrate the spectrometer also.
The spectrometer facility consists of a 9-3/8 x 6~in., NaIl
crystal in a movable overhead mount in a steel room made of
7-in., thick steel (naval armor plate). The subject reclines
in a tilting chair made from a standard commercial lawn chair
following the Argonne design (Fig. 1). Potassiuméz and
08132 were used in the calibration; the results for a wide

range of subject weights for both counters are given below,

METHODS

The k¥2

calibration technique has been described else-
where (1), Cesiun;sz, obtained from the Japan Atomic Energy
Research Institute, was used because it has a short half-life
(6.53 days) and emits a gamma ray of energy 0,667 Mev (0,662

137). The cs132 decay scheme has been reported in

for Cs
detail (2). The isotope was administered intravenously. The

syringes were counted both before and after injection and

. -152-
bZ5



n,‘:’ ,
.
e

&
e 8
‘:.
S e
%

Fig. 1. The Los Alamos whole-body spectrometer.
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137

compared to a Cs standard, which yielded the equivalent

microcuries of 03137

given to the subjects, The first cal-
ibration experiment used 4 male subjects in the age range
of 28 to 42 years and weight range of 70 to 81 kg. These
subjects were counted at 2, 3, and 4 hours to determine the
mixing time for the isotope. All succeeding subjects were

then counted after a time interval such that the count rate

from the 05132

was not changing with time. An additional
8 male subjects and 6 female subjects were used in the age

range of 23 to 52 years and weight range of 44 to 89 kg.
RESULTS

Figure 2 shows the counting efficiency of the human spec-
trometer for potassium as a function of subject weight. The
plotted points are counts per minute per gram of potassium
versus body weight, Only the K*o full energy peak is used.
The solid 1line is a least squares computer fit to the data
points, The standard deviation of an individual point is
+ 5.1 per cent, so that the uncertainty in a given potassiunm
determination would be 5.1 per cent plus effect of counting
statistics and any other possible errors, Actually, count-
ing statistics do. not introduce the major error for adults,

Thus, for a -nlo (serial nunbor- the standard

deviation was 2,2 per cent for a 50-minute count of subject

-154-
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P

and background and 4.9 per cent for a 10-minute count, The
effect of subject weight is appreciable, being 35 per cent
over the weight range of 50 to 100 kg.

132

Figure 3 shows the results of the Cs calibration

experiment, The plotted points are counts per minute per

137

nanocurie of Cs versus body weight. Conversion of data

in terms of 03137 was made with a 03137

standard (Group J-1l1
vial la) supplied by the Radiochemistry Group of LASL, Only
the full energy peak above the continuum was used in comput-
ing count rate, The solid line is a least squares computer
fit to the data points, The standard deviation of a single
measurement 18 + 3.6 per cent, so that the uncertainty in a

137

given Cs deterrmination would be this number plus. the

effect of counting statistics and any other errors, For the

same subject mentioned above with a 03137

content of about
17 nanocuries, the error due to counting statistics and
estimation of the continuum was 6.4 per cent for a 50-minute
periocd. The effect of weight on counting efficiency is
considerably less than for potassium, being 11 per cent over
the weight range of 50 to 100 kg. Thus, the major error for
subjects with fallout 03137 in the 5- to 1l0-nanocurie range
is due to counting statistics, weight effects being less
important,

In comparing the two calibration results for the human
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spectrometer, the greater importance of counting statistics
in estimation of fallout Cs'37 was expected, but the smaller
weight dependence for this isotope was a surprise, No
explanation for this is apparent.

It is interesting to compare the calibration results
for the spectrometer and Humco II, One would expect the
latter to be less responsive to the weight and size of a
subject because it is essentially a 47 counter, but how much
less is hard to estimate a priori; The results for the two
counters are summarized in Table 1. Note that for the case
of potassium, the uncertainty due to weight for Humco II is
lower by a factor of 2,5, which is a significant advantage.
It is curious that the weight correction varies with weight
in a similar fashion for the two counters, suggesting that
geometry effects are similar and the variation 1s due to

self-absorption by the subject. For the case of Cs137

, the
uncertainty due to weight for Humco II is lower by a factor
of 1.2. This difference was expected but in this case is
not a very significant advantage,

Finally, one may ask how potassium results on the same
series of normal subjects measured in both counters compare,
Such data are presented in Table 2 and show that one gets
the same answer on the average, but that measurements on an

individual may differ by 10 to 15 per cent. The standard
deviation for this set of subjects is 4,8 per cent.

3631 -158-
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TABLE 1. CALIBRATION OF HUMCO II AND HUMAN SPECTROMETER AT

LASL
Humco 11 Spectrometer
Potassium
c/min per g K (70-kg man) 35.1 1,19
c/min Background 21,240 210
Standard Deviation (weight) +2.1% + 5.1 %
Weight correction (50-100 kg) 1.27 1.35
Cesiumlaz
c¢/min per nanocurie 03137 :
(70-kg man) 514 10.8
c/min Background 33,480 269
" Standard Deviation (weight) +2.9% + 3.6 %
Weight Correction (50-100 kg) 1.36 1.11

o
Lt
2
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TABLE 2, POTASSIUM ASSAY ON SAME SUBJECTS WITH HUMCO II AND
SPECTROMETER

g K (Humco II)
Weight
Subject (kg) g€ K (Spectrometer)

1,02

0. 997

0,964

1,01

1,13

0.995

0,979

0. 994

1,06

1.00

0. 903

0.978

1.03

0. 927

0. 974

1,03

Average 0,999

Standard Deviation 4,8 %
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(2)
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Evaluation of the Potalsiunﬁo Continuum Contribution to the

Coliun;SI Photopeak in a Sodium Iodide Crystal Spectrometer
(E. C. Anderson, P, N, Dean, and M. A, Van Dilla)

INTRODUCTION

In making a quantitative calculation o the CS137

body
burden of a subject from the measured gamma-ray spectrum, it
is necessary to correct for the counting rate from the

scattered gamma rays of K0,  This correction can be evaluated

from the shape of the K4°

spectrum and the potassium content,
if the latter is known., Dr. C. E. Miller of the Argonne
National Laboratory has pointed out (1) that while the ratio
of the potassium photopeak to the potassium continuum varies
with subject weight, the shape of the continuum itself is
nearly independent of weight. He has proposed, therefore,
that one can determine the potassium correction in the absence
of x42 determinations of spectral shape by making use of the
conétancy of the ratio ot_the potassium count in the energy
band 525 to 725 kev (spanning the Csl37 photopeak) to that

in the energy band 775 to 1275 kev, the latter being a region

of the potassium continuum lying above the 05137

photopeak
and below the K4° photopeak. He reports a value of 0,52 for
this ratio for several subjects, Dr, C. J. Maletskos of the
Massachusetts Institute of Technology (2) has also studied

this method and has found a ratio of 0.49 and 0.53 for

-162-
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2 subjects -~ in good agreement with Miller's value, Having

recently completed a K42

calibration of our 9 x 6-in, crystal
spectrometer, we had the opportunity to check this ratio as

a function of weight for 27 subjects,

METHODS AND RESULTS

A group of 22 male and 5 female subjects were given K42

intravenously as part of a calibration program to determine
the absolute efficiencies of the LASL low-level gamma
counters (3)., Gamma-ray spectra were measured before and
after administration of the tracer, and net spectra due to
K42 alone were calculated at 5 hours, at which time no
further changes due to mixing within the body could be de-

tected. The ratio of counting rate in the C3137

channel
(525 to 725 kev) to that in the hizher energy potassium con-
tinuum (775 to 1275 kev) was calculated, and the results are
shown in Table 1 and in Fig, 1. The average values, 0,536
for men and 0.483 for women, are close to the previously
reported values,

A least squares linear regression line was fitted to

the data with the result that,
R = (0.447 + 0.026) + (0.00112 + 0.00036) W,

where R is the ratio, and W is the subject's weight (in kg).

1055030 ~163-



42 5285 -~ 752 kev
TABLE 1, POTASSIUM RATIO

775 - 1275 kev

Weight
Subject (kg) Ratio

MALES:

Average 0,536
FEIALES°

0.461
0.519
0.456
0.519
0.513

0.528
0.483
0.532
0.530
0.510
0.562
0.514
0.579
0. 505
0.481
0.514
0.3533
0.523
0.554
0.562
0.552
0.536
0.488
0.562
0.584
0.514
0.59%4

Average 0,483
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The standard deviation of the individual points about the
computed line is 0.031, or 5,9 per cent of the mean value
of R (0.526)., If no dependence on weight 1s assumed, the
standard deviation about the average value of R is 6,8 per
cent, It is apparent that the weight dependence is indeed
small, the standard deviation being reduced by only 13 per
cent when correction for weight is made, However, the ran-

dom variance is rather large,

DISCUSSION

The utility of this method depends on the magnitude of

137

the Cs error introduced by the uncertainty of the ratio,

40

The counting efficiency of K in the 525- to 725-Mev band

is 1.24 ¢/min per gram for a 70-kg subject with our crystal.
With a body content of 140 g (average adult male), this
corresponds to 174 c/min., 1If this quantity were predicted
by using the ratio R, the 6 per cent uncertainty in the
latter would produce a + 10 c/min error in the former, The

137

Cs efficiency in this energy band is 13.3 c¢/min per nano-

curie; therefore, this error corresponds to an 0.8 nanocurie

137

error (lc) in the Cs burden. If the body burden were

7 nanocuries (about the present average), this error is
11 per cent.
Since the standard deviation of the frequency distribu-

137

tion of Cs in the population is about 30 per cent (4),

-166-
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an error of 11 per cent on individual subjects is negligible
in studies in which large numbers of persons are measured to
determine the population average, Also for repeated measure-
ments of the same individuals to determine temporal changes,
R will presumably not change and a consistent error will not
affect the evaluation of the relative changes with time. It
. would seem, therefore, that this method of correction for
potassium would be useful in those cases in which complete

computer analyses of the spectra are not possible.
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Computer Programs for Analyzing Data (P. N. Dean)

INTRODUCTION

Several computer programs have been written to aid in
analyzing data. This was done in an effort to make data
analysis faster, more accurate, and more economical, All
programs were written in FORTRAN 1I for use with the IBM
7090 of the Los Alamos Scientific Laboratory's Computing
Center, The Center operates the compaters under what is
called the Monitor System, One merely delivers his program
and data cards to the Center, which then runs batches of
problems on the computer several times during the day. Under
this system, the time delay between delivering a problem to
the Computing Center and receiving the output (printed sheets,

film, cards) is about 2 to 3 hours,

METHODS AND RESULTS

Program Number 1 (HAV-8)

This program is the eighth version of the Humco AV-
erage program. This version was written to investigate
optimuam counting times for maximum statistical accuracy using
Humco II. The program uses the standard Humco Il data card

with 6 counting channels, To generate the test data, the

counter is operated continuously, punching a data card at

1055b4 | -168-
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predetermined intervals of 10 to 500 seconds, The program
reads in all data cards and divides them into groups of
arbitrary size (for example, 4). It averages these 4 cards
for each channel and gives the average count rate in each
channel with the observed standard deviation from the group
mean, It then separates the averages into sets of 4 and
averages them, effectively multiplying the counting time by
a factor of 4. It continues this operation until fewer than
4 averages remain, An example is shown in Table 1, which
shows the analysis of the background stability of Humco 1I.
This problem arose in attempting to determine the optimum
counting time to obtain the maximum precision in repeated
measurements of the total potassium in an individual., The
analysis shows that the precision of a single determination
is limited to about 0.7 per cent by background fluctuations
with the optimum counting time of 30 minutes,

Program Number 2 (SUM-1 and SUM-2)

These two programs are the same except for input card
format., One is written for Humco II data cards, and one is
written for LASAC III data cards, These programs are simply
data manipulating programs, designed to give the experimenter
a preliminary look at his data in a convenient form before

any attempt at data analysis with other programs, They read

& 2
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in the data cards, subtract backgrounds from subject and
standard data cards, and list the results in a table with
headings. An example is shown in Table 2, The program can
also be instructed to sum any combination of the data chan-

nels and to print this result also.

P{ggram Number 3 (PBR-2 and PBR-3)

As with the SUM programs, these differ only in the in-
put data card format, These programs compute per cent
biological retention as well as effective retention, They
subtract backgrounds from standard and subject data cards,
correct subject count rates for changes in counter efficiency
by comparing the standard count rates on the initial day of
the experiment with count rates on any successive day corrected
for decay (ratio), and compute per cent biological retention

(PBR),

(s/M),

PBR = ,
(/4

where S is the subject's count rate, A is the standard count
rate, o is the initial day of the experiment, and n is any
day after beginning the experiment. An example of the out-
put of this program is shown in Table 3.
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Program Number 4 (RTW-2)

This is a program similar to the PBR programs and com-
putes retention, elapsed time, and a weighting factor based
on counting statistics. It is, however, written for use in
multiple tracer studies (in this case, 2), Also, it does
not compute per cent biological retention, only effective
retention. An example of a2 multiple tracer experiment using

95 65

zr”° and Zn°’ is shown in Table 4.

Program Number 5 (MWt-1)

This is a program written to compute the molecular
weight of the DNA molecule using data from the analytical
ultracentrifuge. The method of computation is discussed

thoroughly in another part of this report.

P@ggran Number 6 (IQ-2)

This program is writtem to compute isotope quantity,
It is a quantitative program written to be used in resolving
complex gamma spectra as measured with a multichannel pulse
height analyzer, It works as follows, A "library" contain-
ing accurate spectra of each component of the sample is

required, A series of "i" equations is then generated:

Yi ~ ] ad Eij’
1055h T -174-
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where Yi is the count rate in channel i, aJ is the fraction
of isotope jJ present in the sample, and Eij is the count
rate in channel i from a known amount of isotope Jj.

The program solves for the aJ using the least squares
technique, An example of the output listing of the progranm
is shown in Table S. Also available in a printed form are
the input data, consisting of library spectra and sample
spectrum, the computed spectrum, and the residual spectrum,
The output data are also available plotted on 35-mm film,
Figure 1 shows an actual plot by the computer of the sample
spectrum as measured and as computed, Figure 2 shows the
residual spectrum, which should show an average of zero and
no pronounced peaks to indicate an accurate analysis,

An additional program is now being written which will
be used to analyze complex gamma-ray spectra when the compo-

nents of the spectra are not known.

Q =176~
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Cesiunl3? Body Burdens of Control Subjects (E. C. Anderson
and A, E, Hargett)

INTRODUCTION

Measurements on a group of control subjects previously
reported (1) have been continued into 1963 and show a second
sharp rise in the 03137 levels beginning in November 1962,

METHODS AND RESULTS

Monthly averages for two control groups are given in
Table 1 for the period January 1962 through March 1983. The
sonthly controls are a group of 59 subjects measured once a
month; on the average, 53 of these subjects are available in

& given month, The other group consists of 12 subjects meas-~

ured weekly, Entries marked with an asterisk are measurements

made with Humco I (January through May 1962); the remainder
are Humco II measurements (April 1962 through May 1963). The
calibration of the new counter is 0.87 that of the original
and is believed to be more reliable since it is based on more
extensive in vivo calibrations, 1In Fig., 1, the new data on
monthly controls are compared with previous results (1),
which are multiplied by 0.87 to normalize them to the new

calibration.

10556353 ~180~
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TABLE 1.

CESIUM

137

BURDENS OF NEW MEXICO SUBJECTS

Monthly Controls

Weekly Controls

Number of Average c-137 Number of Average Cs137
Month  Subjects (pc/g K) Measureaents (pc/g K)
1962
January 56 47.7 + 1.4" 32 47.1 + 1.7°
February 55 44.9 + 1.8 21 41.4 + 1.6"
March 55 42,6 + 1.5" 23 41,3 + 2.1°
April 58 46.5 + 1.8" 18 39,3 + 1.6"

46 38.8 'f_ 1.5 6 39,6 :{ 2.4
May 58 45.5 + 1.3" 28 45,3 + 1.2"
- 10 41.0 ¥ 2.1

June 56 39.2 + 1.0 45 39.7 + 1.1
July 54 40.6 + 1,2 83 40.4 i_0.8
August 52 40.5 + 1.4 61 36.6 + 0.8
September 59 40.0 + 1.0 19 38.5 + 1.4
October 57 42,2 + 1.2 19 43.4 + 2.7
November 49 47.4 + 1.8 14 54.3 + 5.3
1963
January 57 49.1 + 1.5 28 52,7 + 2.1
February 51 51.2 + 1.7 22 53.4 + 2,5
March 52 59.8 + 2.4 22 61,0 + 3.2
April 47 65.7 + 2.6 26 64.0 + 2.7
May 45 66.3 + 2.7 32 63.8 + 2.2

‘Hunco I data; remainder

1055b5Y

are Humco 1I measurements,
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Fig. 1. Cesiu1137 concentrations in New Mexico subjects.
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DISCUSSION

In 1962 as in 1961, there was a sharp increase ol 03137
beginning in the fall of the year., However, in 1963 the
rise continued and by April the levels approached the highest
values previously observed at the beginning of 18960. There

was little or no increase in May.

REFERENCE

(1) E., C. Anderson and A, E. Hargett, Los Alamos Scieantific
Laboratory Report LAMS-~2780 (1962), pp. 139-143.
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Retention of Celiu3137

Fulwyler)

by Adults (M, A, Van Dilla and M, J.

INTRODUCTION

In October 1962, an accident at The Lovelace Foundation

resulted in a Cs137

inhalation exposure to several laboratory
workers, Maximum body burdens of a few tenths of a micro-
curie were incurred; therefore, no health hazard was involved.
However, it seemed useful to follow the retention of C3137
in these subjects, since data on humans are scarce, especially
via the inhalation route., When possible, the subjects were
measured in both Humco II and the human spectrometer to aid

the intercalibration of these two quite different instruments,

METHODS AND RESULTS

The subjects were measured for 5 to 10 minutes in the
spectrometer and for 3-1/3 minutes in Humco II, The results
are summarized in Fig. 1 for 3 subjects with the highest csl37
burdens and who were available for counting in the months
following exposure. Note that initially there was a rise in
body burden, presumably due to incomplete cleanup of the
area after the accident and re-exposure to c=137. However,

subsequently the body burden fell, both counters giving very
similar results., The indication at the present writing is

7 -184-
“
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that the material is being released from the body exponen-
tially with a biological half-life of about 140 days, in
agreement with earlier work of Richmond (1).

(1) C. R. Richmond, J., E. Furchner, and W, H. Langham,
Health Phys. 8, 201 (1962).
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Metabolism of Radioiodine in Children and Adults Using Small
(Nanocurie) Doses (M. A, Van Dilla and M., J. Fulwyler)

INTRODUCTION

To estimate properly the dose to the human thyroid
resulting from ingestion of radioiodine, it is necessary to
know the retention of iodine by the thyroid as a function
of time, In the case of children, there is a scarcity of
such data., Recently it has been shown possible to measure

much less than 1 nanocurie of fallout 1131

in people (1,2).
These facts have prompted the present experiments to accu-
mulate radioiodine metabolism data for children using doses
in the 10-nanocurie range,

One of the problems encountered in measuring thyroid
radioiodine is the uncertainty of thyroid depth in neck
tissue, This uncertainty can lead to error due to unknown
attenuation of radiation by overlying tissue and unknown
thyroid-to-detector geometry, VWork at very low levels re-
quires the detector close to the thyroid, increasing geom-
etry error, We have attempted to correct for these errors

25 and 1131) described below,

using a double-tracer method (I1
Preliminary results on adults and children are given; so
far, no differences in uptake or biological half-1life have

been observed,

1035bb0 -187-
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METHODS

The method uses a aixture of two iodine isotopes: I125

(60-day half-1ife, 27-kev X rays) and I1'31 (g-day halz-1ife,
364-kev gamma rays). This mixture constitutes a tracer with
two abundant photon yields (27 and 364 kev) widely separated
in energy. Because of this energy separation, these photons
have very different attenuation (i,e,, half-thicknesses of
2.2 and 6.3 ca of water, resﬁectivoly); the relative attenua-
tion gives a measure of thyroid depth, To establish this
relationship, a polystyrene neck mockup similar to the Oak
Ridge Institute of Nuclear Studies standard (3) and shown in
Fig. 1 was constructed, Overlying tissue was simulated by
layers of lean beefsteak pressed to uniform thickness and
frozen to the contour of the neck mockup., These uniform
"tissue" layers were added to obtain a relationship between
X/r’ and thickness of overlying tissue, and the correspond-
ing cogrection factor, The results are given in Figs, 2

and 3, from which can be determined both depth and the factor
needed to‘corroct the observed count rate to zero overlying

tissue,

*More precisely, the ratio of photopeak areas for a source
containing equal activities of 1125 and 1131, If unequal
activities are employed in a given experiment, correct the
observed X-ray photopeak area by the factor 1 - (k - 1)
(0.0350), where k = the ratio of 1131 activity to 1125
activity administered.

10550b | -188-
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Fig. 1.

Polystyrene neck mockup.
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The detector chosen was an 8 x 4-in, NalX crystal (with
a 0,003-in, entry window to ninini;e attenuation of the soft
X rays) mounted in a steel room as a whole-body spectrometer,
To account for room and subject (non-thyroid) background, a
thyroid eclipsing lead shield, as described by Brucer (3),
is used. The shield is placed between the crystal and the
subject's neck, eclipsing the thyroid area from view of the
crystal (Fig. 4). The dimensions are 4 x 4 x 1/2 in. for
adults and 3 x 3 x 1/2 in, for children,

The subject reclines in a tilting chair so that the
head is tipped back fully exposing the thyroid area, During
the thyroid count, neck-to-crystal distance is maintained
constant by & Lucite spacer rod 3-1/4 in. long fixed to the
center of the crystal (Fig. 3). The crystal is positioned
s0 that the spacer rod lightly touches the subject's neck.
Counting children in the age group of 4 to 9 years is com-
plicated by the need to keep them still during the 15-minute
count, To attract and to hold their attention, a small Sony
television set is mounted above the crystal in such a way
that g&od viewing requires that the head be kept in the
desired position (Fig. 6). This has proven very successful,
although occasionally it is difficult to remove the child
during a purticuiarly fascinating cartoon, VWith this

arrangement, considerably longer counting times appear to

-192-
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4.

Subject in tilting chair during background count
(with lead shield).
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Fig. 6.

Subject in tilting chair viewing television,
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be entirely feasible. During the measurement, an adult re-
mains in the steel room shielded from the crystal by a steel
partition, With the aid of a mirror, he is able to see the
Lucite spacer rod lightly touching the child's neck, 1If
the child moves, a reminder to sit still and to watch the

T. V. is usually adequate,

EXPERIMENTAL RESULTS

An experiment on a group of 6 normal adults preceded
the experiment on children. The 1131 dose administered was
17.3 nanocuries., Difficulties were encountered with the

125 solution and hence this dose is not cer-

carrier-free I
tain; 6.2 nanocuries is the best estimate, Unfortunately,
this makes the X/y ratios of little value, and an uptake
correction cannot be derived from the data. However, the
biological halt-nv’t determined from the two isotopes are
valid and should agree, This was found to be the case,

The remltl are summarized in Table 1, It is to be noted
that thes. subjocts ‘all have similar (except . and normal
upta.‘e-, vhilc the biological half-times vary considerably.
Accord!.agto Lushbaugh et al, (4), the normal biological half-
time is about 90 days, so that the values for sub:joct:. and
.are larger than normal, while the value for subject. is
quite small, It is interesting that subject .ha a
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TABLE 1, RADIOIODINE METABOLISM IN SIX ADULTS

Uptake at TBio Ef?
Sub- Age Weight Height 7 Days*
Ject (yrs) Sex  (kg) (cm) (per cent) (days) (days)

X 29 107 7.51
" 23 ™ 8.07
M 23 > 200 7.76
M 22 75 7.30
M 26 98 7.46
¥ 15 27 6.22

‘Assumes 1.5 cm overlying tissue,

1655610 -197-
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history of low BMR, which is consistent with his relatively
low uptake and short biological half-time,

Having obtained reasonable results with adults, only
the quantitative difficulty with the I'2% stood in the way
of extending the experiments to children. This problem was
solved by adding 0.5 ug NaIl carrier to each dose and then
measuring the dose actually ingested by each child, Eight
childrea, ranging in age from 4 to 10 years, each received

5 131 ra1l

a nominal 11 nanocuries I12 and 15 nanocuries I
dose, and 15-minute measurements (10 minutes with no shield
and 5 minutes with lead shield) began the following day.

It is planned to count 3 times weekly for 6 weeks, and then

at less frequent intervals until the 112>

peak dies away,

At the present writing (June 6, 1963), we have about 2 weeks
of data processed and summarized in Table 2, Note that up-
takes are very similar to those for the adults. Thickness
of overlying tissue is small in all cases, resulting in

similar correction factors, Indications are that biological

half-lives will be long compared to the 8-day physical half-

1ife, and perhaps similar to adults. Thus far, no dif-
ferences in radioiodine metabolism have been observed

between children and adults,

-198~
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TABLE 2. RADIOIODINE METABOLISM IN EIGHT CHILDREN

Overlying
Tissue Correc- Uptake
Sub- Age Weight Height Thickness tion at 7 Days
Ject (yrs) Sex (kg) (cm) (cm) Factor (per cent)
SRR |

r G @R 0.45 0,92 22

x @9 U 0.50  0.91 23

r R - 0.82  0.86 27

r G GER o7 o.ss 21

u R @B osx o 18

r o ol 0.75  0.87 19

x @ @ o.s0 o.86 9.5

¥ I U o5 o9 11

]
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(3)
_ port ORINS-19 (June 1050},

(4)
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Effect of Ashing Temperature on Cesium and Potassium Content
of Bone (M. A. Van Dilla, M. W, Rowe, and M. J. Fulwyler)

INTRODUCTION

In the summer of 1961, several hundred human bone ash
samples were sent to this Laboratory by J. L. Kulp of the
Lamont Geological Observatory, Columbia University. Each
sample represented the total skeleton of cadavers obtained
in 1953-1959 in the New York City area, A fraction of each

9% as part of a world-wide progran

sample was measured for Sr
on the distribution of Sr90 from fallout., Some were also
analyzed for radium, Since Dr, Kulp's group had dropped out
of this program and the samples were of considerable potential
value for measurement of natural and fallout radiocactivity
and trace elements, they were transferred to this Laboratory.
According to Dr. Kulp, ashing took place at 600 to 900° C,
with no record for the individual samples; care was taken to

avoid any contamination, and soft tissue was removed prior

to the skeletal ashing process,

METHODS

Several of the samples were assayed for potassium and

05137 using a 7-1/2 x 4-in. Nal gamma-ray spectrometer, The

potassium results were of the right order of magnitude for

137

bone, but the Cs results seemed much lower than expected.
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We suspected that the ashing temperatures might be driving

137

off appreciable Cs and perhaps potassium too., Luckily,

several long bones (2 femurs, 2 fibulas, and 2 tibias) from

137

a beagle fed Cs chronically were available, These bones

were chilled in liquid nitrogen, shattered into small frag-
ments, mixed, and divided into 4 equal fractions, Each was

assayed for C3137

content, and then successive samples were
ashed overnight in a muffle furnace at 600, 700, 800, and
900° C and finally remeasured. Theé results are shown in
Fig. 1 and make clear that muffling must be done at lower
temperatures than were used on the human skeletal samples

to avoid loas of 03137.

It was not possible to detect natural potassium in
these small bone samples; therefore, a much larger sample

of locally purchased beef bone was measured. The gamma-ray

140/

spectrum showed the presence of 12,8-day Ba La14° from

fallout; this was fortunate, since it eliminated the need

for mockups to calibrate the K4°. That 1s, both barium and

lanthanum are refractory (melting points 725 and 826° C,
respectively, which are similar to the melting points of
calcium and strontium) and so will be unaffected by the ash-

ing procedure, Thus, the ratio of the 1,46-kev x4° gamma-

140

ray peak to the 1,60-Mev La peak before and after ashing

(corrected for radioactive decay) is the fraction of

Pl
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potassium still in the sample after ashing. It was found
that about 70 per cent of the potassium remained after over-
night muffling at 600° C. At 900° C, only 56 per cent was
left in the sanple.* Thus, it is concluded that the Lamont
human skeletal ash samples are of no value for determining

the fallout 03137

or natural potassium content of the human
skeleton; however, natural radium and thorium contents will
be unaffected by the relatively high muffling temperatures
used and these data would be valuable, Some radium measure-
ments on these samples have already been iade by Kulp's
group using the radon emsnation method, but no thorium meas-

urements whatsoever have been made. V¥e plan to make such

measurements using a gamma-ray coincidence spectrometer.

*This measurement 23. -! a few months later, when there
was too 1little Bal40/12140 to be useful. A more complicated
mockup procedure was used,
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Thermoluminescent Dosimetry with Activated Lithium Fluoride
(P, N, Dean and J. H. Larkins)

INTRODUCTION

In October 1962, work was begun on the development of
a thermoluminescent dosimeter, Two types of this material
have been studied: A1203 and LiF., The material selected
for our application was LiF powder, primarily because of its
tissue-equivalence and ease in handling, A device has been
constructed to heat the powder and to measure the amount of

emitted light, The normal operating rangc of the instrument

~1s 100 mrads to 50 rads, It can be extended at the upper

i}

end to 20,000 rads with minor changes. Dosimeter size is
normally 100 mg of powder, contained in polyethylene tubing
(1/16 in., in diameter by 1-1/2 in. in length).

METHODS AND RESULTS

The use of thermoluminescent materials to measure ab-
sorbed dose of ionizing radiations has been fairly extensively
covered in the literature (1-6). Thermoluminescence is the
emission of light by a substance upon being heated after
previously being exposed to ionizing radiation., The amount
of 1light emitted depends on the type of material used and
the total amount of energy absorbed from the ionizing radia-

tion. For a particular material, the amount of light emitted

vy
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is proportional to the rad dose absorbed, There are two
methods of determining the dose absorbed by the powder,

When the irradiated powder is heated, the light intensity is
a function of temperature., A plot of intensity versus tem-
perature, called the 'glow curve," is shown in Fig, 1 for
Car2:3.0$ Mn (5). Either the peak height (maximum intensity)
or the total area under the curve (total light emitted) can
be used as a measure of dose, As to be expected, the total
light emitted is the more accurate indication of dose. The
peak method depends too strongly on reproducible heating
cycles,

Two types of thermoluminescent materials have been used
here: Al,0, and LiF., The A1,0,5, obtained from Controls for
Radiation, Inc,, was used first primarily to study the tech-
niques involved in heating the powder and measuring the
amount of emitted light, It was never seriously considered
as the operating dﬁsineter because of its rather large
energy-dependence and a number of low energy traps, The
low ?nergy traps result in a loss of stored energy at room
temperature and slightly higher., The ideal material would -
have doog, stable traps. Figure 2 shows the ''glow curve"
from natural A}zos.

The material selected for routine use at this Lab-

oratory was activated powdered LiF crystals obtained from

10555 19 ~206-
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the Harshaw Chemical Company. There are two important rea-
sons for the selection of LiF. First, the LiF powder can be
heated in air without changing its thermoluminescent prop-
erties, Consequently, it can be re-used. Since the powder
can be used in air, it can be put into any desired container
for exposure, Second, it is near tissue-equivalence, making
it very useful in depth-dose studies. Its response is essen-
tially independent of energy down to about 100 kev, At 40 kev,
its response is 40 per cent above the value at higher energies.
It has been reported recently that a shield of stainless steel
containing 70 per cent holes will make the dosimeter responsc
independent of energy down to 30 kev.

The reader presently in use is the third one built (Fig. 3).
It consists basically of a stainless steel planchet for heat-
ing the powder and a photomultiplier for measuring the amount
of emitted 1light, Figure 4 is a cross section of the reader,
The reading procedure is as follows. The exposed powder is
weighed and then placed in a stainless steel planchet. The
temperature of the planchet is raised rapidly to about 200° C
by flowing 160 amperes of current through it for 6 secon&s.
The temperature reached at this time is then maintained by
reducing the current to 40 amperes for a total readout time
of 30 seconds, This heating cycle has been found to re-
lease about 99 per cent of the stored energy with one heat-

ing. Figure 5a shows the light emitted by the planchet

-209-
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PHOTOMULTIPLIER CURRENT (10 AMP)

&

W«

4 T T I
I -
2 — .

DARK CURRENT

| - “/ -
ee——— ] :

{ 1 D
o s 10 IS 20
TIME (SEC)
T T T T
- ~
DARK CURRENT _
8 10 13 20 25
TIME (SEC)

Fig. 5. (a) Light emitted by stainless steel planchet upon

being heated plus dark curreant of photomultiplier.
(b) Light emitted by unexposed LiF powder upon
being heated plus dark current of photomultiplier.
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alone when it is heated (black body or thermal radiation).
This is one part of the "background"” of a reading, These
graphs are obtained by recording the photomultiplier current
during the heating cycle., Thus, the abscissa is in time
units and does not correspond to temperature of the powder,
The powder reaches maximum temperature in slightly more than
6 seconds. The dark current of the photomultiplier is
indicated on the graph. Fiéure Sb shows the light emitted
by unexposed LiF powder upon being heated with our standard
heating cycle. As for Fig. S5a, this light is due to thermal
radiation from the powder, A filter has been placed between
the powder and the photomultiplier to reduce the amount of
this light that is seen by the photomultiplier. The amount
that does get through is equivalent to about 50 mrads dose.
These two graphs also show why we selected the above de-
scribed heating cycle. At the end of the heating cycle,

the intensity of light emitted is essentially constant,
Thus, small errors in timing cause only negligible errors

in amount of ;1ght released, For a 10-rad sample, an error
of 1 second in the timing cycle would cause an error in the
reading of the dose of less than 0.2 per cent, Some readers
are designed with a constant heating rate such that the tem-
perature is steadily increasing, In this case, the light
intensity is constantly changing with time and the control

-213-
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of the timing cycle and the heating currents is much more

critical,

The energy stored in LiF due to exposure to ionizing
radiation exhibits a phenomenon known as '"fading." This means
that some of the energy is released at room temperature.
This is generally an effect with a long time constant, It
is due to the presence of an intermediate depth trap in the
LiF., Figure 6a shows the thermoluminescence of a LiF sample
exposed to 250 KVP X rays and read 1 hour later, The peak
indicated is due to the intermediate trap. It is released
at a somewhat lower temperature (100° C) than the deep trap
(250° C). Figure 6b (at 24 hours after exposure) shows the
disappearance of the peak, Figure 72 shows a study of this
effect. To remove the fading so that corrections would not
have to be applied to a reading depending on how long after
exposure a sample was read, the powder was first heated to
110° C. Figure 7b shows the results. The sample was baked
at 110° C for 7 minutes, 1-1/2 hours after being exposed to
10 rads of X rays. The fading effect has been essentially
rerved. This causes a decrease in total light emitted by
the sample of about 5 per cent, which is completely accept-
able,

A linifed investigation was made to determine the min-
imum dose that could be reliably detected, Due to the rather

large integrated '"background” current from thermal radiation

-214-
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multiplier, exposed to 10 rads of X rays versus
time of reading after exposure, (b) Thermolumines-
cence of LiF heated to 110° C for 7 minutes, 1-1/2
hours after exposure to 10 rads ofr X rays,
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of the powder, low doses have to be read by using the
recorder., Figure 8a shows the technique, The dashed curve
is from powder that has been baked at 300° C for 1 hour to
remove all energy stored in the powder. The solid line is
the photomultiplier current profile from a sample that was
exposed to 20 mrads of 250 KVP X rays. With this powder,
the 20-mrad dose roughly doubles the integrated current,
Based on fluctuations in the background of the powder due to
uneven spreading of the powder in the planchet (3 per cent
effect) and differences in resistivity of the planchets, it
is felt that the lower limit of usefulness of this device is
10 mrads, The accuracy of a measurement of 10 mrads is
roughly i.so per cent, By paying careful attention to selec-
tion of planchets and handling of the powder, this acchracy
can be improved,

An additional difficulty in measuring low doses was
discovered. Lithium fluoride was found to be sensitive to
light (incandescent, fluorescent, and especially ultra-
violet), Figure 8b shows the effect of exposing a sample
of 100 mg of LiF to normal room light for 3D minutes. The
dashed line is from a sample that was baked at 300° C and
then read without being exposed to light., The curves are
plotted on an éxpanded scale, the difference being equivalent
to about 25 mrads. Consequently, to measure doses less than

50 mrads, the powder should be baked at 300° C and immediately

-217-
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Fig. 8. (a) Thermoluminescence of 100 mg of LiF powder
exposed to 20 mrads of X rays. (b) Thermolumines-
cence of 100 mg of LiF exposed to bright light for
30 minutes,
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placed in light-tight containers for exposure (e,g., black
polyethylene tubing).

The normal operating range of_the present 1nstruhent is
100 mrads to 50 rads, ﬁsing 100-mg samples, This is with
750 volts on the photomultiplier, The range can be extended
upward in two ways, One is to reduce the size of the sample.
The minimum size is limited only by accuracy of weighing and
losses in handling the powder, This is generally about
10 mg, extending the range to 500 rads. Another way to
extend the range is to reduce the voltage on the photo-
multiplier and consequently its sensitivity. Table 1 shows
the effect of reducing the voltage, extending the range at
S00 volts to 2000 rads.

Constancy of calibration of the detector is checked in
the following manner. A plutonium source was mixed with ZnS
and encapsulated into a disc 1 in, in diameter, The source
gives 26,000 c/min, The disc is placed on the planchet
holder and the photomultiplier put into position, After
waiting S5 minutes for fluorescence of the ZnS from room
light to die out, the current from the photomultiplier due
to radiation-induced fluorescence of the ZnS by the plutonium
is measured. This is constant with time and allows for correc-
tion of drifts in absolute sensitivity of the detector.

The response of the LiF detector was checked against

Victoreen ionization chambers, A set of 24 100-mg samples

10556972 -219-
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TABLE 1. SENSITIVITY OF READER VERSUS PHOTOMULTIPLIER HIGH

: VOLTAGE

i

4

| High Voltage Sensitivity

(volts) ] (rads/ucoul-mg)

730 0.0476
700 0.0857
650 0.164
600 0.339
550 0.715
300 1.64
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was exposed to the 100-curie Coso

source at the Bilomedical
Research Group's radiation exposure facility (TA-51). They
were placed at 8 positions 20 to 500 cm from the source,
with a dose rate range of 0,08 to 54 r/min, Figure 9 shows
the dose rate (in r/min) versus distance from the source
(in cm). The agreement between the ionization chambers and
the LiF is quite good. The.curvo deviates from 1/r2 depen-
dence at distances beyond 400 cm because of the presence of

a2 wall at 600 cm which causes considerable backscatter of

the gamma radiation,

DISCUSSION

Thermoluminescent dosimetry with LiF is a very promising
technique for use in radiobiology and in health physics
applications. The reader described in this report was de-
signed to have a useful operating range of 100 mrads to
2000 rads, The dosimeter is essentially energy-independent
and has a proportional response to ioniziné radiation, En-
closed in polyethylene tubing and being itself tissue-
equivalent, the dosimeter would appear to be ideal for depth-
dose studies and as a personal dosimeter for animals in
group studies, Its size 1s small and any shape is possible,
There are no electrical leads to bring out. There is no
perturbation of the radiation field due to other parts of

the dosimeter, as in the case of the condenser ion chamber.
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CHAPTER 5

CLINICAL INVESTIGATIONS SECTION

Progress in the Establishment of Karyographic Methods as a
Tool in Radiopathology (G. L. Humason and P, C, Sanders)

INTRODUCTION

Although it has been well established by Bender et
al. (1-5) and by the British with irradiated spondylitis
cases (6-8) that ionizing radiation produces chromosomal
alterations in man and animals, information is lacking con-
cerning (a) the minimum amount of radiation exposure re-
quired to produce such damage permanently; (b) the ability
of man and other primates to free themselves of such genetic
damage; (c) the prognostic significance of such demonstrable
changes; and (d) the plausibility of using cytogenetic
changes as an index of radiation exposure, and of alphi and

proton radiation in particular.
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METHODS

with these objectives in mind, a2 reliable and simple
method for obtaining many metaphases for cytogenetic anal-
ysis and statistical correlation with radiation dosages
was developed (9) through modifications of techniques of
Moorhead et al, (10). This method worked well with the
peripheral blood of man, dog, rat, and chicken, but did not
produce particularly rich cultures of peripheral blood cells
from the Macaca. This difficulty seemed overcome best by
the addition of NCTC 109 to F-10 medium (6)., Adequate cul-
tures of monkey blood rich in metaphases were recently
obtained using as a culture medium 70 per cent NCTC 109,
10 per cent F-10 medium, 15 per cent fetal bovine serum,
and 5 per cent human cord serum, Phytohemagglutinin (0.1 ml)
was added to each 5.0 ml of this mixture, The following
technique, a further modification of the method of Humason
and Sanders (9) was found to increase the yield of cells

for cytogenetic analysis,

1., Spin 8.to 10 m1l of venous blood 15 minutes at
900 RPM. Draw off all plasma (8 to 10 ml of blood yields
about 2 to 3 ml plasma); the inclusion of some red cells
presents no difficulty in culturing. Plant in culture medium
10 to 15 drops of plasma to 5.0 ml of medium, Incubate at
37°.C for 72 hours,

055101 -228-
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2. Add colchicine (step 4).‘ Incubate 24 hours,

3. Spin down cells and wash with saline D (step 5).

4., Treat with warm water (step ) and incubate in
hypotonic condition at 37° C for 1-1/2 hours. Resuspend
cells once during this period.

5., Fix (step 8).

Because it is more difficult to spread monkey than human
metaphases, a method had to be devised to improve the spread-
ing obtained in the Humason and Sanders method in steps 9
and 10. The following method has proved successful,

6. After acetic acid-alcohol fixation, spin down, Dis-
card supernatant, Add 45 per cent acetic acid (aqueous) to
the cells, approximately 3 to 4 ml of fixative to O.,1 ml of
cells for 15 to 30 minutes.

7. Spin down. Discard supernatant and add enough fresh
45 per cent acetic acid to total approximately 3 times the
original volume of button of packed cells, Then with Pasteur
pipette, thoroughly resuspend cells so that all clumps, if
any, are broken, With the pipette, place 3 or 4 separate
drops of suspension on clean dry slides, cover with Petri
dish, and allow to air-dry. After standing about 15 minutes,
stir drops carefully with a clean dissecting needle to help

*Step numbers as given in Ref, 9.
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distribute the cells in the drops and to reduce their concen-
tration at the periphery,

After 10 to 15 minutes of air-drying, flame-drying can
be tried on some of the slides. Tip the slide to allow drops
to spread and flawe-dry as in step 10, This sometimes helps
to break up reluctant metaphases.

8. Stain according to the method of Puck (11).
" RESULTS

Chromosome analyses have been made using these methods
on 15 Macaca mulatta and 11 M, speciosa, Vell-spread meta-
phases were selected for photography, and two prints were
made, - One photograph was used for determining arm length
measurements using double sticky tape (Scotch brand) and
surgical silk according to the technique of Puck (11). The
other photograph was used to cut out individual chromosomes
for the orderly arrangement as an adjunct to classification,
The chromosomes were piired and the karyotypes completed frol
the resulting arm lengths and their ratios, along with visuel
ln;chinc. Patau's method (12) for plotting a karyogram by
using the short arm as the ordinate and the long arm as the
abscisss (Fig. 1) was found to be of considerable assistance
in matching ;n-borl of similar appearing pairs of chromosomes,

The complements of the two species (M. mulatta and M. speciosa)
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RELATIVE LONG ARM LENGTH (ARBITRARY UNITS)

Graph showing Patau's method of grouping chromosome
pairs applied to an analysis of Macaca blood.
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were found to be identical, agreeing well with those previously
determined by Rothfels and Siminovitch (13) for M. mulatta,
as shown in Table 1,

These technical studies of the cytogenetic characteristics
of normal primate blood were paralleled with karyographic anal-
yses of the cultured peripheral blood and skin of 4 normal per-
sons and 4 persons known to have been exposed previously to
inadvertent whole-body irradiation. These studies, some of
which are still in progress, were done in order to charncterizg
the nature and frequency of radiation-induced alterations of
human chromosomes under these tissue cultural and technological
conditions. In the next phase of this investigation, the blood
of monkeys exposed to accurately determined amounts of various
ionizing radiations will be studied at intervals and compared
with fho incidence of ;orsistent alterations in the chromosomal

cytology found in the blood of irradiated persons,
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TABLE 1, TYPICAL CYTOGENETIC ANALYSIS OF PERIPHERAL BLOOD
CELLS OF MACACA SPECIOSA

Average
. Chromosone Arm Ratio Per Cent of Total
Group Number (1/8) Complement Length

A - 1.51 8,43
B 2 1,96 7.687
3 2,05 7.18

4 1.92 6.01
C 5 1.33 6.39
D 6 2,41 5.70
7 2,63 5.53

X 8 1.72 4,96
E 9 1.20 4,27
10 1.05 4,23
F 11 1,99 4.50
12 2,49 4,56

13 2,53 4,87

14 3.04 4,13

G 15 3.81 4,27
16 3.49 3.59
H 17 2,31 2,78
I 18 ' 1,31 3.69
19 1.47 2.56

20 1.33 2,49

21 1,31 2,13

Y g * - _

®Reference 13.
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Electronic Measurement of Cellular Volumes, 1V, Determina-
tion of Scaling and Correction Factors for Conversion of
Voltage to Cubic Microns (C. C. Lushbaugh, D, B. Hale, and
N. J. Basmann)

INTRODUCTION

Electronic measurement of cellular volumes has numerous
potential applications in experimental and clinical hematol-
ogy (1-4). The usefulness of these applications is presently
limited by difficulties involved in accurate calibration of
the electronic apparatus and in the mathematical interpreta-
tions of the results, The translation of irequency distribu-
tion profiles of pulse height voltages into populations of
erythrocytes of varying volumes presents semantic difficulties
to hematologic microscopists. A particle volume analyzer
system assembled around an electronic particle counter* was
recently described which seemed to resolve many of these dif-
ficulties and to produce hematologically useful results (1,2),.
Since then, this apparatus has been improved by several
commercially available electronic units, 1In addition,'a more
accurate system of calibration has been developed which allows

correction for changes not only in aperture currents as

*Coulter Electronics, Miami, Florida,

10557108 235,
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previously described (1) but also for changes in aperture
diameter, amplifier gains, and pH of the conducting solution
used to suspend the cells, These determinations and the
resulting scaling factors show that a much wider range of
particles or cells can be sized with this device than pre-
viously envisioned., They also reveal that such an analyzer
system and its set of apertures must be individually cal-
ibrated if actual, rather than relative, erythrocyte volumes
are desired. The present paper reports a method for the
comprehensive calibration of such equipment and the develop-
ment of the various necessary scaling factors which are
needed to convert pulse height voltages into cubic microns
80 that measurement and distribution of cellular volumes
varying in size from bacteria to the largest Hela cells can
be determined,

DESCRIPTION OF THE APPARATUS

The particle volume analyzer system is composed of
9 pleces of equipment, as shown in Fig, 1. These are inter-
related electronically as previously diagrammed (1). The
basic units (Fig. 1, C and E) are the aperture tube and mer-
cury manometer chassis (C), where the pulses are generated
as the particles pass through the aperture (ApD) in the ap-

erture tube and are enumerated in the particle counter (E).

=236~
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This particle counter (Coulter Model A) was modified so that

the internal coarse control for amplifying pulses after they
were formed could be changed at will by turning an external
dial knob (g) through 6 positions, The internal fine gain
control was left fixed at 2,3 on its dial, since with this
setting changes in the coarse gain (g) were constant., The
Coulter thresrold knob (t) was kept at 10 in order to delete
counts due to small debris during the RBC counts used with
Hmct to determine MCV, Since the pulses from the Coulter
apparatus were obtained for pulse height analysis from the
cathode follower circuit (1), the position of the Coulter
threshold setting (t) does not limit the size of the pulses
(PHv) going to the pulse height analyzer unit (A). Dial a
of the Coulter counter enables the choice of 8 different
currents (ApC) through the sizing aperture (ApD), The 400-
channel analyzér (A) is divisible into four 100-channel units
with separate memories so that 4 analyses can be made sequen-
tially before printing out results, Correction for analyzer
dead time is made automatically so that variable concentra-
tions of particles are counted with coastant statistical
errors., As this unit sorts and stores with voltage of a

pulse, this event is recorded on a cathode display of the

| contents of the 100 channels and a '"count" is subtracted by

Y

the store pulse scaler unit (I). This unit (I) counts down

-237-
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Fig. 1. The pulse height-particle voluse analyzer and its
component parts: (A) 400-channel pulse height anal-
yzoz.';'l (B) X-Y plotter or automatic graphor;"

(C) aperture tube-manometer chassis;¥ (D) digital
recorder or numerical readout;++ (E) electronic
particle counter, pulse amplifier (g), threshold
control (t), and aperture current (ApC) control
unit (a);* (F) X-Y plotter calibration control

t B

height calibration control unit;° and (I) store

unit;" (G) preset count control unit; (H) pulse

pulse scaler unit,°°

'lodol 34-12, Radiation Instrument Development Laboratory,
Inc., Melrose Park, Illinois,

**Model 2, ¥F. L. Moseley Company, Pasadena, California,
*Model A, Coulter Electronics, Miami, Florida,
++uodel 562-A Hewlett Packard Company, Palo Alto, Californmia,

;4

Model 34, Drawing 4Y-40796, Los Alamos Scientific Laboratory.

ttiodol 7, Drawing 4Y-40806, Los Alamos Scientific Laboratory.

Oyodel 1560, Drawing 4Y-26828, Los Alamos Scientific Lab-
oratory.

O%o0del 750-A, Drawing 4Y-26065, Los Alamos Scientific Lab-
oratory.
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from any number preset on the preset count controi;unit (G)
s0o that the number of analyses to be made for a given sample
can be predetermined and coatrolled. For mathematical con-
venience, as well as for good statistics, the preset count
in these deteraminations is kept at 100,000. RBC concentra-
tion in the solution being analyzZed is kept at about
50,000/m1 so that dead time loss is less than 10 per cent.
Coincidence errors are not appreciable at this RBC concentra-
tion, and about 1 minute is roquirodvfot‘ctch anslysis, On
completion of the analytical run, the data stored in the
100-channel analyzer memory are plotted out on the X-Y
plotter (B) and printed out on tape by the digital recorder
(D) on doinnd. The other 2 units shown in the apparatus
(Fig, 1) are the plotter control unit (F), which determines
that the X-Y axes offt?o graphic plotter correspond accurately
with the analyzer, aﬂg a pul‘o: (H), which enables control of
the stahility‘ot the analyzer by direct ncaburono£t of pulse
height voltage being stored in any particular channel from
day to day. ‘ |

In addition to the equipment shown in Fig. 1, 6 differ-
ent aporfgro tubes with diameters (Qpn) ot 30, 50, 70, 100,
140, and 200 microns were used in thiﬂ stud!;' Another tube
with an ApD of 10 microns was not used because it clogged
too frequently and generated electronic noise with even low

aperture currents,

10557113 -240-

AAAAA

AAAAAA



‘|

1095 TN

CALIBRATION PROCEDURES

This pulse height analyzer system sorts PHv varying in
height from 0.67 volt in channel 1 to 67 volts in channel 100,
instead of 1 to 100 volts as in the previous analyzer (1),
thus necessitating determination of a new scaling factor (Fl)

for conversion of PHv to cellular volume (CV).

Red Blood Cell (RBC) Method

Red bloo3d cells with different mean corpuscular volumes
(MCV) were used as previously described (' .4), and an addi-
tional calibration was done with bacterial-sized latex
particles.* The resulting line (Fig. 2) drawn by statistical
analysis through the points correlating MCV with mean channel
(ICh)'* revealed that PHv from RBC 28.5 u3 in volume were
being stored in channel 10 at ApD 100, ApC V, g 4. The num-
ber 2,85 is, then, the scaling factor (Fl) which enables
conversion of any analyzer channel number into u3 at these
electronic settings and physico-chemical conditions of the
suspending solution (3,5-7). .

*Dow Chemical Company.

*'Iean channel (MCh) corresponds semantically with mean
threshold (MT) in terminology of the Coulter counter,
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Latex Particle Method

ApD, ApC, and g settings than those used in determining F

It is not necessary, however, to use RBC for determina-
tion of Fl if other particles are available whose mean volume
can be measured directly by some other means, Suspensions
of latex particles of different mean diameters have recently
been standardized and have become available commercially.

The modal volumes of these particles are computed from their
known mean diameter, Using three suspensions of latex
particles of differing mean volume, frequency diétribution
profiles of their volumes were determinec with appropriate
ApD, ApC, and g settings, The best fit lines for these data
were determined as shown in Fig. 3 (8). The volume of
channel 10 is determined from these lines, and channel volume
conversion factors (Fl) are then derived for the various ApD,
ApC, and g. These values are tabulated in Table 1, along

with Fl for animal RBC.

Correction Factors

Only one F, needs to be determined directly with RBC or

1
latex particles, since it is possible to determine further
the correction factors which will compensate for use of other
1.
The definitions and purposes of these correction factors

are outlined in Table 2, With these numerical factors, a

l’DSSHb -243-
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TABLE 1. SCALING FACTORS (Fl) FOR CONVERTING CHANNEL NUMBER
TO VOLUME

Latex Particles (§l

ApD = 30 u, pH uncontrolled, 0.9 per cent saline
APC V, g 6 = 0.0265 u°/Ch

ApC VI, g 6 = 0.0162 u>/Ch

ApC VII, g 6 = 0.0112 u>/Ch

Animal RBC

ApD = 100 p, pH 6.7, 0.9 per cent saline
ApC I, g 1 = 111.6 p3/cn”

ApC V, g 4 = 2.85 u3/Ch

ApC VII, g 1 = 3.04 p>/ch*

*By extrapolation using corrections FS x F4 for changes in
ApC and g.

10557118 _245-
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TABLE 2, PARTICLE VOLUME SCALING AND CORRECTION FACTORS

Factor Converting To

!‘1 Analyzer channel number Cubic microns (ua)
(pulse height)

rz Aperture diameter of Fl Any aperture diameter used

r3 Aperture current of Fl Any aperture current used
F4 Amplifier gain ot Fl Any gain setting used
F5 Physico~-chemical condi- Any pH, temperature, or
tions ot Fl osmolarity of suspending
solution

10551119 -246-
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pulse produced by a particle of unknown size can be corrected
mathematically to standard conditions from those under which

the pulse was produced.

PROCEDURE FOR DETERMINATION OF CORRECTION FACTORS

These correction factors (Table 2) were determined by
measuring the shiit in the channel number modes of popula-
tions of RBC caused by changing one variable while all other
variables remained fixed. No attempt was made to measure
the actual size of the cells or to determine mathematically
their mean cell size or size of the cell: at the mode, The
assumption was made, based on the previously reported
studies (1,2), that the cell size at the mode of frequency
distribution curve of any one blood sample was constant., In
the cases of pH (5) and osmolarity (6), the shift in modal
peak is due to actual changes in CV because of the expansible
RBC membrane,

As shown in Fig. 4, RBC from a patient were sized at
pH 6.7, 0.9 per cent saline, 74° F, with ApD 140 microns
and ApC VIII, while the amplifier gain settings were changed.
Ratios were then made of the channel numbers of the modes at
consecutive changes in one condition while other conditions
were held constant, as shown in Table 3. The mean ratio

for gain changes (g) determined in this manner was 0,707,

1055120 -247-
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TABLE 3. COMPARISON OF THE APPARENT VOLUME OF CHANNEL 10
AS MEASURED WITH MONODISPERSED LATEX PARTICLES (8)
AND BY EXTRAPOLATION FROM ERYTHROCYTE CALIBRATION

CURVES (2)
Channel 10 Volume (uf)
ApC Gain Latex Method® RBC Method'® RBC/Latex
Y

v 6 0. 265 0.296 1.12

VI 6 0.16 0.17 1,02
VII 6 0.12 0.12 1.00
N

At ApD 30.

**At ApD 100, ApC V, g 4, pH 6.7.
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orc;— . The ratios for ApD and ApC changes were not
linear, and mean ratios could not be derived. Using these
ratios, it is possible to derive the correction factors by
which the experimentally determined conversion factor Fl

can be converted into scales for the other settings.

Use of Correction Factors

The accuracy of these correction factors was tested by
using them to extrapolate from the Fl determined with RBC
at ApD 100, ApC V, g 4 (pH 6.7), to the Fl values determined
with latex particles at ApD 30, ApC V, VI, and VII, at g 6.
The results of this test (shown in Table 3 and Fig, 5) con-
firm the validity of this method of calibration and correc-
tion, Figure 5 also shows the range of particle sizes that
can be measured in channel 10 by appropriate changes in the

three variables ApD, ApC, and g.

CONCLUSION

The inherent variability of electronic apparati requires
a means of standardizing their measurements along with a
method for compensating for changes in the conditions under
which the measurements are made., RBC or latex particles can
be used, as described here, as a nonelectronic means of such

standardization that is facile and reliable,

10557123
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Electronic Measurement of Cellular Volumes, V, Change in
Red Blood Cells Resulting from Non-Phy:iolg!}c pH (C. C.

1055126

Lushbaugh, E, C. Anderson, H. I. Israel, D, B. Hale, and
N. J. Basmann)

INTRODUCTION

Brecher et al. (1) have shown recently using the Coulter
counter that 0.9 per cent saline causes an apparent increase
in red cell volume when compared with measurements made in
plasma or Eagle's solution., The unavailability of large in-
expensive quantities of specific plasma and the difficulties
involved in making solutions routinely with as many different
salts as contained in Eagle's formula led us to look for a
cause for this volume increase which might be controlled when
using physiologic saline so that the "true size" of RBC could
be calculated from electronic determinations of RBC volume
distribution profiles (1,2), Since 1867, when Schmidt (3)
and later Nasse (4) described increase in RBC volume in serum
under increased CO, tension, a relatlonship between RBC size
and pH of the suspending medium has been known to exist (§).
Although no recent studies have been made of this phenomenon,
it is generally accepted that RBC swelling can result from
changes in osmotic pressure resulting from pH changes

exterior to the cation impermeable membrane of the cell (6,7).

-253-



METHODS AND RESULTS

Commercially available saline is unbuffered and quite
variable in pH, ranging usually from 5.8 to 6.0. Prolonged
storage produces a pH as low as 4.0. Saline, however, can
be buffered to a desired pH without changing its isotonicity
or conductivity by appropriate amounts of phosphate buffer,

A study of the effect of pH on RBC volumes measured elec-
tronically was made using this buffering system and commer-
cially avajilable saline., In this study, individual blood
samples from 20 mice and 20 men were counted and sized elec-
tronically in 0,9 per cent saline solutions at 6,0, 6,5, 7,0,
and 7,5 pH, The mean cell volume (MCV) at these pH's was
determined as the mean analyzer channel (Mch) by integrating
the volume distribution profiles of RBC volumes measured
electronically (2)., In order to determine whether aperture
current (ApC) settings and amplification (g) of the pulses
modify change in apparent volume, the mice were measured
electronically at ApC VIII, g 2, and the men at both ApC VII,
€ 1, and ApC V, g 4. The resulting data are shown in Table 1,
Figure 1 shows the best fit line for these points plotted as
the logarithm of the mean channel number of the mean RBC
volume versus th@ pH of the saline used in the determina-
tions. The data show that, over the pH range investigated,

change in RBC volume occurs as. an exponential function of

1055121 -254-



8716601

0°98 -- gg°9z 10°8Z -- 8L°62 - 1L°0¢e - » 3 ‘A 0dy (g) uen
g L8 66°9Z -=  pL°LZ 1£°8T -- 91°62Z - -- 13 "11A Ddy (zt) uen
L°6Y¥ 44 -- 9z -- G8°LT -- 9g'8z T°Of z 9 ‘IIIA Ody (oz) °oIN
»
()] s°L sp’'L O°L oL*9 €9°9 ¢€°9 £°9 0°9 sJugljeg #2anog %
AR i ] ) Jojuno) efdweg pootd \
opuoxyderd

Hd 3% Joquny [auuwy) uven

(SANYTIOA 4O .
§3711408d NOILNGIMISIA XOKINDIUL O6Y A0 UIEMIN TIANNVID HIZATVNV LHDIAH ASINd NVIN NI SIONVHO
SV NAOHS) SIMNIOA RLADOYHLANZ ISNON GNV NVROH NO ANITYVS qIYIAANG-FIVHISOHd 10 Bd 40 1OA4dq ‘T IT4VL

Y



*SuyzysS OTuUOI}IOATI uy pesn w
-gugres ayy jo Fd o3 awnf{oA DfH 3O dyysuoyxle(ax J

O 1IN HY

nypowu Jajzyng ajwydsoqd
o jotd oTwyjyae301 TWAS

08 Gl

0
12

bZLGGO!

‘1 ‘3va

(ON TINNVHD H3IZXIVYNV)
JWNT0A 284 NV3W

-256-



change in pH of the saline solution suaspending them. This
relationship between RBC and pH of the suspending medium
implies that there is no single "true" size of RBC; human
RBC in acidosis (<£7.35 pH) are larger than the same RBC in
normal arterial blood (7.4 pH), and measurements of RBC
volume must be referred to some standard set of conditioans.
The actual measursment, however, could be made under some
condition of pH other than the "standard" if the appropriate
mathematical correction for pH was known. Also, such a
correction factor for counting solutions adequately buffered
at the pH of human venous blood are needed, because blood
samples open to the air change pH at the rate of 0.2 pH or
more per hour and are, therefore, not measured in vitro at
their in vivo pH, The figure shows that the fractional
change in volume of RBC, as indicated by the channel number
(Ch), is proportional to the change in pH; that is,

ACh

—'—-k.Awo
Ch

(On a logarithmic scale, a constant fractional decrement,
ACh/Ch, appears as a constant absolute change.) The con-
stant (k) can be evaluated by substituting numerical values
for the other parameters in this equation, [ Note, h&vover,
that the equation is really only the differential form of

the exact exponential function and can be used as an
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approximation only when the fractional volume change 1:~
small (i.e., over the range to which 1 - x 1s a good approx-
imation for ¢ %), For the total rmge shown in Fig., 1, the
volume change is 25/31 or 0.81, and the approximation is
good to 2.5 per cent.]

The line of best fit drawn through the 5 mouse points
shows volumes corresponding to Ch 30.0 at pH 6.0 and 26,5 at
pE 7.0, giving a slope k -’0.124. A computer calculated
least squares exponential fit to the same data gave k =
0.125. TYor man, the latter gave k = 0,108, This slope, in-
dicating about a 10 per cent change in RBC volume per change
in 1.0 pH, correspouds well with the fractional change ob-
served by Warburg (6) with horse blood under different COz
tensions., This slope (k) can be used as a volume correction

factor in the following way:
True Size = [1 + (k ° ApH)] ° Size Observed,
or for the electronic particle size analyzer:

Meh (irue) * (1 + (0.108 * apH)] * Mch g, 4)-

Where scaling factors (F) have been determined for comvert-
ing analyzer channel number to cubic microns (u3) at a certain
ApC setting, amplification gain, and aperture diameter (ApD),
it can be used in this formula to obtain trye volume in

cubic microns, as

-258-
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VearF [1 + 0,108 (Apl!)] * Ch No.,

where ApH is the difference between the pH used in the
determination of the scaling factor and 7.4. Similarliy, a
scaling factor (F) determined at some pH can be corrected
in this manner to that for any other pH.

Since it 1is still true, as Ponder (5) pointed out in
1948, that "no one knows what ought to be taken as the iso-
electric point of the nixfure of substances which enter into
the architecture of the erythrocyte, nor is enough known
about the swelling of anisotropic and elastic materials in
the neighborhood of their iscelectric points," the choice
of pH of the saline solution used in sizing RBC would seem
to dopﬁnd on the preferences and biases of the investigator.
The factor for change in RBC volume due to pH, as determined
here, would allow interconversion of the data of others to

a standard or any other pH.
SUMMARY

The reported increased size of erythrocytes suspended
in saline is due to an effect of the low pH of unbuffered
saline solutions commonly used in electronic particle
counters. This increase in size was found to occur exponen-
tially with decrease in pH and to be 10.6 and 12,5 per cent

per pH unit below 7.4 for man and mouse, respectively.
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Electronic Measurement of Cellular Volumes. VI. Electronic
Improvement of Coulter Counter Resolution (C. C. Lushbaugh,
N. J. Basmann, and D. B. Hale)

INTRODUCTION

Resolution of energy spectra depends upon accurate meas-
urement of pulse height voltage. As first pointed out by
Kubitschek (1), resolution by the Coulter counter is not
maximum since the circuitry and apparatus were designed pri-
marily for rapid enumeration of pulses rather than voltage
measurement., In order to minimize coincidence loss due to
2 or more particles occupying the sizing aperture simulta-
neously, the pore in the hollow glass sensing probe of the
Coulter counter was made relatively shallow (e.g., the ap-
erture of 100 u in diameter is only 75 pu in depth)., The
length of time a particle remains in the electrical field of
the aperture is shortened further by the rapidity with which
the suspending solution is drawn through it. The rise time
of pulses generated by particles is comparatively slow in
relation to their velocity through the pore, Lengthening
the gating interval of the pulse height analyzer does not
correct the tendency for this system to report lower than
actual height of the pulses, since the particle often passes
through the sensitive volume of solution in the aperture

before the pulse has time to reach its full height. To

-
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complicate the analysis further, all particles do not pass
through the aperture at the same velocity since, as is well
known, fluid moves more slowly at the periphery of a stream
than in its center. As a result of this phenomenon, the
pulses of the slower moving particles are sized more ac-
curately than those from the ones with greater velocity in
the central core,

Improvement in resolution aight be expected with this
apparatus, therefore, by any mechanism that prolongs the
sizing interval, Such prolongation could be accomplished
by (a) slowing down the flow rate of the suspending solution;
(b) increasing the sensing volume by physical elongation of
the aperture; (c) forcing all particles into the slower
moving peripheral areas by obstructing the central portion
of the passage; or (d) increasing the critical volume of the
electrical field around the aperture openings by the use of
greater aperture currents than usually used,

Of these 4 possible means of improving resolution, the
use of increased aperture currents (ApC) is technically the
simpleat and most easily varied. Some foundation for this
approach to the problem is to be found in the recently
reported work of Brecher et al, (2) that shows that frequency
distribution curves of RBC volumes in a single blood sample

show one mode at low ApC and two modes at high ones, Brecher

LRI P G



concluded that the appearance of the second modal frequency
peak was due to a change in RBC size caused by the higher
electrical currents.

Another interpretation of this finding may be that the
higher currents enable better resolution of pulse heights so
that large RBC are measured more accurately and resolved
from the more numerous smaller RBC. The presence of such a
large but unresolved subpopulation of large RBC in the size
distribution curves of human RBC was suggested by Lushbaugh
et 21, (3) from a mathematical analysis of the curves based
on the presence of 2 easily resolved subpopulations in the
blood of birds, Since then, biological evidence for the
presence .of a volumetrically defined subpopulation of young
RBC in mammals, as well as in birds, amphibia, reptiles, and
fish, has been obtained (4,5), which makes improvement of
the resolution of the Coulter counter pulses with human blood

quite desirable.’

METHODS AND RESULTS

Erroneous Sizing Caused by Coincidence

In the first series of experiments, the possibility was
investigated that the second or larger volumed population
("B") of RBC was fictitious and due to doubling by coincidence,
This possibility gained support from the fact that the mode

~-263-
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of the "B" population of birds was almost exactly twice that
of population "A," although only 1,7 times as large in man,
Figure 1 shows the result obtained when the blood of small
birds was measured at the same electronic settings that
failed to resolve two modal peaks in the blood of man, Al-
though the concentration of RBC in both cases was the same,
the two populations were easily defined in the bird at ApC V,
g€ 4, ApD 100, pH 6,7 (the common settings) but not in man.
Obviously, if the larger modal peak was due to coincidence,
it should have been found with both blood samples, Figure 2
shows in a suspension of latex particles, which are kmown to
consist almost entirely of monodispersed particles but also
containing doublets, triplets, etc., due to agglutination,
that appropriate ApC can resolve peaks with doubling modal-
ities, This figure also shows how their apparent frequency
can be increased by changing the readout scale of the pulse
height analyzer memory bank, Attempts to change the frequeacy
distribution curves of RBC by coincidence of particles by
increasing the RBC/ml were unsuccessful because of the appar-
enf inability of the Coulter counter amplifier circuitry to
feed proper sized pulses to the analyzer at the counting rates
used,

In the second series of experiments, RBC of different

modal volumes obtained from different patients were used. 1In

. each experiment, the blood of two persons was sized separately

1055131 -284-
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at the "recommended" low ApC and g (2) and again at the high-
est ApC and g that seemed to resolve two subpopulations in
human blood. The two frequency distribution curves that
resulted were then summated, as with the shaded curves of
Fig. 3. The summated curve was then transposed to another
sheet of graph paper on the X-Y plotter, where it was des-
ignated the "predicted curve.," An equal number of RBC from
the blood of each person was then combined in vitro and
suspended in the saline solution and analyzed, The result-
ing distribution of RBC volumes was then printed out mechan-
ically upon the graph, The small open circles on the right-
hand graphs in Fig. 3 show the excellent correspondence of
the predicted and experimentally obtained curves, Compar-
ison of the curves obtained with the different electronic
settings shows quite well the better resolution of the modal
peaks obtained with the higher ApC.

DISCUSSION AND CONCLUSIONS

These results seem to show that resolution of pulses
from RBC passing through the sensing aperture of the Coulter
counter is improved by increasing the ApC appropriately, They
indicate that the appearance of double RBC populations does
not result from enlargement of RBC due to excessive elec-
trical current nor coincident pile-up., The conclusion would

seen warranted that the presence of a second subpopulation
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of RBC, resolvable from another population of saaller modal

size but more numerous individuals, is not due to an artifact

of the techniques of measurement, This conclusion receives

further support in the following study, which characterizes

the "B" population as new and young RBC,

The increased resolution obtained here with increased

aperture current would seem to encourage a search for other

means of improving pulse generation so that RBC volume and

pulse height have a more reliable constant relationship,

Q)

(2)

(3)

(4)
(8)
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Electronic Measuremeat of Cellular Volumes, VII, ntolg!!g

Evidence for Two Volumetrically Distinct !!!gggglationl of
Red Blood Cells (C. C. Lushbaugh and D, B. Hale)

INTRODUCTION

Some biologic support was reported previously (1) show-
ing that it was possible to destroy red blood cells around
the mode of population "A" and to leave a subpopulation of
saponin-resistant red blood cells around the locus of the
mathematically predicted mode of population "B," These re-
sults were obtained in the blood of man, as well as in birds
where the "B" population does not require mathematical dif-
ferentiation at aperture current V and gain setting 4.

The pr;sont study reports the refinement of these observa-
tions by the better resolution obtained by ApC VII, g 1 (2)

59

and by the use of Fe so4 as a hemoglobin label in newly

produced RBC,
METHODS

As. in the previous study, increments of a 1:100 saponin
solution were added to suspensions of human and rabbit RBC
that were then sized electronically, In order to identify
nevly formed RBC,  the rabbits were labeled with P059 (10.3 uc
roas/ug Fe) as !‘oso4 intravenously 3 days previously., The
resulting changes in the distribution of cellular volumes were

-270-
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then related graphically to saponin concentration so that the
effect on 0.1 ml of blood of 1.0, 1.2, 1.4, 1.6, 1.8, and

2.0 nl of 1:100 saponin made up to 4.9 ml with saline could
be determined. The hemolytic destruction was stopped after
1-1/2 minutes by (a) dilution of 0.05 ml aliquot to 100 ml
for volumetric analysis, and (b) 3-minute centrifugation of
the remainder, One-ml aliquots of the supernatant solution
after centrifugation were then analyzed spectrophotometrically
for hemoglobin content using cyanomethemaglobin, and another
l1-ml aliquot was analyzed in a Nal (T1l) crystal-wall photo-

spectrometer for resg content,

RESULTS

The results of these experiments are shown graphically
in Figs, 1, 2, 3, and 4, Figures 1 and 2 demonstrate that
the hemolytic effect of saponin is dependent upon the saponin
concentration and time of reaction, They also show that the
volume distribution curves are shifted progressively to the
right (large volumed RBC) as increasingly larger RBC are
dolfroyod successively. As the result, the cells of popula-
tion "A" are destroyed first and then those of population "B"
are progressively hemolyzed, In Figs. 3 and 4, the frequency
distribution curve of rabbit RBC has been related to the

saponin concentration that was required to destroy all rabbit

‘055"‘\;[‘ -271-
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Fig. 3.
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FREQUENCY DISTRIBUTION OF RBC VOLUMES (PERCENT)

Fig. 4.
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RBC smaller than that size. In Fig. 3, the total amounts of
hemoglobin and Pe°? 1iberated by the destruction caused by
the increments of saponin are shown., The same data are
shown in Fig. 4 but are shown as the differential amount of
hemoglobin and Fe°? liberated. The hemoglobin and Fe°o
curves are dissimilar and disassociated; the largest amount
of hemoglobin was unlabeled and released by destruction of
population "A," and the largest amount of Fe°° labeled
hemoglobin was obtained by destruction of the cells from the

larger side of population "B,"

DISCUSSION

Thoi; experiments demonstrate that the small RBC of
population "A" are more sensitive to hemolysis by saponin
than the large ones of population "B" and that the population
of large RBC is composed of the youngest cells, since only
this. group of cells contained rose-labolod hemoglobin 3 days
after pareateral administration of radiocactive iron, These
conclusions would seem to justify alteration of the names of
the bimodal posﬁs of RBC frequency distribution curves from
"A" and "B" to "mature" and "immature," respectively. Al-
though the names "old" and "young" might seem sufficiently
dclcfiptivc and more adaptable to everyday usage, these teras

do not embody the concept that RBC undergo maturation as they

10557419 ~376-
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age and decrease in size, Furthermore, the existence of two
distinct modal frequencies in the distribution of the mature
and immature RBC would seem to indicate that the process of
RBC maturation is significantly shorter in duration than the
mature life of the RBC, Experiments in progress with phenyl-
hydrazine poisoned rabbits appear to show that the time
involved in this volumetric change to mature size is about
L half of the rabbit RBC life span.

SUMMARY AND CONCLUSIONS

Taking advantage of the well-known facts that RBC sen-
sitivity to hemolysis by saponin increases with RBC aging
and that parenterally administered 1059 labels RBC only as
they are produced, experiments were done which showed that
hemoglobin released by saponin destruction of the two sub-
populations of RBC was unlabeled when only the smaller
volumed RBC of population "A" were lysed. The Fe 59 label was
found in the larger volumed RBC of population "B." These
findings are considered biologic evidence for the existence
of two distinct subpopulations of RBC and for the belief that
the bimodal frequency distribution curve of RBC volumes ob-

tained with the LASL cell volume analyzer system is not

artifactual, It is suggested, therefore, that these sub-
populations be renamed as "mature" and "immature" RBC, rather

th‘n '!Al' ‘nd "B. "
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Electronic NMeasurement of Cellular Volumes., VIII., Volumet-

ric Change of Circulating Erythrocytes in 'I' Genetically

Anemic Mice Implanted with wiws Fetal Liver (C., C. Lushbaugh
—

and E, S. Russell )

INTRODUCTION

The genetically determined macrocytic anemia of w' aice
can be "cured" by a single intraperitoneal injection of nor-
mal hematopoietic tissue contained in hepatic brei from 15-
day wiws fetuses (1,2)., As the number of red blood cells
increases, the mean cell volume decreases to normal values,
and the electrophoretically diffuse hemoglobin pattern changes
to the "single" type of normal mice, Thus, the cure of the
aneais appears to result from the actual replacement of the
anemic cells by the implanted normal cells rather than from

a change in the macrocytic cells of the host.
METHODS

In order to obtain additional support for this conclusion
and to determine whether macrocytic WN' RBC continue to be
produced in chimeric implanted Wit /TN mice, the distribu-
tion of RBC volumes was studied in the anemic, donor, and
chimeric animals using the cell volume analyzer system devised
for the Coulter counter in Los Alamos (3), First, the blood

;F::I the Roscoe B, Jackson Memorial Laboratory, Bar Harbor,
aine,
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of implanted W¥' mice known Dy their electrophoretic hemoglo-
bin patterns to be "failures' or "cures" was studied. Vhen
the feasibility of the method was thereby established, the

X blood of the implanted mice was analyzed at 3-week intervals
i following implantation in order to determine the time re-

quired for the implant to succeed or to fail. The mice were
bled from the orbital plexus by capillary pipette., The blood

(4 e
e b e DDl

| was diluted to 1:1,000,000 and suspended in 0.9 per ceant saline
-i buffered at pH 6.0. The Coulter counter (Model A) settings
: were ApC VIII, g 2, for which the scaling factor for conver-

sion of analyzer channel to cubic microns was 1,60 (3).
RESULTS

The results of these studies (Fig. 1) showed that the
blood from both the anemic and normal mice had a bimodal
curve of RBC volumes as previously described (4). The macro-
cytosis, as mnight be expected, was seen by this method as a
displacement of the two populations to the right or large
volume, In those mice in which the hemoglobin pattern had
.1ndicatod implant failure, the RBC volumes did not decrease
(Fig. lc), while the volumes were almost identical with the
normal volume distribution when the implant was successful
(rig. 14).

The results of the second experiment (Fig, 3) showed

1055153 _2s0-

ANAIALAND A7



*{wwyOou 03} SQOEWN{OA JO 3JTys ay} £q pejewoTpuy ST Ss8a00ns
jusidut oy3 yoyya ug (SUTI Pa330p) osnow MM ® O3 poaedwod 9snow aM
tsmaou (p) pus ‘pottIe’ jusiduy +a+a 943} .—o?—) uy (euyt pajjop) asnow
AL @ 03 poaed®mod ISNOW AN TewIOU (o) ‘esnom MmN OFwouw o134&o0adew (q)

‘asnow mp TwwJou (¥) jJo seyyyoad :o.«asnuu»mﬂo swunioa JgY Aouanbaxi

UIGNN TINNVHD

08 OL O OB Ov Of O3 O 008 OL 00 OS5 Ob oc o0z O 0
'll'l &,
Seqem=e 4
4
L Q\ b “
!
] {»
J {»
s0IZ080 * . .MM { omwoeqmes o oo \[** {e
201 1 12°01 « OGN 10101° MM al SOV '6 ol OBY [0j0L'MA
sAsp 08 slop 06 .
502908 JuDpdus a 0
] {3
. [
O.EIB— p ﬂiﬁﬂl. 49
201 X 08908 (0i0L 201 X1L°11 » 28Y 1001
L MM P )
- “ .
] A

‘1

=12
a
©

heLSGO0I

°31d

-281-

AL AN AP



GSLGGO!

‘anssy] d13orodojwmey +ata UITA uogjvjue(duy Jo3j® owj3 JO UOFIOuUNZ ¥ S¥
9oFwW Oywous AN uy A{1eojuox3ldaie paujuIejep sownjoA DHY uvow uy ojuvyd °2 *3td

{ ANVIdNILSOd N33M ) 3NIL

L) Gl 21 6 9 € 0
T [ _ T _
— -{o¥y
T T T T T nm
AR
[ Y Y m
L A —
. & '
» P
a (5 ]
Q- — No O '
[— .ﬁ - — .ﬁ nﬁ lﬁ - A )
/. h/ o
WSINVL, N NOILVANVIdNI L c
N ¥3AIT VL3S 8 LS)D 4
- ~ m
-] 99 __
e g // - ﬂ
Py o 1 @
S === T T e o
I _33 ]
! 1 -

APIMme AP AAL



that RBC volumes coinonc- decreasing measurably about 6 weeks
after implantation and by 17 weeks are almost identical with
those of normal mice (Table 1), The distribution profiles
during this period of change first showed a decrease in the
mode of the subpopulation of young RBC ("B"). This shift
was followed by a shift in the mode of the old population
("A") until the profiles coincided as in Fig, 1d. Whether
the resolution of the apparatus is not sufficiently precise,
the variance of sizes too large, or the change in RBC size
with age too rapid, the presence of two competing bone
marrows (W' and wiws) was not demonstrable by sizing their
production of RBC using peripheral blood., The orderly change
g _ in frequency of the RBC and the volumes of the two subpopula-
g tions, however, confirmed morphologically the conclusion
based previously on hemoglobin types that the wiws marrow
supplanted the wv' anemic marrow, An explanation of the
failure to see two separate young populations at the stage
when theoretically the normal (normocytic) and the abnormal
(macrocytic) marrows are competing side by side may be that
the presence of w+w4+ hemopoietic cells suppresses the less
vigorous w¥' marrow before the new smaller volumed RBC are

!
I delivered into the peripheral blood in sufficient nusbers to
‘ be seen by this electronic method of measurement,
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CONCLUSIONS

These findings imply that after successful implantation,

the chimeric blood is derived entirely from the implant even

though nothing was done experimentally to destroy the genet-

ically deteramined macrocytic marrow of the host,

)

(2)
(3)

(4)
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CHAPTER 6

CELLULAR RADIOBIOLOGY SECTION

Preparation of Bacterial Deoxyribonucleic Acids (XI. U, Boone
| and X, Campbell)

" INTRODUCTION

i A number of investigations are in progress in this Lab-
oratory which require the use of homogeneous high molecular
weight deoxyribonucleic acid (DNA). One investigation in-
volves an atto-pt}to characterize resins by their ability to
differentiate DXA not only on the basis of molecular weight
but also on the basis. of base composition of the DNA, There-
fore, in addition to attempting to obtain DNA of high molec-
ular weight, a number of different bacterial DNA's are being
prepared that have a wide difference in base composition

ratios,

METHODS AND DISCUSSION

A list of the bacteria from which DNA is being obtained

1055161 ~288-
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and characterized by guanine-cytosine ratios is given in
Table 1, To date, approximately 100 mg of DNA has been ob-
tained from Micrococcus lysodeikticus and Serratia marces-
cens, The M, lysodeikticus was grown in a tryptone-yeast
extract, and S. marcescens was grown in nutrient broth,
Both organisms were grown and aerated at room temperature.
The cells were lysed in both instances by sodium lauryl
sulfate and the DNA extracted by using a chloroform-alcohol
procedure similar to that described by Marmur (2), Cell
lysis of Staphylococcus aureus has been a much more difficult
problem, The enzyme lyzozyme has been used at pH 8 to 10.
Yiclds have been low and, at present, other methods of cell
lysis are under investigation.

Hemophilus influenzae DNA (streptomycin-resistant) has
been obtained routinely in small quantities by the alcohol
precipitation method for genetic tranltof-ntion studies, The
cells are grown in a mixture of Levinthal and Eugon broth.
The cells are lysed with 10 per cent sodium deoxycholate,
Sufficient quantities of DNA have been obtained from M. lyso-
deikticus, S, marcescens, and H, influenzas for -olecﬁlar
weight determinations, Molecular weights determined from
sedimentation data in the Spinco Model E centrifuge at h =
0.5 was 1,69 x 107 for H, influenzae, 1,3 x 101 for S, marces-

cens, and 1,7 x 107 for M. lysodeikticus.

-289-
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TABLE 1. REPORTED GUANINE-CYTOSINE RATIOS OF CERTAIN BACTE-
RIAL DNA'S (1)

Guanine-Cytosine
Content
Microorganisa (mole fraction)
Micrococcus lysodeikticus Arcc® 4698 0.72
Sarcina lutea ATCC 9341 0.64-0.74
Serratia nrco-coﬂn- ATCC 264 0.38
Staphylococcus aureus ATCC 10831 0.31-0,38
Hemophilus influenzae Rd 0.38
Escherichia coli B 0.51

*\TCC = American Type Culture Collection, Vashington, D. C.
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DNA from Escherichia coli B has been obtained comparing
two methods of cell lysis for quantitative yield and molec-
ular weight., The organisms were grown in nutrieat broth at
37° C for 18 hours. The bacteria were centrifuged, washed,
and resuspended in a solution of 0.15 M NaCl, 0.015 M tri-
sodium citrate, plus 0.1 N ethylenediaminetetraacetate
(EDTA) at pH 8, [he cell suspension was divided into approx-
imately equal aliquots. One aliquot of cell suspension was
lysed with 10 per cent sodium deoxycholate at pH 10 and the
other with lyzozyme also at pH 10. After lysis, the pH was
rapidly adjusted to neutral. The DNA from each suspension
of 1lysed cells was extracted and treated identically by the
chloroform-alcohol method as previously described (2). The
yield of DNA per gram of wet weight of cells based on DNA
phosphorus determinations and the molecular weight results
obtained by the sedimentation method are shown in Table 2,
Not only was the yield of DNA lower from the cells which had
been lysed with lyzozyme, but the molecular weight was only
half that of the DNA from cells lysed with 10 per cent
deoxycholate,

The lower yield obtained in the lyzozyme system could
be partially explained on the basis of incomplete cell lysis,
but the lower molecular weight obtained with the lyzozyme
can most likely be explained on the basis of DNase activity.

-291~
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TABLE 3. COMPARISOX OF YIELD AXD MOLBCULAR WEIGHT OF DNA
_ OBTAINED FROM ESCHERICHIA COLI B BY VARYING THE
METHOD OF CELL LYSIS

: DNA Yield Molecular Weight
Method of (mg/gn wet weight (h = 0.5, Time in Sec,
Cell Lysis of cells) 720 - 980)
10 Per cent Deoxycholate O.375 2.09 x 107
1 Lysozyme 0.259 1.15 x 107

!
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Although EDTA and/or high pH both inhibit DNase activity,
it appears that the inhibition was not sufficient or as
effective in the lyzozyme system, Perhaps the addition of
a detergent such as sodium lauryl sulfate during lyzozyme
cell lysis, rather than after cell lysis as suggested by
Marmur (2), would act as an additional DNase inhibitor,
The present resulis tend to indicate that cell lysis by
lyzozyme should be avoided when possible if high molecular
veight DNA is desired.

A preliminary attempt to isolate high molecular weight
DNA from E. coli B by a modified phenol method (3) has been
unsuccessful, Nine grams of E. coli B were lysed with
10 per cent deoxycholate in a citrate-saline and EDTA solu-
tion at pH 10. Sodium perchlorate was laded to a final
concentration of 1.0 M to help dissociate protein from nu-
cleic acid. The whole mixture was treated once with
chloroform-isocamyl alcohol, and the separated agqueous phase
was precipitated with ethyl alcohol (2). The precipitated
DNA was dissolved in a dilute citrate-saline and the mixture
shaken for 25 minutes with an equal volume of phenol as
described by Mandell et al, (3). The two phases were sep-
arated, and the aqueous DXA-containing phase was treated
with ribonuclease. This was followed by an additional
phenol extraction. The resulting DNA solution was dialyzed

" B

An{a4 AN 209



against citrate-saline for 4 days to remove traces of
phenol., Determinations by the Lowry method (4) were neg-
ative for the presence of protein and phenol.

Although a spectrophotometric and DNA-phosphorus anal-
ysis indicated the presence of froam 100 to 1350 mg of DNA/ml,
2 molecular weight of the preparation could not be obtained
as the DNA did not clear in the ultracentrifuge, ZXither
the molecular weight of the DNXA was low due to shearing or
dopaturation effects of the procedure and/or some undetected
1ntoitor1n¢ substance (p;ﬁf.in, phenol, etc.) was preseat
in the propcr‘tién to_br;vont the clearing of the DNA.
Further attempts to obtain high molecular weight bacterial
DNA are in progress,
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Purification and Concentration of T-4 Bacteriophage on DEAE-

Cellulose Columns for DNA Isolation (I. U, Boone and K,

Campbell)

INTRODUCTION

Many of the earlier methods for isolation and purifica-
tion of T-phages required the use of differential centrifuga-
tion and acid precipitation techniques (1). Creaser and
Taussig (2) recently described a method for purification of
T-1 and T-2 phages using the cellulose anion-exchange adsorb-
ent ECTEOLA., To facilitate the method and to increase the
yields for isolation of phage deoxyribonucleic acid (DNA), a
method has been developed for purification and concentration
of T-4 phage on DEAE-cellulose adsorbent columns, Phenol-
extracted T-4 phage DNA has been prepared from phage obtained
by this method,

METHODS AKD RRSULTS

Preparation of Lysates

Escherichia coli B was grown in a 37° C shaking water
bath on Fraser and Jerrel's glycerol-casein-hydrolysate
medium (3) to 3.8 x 10° cells/ml. The bacteria were infected
with T-4 phage to a concentration of 2.3 x 108 phage
particles/ml, L-Tryptophane (10 ug/ml) was added as a co-

factor with the 1nfect1n¢'phtct. One gram l¢804/11tor was

nnnnnnnnnnn



|

added as recommended by Fraser and Jerrel, Spoantaneous
lysis was allowed to occur for 9 hours, Lysates contained

11

approximately 2 x 10°" plaque-forming units/ml and were

stored at 4° C until purified,

Purification

Two and cae~-half grams of hyflow filter-cell (Celite)
were added per liter of lysate and the suspension filtered
on a Buchner funnel with a 3- to S-mm pad of hyflow filter-
cell covering a No, 3 Whatman filter paper (1). The filtered
lysate was centrifuged at 6000 RPM in a Servall SS-3 cen-
triiuge for 30 minutes. The supernmatant contained 1.5 x 1011
pPlaque~forming units/ml. The bacteriophages were assayed
by the standard methods (4), Estimates of the phage concen-
trations in the different lysate fractions could be made
also by optical density measuresents of the virus turbidity
at E = 400 my, as suggested by Herriott et al, (1). A typical

turbidity versus virus titer curve is shown in Fig, 1.

Concentration of Phggo on DEAE~-Cellulose Column

The adsorbing column was prepared by mixing 250 nl
glycerol-casein-hydrolysate medium with 10 g of DEAE-cellulose
(Cellex D, anion-exchange cellulose, Bio-Rad Laboratories)
with an exchange capacity of 0.94 milliequivalents per g and

1055710 -297-
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let stand for 15 minutes. The supernatant was decanted aand
the washing repeated with 400 ml of medium, A 20-mm I, D.
X 400-mm L.GT column was filled with the washed DEAE. A
column of this size permitted the adsorption of virus froa
250 ml of lysate with a virus conceatration of ~32 x 1011
particles/ml, A larger column (40-mm I. D. x 600-mm L.GT)
could be preparec with 50 g of medium-washed DEAE-cellulose,
Virus from 700 ml of lysate could be adsorbed on this column,
Elution of the virus from the column was attempted at

salt concentrations ranging from O.1 to 0.7 M NaCl in 0.01 XM
phosphate buffer. Each column containing adsorbed virus
2rox 250 ml was eluted with 100 ml of NaCl solution of the
designated salt concentration and the eluate collected in
4 separate fractions, The optical deansity was measured for
each fraction and, wherever indicated, plaque counts were
performed, A summary of the data is shown in Table 1, PFor
salt concentrations ranging from 0.1 to 0.6 M, the average
optical density and number of infective units/ml are given
for each fraction. At the concentration of 0.7 M NaCl, the
optical density and plaque count/ml are given for each frac-
tion, By combining fractions 2 and 3, 250 ml of virus

_ lysate may be concentrated into 50 ml of virus with a yield

5 of 66 per cent of the virus in this portion. By reducing

the eluting volume of 0.7 M NaCl, it is possible to collect
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i
1

1055112 AL

a—

AMIneAnA ARD



.."_.-.-.- RS ‘,'_é_fw Ru*?‘}:- o Bt ‘”W:*ﬁ St g

PR e AN

TABLE 1. DESORPTION OF T-4 BACTERIOPHAGR FROM DEAE-
CELLULOSE ION EXCHANGE ADSORBENT

tmc;:::.lzhl:::‘: Optical (n\-:::q:; c:l:tu::tivo
(concentration) Density centers/ml)

0.1M 0.08 >5 x 10%°
0.2 X 0.13 1 x 10
0.3 X 0.03 >5 x 100
0.4 X 0.04 >8 x 10™
0.5 M 0.013 >8 x 10%°
0.6 X 0.00  >5x 10
0.7 M Fracticn 1 (25 ml) 0,120 1 x 10t

Fraction 2 (35 ml) 0,258 4 x 10!

Fraction 3 (25 m1) 0,445 s x 101!

Fraction 4 (25 ml)  0.08 3 x 101°

(055113
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~ 70 per cent of the virus in a volume of 135 ml with a virus
concentration of ~2 x 1012 particles/al, In contrast, the
yields obtained by using differential centrifugation methods
vary over a wide range, and the procedure is time-consuming,

Isolation of DNA

The concen*ration of phage as eluted from the DEAER-
cellulose columns was ~2 x 1012 particles/ml in 0.7 M NaCl
plus 0.01 !’phosphato buffer, Although the virus conceantra-
tion was that desired for DNA extraction, the salt concentra-
tion was in excess of that recommended by the phenol extrac-
tion method of Mandel and Hershey (5). Therefore, the small
volumes (15 to 50 ml) of concentrated phage were centrifuged
for 1 hour at 20,000 x g in a Spinco Model L centrifuge and
the virus pellet resuspended in 0.1 M NaCl plus O.1 M phos-
phate buffer at a phage concentration of 2 x 102 phage
particles/ml. The DNA was then extracted by the phenol
method (5), except that the dissolved phenol in the agueous
was removed by dialysis instead of by shaking with ether,
The dialysis was carried out against the phosphate-buffered
saline for 4 days. For phosphorus and molecular weight
determinations of the DNA, the phosphorus was removed by
dialysis against distilled water for 4 to 5 days.

A phosphorus analysis of the T-4 phage DNA revealed

«301-
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that a concentration of 2 x 102 phage particles/sl yielded
0.5 mg/ml of DMA, and a spectrophotometric analysis and a
Dische diphenylamine determination agreed with the phos-
phorus analysis data,

Molecular weight determined from sedimentation data in
the Spinco Model E centrifuge was 2.1 x 10 at b = 0.5,
This agreed with data of DNA obtained from T-4 phage pre-
pared by differential centrifugation, The relatively low
molecular weight values are most likely the result of shear-
ing effects during the phenol shaking-extraction procedure,

A modification of this method is in progress.
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Chromosone Observations in Nonirradiated progeny from

Several Lines of Irradiated RF Males (I. U. Boone, P. M.

LaBauve, and J. F, Spalding)

INTRODUCTION

The genetic consequence of X irradiation to progeny of
10, 15, and 20 generations of irradiated mmle amice is being
studied extensivaly in this Laboratory by one of the authors
(Spalding). His results hivo indicated that the main dif-
ference between the progeny of irradiated and nonirradiated
mice bhas been a decreased sensitivity to chronic X-ray expo-
sure by the progeny of the irradiated mice. Since studies
in relation to other genetic consequences are being continued
in the offspring of several generations of irradiated pred-
ecessors, it was felt that the chromosomes of these mice
should be investigated to determine if any pernnnont'chnngos

could have occurred in morphology, modal number, or kar-

yotype.

METHODS AND RESULTS

The modal patterns and other chromosomal changes result-
ing from irradiation spread over several generations are
being studied in RPF mice, The following groups of approximately
SO mice each are under investigation: (a) grandoffspring
(rzz) of sires which had been irradiated for 20 generations

...........
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with 200 rads of a single dose of whole-body X irradiation
at the time of weaning; (b) a twenty-second generation sub-
1ine of mice where only the first 10 generations of sires
were irradiated as under (a); and (c) control line of mice
of the r22 generation,

Bone -arrbv cells were obtained immediately after sac-
rif;eo from female mice ranging in age from 3 to 5 months,
In vivo Colcemid or Vincaleukoblastine was administered
intraperitoneally 4 to 6 hours before sacrifice to increase
tio nu-bir of cells in metaphase, The chromosomes were
prepared by the standard treatment with hypotonic solution,
fixation, and spreading methods, and were stained with crystal
violet. The chromosomes were counted visually, Only chro-
-o.o-éc from well spread, apparently complete, and easily
caﬁntablo cells were included in the study. The slides were
picked at random from each group and so marked that the
observer was not aware of the group until all slides were
counted.

A summary of the results of the modal chromosome number
for each group is given in Table 1. For convenience, the
average results of all cells counted from all animals in
each group nro‘;oportod. Results include only dita from
animals tio-"hich 20 or more cells were counted. One mouse
1n'tho contiol group 1is :oportod separately, as it appears

to have a mosaic pattern,
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No striking differences in the modal number have been
poted among the groups of mice. Gross structural abnormal-
ities have been rare, MNore subtle differences in over-all
jength, etc., are under study with karyotype analysis of
chromosomes from individual cells., A more detailed report
is planned to cover the individual differences among the

animals within the various groups.
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Chromosomes in Transplanted Leukeaia of AXKR Mice (I. U. Boone
and P, M. LaBauve)

INTRODUCTION

The observations that a number of mammalian tumors con-
sist of a cell population with aneuploid chromosome number
have frequently bew.n interpreted as support for the theory
that somatic chromosomal mutations are involved in the carcia-
ogenic process (1,2), However, the many demonstrations that
neoplastic cells can have a normal diploid chromosomal com-
plement without detectable abnormalities (2,3) suggest that
the varied abnormal chromosome patterns which generally occur
in vivo in well advanced tumors and in in vitro cultured
cells are of secondary importance in the acquirement of
malignant properties and are probably a separate event, Chro-
mosomal alterations in mice have been studied in spontaneocus
and radiation-induced leukemia by Pord et al. (1), Bay-
reuther (2), and Wakonig and Stich (3) with varying results,
In this Laboratory, a transplantable leukemia has been carried
and studied in AKR mice for several years, Since future in
vitro tissue culture studies are planned using normal and
leukenic cells from AKR mice, an in vivo analysis of the

. chromosomes of bone marrow cells was performed to establish

& base line criterion for this transplantable leukemia,

1055160
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METHODS AND RESULTS

An AKR transplantable leukemia which has been trans-
ferred approximately every 10 to 12 days for the past year
was investigated, The leukemia was transplanted by intra-
peritoneal injection of 5 x 10° cells/ml of homogenized
leukenic spleen, Leukemic and normal mice were injected
intraperitoneally with 1 mg Vincaleukoblastine (VLB) per kg
body weight (4) 9 to 12 days after the leukemic transplant,
VLB and Colcemid were compared and, in our limited exper-
iments, the VLB gave the more pronounced effect of mitotic
arrest., TFor both drugs, the strathmokinetic effect appeared
to be dependent upon the freshness of the solution used for
injection, '

The VLB was administered 35 to 8 hours before sacrifice
of the animals, Longer periods of time between giving the
VLB and sacrifice resulted in overcontraction of the chro-
mosomes for the purposes of modal counting, morphology study,
and karyotype analycis;

The bone marrow was obtained from the fewmurs and tibias
immediately after sacrifice and was suspended in normal saline,
The chromosomes were prepared using a modification of the
method described by Fox and Ziess (5)., The dried slide prepara-
tiois were st;inod by immersion in 1 per cent aqueous crystal
violet,
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The chromosome counts of cells froa the bone marrow of
normal and leukemic mice of both sexes are given in Table 1,
Since the chromosome complement may differ greatly from an-
imal to animal and between leukemic transplants, fho results
from 8 leukemic mice are presented separately, Although
there was a greater heterogeneity in the distribution of
chromosome number in the leukemic mice, the modal value re-
mained that of the normal mouse, These results are in agree-
ment with Wakonig and Stich (3), who reported that in cells
from the spleen and thymus of AKR mice most of the 17 primary
leukemias and 10 transplantable leukemias and tumors bhad a
modal chromosome diploid number of 40, The occurrence of
higher percentage of aneuploid (particularly with chromosome
numbers over 40) and tetraploid cells was more common in the
leukemic cells, Marker chromosomes similar to those described
by others (1,3) were seen occasionally in one leukemic mouse,

These results show that transplantable neoplastic cells
can have a diploid chromosome complement and remain diploid
over a long series of transfers, In vitro experiments are
in progress to determine if a diploid complement of chro-

mosomes can be maintained in tissue culture.
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CHAPTER 7

MOLZCULAR RADIOBIOLOGY SECTION

Nucleic Acids: A Technique for Automated Base Analysis
(G. R, Shepherd, D, G. Ott, and P, A, Hopkins)

INTRODUCTION

A technique for automatic base analysis of hydrolyzed
nucleic acids and synthetic polynucleotides would be of value
to several molecular biology projects currently underway in
this Laboratory. Such a technique would allow the application
of corrective factors to phosphorus determinations to yield
exact nucleic acid concentrations, It would provide a sen-
sitive technique for the detection of anomalous bases present
in nucleic acids and permit the rapid determination of composi-
tion of polynucleotides synthesized by chemical or enzymatic
methods. Accordingly, the chromatographic procedure of
Crampton et al, (1) was investigated for its suitability for

automated flow analysis,

10557180 -313-
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METHODS

A base standard containing 500 ug/ml each of adenine,
guanine, cytosine, and thymine was prepared in 0.01 N HC1.
Jacketed columns (0.9 x 30 cm) were prepared using analytical
grade minus 400 mesh Dowex 50X-4 ion exchange resin, Columns
were equilibrated at the operating temperature (40° C) with
0.2 N ammonium formate buffer at pH 4.0 and were eluted with
several types of conceantration gradients of formate buffer,
Column effluents were monitored in a l-ca quartz flow cell
using a 254-u germicidal lamp source and a photovolt cell
qu densitometer, The pre;ent monitor does not strictly
follow theory (log TO/T = ecl), The Corning glass filter
system allows passage of a certain amount of light of longer
wavelengths which is not absorbed by the solution. Over a
certain range, however, the response is usefully proportional
to éoncentration, Elution profiles were recorded on a Brown
potentiometric rocorder; as illustrated in Fig,. 1,

Optimum resolution was obtained with a flow rate of
14 il/hr and'an exponential gradient following the expression:

C=Cp - (Cy - Cp (1 -wmiz/hy,

wvhere C is the mixing chamber effluent concentration at v =
n ml; C1 is the concentration in the mixing chamber at v =

O ml; c2 is the concentration in the reservoir at v = 0 ml;
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v is the volume of effluent passed; Al is the cross sectional
area of the mixing chamber; and A, is the cross sectional area
of the reservoir, MNixing and reservoir chambers must be equi-

level and liphaﬁ-connoctod.
RESULTS

Optimum resolution was achieved with 230 ml of 0.2 N
formate b;ttor.in the nmixing chamber and 300 ml of 1.0 N for-
mate buffer in the reservoir and when Ap = 1.54 Al. Gravity
flow was used with a head of approximately 20 cm., Consider-
able difficulty was experienced with peak distortion due to
the formation of air bubbles within the resin bed, This was
eliminated by (a) maintairing the reservoir and mixing
chambers at 42° C, and (b) inserting a specially designed
bubble trap between the mixing chamber and column,

Recording per cent transmission yields a linear record
of an exponential fuanction; such a record would not be propor-
tional to concentration over the range of O to 100 per cent T
but would be reasonably proportional over the range of 35 to
100 per cent T. Quantities of bases applied to the column
were regulated to remain within this range, approximately
100-ug quantities of each base giving a suitable response,
Peak areas were 1nteg;sted'usin¢ the half-height method and

were correlated with base quantity as a coanstant k,
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quantity of base (ug)
k= .
area of peak (cnz)

The data resulting from two duplicate runs are presented
in Table 1. In view of these encouraging results, further
improvements in the systea will be pursued, Stable flow rates,
a monochromatic light source, and a mechanically rigid light
source-flow cell-photocell assembly may be expected to improve
resolution and quantitation. A timer solenoid assembly will
permit automatic column elution, regeneration, and re-
equilibration. Resins of varying compositions and degrees
of cross linking will be investigated for improved resolution,
Further investigation of recorder function will be pursued,
recording as a log function and using log 1/N paper, in an
attempt to extend and to improve quantitation from recorder

tracings.
REFERENCE

(1) C. F. Crampton, F. R. Frankel, A. M, Benson, and A.
Wade, Anal, Biochem. 1, 249 (1960).
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Application of Automatic Computatiomal Techniques to the

Analysis of Ultracentrifugal Sedimestation-Velocity Molecular

Veight Data for Deoxyribonucleic Acid (G. R. Shepherd, P. N.

Dean, and B, J, Noland)

INTRODUCTION

Calculation of ultracentrifugal molecular weights and
sedimentation coerfficient distributions for DNA is a lengthy
process involving a large number of iterative computations,
Such calculations require a considerable investment in
skilled operator time and are highly susceptible to human
error, Accordingly, a computer program wus designed to per-
forn these calculations accurately and reliably. The progran
was written in FORTRAN II for the IBM 704/7090 computer (Mon-
itor System) and was designed to eliminate, insofar as possible,
pre-computer calculations on the par; of the operator, Provi-
sion was made for the direct entry of data in the same form
in which it was obtained experimentally. Routine use of this
program at the Los Alamos Scientific Laboratory has resulted
in an increase in the reliability of calculated data and has
encouraged the design of experiments which can effectively

utilize the increased quantity of data now available,.

MATHEMATICAL BASIS

Detailed mechanical and mathematical descriptions of

-319-
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ultracentrifugal boundary migration are readily available (1,
2). Especially valuable in this regard is the description by
Schumaker and Schachman of the use of ultraviolet absorption
techniques in the ultracentrifugal analysis of dilute solu-
tions (3). Briefly, the technique involves the clearing of

a solution of macromolecules by means of a high centrifugal
field. The clearing process creates a boundary, the region
between solvent and solution, which moves in the direction of
applied force, Since DNA macromolecules absorb ultraviolet
‘light in the region of 260 muy, the boundary migration may be
rechded on ultraviolet-sensitive film and translated to two-
dinonsional graphic form with an automatic scanning and record-
1n¢.photodénsitoneter.

Our work was performed with a Beckman/Spinco Model E
analytical ultracentrifuge equipped with an ultraviolet absorp-
tion system using DNA solutionﬁ with § to 40 ug DNA/ml. An
An-E rotor and 30 mm 4° sector cell were used throughout, All
meagurements, including those of viscosity, density, and
sedimentation, were made at 25.0 + 0.01° C. Care was taken
to accelerate the rotbr in the same manner for each run, giving
times which were reproducible within + 0.3 per cent for each
run, Films were developed according to the techniques of
Tho-pl and Berns (4), and the resulting films were traced
using the Beckman/Spinco Analytrol photodensitometer with film-

scanning accessory.

1055193 -320-



Figure 1 represents the theoretical time-sequential

~ boundaries observed at t;, ta, t3, and t4 of the same solute

1055194

at 4 different concentrations. The migration of a boundary
is expressed as the change in the log of the distance of
point h on the boundary during the period t; to ty from the
center of rotation, This value may be incorporated into the
following equation:

2.308 d log x/dt 13
x 1077,

Sobs =

27 RPM
60

SOBS is the observed sedimentation value in Svedberg
units and may be corrected for solution density and viscosity

to a standard set of conditions:

s - s nnzo’ t. C quv’ t. c - v * dn2°, 200 c
20,w OBS .

Hy0, 20 C/\"H0, t* C/\1 - ¥ dgy iy 4o ¢

szo" values are the values obtained had the solute been
dissolved in a solvent with the density and viscosity of
water at 20° C. The viscosity ratios used in the correction
may either be calculated from handbook values, in the case
of water at t° C and 20° C, or obtained directly from (time

x density) ratios performed in a low shear gradient capillary
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viscometer of the Ubbeholde type at t° C. The value 0.55
for the partial specific volume (V) was obtained from the
work of Tennent and Vilbrant (5). Intrinsic viscosity [n]
may be obtained by the linear extrapolation of the ratio of
specific viscosity to concentration to infinite dilution,
N sp Values are derived from solution and solvent flow time-
density products obtained in a capillary viscometer,
Molecular weights are obtained by substitution of the

proper values in the following empirical equation (6):
M. Wt. - 4.269 + 1,33 log (5[ 1} /%),

where So is obtained by the extrapolation of szo,"values,
or their reciprocals, to infinite dilution,

Finally, apparent diffusion coefficients may be obtained
from the slope of a plot of the squares of the differences
between the x values of a boundary at h = 0,25 and h = 0,75
against time., The slope of the resulting line, divided by
the constant 3,64, is the apparent diffusion coefficient in
cnz/sec.

It may be seen that, with the exception of a perfectly
stable vertical boundary, each value of h will yield a dif-
ferent set of values for SOBS' 820,', so, and M, Wt, Informa-

tion on the distribution of these values within a given
sample is frequently of interest to the investigator in that
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it may offer information as to the size, homogeneity, and
purity of a DNA preparation. The computer program was, there-
fore, designed to yield the following data:

(a) One apparent diffusion coefficient for each concen-
tration value, .

kb) Intrinsié viscosity derived directly froa capillary
flow times and s&lvont und'tolution densities,

(c) One value of S

OBS
each time interval for each concentration.

for each boundary h value for

(d) One value of szo" for each boundary h value for
each time interval for each cpncentr&tion.

(o)' One value of S, for.each boundary h value for each
time interval,

() One vglue.of n..lt. for each boundary h value for

each time interval,

Figures obtained in this manner agree closely with those
obtained by simultaneous hand calculation procedures. It may
be seen that th; application of automatic computational tech-
niques to the analysis of ultracentrifugal molecular weights
effects & great saving of time, an increased accuracy and
reliability of results, and enables the experimenter to
design experiments which can utilize these data to the fullest.
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The Representation of Oligonucleotides: A Sub-Nomenclature
Problem (F. N. Hayes and D. G. Ott)

INTRODUCTION

Formal nomenclature in the oligonucleotide field is so
complex that much effort has been put into devising simpler
descriptive systems, In the literature and every day in the
laboratory, chemical ;gructuros must be represented simply
and clearly on paper and blackboard, There are two standard
systeas: a two-dimensional nucleoside stick structure (I)
which is used whenever all the reactive functions must be
shown, and a linear structure (II) when only the 3'- and §'-

linkages are represented.

A

)

- OH
- OH

P pApdC
I T §
Structures I and II represent the same mixed ribo- and deoxy-

ribodinucleotide, The stick sugar numbering runs from 1' at
the top to 5' at the bottom, The linear linkage numbering

105571449 -326- " B



imitates the direction in multistick structures: each p has
3' on its left plus 5' on its right.

Both systems use the letters A, C, G, U, and T, where
in the stick version the bases adenine, cytosine, guanine,
uracil, and thymine are meant but where in the linear version
the nucleosides adenosine, cytidine, guanosine, uridine, and
thymidine are meant, Thymidine is a deoxynucleoside; vhereas
the other four are ribosides. The linear version also needs
dA, dC, and dG to represent deoxyadenosine, deoxycytidine,
and deoxyguanosine, The discovery of a ribothymidine in S-RNA
has led to use of rT for it, but recently there has been agita-
tion to redefine T as ribothymidine and to introduce dT as
thymidine,

The use of p to represent phosphate ester in both the
stick and linear forms is traditionally replaced by designa-
tions such as GMP, dCDP, and ATP for 35'-guanylic acid, 2'-
deoxycytidine-5'-diphosphate, and adenosine 5'-triphosphate,

NEW PROPOSALS (LOCAL SYSTRM)

We entered the field of oligonucleotide synthesis with
no emotional or traditional ties to the generally used nu-
cleotide sub-nomenclature, The existing system was found to
be unsystematic and troublesome enough that we wished for

something better and, therefore, more useful in our work,
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Almost effortlessly, the following system evolved and has
been successfully used for more than a year,

- Bases are represented by Ad, Cy, Gu, Th, and Ur for
adenine, cytosine, guanine, thymine, and uracil. These nota-
tions appear only on the stick structures, Nucleosides in
the ribose series are A, C, G, T, and U, and in the deoxyribose
series are a, c, g, t, and u, Phosphate esters are represented
only by the normal linear uli of p.

‘ Structure I is altered only to have A replaced by Ad
and C by Cy. The linear structure II is now pApc. Likewise,
GMP becomes pG, dCDP becomes p,C, and ATP becomes p3A.

In the following sections on oligonucleotide synthesis,

the local nomenclature abbreviation systea will be used,

1055801 -328-
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Oligonucleotide Synthesis (D. G. Ott, D. L. Williams, V. N,

Kerr, G. T. Fritz, E. Hansbury, R. E. Hine, and F, N. Hayes)

INTRODUCTION

The program of the Molecular Radiobiology Section in-
cludes a study of oligodeoxyribonucleotides: their prepara-
tion, chemical prrperties, and biological significance.
These small units of DNA can serve as standards with cat-
alogued properties for comparison with DNA cleavage products
in sequence studies, as models in radiation experiments and
for chemical and enzymic degradation, and as active partic-
ipants in cell-free polymerase systems, To embark properly
on our ambitious study program, a selected and considerable
number of oligodeoxyribonucleotides must be prepared by what-
ever means seea most appropriate,

Polymerization produces large molecules with a monot-
onously repetitive sequence or with an unknown sequence if a
mixture of monomers is used, Stepwise molecular buildup
offers great sequential variety of known order, but progress
toward large molecules is exceedingly slow, DXA subjected
to the action of phosphodiesterase enzymes is a potential
source of all conceivable oligonucleotides., How promising
this approach may be depends on the technical mastery of

fractionation procedures which must, at the same time, be

1055802 -329- T

e 2 A E . .



1055803

R

ultrasensitive to structural differences and handle large

quantities of oligonucleotide mixtures.

GENERAL DISCUSSION

Thus far in the synthesis program, work has been limited
to compounds containing the pyrimidine bases: cytosine and
thymine, Polymerization of S'-thymidylic acid has been acconm-
plished both with dicyclohexylcarbodiimide (DCC) (1) and
with ethyl polyphosphate (2) to give the well known series
(pt)n with a maximum n of approximately 12 at the termination
of our separation procedure. Our ethyl polyphosphate was
clearly not functioning in the way it has been reported
[namely, io give poly-5'-thymidylic acid of average molecular
weight = 18,000 (2)]. With the recent visit of one of the
authors of Retf, 2, Dr, Wolfgang Pollmann, to our laboratory,
we can now make an ethyl polyphosphate which converts §'-
thymidylic acid in low yield to polymer of considerably higher
molecular weight than obtainable with DCC as the polymeriza-
tion agent, but we are quite expectedly still troubled with
excess phosphorus in the product,

Stepwise synthesis has been directed at the 4 possible
pyrimidine dinucleotides in various stages of phosphorylation
whigp are illustrated with thymidine as the nucleoaside: ¢tpt,

ptpt, tptp, ptptp, -ptpt-, pztpt, and patpt. ?ho required

«330-
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quantities of each product differ according to use intended,
Some are starting materials for synthesis of higher oligomers,
and others are end products only to be characterized. Also,
to aid in biochemical studies, radioactive labeling of cer-
tain of these is being carried out.

The approach to oligodeoxyribonucleotides by enzymolysis
of DNA is still in the planning stage.

INTRODUCTORY EXPERIMENTAL

Most of the syntheses are by known procedures or by
minor modification of standard methods (3-5)., Nucleoside
and nucleotide intermediates with blocking groups situated
to inhibit interfering reaction sites and chosen for selec-
tive reno#ability from the condensation products are first
prepared, These are illustrated in Fig. 1. The only dif-
ference between the thymine and cytosine representatives is
that the latter require an anisoyl block on the 4-amino
nitrogen,

By one-step condensation reactions, fully blocked dimers
are formed according to the following representations: 1I +
IT — tpt, I + V — tpc, IV4+ II —» cpt, and IV + V
——— cpc. The trityl group is acid-labile, and the acyl
groups are base-labile, permitting selective removal of
either the 3'- or 5'-block in a dimer followed by phosphoryla-
tion of the free hydroxyl group, In this way, 3'- and

slu -331-
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S'«-phosphates and the 3',5'-diphosphate of each dinucleotide
are being prepared, A cyclic dimer results from intramolec-
ular condensation at high dilution of either the 3'- or 5'-
phosphate.

The special 2-.cyanoethyl-blocked nucleotides, III and
VI, are used for rapid access to the 5'-phosphorylated dimers:
III + II =——=ptpt, IIIl + V = ptpc, VI 4+ II ——epcpt, and
VI ¢ V e=—epcpc. This scheme is readily amenable to use of
labeled nucleotides,

A method has been worked out for converting a dimer 5°'-
phosphate to its 5'-triphosphate, Thus, we will have di-
nucleotides at the supposedly proper chemical state for in-
corporation studies with polymerase systems,

Specific progress in synthesis is reported in the follow-

ing section,

EXPERIMENTAL PROGRESS

Much time has been spent in mastering reaction techniques
applicable to oligonucleotide synthesis, Progress in pol-
ymerization and stepwise synthesis is reported here, but
product characterization information is lacking, Thus far,
considerable paper and column chromatographic data have been
amassed, as is necessary for identification and separation
procedures used in working up reactions, Elemental micro-~

analyses, ultraviolet and infrared spectroscopic data, and

wn
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[
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chromatographic behavior of pure products will be presented
in later reports,

5'-0-Tritylthymidine Derivatives (I). Chlorotriphenyl-

-othlno, a specific roazent for primary hydroxyl groups,
reacts vory slovly with thymidine at room temperature (60 per
ccnt, 1 vook) and aftordc 70 to 80 per cent yields of 5'-O-
tritylthynidino (I) in hot pyridino during about 30 minutes,
Substitution of the trityl chlorido reagent with p-methoxyl
groups (6) increases the reactivity of the reagent as the
number of such gfd&ps is increased. With a 10 per cent molar
excess of the rengent;: quantitative conversions of thyamidine
were effected in 40 hour; for one p-methoxyl, 13,5 hours for
two, and 4 hours for three on a 1 to 10 mmole scale, Repeated
recryltallizatioﬂs froam dichloromethane and cyclohexane mix-
tures gave yields of purified products ranging from 95 to

99 per cent, Since the monomethoxy~, dimethoxy-, and tri-
nothoxytrityl radicals are, in that order, increasingly more
sonsitivo to acidic hydrolysis and are much more readily re-
moved than trityl, they offer a good means of protecting the
$'-hydroxyl function of dooxycytidinc and the purine nu-

cleosides and'nuclootides with their much more acid-labile

N-glycoside bonds,

2-Cyanoethyl 5°'-Thymidylate (III). 2-Cyanoethyl 3'-
thymidylate (III) is isolated in almost quantitative yield

-334-



1055608

as its calcium salt following the reaction of commercially
available 5'-thymidylic acid (pt) (as the pyridinium salt)
with dicylohexylcarbodiimide (DCC) and a large excess of
hydracrylonitrile. The diester was also formed in excellent
yield using p-toluenesulfonyl chloride as the condensing

agent,

ngnisoy1-2'-dooxycytidino (IX), Compound IX has been

prepared by both of the reaction sequences illustrated in
Fig. 2, Tetrahydropyranylation of 2'-deoxycytidine (c)
hydrochloride goes extremely slowly without added catalyst,
On 0.1- to 4-mmole scale with a large excess (55 fold) of
dihydropyran (DHP) in dimethylformamide solution, the addi-
tion of 1.1 equivalents (per mole) of dry HC1l in dioxane
catalyzed the reaction to completion in 23 hours at room
temperature, A compound of intermediate R, first formed,
presumably the 5'19-(2-tetrahydropyr:ny1)- derivative, which
disappeared completely as the bis- derivative of higher Rt
was formed. The product, 3',5'-0-bis-(2-tetrahydropyranyl)-
2'-deoxycytidine (VII), was isolated as a colorless semi-
solid material which has not, as yet, been crystallized.
Reaction of VII with anisoyl chloride in dry pyridine gave
the N-anisoyl derivative (VIII). The latter product has been
extremely hard to purify because of colored by-products aris-

ing from the dihydropyran reaction., A colorless product has

=335~
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HOCH_CH_CN

TrCl 272
t ——e ] pt =
C H.N DCC, CH N
Cy Cy~-N-An Cy=-N-An
DHP
L oR CA;CI OR HOAc | oH
5 sil
OR OR _ OH
Vo v 5.4
Cy-N-An
AnCl
CHN OH" TrCl
55 —O0-An SR X ZEN v
5 5 55
— O=An
X
Cy-N-An Cy-N-An
cA:lmN- F—O-An _OH . |om Ao v
55 C HN C.HN
55 55
— p-An —p
X1 p'a i}

Fig. 2. Synthesis of protected intermediates (R = 2-tetra-

-336- R



s o ——

g oo ®

been obtained in about 33 per cent yield by the slow crys-
tallization of VIII from a mixture of ether and ethyl acetate,
Removal of the 2-tetrahydropyranyl groups with 80 per cent
acetic acid at 25° was quite slow, and a mixture of products
was obtained, It appsars that removal of a 3'-0-(2-tetra-
hydropyranyl) group in aqueous acetic acid, from deoxy-
cytidine derivatives, is greatly facilitated by the presence
of neighboring phosphate group (7).

The preferred method of preparing compound IX is via
the completely anisoylated derivative, 3',5'-O-N-trianisoyl-
2'-deoxycytidine (X). On the 1- to 4-mmole scale, the yield
of naarly pure colorless product is essentially quantitative;
upon recrystallization from ethanol, the recovery of pure
material is 69 to 75 per cent and more is obtained from mother
liquors., Controlled hydrolysis of X, with dilute sodium
hydroxide in pyridine at 30° for 35 minutes to remove the 3'-
O- and 5'-0O-anisoyl groupl,.givos nearly a quantitative yield
of N-anisoyl-2'-deoxycytidine (IX) with just a trace of 2'-
deoxycytidine. Sodium ions are removed with IR-120 (pyridin-
ium) resin, and it is important that the product be thoroughly
washed from the resin with 15 to 25 per ceat pyridine solution,
The removal of anisic acid is effected by treating the solu-
tion briefly with an 8 fold theoretical excess of IRA-400
(OH”) resin., It is very important that a large excess of

=337~
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pyridine be present to prevent adsorption of the product

and coincident hydrolysis of the N-anisoyl group, With thor-
ough vushing_ot the resin thn'zs per cent pyridine, the
recovery of thg product is quantitativ.. Compound IX crys-
tallizes well froa methanol,

N-Anisoyl-S'-0-(dimethoxytrityl)-2'-deoxycytidine (IV),
g i

On a 1- to 2-ioib scale, reaction of IX with chloro-(p-
methoxyphenyl)diphenylmethane, in 10 per cent excess, gives
quantitative conversion to IV in 48 hours, In a similar reac-
tion of IX with chlorobtl-(g—nothoxyphonyl)phcnyllothane,

the conversion is quantitative in < 18 hours, After hydrol-
ysis' of excess reagent and neutralization of hydrochloric
acid with ammonium hydroxide, the product is extracted into
"chlorofora and thoroughly washed with water, These products
crystallized from dichloromethane and cyclohexane or dichloro-

methane and butyl chloride,

3'~0-Acetyl-N-anisoyl-2'-deoxy-~5'-cytidylic Acid (V).

Compound V was prepared from 2'-deoxy-5'-cytidylic acid (pc)
according to tho_reuétion 9§quenco shown in Fig, 2, Complete
anisoylation ot;pg was accomplished after 2 hours in pyridine
'at 28°,
The use of 2 !’so¢1ul hydroxide (7) to -plit'tho anisic
phosphoric anhyd:ige 1;;&:30 selectively in XI was not feas-
ible, since the 5'-grucy1 group was removed at about the same

1055611 ~-338-
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rate, Hence, the anhydride and 3'-QO-acyl groups were com-
pletely hydrolyzed with dilute NaOH in pyridine at 25° for
30 minutes, giving §-an130y1-2'-dooxy-5'-cytidylic acid XII,
which was then acetylated to obtain V in 71 per cent yield

based on pc and isolated as the calcium salt,

5'12-Dinethoxytritylthynidylyl-(3':5')-3':2-;cotyl:§-

anisoyl-2'-deoxycytidine (XIII)., The reaction of the pro-

tected nucleotide (V, 0.43 mmole) with 5'-O-dimethoxytrityl-
thymidine (I, 0.5 mmole, 16 per cent molar excess), as
illustrated in Fig. 3, afforded an 85 per cent yield of the
completely protected dinucleoside (XIII), The reaction mix-
ture was chromatographed on a DEAE-cellulose anion exchange
column in the carbonate form and eluted with a linear gra-
dient (0.005 to 0.6 M) of triethylammonium bicarbonate at

PH 7,5, Many peaks were obtained: the first of these con-
tained pyridine nucleotide, the second contained mesitylene-
sulfonic acid, and the third contained unreacted V and its
pyrophosphate, The fourth peak, dimethoxytritylthymidine,
eluted from the column slowly, since it is water insoluble,
It was spread over about 110 tubes, The fully protected
product (XIII) also was eluted very slowly; it first appeared
in fraction 249 (10-ml fractions) and was collected in a
total of 14 liters of solvent, Since the concentration of

product in the eluate was practically constant, 4 liters of
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Fig. 3. Derivatives of tpc..
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5 per cent ethanol in 0.6 M triethylammonium bicarbonate
solution was used toward the end of the run to hasten its
removal, The product was isolated from the large volume of
solvent by repeated extraction with chloroform in which it
is quite soluble,

A small peak which was superimposed on the product peak
(tubes 586 to 600, as demonstrated by paper chromatography)
was shown by hydrolysis reactions and paper chromatography
to be compound XVII, which resulted from loss of the 3'-0-
acetyl group from XIII during the work-up,

The major product was partially charucterized by means
of the reactions shown in Fig, 3, leading to the products
XIV, XV, XVI, and XVII derived from XIII in various stages
of its being stripped of its blocking groups to give finally,
tpc.

5'-o'-Dinethoxytritylthynidylyl-(3':5')1§:anisoy1-2'-

deoxycytidine (XVII). The majority of the product (XIII)

vas subjected to controlled basic hydrolysis with dilute
sodium hydroxide in ca, 50 per cent aqueous pyridine to ob-
tain XVII. Removal of sodium ions was effected by treating
the solution with IR-120 cation resin (pyridinium form).

The solution was evaporated to dryness with the pH maintained
> 7 by occasional additions of pyridine.

{05586 14 -341-



Thymidylyl-(3':5')-2'~-deoxy-3'-cytidylic Acid (tpcp).

The partially protected dinucleoside phosphate XVII, which
has an available 3'-hydroxyl group, was phosphorylated with
2-cyanocethyl phosphate (6) and DCC in pyridine, as il-
lustrated in Fig. 3. After addition of water, removal of
dicyclohexylurea, ahd hydrolysis of protective groups from
XVII1, the products were subjected to chromatography on a
DEAE-cellulose column (carbonate form) and eluted with a
linear gradient (0.005 to 0.3 M) of triethylammonium bicar-
bonate at pH 7.5. Of the 6100 optical density units applied
to the column, 20 per cent was non-nucleotide colored mate-
rial that was removed by a preliminary washing with water
adjusted to pH 8 with triethylamine, The gradient elution
pattern of nucleotidic products is shown in Fig, 4. The main
product, peak 3, which is presumably tpcp as indicated by
paper chromatography of the hydrolysis products and the posi-
tion:ot the peak relative to the gradient, amounted to 52 per
cent of the nucleotide material,

The small peak, shown as a part of peak 3, is now be-
lieved to be an artifact produced in loading the column,
Peak 3 was rechromatographed on the same column, using a
shallower gradient of triethylammonium bicarbonate; a single

smooth peak was obtained,

Thymidylyl-(3':5')~deoxycytidine (tpc). Peak 1, the

1055815 m342- [ A0
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second largest, is believed to be tpc and amounted to 32 per
cent of the material eluted. This product arises from in-
complete removal of the 3'-~O-acetyl group during the con-
trolled basic hydrolysis of XIIXI. A more careful check of
the degree of hydrolysis by chromatographing larger aliquots
of the sample is in order when carrying out this hydrolysis.
Using the same conditions on the micromole scale, all of the
3'~0~-acetyl block was removed and in addition a small amount
of the !—anifoyl block. The latter factor is unimportant in
phosphorylations with 2-cyanoethyl phosphate, since the
reagent is in excess and the resulting phosphoamide is easily
hydrolyzed in a basic mediunm,

ot couric, tpc would be directly obtained in the desired
quantity by the hydrolysis og compound XIII, as shown in
Fig. 3.

- 8'-Phosphorothymidylyl-(3’:5')-2'-deoxy-3'~cytidylic

Acid (ptpcp). "Although care was taken to preserve the 5'-0-

dinethoxytrityi group on XVII after removal of the 3'-0-
acetyl block, a small amount of thymidylyl-(3;3)~N-anisoyl-
2'-deoxycytidine (XV) was present in the phosphorylation
reaction mixture, The resulting completely phosphorylated
dimer, ptpcp, is believed to comprise peak S of the elution
pattern in Fig. 4 and amounted to 5 per cent of the eluted

material,

w344 -
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Thymidylyl-(5':3')-5'-thymidylic Acid (ptpt). The reac-

tion of II with III in pyridine with the aid of grtoluono-
sulfonyl chloride (TsCl) gave XIX, as shown in Fig, S,
Following removal of the base-labile acetyl and 2-cyanoethyl
protective groups, the resulting ptpt was purified by column
chromatography on DEAE-cellulose (bicarbonate form, linear
triethylammoniuvm Licarbonate gradient) and crystallization

of the calcium salt.,

Polyphosphates

Although many effective methods have recently been
devecloped (8) for the synthesis of nucleotide diphosphates
and triphosphates, the preparation of oligonucleotides bear-
ing these terminal groups has not been reported, The reac-
tions shown in Fig., 5 for this purpose were developed and
are quite satisfactory, Similar reactions, employing phos-
phorimidazolides, have been used (9) for preparing organic
polyphosphates, including adenosine triphosphate, The method
appears to be simpler and the yields equivalent to the more
commonly employed procedure which involves phosphoromorpho-
lidates,

5'~-Thymidylic acid (pt as the pyridinium salt) is con-
verted to the imidazolide XX by reaction with commercially
avalilable carbonyldiimidazole in dimethylformamide solution
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2. “DMF, C.HN DMF, C_H_N 3
' _DMF 7(3“3‘“‘)
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Fig. 5. Reactions involving 5'-phosphates,
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at room temperature overnight., Treatment of the resulting
solution of XX (without further purification) with anhydrous
monotributylammonium orthophosphate gave pat. Similarly,
treatment of XX with monotributylammonium pyrophosphate pro-
duced p3t. In the latter reaction, it was found that imida-
zolium pyrophosphate was insoluble in dimethylformamide (and
2ll other common organic solvents); consequently, excess pyro-
phosphate, corresponding to the amount of imidazole present
after the preparation of XX, was used.

Application of the triphosphate reaction to the di-
nucleotide ptpt gave analogous results. The products were
purified by column chromatography on DEAE-cellulose (bicar-
bonate form) using a linear gradient of triethylammonium bi-
carbonate at pH 7.5, The products came off the column at
approximately the same gradient concentration as do oligo-
nucleotides having the same total number of negative charges;
thus, the nucleotide polyphosphates were quite well resolved.
However, contamination with inorganic polyphosphate was found
(by phosphorus analysis and by paper chromatography), and
other means of purification (e,g., adsorption and desorption
from charcoal) are required to eliminate these by-products,

Since nucleoside polyphosphates have been observed (9)
to disproportionate in such anhydrous reaction solutions, the

effect of time of reaction on yield was studied, After a

f
L
s
e
g
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reaction period of 1 day, the yield following column chro-
matography of pztpt was 18 per cent, patpt was 48 per cent,
P tpt was 1.2 per cent, and starting material (ptpt, etc.)
was 18 per cent, For a 6-hour reaction period, the yields
were: pztpt, 7 per cent; Patl’ta 48 per cent; p4tpt, 0.5 per
cont;4and ptpt, 25 per cent, Thus, the yield of the desired
product was the same in both cases, although the proportions
of the by-products varied., Although the yield is satisfactory
and as expected for this type of reaction, attempts will be
made to optimize it, particularly with respect to formation
of inorganic polyphosphates,
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Chromatography of Nucleic Acids (A, Murray, D. F. Petersen,
T. T. Trujillo, and V. E, Mitchell)

INTRODUCTION

Previous reports (1-4) have been concerned with the syn-
thesis and equilibrium b;havior of a large number of amine-
substituted cellulose anion exchange resins. These studies
suggested that precise control of flow and anion concentra-
tion at extremely slow rates would be necessary for optimum
performance of the resins, and the theory and design of a
device capable of providing adequate control of resin environ-
ment during column operation were investigated (3), This
report summarizes preliminary data on the performance of the
apparatus with a series of selected resin columns, In addi-
tion, screening data are presented on the behavior of these
resins during equilibrium desorption of denatured and de-
graded salmon spera DNA. Finally, several resins selected
on the basis of exchange capacity were adapted for applica-
tion to thin-layer chromatography and tested for ability to

separate phosphorylated compounds of adenosine,

METHODS AND RESULTS

“"1 Equilibrium Desorption of Nucleic Acids

i The continued screening of resins for polynucleotide

1055823 ~3%0-
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desorption properties was carried out under equilibrium condi-

tions by batch elution as previously described (4).

(a) Salmon sperm DNA (Calbiochem,) was heat-denatured
at 91,5° for 6 minutes, then rapidly chilled by external ice
bath and internal application of frozen buffer salt solution,
so that the tempeiature dropped to 50° in 15 seconds and 10°
by 90 seconds, Table 1 présents elution profiles for this
denatured DNA with 26 resins arranged in decreasing order of
the desorption activity index previously found for the un-
denatﬁred samples (4); average recovery was 99 per cent
desrite a few cases of extreme spread, All samples were com-
pletely absorbed, except for trace amounts in two related
resins of rather high binding site density, The number of
recovered fractions varied from 4 to the maximum possible 8,
In 18 cases permitting correlation of the relative desorp-
tion activity index (average 322) with that for the un-
denatured sample (average 447), 13 showed a marked decrease,
indicating a profile shift to tighter binding, while 5 re-
leased denatured material at lower 1on1c strength,

(b) The ability of resins to chaperone heat-denatured
salmon sperm DNA was investigated by mixing hot solution with
a heated resin slurry and allowing the mixture to cool atte;
30 minutes, Table 2 presents elution profiles with 7 resins,

accompanied by the corresponding data for heat-denatured and

1055824
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undenatured samples. A comparison of desorption activity
indices indicates that thése resins vary widely in ability
to prevent renaturation of DNA,

(¢c) The ability of resins to detect degraded DNA was
investigated by comparison of elution profiles with those of
undegraded samples, Aliquots of salmon spers DNA were de-
graded by vigorors mechanical shaking for 24 hours, by rapid
passage 3 times through a 27-gauge hypodermic needle, by
stirring with a Virtis mixer 24 hours at 3° with minimum
cavitation, by sonication 10 minutes at 10 KC in a water-
cooled polyethylene bottle, or by exposure of both denatured
and undenatured samples to 25,000 r of X rays.

Table 3 presents elution profiles of 2 resins with
4 samples of DNA subjected to ordered scission and 2 with
random scission. In the former classification, shear with
the needle appeared to be least damaging.

(d) The effect of aging upon DNA solutions stored at
refrigerator temperature was studied by determining the
change in elution profiles, Table 4 presents the profiles
of 4 resins and evidence that homogenecusly decreased resin
capacity and binding site density shift the profile of fresh
DNA to lower ionic strengths, and extended storage of DNA
solutions at refrigerator tonporaturé results in marked
shifts to higher ionic strengths and anomalously high recov-
eries by alkali,

(055828 _385.
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The A of neutral buffered stock solution of salmon

2
sperm DNA u:gLr storage at 3° gradually increased (4 per ceat
at 1 week, 5 per cent in 3 weeks), At room temperature, how=-
ever, the change amounted to 21 per cent in 1 week and may
account for high recoveries observed with certain resins,
especially since the equilibrium studies involved several
months at the higher temperature, This increase is halved
by resorting to a base line determination between 310 and
230 mp, as employed above,

(e) The properties of 50 resins for desorbing mammslian
liver-soluble RNA are being screened under equilibrium condi-

tions at 3°,

Column Desorption of DNA

(a) Positive-Displacement Gradient-Elution Device. The

art of chromatography does not yet allow one to predict the
exact shape and composition of an elution gradient for best
separating a complex mixture; therefore, in practice, one
requires a near linear gradient that is reproducible and sub-
Ject to independent manipulation of local portions. There
has been completed and put into operation a "synchrovarigrad"
(Fig. 1) capable of providing parallel, continuously-variable

gradient-elution of 16 columns under identical conditions

of constant predetermined flow rate, A mixer, built of

1055831 -358-
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9 identical stacked Lucite chambers, is fed by a positive-
displacement pump of precision glass tubing. The 16 mixers
are mounted in a cage which is suspended in gimbals and
tilted eccentrically, thereby rolling a glass marble in each
chamber to afford continuous mixing., The chambers are loaded
successively from the bottom upward by means of a tube pen-
etrating a central loading port, which then self-seals by
the automatic seating of a floating polyethylene ball, Small
apertures connect adjoining chambers 180° apart to circumvent
laminar flow, The pump input feeds the bottom chamber, and
the output to the column issues from the top, Pump plungers
of special design are sealed with 4 silicone rubber O-rings
lubricated with silicone grease (Apiezon N for NaOH solutions),
and all connections are made by polyethylene tubing threaded
tﬁrough silicone rubber stoppers. All pumps are actuated by
a single 1 RMM synchronoui motor driving a converted lathe
mechanisa through an appropriate gear box, chain, and sprocket,
The columns are packed at 2° under 5 psi, then clipped to a
netal screen immersed in a stirred water bath automatically
maintained at 2° by an electrical refrigeration coil,
Caxlibration of this device revealed that each mixer con-
tained an average volume of 964.4 + 0.6 ml, and each of 8 pumps
deliyered 64 measured fractions at an average rate of 16,3

4+ 0.0 m1/150 minutes. The gradient developed is determined’

1055833 -360-
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by the initial concentrations charged into each chamber of
the mixer and pump. Figure 2 presents the 9 simplest gra-
dients obtained by loading the indicated number of upper
chambers with water, and the remainder and pump with 2 M
NaCl; the curves describe the theoretical gradients obtained
from the computer program (5), while the points were deter-
mined by titration. A truly linear gradient may be obtained
by loading the chambers with 8/9, 7/9, 6/9 cevee 1/9 0of the
limiting concentration contained in the pump. At any time,
a second gradient may be superposed on the initial one by
recharging the pump with a different solution. The device
aprears to provide the precise control of column environment
required for meaningful evaluvation of a large number of

amine-substituted anion exchange resins,

(b) Choice of a Bacteriostatic Agent Compatible with

Materials in the Gradient Mixer, The bacterial growth con-

trol properties of trichloroethanol, chloretone (concentra-
tions of 0.25, 0.5, and 1.0 per cent), and of chloroform
(saturation) were determined by incubating 106 spores of
bacillus subtilis in 25 ml of thioglycollate broth for 7 days
at 37°. Complete growth inhibition was found with all agents
at the highest concentration; chloretone was effective for

6 days at 0.5 per cent, but ineffective at 0.25 per cent;

trichloroethanol was effective for 2 days at 0.5 per cent,

-361- [



GEBGSO0|

‘xoxTu paxaqueyd-¢ e £q pado{oAap S3juaypead uorINIad arduys °z ‘374

(IN) INNT0A NOILLNT3

006! 00M 00tI 0021 00N o

| I | 1

L4 L

o

co

€0

»0

-362-

€0

90

0

80

60

|
|
|

o
o
<
©
m
2.
o’
=
=
o
Z
Mm
3
o
-4
o
"
-
=
=
=
(2
mm
m
&
-
5
o
s




1055830

but ineffective at 0,25 per cent. Inoculation of fresh
broth with 0.5-ml aliquots from completely inhibited cul-
tures showed the mechanism to be bacteriostatic rather than
bactericidal.

Loss of these reagents from solution through scavenging
was assessed by shaking with granulated Lucite in poly-
ethylene bottles ror 4 days, followed by re-assay for hal-
ogenated compound by the Fujiwara reaction (chloroform
99 per cent, trichloroethanol 20 per cent, and chloretone
relatively little loss),

On the basis of these findings and spectrophotometry in
the region of 315 to 240 mu, chloretone appeared the agent

of choice.

(c) Synchronous Column Elution. Figure 3 is a stylized

graphical presentation of 32 comparative elution profiles ob-
tained at 2° with 16 resins (1 g each) and fresh salmon sperm
DNA under controlled conditions of flow rate, salt gradient,
and resin/DNA binding density. Profiles were determined
spectrophotometrically (Azso to A310), and each contained
single smooth peaks eluted by salt and by alkali, but in
varying proportions, The ordinate expresses the molarity of
sodium chloride at threshold, peak, and tail of the salt peak,
The resins are arranged in aécending order of per cent elu-

tion by salt, and the designation is preceded by the capacity
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in meq exch C17/g. The appropriate binding site density,
per cent non-bound DNA, and profile distribution index (per
cent recovery by alkali divided by par cent recovery by salt)
are indicated for each resin.

Dotted lines represent a run at constant DNA loading/g
resin (variable binding site density), chloroform bacterio-
stat, and collection rate 10 m1/400 minutes; mean recovery
was 100 per cent. Alkaline elution was achieved with 2 M
NaCl, 0.5 M NaOH.

Solid lines represent a run at coastant binding site
density (variable DNA loading/g resin), chloretone bacterio-
stay, and collection rate 10 m1/125 minutes; mean recovery
was 110 per cent., A flatter salt gradient was used (Fig, 2,
No. 9, Co 0.015 ¥ NaCl, 0.01 M TRIS buffer, CL 0.85 M NaCl,
0.01 M TRIS). Only ECTEOLA and ECHMTA exhibited appreciable
slip, despite larger binding site densities., The general
increase in profile distribution index at the 2.8 X faster
flow rate is noteworthy and indicative of pronounced shift
to higher ionic strength with departure from equilibrium,
The location of peaks in the ordinate expresses the relation
between rise and degree of tailing.

Table 5 presents mean Sob values of significant peak

8
fractions from the slower run, arranged in order of increas-

ing non-bound DNA., It is apparent that these resins vary

|
o

~365 - i



o -

? TABLE 5, MEAN sobs VALUES OF SIGNIFICANT PEAK FRACTIONS

Mean sobs Values

. of Fractions
| Non-bound Binding

DNA Site Non~bound NaCl NaOH
Resin (per cent) Density Fraction Peak Peak

ECMOR-SF1 2 81 - 6 27
ECDMATPOL-SF1 3 9 - 7 22
ECP1D-SF1 3 9 - 8 18
ECDEA-SF2 3 20 - 9
 ECDEOLA-SF2 4 13 - 7 16
ECDMAPDOL-SF1 5 8 -- 11
ECEOLA-SF2 9 13 18
ECAMPDOL-SF1 11 13 10
ECDEA-SF1 14 6 3 18
ECTEOLA-EK 20 19 8
ECATPOL-SF1 21 10 11 8
ECEEOLA-SF1 32 5 15 5 7
ECHEEDA-SF1 47 8 8
ECTETA-SF1 49 6 11 11
ECHMTA-SF1 50 12 3 5 10
ECDMA-SF1 50 6 13 6 7

10556319 -366- [
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widely in the degree to which they fractionate a slip frac-
tion,

Spectrophotometric determination of base ratios (8) in
various fractions of all 32 profiles failed to reveal any

significant variations.

Thin-Layer Chromatography

Thin-layer chromatographic techniques afford consider-
able economy of material in working out optimum conditions
for desorption, as well as providing a convenient procedure
for systematic investigation of the effects of binding site
density and binding intensity on the mobility of hydrophylic
anions, Resins of low, intermediate, and high capacity were
tested for ability to separate phosphorylated adenosine com-
pounds as a function of ionic strength., Resins were ground
in a mortar and suspended in a Virtis homogenizer at maximum
speed for 10 minutes to obtain an appropriate particle size
of approximately 10 pu judged by uniformity of the layers,
Plates 2 x 20 cm were prepared by masking the edges with
electrical tape and applying 1 cc of a slurry containing
150 mg of resin., Uniform spreads were obtained by gently
tilting the plates, which were then air-dried and the tape
removed, Commercial TLC DEAE-cellulose (Bio-Rad), poly-
ethyleneimine (PEI) cellulose, and unmodified TLC cellulose
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were also used as test media, In all cases except unmod-
ified cellulose, minimal background ultraviolet absorbance
permitted intermittent monitoring of nucleotide migration on
the plates during development in open dishes, Plates were
developed ascending for times ranging from 45 minutes to
1-1/2 hours. For comparison in these experiments, 0.5 micro-
mole each of AMP, ADP, and ATP were spotted on chromatoplates
and developed with dilute HC1l, NaCl, or NK4HC03. Useful
separations were obtained with all 3 solvents, but the best
resolution was obtained using either ECPEDA-~SF2 or ECAHMPDOL-
SF1 with 0.3 to 0,5 M HCl. 1In the case of DEAE, ECPEDA-SF2,
and ECAHMPDOL-SF1, Rt values were proportional to HCl1l concen-
tration in the region from 0.02 to 0.05 M. PEI-cellulose, on
the other hand, yielded excellent separations with both

0.05 ¥ ammonium bicarbonate and 0.05 M NaCl,

DISCUSSION

Systematic screening of a large number of substituted
cellulose ion exchangers has resulted in the recognition of
several features of exchange chromatography amenable to
improvement in column performance. 1In the course of the
present studies (5), it was recognized that changes in flow
rate caused by resin swelling altered elution profiles, and

that intentional interruption of flow rate invariably resulte

05584 ~368-
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in the generation of artifact peaks, Under conditions of
precise control, however, each emerging peak exhibited only
2 slopes and the ionic strength required for desorption be-
came more nearly dependent upon the equilibrium constant for
a particular resin, The device described in this report
adequately controls column environment, These studies
suggest that the binding of small molecules cannot be com-
pared directly with that of macromolecules, ECTEOLA was
anomalous from the standpoint of macromolecular slip, thus
demonstrating several factors influencing binding, Steric
relationships which prevent all exchange sites from reacting,
such as hindrance between polycation and polyanion groups
and the interspacing of polycation groups on the matrix,
could account for differences in binding of small and large
molecules, The alternate modes by which polyfunctional amines
may react with epichlorohydrin leads to a second order of
chemical heterogeneity difficult to control in resin prepara-
tions. While variability in synthesis is recognized (e.g.,
ECTEOLA), discussion of the use of simple symmetrical groups
to attain more chemically uniform binding sites is perhaps
premature,

Studies involving the use of unmodified cellulose to
disperse reactive resin particles (heterogeneous dilution)

and controlled chemical synthesis (homogeneous dilution) may

1055842 _369-
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shed light on the relative inter~ and intra-cellulose par-
ticle contribution to binding and the elution profile.

The choice of salmon sperm DNA as a common test material -
has both advantages and disadvantages; spectrophotometric
indications of resolution of this grossly heterogeneous mate-
rial are usefully apparent, but satisfactory characterization
by ultracentrifugal techniques is difficult., The majority,
but not all, of the resips release native material more
readily than denatured. Experiments with degraded DNA were
inconclusive and will require the greater resolution of col-
unn chromatography and a less heterogeneous starting DNA.
Some materials appear to be more effective chaperones than
others. In this r;gard, it will be of interest to determine
the effect of resin absorption upon storage life of nucleic
aclids,

Continued investigation of resin properties wiil in-
volve studies on performance reproducibility, as well as
more precise characterization of the polynucleotide., At
present, it is not known whether any of the resins can de-~
tect differences in polynucleotide base composition. DNA
fragments from E. coli, Serratia marcescens, and Micrococcus
lysodeikticus will be fractionated, with definitive chemical
analysis replacing current optical techniques for base evalur

tion, Defined molecular weights which can be assigned to

-30-
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DNA and fragments derived from T-4 phage should disclose the
capacity of these resins to fractionate on the basis of
molecular weight, Further screening of the equilibrium
behavior of soluble RNA and other polynucleotides of inter-
mediate molecular weight on these resins is in progress.

Evaluation of the exchangers synthesized in this Lab-
oratory suggest= that their greatest applicability may lie
in the separation of oligonucleotides too large for satisfac-
tory separation by existing resins, and smaller than the
highly polymeric DNA where they lack the specificity of col-
umns employing specific polynucleotides as fractionating
meaia, Some promising preparations appear to be ECDEA,
ECMOR, and ECHMTA; these may also conveniently provide rapid
separation of mononucleotides and small oligonucleotides by
thin-layer chromatography as evidenced by the preliminary
studies on phosphorylated derivatives of adenosine,

It is anticipate& that meaningful evaluation and some
design requirements for specific substituted cellulose
exchangers can be readily attained from the simultaneous
operation of 16 columns under conditions which allow the
resin, gradient, flow rate, or polynucleotide to be the
experimental variable, The feasibility of continuous auto-
matic spectrophotometric monitoring of the effluent from

16 columns is being investigated.
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