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CHAPTER 1 

INTRODUCTION 

During this report period (FY 1963), reorientation of 

the biomedical research program toward molecular and cel- 

lular 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) Protzram 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. During 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, 

1055484 -11- 



and the remaining personnel transferred to other sections. 

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 Radioelenents (Maamallan 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 (O-S), 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- 



D. B. Hale (research assistant, Clinical Investigations 

Section). 

G. L. Humaeon (reselrrch assistant, Cllnlcal Investiga- 

tfons Section). 

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

tion). 

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

M. Yagee (technfcian, Molecular Radiobiology Section). 

L. T. Rivera (research assistant, Cellular Radiobiology 

Sect ion) 

(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 GrouD 

Dr. E. C. Anderson was transferred from the Low-Level 

Cowting Section, of which he are the Section Leader, to 

the Cellular Radiobiology Section to work on the sequential 

biochemistry of cellular proliferation using radiotracer 

methodo logy . 
T. T. Trujillo was transferred from the Mlramolian Ftadio- 

biology Section to, the Molecular Radiobiology Section, 

-13- L -1 



0. S. John8on was transferred from the Xanarrllan 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 

Sect ion. 

(e) Change in Admini8trative Responsibility 

Dr. D. G. Ott was made Alternate Group Leader and 

assigned the specific responsibility of supervising and 

coordinating all fundamental reaearch activities. This 

consists of those projects being pursued in the Cellular 

and Molecular Radiobiology Sections. 

Dr. Y. A, Van Dilla was made Section Le8der of the Loa- 

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. 1. U. Boone. 

During the past report period, a rather vigoroua recruit- 

ing campaign was carried out to fill vacancies created by 

terminations and to increase the staff level in cellular and 

molecular radiobiology, New hire8 during the report period 

or at the beginning of FY 1964 are as follows: 

Robert L, Ratliff (staff member, Molecular Radiobiology 

-14- 



Section), Ph.D. in Biochemistry, 

Donald E, Hoard (staff member, Molecular Radiobiology 

Section), Ph.D. in Blochemistry, 

'. 

Charles T. Gregg (staff member, Molecular Radiobiology 

Section), Ph. D. In Biochemistry, 

J. Coleman Heasley (staff member, M8nunalbn Radiobiology 

Section), D.V.Y. , I - 
Mack J. Fulwyler (staff member, Low-Level Counting Sec- - 
Evelyn M. Campbell (research assistant, Cellular Radio- 

biology Section), 8.Sc. , tt 



Jean S. Findlay (research osoistmt, Yau8lian Yetab- 

olisap Section), B. s., m-v 
Billie J. Noland (research assistant, Molecular Radio- 

biology Section), B.A., 

4 I 
Glenda L. Oakley (research assistant, Yaarrlian Radio- 

Fannie Sapir (research assistant, Cellular Radiobiology 

Section), Y, S, I 

Nancy C. Brown (technician, M8u8lian Radiobiology Sec- 

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

Valerie Y. Gibbs (technician, Cellular Radiobiology Ssc- 



I 

Leo J. Carr (electronics technician, Low-Level Counting 

Section), transferred from P-Division Electronics Group. 

Antonio R. Vigil (electronics technician, Low-Level 

Counting Section), transferred from P-Division Electronics 

Group, 

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

ships or Degrees) 

Robert A. Tobey (staff member, Cellular Radiobiology 

Ph.D. In Microbiology, - 
will report for work here in January 1964. 

Elva A. Hyatt (staff member, Cellular Radloblology Sec- 

tion) , Ph.D. in Microbiology, 

11 report for wo 

1964. 

Benjamin J. Barnhart (staff member, Cellular Radio- 



Arthur G. Saporurrr (staff member, Molecular Radfo- 

~~!ll report for work h8re about January 

1964. 

(h) Organization 

At the end of the prosent report period (first half of 

Fv 1964), the trrble of organization giving some indication 

of the division of effort among the various sectfons Is 

shown on the following pages. 

c 
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CHAPTER 2 

MAMMALIAN MfiABOLISM SECTION 

Retention of Intravenously Adminirtered Cesid32 by Man 

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

INTRODUCTION 

Increasing use of short-lived Cs132 (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. 

of Cs 

(Le., 0.67 and 0.66 MeV, respectively), thus allowing the 

substitution of Cs132 for in vivo calibration experiments. 

This report presents preliminary results of the effective 

retention of Cs132 by 4 normal young adult subjects. 

The gamma-ray energy 

137 
Is remarkably similar to that of 28-pear Cs 

132 

METHODS AND MATERIALS 

The Cs13' 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 

cs 132 chloride solution was administered (2) to 

between 8:OO and 9:OO a.m. The activity of the - C.L. 

ml of the 

each person 

syringes 

was measured relative to a Cs Id' standard before and after 

132 injection as part of the estimation of the amount of Cs 

injected. Table 1 gives some pertinent experimental data 

for e8ch subject. All were considered to be in good health. 

Prior to injection, the subjects were counted in the 

Lo8 Alaws Hun Counter (Humco 11) to establish normal 

whole-body gamma-ray activities. 

iodide spectrometer facility showed the presence of IC4' and 

Cs13' only. 

Measurements in the sodium 

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 measureneat (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. 

-22- 
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RESULTS A#D DISCUSSION 

Table 2 lists the intercept and rate parameter8 plum 

their stan-rd deviations as calculated by the h8St squ8rer 

curve-fit prom. The smnll standard dovlatlon8 for both 

prrueters are iBdic8tiVO of the high pro~i8101a of the 

instrumentation and the correct choice of model. One can 

also note in Table 2 tho effect of body mm.8 on attenuation 

of gama activity arising from within tho body. An inverse 

relation is ap-rent botween body m8m and meamred count 

rate at tima zero (81). 

132 
The mean effective half-lffe (EEIL) of 6 day8 for Cs 

corresponds to a derived biological h8lf-life (BHL) of 

approxint8tely 75 day8 for stable cesium. It lrhould be em- 

phasized th8t a phyUIC81 half-life (PEL) Of 6.53 d878 W88 

assumed in deriving the BEL in thlm study. 

uses 6.4 days a8 the PHL, the derived BEL would be about 

100 days. 

BHL. Thus, one must exercifre care when eatbating BHL 

values from tracer studies done with r8dionuclides of Short 

PKL. 

subject. 

However, If one 

A 0.3-day PIIL correspond8 to a 130-day derived 

Figure6 1-4 show the time course of retention for each 

Figure 5 gives the same for all 4 subjOCt8. 

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

system for 5 elderly 

- The BHL for the rlor 

t 055h.97 -24- 
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~orrections based on a 6.53-day PHL were used to convert the 

counting data to biological retention, and the latter was 

plotted a8 a function of time. The BEL derived from our 

cm13’ 8tudy is considerably shorter than BHL values obtained 

by us (5) and others (6-13) when Cs134 or Cs 137 was used as 

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

1 subject following intravenous administration of Cs 
134 . 

In general, most reported BHL values for stable cesium range 

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

tor which argues against the use of Cs132 as a tracer for 

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

were administered along with the Cs 13* to each person. The 

International Commission for Radiologica1 Protection reports 

a value of less than lo-’ gram as the body content of stable 

cesium.. Other workers (15) suggest a number closer to 

1.5 x loo3 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- 

01%- Of c8 132 and Cs 137 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 Cs 137 as 

the tracer. Such studies can be done with high precision 

1055504 
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when only 0.2 to 0.3 pc is administered. 

that the Cs137 body burdens of certain small population 

group. currently are higher than them9 levels as a reault 

of nuclear weapon testing. 

We should add here 

(1) The80 proc.dure8 were done by Dr. C. C. Luahbaugh of 

the Clinical Inve~tigation~~ Section of this Group. 

(2) Injections were made by Dr. C. C. Lushbaugh (see Ref. 1). 

(3) C. R, Rfchmond, J. E. Furchner, P. No Dean, and P. 

MC~illi&M, Health PhgS. - 10, 3 (1%4). 

(4) c. J. M&10t8kOSJ T. ChppJ M. M. CostelloJ and A. T. 

Keane, Annual Progress Report, Massachusetts Institute 

of Technology, Radioactivity Center (May 1962), pp. 41- 

4s. 

(5) C. R, Richmond, J. E, Furchner, and W. €I. Langham, 

Health PhyS. - 8, 201 (1962). 

(6) E. C. Anderson, R. L. Schuch, 1. R. Fisher, and W. H. 

Langhaa, Science - 125, 1273 (1957). 

(7) C. E. Miller and 0. J. Steingraber, Semiannual Report 

of the Radiological Physics Division, Argonne Natlonal 

Laboratory Report ANL-5755 (1957), pp. 53-57. 
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DAW-1180 (1960). 
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Uses of Atomic Energy, Geneva, 1958, P.15, p. 220, 

United Nations, New York (1958); see also: Progress 

in Nucl. Energy, Ser. VII, Yed. Sci. - 2, 39 (1959). 
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Lack of Effect of Exercimo on tho Excretion -- of Ce8iud3' in 

- Mice (J. E. ptlfchner, C. R. Richmond, and G. A. Tr8fton) 

It ha8 been demon8tr8ted th8t the excretion rate of 

C*137 in rice 18 inversely rolated to environ~nt81 tem- 

peratures (1). It is also well known that basal metabolic 

rates are Inversely related to temperature (283). The pres- 

ent report describes an attempt to modify the excretion of 

by enforced exercise. 

mirty w1 female nice 82 days old (25.1 g) were in- 

137 jected with ,.. 0.5 pc of Cs C12. Within 30 minutes after 

injection, the cs13? activity in each muse was a888yed in 

LASAC 11, a 4r liquid scintillation counter, and then half 

were returned to cagam and the other hrlf placed In a cylin- 

drfc cage of stainlem8 steel me8h (8 x 16 in.) that revolved 

at the rate of 1.7 RPY for 40 minute8 every 2 hours. 

groups of anlamls had free access to Purim Lab Chow and 

water. The food consumption was meroured by weighing. The 

animals were weighed at each assay. 

collected and assayed periodically. 

data were analyzed by an IBM 7090 computer progr8med to 

Both 

Urine and feces were 

The whole-body counting 

perform an iterative least squares analysis. 



RESULTS 

The whole-body retention data for the experimental and 

control groupa, corrected for countar 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. 

along with the average values (which were not used in the 

OnalpSlS). 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. 

Plot8 of the retention functions are given in Fig. 1, 

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 versu8 3.3 g per mouse per day) than the 

controls. It ha8 been pointed out that increases in metab- 

olism due to cold increase food intake (4,s). 

the enforced exercise was not vigorous enough to increase 

Presumably, 

-35- 
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the metabolic rate. An Increase in the RPM or In tho running 

time, or both0 may incre8se thm met8bollc rate and so affect 

the cesium excretion. 
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Distribution of Cesium 137 in Mice and ~ogs after Chronic 

Expowre (J. E. Furchner, C. R. Richmond, and G. A. Traiton) 

INTWDUCTION 

There have been a number of reports pointing out bone 

concentrations of Ca 137 equaling or exceeding soft tissue 

concentrations (1,2). These reports deal with tracer amounts 

found in humsins. 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 

dogs during chronic exposure to Cs 137 and with the dlstribu- 

tion in tissues after such chronic exposure. 

METHODS 

The drinking water of 12 

With c6 13' at a concentration 

had free access to Purina Lab 

RFl female mice waa contaminated 

of about 0.06 pc/ml. The mice 

Chow and the contaminated drink- 

ing water. The whole-body activity, body weight, water con- 

.umpt%on, 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 29.4 g). The exper- 

bent was terminated when half the animals had died. Deaths 

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

' 10515514 -4 1- 
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survivors were killed by ether 8nestheai8, and the following 

tfssues were asoayed for cs13' activity: pelt, gut, liver, 

kidneys, lung8, he8rt, spleen, both femurs, 0varie8, uterus 

and adherent fat, circa88, and the remainder which consisted 

blood. 

Three male beagle hounds were fed -0.017 bc Cs 137 on 

a Purim monkey pellet for a period of 674 dags, At that 

time, the dogs were sacrificed with an intravenous overdose 

of sodium pcmntathol. Tho following tls6uerr were a88aped for 

Cs137 activfty: pelt, gut, llver, kidneys, heart, spleen, 

both femurs, ~puocle, testes, pancreatic tissue, brain, blood, 

fat, and remainder. 

RESULTS 

The whole-body rotention data for dog8 8nd mice are 

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

R single dose of Cs137 administered intravenously to dogs 

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

tion fuaction for a single oral dose of Cs 137 in mice which 

were the same age at to 911 those used in the chronic study. 

The aver8ge distribution of Ca137 In laice and dog. 18 shown 

in Table 1 and fn Fig. 2. In Fig. 2, the V8lU08 for dogs 

have been t*norm&lizBd" for purposes of comparison with mlco 

1055515 -42- 
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TABLE 1. CESXW 137 DISTRXBWTIOll AFTER ClllIQllIC Ex#)SURE 

WhOlO-bOdy 

Carcaem 

Pelt 

Remainder 

Gut 

Liver 

Muscle 

Blood 

Fat 

Lungs 

Heart 

Femr (2) 

Brrin 

P8ncre88 

Spleen 

Gonads 

Kidney6 

1OOmoO 

69.98 

7.24 

2.26 

10.69 

3.54 

-- 
0- 

-- 
0, 96 

0,89 

Om 63 

0- 

0- 

0.67 

1m 59 

1, ai 

3m72 

5, os 

1.81 

1m 01 

3.58 

2.91 

5.23 

-0 

-- 
2.83 

3.49 

3m60 

-- 
-0 

3.66 

1.63 

4.40 

100.00 

80.51 

2.68 

0.92 

4.76 

3.69 

-0 

-- 
-0 

Om 58 

Om 77 

Om 99 

0.38 

00 

0.20 

0.12 

0.59 

0.0062 

0.0078 

Om 0016 

OmOOO8 

O.OO62 

Om 0063 

0.0129 

OmOOO8 

0.0004 

Om0043 

0.0063 

0.0013 

0.0046 

Orno060 

0.0069 

Om 0060 

Om 0081 
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by multiplying tho par cent per grm value. by 590, the 

ratio of dog body weight to mouse body weight. 

DISCUSSION 

The whole-body retention of Paice seems to fit the in- 

tegral of the retention function sati8factorily. 

the sharp divergence8 of the data points taro due to death8 

of individual mica. 

the integral of the retention function for lntravenoumly 

adrldiatered Cs137 and the chronic oral retention data for 

dog8 is not apprrent. 

a factor of 2'thrn the estimate derived from the integral of 

the retentfon function. 

from outdoor quarters during mverely cold weather Into 

heated dog runs, where they remained until they were killed. 

No 80Cr80nril fluctuationm were apparent thereafter. 

poralble that a further component my ba necessary to describe 

rholo-body retention, on. that is not readily detected in an 

acute erperhmt. 

Some of 

Tho reamn for tho di8crep.ncy between 

The whole-body activity i8 higher by 

At about T280, the dogs were moved 

It 1s 

However, if this is the case, a deficiency 

in activity between TlOd and T225 requiram explanotion. A 
__ 

chronic f edfnq experiment shows that the Cs137 equilibrium 

level in mice varle8 directly with temperature (4). 

The tissues may be roughly divided into 3 group8 (Table 1). 

Higher concentratlorn are found in tho kidneys, muscle, and the 

! 

-46- 
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carca6~ which is mostly muscle. 

(which are Cl08e to the whole-body concentration) are found 

Intermediate concentrations 

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. 

(ovary and accessory sex organs) in the mouse fall in the lower 

The gonads 

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 dog6 have been ttnomlizedtt for comparison. 

nomalization is, of course, false in the sense that organ 

weights are not directly proportional to body weights. 

The 

It is apparent that the bone metabolisms of the two 

species differ in respect to Cs13'. The data of Ballou and 

Thompson (5) show that the concentration of Cs 13' 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. 

1055520 
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YOt8boli8B Of Hanganome" in bt8 and Mice (J. E. Furchner, 

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

INTRODUCTION 

As pnrt of the program for meamring whole-body reten- 

tion of gamma-ray-emitting isotopes with 4r scintillation 

counters, ~n'* was administered to rats and mice by various 

routem. A8 long a8 the whole-body activities renain above 

the lower limit of the detection system, the studies will be 

cont hued. 

RESULTS AND DXSCUSSION 

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 effective 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 animals 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. 

to determine the significance of the difference in retention 

It is too early 

after intravenous and intraperitoneal administration. The - 

-49- 1055522 
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Fig. 1. Uhole-body effoctivo retontion of YnS4 in ula rat8 
i 

ai tor oral adrinistration. 
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d4 MICE 

J.V. 
A I.P. 

ORAL 

TIME (DAYS) 

Fig. 2. Whole-body effective retention of MnS4 by mice after 
oral, intraperitoneal, and intravenous administration. 
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rice retained about 0.5 per cent of the orally administered 

mnganese on the third day, shoring that Intestinal ab8orp- 

tlon of this element Is very low. 

rats (excluding the 2 with high activity) Is about 1 per cent. 

The comparable figure for 

Retention of manganese In monkeys and dogs will be 

moa~~ured, and additional rat experiments (orally administered 

Ma ) are in progress. 
54 
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Retention of z~~~~I~~~ after Oral 8nd Intraperitoneal 

Adnini8tr8tion to Mice (J. E. Furchnor, C. R. Richmond, 8nd 

G. A. Trafton) 

INTRODUCTION 

The increasing use of zirconium imposes Interest in the 

retention and excretion 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 RF1 female mice, 54 days old (22.5 g weight), 

were given about 0.215 pc of a zirconium-niobium equilibrium 

mixture a8 the citrate by gastric gavage. 

paired, and the activity in each pair ars meamred in a 4a 

whole-body liquid rcintlllation counter for -11 8ni'Puls. 

Appropriate standards were also amayed. 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 (HUIPCO 11). Meas- 

urements were continued until the 67th day after admlnlstra- 

t ion . 

The mice were 

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

-53- I. r' 



1 

iatnp.ritoamilf with tho suo mount of tho zirconium- 

niobium iixture and r8uy0d b tho 8-11 urlr.1 co\mtOr. 

anlulm woro countod at appropriate intervals for 435 d8yr. 

Tbo rholo-body counting data from this group, corrected for 

countor flucturtion but not for phy8ic.l docay, wero then 

an8lyz.d by an IEM 7090 computor prograuod to fit tho data 

by 8n itorative lea8t square8 procedure. 

The 

The d8t8 from each 

p8ir were analyzod individually, and tho data from tho 6 pair8 

WOrO 8180 8mlyZ.d en 11lS.O. 

RESULTS 

R.tontion fuactionm of 3 exponontial corponents fit the 

at8 of 08ch psir and of the group (I. P*), 

tho p8ruotor8 of tho rotention function8 for each pair and 

for tho group. 

mblo 1 gives 

Figure 1 show8 all tho dat8 points for 1 prir 

of ~cO, At into-818, tho d8tr point8 for tho 6 pair8 aro 

also plottod to inbicato tho.raago within tho group, 

8~0th curvo dram through the data points 1s a plot of tho 

retention function derived by the IBM 7090, 

figuro aro shom tho data points for whole-body retontion 

rf tor oral adrinistration. 

Tho 

In tho same 

DISCUSSXON 

Tbo at80 88 premontod, represent wholo-body offective 

t 055521 -54- 
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retention. 

oral adPinistr8tion was eye-fit wfth the assumption that the 

slope constant of the last component was the appropriate 

conatant to use. 

by **curve peeling." 

will be used In a later report. 

The retention function for the mice treated by 

The remaining parameters were then derived 

Yore sophisticated computer analpsea 

The data and parameters representing the retention after 

intraperitoneal administration show good agreement among the 

6 pairs. 

with the values derived from the group as a whole (lines 

labeled '*all mice" and '%** in Table 1). 

listed under 5 approach 65 days, the physical half-time for 

The average values of these parameters agree well 

The half-times 

Zr 90 . The rate constants for effective retention (%) are 

the sum of the biological rate constant (k3b) and the physical 

I rate constant (Azr) : 

kg k3b + 'Zr* 

95 
The physical rate constant for Zr 

0.693 
65 days, equals - = 0.01066. 

65 

from 5, the upper values of each pair in the last column 

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 botween 3oOO days and infinity lnoy 

be ignored. 

I with a half-time of 

When this value Is taken 

i 
i 

! For longer-lived individuals, the difference 

t 

1 1055530 
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map be Important If the biologic81 retention is the param- 

eter of lateroat, Thass data illuatrrte the disadvantages 

of s*tudyimg tho mataboliu of nuclides havfng long biolog- 

ical blf-timm with isotopem having corp8rativelp short 

phYdCa1 b1f-liVO8. 
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Mfective Retention of Intravenously - AdPPlnlstered ~ery11i~~~ - 
by htr (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 Be C12 by rats. 

effort to establish metabolic parameters for various mamma- 

7 This work is part of a continuing 

lian Bpecieb with Interspecific correlations as the final 

goal, Studies in the mouse and dog 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. 

of 6 of the ani'msrls was given 5.5 pc of carrfer-free Be 

To each 

7 

contained in 0.11 ml solution as the chloride. Injection 

was Into the lateral tall vein of the anesthetized animals. 

All animals were maintained in temperature controlled (75" F) 

rooam and allowed free access to water and Purina Lab Chow. 

The entire animol was measured in the Los Alamos Small Animal 

Counter (LASAC 111) shortly after administration and at 

appropriate subsequent times. All counting tfmes were of 

100 seconds duration. Background and Be' standards were 

-59- 
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mermred before rnd after the exparimentrl mhals. 

tive retention p&ruoters were then detertined by cchputer 

methods, 

reported here. 

Effec- 

Rsrsult8 of urinary and fecal excretion are not 

RSSULTS AND DISCUSSIOM 

hble 1 give8 tha effective retention parameters for 

each of tho 6 animals and for all combined as calculated by 

the learnt squares curve-fit program, The standard deviation 

for e8ch prruoter is also given. Table 2 gives the effec- 

tive and blologicrl half -live8 for e8ch retention component 

for all the arlyses, A thr88-COnpOImnt exponential model 

apporrs to fft the drta quite adequrtely. The value of 

54 dry8 W88 U80d 88 the physical hsrlf-life Of Be' in these 

analyses. 

to bono, 18 the component of mo8t interest a8 the effective 

half-life Is extremely close to the 54-d8y physical hrlf- 

life, Thfs component contribute8 over 95 per cent of the 

total are8 under the effective retention function when in- 

Component 3, which tentatively may be ascribed 

tegrated from zero to infinite time. 

coaputer derived plot of the d8tr. 

Figure 1 shows a 

Strtlstical weighting 

factors (1) were used. The analysis requires no logarithmic 

tr8naforutions of the observed drt8. 

In atplarry, prellainrry results suggest that the hard 
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ti8.u.8 biad borylllu~ more tenaciously than do other tis- 

sues. Tho effectfve halt-life for this component Is approx- 

iutely 51 drys. 

1055531 -64- 



I 

The Effect of Environmental Temperature on the Retention -- of 

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

Traf ton) 

INTRODUCTION 

It has hen demonstrated that the whole-body retention 

and excretion of Cs 137 are a function of the temperature at 

which the mice are maintained (1). The principal site of 

depo8ition 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 pc 

sr8' at a p~ of 6.0, 30 RFl female mice (80 days, R 23 g) 

were divided Into 3 equal groups. Initial activity was 

determined in LASAC 111, a 4r liquid scintillation comter (2). 

After assay, the mice were placed in cage6 and maintained at 

34', 22' , and 5' C (+ - 2"). Whole-body activity was measured 

at convenient intervals until 172 day8 after injection. 

Weights .were recorded during the experiment. 

The retention data (In c/sec) were corrected for counter 

fluctuation (but not for physical decay) and were analyzed by 

an IBX 7090 computer programed for an iterative least squares 

analysis (3). The parameters of the function describing 

1055538 
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retention in each animal were deterdned and tested by the 

Duncan-Krrmer test of comparison among means (4,s). The rate 

and intercept parameters of the functions describing 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 equation8 were fit to the 

.retention data of each animal and each group of animals. In 

Fig. 1, where the units of the ordinate are activity (in 

c/sec) and those of the ab8clssrr 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. 

of the data and are included to Indicate the assay time8. 

Overlap in the range of values for the high and low tem- 

perature groups is indicated by the solid portion of the 

vertical brr8. 

the higher and lower values of the 5' and 34' C animals, 

respectively, throughout. 

The average values were not used in the analyses 

The data iron the animals at 22' C overlap 

In Table 1, the values of the parameters demribing 

whole-body effective retention are given with standard 

1055539 -66- 
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dOV~tiO~8. 

from the paramotera of the other two group. by mor. than 

2 rtrndard dOVi8tion8 (P = 0.05). Tho retontion prramoters 

obtainod from orch mou8e were rvorrgod, md the mean values 

The underlined prrrmotors (81 and as) differ 

of the prr8meters were subjected to the Dunc8n-Kramer test 

of comparisons among means (P - 0.01). The results of this 

test agreed wfth results found above with the additional dif- 

ference that %, the rate constant of the third component 

for the mice maintained at 5O, differed from those of the 

other two groups. 

A dry-by-day comparison of the activity In oach group 

VIS made by analysis of varlance and the Duncan-Kmmer test 

of comparisons amongmeans. 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 teaperrture groups differed signif- 

icantly from tho seventh to the 172nd day., 8nd the 22' rad 

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 5 per cent level. 

DISCUSSION 

We are amre of no tort.which wil1te.t for difference 



botroon rulticorponont curnos. 

corputor program aro not uniquo. 

par8mater is not indopondant of the vrluos of the othor prrrr- 

The aolution8 derived by the 

Tho value given for any 

.tor8 of tho function, ThOrOfofO, tho tO8t8 app1i.d 8re not 

rppropriato, Tho 8810 re880nlng hold8 true for the AOV test 

8ppli.d to tho -up V81U08 8t tho V8riou8 88-p tire., 

bOC8U.O tho 8CtiVlty in a IOU80 on 8ny dry 18 not independent 

Of the 8CtiVitp 8t 88rlIer the.. Although the 8igllfficmcO 

lev018 do not 8pplyJ it 8O.U C10.r th8t the illtOrCO# mr8a- 

eter8 of tha retention functions differ. BOC8U80 there 8re 

no r8to differences 8mng the m8t mpldly moving c0mponent8~ 

The diffOrOncO8 8aong the me8.uroront8 are mall, The 

equilibrium levo1 undor condition8 of chronic exposure to 

tion function, would be 30 per cent lower at 5’ C than st 

22O C. Howevor, if Sr (T1,2 

time body burdon In mice at So C (integral between 0 and 

1095 d8y8) 18 only h8lf that 8t 22’ C (Table 2). If the dlf- 

ferencos nmng the arllost rate coa8tants (%) are real, 

88 indlc8ted by the Duncan-ltrrrrer te8t8 then the strontlur 

in the mo8t 810Wly noving pool 18 8ffoctod by the h~r0880d 

28 ye8r8) fS Umed, the life- 90 

-70- 
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milo torpuature ma affectlvo in altering tho mount 

Of 8," 108t at the V8rfOU8 =to., it 1. not Clear th8t 

relation betrean strontiua motabol1.r and onvlrormantrl tom- 

poraturo is diroct as is that of O2 conrrurption and emvlron- 

mental tnparrturo. The data proaentod her. suggest tbt 

8hOrt expo.uror ( -1 roak) at tho.. tO~pOmt~rO8 would re8ult 

in rmtontion patterns afrilar to thoso pr.8ent.d in Fig. 1, 

I ua1088 the difference In the sxcrotlon rate found in the 

anha16 expo8ed to cold 18 re8l. 

J. E. hrrchnor and C. R. Richmond, J. Appl. Phpsiol. - 18, 

786 (1963). 

R. L. Schuch, LO8 Al8-S Scientific LaboMtory Report 

LAYS-2455 (lseO), p. 105, 

R. 8. Yoore and B. It. Zeiglar, Lorn Alaros Scientific 

L.bo~tO~ B.p~rt LA-2367 (1960). 

DO Be I)UIIC81D, BIO-trICS 11, 1 (1955). - 
C. Y. ItruOr, BiOretrk8 12, 307 (1956). - 



Richmond, J. E. Furchner, and J. E. London) 

INTRODUCTION 

Beforo 18rge rniruls can be U8.d in tracor studies, 

their natural g8nun8-ray activitle8 murt be accurately meas- 

wed, This activity normally is comprised of K40 and Cs 137 . 
mi. report summarizes our finding8 for 20 beagle hounds 

which were mea8urod prior to low-level tracer experlmento. 

METHODS AND MATERIALS 

&ch animal was thoroughly washed and dried before 

being counted for 25 minutes in the Los Alamos Human Counter 

(Humco 11). The counting time was divided into three 500- 

second periods, each of which was preceded and followed by 

a SOO-aecond background measuremdnt on the animalt8 cage. 

Asups were repeated on 9 of the animal8 roughly 1 week 

followhg the flrrt mea8urement. Bumco 11 Cs 137 and IC 40 

standard8 were a180 meamred with e8ch animal. 

ing data were pr0~088.d by a modification of a computer 

aothod progrr~med for the IBM 7090 by E. C. Anderson of the 

Xm-Level Counting Section. 

amount of potassium in the animal from the rnim8lts IC4' 

Raw count- 

This program will crlculate the 

-73- 

8econd are emitted from 

The total Cs '3' level, 



. .' . 

cutpori.mntal mal background8 in tracer experiments. 

RS8ULTS MD D18CU8SIOn 

It i8 intoromting to not. th8t tho amount of pota88lum por 

kilogram body wight is es8entlally the 8810 a8 that for 

hurrn mbjoct8. A1-D tho tot81 Csi3' burden8 (pc Cs137/g K) 

are very comparable to thoso for hurrn subjoct8 8t that 

particular time (JunO-JUly, 1962). Tho replicate measure- 

rent8 8UggO.t th8t the IC4' determination i8 somewhat more 

reproducible than the CS337 determination, Thi8 18 becau8e 

the precision of the Cs137 meam~rerent is not a8 good 88 the 

40 4 to 5 per cant for E . Ago- or sex-dopondent trend8 were 

becou apglront. 

vrr~t~orr of laboratory 8nh8l8 is le88 than for human rub- 

Also, kcau8e tho genetic and environnontal 

ject.8 on. right expect to find smaller varlrtlon~ in those 

parueterm which are related to body potassium content. 

-74- 
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TABLE 1, CESIUY 137 AND POTASSIUM WVILS OF ADULT BEAQE 

HOUNDS* 

60 
60 

61 

62 

63 

64 

65 
65 

66 
66 

67 

68 
68 

42 
42 

49 
49 

50 

51 

52 

53 
53 

54 
54 

56 
56 

44 

2 

36 

13.9 
13,3 

13,9 

13.7 

16.9 

15.6 

15.0 
15.5 

16,s 
16.3 

9.3 

8.5 
8.5 

10.5 
10.7 

11.8 
11.5 

12.7 

14. 0 

11. 5 

14. 2 
14. 0 

15.2 
Ma0 

11.0 
10.5 

21.7 

16.1 

15.0 

1.72 
1.75 

2,09 

2,14 

1.72 

1.81 

1. 93 
la 83 

1.85 
2, 01 

1.79 

1.72 
1. 61 

1.46 
1.4s 

2.11 
2.15 

2. 08 

1.98 

2.25 

1.92 
2, IS 

2.31 

1,86 

2.33 

1, 78 

1.49 

1.47 

1.43 

56.40 
73.79 

53.15 

72.14 

68.42 

66.71 

61.65 
75.80 

64.19 
52.81 

62.46 

102.64 
106.64 

89.79 
91.02 

74.79 
60.27 

86.03 

64. 14 

80.15 

70.71 
67.07 

73.50 
62.45 

58,28 
85,12 

98.86 

137.06 

92.10 

23.9 
23.2 

29. 0 

29.3 

29.1 

28.3 

28.9 
28.4 

30.5 
32.0 

16.7 

14.7 
13.7 

15.3 
15. 5 

24.9 
24.7 

26.4 

27.7 

25.9 

27.3 
30.1 

35.1 
34.9 

20.5 
18.6 

32.4 

23.7 

21.5 

1. 35 
1. 69 

1.54 

2.11 

1.99 

1. 08 

1. 78 
2-15 

1-96 
1.73 

1.04 

1.50 
1. 46 

1.37 
1.41 

1.86 
1. 49 

2.27 

1.77 

2.07 

1.93 
2.02 

2.58 
2.18 

1.20 
1.59 

3.20 

3.24 

1. 98 

* 
All =le8 .xc@pt NO., 2, 36, 42, 56, 8nd 68, 



Ro Bichwnd 8nd J. E. London) 

method. 

METKODS IWD MATERIALS 

Four U108 Of 88Ch SwCieS Were U80d 8ftOr 8 %Week 

period of 8cclinution in indivldu8l met8boli88 c8ger. 

on body weight (l), gro88 dentition, md information from 

supplierr, we e8tbrte the a-8 to rrnge between 3 8nd 

Bared 

4 yerrr, E.Ch non-rne8thetlzed 8n-1 W88 given .bout 1 PIC 

of tritium water (HTO) by parenter81 rdaini8tr8tlon. The 

volume of thi8 Mterhl W8S about 0.5 al. 

weighed before rad 8fter injection to deterrine the euct 

amount adaini8tered. Animals were 811owed water 8d libitum 

during tho experiment. 

Each Syringe W88 

Sample8 of venou8 blood ware wlth- 

drawn from the MphO~OuS vein on dry8 2, 7, 10, 14, 17, and 

21 after injection. Pure water '1.8 obtrined from each 

Spmple by 8 V8CUum dl8tillatlon procedure modified after 

Cooper et a1, (2). Grch 88mplo -8 di8till.d to dryn0.m to 

-76- 



avotd any pos8ible irotopic fractionation effects. 

rl of arch HTO sample plus 0.5 ml distilled mter and 15 m1 

8cintillator solution (3) were added to a counting vial 8nd 

counted In a Prckard Tri-arb counter. Adequate dilutions 

of the injection solution were also counted. 

ratos (count8 per minute per 0.5 ml body w8ter) were fitted 

as a function of time (days) by an electronfc computer (IBH 

7090) to obtain the best fit to the data. No logarithmic 

transfoxmation8 are made in this procedure. Figure 1 shows 

data for 1 animal (Macaca mulatta, No. 8). 

One-half 

The count 

Body water determinations were made according to the 

tritium dilution principle. However, body water eamples 

were not obtained at some assumed time of equilibrium between 

the flT0 and the body water. 

regression function which describes the decrease in body 

water HTO activity ms used. Validity of this procedure 

has been descr1b.d previously (I). 

Snstead, the intercept of the 

"able 1 8ummarizes body water, half-tirs, and turnover 

data for these animals. 

Is quite good. No statistical tests were run beC8u.e of the 

The agreement between the two species 

-11 number of animals. Two of the Y. speclosa monkeys 

(not shown in Table 1) gave apparent body water voluaeg and 

half-tiapes of 70 to 80 per cent of body weight and 8bout 

2 d8y8, re8pectively. There miul8 were later found to be 

haavily infested with hookworms. 

-77- 
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Id' 

I I J I I 

TRITIUU WATER- YULAtTA *8 

SINBLE PIARENTERAL Aoo1WtSTRATIO)J 

ACTUAL POINTS 

I I 1 I I 

4 a tt m It0 

, TINE AFTER ADY, tDAYS) 

Fig. 1. Change Aa body HTO 8padfaC activity Versus days 
after administration for 1 ulo Y. mul8tta ronkoy. 



F- 

TABLE 1. VOLUME AND TURNOVER OP BODY WAm IN MALE MACACA 

MULATTA AND YACACA SPECXOSA YORltEpS AS MEASURED 

BY TRITIATED WATER 

~- 

Body Body Water Water * 
Aabul Weight (per cent of B.lf-Tlme Turnover 
NO (e) body water) (by.) bl/dayf) 

Macac8 mulatta 

1 5682 

2 3864 

6 4091 

0 4545 

Macaca speclosa 

1 4818 

4 5795 

Average 5307 

62.44 

62.97 

60.06 

69.01 

63.62 

69.49 

67.19 

60.34 

5.3 

4.6 

462 

364 

- - 
6.2 352 

5.4 393 

5.3 

4.9 

5.1 

437 

554 

496 

From the derivative of V - Vo cow, when V Is the volume 
of the cxchange8ble body Lter pool (ml), t fs time zero, 
and k lo the rate constant (fractional ch8nge per day) of 
the exponential function. 

iossssi 
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5. 

f: 

ROmp.ctive turnover vrlues of 393 8nd 498 rl p.r dry 

for tho Y, wl8tt8 8nd Y. speclou are in good aqreemont 

with valua8 of 411 8nd 465 rl per day a8 predicted by inter- 

spacific relations glvon by Richmond et a1. (4). 

Additioml coapr8tiv. atudi.8 U8hg g8--Odtthg 

radionuclide8 rnd whole-body counting technique8 are now in 

mom.s*o 
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CHAPTER 3 

MAMMALIAN RADIOBIO~ SECTION 

Corprrrtlve Funduontal Physlologlca1 Parameters of Yacoca 

mulatta and a New Laboratory Prate, Yacaca speclosr (J. C. 

Hen8l.y and C. R. Richmond) 

Four male Yacaca speciosa monkeys were received by 

Group H-4 a8 a possible experimental prlmrte for radloblolog- 

Ical studlea where frequent handling Is necessary. 

mulrtta is recognized to be a hearty laboratory primate (l), 

but Its Inherent f lerce nature frequently precludes exper- 

imental procedures rhare handllng is required. Only expe- 

rienced crret8ker personnel can capably handle Y, mulatta, 

and ofton theme personnel are seriously injured In handling 

proc.d~O8. 

Yacaca 

Tho 4 Y. speciou in this colony h8ve demonstrated 

remarkable docility. Common veterinary clinical procedures 

are performed with an ease equfvalent to hmn pediatric 

t05555b 



prrcticor, Although references to the fact th8t Y, specio88 

"will not bite" are pos8ibly Inaccurate (Z), extreme provoca- 

tion can rosult in a relatively feeble attempt or succes8 at 

biting. 

Phyriologicrl conformation of Y. 8peciou to known values 

for Y. mulrtt8 is essential if this new specles Is to be 

routinoly u8.d in lrborrtox'y procedures. 

YETRODS AND RESULTS 

Four nlo MlrC8C8 speciou monkey8 and 3 ule and 1 female 

Yacacr mulrtta were subjected to physiologicrl arlysis through 

811 E.-Y. Instrument Company **Phy8iograph SI%,*' a highly sen- 

sitive polygrrph d@signt9d for laboratory use. ,The instrument 

SOn8ItSVIty 18 mch th8t common php8b1ogiC81 parmeter meas- 

urement is po88ible using mice. 

The phy8IogmphIC OqUiment i8 lOC8tOd within a cell- 

type wire-mesh nhielded enclosure for the elimination of 

radio interference 8nd other electrical interference with 

accurate measurement of d08irOd rignals. 

The monkeys were pl8ced individually in 8 securing 

device demignod rnd fabricated at this L8borrtory. 

Y. speciosa is docile when allowed rel8tivo freodom, the 

restriction irpos6d by the securing device8 caused severe 

alteration of pararetars to bo measured. M8caC8 mulrttr, 

although fierco with freodom, frequontly remain. quioscent 

Although 

-04- 
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when 8@curOd but will bite or scratch the oper8tor at every 

opportunity. Thorof ore, 5 -/pound body woight of ''Tranvet , ** 
a corarPerci.1 animal tranquilizor, war admini8torod to pro- 

clude alteration of phyriological pramoterm by hyperaxcit- 

8bilitp or movement. 

All phyriological test8 on each monkey were monitored 

8hult8neou8ly; however, each parametor wa8 treatod both 

individually and collectively. Comparisons were made on 

e8tablished equivalents for Y. mulatta, data acquired from 

Y. mulatta in this colony, and data acquired from the Y. 

speciosa mentioned above. Although neurological stereotaxic 

Upping and psychological studies have been made on M. 

spociosa (2), no literature is available regarding their 

phy8iology. The M. mulatta and Y. speciosa used In this 

study were between 2-1/2 to 3-1/2 years of age. 

Body Weights 

Table 1 is a compnriron of the p.rameter6 mea8ured. The 

average body weight of the Y. rulatta 8elected at random and 

aged from this colony as 3 year8 of 8ge was 9.9 pounds. The 

average body weight of the 4 Y. spociora was doterained to 

be 11.97 pounds. The weight ranges were wider in M. speciosa, 

however . 

-135- 
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Electrocardiographs 

. 

Aninul8 wore placed In the restraining device, and the 

correct tranquilizer dore was administered intramuscularly 

In tho left thigh. Eloctrodes nocosury for all p8r.aaeters 

were 8ecur.d to record the ~l~CtrOC8rdiogrrm and resplrogram 

slmultaneously. EKG leads were placed at points determined 

by Atta and Vance (3) a8 best suited to record the potentials 

to the right ventricle, septum, and left ventricle, Poten- 

tiale 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 rymmetrical to lead one. Since 

the animals were upright rather than supine, left ventric- 

ular potentials were also monitored from lead two. Sterile 

needle electrodes were placed under the shaven skin at the 

above points. These leads were connected to a hl-gain pre- 

amplifier through a shielded input extension cable. A time 

constant selection of 2 seconds was made, as this constant 

waa 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 

cau6ed a pen deflection of 1 cm. 

2.5 and 5 cm/sec were used. Auscultation revealed no 

Recording paper speeds of 



ovldence of murmur8 or rbnorrrrrl sound8 in 8ny of tho 8ubject8 

te8ted, 

Although tho limited numbor of Subject8 precluded 8n 

OXtOn8lVO eudy Of OlOCtr0C8rdiOgr8phy8 tho following t8blO 

8how8 briefly tho OlOCtr0c8rdiOgr8phiC &t8 rocordod on the 

ml8tt8 wore con8idor8bly highor than tho88 of Y. 8p.cl088, 

88 8videnc.d greator defloction8 of tho pori c8libr8tbn. 

R08pirognr rocordlng8 woro obt8ln.d through tho 88mo 

tWO h8dS erploy~d In tho mG Study 8boVO. After c8llbra- 

tion of the hi-gain preuplifler, a twin lead shielded An- 

put Cab10 -8 ComOcted betreen the hi-gain prO8BplIfbr 8Bd 

8n impedance pneumograph tmn8ducer. 

on the 8ubJoct dm8 not oxceed 2 rilllvolt8 -80 

not lntorfero with EKG recording8 duo to a filter network in 

the coupling circuit, 

The volt8ge inpremed 

Thi8 doe8 

Although optimum electrode pl8comont I8 rocouonded 8t 

tho fifth and 8lxth rib intorrpace, 8uit8blo recording8 are 

traced In the fourth rib inter8pace in doforoncm to mitablo 

XG tracingr. 

light bre8thlng pitterns produce approxinately a 1 per cont 

change per cycle, or rtmirt s in 500 OW. 

Normal electrode irpodance I8 500 ohma, and 

Defloction8 irr 

-80- 
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TABLE 3, ELECTWRDIOGRAHIIC MALYSIS 

Yacrca mulrtta 

Yoa.uromoat M8C8C. 8peCi088 ]Lo8 Ah-8 Normal Ranges 
~ ~ ~~ 

MtO AVOrrgO 243/min 227/ria 160 - 333 

P-R 1nt0rvri 0,087 w8.c 0.064 E/8OC 0,047 - 0.100 
QRS Dur8tion 0.041 m/80c 0.065 m/sec 0,020 - 0,036 

Q-T Intorvrl 0,116 m/moc 0.195 dsec 0,107 - 0,200 

10555b2 
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both Y, mal8tta 8nd Y, 8p.ciosa respirograu did not exceed 

thi8 Vllue, RO8pir8tOry patterns in Y. mUl8tt8 were regu18r 

and synchronou8 through entire tracings, indlc8ting a regular 

dopth 8nd rat0 of breathing. Individu8l ro8plr8tory cycles 

were jorky, though aynchronour (Fig, 1, tracing A). Respir- 

atory pattorn8 in Y, 8pocio8a, though highly irregular In 

rate, 8how.d mom organized rospirrtory cycle8 8nd a smoother 

respiratory cycle In general, The respiratory rates are de- 

t8il.d fo. Rble l. M8C8C8 SpOCiO88 averaged 51.25 cycle8/min, 

while Y, mulrtta averaged 53.5 cycles/min. 

Eloctro8phygmogr rphy 

Systolic rad di88tolic blood pr088uro8 and different181 

pulso presmrro8 were deterrined with an electrosphygrograph 

as provided with tho Vhy8iogrrph Six," Tho in8trument is 

capable of recording indirect blood proamre8 within 5 to 

10 111 8CCUIP.CJ. The 8pmmtUS COn8i8t8 Of l photoelectric 

premmre transducer, 8 c0-n sphygmounometer cuff with an 

attached microphono for recording Korotkofi sounds, and cuff 

pump connections for promsure sampling (4). 

The cuff W88 wrapped about the right uppor am of arch 

subdect, and cuff pressure w8s increr8ed to the upprrr limits 

of normal pressures' expected (about le0 nm). Calibration 

w8s then completed to Writ0 out the Korotkoff 8owd8 8t a 



P Y 
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roasonrble magnitude. Cuff pressure was than incr088Od until 

the upper limit was once again 180 UUE 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 speciosa 

averaged 90 u Hg systolic pressure and 48 mm Hg diastolic 

pressure, while Y. mulatta averaged 93 mm Hg systolic and 

48 mm Hg diastolic pressures. Table 1 presents the varia- 

tions noted. 

for M, specloaa aud 45 mm Hg for Y. mulatta (Table 1). 

pulse pressure differences avenged 42 mm Hg 

Galvanic Skin Response 

Since many stimuli will incite the galvanic skin 

response, or psychogalvanic ref lex, basal skin resistance 

was measured to deternine a basal emotional quotient for 

these animals. This, in effect, correlates theoretically 

with aggressivenems or docility of the two species of pri- 

mates under Investigation. Relationship8 are only hypothet- 

ical, as observed docilfty or aggressiveness cannot be meas- 

ured In any other way with mathematical efficiency. 

fore, we must assume that basal skin resistance is a func- 

There- 

tion Of basal pEYcholOgiCa1 position 88 Syrp8thOtic 8t-Uli 

evoke levels Of CeIp~nbO, rhib prr88ymp8thetiC 8tFPruli 

inhibit or reduce levels of reaponne (5). 



Two oloctrod.8 (one a ground eloctrode and the other 

tho 8on8ing eloctrode) are attachad to the aalrrl. Both are! 

plats electrodes, the formor attachod to the ventrum of the 

rri8t rad tho latter to the dorwr of the index finger. The 

right forean ram used in all instances, 

A con8tant DC current of 20 microaspores 18 applied to 

$he electrodes, and the voltage across the electrodes is 

then umplified and recorded. 

voltage acro.8 the electrode8 I8 directly proportion81 to 

the electrode re8iatance. Any given ohmic level of reuist- 

ance at the electrode interface rill then be recorded a8 a 

With constant current applied, 

conotant amount over the basal electrode resistance, varying 

from 0 to 1 x 10 ohms. 6 

After zero calibration, the galvanic skin re8ponse pre- 

amplifier i8 switched to record direct current. 

skin remi8trnce inherent in the animal causes a ride deflec- 

tion of the recording pen. Recallbration to zero level then 

determlnos the basal interface reriatance between the elec- 

trode. attached to the aninul. 

th8t calAbr8tlon love18 for Yo mulrttr are 64.1 per cent 

The basal 

One would note in Table 1 

higher than those for Y. speclosa, indicrtive of a greater 

re6pon.O to tO8thg procedures, though not visible grOS81y 

to the ob8ervar. 

renders equal nonchalance to experimental procedure, we must 

Since we will a88ume tranquilization 

c I' 
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CO~~U~O th8t tho 8#grO88iVO naturo Of Yo rUl8tt8 88 OppO..d 

to Y. mp.ciou is .ti11 .~p~rior~ rog8rdl.88 of tranquilit.- 

tion, On0 ui then conclude 8 uth-tic81 quotient for 

docility or 8ggr088iVOn.88 a8 ob8em.d In tho norm81 c8g.d 

aniul. 

DISCUSSION 

A compri8on Of tho tW Y8C.C. 8pOCh8 in qUO8tiOn 80- 

to indicato 8 rourbblo 8hll8ritt. Dfff*rmCO8, except 

grlv8alc 8kln re8pen8e8 are slight and would not ba8lcrlly 

alter romlt8 of experiment8 where Y. 8p.cio88 Is 8ub8tltutod 

for Yo mulatta. 

The M. 8pocio88 u8.d in thi8 study woro but recontly 

8cquirOd, After arrlV81, 08ch 8nlUl W88 8ubjOct.d to 

clinical exadrution, tuborculosi8 teating, trertment for 

intestinal pU88it08, 8nd antibiotic thmr8py. All primto8 

rrrlving at thin Laboratory 8ro aubjoctod to rigoroum tost- 

ing 8nd OX8BllutiOn OVOr 8 60-d8Y poriod, lfUtritiOm1 8t8t.8 

of the Y. 8p.Ci088 roceloed were low 8nd po88ibly beno8th 

that of tho Yo wlatt8 tested, which havo boon In thi8 colony 

for 3 yoarm rinimur under optimum enviroruent81 condition8. 

Howovor, one notes that body roight rang08 8re con8ider8bl~ 

higher for M,'8p0CiO88, 

to b. cllniC8lly 8ound bofore php8iOlOg%C81 OV8lU8tiOlL 

All 8nh818 tO8t.d WOPO dotominod 

t O"j55b3 
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Prelirinrry ti88110 cultur8 attempts and Chr0mo-8 anal- 

J8i. Indicate a e1088 8hihlrity of the two SpOCi86 from thir 

rtandpolnt . 
Hom8tologlcal and r8diomtrbolic Studi08 are in progrera 

by the Y.aulian Metabolism S8ction. 

Continued extensive metabolic 8nd microscopic comparison 

lire planned with po8aible replacement of the Y. mulatta in 

thh colony with the more docile and cooperative, but phy8- 

iologicrlly similar, Y. specio8a. 
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Collular Blowat. in tho ~~rirrhorrrl Blood of Wcrcr, mutt8 

and ac&C8 8p.ciou Yonby8 (C. R. Richmond 8ad J. E, London) 

Sororal hautologic81 parameterr were roa8ured for 

Yacrca mUl8tt8 and H8C&C8 8pOCiO88 monkey8 prt Of 8 

1.rg.r progoct to obtain comp.r8tive at8 for the80 8pocies. 

Thi8 report 8unarize8 the80 108.~rement8, 

YICRUIDS AND MATERIALS 

All mearuremontr were made on fresh blood removed from 

the uphenous vein of the reatrained non-rne8thotized anfnuls, 

The Y, 8mCIO88 monkey8 hrd 3U.t c0mpl.t.d 8 6O-drY WrIod Of 

quarantine slnco arrivrl at our 18bOr8tOry rad were in reason- 

8bly good rpprrent hoalth, The Y. mul8tt8 mOnk.78 hrve been 

maintained in our laboratory for rover81 yoarr and are .bout 

3-1/2 ye8r8 old b8.d on gro88 dentition, e8tim8te8 of the 

supplier, 8nd body me88uromnt data (1). It I8 88.\~~1)d, oa 

the b88A8 of body weight8 rnd gro88'dentitioh, that the Y, 

speciou wore approximately the sa- age. 

Heutocrft. were determined by a mlcrohoutocrit cap- 

illary tube method inmlirtely after centrifuging the uuples 

for 3 &Ut08 at 12,500 rpm in 80 Ad.= aicrohe-tocrit 

centriiugo, 

counter on a 1 to 10 dilution of whole blood 8dju8ted to 

Erythrocyte number8 were 18088~rOd by a Coultor 

3 
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5 p0 6.7 . For each  ample, 10 cell8 ware counted 80 tbat 

relative coll volume could be deternined as a function of 

channel number on an RIDL 100-channel analyzer. 

leucocyte counts were done according to the u8wl cllaical 

laboratory procedures. 

Differential 

RESULTS AND DISCUSSION 

Table 1 dve8 the number of erythrocytes (10 6 per 

hematocrit (m1/100 ml), and mean corpuscular volume (p 3 ) for 

4 female and 7 =le Y. mulatta monkeys and 4 Y. specioua 

monkeys of roughly slmllar weight and age. 

atocrit value of about 42 m1/100 ml for the Y. SpeCb8. 1s 

the same as that found for 4 Y. Yulatta females but Is 80me- 

what less th8n the mean of 48 found for the 7 male H. mulatta. 

It should be noted, however, that the latter animals had been 

mlatsrlned diSe8Se-free at an altitude of -7200 feet for 

about 2 years. 

remain Inside the building or to pass through a hinged door 

to an outslde exercise area. Spector (2) gives a mean and 

standard deviation of 42 + 5 for the herrtocrlt value of H, 

mulatta monkeys. Young et al. (3) give a mean value of 

38.8 m1/100 m1 for 5 male Y. mulatto monkeys at Brooks Air 

Force Base, Tex8s. 

with a mean body weight of 4.4 kg. 

The mean hem- 

Dosign of the quarters permits the animal8 to 

- 

These animals were 3 years old (+ 3 months) - 
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TABLE 1. mm DATA FOR YACACA YULATTA AND YACACA 

SPECIOSA MOMKEYS* 

Erythrocyte8 Hea8tocrit Yoan Corpuscular 
3 Animal 

No. Sex (m1/100 ml) Voluaa (p ) 

Yacaca mul8tt8 

3 F 
5 P 
9 P 

11 F 

Average 

1 Y 
2 Y 
4 Y 
6 Y 
7 Y 
8 Y 

10 Y 

YlCaC8 8peCiO88 

1 Y 
2 Y 
3 Y 
4 Y 

Average 

5.86 
5.82 
6.96 
5.24 

5.97 

6.66 
7.92 
6.28 
6.62 
6.34 

6.18 
6.62 

6.66 

6.08 
5.84 
6.20 
6.34 

5.87 

43.2 
400 3 
45.4 
39; 1 

42.0 

50.0 
4% 0 
48.8 
44. 3 
50.0 

48. a 

49.1 

48.0 

42.2 
42.3 
40.5 
43.5 

42.1 

73.7 
69.2 
65.2 
74.6 

70.7 

73.3 
63.1 
71.7 
73.7 
69.9 
75.5 
79.4 

72.4 

89.4 
72.4 
77.9 
68.6 

72.1 

Body weight 4 to 6 kg. Age e8thtod at 3 to 4 years, baaed 
on dentition 8nd body weights. 
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Tho orythrocyto concentr~tlon8 of Y. 8p.ciou worm rim- 

ilar to tho- of f-18 Y. mulatta. All mean value8 in 

Tabla 1 wore 81rilar, although lrrgor, than the 5.444 x lo6 

per cubic rillbeter reported by Young et 01. (3). A ratio 

Of .bout 0.88 eX18t8 botrem m10 Y. 8pOCbaa 8Bd male Y. 

rulatta for both mean hematocrit and man erythrocyte con- 

about 72 p3 for tho mesa corpuscular volume (YCV) for ma108 

of both rpocior. One might speculate that the Y. apeciora 

hid not reached the same level of accliaation as the Y. 

COntMti-8. Thi. i8 augge8t.d by the u1e mean V8lUO of 

mulatta. 

ilrr as to concentration of erythrocytes, he-tocrit, and 

It doe6 appear that these 8pecies are quite rim- 

cell size. 

t81ned from the Coulter counter shows a remarkable similar- 

ity between the erythrocyte profiles of these species. 

Cur-rp ln8pection of the cell sizing dit. ob- 

Spector (2) gives no values for erythrocyte conceatra- 

A YCV of 71 can 

~romser (4) suggests a 

tlon or mern cellul8r volume for rrcaque8. 

ba estimated from Young et 81. (3). 

value 0% 5 x 10 
6 

erythrocytes per cubic millimeter aa a 

reasonable mean for "macaque erythrocytes. '* 

Table 2 gives leucocyte v8lues for 4 male8 of erch spe- 

cies after a 2Ldrp period in individual metabolim cages. 

During this time, 811 anhala were handled 8od treated in 

e8uentlally the sane way. The higher leucocyte concentration 

1055512 
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Y.crc8 wlatta 

1 11.0 89 

2 16.5 81 

6 11.7 77 

8 8.0 71 

Yean 11.8 

3 15.5 41 

4 15.5 68 

Mo8n 15.8 

9 

14 

20 

26 

21 

35 

59 

24 

1 1 0 

1 1 3 

0 2 1 

0 1 2 

7 0 

4 0 

.I 9 

8 - 
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in tho blood of Y. 8p.ciosr Is probably 8uggo8tlve of 8 goa- 

orally pooror atate of well-being a8 cornparod with Y, mulrtta. 

Youag et a1. (3) report a mean of 14.68 x lo3 ~eucocyter per 

cubic millimeter for the 5 Y. mulatta monkey8 moatlonod ear- 

lier, 

The relatively high percentage of neutrophils In Y. 

rpociou NO8, 2 and 3 im of interest, as these anFmrl8 were 

later found to be quite heavily infocted by hookworms (Strong- 

yloider). Remltr of metabolic studies urlng tritiated wator 

in tho80 anInml8 indlcatod rbnor~lly large body wrter res- 

OWOAr8 8nd VO- rapid tWnov0r rater. 

C8U8.d by the he8vy nematode infO8t8tiOn. 

This W88 promumably 

The rOl8tlv~lp 

high incidence of .08lnophilr in Y, rpoclou I8 a180 mugger- 

tiV0 Of par88itim. 

Differentirl leucocyte count data did not rgroe with 

that reported by Young et 81, (3). R08p.CtiVe percentrge 

V8lU08 for n0~trophil8, lprphocpt08, rad W8hophil8 Were 

55.8, 39.4, md 1.8. No othor coll typo. were given, XU- 

80~8 (5) point8 out that the literrturo provider only .cant 

rad contr8d&ctorp data on tho compoaitlon of roakey blood. 

Ag.8 IO%, diu-1 and 8Oa8OMl factor., PIUS the SMfl nu- 

berr of aninal~, contribute to tho largo vrrirtions. Recoat 

work8 (6,7) give no hematological vrluor for monkeya. 

In 8wry0 prelininary fnve8tigations on the cellular 
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function rad other not8bolic 8tudi.8 should 8180 help in 

comparing Y. 8p.ciou with Y. wl8tt8. 
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Loagovity of First and Socond Generation Ofimpring iron Male 
Yico Erpoaed to F588iOn Neutron8 8nd Gam R8ym (J. Po Spald- 

lag aad R. P. .Archulet8) 

Itusmoll (1) be reported evidenco that bomb neutron expo- 

8ure of male mlce wa8 instrument81 in reducing not only the 

life expectancy of the exposed rniul but also that of his 

offspring. 

h88 been gonorally accepted as on8 of the human hazard8 of 

exposure to ionizing radiation. Because of the significance 

of Ru88ell'r findings, It was felt that a slmilar experiment 

d085gned 8peCifiC8lly for the end point de8ired and done 

under laboratory, rather than under field, coaditfon8 was 

indicated. Th8 8tudy reported below was done to determine 

the effect of both neutron and gaua-ray exposures to male 

rfce on loagevity of their first and second generation off- 

wring:, 

"hi8 finding wa8 of con8lderable importance and 

YETHODS AND RESULTS 

Two hundred rad twenty RF ule rice 8 rooks of 8ge were 

They were u8ed to produce the rice for the longevity study. 

randomly divided into 11 groups, 20 rice e8ch for 10 exposure 

group8 and 20 mice for the controls. Groups 1 through 5 were 

given acute doses of 32, 67, 102, 134, and 177 rads of fission 
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noutron8 to tho whole body, r08poctivoly, Groups 6 through 

10 wero givorr acute whole-body dome. of cow gamma ray8 of 

60, 130, 180, 240, and 300 r8d8, re8pctivaly, 8nd Group 11 

-8 rOt8h.d 88 8ll unoxpo8od Control group. 

Following noutron and gam-ray exposures and control 

8h.r exp08uro8, all nice from e8ch of the 11 groups doscribed 

8bovo wero pl8C.d inkreeding cage8 with 8 rmdorizod popula- 

tion Of RI f0p.h nice 10 to 12.WOek8 Of 8ge with 8 C8gbg 

ratio of 1 M~O to 4 femalo8. The malos remninad with the 

f.lul.8 for 18 day8 [about on.-half tho duration Of 8pO-t- 

ogone8im (2)], rfter which time they were 8epr8ted from the 

foulom. 

h8Ve kea conceived from m81e germ cells irrrdlated in tho 

Offspring from theme rutings were considered to 

p0.t 8mtOgOnial (.pel%, epOmtid8, and po88ibly 

1 
8 fOW 8pOntOCptO8) 8nd Were identified a8 F1 

generation rice from early breedings, Fig. 1). 

of the80 rice and th8t of their offrpring 

eration rice from early broedlng8 Identifled 8s 

Fig. 1) wore 8tudied. 

Sixteen weob aftor tho males were orporod 

nice (first 

The life span 

(8eCOnd g@n- 

P21 mice, 

to either 

neutron8 or g8m8 r8y8, all irr8dlated and control males 

were ag8in pl8c.d in brooding cages with 8 second mndorlzed 

populatfoa of RF fomalo rice 10 to 12 WOOL. of ago with a 

caging ratio of lamalo to 6 females. Offspring fror them 

mating8 war., thoreform, dorivod from irrrdlated 8pum8togonir 
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LIfL SCAN 

I 1 

Fig. 1. Schematic of experimental dt8Agn. 
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and woro ldontlfled am F: nico (first gonoration rico from 

2 
18tO br..dAng8, Pig, l), LongeVltg Of thO8e dC8 (Fl ) anb 

th8f of tho- off8prlng (80cond gonoratlon rfce fro8 late 

br..db- ldontlflod 88 F2' ace0 Fig, 1) were 8tudbd. 

Tho do8.8 to tho 81re or grmd8ir8, number of mlce ob- 

80rv.d~ and tho moan length8 of life for nch of the group8 

8r8 tabulated fip mb108 1, 2, 3, 8nd 4, Amly.28 Of the88 

data f8Il.d to show any moanlngful corrolatlon botwaen life 

8p.n and do80 to tho 8l?e or gr8nd8lro In eithor tho g8n8- 

r8y or noutron ertpo8.d group.. 3fgnlflc8nt differences did 

8PP.W botreen some do808 and In 8ome Imtances between serte8. 

Howover, it m8 not po88Ible to fit 8 8tr8lght line, by the 

welghtod loa8t 8qurre8 method, through the data In any of the 

fWr tab108 and to obt8ln a 810p which wuld 8UggO.t th8t 

lif0 8p.P -8 affected by Oxpo8Ure of the 81rO or gr8nd8lrO 

to Ionizing radl8t%on, In fact, the average llfa span for 

all control inale8 was 602 dry80 compared to 633 day8 for 

all fmlo off8prlng from imdlatod 8lr.r or grrrndrlre8, 8nd 

control -1.8 had an average lafe 8-n of 593 d8y8, compared 

to 647 for 811 a810 offspring from lrr8dirted sire8 or grand- 

8ArO8. b-both 8OXe.a EICO with lrr8df.t.d prrentrge Out- 

llvod their control co~~terpart8. 

do not 8upporCt tho earlier finding8 of Rams011 (1). 

Tho romlt8 of thl8 study 

Change. in SOX ratlo h8~0 been 8UggO8tOd 88 a wthod of 
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TABLE 1. YEAH LI?B SPA# IN OPFSPRIlW OF HALE MICE =#)SED 

TO OAYW IRRADIA'TTON 

0 28 

60 37 

120 28 

180 31 

240 59 

300 11 

625 + 36 

686 + 25 

568 + 41 

725 + 17 

675 + 24 

605 + 43 

- 32 

32 

38 

38 

52 

16 

- 
- 
.I 

- 
- 

610 - + 31 

684 + 23 

708 + 29 

682 + 24 

639 - + 20 

639 - + 46 

- 
- 
- 

0 8 

60 8 

120 8 

180 8 

240 34 

300 13 

514 + 63 14 

584 + 74 26 

14 517 - + 86 

624 + 19 6 

625 + 25 30 

12 677 - + 58 

- 
II, 

- 
- 

587 + 34 - 
700 + 35 

553 + 36 

588 + 33 

676 - + 29 

674 + 65 

- 
- 
-.. 

- 
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Fa1 (Offspring of Fll, mblo 1) 

0 

60 

120 

180 

240 

300 

37 50 

40 48 

43 40 

59 71 

44 3s 

22 19 

?22 (Offspring of l:, hble 1) 

634 + 24 

630 + 33 
674 + 30 
664 + 24 
642 - + 28 
504 + 35 

- 
- 
-.. 

I 

- 

603 + 21 

651 + 32 

645 + 36 

570 + 42 

0 

660 - + 19 

674 0 + 18 
.I 

- 
- 

0 17 18 

80 

120 

180 

240 

300 

43 38 

35 53 

44 39 

111 111 

25 20 

646 + 37 

7- + 21 
607 + 40 

647 + 25 

668 + 17 

649 + 28 

- 
0 

- 
- 
- 
- 

575 + 46 
682 + 23 
669 + 21 
655 + 29 
683 + 15 
594 + 35 

- 
- 
- 
-. 
- 
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TABLE 3. YZAN LIFE SPM IN OITSPIUIG OF MALE MICE W#)S13) 

!lO FISSION NEUTRONS 

Yoan Longth of Lifo 8nd 
Total Do.. Nunbar of Offspring St8adrrd Error (days) 

to Sir. 
(md8)+ m1.8 F-108 Ma108 Females 

F~’ mtings, 1 to 18 days aftor natron exposure) 

0 28 32 625 - + 36 610 I + 31 

32 

67 

102 

134 

177 

23 

26 

12 

9 

2 

639 + 37 24 

535 + 37 22 

13 568 - + 38 

738 + 35 6 

2 649 - + 40 

- 
- 

- 

710 + 19 

534 + 33 

632 + 38 

690 + 55 

688 + 126 

- 
- 
- 
- 
- 

I 

587 + 34 

613 + 96 

593 + 54 

719 + 20 

655 + 49 

- 514 + 63 0 8 14 

563 + 57 32 12 5 

550 + 58 67 15 12 

102 20 22 629 - + 30 

735 + 07 134 2 12 

177 None survived to weaning 

- 
- - 
- - 

- - 

* 
--my dose 8pproximately 15 per cent of neutron dose. 

i 0555582 
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5 

F21 (Offspring of Fll, Table 3) 

0 37 50 

67 48 57 

102 12 20 

134 29 34 

32 38 32 

177 None produced 

€': (Offspring of F':, Table 3) 

0 17 18 

67 98 69 

32 44 43 

103 48 73 

134 8 12 

177 None produced 

625 + 24 

643 + 30 
614 + 26 

- 
- 
- 

643 - + 32 

380 - + 47 

646 - + 37 

670 - + 19 

672 - + 18 

679 - + 25 

651 - + 38 

603 + 21 - 

575 I + 46 

644 + - 18 

662 - + 19 

649 - + 16 

683 - + 35 

* 
Gam-ray do80 approximately 15 per cent of neutron dose. 
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omthatlag tha gonot&c hrrrrrdr of ionizing r8di~tion8 to man. 

Accordfng to gonotic thoov, PI off8pring froa irradbted 

8-a. Wuld b. predorinrntly -1.8 if 8OX-lWOd l8tb.18 were 

induced by oxpornre. In thim study, tho 80% ratfo of all 

control mica wam 1.267, ?1 dco from gauaoirradi.ted 8irsr 

brd 8 80X of 1.1z4, and tho 8e% ratlo of ace from 

neutron-irradiated aim8 -8 0,975. 

ration were contrary to genetic thaow. 

Them. comprratfve mer 

(1) I, Lo Ruasell, Proc. Nat. Acad. hi. 43(4), 324 (1957). 

(2) E, P. Oakberg, Aa. J. Anat, 99, 507 (1958). 

- 
- 
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An ouliu study n8 dona (1) to dotanrine rrdirtion 

UMitiVit). 88 8 fUCtlOZh Of 8- U8ing the frrction8ted do- 

method, which 8110~8 for biologic81 reprir batwoen acuto 

oxpomares. 

sure condition, mdiore8irtmnco n8 ralatlvely 8t8blO through 

tam fire half of adult life, at mlch the It deteriorated 

rapidly until the end of the n0-1 life exp.ct8ncp. 

following is 8 report.on acute ndio8enritioitp as a fuactlon 

of agm u8tng the Lpso approach. 

It warn concluded tnat under tbrt typo of expo- 

The 

30 

Sow 2900 RF atrain virgin female rice of 14 age group8 

woro u8ed (Tablo 1). Mico in each ago group war. randomly 

divided into 8 mininu of 5 8nd 8 maxinu of 12 rcuta X-my 

30 
OXp6UrO group. to bmckmt the Amto X-my OXp8WO8 

were rude with 8 2% IlvP X-ray machine with a beryllium 

riador tub.. Bporure condition8 wero a8 follow8: voltage 

2% EVP; 30 ma; Thoram18 I1 illtor; HVL 2.6 n Cu; target- 

to-8pcscir.n dirt8nco 60 cm; and do8e rata % nd8/rfn. 

Following X-ray OXp08Uf08 rice were hOU8.d In 8t8nd8rd 

W~e-bottO~ C8ge8 8d 03~0rved for 30 &y8 m8t eX~~W@, 
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Standard 
Error 

Numbor 
(r0.L.) of Mice (rad.) 

AeO 

3.6 326 593 14.6 

186 647 18,9 

0.0 210 691 14.0 

12.8 190 733 13.5 

21.4 300 6 97 15.8 

30, 0 363 634 ma3 

42.8 131 487 18.7 

51.4 120 547 35.9 

ma0 157 537 16.0 

68,6 125 453 5.16 

77.1 179 424 22.8 

85.7 149 

Ma3 152 

103.6 342 

442 

441 

343 

17.6 

12.5 

18.6 

-11% 
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Death8 were recorded daily, and 30-d8y lethrlity w88 sub- 

jocted to standard method8 of probit analysi8 to obtrb tho 

I.,D:g for each group. The result8 arm tabul8ted in Table 1 

and are plotted in Fig. 1. Radioresi8tance increased with 

age8 reaching maximum resistance at 13 to 17 weeks of age, 

Beginning 8t 18 to 20 week8 of age, resirtance declined 

throughout the r-inder of the life span, reaching a rfn- 

imum at 104 weeks (average life span for thi8 strain is 

96 woeks) . 
There wm no tapprecl8blO period of relative stability 

in rrdioresirtance throughout the entire life span. This is 

not consistent with earlier studio8 whoro radiore~ist8nce was 

tested by the fractionated-method. The difference in response 

to radiation expo8ures by these two method8 8ugge8t8 8 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 expo8ures. 

Figure 1 Show8 incre88ed variability Of radioresist8nce 

with increased age -- a characteristic commonly associated 

with advancing age. 

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

This is also characteristic of many biologic81 ~rameters, 

It was a160 found that an exponential 

REFERENCE 

(1) J. F. Spalding and T. T. Trujillo, Radi8tion Re8. -8 16 

125 (1962). 
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Cold Str0.S am 8 T.8t for R8tO Of AWg in TWw Uno8 Of 

Yico with Dfifarent Hirtori.8 of Ancostrrl X-R.y ~poruro 

(J. F. Splding 8nd T. To Trujlllo) 

I~DUCTION 

TbOrO 8ppU to b@ uny 8-1&r%tiO8 b.tWOOn 8g.d riC8 

8nd young rice with an irroprable bWd8n of radbtion injw. 

The Foderatlon Procoodlng. on "Radiation and Ageing" (1) 8nd 

one report by Upton (2) provido excollent roviow8 and tho- 

or108 on *Tr8dlrtlon 8glngoTg 

that eltpomro of tho total body of a rarrrrl to ionizfng 

radirtion rill reduce the life expectancy of tha 8xpoB.d 

an-1 (2). Trujlllo (3) h8m shown that cold stremm may be 

a useful tool In comparing uimilaritieu between chronologic 

and ~~rrd~tlon-accolerated~* aging. 

It Is a gonerrrlly acc0pt.d fact 

Tho genotfc ampects of the life 8hortonlng offmt on 

the offspring of lrr&d%8tOd parent. -0 8180 ulrLnnm psr- 

eters of r8di8tion injury. Rusull (4) was tho flrrt to 

report life shortening in tho offupring of -10 rlco oxpomed 

to neutrons from an atomic detonation. Sprldlng et 81. (S) 

showed a roductlon In llfo expectracy of mico from S genera- 

tions of X-irradiated mires. In contr8.t to tho80 finding., 

an adJolned report shows no dlfferonco in tho llfo awn in 

the offspring of ulres ucp08ed to grrded acute dosea of 

neutrons or gana rays, and off8priag from both early and 

-116- 
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lato brooding wore studied. It rust bo concluded that thore 

28 .till conmIder8bla doubt 8s to whether or not the gonetic 

mocla8ni.r which regulator life 8p.n I8 affocted by expom~ro 

to ionizing radiation. However, 8inca there i8 SOPDO ov- 

idence (4,s) that a premature aging factor my be inherited 

from mire8 expo8ed to ionizing radiation, and since reaist- 

anco to cold 8tr0.8 8pp88rS to V8- With age (a), ft W8S 

folt that cold stre8s might be 8 u6eful to8t to determine 

the r8te of aging of mice with 8 hirtory of Irradiated sires 

a6 ampared to th8t of control mice. 

hero is an attempt to test this thesis. 

The study reported 

MEI'HODS AND RESULTS 

Virgin famnle RFM strain rice from the following three 

ba8ic line6 wolpe used: irr8dirted line (granddslughtere of 

the 15th generrtion of slres given 200 r8dS of X ray8 at 

re8nhg for 15 con8.cutive generrrtionm); irrrdlrted sub- 

line (granddaughters of the 15th generation of sire8 given 

200 rad8 of X rays at weaning for only the first 10 consec- 

utive gonerations); 8nd grurddrughtors of the 15th geriera- 

tion of control lice with no history of X irrrdirtion. 

three line8 originated from one mating, 8nd brother-sister 

utbg8 were umed in e8ch of the three lines. 

Expomare conditions for irradirted male8 in the 

All 

-117- 
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1mdi.t.d line and tho 1rradiat.d rub-line wore a8 folloWt 

250 KVP with a borylliur window tub; 30 88 fllawnt current; 

ThOmOU. 11 f2lt.r; 20 CU 60 CB t8rgOt-tO-8mhOa 

distance; rad SO rada/rin do80 rat.. 

wozo u8.d. 

Lucito 10uma phrntou in Lucito chamberm gummtrically d08lgnOd 

to givo uniform do808 at an7 chrrbrr po8ltlorr, Victoreon read- 

ing. wore corroctod for barosotrlc prommar. and temp.z%turo 

and convortod to ti8.U. do.@ bv tho factor 1 r - 0.96 rad. 

Victoreon 100-r chubor8 

Do- mea.;~ramontm woro mado 8t tho aridline of 

Fivo ago group8 (ago raw0 botwmn 6 reek. and 12 month., 

Table 1) from each of tho 3 line8 do.cr1b.d abovo were nndorly 

cagod in lndivldual compartments, 8uppll.d with food and water 

ad libitum, and placed In 8 cold onvlronment at a temperrture 

of 6 to 7' C for 14 d8y8. 

8tre8.8 the rice wore maintained at room tompnturo for 

After the 14-day period of cold 

10 d8y8. Record8 Oe rUrVIVS1 during the 14-d.Y 8tre.8 and 10- 

day po8t ere88 parids wore and@ ad corparod for oach age 

group within e8ch of tho 3 lino8, 

Tho r08Ult8 Of thi8 gWOlWSl8r7 8tUdy UO 8hOm T8b108 1, 

2, rad 3 and la Fig. 1. The 3 lin.8 of dco rtudlod 8hoWOd a 

con8ldorabla amount of variability of ro8pon.e to cold 8tre.8 

throughout tha ago lntorval 8tudi.d. Eovover, aa mho- in 

Fig, 1, thoro k8 8 definite tread t0-N do~r0a8.d ra8%8t.!kCr 

to Cold With hCm880d 8-0 WhOB 8 b.8t bit 810m -8 fitted 

1055591 
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TABLE 1. suRvIvu OF FIVE AGE GROUPS OF IRRADIATED LINE* 

MICE PROM corn STRESS** 

SUrV%V81 Age Number of 
(months) Mice Number Per Cent 

1.39 92 04 91.3 

3e01 52 52 100.0 

6.65 109 90 90.6 

80 38 100 49 49. 0 

12.66 129 82 63.6 

* 
Seventaenth generation mice In rhlch each of the first 
15 generations of nales was exposed to 200 rads of X rays 
at 24 to 28 days of. age. 

1055592 -119- 



. . : .. -.. 1. 

~uroi~ri 
Numbor of 

(aonthm) Mice Nurb~? Per Cont 
4. 

2e23 

3.21 

6.61 

8.38 

12.75 

94 

52 

85 

102 

119 

88 

51 

67 

52 

a7 

91e4 

98.0 

78,8 

51.0 

73el 

I 
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TABLE 3. SURVIVAL OF PIVB AGE OROOPS OF CONTROL LINE* MICE 

PROY COLD STRESS** 

Survival 
Age Number of 

Per Cent (months) Mice Number 
~ 

2.18 

3,04 

6.65 

8.59 

12.46 

92 

52 

96 

90 

92 

87 

50 

07 

60 

67 

94.5 

96.1 

~OD 6 

61.2 

72,8 

* 
Seventeenth generation mice with BO history of X-ray expo- 

uure to the line. 

Expr888hl! Of b0.t fit: Y 100 + -2.64 Xm 
** 
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to tho &t8 in hblOS 1, 2, 8nd 3, With tho IntOrCOfl f%ltOd 

at 100 per cent, tho 8lopes were shorn to incr0.88 in accord- 

ance with the numbmr of generrrtions of X irr8di8tion (Fig. 1). 

Tu8 ob8oFV8tion Suggests that (u8hg cold str0.S 8s the tort 

spmtem) mice from 10 gonorations of irradi8ted mires 8ged 

more rapidly tun did control nice rnd thrt mice with IS gen- 

errtione of lrnadirted sires aged more ripidly than did mice 

with 10 genarrtfons of irradirtod aires. 

optimum 868 range for studying aging by the cold stre88 method 

$8 12 to 22 ronth8. Unfortun8telyD our environmental room 

-0 unrvall~ble for the 8tudier after completion of the 12- 

month age group study. 

possibility of cold streas as a test of rate of aging, but 

more complete studies await the avnllrblllty of an envlron- 

mental chamber. 

In the mouseD the 

These preliminary results point to the 

R8dirtlon Rem. - 16, 144 (1962). 

(4) w. L. RuBwl, PrOC. N8t. AC8d. SCi. - 43, 324 (1957). 

(5) J. F. Spalding rad V. G. Strmg, Radiation Res. - 16, 

159 (1962). 
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Brooding Chamctori~tic~ of Offspring from Mice with Fiftoorr 

Gonerrtlon8 of X frr8di8tbn to tho Y.l.8 (J, F. Smlding 

8nd Y, R. Brook8) 

Thi8 I8 8 continuing Study in rhich tho bt..ding OffIC- 

ioncy of rico from X-imdiatod sire8 I8 studiod at 5- 

goneration intorval8. When thi8 study -8 rtartwl, little 

Or LIO hfOrUtiOIh W88 8V8il8blO on tho gOnOtfc con8oquonce 

of X irrrdhtion to con8.cutivo genor8tion8 of 1lrnal8. 

promm was de8igned to study the brooding charrcteri8tic8 

Thi8 

8nd nOn8pOdfic genotic effect8 Of X irr8di8tiOn to the Sir08 

in a continuing population of aice. 

YITBODS AND RESULTS 

Breeding characteri8tics were 6tudied on 3 ksic lines: 

(a) control Uno, 16th genmration rice with no history of 

ionfzlng rrdhtlon 8bovo Wcltqround; (b) irr8df8ted line, 

0ff.W-g Of 15 goaer8tion8 Of X lrradlatlon to the -108; 

and (c) irr8diat.d sub-lino, 16th goner8tion ricein which 

only tho first 10 gonmrations of u1.8 wore ~von oxpornre8 

of X ray.. 

Fig. 1, , 

Tho origb of the dco studied Is illu8tmted in 

On0 hundred 8ib p8irs of rice from e8ch of tho 3 b88ic 

lino8 wero utod at waanlng and wore 811oWd to rte 8d libitum 
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for their entire life span, 

proficiency of each liao was maintained for line comp8rI~)ns. 

The comparative productivity of each of the 3 basic linea is 

tabulated in Tables 1 and 2. 

A record of the reproductive 

Notable differencelr appear among the 3 lines for several 

charrcteristlcs, 

smallest in the irrrdiated line, and intermediate in the 

Litter size was largest in the control line, 

irrrdlated sub-line. 

size could k mted according to the number 02 generations 

exposed to X irradiation, with the control line receiving 

It was Interesting to note that litter 

the highest rating. 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. 

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. 

The success 

Such charrcteristics as litter size (Tablu l), number of 

litters cannlblized, and number of mice bora dead (mble 2) 

reflect the radiation-induced genetic decrement to the 

reproductive efficiency of the irradiated line and irradiated 

sub-line. However, the extended reproductive life of these 
I 

2 lbes suggests a natural compensation. i. 
I 

4. 
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TABLE 1. GROUP AVERAGES 

Control Irradiated Irradiated 
Line Line Sub-Line 

Characteristic (sibs) (sibs) (sibs) 

Age at First Litter (days) 

Age at Last Litter (days) 

Reproductive Life (days) 

Conceptions (number) 

Litter Size 

At Birth 
At Weaning 

Per Individual 
Per Li t t er 

Weaning Weight (grams) 

71.7 

264.2 

193.5 

5.99 

5.39 
4.13 

10.4 
42.7 

72.2 

333.1 

261.9 

7.69 

3.91 
3.34 

10.5 
35.1 

78.2 

300.7 

223.5 

7.23 

4.42 
3.86 

10.8 
41.9 
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TABLE 2. GROUP TOTUS AND SEX RATIOS 

Total Numbor of Yico Born (I?- QrOUP) 3,216 

Sex Ratio (maldf-la) 1.09 

Total Number of Mice Weaned 

Number of Litter8 C8nnibalized 

(par gll'0UP) 2,410 

before Weaning 179 

Number of Mice Born Dead 

Number of Fmirs Producing 

Average Litter Size of 
3 or Less 

2 or Less Litters 

No Litter8 

40 

6 

9 

0 

2, a88 

1.15 

2,486 

335 

316 

27 

8 

3 

3,042 

1. 11 

2,673 

229 

96 

14 

10 

3 
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Radiation-Induced Irreparable Biologic81 Darrrge in Three 

Genetic Line8 of Mice with Different Ancestml Histories of 

Radiation Exposure (J. F. Spalding and R. F. Archuleta) 

INTRDDUCTION 

Earlier Studlets (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 e%posure. 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 ln- 

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 prlmarily 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 - 
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previous study. 

eXpo88d to g8na Irradiation at a dose rate of 1.69 rads/& 

until an accumulated dose of 1500 rads was achieved. Follow- 

ing this conditioning exposure, the mice were allowed 90 days 

to recuparate from the reparable damage induced by exposure 

to ionizing radiation, 

all mice in each group were placed in individual compartments 

and expomod to low temperature stresr (6 to 7O C) for 14 con- 

secutive day& 

this 14-day cold stress and a 10-day post stre88 period was 

recorded for purposes of comparison. 

results of this study. 

tially lower in the irradiated line and irradiated sub-line 

than in control line nice, The decreased resistance to cold 

stre8a in the lrrrdirted lines over t&at of the control line 

may be due to the amount of irreparable damge induced by 

lS00 rad8 of gana-ray exposure. In other words, irreparable 

dmaga in the irradiated lines might have been 10 to IS per 

cent of the total accumulated dose, while In the control line 

it was only 5 per cent, However, since control line mice 

were much more resistant to cold stress than mice of thi8 

chronological age with a 1500-rad gamma-ray exposure would 

be expected to be (4), these finding8 are inconclusive and 

Fifty nice from each of the 3 line8 were 

On day 31 of the recovery period, 

The number of mice in each group surviving 

Table 1 shows the 

Survival from cold stress was substan- 

8UggO.t further 8tudiO8. 
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TABLE 1. ABILITY OF THREE GIWETIC LINES OF MICE TO TOLERATE 

COLD STRESS FOWWING PROTRACTED GAMMA-RAY STRESS* 

Conditioning Survival 

(rads t3-W (months ) Mice Number Per Cent 
DO60 Age Number of 

Group I (Irradiated Line) 

7 + 0.5 40 3s 72.9 1500 - 
Group If (Irradiated Sub-Line) - 

7 + 0.5 50 37 74.0 - 1500 

Grour, I11 (Control Line) 
~ ~ 

7 + 0.5 49 40 97.9 - 1500 

* 
A %day interval was allowed between gamma conditioning 
dose and cold stress. 
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Inability of the Mouse to Recognize Gamma Radiations. 1. 

Variable Low Dose Rate Studies In RF Mice (J. C. Hensley, 

J. F. Spalding, W. F. Schweitzer,* and R. F. Archuleta) 

INTRODUCTION 

The recognition of Ionizing radiation8 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/mh 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 ellminate interference of 

radioneurological disorder with selection of position in a 

radiation field. 

METHODS AND RESULTS 

Thirty RF mlce were selected randomly from a group of 

3- to 4-month-old mice. Observation of mice this age Indicates 

maximal curiosity and activity. 

* 
From LASL Group H-8. 

* 105rjbOb 
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Xndividurl AgP03 glr88 rod8 were irplmted rreptlcrllp 

SUbcUt8nOOU8ly 8t the abdodnal midline (1 cm posterior Of 

the xiphoid in erch mou8e). 

tioned a8 stationary do8bOtOr8, 

in length and 1 mm in dirueter 0- a convenient size for 

bplr~t8tIon. 

Identic81 AgPo3 rod6 were posi- 

Rods implanted were 6 ma 

Tolerance Of tho88 rods to tissue fluid8 and 

excollent Strbility are recognized, 

Tha range of doahetry pos8iblo with those rod8 an8 from 

10 to 10 r gamma. Exposure of signlficrnce causes forution 

of 8trblo fluore8cent loci within the rods which, when ex- 

cited by near ultrrvfolet light, produce lll~nescence of a 

wave length of 6400 A. 

dose abmrbed. 

5 

0 

Fluorescence Is relative to the total 

A Turner Fluorimeter was used for analysis, 

A 3-cUrle COeo 80UrC0 W88 u88d for exposure6 (Fig. 1). The 

mice wero positioned 10 per cage In the crge-run assembly 

shorn in Fig, 1, 

theso cage po8ttion8, 

Food, water, and bedding were supplied at 

Light source8 were equidistant from 

each crg. position rnd of equal intensity, 

perrtures wero esmentiolly equal at all point8, 

as8embly w88 positioned 18 in, above the floor and -6 leveled, 

It was assumed that environmental clues as to direction from 

Ambient ten- 

Th. entire 

the source ware 8b8ent. 

The po81tIon of the rice m8 noted at tho urn8 tlu erch 

dry. Thlrtp-tWO obsentrtions Were -de rhero 90 pr cent Of 
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the subJect8 wore at a specific pornition in the cage-run 

as8embly. Tho dome rate at e8ch position rra also moaitored 

by AQma gU.8 rod8 (Fig, 1). The total do88 to e8ch POSI- 

tion la hdlcated in Pig. 2. Cage position8 I, If, and I11 

received total accumulated doses of 5702.76, 2105.32, and 

900.0 r, respectively. 

indicrted dose rates ranging from 7.57 to 1.20 r/hr (Fig. 1) 

Dosinrter positionm I through V 

during the 752-hour period. 

The averrge accurulated doe. received by implanted 

do8imet8ra w8m 2628 x 10 radi, within tho range of 2.3 x 10 

to 2.8 x 10 rad& Figure 3 indicates the percentage of 

animals receiving total absorbed doses indicated in the range 

categories of 0.05 HAD var18nce. 

doae accumulation was decidedly toward the higher dose ranges, 

Indicating a tendency to spend a proportionately greater per- 

centage of tlme during irradiation In the vicinity of the 

3 3 

3 

Note that di8tribution of 

cow source. 

Figure 2 hdiC8tU8 the observed po8ition of the mice. 

Had the subject8 actally spent tbe as observed in the 

vicinity of the source, the average actual doae would have 

been 0.68 r8d/m0u8e POCO th8n th8t derived iron fmplmted 

dosimeters, indicating that actual time spent in the vicinity 

of the source was greater t'an noted. 
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Fig. 3. Categorical breakdown at SO r of total doses received 
by mice, representing the per cent mice receiving 
total doses of a given MAD range. 
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DISCUSS ION 

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 r8di8tiOn8, regardless of 

accumulated 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 dosimeters carried by the 

mice, no alteration of recognition evaluation was observed 

visually and no *'exposure confusion" was manife8ted. 

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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Eumco 11: Statu8 Report (P. N. Dem and E. C. Anderson) 

Eumco I1 has now been fully calibrated for measuring 

Cs137 and pot888iun. 

done using water phmtonrs. 

The Cs 13' calibration raa initially 

When Cs 132 became available, it 

was used with human 8ubjects. Cesium 132 is very useful for 

this purpose In that it has a 6.2-day half-life and a gamma- 

137 
ray energy of 0.667 MeV (0.662 for Cs ). The potassium 

calibration was done using 

8nd a gamma energy of 1.53 MeV (1.46 for K ). The two cal- 

with a half-life of 12.5 hours 

40 

ibration curves are shown In Figs. l and 2. , 

Humco I was removed in the frll of 1962. This allowed 

the con8tructIon of a well such th8t there IB now a single 

room containing all equipment 88socirted with Humco I1 and 

u8ed exclu8ively for wholo-body counting. Figures 3 and 4 

8bor the present arrangement of the room and equipment. 

- In JInU8- 1963, a failure of the high voltage supply 
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Fig. 4. Hunco I1 instrumentation console, 
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introducod an ia8t8bilitp into the counter. It is believed 

th.t thl8 warn duo to an O%C088iVO V01t.g:. being applied to 

tho photomultiplier tub08 

broko dom, Sinco thi8 condition could perrrnently daprge 

tho photomultiplier8, step8 have been t8ken to prevent it8 

tho high VOlt8- supply, a8 it 

r.cuIpronce. An electronic device h88 boon con8tructed such 

that if the high voltage ever changes (either plus or minus) 

by more thin a prodeterrained amount, the high voltage supply 

will be turned off. Under present operating conditions, the 

Wlr%tOr i8 8.t to tr1g-r OB 8 chang. hi* Voltage Of 

- + 1 per cent, 

A .light dacr0880 in 81-1 output of the photomultiplier- 

8dntillator combination led to the flumhlng of the 8cin- 

tillator 8olution with argon. It I8 believed th8t aince the 

tank ha8 a sull diimeter vent pipe to the It808phOr0, oxygen 

had entored tha 8olutlom, thum cauming a decre.8. in pulse 

hoigbt from tho scintillator, 

9 month8 without irgon flurhing, 

thim problem, it h88 boan decided th8t 60 cubic feet of argon 

rill be bubblod through the 8ciatlllator once every 2 month8 

at tho rata of 4 cubic feet per hour. 

Tho countor had opu8ted for 

To pravont a ~pocurrenco of 

Durbg tho thO frOB April 1962 to JUnO 1963, 8 tot81 Of 

40 
345 1088urement8 wera made of the gam activity (both ft 

and C~B~~~) of humaa subjects using Eumco 11. mi8 wis a 

\055bi I 
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random population sample con~l8tlng of vit!titors to the Health 

Research Laboratory and residents of Lo8 Almos. 

tion of potassium concentration versus age was made on these 

subJects. Two previous studies of potassium concentration 

versus aQe were made using Humco I and have been reported (1, 

2), The present study ms made to determine whether data 

from Humco I1 would agree with that from Humco I. 

shows the results from all three studies. The plotted points 

are from the Humco I1 study with an error of 1 standard devia- 

tion of the mean (ui<n, where ui is calculated from the ob- 

served scatter of the data, and n is the number of detemina- 

tlons). 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 ai of 12 per cent -- 
similar to that previously observed. 

A determina- 

Figure 5 

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. Tho male peak at age 16 is about as in the 

1959-1960 data. 

although the statistics are marginal. 

these data la to provide an independent operational confirma- 

tion of the agreement of the average ptassium calibrations 

of Humco I and Humco 11. 

The peak at age 8 appears to be confirmed, 

The primary value of 
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- Absolute C8libr8fio1i of Whole-Bodf Gam-Ray Spectroaeter 

for Potasmiur and c0m1-l~~ (P. N. Dean and Y. A. Van Dilla) 

XNTRODUCI'ION 

Pamt work with the huarn gamm8-ray spectrometer at this 

Laboratory did not require absolute calibration for potassium 

and Cs13'. 

careful absolute calibration was necebsary, and we took advan- 

tage of this opportunity to calibrate the spectrometer also. 

The spectrometer facility consists of a 9-3/8 x 6411. Naf 

crystal in a movable overhead mount in a steel room made of 

7-111, 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). 

When Rumco 11 was put into operation, however, 

F~tasslum~~ and 

were US8d in the calibration; the results for a wide 

range of subject weights for both counters are given below. 

YETBODS 

Tho K42 calibration technique has been described else- 

where (1). obtained from the Japan Atomic Energy 

Research Institute, was used becru8e it has a short half-life 

(6.53 days) and emits a gamma ray of energy 0.667 Mev (0.662 

for 

detail (2). Tho isotope was administered intravenously. Tho 

The Cs132 decay scheme has been reported in. 

syringes were counted both before and after injection and 
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Fig, 1, The Us Alamos whole-body spectrometer. e 
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compared to a d3' standard, which yielded 

microcuries of Cs 13' given to the subjects. 

ibration experiment used 4 male subjects in 

of 28 to 42 par8 and woight range of 70 to 

the equivalent 

The first cal- 

the age range 

81 kg. These 

subjects were counted at 2, 3, and 4 hours to determine the 

mixing thm for tho isotope. 

then counted after a tlmo interval such that the count rate 

All succeeding subject8 were 

from the C8 13' -8 not chanqfng with tlmm. An additional 

8 -16 subjects and 8 female subjects were used in the age 

range of 23 to 52 yerra and weight range of 44 to 89 kg. 

RESULTS 

Figura 3 show. the counting efficiency of the human spec- 

trometer for potasslur am a function of 8ubject weight. The 

plotted point8 are counts per minute per gr8a of potassium 

versus body weight. Only the ICw full energy peak is wed. 

The solid line is a least squares computer fit to the data 

points. The standard deviation of an individual point Is 

I, + 5.1 per cent, so that the uncertainty in a given potasalum 

determh8tion would be 5.1 per cent plus effect of counting 

statistics and any other po8aible errorb. Actually, count- 

ing statistics do.not introduce the nrrjor error for adult.. 

Thus, for a -male (serial number- the stlndard 

deviation was 2.2 per cent for a %-minute count of subject 
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and brckground and 4#9 par cent for a 10-lainute count, 

effect of subject weight ir appreciable, being 35 per cent 

The 

over the weight range of So to 100 kg. 

Figure 3 show8 the results of tha C8132 calibration 

experiment, The plotted points are count8 per minute per 

rianocurlo of Cs 13' versus body weight. Conversion of data 

In termas of Cs 137 wa8 mrde with a c8 137 standard (Group J-11 

vial la) mapplied by the R8diochenristrp Group of USL. Only 

tha full energy pe8k above the continuum -8 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 is - + 3.6 per cent, so that the uncertainty in a 

given Cs13' determination would be this number plusthe 

effect of counting statistics and any other errors. For the 

same subJect mentioned above with a Cs137 content of about 

17 nonocurleu, the error due to counting statistics and 

estirution of the continuum warn 6.4 par cent for a %-minute 

period. 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 mador error for 

sub3ect8 with fallout C1113' in the 5- to 10-nanocurie range 

is due to counting st8tlrtlcs, 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 eatbation of fallout CS 13’ was expected, but the suller 

weight dependence for thio lsotow was a surprise. 

explurrtion for this Is apparent. 

No 

It is interestiag to conpare the calibrrtlon remlto 

for th8 spectrometer and Humco 11. One would expect the 

latter to be less responsive to the weight and size of a 

subject because it is essentially a 4t counter, but how much 

1.8. is hard to eotiPute a priori. The results for the two 

counters are summarized In Table 1. Note that for the case 

Of pOta88i\ll, the uncertainty due to weight for H-CO I1 IS 

lower by a factor of 2.5, which is a significant advantage. 

It i8 curious that the weight correction varies wlth weight 

in a similar fashion for the two counters, suggesting that 

geometry effects are similar and the variation is due to 

8elf-ab.orption by the subJect. For the case of d3’, the 

uncertainty due to weight for Hurco 11 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 noma1 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 

indivldual may differ by 10 to 15 per 

deviation for this set of subdects is 

cent. The standard 

4.8 per cent, 
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TABLE 1. CALIBRATION OF HUHCO I1 AND HUMAN SPECTRadETER AT 

LASL 

Humco I1 Spectrometer 

Potassium 

chin per g K (70-kg man) 

c/min Background 

Standard Deviation (weight) 

Weight correction (50-100 kg) 

137 Cesium 

137 chin per nanocurie Cs 
(70-kg man) 

c/min. Background 

' Standard Deviation (weight) 

Weight Correction (50-100 kg) 

35.1 

21,240 

+ 2.1 70 

1.27 

- 

514 

33,480 

+ 2.9 % 

1.36 

- 

1.19 

2 10 

- + 5.11 
1.35 

10.8 

269 

+ 3.6 X 

1.11 

- 
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TABLE 2. POTASSIUM ASSAY ON SAME SUBJECTS WITH HUYCO If AND 

SPECTROMETER 

-- -e-- 

g K (Humco 11) -- Uoight 
g IC (Spectrometer) -- Subject tW) 

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 %I 
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Evaluation of tho Potassiuma Continuum Contribution to the 

(E. C. Andaf8on, P. N. Dean, and Y. A. Van Dilla) 

C08iUm137 PhotOpO8k in 8 SOdiUr Sodid. C2'78t.l Spectrometer 

INTRODUCTXON - 
In making a quantitative calculation d the ~s~~~ body 

burden of 8 8ubJ-t from tho m08mrod gamma-ray spectrum, it 

i8 naces68rp to correct for the counting rate from the 

scattered gad rays of IC4*.. This correction can be evaluated 

from the shape of the K~ 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 patassfurn correction in the absence 

of K42 determinations of spectral sh8pe by making use of the 

constancy of the ratio of the potaeeium count in the energy 

band 525 to 725 kev (spanning the Cs137 photopeak) to that 

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

of the potassium continuum lying above the d3' photopeak 

and below the Ka photopeak. He reports a value of 0.52 for 

this ratio for several subJects, Dr. C. J. M81et8kOS of the 

Yassachusett8 Institute of Technology (2) has also studied 

this method and has found IL ratio of 0.49 and 0.53 for 
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2 subJects -- in good agreement with Hiller's value. 

recently completed a K42 calibr8tion of our 9 x 6-111. crystal 

spectrometer, we had the opportunity to check this ratio ae 

a function of weight for 27 subjects. 

Having 

METHODS AND RESULTS - 
42 

A group of 22 male and 3 female aubjectrr were given K 

intravenously a6 part of a calibration progrrm to determine 

the absolute efficiencies of the WISL low-level gammp 

counters (3). Gamma-ray spectra were measured before and 

after admlnistratlon 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 d3' channel 

(525 to 725 kev) to that in the higher energy potassium con- 

tinuum (775 to 1275 kev) was calculated, and the results are 

shown In Table 1 and In Fig. 1, 

for men and 0.483 for women, are close to the previously 

The average values, 0.536 

reported values. 

A least squares linear regression line was fitted to 

the data with the result that, 

R 9 (0.447 - + 0.026) + (0.00112 - + 0.00036) 91, 

where R is the ratio, and W Is the subject's weight (in kg). 
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525 - 752 kmv 
TABLE 1, mTA3SIyY42 RATIO 

0.528 
0.483 
0,532 
0,530 
0,510 
0,562 
0.514 
0.579 
0, 505 
0.481 
0.514 
0, 533 
0.523 
0,554 
0.562 
0,552 
0.556 
0,488 
0.562 
0.584 
0.514 
0.594 

Average 0.536 

FEMALES: 

I I 
0.461 
0.519 
0.456 
0.519 
0.513 
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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 is assumed, the 

standard deviation about the average value of R Is 6.8 per 

cent. It is apparent that the weight dependence Is indeed 

S-11, the atrndard deviation being reduced by only 13 per 

cent when correction for weight is made. However, the ran- 

dom variance is rather large. 

DISCUSSXON 

The utility of this method depends on the magnitude of 

the Cs13' error introduced by the uncertainty of the ratio, 

The counting efficiency of K40 In the 525- to 725-Mev band 

is 1.24 c/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. If this quantity were predicted 

by using the ratio R, the 6 per cent uncertainty In the 

latter would produce a - + 10 chin error in the former. 

Cs137 efficiency In this energy band Is 13.3 chin per nano- 

The 

curie; therefore, this error corresponds to an 0.8 nanocurle 

error (la) in the Cs 13' 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 dlstrlbu- 

tion of Cs13' In the population is about 30 per cent (4), 

1055b34 



an error of 11 per cent on individual subjects is negligible 

in studies in whfch large numbers of pzrsons are measured to 

determine the population average. Also for repeated mea8ure- 

ments of the same individuals to determine temporal change., 

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 

pDtassium would be useful in those cases in which complete 

computer analyses of the spectra are not possible. 
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Computer Program for Analyzing D8ta (P. N, Dean) 

Several comlputer program8 have boon written to aid la 

analyzing data, 

analy8is faeor, mre accurate, and more economical. 

program8 were written In FORTRAN I1 for use with the XBM 

7090 of the Lo8 Alamos Scientific Laboratory’s Computing 

Center. The Center operates the compaters under what is 

called the Monitor System, 

and data c8rdB to the Center, which then runs batches of 

problem8 on the computer several tlnes’durlng the day. 

this system, the time delay between delivering a problem to 

the Computing Center and receiving the output (printed sheets, 

fila, cards) is about 2 to 3 hours. 

This was done In an effort to make data 

All 

One merely delivers his program 

Under 

YETEODS AND RESULTS - 
Program Number 1 (EAV-8) 

This program is the eighth version of the Humco AV- 

erage program. 

optbum counting tlmes for maximum statistical accuracy using 

Hupco 11. 

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

counter is operated continuously, punching a data card at 

This version was written to investigate 

The program us68 the 8tandrrd Huco It d8ti card 



c 

predetermined intervals of 10 to 500 seconds. The program 

read8 in all data c8rdr 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 multiplylng the counting time by 

a factor of 4. It continues this operation until fewer than 

4 averages remain. 

shows the analysis of the background stability of Humco 11. 

This problem arose in attempting to determine the optimum 

counting the to obtain the maximum precision in repeated 

measurements of the total patasslum in an individual. 

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. 

An example is shown in TPble 1, which 

The 

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

These two programs are the same except for input card 

format. One is written for Humco If data cards, and one is 

written for WSAC I11 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 
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in the data cards, subtr8ct backgrounds from subject and 

standard data cards, and list the results in a table with 

headings. The program can 

also be Instructed to sum any combination of the data chan- 

nels and to print this result also. 

An example is shown in Toble 2. 

Program Number 3 (PBR-2 and PBR-3) 

As with the SUM programs, these differ only in the in- 

put data card format. 

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 

These programs compute por cent 

(nR) 8 

where S is the subject's count rate, A is the standard count 

rate, d is the inftial day of the experiment, and n is any 

day after beginning the experiment. An example of the out- 

put of this program is sholvn in Table 3. 
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Program Number 4 (RTll-2) 

This is a program sinilar to the mR programs and COB- 

putem retention, elapsed time, and a weighting factor based 

ou counting etatii~tlcs. It is, however, written for use in 

multiple tracer studies (in thi8 ~880, 2). Also, it does 

not compute per cent blologlcal retention, only effective 

retention. 

Zrg5 and Z$' is shown in Table 4, 

An example of a multiple tracer experfment using 

Progrur Number .-- 5 (Yllt-1) 

This Is a program written to compute the molecular 

Weight of the DNA molecule using data from the analytical 

ultrrcentrlfuge. 

thoroughly in another part of this report. 

The method of computrtion Is discussed 

Program Number 6 (IQ-2) 

This pro@'= 18 mltteB to COEmtO iSOt0- qU8ntity. 

It Is a quantitative program written to be used In resolving 

complex gamma spectra a8 mersured with a multichannel pulse 

height analyzer. It works a8 follors, A "library" contrin- 

ing accurate spectra of each component of thO sample Is 

required. A series of Oi'* equations Is then generated: 
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rhera Yl im tho count r8te in channel I, aj Is the fraction 

of 18otope j present In the sample, 8nd Ei3 is the count 

rate in channel i from a knom amount of luotope j, 

The program solver for the a using the least squares 
9 

tochalque. 

i8 .horn in mble 3, 

the input d8t8, conrrimting of library spectra and SOnrplet 

spectrum, tho corputad ~Bpectfurr, and the re8idual 8peCtluE. 

The output data aro also available plotted on 35-mm film. 

FLgure 1 show. an actual plot by the computer of the sample 

spectrum am anea8ured and as computed, 

re8idurl rpoctrua, which should show an averrge of zero and 

no pronounced perk8 to indicrte an accurate anrlysis, 

An example of the output listing of the program 

Also available in a printed form are 

Figure 2 shows the 

An additional progrsua is now being written which will 

be used to analyze complex g~nraa-rrp spectra when the compo- 

nonta of the spectra are not known. 
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?ig. 2. Residual spectrum from an analysis of a milk sample 
for Cs13', IC4*, and I 131 . 
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- Co~iur~~~ Body Burdon8 of Control SubJoct8 (E. C. Anderson 

M.r.urnOnt8 OB 8 group of control mbJect8 previou8ly 

r0port.d (1) havo baon coathued into 1963 8nd show 8 second 

sh8rg rime in tho d3' levels beginning in Noverbor 1982. 

Monthly 8vorrgmm for two control groups are given la 

Tablo 1 for tho poriod JInuarp 1962 through March 1963. The 

ronthly controls iro a group of 59 subject8 measured once a 

month; on the 8verag8, 53 of them subject8 8re av8ilrble In 

8 given ponth. 

Urod weekly. 

made with Hum0 I (January through May 1982); the reminder 

Tbo othor group consbsta of 12 subjects meas- 

Entriea marked with an asterisk are measurements' 

UO -0 11 r#8=9BOnt8 (April 1962 thrOUqh May 1963). Th0 

t crlibrrtion of tho now counter is 0.87 that of the original 

and i. believed to ba more reliable since it ir based on more 

extenrrivo in vivo crlibrations. In Pig. 1, the new data on 

monthly control. are compared with previous results (l), 

which are multiplied by 0.87 to normalize them to the new 

crllbrat ion. 
. 

1055053 -180- 



TABLE 1. CESIUN 137 BURDENS OF NEW MEXICO SUBJECTS 

Monthly Controls Weekly Coatrol8 

1962 

47.1 + 1.7* 
d 

January 58 47.7 + 1.4* 32 

41.4 + 1.6* 

41.3 + 2.1* . March 55 42.6 + l.5* 23 

April 58 46.5 + 1.6* 18 39.3 + 1.6* 
39.6 ‘i 2.4 38.8 7 1.5 6 46 

45.5 + 1.3 May 58 

- 
- 44.9 + 1.8* 21 February 55 - 
- - 
- 

28 45.3 + 1.2* 

10 - 
* - 

41.0 T 2.1 
- 

June 

July 

August 

September 

October 

November 

1963 

January 

February 

March 

April 

May 

56 

54 

52 

59 

57 

49 

57 

51 

52 

47 

45 

39.2 + 1.0 
40.6 + 1.2 

40.5 + 1.4 

40,O + 1.0 

42.2 + 1.2 

47.4 + 1.0 

- 
- 
- 
- 
- 
- 

49.1 + 1.5 

51.2 + 1.7 
- 
- 

59.8 + 2.4 - 
65.7 + 2.6 

66.3 + 2.7 
- 
- 

45 

a3 

61 

19 

19 

14 

28 

22 

22 

26 

32 

39.7 + 1.1 
40.4 + Om8 

- 
- 

36.6 - + 0,8 

54.3 - + 5.3 

52.7 + 2.1 - 
53.4 + 2.5 

61.0 + 3.2 
- 
- 

64.0 - + 2.7 

63.8 + 2.2 - 
~~ 

* 
Humco I data; reminder are Humco If me8surements. 
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Fig. 1. Cesi~n'~' concentrations in New Mexico subjects. 
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In 1962 as in 1961, there was a sharp increase of Cs 137 

beginning In the fall of the year. 

rise continued and by Aprfl the levels approached the highest 

values prevlously observed at the beginning of 1960. 

was little or no increase in May. 

However, in 1963 the 

There 

(1) E. C. Anderson and A. E. Hargett, Lo8 Alamos Scientific 

Laboratory Report LAMS-2780 (1962) , pp. 139-143. 
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Retention of Cs~ld~~ by Adults - (Y, A. Van Dilla and M. J. 

Fulrgler) 

INTRODUCTION 

In October 1962, an accident at The Lovelace Foundation 

remalted in a d3’ inhalation exposure to several laboratory 

workors, 

curie were incurred; therefore, no health hazard was involved, 

However, It seemmi usoful to follow the retention of Cs 

in the.. subjects, since data on humans are scarce, especially 

via the Inhalation route, When po8sibl0, the subjects were 

1~088ured la both Humco IS and the human spectrometer to aid 

the intercalibration of these two quite different Instruments, 

Muimam body burdens of a few tenths of a micro- 

137 

METHODS AND RESULTS 

Tbe subjects were measured for 5 to 10 minutes in the 

epctromter and for 3-1/3 minutes In Hwo 11, 

8re mummarlzed In Pig, 1 for 3 subject8 with tho highest Cs 

burden. and who were available for counting in the months 

follor&ng exposure, 

body burden, presumably due to incomplete cleanup of the 

area after the accident and re-expowe to Cs However, 

subsequently the body burden fell, both counters giving very 

simllar results. 

The results 

137 
1 

Note that initially there was a rise in 

137 

The indication at the present writing is 
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(1) C. B. Richmond, J. Z. mhnar, and W. E. Unghrrr, 

Ewlth Phy8. -. 8, 201 (1SeZ). 

i ‘055b5q 

-186- 



* 

Metabolism of Radioiodina In Children and Adult8 Using Small 

- (N8nocurie) Doses (M. A, Van Dilla and M. J. IWwyler) 

INTRODUCTION 

To etstinrte properly the do80 to the human thyroid 

resulting from ingestion of rrdioiodine, it io necess8ry 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 I 13’ 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 

thyroiddo-detector geometry. Work at very low levels re- 

quires the detector close to the thyroid, increasing geom- 

etry error, We have attempted to correct for these errors 

using a double-tracer method (I 12’ and 1131) declcribed below. 

Preliminary results on adults and children are given; 80 

far, no differences in uptake or biological half-life have 

been observed. 
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*12s Tho method uses a rixture of two iodine isotopes: 

(60-&y h8lf-lifa, 27-kw X rays) and I 13' (8-day half-life, 

364-k.~ r8y8). Thi. mixture Con8tAtutes a tmc8r With 

two abundant photon yield8 (27 and 304 Lev) widely aeparated 

in energy. Becaum of thia energy separation, the.. photons 

h8vo vox7 different attenuation (l.e., half-thicknesses of 

2.2 ad 6.3 CB of water, respectively); the relative attenua- 

tion give8 8 mersur0 of thyroid depth. To establish this 

rolation.hip, a polystyrene neck mockup aimilar to the Oak 

Ridgo Inbtitute of Nuclsrr Studies standard (3) and shown In 

FIG 1 W88 constructed, Overlying tl86ue -8 simulated by 

layer8 of lean beefsteak pressed to uniform thicknes8 and 

frozen to the coatour of the neck mockup, 

'*tiaauo'* layers were rdded to obtain 8 relationship between 

x/r* md thickamw of overlying ti88u0, 8nd the correspond- 

ing coTrection factor. 

8Bd 3, from which can bo deterrined both depth and the factor 

Theso uniform 

The results are given in Figs. 2 

1 
i 

nreded to correct the observed count rate to zero overlying 
f 

tI88U.c . 
I 

* 
Mora prodmoly, tho ratio of photopoak arms8 for a source 

containing equal actlvitle8 of 1135 8nd 1131, If unoqual 
rctivities are employed In a givon exporirent, correct the 
oburved X-ray photopoak are8 by tho factor 1 - (IC - 1) 
(O.OSSO), where k - the ratio of XI31 8CtiVity to 1125 
activity administered. 
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Fig. 1. Polystyrene neck mockup. 
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The datoctor chomon rrm 8n 8 x I-in. IaI Cry8t.l (with 

a 0.00S-irr. ontry window to rinirize attonu8tion of the soft 

X rays) mounted in a steel roo8 as a whole-body spectrometer, 

To accouat for room and subject (non-thyroid) background, a 

thyroid eclipring lead shield, as deacribocl by Brucer (3), 

i8 umod, Tho ahiold im placed betreen the crystal and the 

subject's neck, eclip8ing the thyroid are8 from view of the 

CVSt.1 (Pig. 4). Tho dUen8ions We 4 X 4 X 1/2 b. for 

8dUlt8 md 3 X 3 x 1/2 In, for children. 

Tho mbjmct reclines in a tilting chair so that the 

herd I8 tipped back fully exposing the thyroid area. During 

tho thyroid CO\llit, nOCk-tO-C~8tal distance i8 maintained 

con8t8nt by 8 Lucite spacer rod 3-1/4 in. long fixed to the 

COnta? of tho crystal (Fig, 5). The cry8trl I8 porritioned 

80 that the spacer rod lightly touche8 the subject '8 neck. 

Counting children in the age group of 4 to 9 years is corn- 

plic8t.d by the need to keep them still during the 13-rinute 

count. To attract and to hold their attention, a small Sonp 

television set i8 mounted above the crystal In such a way 

th8t good vioring requires that the head be kept in the ' 

de8ired paition (Pig. 6). Thi8 h88 proven very SUCCO8SfU1, 

although occr~lorully it I8 difficult to rowvo the child 

during 8 prtlculrrl~ fa8ciarrting cartoon. 

arrangment, ~0n8ider8blp longor counting tirrea appear to 

With this 
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Fig. 4. Subject in tilting chair during background count 
(with lead shield). 

-193- 
I: 

,'* : d 1.- 



Fig. 5. Subject in tilting ch8ir during thyroid count (no 
lead shield). 
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Fig. 6. Subject in tilting chair viewing television. 
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... 

bo entmZy fe&8fble, Daing tho mwuraent, an adult ro- 

main8 In tho at001 room shielded from the cryrrtal by a at-l 

partitiorr, 

Lucito 8pac.r rod lightly touching tho child'8 nock, 

tho child WOVOS, a reminder to sit still and to watch the 

T, V, I8 u8ually adequrte, 

With the aid of a mirror, bo is able to eeo tho 

If 

EXPERIMXNTAL RRSULTS ---- 

An oxporlaont on a group of 6 normal adult8 preceded 

tho oxporiront on children, Tho 1131 dome administered warn 

17.3 n8nocurIoe. Difficulties were encountered with the 

csrrior-free I 12' solution and hence this dose Is not cer- 

t8h; 6oPS nanocuries is the best estimate. Unfortunately8 

thla ukea the X/y ratios of little value, and an uptake 

correction cannot be derived from the data. However, the 

biological half -1ivor deterrined from the two i80tOp08 are 

valid and should agree, Thi8 was found to be the case. 

T&e replta are sumurized In Table 1, 

that thee 8ubJocts all have similar (except- and normal 

uptadam, while -the bfological half -time8 vary considerably, 

It Is to be noted 

v 

Acco-to Lushbaugh et 01, (4), the normal biological half- 
<*. - 

mare larger than normal, while the value for subjectl)lrr 

quite small, It Is interesting that aubjectmhas a 
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TABLE 1. RADIOIODINE METABOLISM IN SIX ADULTS 

~ 

Uptake at Tsio *Ef f 
Sub- Age Weight Height 7 Ikys* 
9-t (prs) Sex (kg) (CB) (per cent) (days) (days) 

29 

23 

23 

22 

26 

15 

107 7.51 

P 8.07 

> 200 7.76 

75 7.30 

90 7.46 

27 6.22 

- -- 
t 
Assumes 1.5 cm overlying tissue. 
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himtom of low BMR, which is consirteat with hi8 relatively 

Ibvlng obtained re8.onrbl8 remalts with adults, only 

tho qwrrtSt8tive difficulty with tho 11" stood in th8 way 

of .xtondSng tho oxp.rhont8 to children, This problem -8 

molved by adding 0.5 pg IaI carrier to erch doso and then 

measuring tho dose actually inge8ted by each child, Eight 

children, ranging in age from 4 to 10 year8, each received 

a aoninrl 11 nmocuries I 12' and IS nrnocurie8 I 131 or81 

do808 and 15-minute aerimuremuats (10 minute8 with no shield 

8nd S minutam with lead shield) begao the following dry. 

It ir planned to count 3 tin08 weekly for 6 weeks, and then 

at le88 frequent intervrls until the 1123 peak die8 away, 

At the present writing (June 6, 1963), we have about 2 weekm 

of dat8 proce88ed and aurrrized In nb1e 2, Note that up- 

take8 are very sirilrr to those for the adult& Thlckae88 

of overlying ti~mao is small in all COBOS, resulting in 

siril8r correction factors, Indications are that biological 

half-liver will be long coapared to the &day physical half- 

life, and perhaps simllar to adult& Thus far, no dif- 

ferenc.8 in radioiodine metrbol58.r hrve been observed 

between children and adulta. 



.- 

TABLE 2. RADIOIODINE METABOLISM IN EIGHT CHILDREN 

Overlying 
Tiurnre Correc- Uptake 

Sub- Age Weight Height Tblckness tlon at 7 Ihryu 
ject (yrs) Sex (kg) (-1 (-1 Factor (per cent) 

. i,& - F Om45 0.92 22 

m 0.73 0.88 21 mF 
m * Oo90 - F 0.75 0.87 19 

M - - 0.53 0.91 11 

-* mm 0.50 Om 91 23 

m F m 0.82 0.86 27 

0.85 18 

w Y - 0.80 Om 86 9.5 
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Effect of Ashlng Temperrturs on Ceslur and Potassium Content 

of Bone (M. A. Van DLlla, M. W. Rowe, and Y. 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 

sample was measured for Srm as part of a world-wide progran 

09 the distribution of SrW from fallout. 

analyzed for radium. Since Dr. Kulp's group had dropped ovt 

of this program and the samples were of considerable potential 

value for measurement of natural and fallout radioactivity 

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 tlssue was removed prior 

to the skeletal ashing process. 

Some were also 

METHODS 

Several of the samples were asuyed for potassium and 

cs 137 using a 7-1/2 x 4-in. NaI gama-ray spectrometer. The 

potassium results were of the right order of magnitude for 

bone, but the results seemed much lover than expected. 
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We sumpacted that the asblng temperature8 right bo driving 

off appreciable and perhap8 potassium too, Luckily, 

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

a beagle fed Cs137 chronically were available. These bones 

were chilled in liquid nitrogen, shattered into small frag- 

ments, mixod, and divided into 4 equal fr8ctiona. Each -8 

assayed for Cd3' content, and then successlve samples were 

ashed overntght in a muffle furnace at 600, 700, 800, and 

900' c and finally re1@8sur0d. The 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 

137 to avoid loss of Cs . 
It wa~ 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 

spectrum showed the presence of 12.8-day Ba140/La140 from 

fallout; this was fortunate, since It eliminated the need 

for mockups to calibrate the K . That is, both barium and 

lanthanum are refractory (melting points 725 and 826O C, 

40 

respectively, which are similar to the melting points of' 

calcium and strontium) and so will be unaffected by the ash- 

ing procedure. 

ray peak to the 1.60-Yev La 140 peak before and after ashing 

Thus, the ratio of the 1.46-kev K40 gamma- 

(corrected for radioactive decay) is the fraction of 
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Fig, 1, Cesium13' remining in dog bone after ashing at 600 
to 9ooo c. 
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potra8iur &ill In tho ample after aahing. 

that about 70 par cent of the potassium remrrfned after over- 

night muffling: at 600. C. At 906' C, only 56 per cent wad 

loft in the sample, 

human Skolet81 88h suplea aro of no value for determining 

tha fallout Cd3' or natural pota88ium content of the human 

skeleton; however, natural radium and thorium contents will 

be uaaffected by the relatively high muffling temperatures 

used and theso data would be valuable. Sono radium measure- 

It -8 fwnd 

* 
Thus, it is concludod that the Laront 

montr on tho.. suplam h8ve already been made by Kulp's 

group using the rrdoa emanrtion method, but no thorium mea.- 

urement8 whrtaoever have been made, 

rearuremonts using a gamaa-ny coincidence spectrometer. 

We plan to make such 

a fer month. lator, whon there 
to be uaoful. A more complicated 

Thir, merruremeat 
* 
W8. t00 l%ttlO B8 
DOChlP prOCOdUr0 WA8 Usad. 



Thermoluminescent Dosimetry - with Activated Lithium Fluoride 

(P. N. Dean and J. H. Larkins) 
- 

INTRODUCTION 

In October 1962, work was begun on the development of 

Two types of this material a thermoluminescent dosimeter. 

have been studied: A1203 and LIF. The material selected 

for our application was LIF powder, primaarflp 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 

is 100 mads to 50 rads. It can be extended at the upper 

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 r8diation. The amount 

of light 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 
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i8 proportion81 to tho r8d do88 ab8orb.d. 

mthocla of dotormlnlng the doso absorkd by the powder. 

When tho irrrdirted powder I8 herted, the light intensity I8 

There ere two 

a function of tmperature, A plot of Intensity ver8us ter- 

per8tur0, called tho ttglor curve,t' Is shown la Pig. 1 for 

CaFa:3&% Yn (a). Either the perk height (m8xirUr Intensity) 

or the total area under the curve (tot81 light emitted) can 

light eaaittd I8 tho mor. 8ccurate indication of doso, "&e 

peak method depends too strongly on reproducible heating 

cycles, 

T+o types of therrolurine8cent materials have been used 

here: A120g and LIFO The A1203, obtained from Controls for 

Radiation, Xnc., warn ured ifrat prlaurily to 8tudy the tech- 

niques involved in heating the powder and mea8uriag the 

amount of emitted lfght. 

a8 the operating dosimeter becau8a of ita rather large 

energy-dependence and a number of low energy traps, The 

low energy trap. result In a loss of stored energy at room 

temperature and slightly higher. 

It was never seriously considered 

f 

The ide81 m&terial would ' 

have doop, stable trap., 

iron natural A120s. 

Figure 2 shots the "glow curve" 
* 

The nuterirl selected for routina use at thi8 Lab- 

oratory was activated powdered LIP crystals obtained iron 
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the ft.r8haV 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 bo used in air, it can be put into any desired container 

for expo~ure. Second, it is near tissue-equivalence, making 

it very utseful 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 respons' 

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 light. 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 seconhs. 

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 heatfng cycle has been found to re- 

lease about 99 per cent of the stored energy with one heat- 

ing. Figure Sa shows the light emitted by the planchet 
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Fig. 4. Cross sectional view of thermoluminescence reader. 

-211- 



1 
I 

4 

3 

0 
TO 0 

Y 

! 

I 

0 
t 
0 
t 
Q 

C 

4 

3 

t 

I 
,DARK GURRfNf 

TIME (SEC) 

I 1 I 1 

I 1 

IO 15 20 25 5 

Fig. 5. (a) 
being hested plum dark current of photorultiplior. 
(b) 
being he8ted plu8 d8rk current of photomultiplier. 

Light emitted by stainless steel planchet upon 

Light snittod by unexpowd LIP powder upon 
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alone when it is heated (black body or thernul 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 abacissa is in time 

units and does not correspond to tenperature of the powder. 

The mwder reaches maximum temperature in slightly more than 

6 seconds. The dark cuzrent of the photomultiplier is 

indicated on the graph. Figure 5b shows the light emitted 

by unexposed LIF powder upon being heated with our standrrd 

heating cycle. As for Fig. Sa, 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, -11 errors in tfinfng cause only negligible errors 

in amount of light 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 1088 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 
- 
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of the tlmlng cycle and the heating currents is much more 

critical, 

The energy stored in LIP due to exposure to ionizing 

radiation exhibits a phenomenon known as '*fading." 

that some of the energy is released at room temperature. 

This Is generally an effect with a long time constant. 

is due to the presence 02 an intermediate depth trap in the 

LIP, 

exposed to 250 KVP X rays and read 1 hour later. 

indicated is due to the intermediate trap. 

at a somewhrt lower temperature (looe C) than the deep trap 

(250' C). Figure 6b (at 24 hours after exposure) shows the 

disappearance of the pakk. Figure 70 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. The sample was baked 

at llOo C for 7 minutes, 1-1/2 hours after being exposed to 

10 rads of X rays. 

This mean8 

It 

Figure 6a shows the thermoluminescence of a LIF sample 

The peak 

It is released 

Figure 7b shows the results. 

The fading effect has been essentially 

7 

rewved. 

the sample of about 5 per cent, which is completely accept- 

able, 

Th'is causes a decrease In total light emitted by 

A limited investigation was made to determine the min- 

imum dose that could be reliably detected. 

large Integrated '*background*' current f ram' therm1 radiation 

Due to the rather 
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Fig. 6. (a) Thermoluminescence of LiF read 1 hour after 
exposure to 10 rads of X rays. (b) Thermolumines- 
cence of LIF read 24 hours after exposure to 10 rads 
of X rays. 
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of the powder, low doses have to be read by using the 

recorder. Figure 80 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 ia 

the photomultiplier current profile from a sample that was 

exposed to 20 mads of 250 KVP X rays. 

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. 

roughly - + 50 per cent. 

tion of planchets and handling of the powder, this acchcy 

can be Improved. 

With this powder, 

The accuracy of a measurement of 10 wads is 

By paying careful attention to selec- 

An additional difficulty in measuring low doses was 

dircovered. Lithium fluoride was found to be sensitive to 

light (Incandescent, f luorescent, and especially ultra- 

violet). 

of 100 mg of LIF to normal room light for 33 minutes. 

dashed line is from a sample that was baked at 300° C and 

then read without being exposed to light. The curves are 

I 

i Figure 8b shows the effect of exposing a sample 

The 

plotted on an expanded scale, the difference being equivalent 

to about 25 mr8ds. Consequently, to measure doses less than 

50 mrads, the powder should.be baked at 30O0 C and immediately 
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Fig. 8. (a) Thermoluminescence of 100 rg of LiF powder 
exposed to 20 mads 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 

pol yethy lene tubing). 

The normal operating range of the present instrument is 

100 mads to 50 rads, using 100-mg samples. 

750 volts on the photomultiplier, 

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. 

the effect of reducing the voltage, extending the range at 

500 volts to 2000 rads. 

This is with 

The range can be extended 

Table 1 shows 

Constancy of calibration of the detector is checked in 

the following manner. 

and encapsulated into a disc 1 in. in diameter. The source 

gives 26,000 c/min. 

holder and the photomultiplier put into position. After 

waiting 5 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. 

A plutonium source was mixed with ZnS 

The disc is placed on the planchet 

The response of the LIF detector was checked against 

Victoreen ionization chambers. A set of 24 100-mg samples 
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TABLE 1. SBQSSTIVITP O? READER VERSUS PaDTOyvLTIPLIER HIGH 

750 

700 

650 

600 

5% 

500 

0.0476 

0.0857 

0.164 

0.339 

0.715 

1.64 
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warn exposed to the 100-curie Co6’ source at the Biomedical 

Research Group’s r8dfrrtlon exposure fmilltp (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. 

the dose rate (in r/mln) versus distance from the source 

(In cm). The agreement between the ionization chambers and 

the LIF is quite good, The curve deviates from l/r depen- 

dence at di8tances beyond 400 ca bec8u~e of the presence of 

a wall at 600 cm which causes considerable backecatter of 

the gamma radiation. 

Figure 9 show8 

2 

DISCUSSION 

Thermoluminescent doshetry 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 mads to 

2000 rads. 

and has a proportional response to ionizing radiation, 

The dosimeter is essentially energy-independent 

En- 

closed In polyethylene tubing and being itself tissue- 

equivalent, the do6heter would appear to be ideal for depth- 

dose studle8 and as a personal dosimeter for animals in 

group studies, Its size Is 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 do8imeter, as in the case of the condenser ion chamber. 
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Fig. 9. Dose rate vormu dirtrace for 100-curie Cow 80urco 
at TA-51. 

-222- 1055bti5 



-- 

REFERENCES 

(1) F, mnlels, C, A. Boyd, and D, F. Saunders, Science - 117, 

343 (1953). 

(2) F. T. Yorehead and F. Dlnlel8, J. Chema, Phys. - 27, 1318 

(1957). 

(3) J. B. Schulman, F. 8, Attlx, E. J. West, and R. J. 

Ginther, Rev. Sci. Instr. - 31, 1263 (1960). 

(4) J. R. Cameron, F. Daniels, N. Johnson, and G. Xenney, 

Science - 134, 333 (1962). 

(5) R. J. Glnther and R. D. Kirk, Report of Naval Research 

LPboratory progress (September 12-20, 1956). 

(6) F. Daniels and W. P. Rleman, Chemical Procurement Ageacp 

Final Report NO. r-i2-so-ooi (1954). 

-223- 



-224- 



YANUSCRIPI’S SUBMITTEI 

(1) E. C, Anderson, Three-Component Body Composition 

Analysis Based on Potassium and Water Determinations, sub- 

mitted to Ann, N. Y, Acad. Sci, 

(2) E. C. Anderson, Determination of Body Potassium 

by 41 Gamma Counting, to be published in the Proceedings of 

the Second Symposium on Radioactivity in Man, Northwestern 

University Medical School, Chicago, Ill. (September 5-7, 

1962) 

(3) P, N. Dean, Computer Techniques in Gamma Spectrom- 

etry, to be published in the Proceedings of the International 

Symposium on Natural Radiation Environment, Rice University, 

Houston, Texas (April 11-13, 1963). 

(4) Pm. N, Dean, Experbental Technique for High . 

Precision Calibration of Whole-Body Counters: Application 

to a 41 Liquid Scintillator and a Large Sodium Iodide (Tl) 

Crystal Spectrometer, to be published in the Proceedings of 

the Second Symposium on Radioactivity in Man, Northwestern 

University Medical School, Chicago, Ill. (September 5-7, 

-225- 



(5) Y, 'II, Row., Y. A, Van Dllla, and E. C, Anderson, 

On the Radioactivity of Stoa. Meteoritem, submitted to 

(6) Y, A, Van Dlllr and Ha J. Fulwyler, Thyroid Yetab- 

oliar in Children and Adulta Uslng Very Small (Nonocurie) 

Domas of Iodin@ 12' and to be published in the 

ProceedhgS of tho Hanford Sgmposlupa on the Biology of 

Mdioiodine, Richland, Washington (June 17-19, lSS), Het8lth 

-226- 



UiAmER 5 

CLINICAL INVESTIGATIONS SECTION 

Progresb in the Establishment of Karyogrrphic Yethods a8 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 alpha and 

. proton radiation in particular. 
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METHODS 

-- 
With these Obj8CtiVeS in mind, a reliable and SbplO 

method for obtaining prnp netamse8 for cytogenetic anal- 

ysis and statistical correlation with radiation dOmg8S 

0011r8 developed (9) through modification8 of techniquee of 

Yoorhead et al. (lo), This method worked well with the 

peripheral blood of man, dog, rat, and Chicken, but did not 

produce particularly rich culturem of peripheral blood cells 

from the Yacaca. 

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. 

wa8 added to each 3.0 rl of thio miXtufe. The following 

tmbnique, a further modification of the method of Humaeon 

and Sanders (9) was found to increase the yield of cells 

for cytogenetic analysis. 

"hi8 difficulty seemed overcome best by 

Phytohemagglutinin (0.1 ml) 

1, Spin 8 to 10 ml of venous blood 15 minutes at 

900 RPH. 

about 2 to 3 m1, plasma); the inclusloa of soam red cells 

presents no difficulty in culturing. 

10 to 15 drops of plasma to 5.0 ml of medium. 

Draw off all plasma (8 to 10 ml of blood yields 

Plant In culture medium 

Incubate at 

37O c for 72 hours. 

1055101 -228- 
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* 
2. Add colchicine (step 4). Incubate 24 hours?. 

3, 

4. Treat with warm water (step 5) and incubate in 

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

hypotonic condition at 37* C for 1-1/2 hours. 

cells once during this period. 

Resuspend 

5. Fix (Step 8). 

Because it is more difficult to 8pre.d monkey than humrn 

metaphases, a method had to be devirred to improve the spread- 

ing obtained in the Humason and Sanders method in steps 9 

and 10. The following method has proved s~cce~sful. 

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 nl of fixative to 0.1 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 a11 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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.E: _._ .e.. ._-. - .. . .. 

distrfbuto tho cell8 in the drop8 and to reduce their concen- 

tration at the periphery, 

AZter 10 to 15 minutes of air-drying, flue-drying can 

bo tr1.d on mom0 of the slide., Tip tho slide to allow drop8 

to 8p-d md flaw-- 88 in 8tOp 10. Thl8 80metim88 help8 

to brork up roluctant metaphasem, 

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

chroloaomo 8nalysem have been udo using theme method8 

on 15 Yacrcr rulatta and 11 Y. spt~ciou, W811-8pmad mota- 

ph8.s. woro 801oct.d for photography, and two prints were 

-de. - On0 photograph used for determining 8r13 length 

mea.uromont8 using doublo aticky tape (Scotch brand) and 

mrgical silk according to the techniqur of Puck (11). The 

othor phOtOfp8ph -8 used'to cut out individual chr0~8oM6 

for tho ordorlv arrangamont a8 an adjunct to clrsuification, 

Tho chrom.ou8 wore paired and the k8ryotype8 completed frob 

tho ro8ulting arm longth8 and their ratios, along with vi- 

u8ing tb. 8hort arm a8 tho ordimte and the long arm am the 

rbwlru (Fig, 1) rrim found to be of con8fderlrble a88i8tanco 

in matching mnberm of 8imtlar apporring pairs of chromourre8, 

-230- 



rq I 1 1 1 I 1 I 1 I 1 1 I I I I 1 
I I 

9.0 

t 

"t.. I 
T 
0 I I I I I I I I I I I I I I- I 1 

I .o 2.0 6.0 

RELATIVE LONG ARM LENGTH (ARBITRARY UNITS) 

Fig. 1. Graph showing Patau's method of grouping chromosome 
pairs applied to an'aaalysis of Yacaca blood. 
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wero found to bo idontical, agreelng wall with thoro previoualr 

determined by Rothimla and Sirrinovitch (13) for Yo mulatta, 

as shorn In Table 1. 

Tho80 tcbchnicrl atudie8 of tho cytogenotlc characterlrtlc8 

of normal primate blood warm prralleled with karpographic anal- 

yaom of tho culturod peripheral blood and skin of 4 noma1 per- 

80118 and 4 p.rmon8 horn to have been erpo8ed prevlousl~ to 

inadvertent whole-body irradiation. These studie8, some of 

which ara still in progross, were done in order to characterize 

tho n8turo and frequmncy of radiation-induced alterations of 

human chmmosoum under th08e tlmue cultural and technological 

conditlona. In the next phase of this investigation, the blood 

of wnkeyr axpoaed to rccurately determined amounts of various 

Ionizing radirtion8 rill be 8tudled at intervala and compared 
.. 

with the incidence of persistent alter8tion~ in the chromosonml 

cytology found in tha blood.of irradiated persons. 

(1) 

(2) 

Yo A. Bonder, Science - 126(8), 974 (1957). 

a. A, Bender and S. Uolff, AH. N8tUr8118t -- IS, 39 (1961). 

(3) Y, A. Bond8r, - X-Ray-Induced Cbr0ro.o~ Aberrations in 

Yallwllan Cell8 in vitro and in vivo. Inodlate and 

Lor mvO1 kffOCt8'0f Ionizing Radl8tlon8 (A. A. BUZZati- 

T~IVU~SO, Ode), Taylor and PC8nCI.s Ltd, London (I-), 

PP. 103-118. 
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TABLES 1. TXPICAL CY’IOGmETIC ANALYSIS OF PERXWERAL BWD 

CUS OF YACACA SPECIOSA 

Averrge 
chrOr0-e Arm Ratio Per Cent of Total 

Complement Length - Group* Number WS) 

- A & 1. 51 8-43 

B 2 10 96 7.67 
3 2.05 7.18 . 

4 1.92 6.01 

C 

D 

X 

E 

F 

G 

H 

X 

5 

6 
7 

8 

9 
10 

11 
12 
13 
14 

15 
16 

17 

18 
19 
20 
21 

1. 33 

2.41 
2.63 

1.72 

1.20 
1.05 

1. 99 
2.49 
2.53 
3.04 

3.81 
3.49 

2.31 

1. 31 
1.47 
1. 33 
1.31 

6.39 

5.70 

4.96 

5.53 

4.27 
4.23 

4. So 
4.56 
4.87 
4.13 

4.27 
3.59 

2.70 

3.69 

2.49 
2.56 

2.13 

-- -- * 
Y 8Y 

Reference 13. . 

.- 
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Electronic Yearuroment of Cellular Volumes. IV. Detennina- 

tion of Scaling and Correction Factors for Conversion of 

- Voltage to Cubic Micron6 (C. C. Lushbrugh, D, B. Hale, and 

N. J. Basmaaa) 

INTRODUCTION 

Electronic measurement of cellular volumes has numerous 

potential applications in experimental and clinical hematol- 

ogy (1=4), 

limited by difficulties involved in accurate calibration of 

the electronic apparatus and in the mathematical interpreta- 

tions of the results. 

The usefulness of these applications is presently 

The translation of trequency 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. 

accurate system of calibration has been developed which allows 

correction for changes not only in aperture currents as 

Xn addition, a more 
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prevloumly de8crihd (1) but also for change8 In aperture 

dilDLeter:, uplifter mas, aad PH Of the Conducting 8OlUtiOn 

used to arspend the cells. 

resulting scaling factors show that a much wider range of 

partIc1.8 or cella can be sized with thia device than pre- 

viously envi8ioned. 

-.tea and it8 set of apertures must be individually cal- 

ibrated if actual, rather than relative, erythrocyte volumes 

are de8ired. 

comprehensive c8libration of such equfprent and the develop- 

ment of the varioue neceusary scaling factors which are 

needed to convert pulse height voltages into cubic microns 

so that aea8urement and distribution of cellular volunrea 

varying in slze from bacteria to the largest BeLa cells can 

be determined. 

These d8tOnin8tiOn8 and the 

They also reveal that such an analyzer 

The preuent paper reports a method for the 

DESCRImION OF TLlE APPARATUS -- 

The particle volume analyzer system is compolred of 

9 pieces of equipment, as shown in Fig. 1. 

related electronically as previously diagramed (1). 

ba8ic unit8 (Pig. 1, C and E) are the aperture tube and mer- 

cury manometer cha8Si8 (C), where the pulaerr are generated 

a8 the particles pass through the aperture (ApD) in the ap- 

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

These are inter- 

The 



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

the internal coarse control for ampllfying pulses after they 

were formed could be changed at will by turning an external 

dial knob (0) through 6 p~sitionr. 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. 

Coulter threshld knob (t) was kept at 10 in order to delete 

counts due to -11 debris during the RBC counts used with 

The 

Harct to determine MCV. Since the pulses from the Coulter 

apparatus were obtained for pulse height analysis from the 

cathode follower circuit (l), 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). 

of the Coulter counter enables the choice of 8 different 

Dial a 

1055710 

currents (AN) through the sizing aperture (ApD). The 400- 

channel analyzer (A) Is divisible Into four 100-channel units 

with separate memories so that 4 analyses can be made sequen- 

tially before printing out results. 

dead time is made automatically so that variable concentra- 

Correction for analyzer 

tions of pmrticles are counted with coslstaat statistical 

errors. As this uait 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 '*countq* is subtracted by 

the store pulse scaler ualt (I). This unit (I) counts down 
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Fig, 1. Th8 pulse height-particle V01Ure 8118lyZer ad it8 

component parts: 

yzer; 

(C) oporture tube-unoneter ch888l8;+ (D) digital 

rocordor or numerical re8dout ;++ (.E) electronic 

particla counter, pulse arplifier (g), thre6hold 

control (t), and aperture current (AS) control 

unit (8) ;+ (P) X-Y plotter. calibrrtion control 

(A) 400-channel pulse height anal- 
* +* 

(8) X-Y plotter or autorrtic grapher; 

# unit;' (G) preset count control unit; (HI pula. 

height calibrrtion control unit;O and (I) store 

pulse r~caler unit.Oo 

* 
Model 34-13, R8dirtIon In8trunent Development Laboratory , 
Inc., Yelro8e Park, Illinois, 

tt 

'Hod01 A, C0Ult.r ElaCtroniC8, Yhd, Florid& 

Mod81 2, F. L, Mo8elep Company, P.88dena, California, 

*Modo1 3614 Herlett Packard Company, Pa10 Alto, Collfornia. 

SYodal 34, Drawing 4y-40796, ms Al8mos Scientific mtmratory. 

Ss;lotiol 7, Dfawlng 4y-4~~ Aluocl scientific mbrrtory, 

%ode1 1560, Drawing 4Y-26828, Lo8 Ala-. Scientific Lab- 
oratow. 

9od.1 750-A, Drawing 4Y-26065, Lo8 Al-8 Scientific Lab- 
oratow. 
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in thou dotormixmtion8 I8 kept at 100,OOO. RBC concentra- 

tion in tho mlutiorr boing: aarr1yz.d I8 kopt at about 

SO,OOO/al 80 that dead ti.l. lo88 is 10.. th8n 10 per cent, 

cornplotion of tho 8nrlyticrrl ~13~ tho d8t8 8t0r.d in the 

100-channel arulyzor maow life plottad out on the X-Y 

plottor (B) 8nd printed out on tape by the digital recorder 

(9) on dokand, Tho othor 2 unit8 8hOm la the 8ppr8tU8 

(Pig, 1) 8ro the plotter control unit (F), which doternines 

th8t tho X-ll 8%08 Of tho mpbIC plotter corrs8pond 8CCUmtOly 
- ,.:- 

with tha analyzof, a& 8 gu&r (E), which earble8 control of 

the strbflfe of tho ~8lyr.r by dfroct ae8'surnent of pal80 

height voltam boing stored in .n~ prticular cbnnol from 

6 dw tQ dw. 

In addition to the oquip~at 8hom In Flg. 1, 6 diffe- 

ent 8m-8 tubas with d%8wtor8 (Am) Of 30, 50, 70, 100, 

140, 8134 a00 dpoau wore u8.d In thi8 8tudw. Anothar tub. .. 

too frequently and gener8ted electronic nofm with even low 

aperture currents. 

t 0551 t 3 -340- 



CALIBRATION - PROCEDrJRES 

This pulse height analyzer system sorts PHv v8rylng in 

height from 0.67 volt in channel 1 to 67 volts in channol 100, 

Instead of 1 to 100 volts as In the previous analyzer (l), 

thus necessitating determination of a new scaling factor (F1) 

for conversion of priv to cellular volume (CV). 

Red Blood Cell (RBC) Method 

Red bload cells with different mean corpttscular volumes 

(MCV) were used as previously described (' .4), and an addi- 

tional calibration was done with bacterial-sized latex 

particles. The resulting lfne (Fig. 2) drawn by statistical 

analysis through the points correlating MCV with mean channel 

(MCh)** revealed that PHv from RBC 28.5 (r 

being stored in channel 10 at ApD 100, ApC V, g 4. 

ber 2.85 Is, then, the scaling factor (F1) which enables 

conversion of any analyzer channel number into p at these 

olectronlc sattinga and physico-chemical condition8 of tho 

suspending 80 lut ion (3,507 ) . 

* * 

3 
In volume were 

The num- 

3 

- --- 
t 

** 
Dow Chemical Company. 

Mean channel (YCh) corresponds samantically with mean 
threshold (MT) in terminology of the Coulter counter. 
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Latex Particle Method 

It is not necessary, however, to use RBC for determina- 

tion of F 

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 volume= of these particles are computed from their 

known mean diameter. 

particles of differing mean volume, frequency distribution 

profiles of their volumes were determinec vith 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 

if other particles are available whose mean volume 
1 

Using three suspensions of latex 

conversion factors 

ApC, and g. These 

with F1 for animal 

Correction Factors 

(F1) are then derived for the various ApD, 

values are tabulated in Table 1, along 

RBC . 

Only one F1 needs to be determined directly with RBC or 

latex particles, since it is pssible to determine further 

the correction factors which will compensate for use of other 

A@, A*, and g settings than those used in determining F1. 

The definitions and purposes of these correction factors 

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

-243- 

*^,^. .^^ -.- 



m 

ai 
4 
Er 



TABLE 1. SCALING FACTORS (F1) FOR CONVERTING CHANNEL, NUMBER 

To VOLUME 

Latex Particles (5) - 
ApD = 30 v, pH uncontrolled, 0.9 per cent saline 

ApC V, g 6 = 0.0265 p3/Ch 

ApC VI, g 6 = 0.0162 p3/Ch 

ApC VII, g 6 = 0.0112 p3/Ch 

Animal RBC 

ApC Ij g 1 111.6 p3/Ch* 

ApC V, g 4 - 2.85 p3/Ch 

3 
ApC VII, g 1 = 3.04 p /Ch* 

* 
By extrapolation using corrections P3 x Fq for changes in 

ApC and g. 
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TABU 2. PAItTXCLE VOLUME SCALING AND CORRECTION FACTORS 

- ~ 

Factor Converting TO 

3 
Analyzer channel number Cubic microns (fi ) 

F1 (pu1.8 height) 

Aperture diameter of P1 Any aperture diameter u8ed 
F2 

Aperture current of F1 

Amplifier gain of F1 

Any aperture current used 

Any gain setting used 

*3 

p4 

Physico-chemical coadi- Any pH, temperature, or 
tion8 of PI osmolarity of suspending 

solution 

F5 

IO55119 -246- 



pulse produced by a particle of unknown size can be corrected 

mathematically to standard conditions iron those under which 

the pulse was produced. 

PROCEDURE FOR DETERMINATION OF CORRECTION FACTORS 

These correction factors (Table 2) were determined by 

measuring the shlit 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 celh at the mode. The 

assumption was made, based on the previously reported 

studies (1,2), that the cell size at the mode of frequency 

dietributloa curve of any one blood sample was constant. 

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. 

In 

As shown in Fig, 4, RBC fron a patient were sized at 

pH 6.7, 0.9 per cent saline, 74O F, with ApD 140 microns 

and ApC VIII, while the amplifier gain settings were changed, 

Ratios were then made of the ch8nnel numbers of the mode8 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, 



3 
0 

3 
n 

0 
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TABLE 3. COYPARISON OF THE APPARENT VOLUME OF CHANNEL 10 

AS MEASURED WITH MONODISPERSED LATEX PARTICLES (8) 

AND BY EXTRA#)LATION FROM ERyTIlRocyTg CALIBRATION 

CURVES (2) 

AS GaAn Latex Yethod* RBC Method** RBC/Latex 

V 

VI 

VI1 

6 

6 

6 

0.265 0.296 1.12 

0.16 0.17 1.02 

0.12 0.12 1.00 

At ApD 30. 
* 

** 
At ApD 100, ApC V, g 4, pH 6.7. 
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OrG . The ratios for ApD and ApC changes were not 

linear, and mean ratfos could not be derived. Using these 

ratio., It lo possible to derive the correction factors by 

which the expcsrlmentallp determined conversion factor F1 

can be converted into scales for the other settings, 

Use of Correction Factors 

Tho accuracy of thme correction factors was tested 

u8ing them to extrapolate from the F1 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 remults 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 mealnrred In channel 10 by appropriate changes In the 

three variables A@, ApC, and g. 

CONCLUSION 

Tho inherent variability of electronic apparati requires 

a means of standardizing their measurements along with a 

method for compensating for changes in the conditlons under 

which the measurements are made. RBC or latex particles can 

be used, as described here, as a nonelectronic means of such 

8tandardlzation that is facile and reliable. 
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EleCtrOAiC Yaaeuremont of Cellular Volumes. V, Change IA 

Rad Blood Cell8 Ro8ulting from Non-Phy8iologic pH (C. C. 

N. J. Ba8mann) 

LU.hbrUgh, E. Ce hder6011, Ha I. 16me1, D. Bm Hale, and 

INTRODUCTION - 

Brecher et 01. (1) have shown recently using the Coulter 

counter that 0.9 per cent saline causes an apparent Increase 

in red cell voluppa when compared with measurements made in 

plasma or Eagle's solution. The unavailability of large ln- 

expensive quantities of specific plasma and the difficulties 

involved in making solutions routinely with as many dlfferent 

salts as contained In Eagle's formula led us to look for a 

cause for this volume increase which might be controlled when 

using physfologic saline so that the "true size" of RBC could 

be calculated from electronic determinations of RBC volume 

distribution profiles (1J2). Since 1867, when Schmidt (3) 

and later Nasee (4) described increase in RBC volume in serum 

under increased % tension, a relationship between RBC size 

and pH of the suspending medium has been known to exist (5). 

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). 

105512b -253- 



Commercially available saline is unbuffered and quite 

vrriablo in pcI, ranging usually from 5.8 to 6.0. 

storage produces a pH as low as 4.0. 

ba buffered to a desired pH without changing Its isotonicity 

or conductivity by appropriate amounts of phocrphate buffer. 

A study of the effect of pH on RBC volumes measured elec- 

tronically was made using this buffering system and commer- 

cially available 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 (Ych) by integrating 

the volume distribution profiles of RBC volumes measured 

electronically (2). In order to determine whether aperture 

current (AN) 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, 

g 1, and ApC V, g 4. 

Prolonged 

Saline, however, can 

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 the pH of the saline used in the determina- 

tions. The data show that, over the pH range investigated, 

change ia RBC volume OCCU~ZI a8.m exponential function of 

1055121 -254- 
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chango in pH of the mlho solution 8u8panding tbu. 

rmlrtionrhlp between RBC and pE of the nr8ponding mediur 

inplies that there Is no 8lngle lltruel* size of RBC; hurrn 

RBC in aCidO8i8 (47.35 pH) are larger than the 8ue RBC In 

normal arterial blood (7,4 pg), and mamrerentr of RlBC 

Tbi8 

volumo 8U8t be referred to 6010 ~taadrrd Set Of conditlonm. 

The actual aoamwaaent, however, could be ude under some 

condition of pH other than the **stand8rd1* If the appropriate 

mathematical correction for pB was known. Also, such 8 

correction factor for counting solutions adequately buffered 

at the pII of human venous blood are needed, becau8e blood 

sample8 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 pcI, 

change in volume of RBC, as lndlcrted by the channel nurber 

The figure shows that the fraction81 

(Ch), le proportional to the change in pH; that is, 

ACh 

ch 
- It . AM. 

(On a logarithmic scale, a conatant fractional decrement, 

Acb/Ch, appear8 a8 a constant abmluto change,) The con- 

stant (k) can be evaluated by sub8tituting numerical value# 

for the other parameters in this equ8tion. [Note, however, 

that the equation Is really ooly the differentla1 form of 

the exact exponential function 8nd can be uaed am an 

IO55130 
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-11 (~,o, , ov8r tho rang0 to which 1 - X 18 8 good 8pprox- 

-tion for 

VolUN churec, i8 25/31 or 0.81, and th8 ap-irrtion i8 

For tho tot81 rrrrp .horn in Pig, 1, tho 

good to 2,s par coat.] 

Tb 1-0 of bomt fit dnm thFoa* tho 5 mu80 point8 

rhon volumm corre8ponding to Ch 30.0 at pE 6.0 and 28.3 at 

7.01 g%Vhg 8 .lop. k = 0.1% A COrpUtOr calcul8t.d 

laact 8qu-m orrpoaoati.1 fit to tho 8- at8 grvo k - 
0,123, ?Or mn, tho httU mVm k 0.106, Thi8 Slop, in- 

or for tho aloctronic particla sfzo mrlpzer: 



1 V - F + 0.106 (AH) 

whora ApE I8 tho difforenco betwoon tho 

deterdnrrtion of the scaling factor and 

Cb NO., 

pIl umod In the 

7.4. Slmllrrly, a 

scaling factor (F) determined at SOB. pH can be corrected 

in this Illomor to tbrt for any other pH. 

Since it I8 -till true, a8 Fonder (S) pointed out In 

lS48, tbt "no one knows what ought to be taken au tho Iso- 

electric point of the mixture of substances which enter Into 

the 8rchltecture of the erythrocyte, nor is enough known 

about the swelling of anisotropic and elastic materials In 

the neighborhood of their Isoelectric points," the choice 

of pE of the saline solution used In sizing RBC would 8eem 

to depend OB the preferences and bIrae8 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 ,st8nd8rd or any other pH. 

SUMMARY 

The reported lnCre88ed stze of erythrocytes surrlysnded 

in SrliOe Is due to an effect of the low pH of unbuffered 

uline 8olutlons conmonly used in electronic particle 

counters. This Increase in size was found to occur exponen- 

tI8lly with decrease In pH and to be 10.6 and 12.5 per cent 

per pIi unit below 7.4 for aan and mouse, respectively. 

1055132 
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Electronic Yomurrmnt of Cellulu Volum8, VI, Sloctronic 

Improvuont of Coultor Countor Ro8olution (C. C. Luahbaugh, 

Ne J. BI.UM, 8a 0, 8. -10) 

INTRODUCTI- 

Resolution of anergy spectra depend8 upon rccurate meam- 

urement of pulrre height voltage. 

Xubitechek (1), raralution by the Coulter counter i8 not 

muhum 8ince the circuitry and apprrrtus were dealgnad pri- 

marily for rapid enumeratfon of pulse8 rather thm voltage 

me8mrement. In order to mininrize coincidence loss due to 

2 or more particles occupying the sizing aperture 8lmulta- 

noously, the pore In the hollow glass sensing probe of the 

Coultdr counter was made relatively shallon (e. g., the ap' 

erture of 100 p in diameter Is only 75 p in depth), 

length of time a prrtfcle renubins In the electrical field of 

tho aperture is shortened further by the rapidity wfth which 

tho su8pending molution 28 dram through it, 

A6 first pointed out by 

The 

The rt80 ti., 

Of pu1SOS gOner8ted particle8 38 CO~p838t%VOly 810W in 

relation to their velocity through the pore. Lengthening 

the grting Interval of the pulse height analyzer does not 

correct the tendency for this mystem to report loner than 

actual height of the pulses, alnce the particle often pa8808 

through the senaitlve volume of solution in the aperture 

before the pulse has time to reach Its full height, To 

1055134 
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COrpliCat. tho 8Mlvmi8 further, all weiC1.8 do not 

through tho rportulu at tha 8- ValOdtt 8bce# a8 $8 well 

horn, fluid POVOH mora mlowly at tho p.ripb.ry of 8 8trOar 

than in it8 center. ~8 a rerult oi thim phonomonon8 the 

W18.S Of tho 8;lOW.r rOV* mIC1.S 8rO 8iZcsd 1IYIra ac- 

currtolf thrn thorn. from tho oms with greator velocity in 

the central core. 

Improoount lo roaolutlon might bo expected with thim 

8pparatua, thueiore, by mj mochaaln that prolongs the 

8izing Interval, Such prolonpption could bo rccorplishod 

(a) 8lorfng dom the flow rate of the 8uspending solution; 

(b) iocroa8ing tho seaairrg volume by phymlcrl elongrtion of 

tho rporture; (e) forcing all prticlos into the slower 

roving psriphaml are88 by ob6tmcting tho central portion 

of tha pamug.; or (d) increa8ing the critical volume of tho 

~lOCtriC81 ffOld .1?ouod the aparturs opOntng8 the us. of 

groator -aperture curronts tbn umually uwd, 

Of th0.e 4 po88ibla moan. of irproving remolution, the 

uba of iocr08r.d aperture current. (ApC) I8 technic8lly the 

mtap1-t and momt e8sIly varied. 

aPpro8ch to tho problem ir to be found in the recently 

rqM3rt.d work of Brechor et al, (2) th8t show. that frequency 

dimttibution curvem of IUBC volur.8 In a single blood sample 

.how one modo at low ApC rad two modo8 at high onem. 

Sore foundation for thi8 

Brmcher 



corrcludod that the appearance of the ucond -1 froquancy 

pork -8 duo to 8 ch8ngo kn RBC size c8usod by the higher 

electrical currant 8. 

Another intarprotrtloa of this finding may bo that the 

higher curront8 onable botter re8olution of pul8e heights u) 

that Urge BBC -0 ma8~~red more accurrtely and resolved 

from the wre nuaarous smaller RBC. The presence of such a 

largo but uoro~lvod subpopulation of large RBC in tho aha 

di8tribution cum08 of human EZBC wa8 suggested by Lushbaugh 

e* al. (3) from 8 mathematical analysis of the curves based 

on tho prosonce of 2 easily resolved subpopulations in the 

blood of birds. Since then, biological evidence for the 

pre8eace .of a volumetrically defined subpopulation of young 

RBC in mm818, a8 well as in birds, amphibia, reptiles, and 

fish, ha8 been obtained (4,5), which makes Improvement of 

the resolution of the Coulter counter pulses with human blood 

quite d08irable.' 

YEI'EODS AND RESULTS 

Erroneou8 Sizing C8uaed by Coincidence 

In the firat series of experiaent8, the pos8ibility wa8 

lnvastig8ted th8t the second or larger volumed population 

. (**BVm) of RBC wa8 fictitious and due to doubling by coincidence. 

This po8slbillty gained support from the fact that the mode 

-263- 
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of tho 'rgcc popul8tfon of bird8 n8 alroe euctly trlco th.t 

of population **A," 8lthougb only 1.7 t-08 a8 Urge in ma. 

Figuro 1 ahow8 the remalt obt8ln.d rhon tho blood of -11 

bird8 warn reamred at tha mau oloctronic wtting. th8t 

failod to remolvo two modal poab in tho blood of man. Al- 

though the concontr8tion of Rgc in both c8-a wa8 the 8~0, 

tho two population8 nfo easily doflnod In tho bird at ApC V, 

g 4, ApD 100, pa 6.7 (tho common rottlng8) but not In un. 

Obvlou8ly, If tho 1.rg.r rod81 peak wa8 duo to colncldenco, 

it mhould havo bn found with both blood urplea, Figuro 2 

8bW8 b a 8U8pOn810n of 18t.X p.rtIc108, which aro knom to 

COlrlli8t 8-e OntirOlY Of mnodi.p0?8od p8rtiC1.8 but a160 

containing boubletm, triplot., otc., due to rgglutilutlon, 

th8t 8p~O~i8tO ApC Cm rerolro w8k8 With doubling rod.1- 

ities, mi8 figuro 8180 8howm how tholr apparent fr~ueacy 

C8a be hCrO88.d by ch8nglng tho readout 8~a1. of tho pul80 

height analyzer memory break, 

di8trlbution curve. of RBC by coincidance of particle. by 

Attmptm to chango tho frequoncy 

InCra8&n(l tho WOfO Un8UCCOm8fUl bOC8U88 Of the 8p-r- 

ent inability of the Coulter couator amplifier circuitry to 

feed proper sized pulse8 to tha ra8lyeec at the countbg ratom 

uaed. 

In tho sacond 8orle8 of uporImont8, RBC of difforont 

modal volumo8 obtainod from difforont prtient8 woro uud, In 

08ch experiment, tho blood of two por80a8 warn 8iz.d 8ep8r8toly 

f 05513i 
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at tho 89r.co.1Hnd.d8v lor ApC and g (3) 8d .gain at tho hlgh- 

, 

bunan blood, Tbe two frequency dirtribution curvor that 

resultad were then mted, a8 with the 8haded curvam of 

the blood of erch person w88 then combined in vitro and 

atspended in the saline solution and analyzed. The remlt- 

ing di8tribution of RBC volues was then printed out mechan- 

ically upon the graph, 

hand graph8 in Fig. 3 rhow the excellent corre8pondanca of 

the predicted and experimentally obt8ined curve8. Compar- 

ison of the curve8 obt8lned with the different elactroaic 

settings shows quite well the better resolution of the modal 

peaks obtained with the higher ApC, 

The mall open circles on the right- 

DISCUSSION AND CONCLUSIOSS 

These renrlt8 seem to show that ro.olution of pulror 

iron RBC prreming through the searing aperture of the Coultar 

counter is Improved by increrriag the ApC appropriately, 

indicate that the appearance of double ItBC population8 do08 

not result from enlargement of RBC due to excessive elrc- 

trlcal current nor coincident pile-up. The conclu8ioa would 

meem warranted that the presence of a second subpogulation 

They 

i 
! 

i. 
I -267- 





L_. 

of B8c0 romolvrble from another population of mllu modal 

8iZO but -0 au8erouo indiVIdurl8, A8 Bot duo to an mtifwt 

of tbe t.chnIquo~ of meamrament, Thl6 coaclu8lon recelvea 

further 8Uppoe fa the folloring 8tUdy, which Chr8Ct.riZ.8 

the "8" pogulrtion as new and young RBC, 

The Increaued remlutlon obtainod hero with incru8.d 

rperture current would been to encourrge a search for other 

meam of improving pulme generation 60 that RBC voluma 8nd 

pUl80 height have a more reliable constmt rehtionship, 

(1) E, E, lCubit.chok, R8808rch (London) -8 13 128 (1980). 

(2) 0. Brocher, E. F. Jakoblec, Y. A. Schnelderun, 0, 2, 

WilliauJ 8nd P. J. Schridt, b. N. Y. Acad. SCI, 99, 

242 (1962). 

(3) C, C. LU8hb8Ue0 No J, Ba-nn, and B. Gl88cmk, B1-d 

- 20, 241 (1962). 

(4) 

(5) C, C, LU8hbaugh and E, S, Ru888ll, thio report, p. 279, 

C, C, Lu8hbugh and D. 8. Hale0 thim row-, p. 270. 



llloctronie Ma.prclwat of Collu- Voll. VII, Biolow 

Ikd Blood Call8 (C, C, k.hbru* 8d 0. B. -10) 

Ihrib.rrc0 for rn Vollmatricrll~ Di8tiact mlbpoprr UtiOn8 Of 

Soar, bialogkc rupport warn roport.6 prwioualy (1) mbwW 

ing thrt it warn po88iblo to do8troy rod blood call8 around 

tho modo of populitfon *'Av1 and to le8vo 8 8ubpopul8tion of 

rrrgonln-ro8i.trnt rod blood coll8 around tho locum of tho 

uthouticrll~ prodict.6 =do of popul8tion *'B.tt 

malt. wore obt8in.d in tho blood of pun0 88 roll 88 in bird8 

rhoro tho Wt popubtiorr doe8 not roquire ~8thoutic8l dif- 

forontiation at aperture current V and gain sotting 4, 

The80 re- 

Tho pre8oat 8tudy report8 the rcbfinnent of there ob8erv8- 

taon8 by tho bettor reaolutlon obtrined by ApC VIXO g 1 (2) 

8nd by tho u80 of Po"80, 88 a hemoglobin label in newly 

produced RBC, 

A8.h tho previou8 8tudy, incrnont8 of a 1:lOO saponin 

8olution wefo addod to m8penrion8 of hum and rabbit IIBC 

that were thon 8iz.d electronically, In order to identify 

n8Wlp forud RBC, . tho r8bbit8 refa lrblod with F.s" (10.3 pc 

59 Fe /pg Fo) am ?omq lntravenoualy 3 day8 previou8ly, Tho 

romltiag ch8ngoa fn the dietribtation of cellular volumoa rere 



then rolrted graphicelly to orponin concentration 80 th8t tho 

effect on 0.1 rl of blood of 1.0, 1.2, 1.4, 1.6, 1.8, and 

2.0 rl of 1:lOO saponin made up to 4.9 rl with saline could 

be determined. The hemolytic destruction warn stopped after 

1-1/2 mAnute8 by (a) dilution of 0.0s rl aliquot to 100 rl 

for volumetric analysis, and (b) 3-minute centrifugation of 

the reaainder. One-ml aliquot8 of the mapernatant solution 

after centrifugation were then analyzed rp.ctrophotorretricrlly 

for hemoglobin content using cyanorethemaglobin, 8nd moth02 

1-ml rllquot wa8 analyzed in a No1 (Tl) cry8tal-rrll photo- 

spectrometer for Febg content . 
RESULTS 

Tbe results of there experimntm are shown graphically 

h Figr. 1, 2, 3, rnd 4. 

the hsaolytlc effect of saponin i8 dependent upon the saponin 

concentrrtion md tire of rerction. 

Figures 1 and 2 demn8trate that 

They 8180 .how that the 

VOluplO di8tribution CUIVOs are 6hift.d progr@88&VOly to the 

right (18rge volumed RBC) as increa8ingly larger RBC are 

do8troy.d 8ucce88ively. 

tion "A" 8re de8tropd first and then tho80 of population "Bt8 

are progres8ivelp hemolyzed. In Fig.. 3 and 4, the frequency 

distribution curve of rabbit RBC h88 been related to the 

saponin concentration that was required to destroy all rabbit 

A6 the remlt, tho cell8 of populr- 

-271- 



f 

-272- 



i 

4) 
P 
Y 

B 
7 

e 
4 
a 

d 
W 

U 
0 

W 
Y 
fi 
7 
0 
P 
a 
M 
fi 
.r( 
W 
d 
0) 
k 

8l 

03 
:a 

a 

(Y 

-273- 



4 

Integrated curves of hemoglobin and Fes9-labeled 
hemoglobin liberation by increasing saponin concen- 
tration shown in relation to the RBC volume frequency 
distribution curve of rabbits. 
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Fig. 4. Dlfferenti8ted 8rount8 of hemoglobin and FeS9-1akl.d 
hemoglobin liberated by increasing uponin concentra- 
tion In relation to th8 REC voluae frmquencp distribu- 
tion curve of rabbits. 
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tho ineraeat8 of aaporrin aro &om. 

rhorr in ?i(. 4 but uo .horn am tho biiforcwti.1 llouIIt of 

haoglobia uul d9 1ib.rat.d. 
cuxvom -0 dimmiri1.t aud di.ra.ocirtd; tho lugo8t munt 

of hwglobin -8 ualabolad and rcbl0aa.d by de8tructioo of 

polpolrtion **A,** 8nd the lugi8t urount of ?as' labolod 

haoglobfrr wa8 obtainad 

1-w #id0 of popul8tion l*B.t* 

Tbe uw data 8fo 

Tho hnoglobin ad d' 

do8truction of tho coll8 froo tho 

DISCUSSIOII 

. 
Tho80 upuiroat8 domonrtrato tbat tho mll BIK: of 

than tho l.r(c. om8 of population (9" and that tho populatfoa 

though tho -.L *voldn md **youngN right - mafficiently 



i 

hemoglobin relea8ed by saponin destruction of the two ab- 

populrtion8 of RBC was unlabeled when only the 8amller 

880 and docram io 8ize. Furth.rrora, tho .1tl8toaco of two 

dimtinct modal froquonciem in tho distribution of tho uturo 

and -ture RBC would seem to fndicrto th8t the procoss of 

RBC maturation is significantly shorter in duration than the 

nturo life of tho RBC. 

hydrazine poimoaod rabbit. appear to .how th8t tho tiro 

Involved in this volumetric change to mature 8120 is about 

half of the ribbit RBC life 8pn. 

Exporirontr in progre.8 with phenyl- 

found in tho larger voluaod RBC of population %*' Tho80 

f Indings rro consldered biologic evidence for the ex$8tonco i 
I 

of two di8tinct 8~bpopul8tiOn8 of RBC 8nd for tho belief tbt 

th8 birodrl frequency distribution curve of RBC volumes ob- 

1 1055150 
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rnd tho oloctrophoreticrlly diffu8. homoglobin pattora changer 

to tho "8bgle" typo of normal rico, Thur, tho cur0 of the 

8nni. appoum to rorult from tho actual roplacamont of the 

a chaage in the macrocytic cell8 of tho ho8t. 

In order to obkia additional 8upprt for thi8 conclurion 

rnd to doterrin. rbothor ucMcytic WWv ICBC continuo to bo 

producod irr chhmric kpl8at.d U++/rrv de@, tho di8tribu- 

chhmric 8nhalr us-g tho cell volurr, 8n817Z.r 8y8t.r dottirod 

for tho Coulter countor In fro8 Abos (3). Firrt, the blood 

From tho Rouroo B, J8Ck80n Memorial Laboratos7, Bar Harbor, 
* 
Maine, 

1055152 
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following laplantation in ordor to drt.rriru tho tho re= 

-rad fos tho Implaat to .uccoOd or to fril. Th. dc0 WOro 

n8 dilutod to 1:1,~,ooO and 8u8pomd.d in 0.9 par coot 88lino 

buiforod at pE 6.0. Tho Coultu count- (Modo1 A) 8attiaga 

war0 ApC VIII, g 2, for which tho waling factor for convor- 

RISSULTS 

Tho rowltn of thorn rtudi.8 (?%go 1) 8hond that tha 

blood from both tho .nomic and nom2 rico had 8 b-1 

curve of IlBc voltm08 a8 prOViOU817 domibod (4). Tho IUC- 

CftO818, 88 right b0 UrntOd, -8 8-m thi8 ehod a8 IC 

dinplrcomont of tho tun popuhtimi to tho rigbt of Urga 

volumo. 

indicat.4 frplant faAl-, tho B#: roluro8 did not docroa8o 

(Fig. lo), -10 tho volun8 woro rlmrf idonticrl wlth tho 

-1 volun d&8trikrtiOn *on tho irpl.nt n8 .uccouful 

In tho- mica 2a which tho homglobin phttorn hrd 

(FtSo Id). 

The romltm OS tho mocond urg.ari.l.nt (?%go 3) rh0r.d 

1055-153 
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that RBC voluwm COOO~CO docrn8lag w88urably about 6 woo& 

aftor irplrcrrtatlon and by 17 wookm aro aln0.t idmatical with 

tho.. of nom1 mlce (Ikble 1). Tho di8trlbutlon profil.8 

during: tu8 porlod of change fir& 8how.d 8 de~r0880 ln tho 

rode of the mbpopulition of young RBC ("8"). mi8 8hift 

was followed by a shift in the mode of tho old population 

(**A") until the profiles coincided 8s in Fig, Id, mother 

the resolution of the 8ppmtU8 18 !lot I%UffiC%Ontly PrOCI80, 

the vrrirnce of sizom too large, or tho change in Rsc 8128 

with age too rapid, the prosonce of two competing bone 

Ur'CO18 (WV and w+W) -8 not dOmn8tr8ble by 8iZlng their 

production of RBC U8-g pcrriphOr81 blood. Tho orderly chmga 

In frequency of the RBC 8nd the volume8 of the two rubpopula- 

tions, however, confirmed ~OrpholOglC8llp tho conclu8ion 

based previously on hemoglobin typo8 th8t the w+n m8rrow 

mapplanted tho WWv anemic marrow. An explanation of the 

f81lUr0 to 600 two HpBf.tO young popul8tiOn8 at the 8t8g8 

when th00retlc8lly the norm81 (normocytic) 8nd the abnorm8l 

(macrocytic) ~8rrow8 are capoting ride by 8ldo may bo th8t 

the pre8ence Of wW+ b~~poi~tlc C.118 8Upp0880. tho lor8 

vlgorou8 WWv marrow bofore tho nw eller volumed =C arm 

delivered Into tho perlphorrl blood in rrufflclont nuiborr to 

be 8een by thi8 electronic method of me8surement. . 

I' 
l05575b 
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TbOw firrdirrm bplf th8t 8ft.r 8UCCO88fUl bp18nt8tim0 

tho chhric blood $8 dor1v.d ontiroly from tho irplrnt ovon 

though nothing nm dono up.rir.rrk1ly to damtroy the gonet- 

lcrlly dotorriaod ucrocytlc marrow of tho homt, 

(4) C, C, Lu8hb.ugh0 #. J. B8-nn0 8nd 8. G188cock0 Blood 

- 20, 241 (1062). 

^^.^. .^^ ^^. 
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of Proparation Bactmirl D.orclr ibo~mcloic Acid8 (I. U, Boono 

6 

A list of tho bactori. from which DNA ia king obt8irr.d 



I 

I. 

I 

I 
I 

8nd ch.rrctorieod by guanlno-cyto~ino ratio8 I8 givon In 

mblo 1, To dato, 8ppoxhBtoly 100 rg: of DIU h8r boon ob- 

t8ined frOm Ytcrococcum ly8OdOiltiCU8 8Dd 

COLI.. Tho Y. ly80dellrtlcu8 -8 -Om in (L twptOn-yO88t 

OXtmCt, rad So WCO8COII8 -8 QrOm in nUtriOnt broth. 

SOmti8 WC08- 

Both organ1.u were (Crown rnd aor8t.d at roo1 tcaporrturo. 

Tho coll8 wore lymd in both ln8tancem by modi- l8uryl 

8UlfatO md tho DNA 0Xtract.d by U8hg a chlorofon-8lcohol 

procedure similar to th8t demcrlbod by Y8zaur (2). Coll 

ly8i8 of St8phylococcur aureum ham boon 8 much mor0 difficult 

problem. The enzyme lyzozyao h88 been used 8t pE 8 to 10. 

Yicld8 hrV0 boon low and, 8t v08at, other method8 Of Cell 

lyrir 8ro undor 1nve~tIq.tion. 

Eemophllur lnfluenz80 DNA (8tropt~cin-roai8tmt) ha8 

been obtained routinely In mall quantitie8 by tho alcohol 

preclplt8tlon method for genetic trmmforution studier. 

coll8 8re grom In 8 rixture of L.vInth.1 and Eugon broth. 

The 

Tho Cell8 are lyrod with 10 pmr cont .odium d~%ycholrte~ 

Sufficient qurntltle8 of DNA havo boon obtrinod from Yo 1~80- 

deiktIcu8, S. ~~rcemcenm, md €I. influorurro for rolecular 

refght detenlmtlonm. Yoleculu walght8 determined from 

8edlmentation d8t8 In the Splnco Modo1 E centrifuge at h - 



L_- - 



mA frOr E8chorichi. Coli B b.8 boon obtrined C08wing 

two nothod8 of coll lrmim for quantit8tiro yi.14 8md r0l.c- 

ular woight. The orCprr1.u woro gram tn nutrient broth at 

37. C for 16 hourr. Tho bacteri. woro corrtrifut.d, -.hod, 

Md resumponded in a rolution of 0,15 Y BC1, 0.015 Y tri- 

.odium citrate, plum 0,l Y othylon.drrriaototrucot8to 

(EDTA) 8t #I 8, 

Irrtoly aqua1 rliquotm, On8 aliquot of coll murpansion wa8 

ly8.d rith 10 per coat 8odiur d~cholrto at pH 10 8nd tho 

other with lyzozyao 81.0 at p€I 10. -8 

rapidly 8dju8t.d to neutrrl. 

Iho coll 8~8pon8ioa -8 dividod into 8pprox= 

Aftor ly8i8, tho 

Tho DNA from 08ch 8~8poa8ion 

Of lY8.d Cell8 Wa8 Orttr8ctOd and treated ldOBt%C8lly by the 

chloroform-alcohol rothod 88 provlou81y do8cribed (2), The 

yiold of DXA por gru of rot roight of colla h88d on DNA 

ph08phOrU8 doteni1ution8 8ad tho ~olOCu1u: Weight results 

obt8in.d by tho 80diwnt8tiOn &hod aro 8hom In Table 2. 

Not only -8 tho yiold of DNA lowor fro8 tho coll8 which had 

boon ly8Od with lyzozym.8 but tho ~10~Ul8r ~~ight -8 only 

half thrt of the DNA from cells lyud with 10 por cent 

deoxycholate. 

The 1ow.r yiold obtainod in tho l.~reoxy~o 8y8t.r could 

be prrti.11~ explained on the b8.h of incorplote call lysi8, 

but the lower ro16cul8r weight obt8ln.d with the lyeoeprs 

Can m8t likelp be OXpl8inOd on tho bR8i8 0% m8.0 8CtiVit]r, 
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10 per cont Dooxycbolata 0,375 2.09 X 10‘ 
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DNA from E. call B by a modified phon01 method (3) ha8 been 

10 por cant dooxycholato In a cltnto-ullno and WTA mlu- 

tlon at ptr 10, Sodium perchlorate -8 added to a final 

concontratlon of 1.0 Y to help dimmodat0 protOfn from nu- 

cloic acid, 

- 
Tho wholo rirtturo warn trutad onto with 

ChlOrOfO~-$~1 a1cobolJ rad tha 80-8t.d aqUOOU8 phr8@ 

wa8 procipltatod with othyl alcohol (2). Tha praclpitatod 

DIU -8 dl88olVt.d la 8 dilute C%tmtO-88lha md tho mbtUr. 

.halon for 25 minutom with an .qurlvoluma of phon01 a8 

do8crlb.d by Handell ot rl. (9). 

arat.d, and tho aqu.ou8 Wld-containing pb.80 -8 treated 

with ribonuclmau, Thir -8 followd 811 addltlon81 

phon01 oxtraction. 

Tha two ph.808 woro mop- 

The remalting DMA 8olution n8 dialyzed 
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. 8. tho DNA did not clou in 

tho r0l.cul.r roigbt of tho 

. dorutucation offoct8 of tho 

tho ultr8cmntrifug0, 1Cith.r 

DHA ne lor duo to 8houIng or 

procoduro 8nd/or mow undotoctod 

intorforiag 8ub8t8nco (protob, ph.001, etc,) warn po~at 

in tho proparation to provont tho clmrlng of tho DXA. 

rurthor 8ttnpt8 to obtain high roloculu reigbt b8ctori.l 

O#A 81PO h pProme8m. 

Tho 8Uthor8 aro *. iadobted to Dr, mrga B, Shophord .06 

Mrm. BAllfo J, N0-d of the Yol.culur Radiobiology Soctioa 

for the ro1.cul.r roight detmrrirution8, 
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Purific8tioa .ad C~contrrtion of T4 &ctuiom(C. on DEAB- 

Collulow Col- for DMA 18olation (I. 0, Boon0 8nd E. 

cupboll) 

M8nV of tho oarliar uthodr for imol8tion rrrd purifiC8- 

tioa of T-phag.8 r8quir.d tho US. of differential corrtrifuga- 

tioa ad acid precipitation techniquo8 (1). 

mU88ig (2) rocontly damcribed I, mothod for purifiCStion of 

T-1 and T-2 phage8 urnins thm cellulow rnion=e%chrrrgrr, rd.orb- 

Oat BCTBOLA, 

yield8 for imolrtion of phage d~ribonucloic rcid (MA), a 

mothod %88 hen developod for purif ication and concontratiorr 

of T-4 on DgA1FCOllulo80 rdmrbont column& Phenol- 

0-ct.d T-l phrgo DNA ha8 baon propared from ph.~ Obt8kn.d 

br thi8 aothod. 

Crea8.r and 

"0 frcilitrto tho mothob 8nd to Ucra880 the 
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TWO aBd CilO-Ulf Of hfflow f%1tOreO11 (CelitO) 

worm addod por liter of lyuto 8ab tho ou8ponmioa filtord 

On 8 Buchnor fUM.1 With 8 3- to 5-m md Of hpflm fi1t.r- 

cell covoring a #o, 3 Whatrrn filter paper (1). 

lymte was ceatrifugod at 6OoO RR( b a Serval1 88-3 con- 

triduge for 30 minutes. 

plaquo-forrirrg uaitm/rl, 

by the mtrndrrd method8 (4), 

tratioas in the different lyuta fraction8 could be ude 

Tho illtored 

me supornatant containad 1.5 x 

Tho brctorioph.g’.8 woro a8say.d 

E8tlmt.8 of the pbgo concon- 

8180 

8t E - 400 Wr 88 suggostod HOrriott Ot 81, (1). A tjrpicril 

optical dOB8itY m088~rOmont8 Of tho Vim8 turbidity 

turbidity vorm8 vim8 titor curve i8 &own in Fig, 1. 

Coacoatrrtlon of Phago on DUE-Cellulo8o Colum 

-297- 



. 

v) 

w 
LL 

0' u 
w .cy 

r- 
tR 

Ln 

t3 



I 



-- 

>s x 1o1O 

1 x loll 

>a x lolo 

>s x 1o1O 

>5 x loro 

>5 x lou) 

1 x loll 

4 x loll 

5 x loll 

3 x 1o1O 
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1. . 

- 

._- _c .-- 

-70 pOr COnt Of tho V-8 in a VOlm Of lb a rith 8 V-8 

concontration of -2 x 10’’ particlom/n~, In eoatramt, tho 

yiold8 obt8in.d by wing diffarentirl contrifugrrtion mothod. 

vary 0V0r 8 rid. 1PIDg0, and tho proC0dun i8 ti~-con8~8%ag, 

18olation of DNA 

Tho concentration of *go 88 01ut.d from tho DIIU- 

plus 0.01 Y pbomphato buffer, 

tion m8 that dO8irOd for DIU extraction, tho malt concentra- 

tion me in oxce88 of that~recommended by tho phon01 extrac- 

tion mothod of Hand01 and Hor8hey (5). Thuoforo, tho -11 

VOlua08 (15 to 50 al) of concentratod -go wore contrifuged 

for 1 hour at 20,OOO x g in 8 Spinco Yodel L contrifuge and 

the vim8 pollot rom8pondod In 0.1 Y NrCl plu8 0.1 Y phos- 

pbto buffor at a phage concentration oi 2 x lo1’ *go 

Althotrgb tho virua coacoatra- - 

- - 

porticlem/ml, 

method (S), except that tho di8.olv.d phon01 in the aqueous 

-8 roa0v.d by dia178$8 h8t-d of by 8h-g rith other. 

The dIaly8i8 n8 carriod out agal~t tho phomphate-buffered 

uline for 4 aye, 

d@t8rmin8tionm of tho DNA, tho phomphoru8 -8 removed by 

Thm DIU nm then extnctod by tho phon01 

?or phomphorus mad mol.cular weight 

_. 
di.178i8 aga1n.t dl8tlllOd Water for 4 to 5 d.78. 

A phosphorum an8ly8lm of tho T-4 phage DNA rOVO8hd 

I 
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2%. gonotic conm~quonco of X irrrdirtion to prow? of 

ing from irradirtion 8prud ovor aworrl gonantion8 8re 

king 8tudi.d in R? mico. The folloring group8 of approxiwtely 

.. 50 rico o8ch aro undor invertiption: (8) gmndoffsprirrg 

(F22) of .ire8 which had boon irradi8t.d for 20 gonemation8 
1 
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1-0 of ric. rhuo only tho flr8t 10 gmtarrrtim8 of 8-08 

r-0 mdi.t@d a8 undw (a); and (c) COntrOl 1bO of ricm 

of tho Pal g.rroratlon, 

proparod by the 8trad.rd trortmant wLth hypotonic rolution, 

riolot, ‘Tho chroro.or.~ roro countad virurll~, Only chro- 

pfcbd at random fram- oach group md 8o urk8d that tho 

counted, 

A of tho romtltm af tho modal chroromoma numbor 

for uch group I8 givon in ’hblo 1, For convon~onco, tho 

avuago romltm of all collr counted irror a11 animal8 irr 

oach group -0 roportml, Romaltm includo oaly d8ta from 

1055111 -3OJ- 
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Tho obnrvatioam that a nudor of -rlirn tumor. con- 

8irt of a coll population with anouploid chrOro.Orr, numbor 

h.00 froquontly becn interpreted a8 mapport for the thoom 

th8t 8OUtiC chrm8-l NtatiOn8 (LrO bV01V.d tho WCb- 

ogonic proc.88 (182). Bowever, tho uny domonatrrtioru that 

BOOpb8tiC C.118 c8n b.Ve 8 normal diploid ChrOrO.oUl COI- 

plmnt rithout detWt8ble 8bnOr~litie8 (2,3) 8UggO8t th8t 

the varied rhnorul chraorome pattern. rhich gonerally occur 

VIVO Well adv8nced tumor. and in in Vitro cultwed 

cell8 are of 8econdary Importance in the acquirerant of 

ulignant propertie8 and 8re probably a 8ep8rate event, 

mourrul altorat&orm in rice have boon 8tudied in 8pontaa.oum 

and rrdirtion-inducod loukuh by lrord et 81. (l), Bay- 

r0utb.r (a), and Wakonig and Stich (3) with varying ronrlt8, 

Chro- 

In thi8 IsbOr8torp8 a tran8plantrble 1OtlkOd8 b.8 been C8-i.d 

and 8tudiod in AKR 8lce for reveral yoar8. Since future in 

Vitro ti.8Uo CultWO 8tudh8 are pl8m.d U8bg norrrl and 

lrukeaic cell8 from AKR mice, an in vivo 8nalpri8 of the 

. chroro.ore8 of bone marrow cell8 warn parformod to e8tabli.h 

8 b880 1hO Criterion for thi8 trm8phBt&bl0 ls~k~ir, 

1055188 
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Tho chroromomo couatm of colla from tho bono wow of 

norms1 and 1.ukdc mice of both 8e%om 8r0 given in Tablo 1. 

Sbco tho chromomom corploment my dlffor groat17 from an- 

-1 to anal 8nd between louksric tnn8plmt8, tho lMmlt8 

from 8 1ouk.llic rico are pre8eat.d sepmtol~, Although 

thoro -8 8 gro8t.r heterogonoity In tho dlrtribution of 

chrowaomo numbor In the leukemic dco, tho rod81 value ro= 

UhOd tbrt Of tho rr0-1 8OU80. Tho80 rO8Ult8 8rO 8-00- 

UZB~ rLth Uakonlg 8nd Stich (3), rho r0port.d that in collr 

from tho 8plo.n 8nd thymum of AlfR nice mort of tho 17 prirrrp 

lOUkd88 and 10 tr8n8pl8nt8blO laked86 8ad hmr8 hrd 8 

rod81 chroro8or. diploid number of 40, 

highor porcont8ge of 8neuploid (p.rtlcul8rly with chromorore 

numbers over 40) 8nd tetraploid C.118 Wa8 10re comn In the 

leukemic cells, Yirker chromosomes sMl8r to thoro deecrib8d 

by other8 (1,3) worm meen occ88lon8lly in one 1mkemAc mou8e. 

The occurrence of 

Tho80 rO8Ult8 8hOW that tr8n8p18nt8blO aOOpl88th cell8 

c8n h8ve 8 diploid chrorowme corplment and r-ln diploid 

over 8 long serie. of tran~form. 

in progr0.8 to detorriae If a diploid complement of chro- 

w80mem can be ulnt8lned In tlsrue culture. 

In vitro exparlmente are 

1055782 
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Accident, Heilth Phys, - 9, 231 (1963). 

1055785 -312- 



.. . 

mmER 7 

YOL=CVLAR RADIOBIOLOQP SECTIOR .. 

Nucleic Acids: A Tochnlque for Autoantad B880 Anrrlymls 

(G. R. Sbephord, 0, 0. Ott, 8nd P, A, Eopkiar.) 

I!JlTRoDUCTfO# 

A technique for autom8tlc bame 8nrlysls of hydrolyzed 

nucleic acids 8nd 8ynthetic polynucleotldom would be of o8lue 

to s~VOr8l molecular biology projects currently under~8y In 

thl8 Ubor.tOrp. Such 8 technique mu14 8110W the 8ppliC8tfOn 

of corrective factors to phosphorus dOtOnhathh8 to yield 

ex8ct nucleic 8cid concentratlon8, It would provide 8 sen- 

Bitlve technique for the detection of moulou8 bare8 pr088nt 

In nucleic 8Cldr 8nd wdt the r8pid dOtOrm%Mt&On Of CmpO8I- 

tion of polynucleotidos synthemlzod by chdc81 or enzpautic 

methods. Accordingly, the chroutogmphlc procedure of 

Crampton et 81. (1) was lnvestlg8tod for Its 8uit8bility for 

8utoPrted flow aarly 8is. 
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grad. rinu8 m8h Dowox SOX-4 ion exchrngo re8in. Column8 

0.2 I8 ammoaaum foruto bufger at pH 4.0 8nd woro oluted with 

movorrrl ttp.8 of concantration gr8diont8 of forrrto buffer, 

CoUmn oifluoz1t8 wore monitored in a l-cr quartz flow cell 

u8iag a 254-p goroicidal lamp bou~ce md a photovolt cell 

ad donritomoter. The present monitor doer not atrlctlp 

follor thoow (log To/T - ecl). 

water rllow. mruge of a certain anout of light of longer 

nvelongthr which 18 not ab80rbed by the solution. 

Tho Corning glar8 filter 

Over a 

C@eain rMg8, ~OWWOT, the r08plr80 I8 U8efUflp prOportiOIk.1 

to 4oaceatrrrtion, 

potonticmetric rocorder, a8 illurtratod in Fig. 1, 

Slution prof1108 woro recorded on a Brown 

Opt- roaolution was obtainod with a flow rat. of 

14 rl/b and* aa exponenti.1 gradiont following tho exproarion: 
. .. 

. .. -- 

.. 

*or. C. 1s. tho mixing chambor aff luont concentration at v - 
n rl; C1 Is tho concentration in tho riring ch8rb.r at v 0 

0 ml; C, la tho concentration in tho rera?volr at v = 0 rl; 

IO55181 -314- 
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v I8 the voluu of effluent pMS8.d; A1 i8 the cross 8ection81 

area of the riring chubor; and + I8 the cr08s 8octlonal are8 

of the reservoir. Mixing and reservoir ch8abers must bo equi- 

bV.1 and Si@&-com~ct~d. 

RESULTS 

Opt- ra~lution wa8 rchievod with 250 ml of 0.2 ,N 
.. 

f-te buffer iB the nixing ch8rb.r rad 5oO a1 Of 1.0 - I? for- 

m8te buffer h the rememtoir rd when + = 1.54 A1. 

flow Wa8 u8ed with a herd of approximately 20 cm. 

rble difficulty -8 experienced with peak distortion due to 

tha formation of air bubbles within the re8b bed. 

Grrvitp 

Consider- 

This was 

eliminated by (8) m8lntairAng the r88ervoir and mixing 

chubera at 42’ C, rnd (b) inserting a 8pecially designed 

bubble trap between tha miring chamber and column. 

Recording per cent tran8mission yields 8 linoar record 

of an exponential function; such a record would not be propor- 

tional to concentration over the range of 0 to 100 per cent T 

but would be reasonably propmtional over the range of 35 to 

100 per cent T. QurntitAerr of b.806 applied to the column 

were regulated to remaln within thir range, approximately 

1OO-pg qurntities of each. brae giving r euitrble reaponm, 

Pm8Y area8 were Integrated usfog the half-height method and 

were correlated with’ tmse quantity 8. a constant L, 

c 
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quantity of baa. (re) 

area of pork (cm2) 
km- 0 

The data remalting from two duplicate run8 are pre80nt.d 

In Table 1, In viow of th8.e encouraging remlt8, further 

bprovementr in the 8p8tU Will b@ pur8U.d. Stable flow IPat.8, 

a wnochroutlc light source, and a mechanlcrllp rigid light 

source-flow cell-photocell asaembly map bo expocted to improve 

remolutlon and quantftation. 

permit automatic column elution, regeneration, and re- 

equilibration. 

of cros8 linking will be inve8tlgated tor improved re8olution. 

Purther inve8tigatlon of recorder function will be puruued, 

recording as 8 log function and uuing log 1/N papew, In an 

attempt to extend and to improve quantit8tion from recorder 

A tlmor solenoid assembly will 

Resfns of varying corposition8 and degrees 

tracings. 
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Appl%crrt%on of Autoutic Corplt8tioul T.chniqu.8 to tho 

Anrlysim of Ultracontrifugrl S.dho8t.tion-Volocit~ Yol.culu, 

Weight Data for Dmoxy ribonucloic Acid (Gm B, Shophord, P, It, 

Doan, and 8, J, Nolrnd) 

INTRODUCTION 

Calcul8tion of ultrrcentrifug81 molecular weight8 and 

8ediaent8tion coefficient distributions for DNA is a lengthy 

procerrs involving a large number of Itoratitre corputation6, 

Such calculrtions require a considerrble iave6trent in 

skilled operator time and are highly susceptible to human 

error. Accordingly, a computer program was deaigned to per- 

ion these crlculrtiona rccurately and reliably, The program 

was written In FORTRAN I1 for the IBM 704/7090 computer (Mon- 

itor System) rad was deeigned to eliminate, insofar as posrrible, 

pre-computer calcul8tions on the part of the operator. Provl- 

sion was nvde for the direct entry of dat8 in the same form 

in which it w88 obtained experirentallp. 

progr8m 8t the -8 A18-8 Scientific L.boP8toW h8S resulted 

in an incre88e In the relirbillty of cafculrted data 8nd h8s 

encouraged the design of experlmentr which can effectively 

Routine use of this 

Utili20 the inCrO86Od quantity of d8t8 now 8vailrble.. 

HA-TICAL BASIS 
__ -~ - ~ 

Dot8iled mechrnicrl rnd m8theaatical de8criptions of 

' 10551r-12 -319- 



ultncantrifugal boundary migration are readily available (1, 

2). %p.cfrlly valuable in this regard is the description by 

Schunker and Schachman of the use of ultraviolet abuorption 

technlquer in the ultracentrifugal analyds of dilute solu- 

tion. (3). Briafly, the technique involvo8 the clearing of 

8 solution of macromolecules by mean8 of a high centrifugal 

fiald. The clearing process creates a boundary, the region 

batreen solvent and solution, which moves in the direction of 

Opplied force. 

light In the region of 260 ~ip, the boundary migration may be 

recorded on ultraviolet-sensitive fila and translated to two- 

diaen8ional graphic form with aa automntic scannlng and record- 

ing. photoden8ltomet er. 

Since DNA macromolecules absorb ultraviolet 

Our Work wa. performed with a Becluun/Splnco Yodel E 

arrrlytlcal ultracentrifuge equipped with an ultraviolet absorp- 

tion system using DNA solutions with 5 to 40 pg DNA/ml. An 

An4 rotor and 30 mm 4* sector cell were used throughout. All 

measuremente~, Including those of vibcosity, density, and 

sedimentation, were made at 25.0 - + O.O1° C. 

to accelerate the rotor in the same manner for each run, gfwfng 

times which were reproducible within - + 0.3 pur cent for 88ch 

run. Fila8 were developed according to the techniques of 

Thom88 and Bern8 (4), and the resulting films were traced 

using tho Beckroa/Spinco Analptrol photodensitometer with film- 

acanaing accessory. 

Care 119.6 taken 

1055143 -320- 
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Piguro 1 repromonts tho thooroticrl ti~o-8o~uontfal 

bourd.ra.8 Ob89rVed 8t ti, t2# t3, 8d t4 Of tho UIe 801Utm 

at 4 difforont concentrationr. Tho iimtion of a boundary 

i8 cutwO88Od 88 the ch8nge in tho 10s Of tho dirtaCO Of 

point h on the boundary during the poriod tl to t2 from the 

contor of rotation. 

following equation; 

This value may bo incorporated into tho 

2,303 d log x/dt 

'T 2r RIW 
'OBS 

1 60 J 

to 8 8tmd.rd 8et Of conditions: 

values are the value. obtained had the solute been 
S20,W 

di8.olv.d in a solvent with the do88ity 8nd vi8coslty of 

=tar at 20' c. The vimcosity ratio. umd in tho correction 

x donsitp) rat108 performed in 8 low ahear gradient capillary 

1055794 -321- 
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vi8comotor of the Ubbeholdo type at to C. 

for the 

work of Tennent and Vilbrant (5). Intrin8ic Vi8Cority [q] 

uy b8 obt8ln.d by the linear extrrpolrtlon of the ratio of 

sp.c~flc vircosity to concentration to Infinite dilution. 

The value 0.55 

specific volume (v) w88 obt8b.d from the 

Values are derived from solution and lolvont flow time- 
sP 

density produc',s obtained In a capillary VI8cOmeter. 

Molecular weights are obtained by subatltutlon of the 

proper values in the following empirical equation (6): 

Y. Wt. = 4.269 + 1.33 log (so 1 11 1/31 8 

where So is obtained by the extrapolation of S20 

or their reciprocals, to Infinite dilution. 

V8lue8, 
8 

Finally, apparent diffusion coefficients uy be obtained 

from tho slope of a plot of the 8qU8reB of the differences 

between the x values of a boundary at h - 0.25 and h 0 0.75 

8g8inst the. The slope of tha rerultlng line, divided by 

the constant 3.64, is the apparent diffurion coefficient in 

cm /om. 
2 

It luy bo meen that, with the axceptlon of 8 perfectly 

rtable vertlc8l bo~ndrflr, 08Ch v8lue Of h Will yield a dif- 

ferent set of values for SOBS, S208w, So' 8nd Y. Ut. 

.. tlon on the distribution of them v8lues within a given 

1nforP.- 

sample Is frequently of interest to the 

-323- 
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(8) On0 8pvOBt diffusion CO8ffSCImt for aCh COoCm- 

trrrtion v.lu.0 

(b) Intrln8lc viscosity dorivod directly from capillary 

oach the intervrl for 

(a) One value of 

til. 1at.rval. 

(f) -0 V81UO Of 

each tho internal. 

md solution doa8itfu. 

'OBS 

08ch ConCOnt~thn. 

for oach bound8l7 h V8lU@ for 

for each boundrry h valuo for 
S20,r 

each concentratlono 

So for 08ch bound8rp h v8luo for each 

b8 80021 that the application of autoutic C#pUt8tiOn81 toch- 

nfquem ta tho amly8ir. of ultrrcentrifugal 80l.cul.r rdght8 

OffOCt8 i -Oat 88Vhg Of tho, 8a ilhCrm..d aCCUrrC7 8nd 

reli.bility of ro~lt8, and enrbl.8 the exprrhOnter to 

d081m experhents which can utilito theme Uta to tho full08t. 

. 
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Tho Roprosontatlon of Oligonucleotido~: A Sub-~ouncl8turo 

corplu that much effort ha8 been put Into doviring 8irpl.r 

and ClOarlY on papor and blrckbo8rd. "'her0 rro tw 8tand8rd 

W8t.88: 8 tw-d%monrional nucleo8ide 8tICk 8trUCtUrO (I) 

which is used whenever all tho rerctlve functions mu8t be 

&own, .and r linear structure (If) when only the 3'- and 5'- 

linluge8 are repremented. 

A c 

Structures I and I1 represent tho 8810 rixed rib- and dooxy- 

rlbodinucleotide, The 8tiCk mgar numborinq runs from 1' at 

the top to 5' at the bottom, The linerr linkage numbering 

IO55294 -320- 
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Imitator tho direction In rult18tick eZWCtW08: 

3' oa Its loft plus 5' on it8 right. 

mch p ha8 

Both sy8t.r. u8e the letter8 A, C, 0, U, and T, where 

in the 8tlck ver8ion the ba8.8 adonine, cyto8in8, (F1.n1ne0 

uracil, and thgrine ar0 -t but whora b tho llnoar verrion 

the wcl.o8ido8 8d.1~08in8, cytidine, gWhO8in8, uridine, 8nd 

thymidiam 8rm rear&. Thyridlno I8 8 d.orlrnucl.o8lde; rherea8 

the other four are ribo8ider. Tha 1Sno.r ror8ion alw, neodm 

dA, dC, and dG to repre88nt dOOW8dOm8h8, dooxycytldlne, 

and d.oxyguanorino. 

ha8 l8d to use of rT for It, but recently there ha8 been agita- 

ti- to redefine T 88 ribothyrldlne and to Introduce dT 8s 

thymidine. 

The discovery of a rlbothyridine In &RNA 

The u.0 of p to represent phorphate ester IB both the 

8tick and llaear fom8 I8 traditionally rOpl8C.d by derlgnr- 

tkm8 8uch as GYP, dCDP, and ATP for S'-qUrrnyllc acid, 2'- 

d.oxycytldln.-S'-dlp8~te, and adeno8ino St-trlpho8phate. 

We entored the field of 01igonucl.otido 87nth88i8 with 

no rroticural or tr8ditiorrrrltlos to tho ganor8lly u8.d nuo 

cleotlde mab-no~mncl8ture. The exi8ting n8 found to 

.. bo un8y8te~8tlc and troublesom enough that N wi8h.d for 

momthiag better and, therefore, more u8eful In our vork. 
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oaly by the norvl linear uao of p. 

tho locrl nomenclature abbreviation system will be used, 
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Oliloo\rcl~tId. 8ynthe8i8 (Do G. Ott, D. L. WAllh8, V, N. 

Yorr, 0. T, ?ritz, E. H.n8bury, R. E, Hino, rnd F, N. HayO8) 

Tho program of the Yoleculrr Radiobiology Soction in- 

ClUdO8 8 8tudY Of oliqodeoxyrlbonuclootid..: their FOp&r8- 

tion, chomIc81 pr~portie8, 8ad blologic81 8ignific8nce. 

ThO.0 -11 Unit8 Of DNA Can 8.W. 88 8t8n-d. With C8t- 

810W.d plrOpOrti08 for comparimn With DNA ClO8V8gO product8 

in 8equence atudies, 1s models In radi8tion experlment8 8nd 

for chemic81 8nd enzymic deqradrtion, and ar active partic- 

lpant8 in cell-free polymer880 systers, To nbark properly 

011 Our 8HbitiOu8 8tudy program, 8 80hCtOd 8nd con8iderrble 

nUBbOr Of ollgodooxyribonucleotide8 BU8t be prepared by what- 

over mean8 8em B0.t appropriate. 

Polymerization produce8 large rol.cu1e8 with a Pronot- 

onoualy repotitivo ~equence or with 8x1 unknown sequence if a 

rhture of monomers is used, Stepwiro rolecul8r buildup 

offer8 great 8equential variety of known order, but progress 

tor8rd large r0locul.r is excodingly 8low. DXA subjected 

to tho action 

UIWCO of 811 

thl8 8pprO8Ch 

fractionation 

Of phO8phodI~~tOr880 Oozy808 $8 8 potOnti81 

conceiv8ble oligonucleotido8, HOW proBi8hg 

my be depend8 on the tochnic8l =.tory of 

procedures which m8t, at the 8818 tine, be 

1055802 -329- 
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ultrrsenritivo to structural difterorrc~m rod handlo Urgo 

qurntitior of oligonucleotide mixtures, 

GIOIERAL DISCUSSZOM 

Thu8 irr in tho synthosi8 program, Writ ham bmon liritod 

to compound. containing tho pyriridino barno.: 

thymino. 

pli8hed both with dicycloh~lcarbodiirid. (DCC) (1) and 

with othyl polypho8ph8te (2) to give tho roll known 8eri.8 

(pt), with 8 uxianu A of approxiutoly 12 at tho termin8tIon 

of our seprrrtioa procedure. 

cle8rly not functioning In the rriy it h88 been roported 

cyto8ine'rnd 

Polymerization of S*-thpridyllc rcid ha8 been accom- 

Our ethyl polyphosph8te was 

(B8mUl7, to @VO poly-5 l-thymldyllc acid Of 8VOr.g. wlOCUl8r 

weight = 18,OOO (2)], 

author8 of Ret. 2, Dr. Wolfgang pollaunn, to our Laboratory, 

wo caa aow mako 8n ethyl polyphosphato which convart8 5'- 

thfridylic rcid in low yiolb'to polpar of conridorrbly higher 

rolocul~r roight than obtrinabla with DCC as tho polpurizlr- 

tion rgont, but we are quite expectedly still troubled with 

excess phO8phor~8 in the product. 

With the recent vialt of on0 of the 

8t.$WhO 8ynth.818 ha8 been d1r.ct.d 8t tb. 4 po88iblm 

pyrhidhe dinucleotido8 in V8riOU8 8t8g08 Of~~O8phO~l8tfO~ 

which are illustrated with thyiidino a8 the nucleomido: tpt, 
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Most of the 8ynthemer are by born procoduro8 or by 

minor EOdIfIC8tIon Of Stmdud method8 (3-5). Nucloo8ide 

rad nucleotide fnterredfrtee with blocking group. mltuated 

to inhibit interfering reaction sites and cho8en for selec- 

tive removability from the co~1d~n8atiOn product8 are f iret 

prepared. These are illustrated in Fig. 1. The only dlf- 

feronce between the thymine and cyt08ibe repre8ent8tives is 

that the latter require an rniroyl block on the 4-amino 

nitrogen. 

By one-atop condon8rtlon ruction8, fully blocked dirOr8 

aro formod according to the following ropromaat8tlon8: I + 
I 
I 

I 11 - tpt, I + V - tpc, IV + I1 - cpt, 8nd IV + V 
I - cpc, T40 tritpl group I8 acid-18bIl0, and the acyl i 

group# are ba88-l8bllO, p0mtting 8alOCtiVe rOMOV.1 Of 

either the 3'- or S*-block in a diror followod by pho8phorf18- 

* tion of the free hydroxyl group. In thi8 way, 3'- and 
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St-phorpbtom rnd the St,S~-dipho8phato of orch dinuclootide 

arm being prepared. A cyclic diror romlt8 from intr8rol.c- 

ulrr condonution at high dilution of elthor the 3'- or 5'- 

phosphate. 

Tho 8pOChl 2-cpanoethyl-blockod nUClOOtid.88 111 8nd 

VI, are u8ed for r8pld 8ccess to tho bt-pho8phory18ted dimor.: 

I11 + If Bptpt, 111 + V ----tptpC, VI + If -pcpt, 8nd 

VI + V opcpc. Thl8 scheme I8 ro8dily uonrble to u8e of 

labeled nucleotides. 

A method h88 been worked out for convorting 8 dimer 5'- 

pho8ph.to to its St-trlpborphate. Thus, we will h8ve di- 

nucleotides 8t the supposedly PrOpr ChmIC81 8t8te for IB- 

corporation studies wlth polyrerree 8ystems. 

Specific progress in synthesis ir reported In the follow- 

ing section, 

applicable to oligonucleotide synthori8. Progre68 in pol- 

p8OrimtiOn 8nd 8tepWi8e 8yntheri8 I8 roportod hero8 but 

product char8cterization information is lacking, 

con8iderrble p8per rad colurn chrorrtogr8phlc d8t8 havo been 

Thus far# 

summed, am is necessary for ldentlflc8tion 8nd separation 

procodurea U8ed in working up reactlon8. Elemtnt81 ricro- 

8n8178(B8, ultr8vlolet and infrared 8pectrorcopic dat8, and 
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la later rqorts, 

5 t-O-Trftylthymidine DeriVatiVO8 (I), Chlorotriphenyl- 

methane, a 8paciflc reagent for prlury hydroxyl -Up80 

rO8Ct8 VOW 8lOwly with thymidine at ]PO01 tOmpW8tUrO (60 par 
.. 

Cent, 1 week) 8nd afford. 70 to 80 per Cent yield8 of 5'4- - 
trltylthyridlno (I) in hot pyridine during about 30 1ainute8. 

Substitution of the trftyl chloride re8gont with pnothoxyl 

group8 (6) fncre8808 the reactivity of the re8gent 88 the 

*. . 

number of such groups is fncre8sed. With a 10 per cent molar 

exc88s of the reagents, qu8ntItati~e conver8ion8 of thymidine 

were effected in 40 hour6 for onep-rethoxpl, 13.5 hours for 

two, and 4 hours for three on a 1 to 10 -le acale, 

.. .. 

Repeated 

recrp8talllzatlon6 from dichloromethrne and cyclohexane mix- 

tures gave yields of purified products ranging from 95 to 

99 per cent, Since tho ronorethoxy-, dimothory-, 8nd tri- 

methoxptrltyl radical8 are, in that order:, lncrea8lngly mor. 
.: . 

8Oll8itlVO to 8cIdlc hydrolysi8 and 8re much WrO re8dily re- 

moved th8n trltyl, they offer a good means of protectfng the 

St-hy&oxyl function of deoxycytidine and the purine au- 

cl00sides and nucleotide8 with their much more acid-labile 



. 

as its calcium salt following the reaction of conerci~lly 

available St-thymidplic acid (pt) (as the pyridinium ult) 

with dicylohexylcarbodlimAde (DCC) and a large excess of 

hydracrylonitrile. 

yield using 1-tolueaemlfonyl chloride a8 the condensing 

The diester w88 8180 formed In excellent 

8gent. 

N-Anisoyl-2~-d.orycytldlna (IX). Compound IX has baan 
-~ 

prepared by both of the reaction sequence@ illu8trated la 

Fig. 2. Tetrahydropyranylatlon of 2 * -deoxycytidine (c) 

hydrochloride goes extremely slowly n1tho:i t added catalyst. 

On 0.1- to 4-mole scale with a large exce.6 (55 fold) of 

dlhydropyran (DHP) in dlmethylforrrmide solution, the addi- 

tion of 1.1 equivalents (per mole) of dry HC1 In dioxane 

catalyzed the reaction to completion In 23 hour8 at room 

temperature, 

presumably the 5*-0-(2-tetrahydropprrrnyl)- - derivative, whfch 

dis8ppeared completely as the bl8- derivative of higher Ri 

A compound of lntermedi8te Ri first formed, 

W88 famed, The product, 3t,S'-0-bi8-(2-tetrahy~o~~nyl)- - 
2'-deoxycytidine (VII), wa8 Isolated 8s a color1888 sed- 

Solid m8terlr1 which ha8 aot, a8 yet, baen C~8t811iZ@d8 

Re8ctlon of VI1 with anisoyl chloride in dry Wrldlnc grve 

the - N-anlsoyl deriv8tive (VIII). The latter product has been 

extremely hard to purify because of colored by-products aris- 

lng from the dihydropyran reaction, 

' 

A colorless product be 
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Fig. 2. Synthesis of protected interredi8t.8 (R = 2-tetr8- 
hydropyranyl). 
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baoa obtaiaod in about 35 por cont ylold by tho 810W cry8. 

t8ll%zatlon of VI11 from 8 8IxturO of 0th- and othyl acotrto, 

RO-V.1 Of tho 2-totrrhjdromranyl -Up8 With 80 

aCOtlc 8cAd at 25. W88 quit. slow, and 8 &ttlrO Of product8 

W88 obtriood, 

cont 

St 8ppmrS thrt rODOV.1 Of a 3'-O-(2=tOtr8= - 
hydropynayl) group in aquoou8 acotic 8cid, from dooxy- 

cytldino dOriVRtiVO8, I8 Wut17 faCflit8t.d tho pr0~0~0 

of noighboriag phomphrto group (7). 

Tho proforrod rothod of proparing compound IX is via 

tho corplatoly anfsoylated dertvatire, 3',5'+#-trIani8oyl- e- 

2'-d.o~tycytidino (X). On the l- to 4-nole 8c8l0, tho yield 

Of Uw1y pUr0 COlorlOS8 product 18 088Onti811y qUantitatiV0; 

upon r.cry8tallizatioa from ethanol, tho rocovory of pure 

~atorial i8 69 to 75 por cent rnd more I8 obtalaod from mother 

liquor., Controlled hydrolysis of x, with dilute .odium 

hydroxido in pyridine at 30. for 35 minute8 to romove the 3'- 

- 0- and 5'-O-ani.oyl - groups, gives noarly 8 quantitative yiold 

of - N-anf~~l-2~-dwxjrcytid~o (IX) with ju8t a tnco of 3'- 

d.oxycytidino. Sodiu~ ion8 aro rrovod with IR-130 (pyridin- 

lam) romin, rad it i8 important that tho product bo thoroughly 

warhod from tho roria with 15 to 25 par cont mridina .olutioa, 

Tho r-tt.1 Of 8ni8iC 8cld i8 0ff-t.d by tr0athg tho -1U- 

tlan brlafly with 8n 8 fold thoorottcal uc.8. of IM-400 

(OH-) romin. It I8 vary important that a largo oxcorns of 
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prridino bo. preunt to pravont adsorption of the product 

and colncfbent hydrOlY818 of the - N-rnimyl group, With thor- 

oug& washing of t&e remin with 25 per cent pyridino, tho 

N-Animoyl-S *a= (dSuthoqtrltyl)-3 -d.oxfctt idlam (XV) , 

On a 1- to 2-mhol. acali, reaction of IX with chloro-(p 

qu8ntitrtive conversion to IV in 48 hour8, In a 8iril.r re8c- 

tion of IX with chlorobi8-(p-wthoxpphonyl)phenylaot~ne, I 

the conver8ion is qurrntitatlve In CIS hour8, After hydrol- 

y8i8'of exce88 reagent and nsutralizatlon of hydrochloric 

acid with auodiw hydroxide, the product I8 extracted into 

'chloroform and thoroughly ra8hed with water, These products 

cry8tallized from dichloromethane and cyclohexane or dichloro- 

methane and butyl chlorida, 

- 
3 *4Acotyl=N=aniloy1-2 '-dooxy-S'-cytidylic Acid (V). 

s. .. . -, 

Compound V -8 propred from 2~-deoxy-5~-cytldy~lc acid (pc) 

rccordiag to the retactfon sequence shown in Fig, 2, Complete. 

ani8oylatton of pc was accoapliuhed after 2 hour8 in pyridino 

... at 25'. 

pholrphoric anhydride linkage .. selectively in XI ma not foam- ',. ! 

iblo, since the 3'4acyl - group was removed at about the ume 

10558 t I -338- 



rrrto. Honco, the anhydride and 3'-O-acyl - group8 wore cm- 

plotoly hydrolyzed with dilute NaOE in pyridine 8t 25. for 

br8ed on pc and Isolated as the calcium salt. 

5 * -0-Diaethoxy - t rit y It hymidy ly 1- ( 3 ' : 5 ' ) -3 ' -O-acety 1-N- 

8niroyl-2~-doowycytidine (XIII). The rorction of tho pro- 

toctod nuclootide (V, 0.43 maole) with 5 '-O-dhethoxytrityl- - 

LI i-- 

thymidine (I, 0.5 mmole, 10 per cent molar excess), as 

Illustrated in Fig. 3, afforded an 85 per cent yield of the 

completely protected dlnucleoslde (XIII). The reaction mix- 

ture was chromatographed on a DUE-cellulose anion exchrnge 

column in the carbonate form and eluted with a linear gra- 

dient (0,005 to 0.6 - Y) of trlethyl8~nh~~ bicarbonate at 

pH 7.5. 

tained pyridine nucleotide, the eecond contained me8itylene- 

sulfonic acid, and the third contained unreacted V and its 

pyrophosphate. The fourth peak, dimethoxytritplthynidine, 

eluted from the column Blorly, 8ince it 18 water in.oluble. 

It n8 rpread OVOF about 110 tubos. The fully protocted 

product (XIII) alu, war oluted very rlorly; it fire 8pp0U.d 

in fraction 249 (10-rl fractionr) 8nd '1111 collected in a 

total of 14 liters of solvent. Since the concentration of 

product in the eluate wad practically constant, 4 literr of 

Many peaks were obtained: the first of these con- 

e 
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5 per cent athano1 In 0.6 - Y triothylamonium bicrrbonrte 

solution was used toward the end of the run to hamten It8 

romoval. 

solvent by r8pe8tOd extraction with chloroform in which It 

Tho product wa8 imolated from tho large voluro of 

Is quite soluble. 

A mall peak which was superimpo8ed on the product poak 

(tube8 586 to 600, as demonstrated by paper chro~~togr.pbp) 

was shown by hydrolysis reaction8 8nd -per chromatography 

to be compound XVII, which resulted from loss of the 3'4- - 
acetyl group from XIII during the work-up, 

The major product was partially charactorizod by means 

of the reaction8 shown in Fig, 3, leading to the product8 

XIV, XV, XVI, and XVII derived from XIII in various mtages 

of Its being stripped of its blocking groups to give finally, 

tpc. 

5 '-0 ' -DLnet hoxyt rity lthymldy ly 1- (3 ' : 5 ' )-N-8n180pl-P ' 0 

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

wa8 8ubjected to controlled ba8ic hydrolysis with dilute 

sodium hydroxide In ca. 50 per cent aqueous pyridine to ob- 

tain XVII. -0V.1 of sodfun Ion8 was offected by treating 

the rolutlon with IR-120 catlon resin (pyridinlum form). 

The solution was evaporated to dryn@88 with the @I maintained 

>7 by occasional additions of pyridine. 
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mridvlY1- (3 ' : 5 ' )-2 ' -d8~-3 '-c~tid~liC Acid (tpcp) 

Tho psrthlly protoctod dinuclooride pho8ph.t. XVII, which 

ha8 8x1 8v8il8ble 3'-hydroxyl group0 (188 phorphorpl8t.d with 

2-cy8noothyl phosph8te (6) and DCC In pyridlno, as i1= 

lu8trrted in Fig. 3. 

' 

After addition of W&ter, remOV81 Of 

dlcycloh.xylur08~ 8nd hydrOlyd8 Of prOtOCf%VO group. f rO111 

XVIIf, tho productr w8ro 8ubJ.cted to chroutography on 8 

DM&c8lluloro column (c8rbOmte form) and eluted with a 

lirroar grrdiont (0.005 to 0.3 - Y) of triethyla=onlw bicu- 

bonrte at pIi 7.5. 

to the column, 20 per cent was non-nucleotide colored -to- 

ri8l that was removed by a preliriarry washing with W8ter 

8dJu8t.d to pH 8 with triethylamine, 

mttern of nucleotidic products is shorn in Fig, 40 

product, peak 3, which Is presumably tpcp as indlc8ted by 

of the 6100 optical dOn8ity units applied 

The gr8diant elution 

The mrln 

PaPOr ChrO~8tO~aphp Of the hybrOlpEI8 product8 and the pori- 

t%on.Of the p8rk rel'rtlve to the gr8dIont0 8rountod to 52 par 

c8nt of tho nuclootlde ~t~ri81. 

The 8-11 perk, shown as a part of pemk 3, As now be- 

lieved to be an artifact produced in loading the column. 

Perk 3 -8 rochro~tographed on the 8aae column, wing a 

dmllorer gradient of triethplamwniun biCarboMt@; a sing10 

nooth peak -8 obtained. 

Thynidyly1-(3': S')-dooxpcytidln8 - (tpc). P.8k 1, the 
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mocond 1arg0.t~ lm bellevod to ba tpc md 8lount.d to 32 per 

cant of tho naterirl elutod. Thim product arlram from in- 

CaglOtO r.iott.1 Of tho 3'-O-&C@tpl - -Up during the COB- 

tr0ll.d b88iC hydrOly8i8 Of XfIS, A Careful chwk Of 

tho dogroo of hydrolysh by chroa8togmphlng 1arg.r 8lIqUOt8 

of tho .ample im In order rhon c8rrylng out thlm hydroly818. 

Using the 88110 condltionm on tho micromole 8~810, all of tho 

3'4-aCOt~l - block W88 remotrod 8Bd in additla & 8mll 8WUnt 

of tho - 16-animyl block. The lrttor factor I8 unimportant In 

phoSphO~htiOn8 With 2-Cp8nO.thyl phO8Ph8t0, since the 

reagent ia in excess and the resulting phoephoamide As easily 

hydrolyzed in a basic medium. 

Of courme, tpc would be directly obtained In the de8lred 

quantity by the hydrolymir of compound XIII, a8 ahown in 

Fig, 3, 

~'-Pbo8pboroth~ridylyl-(3':5')-2~~deo~o3~~cytl~ylic - 
Acid (ptpcp), 

dlmathoxytrltyl group on XVII after rcnovrl of tho 3'4- - 
acetyl block, a syll amount of thpri~lyl-(3:6)~~-8nl~yl~ - 

Although care -8 taken to preserve the S'4- - 

2'-doo%ycytldlne (XV) -8 pre8mnt iB tho pho8phorylation 

reaction aixture. The resulting coapletely pho8phoryl8t.d 

diaer, ptpcp, Is believed to corprire poak 5 of the'elutfon 

pmttern in Fig. 4 and amounted to 5 per cent of the olutod 

a8 t or i. 1 , 
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- Thymfdylyl-(S~:31)-S1-thyaid~lic Acid (ptpt), The roac- 

tion of I1 with 1x1 in pyridine with the aid of p-toluene- - 
rulfoayl chloride (T8C1) gave XIX, 88 shown in Fig, 5, 

Following removal of the base-labile acetyl rnd 2-cyanoethyl 

prOtectlv8 group88 the resulting ptpt -8 paifid by colua 

chromatography on DUE-cellulose (bicrrborute f om, linear 

triethylannonium bicarbonate grrdient) and cryst8ll~utlon 

of the calcium mlt, 

Although many effective methods have recently been 

developed (8) for the eyntheris of nucleotide diph08pbrtcb6 

and triphosphates, the preparation of oligonucleotides bear- 

ing these terminal groups ha8 not been reported, 

tiono shown in Fig, 5 for this purpose -re developed 8nd 

are quite satisfactory, Sirilar reactions, employing phos- 

phorirfdazolides, have been used (9) for preparing organic 

po1pphOspbte8# including adenosine trfpho8pb.te, Tbe method 

appears to be simpler and the yields equivrlont to the mre 

commonly employed procedure which Involve8 pho8phOrOn0rphO- 

lid.tes* 

The re8c- 

S'-Thyaidylic acid (pt a8 the pyridiaium ult) I8 con- 

verted to the irtd8zolide XX by raaction with CO~~rCl~llp 

av8ilable crrbonyldilddrzole in diretbylform8mlde mlutioa 

.. 
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at f001 tnporatufo ovarnight. 

solution of XX (without further purlficatlon) with 8nhpdrou8 

ronotributylamwnium orthophorphrte pvo %t. SiPilarly, 

Treatnnt of the nrulting 

trmatrOnt Of XX with ronotributpluaoaiur pYmphO8ph8tO pr0- 

duc8d p3t. In the latter reactioa, It n8 found that irida- 

zolium pyrophorphate wag fn8oluble in dir8thylforruride (rad 

a11 othor coamon organic molvontr) ; conrequontlg, excear pyre 

pho8ph8te, correrponding to tho amunt of iridazo1e prO8Ont 

aftor tho preparation of XX, war ured. 

Application of the triphosphate reaction to the di- 

nucleotide ptpt gave analogous resultr. The product8 were 

prrif led by column chroaartogmphy on DUE-cellulo80 (bicar- 

bonate forn) uring a linear gradient of triethylrmaonium bi- 

C8rbon8to at pH 7.5. 

approxirutsly the same gradient concentration a8 do oligo- 

nucleotide8 having the same total number of negative Ch8rge8; 

thu8, the nucleotide polypho8pbrtor wore quite roll remolved. 

flowever, contamination with inorgraic polypbo8phrte war found 

(by phorphoru8 an8ly8ir and by p8per chromatography), 8nd 

other m8n8 of purification (e. g., 8d.orption and demorption 

The product8 care off the column at 

from Ch8rC081) are roqulred to elhiMte tho80 by-product& 

Since nucleo8lde polyphospb.to8 have been ob8erved (9) 

' to d&8proporfionate in 8uch anhydrou8 reactlon solutions, the 

Off@& Of time of reaction on yield W88 studied. After 8 
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roactlon p8riod of 1 day, the yield following columa chro- 

utogrrphy of p2tpt was 18 por cent, p3tpt ma 48 per cent, 

p4tpt warn 1,2 per cent, and starting material (ptpt, etc,) 

va8 18 per cant, For a 6-hour reaction period, the piold8 

woro: &tPt# 7 par cent; pgtpt, 4S por cent; p4tpt, 0.5 per 

coat; and ptpt, 25 par cont. Thur, the yield of tho derirod 

product -8 the same in both case8, although the proportion8 

of tho by-product8 Varied, 

rad a8 expocted for this type of reaction, attempt8 rill be 

made to optimlze It, particularly with respect to formation 

of Inorganic polyphosphates, 

Although the piald ir 8ati8factory 
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Chrom8tO~phy of Xuclolc Acid. (A, Mmy, D, ?. P.tOZ.mn, 

T, T. millo, md V. E, Mitchell) 

INTRODUCTXON 

Previoum rmport8 (1-4) havo bmon coacorn~d with tha 8yn- 

tho8ia and equlllbrlum bobrvior of r lwgm ma8bOf of .Pino- 

8ubmtitut.d cellulome anion exchange rorinm. Tho80 rtudiem 

maggo8tod that precise control of flow and anion concentr8- 

tion at extremely slow ratem would be noc08urp for optimum 

prfocrmce of the resins, and the theory and d08ign of a 

devico capable of providing adequate control of resin envlron- 

meat during column operation were lnve8t~g.ted (5). 

rapart .urrrrIzer preliminary data on the perforunce of the 

8pparrrtus with a msrlea of selected re8ln columns. In addl- 

tion, 8creanlng datr are presented on the bshrvlor of there 

Thi8 

reEin8 during equilibrium dO8orption Of denatured and de- 

gradmi srlroa rpom DXA. 

on tho tm.18 of exctmage'cap.city worm rc~aptod for appl~cr- 

tion to thb-18fOr chromatography rad temted for ablllty to 

8eplMte phomphorylrted compound8 of 8dOno8ina. 

IrAnallp, several resin8 mlected 

YlhTIIODS AND RESULTS 

milfbrlur - Demrption of Nucloic Acid8 

The continued screening of roainm for pol~auc~.otldo 



dosorption proporties was carried out under equlllbrlum coadi- 

tions by batch elution as previously described (4). 

(a) Salaron 8p.m DNA (Calbioch88.) wa8 heat-denatured 

at B1,So for 6 minutes, then rapidly chilled by external ice 

bath and internal application of frozen buffer salt solution, 

80 th8t the temperature dropped to 50' In 15 seconds and 10' 

by BO aocond8, Table 1 presents elution 

donaturod DNA with 26 rerins arranged in 

the desorption activity index previously 

profiles for thim 

decreasing order of 

found for the un- 

denatured samples (4); average recovery was 99 per cent 

deSFite a few cases of extreme spread. 

pletely absorbed, except for trace amounts in two related 

resins of rather high bindlng site density. 

recovered fractions varied from 4 to the uxiaum porsolble 8. 

In 18 cases permitting correlation of the relative desorp- 

tion activity bder (average 322) with that for the uno 

denatured sample (average 447), 13 showed I marked decrease, 

indicating a profile shift to tighter binding, while 5 re- 

la88.d daartured material at loror ionic 8tr0agth. 

All samples were com- 

The number of 

(b) 2%. ability of resins to chaporono heat-deaaturod 

malron 8p.m DNA -8 invo8tlgatad by mixing hot 8olution rfth 

a heated reeln slurry and allowing the mixture to cool after 
b 

30 minutes. Table 2 presents elution 

accompanied by the corresponding data 

profiles with 7 resins, 

for heat-denatured and 
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undonatured sampler. 

iadicoa Indicates that these resins vary widely in ability 

to prevent renaturation of DNA. 

A compari8on of desorption rctfvlty 

(c) The ability of resins to detect de(lrrd0d DNA rrrr 

inve8tignted by coaparimn of elution profile8 with thome of 

undograded rraaples. 

graded by vigoror:s roch.nicn1 shaking for 24 hours, by r&pid 

passage 3 the6 through a 27-g.ugo hypod8mic nmodle, by 

rtirrlng with a Virtis mixer 24 hours at 3. with minirum 

crvitrtion, by sonication 10 minute8 at 10 KC In 8 vator- 

cooled polyethylene bottle, or by exposure of both denrtured 

and undenrtured samples to 25,000 r of X rays. 

Allquots of salmon 8p.m DNA were de- 

Table 3 presents elution profiles of 2 rerinr with 

4 samples of DNA subjected to ordered scis8ion and 2 with 

random sclsaion. In the former clas8lflcation, .hear with 

the needle appeared to be least damaging. 

(d) T&e effect Of aging upon DNA 8OlUtiOn8 stored 8t 

refrigerator temperature was studiad by dotomining the 

ch8nge in elution profiler, Table 4 prerontr the profilar 

of 4 resin8 rnd evidence thrt horogen.ourly decreased rerin 

crpacity and binding site dOn8ity ahift the profile of fm8h 

DNA to lower ionic 8trength8, and extonded 8torrge'of DNA 

solutions at refrigerator terperrtur; remalt. in marked 

shifts to higher Ionic strengths and raom8lously high recov- 

eries by alkali. 

1'055828 
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of neutral buffered stock mlutlon of slrlmon 
The A2430 

sperm DNA under storage at 3* gradurlly lncrea8ed (4 per cant 

at 1 week, 5 per cent In 3 woeks). At room temperature, how- 

ever, the change amounted to 21 per cent in l week and amy 

account for high recoverle8 ob8erved with certain re.1~8, 

erpechllp mince the equilibrium studiem involvod 8everal 

months at the higher temperature. 

by resorting to a base line deterrlnatlon between 310 and 

230 mp, a8 employed above. 

This lncrerse Is halved 

(e) 'Ibe properties of 50 re8ins for da8orblng mamullur 

llver-soluble RNA are being screened under equilibrium condi- 

tion8 at 

Column Desorption of DNA 

(a ) posit ive-Displacemen t - Or8 dlen t -Elut Ion Dov ice. The 

art of chromatography does not yet allow one to predict the 

1055831 

exrct shape and composition of an elution gradient for beat 

separating a complex mixture; therefor., In practice, one 

requires a near llnear gradient that Is reproducibla and sub- 

ject to independent manipulation of local portions. There 

has been completed and put Into opor8tion a **synchrovarigradn 

(Pig. 1) capable of providing p8ralle1, continuously;vari.ble 

gradient-elution of 16 columnlr under Identic81 conditions 

of constant predetermined flow rate. A mlxec, built of 
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9 identipal stacked Lucite chambers, 18 fed by a posltlv- 

dl8plrcoment pump of precision glas8 tubing. 

are mounted in a cage which is suspended in glmbals and 

tilted eccentrically, thereby rolling a glass marble in each 

chamber to afford continuous mixing. 

The 16 mixer8 

The chambers are loaded 

SUCC888iVOly from the bottom upward by pLB8n8 Of a tube pen- 

etrating a central lording port, which then self-seals by 

the autoutic seating of (L floating polyethylene ball. -11 

orpcrrtures connect adjoining chambers 180' apart to circumvent 

laminar flow. 

the output to the column issues from the top. 

of 8pecirl de8ign are sealed with 4 silicone rubber O-rings 

iubricated with silicone grease (Apiezon N for NaOH solution8), 

and all connections are made by polyethylene tubing threaded 

through silicone rubber stoppers. All pumps ace actuated by 

a single 1 RPM synchronous motor driving a converted lathe 

mechanimr through an appropriate gear box, chain, and Spr~~let. 

The column. are packed at 2. under 5 pal, then clipped to a 

metal 8creen immersed in a stirred water bath automatically 

maintained. at 2' by an electrical refrigeration coil, 

The pump input feeds the bottom chamber, and 

Pump plungers 

Ctlibrrtlon of this device revealed that each nfxer con- 

tained an average volume of 964.4 - + 0.6 rl, and each of 8 pumps 

delivered 64 me88ured fraction8 at an aver8ge rate of 16.3 

- + 0.0 r1/150 minutes. Tha gradient developed lm detemined: 
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by the initial concentrations charged into each chamber of 

the mixer and pump. 

diento obtained by loading the indicated number of upper 

Figure 2 presents the 9 slaplest gra- 

chombers with water, and the reminder and pump with 2 - Y 

NaC1; the curves describe the theoretical gradients obtained 

from the computer program (5)J while the points were deter- 

mined by titration, 

by loading the chambers with 8/9, 7/9, 6/9 ..... 1/9 of the 

limiting concentration contained in the pump. At any time, 

a second gradient may be superposed on the initial one by 

A truly linear gradient may be obtained 

recharging the pump with a different solution. 

apreare to provide the precise control of column environment 

required for meaningful evaluatio3 of a large number of 

The device 

amine-substituted anion exchange resins. 

(b) Choice of a Bacteriostatic - Agent Compatible with 

Materials in the Gradient -- Mixer. Ihe 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 lncubat lag lo6 spores of 

bacillus subtilis in 25 ml of thioglycollate broth for 7 days 

at 37O. Complete growth inhibition was found with all agents 

at the highest concentration; chloretoae WIP 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 - 
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but Ineffective at 0.25 per cent. Inoculation of fresh 

broth with 0.5-ml aliquot8 from completely Inhibited cul- 

tures showed the mechanism to be bacteriostatic rather than 

bactericidal, 

Lose of these reagents from solution through scavenging 

was aSSeS6ed by shaking with granulated Lucite In poly- 

ethylene bottles for 4 days, followed by re-assay for hal- 

ogenated compound by the Fujiwara reaction (chloroform 

99 per cent, trichloroethanol 20 per cent, and chloretone 

relat lvely lltt le loss). 

On the basis of these findings and spectrophotometry in 

the region of 315 to 240 mp, 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 emch) and fresh salmon sperm 

DNA under controlled conditions of flow rate, salt gradient, 

and resinDNA binding density, 

spectrophotometrically (Az6* to A310), and each contained 

single smooth peaks eluted by salt and by alkali, but In 

varying proportions. 

sodium chloride at threshold, peak, and tail of the salt peak, 

Profiles were determined 

The ordinate expresses the rolaritp of 

The resins are arranged la ascending order of per cent elu- 

tion by salt, and the designation is preceded by the capacity 

f 
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in meq exch Cl-/g. 

per cent non-bound DNA, and profile distribution index (per 

cent recovery by alkali divided by per cent recovery by ult) 

8r8 indicated for each resin. 

The appropriate binding site density, 

Dotted lines represent a Fun at constant DNA lordlag/g 

resin (variable binding site density), chloroform bacterlo- 

Btat, 8nd colloctlon rate 10 m1/- minute8; mean recovery 

was 100 per cent. 

NaC1, 0.5 - M NaOH. 

Alkaline elution was achieved with 2 Y 

Solid lines represent a run at constant binding site 

density (variable DNA loading/g resin), chloretone bacterio- 

stab, and collection rate 10 m1/125 minutes; mean recovery 

was 110 per cent. A flatter salt gradient w88 ueed (Fig. 2, 

No. 9, Co 0.015 - M NaC1, 0.01 I M TRIS buffer, CL 0.85 - Y NaC1, 

0.01 - M TRIS), 
slip, despite larger binding site densities. The general 

increase In profile distribution Index at the 2.8 X freter 

flow rate is noteworthy and indicative of pronounced ehift 

to higher ionic strength with departure from equilibrium. 

The location of peaks in the ordinate expresses the relation 

between rise and degree of tailing. 

Only ECTEOLA and ECHMTA exhibited appreciable 

Table 5 presents mean Sobe values of 8lgnlflcant peak 
I 

.. fr8ctions from the slower run, arranged in order of increas- 

ing non-bound DNA. It is apparent that these resins vary 



i. 

TABLE 5. MEAN Sobs VALUES OF SIGNIFICANT PM FRACTIONS 

Mean Sobs Values 

of Fractions 
Non-bound Binding DNA site Non-bound NaCl NaOH 

R88in (per cent) Density Fraction Peak Peak - 
81 00 6 27 

2 ECMOR-SF1 

-- 7 22 
gcwlATpOGSF1 3 9 

9 0- 8 18 

20 -0 9 

13 18 

3 

3 

4 

ECDUAPWGSFl 5 

9 

ECPlD-SF1 

ECDEb-SP2 

13 00 7 16 
ECDEOLA-SF2 

-0 11 8 

ECEOLA-SF2 

ECWPDOL-SF1 11 13 10 

ECDEA-SFl 14 6 18 

ECTEOLA-M 20 19 8 

ECATPOGSFI 21 10 11 8 7 

ECHE~A-SFl 47 8 8 

ECTETA-SFl 49 6 11 11 

ECDMA-SF1 50 13 6 7 

5 15 5 ECE~OLA-SF~ 32 

10 3 5 
ECHYTA-SFl 50 12 

6 

3 
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widely in the degree to which they fractionate a 8lip fr8c- 

tion, 

Spectrophotometric determinotion of ba8e r8tio8 (6) in 

varioua fractions of all 32 profiles f8iletd to reveal any 

signif icrnt variations. 

Thin-Layer Chromatography 

Thin-layer chromatographic techniques afford conrider. 

able economy of material in working out opthum condition8 

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, lntermedlate, and high capacity were 

tested for ability to separate phosphorylated 8denosFne com- 

pounds as a function of ionic strength. Resins were ground 

in a mortar and suspended In a Virtis homogenizer rt nw<irPum 

speed for 10 minutes to obtain an appropriate particle size 

of approximately 10 p judged by uniformity of the layere. 

Plates 2 x 20 cm were prepared by masking the edges with 

electrical tape and applying 1 cc of a slurry containfng 

150 mg of resin, 

tilting the plates, which were then air-dried aad the tape 

Uniform spreads were obtained by gently 

’, removed, Commercial TL+C DEAE-CellUlOSe (BlO-R.d), ply- 

ethyleneinine (PEI) cellulose, and unrnodif led TLC cellulore 
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were a180 used as test media, In all cases except unmod- 

ified cellulose, minioral background ultraviolet absorbance 

permitted intermittent monitoring of nucleotide migration on 

the plate8 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 HCl, NaC1, or NH4HC03. Useful 

separations were obtained with all 3 solvents, but the best 

resolution was obtained using either ECPEDA-SF2 or ECAHYPD3L- 

and ECAEPIPDOL-SF1, Ri values were proportional to HC1 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 - Y ammonium bicarbonate and 0.05 - W NaC1. 

DISCUSSION 
J 

Sycltematlc 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. 

present studies (S), it uta8 recognized th8t changes In flow 

rate caused by resin swelling altered elution profiles, and 

that intentional interruption of flow rate invariably resulte 

I d In the course of the 
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in the generation of artifact peaks. 

preci8e control, however, each emerging peak exhibited only 

2 slopes and the ionic strength required for dewrption be- 

came more nearly dependent upon the equilibrium conmtant for 

a particular resin. 

adequately controls column environment. 

suggest thnt the binding of small nbOleCUl08 cannot be com- 

pared directly with that of amcromolecule1. 

anomalous from the 8tandpoint of fnacromol8cUlrr slip, thus 

demonstrating several factors inf luencing binding. Steric 

relationships which prevent all exchange sites from reacting, 

such as hindrance between polycation and polyanion groups 

and the interspacing of polycatlon groups on the mtrix, 

could account for differences in binding of small and large 

molecules, 

may react with epichlorohydrin leads to a second order of 

chemical heterogeneity difficult to control in resin prepara- 

tion8. While variability in 8pnthe8i8 im recognized (e. g. 

Under condition8 of 

The device described in this report 

There studies 

waa 

The alternate modes by which polyfunctional amines 

=LA), di8currion Of the 2188 Of 8bplO 8YmOtriCrl WOUpS 

to attain more chemically uniform binding sites ir perhaps 

premature. 

Studies involving the use of unmodified cellulose to 

disperse reactive resin particles (heterogtaeous dilution) 

rad controlled chemical synthesi8 (homogeneous dilution) may 

t 055842 -369- 
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shed light on the relative inter- and intra-cellulose par- 

ticle contribution to binding and the elution profile. 

Tb8 choice of salmon sperm DNA as a common test material 

ha8 both advantages and disadvantages; spectrophotometric 

indlc8tions 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 resins release native material more 

readily thnn denatured. Experiments with degraded DNA were 

inconclusive and will require the greater resolution of col- 

umn chromatography and a less heterogeneous starting DYA. 

Sose materials appear to be more effective chaperones than 

other.. fn this regard, it will be of interest to determine 

the effect of resin absorption upon storage life of nucleic 

acids. 

Continued investigation of resin properties will in- 

volve studies on performance reproducibility, a8 well as 

more precise characterization of the polynucleotide. 

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 

lysodeiktlcus will be fractionated, with definitive chemical 

analysis replacing current optical techniques for base evalur 

At 

tion. Defined molecular weights which can be assigned to 



I 

DNA and ZragrPents 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 suggestm that their greatest applic8bility may lie 

in the separation of oligonucleotides too large for mtisf8c- 

tory separation by existing resins, and smaller than the 

highly polymeric DXA where they lock the specificity of col- 

umns employing specific polynucleotides as fractionating 

meaio. Some promising preparations appear to be ECDSA, 

ECMOR, and ECHMTA; these may also conveniently provide rapid 

separation of mononucleotides and small oligonucleotides by 

thin-layer chromatography as evidenced by the prelbinary 

studies on phosphorylated derivatives of adenosine. 

It is anticipated that meaningful evaluation and some 

design requirements for specific subatituted cellulose 

exchmgers can be readily attained from the simultaneous 

opcrr8tioa of 16 columns under condition8 which allow the 

resin, gradient, flow rate, or mlyaucleotide to be the 

experimental variable. 

matic spectrophotometric monitoring of the effluent from 

The f easlbility of continuous auto- 

16 columns is being investigated. 

1'0 5 5 8 4 il 
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