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PROGRESS REPORT: DISEASES OF LABORATORY ANIMALS

Notoedres muris Infection of Rats

Robert J. Flynn

Notoedres muris causes a scabies-like mange of rats characterized
by the occurrence of red papules and thick, horny crusts on the hairless or
sparsely haired parts of the body. The ears, nose, and tail are the sites
usually affected; however, in extreme cases, the feet and external genitalia

may become involved. (1)

The opportunity to cbserve this infection first-hand and to test the
effectiveness of the acaricidal treatment previously developed for the con-
trol of ectoparasites of mice (2) occurred when five commercially-bred
laboratory rats with "tumors on their ears" were forwarded to the author
for diagnosis.

Description

The ears of all five rats appeared macroscopically to be covered
with "papillomas" or "tumors" (Figure lA). The lesions of the nose
appeared as wart-like, horny projections; those of the tail, as red vesicles
or papules. Through a dissecting microscope, the tumor-like lesions of
the ears appeared as yellowish, keratinous crusts. Breeding tunnels,
containing countless specimens of Notoedres muris (Figure 1B) in all

stages of development, were found under these crusts.

Treatment

Two of the rats were given three weekly treatments using a 2%
aqueous suspension of a wettable powder containing 15% Aramite
[2-(p-tert-butylphenoxy) isopropyl-2-chloroethyl sulfite]. Two rats were
not treated.

Results
By the 30th day after the initiation of treatment, the two treated

rats were completely free of lesions, and no mites were demonstrable
(Figure 1C). The two untreated rats remained unchanged.




Figure 1

A, ear mange of rat, untreated: B, ctiological agent: Notoedres muris (female); C, same rat as in A,
30 days after treatment.
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PROGRESS REPORT: DISEASES OF LABORATORY ANIMALS

Failure of Stylomycin to Eliminate Syphacia obvelata Infection

Robert J. Flynn and L.eRoy O. Bibbs

A mouse breeding colony, maintained at this Laboratory and
initiated by foster nursing caesarian-born CF No. 1* mice on CFN* rats,
was found to be infected with Syphacia obvelata. It has been reported(l)
that the addition of Stylomycin** to the drinking water in single doses of
0.62 mg or higher per mouse was more than 99.5% effective in removing
these pinworms. Therapy with Stylomycin was therefore attempted.

Methods

The entire colony was treated: thirty breeding groups each con-
sisting of 12 adult females, 2 adult males, and varying numbers of suckling
mice. Three days a week, for four weeks, each group was given as its
sole drinking fluid, 250 ml of water containing 31.25 mg Stylomycin
(equivalent to 17.9 ml of water and 2.23 mg of Stylomycin per adult mouse).
To increase palatibility, 5 ml of Coke ! syrup was added per 100 ml of
medicated solution.

Each breeding group was housed separately in a "shoe-box" type
cage consisting of a stainless steel top with built-in feeder and bottle
holder, and a plastic bottom . (2) Autoclaved white pine shavings were
used as bedding and Wayne Lab-Blox as the diet.

At least once a week, all cage bottoms and tops, water bottles,
nipples, and stoppers were washed with hot detergent solution and rinsed
with 180-210°F clear water.

Previously sterilized cages with wire-mesh floors and stainless
steel pans were used to collect fecal samples for examination. The mice,
by breeding groups, were housed in these cages for 24 hours; the composite
fecal samples recovered were examined by the flotation method. 3

*Carworth Farms, New City, New York.

**Puromycin HC1, 6-dimethylamino-9-(3'-p-methoxy-L-
phenylalanylamino-3'-deoxy-D-riboxyl)-purin. American Cyanamid
Co.

7 Coca-Cola Company




Results and Discussion

Stylomycin failed to eliminate the infection. Before treatment,
70% of the breeding groups were positive for S. obvelata; four weeks after
the last treatment, 63% were positive.

The possibility that the unsterilized, unpasteurized commercial
feed might have been responsible for the failure was ruled out when it was
observed that an adjacent mouse colony, after being fed the identical food
for over 6 months, remained completely negative for S. obvelata.

Since the life cycle of this parasite is 12-15 days,(‘“ the procedures
followed should have eliminated the infection completely. Either the drug
used is not as effective as the earlier work indicated, or some unknown
"break" in technique occurred. The latter possibility is being investigated
further.
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. RED-FAR RED INTERACTION IN OXIDATIVE PHOSPHORYLATION
b, . £ -
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S. A. Gordon and K. Surrey g‘iwﬂ Cop
e

Radiation in a broad region about 1-u wavelength (near infrared)
will increase the number of chromosomal aberrations induced by X-rays.
This phenomenon has been shown to occur in the animal(l) and in the
plant,(z) It has also been used to enhance the effect of X-rays on tumor
regres sion.(3) Subsequently, Withrow and Moh(4) demonstrated that far-
red radiation between 700 to 800 my, and not the infrared, was the active
spectral region. Moreover, the potentiation of X-ray-induced chromo-
somal aberrations by far-red light could be nullified by concomitant or
subsequent irradiation with red 1'1ght°(5) This reversal suggests that the
photoreceptor of the visible radiation is analogous, if not identical, to
that functioning in plant photornorphogenesiso(6

Recent studies of Wolif and Luippold(7w899) indicate that the re-
combination following X-ray-induced chromosomal breaks is dependent
upon oxidative metabolism. The energy requirement for recombination
can be supplied through, and probably normally comes from, the genera-
tion of adenosinetriphosphate (ATP). Rejoining is impeded by post-
irradiation anoxia, low temperature, and metal poisons - known respiratory
depressants. It is also impaired by the respiratory uncoupler, dinitrophenol.
Supplying ATP increases the frequency of restitution.

The above two groups of work in conjunction suggest that the bio-
chemical basis of the far-red potentiation of chromosomal breaks is the
impairment of ATP generation. This hypothesis has been examined ex-
perimentally with both plant and animal tissues.

Experimental

Avena seedlings were grown in the dark for l% days. They were
then irradiated for 3 hr under the biological spectrograph(lo) at the 650-
and 725-mp loci. Incident energies were adjusted to give a flux at the
red and far-red positions of about 20 ergs/mmz‘/seco After 20 hr the
shoots were cut at the scutellae. The mitochondrial fraction was isolated
and assayed for ATP-producing capacity. Table 1l indicates that the far-
red significantly reduced, and the red significantly enhanced, the phos-
phorylative capacity of the mitochondria.

The possibility was considered that the differences shown in
- Table 1 were caused by differences in mitochondrial concentration, mass,
‘ or volume induced by previous irradiation of the plant. This seems un-
likely: no significant correlated differences were observed in the N
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precipitable by trichloroacetic acid, in the mitochondrial packed volume .
(hematocrit capillary method), or in the mitochondrial number (counts
of evaporated aliquots with the electron microscope) of the mitochondrial
suspensions.

TABLE 1

Phosphorvylation rates of mitochondria
isolated from oat seedlings previously
irradiated by red or far-red light.

b + 0., (30°C)*
n==é
Red 1.03 £ 0.01
Dark 0.87 £ 0.01
__Far-red | 0.71%0.02

*b represents the average U moles
phosphate esterified per ml enzyme
per minute, as minimized by least
squares, for the linear period of
activity. "

No significant difference in phosphorylative capacity was found
after directly irradiating isolated Avena mitochondria with the red or
far-red light. Though this suggests that the mitochondrial response in
the plant could be indirect, a direct radiation effect on mitochondria of
the rat liver was observed. Table 2 indicates that far-red light causes
a significant decrease in the rate of ATP generation, compared to the
red, when liver-mitochondria are added to a phosphorvylation medium
and then irradiated. In the experiment represented at the left of
Table 2, esterification took place at 22°C. At the right is shown the
turnover when the mitochondrial suspension and medium was main-
tained at 3°C during irradiation.

Mitochondrial suspensions alone were then irradiated at 3°C.
Periodically, aliquots were removed for assay of activity at 30°C.
These activities, expressed as successive rate constants, are given
in Figure 2. The change in rate constant as a function of time in the
dark and under red or far-red light is given in Figure 3 as a semilog
plot. These curves indicate that the zero-order phosphorylation rates -
decay exponentially in the dark. The decay constant is increased by a
factor of about 1—; under far-red and decreased by a factor of about

1 . . .
5 under red irradiation.




TABLE 2

Phosphorylation rates of rat liver mitochondria at
22° and 3° C while under continuous irradiation by
red and far-red light.

22° C 3°C
bt Omp* b+ 0n*
(n=06) (n=12)
Red 0.60 ¥ 0.003 0.029 + 0.002
Dark 0.57 + 0.03 0.013 ¥ 0.001
Far-red 0.45 + 0.01 0.018 ¥ 0.003

*¥b represents the average U moles phosphate
esterified per ml enzyme per minute, as
minimized by least squares, for the linear
period of activity.

[&1]
(&)

(¢
o

[3S]
&)

)
o

o

]

&)

T T T T T T T T FrsT T T T
o trs
Hrs
L 4025 4 i
166 DARK o
0,\ XO FAR RED
RED Te %Y T 7
Q/D:‘/ *0’)3 266 /\/»J _H_rﬁ
i ~0,,\ 2 g 400 Q 1 1080
A9 0O 127 >
SIS Q¥ x
- &y 4 o -+ %6 .
N 0’\ Ko 130
AS) 2% 4
hs) N 0\6
,( “
L 4 2 go) _
. o ML Q 277 \040
~ Y Q377

L 1 “~21L A \3
=9 be 022k o) 303
b= 058t Ol 443

! L I I ! ! 1 |

[ MOLS PHOSPHATE ESTERIFIED/ML ENZYME

@)

I
5 10 5 20 25 5 ) 15 20 25 5 10 15 20 25
MINUTES INCUBATION, 30°C

Fiure 2
The effect of pre-irradiation with red and far-red light on the phosphorylative activity of rat-

liver mitochondria. The mitochondria were kept at 3° C during the irradiation periods,
whose duration is indicated under "Hrs.”
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Figure 3

The effect of red and far-red light on the
decay of mitochondrial phosphorylative
capacity.

The effect of far-red radiation apparently can be nullified by the

red in an alternating sequence.

A mitochondrial suspension was placed

under far-red for slightly less than 1 hour and then aliquots were taken
for assay. A portion of the suspension was then moved to the red locus

of the spectrograph, allowed to remain for ca. an hour, and aliquots were
again taken for assay. A portion was then returned to the far-red locus.
The results, shown in Figure 4, indicate that at least two successive re-
versals with red and far-red are possible.

5]

Figure 4

o

Phosphorylative capacity of rat-liver
mitochondria at 30° C as affected by
alternating pre-irradiation with far-
red and red light.
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Discussion

It may be concluded that ATP generated by mitochondrial phosphor-
ylation is significantly affected by red and far-red radiation. Red and far-
red action has been demounstrated chiefly at the morphological and cytological
levels by previous work. The present experiments have shown its function
at the biochemical level. As far as we are aware, this is the first demon-
stration of a red-far red reaction and its reversibility for animal tissues.

If chromatid reconstitution requires ATP, the impairment of ATP
generation appears to be a demonstratable and adequate biochemical basis
for the far-red potentiation of X-ray-induced chromatid aberrations.

These experiments indicate that the primary locus of action of the
red spectrum on the chromosome might be a cytoplasmic organelle other
than the nucleus. Not precluded, however, is an analogous phenomenon
in the nucleus.

Finally, this work suggests the possibility that the rate of oxidative
phosphorylation may play the determinative role in the morphogenic
responses to the red end of the visible spectrum.
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IN VIVO MEASUREMENT OF 5r° IN DOGS

Philip F. Gustafson and Patricia J. Bergstrand

In November 1955 a group of 14 dogs that had been injected 1 to
94 years previously with Sr?® was measured by bremsstrahlung counting
with an Nal scintillation counter.\l) The purpose of the study was to inves-
tigate the possibility of using this method of in vivo counting of Sr? to deter=
mine the body burden of this radioelement. The success and further
application of the technique is illustrated by reports of similar procedures
used elsewhere for Sr? determination.\?:3) Of the 14 dogs originally meas-
ured, 5 are still alive and have been counted again within the past few
months.

The counting of these and the other dogs reported here was done in
the steel room of the Biology Division using a 5 x 4 in. Nal crystal as the
photon detector. A lucite B-ray absorber, % in. thick, surrounded the crys-
tal. The dogs were placed in a standing position in a plastic sling, which
held them comfortably without permitting much movement. The distance
from the center of the crystal to the backbone of the dog was maintained at
50 cm. Data were collected on an Argonne Type 256-channel analyzer, the
spectral region extending from 20 to 200 kev.

The amounts of Sr?® present in the experimental dogs were obtained
by comparision with two dogs counted shortly after they had been injected
with known amounts of Sr?". The use of two "standard dogs" of different
weights (4.6 kg and 12.6 kg) made it possible to find the variation of counting

rate per uc of Sr?® body burden as a function of body size and/or body weight.

A third dog weighing 1 to 2 kg will also be injected so that the calibration
may be extended to smaller dogs. The background counting rate over the
spectral range of interest was of the order of 540 cpm; one pc of Sr?%-Y?°
gave 100 and 160 cpm in vivo in the 12.6- and 4.6-kg animals, respectively.

New measurements of 4 of the dogs extend retention values for Sr?
to 11 to 12% years after injection. In addition, the one surviving high-level
dog counted in 1955 was also recounted. Table 3 indicates the current re-
tention values along with those found in 1955. The retentions to be expected
from the 1955 data according to the power function described by Stover
g_tﬂ_l‘.(‘{l) (Rt = 0.7 t-o,z) are also shown for comparison. The data agree
fairly well with this form of the power function.

In 1956 the Pathology Group undertook a study of sr? in very young
beagles. Three pregnant dogs were injected from 1 to 8 days before partu-
rition, and the young received no further Sr?® except for that derived from
suckling. The initial injected dose and the retention values for the three
dams are indicated in Table 4. Retention in each dog in the three litters

15



TABLE 3

$r? body burdens as messured by bremsstrahlung method

Injected Time since . Time since | Retention 1958
, Age at jRetention . Retention | 7, .

Dog dose, . injection, injection, calculated by
injection| 1955, pc 1956, uc -0 .2

me - years vears R=0.7t77, uc
QAL1351 1.010%* 0 Mo 249 9.5 24.0 12 22.2
QA147 | 1.070% | Adult 9.9 a.5 8.4 125 8.6
QA181 1 0.086 5 mo 20.7 8.5 19.5 11 18.4
QAlL82 | 0.094 5 1m0 14.4 5.5 14.9 11 12.8
QA184 | 2.25 6 yr 206.8 1.0 183.5 3.5 194.2

*Unknown fraction of $r8 present in injection solution.

TABLE 4

Retention of $r% in female beagles

Age at Injected ! Time after [ Retention
Dog injection, dose, imnjection,

year we I year “e %
PWS81 4 B 1} 6.7 | 6.8
PW§2 4 95 13 5.3 | 5.6
PW8§3 4 aQ4 E i} 30.4 | 4.0

at the end of 2 years amounts to 1 to 2% of the dose given to the mother
(Table 5). Expressed in these terms, retention appears to be low, but it
should be pointed out that the initial dose present in the newborn pups, as
measured with a somewhat different counting procedure, indicates that
retention two years after injection is of the order of 90%. Thus it is that
amount of Sr’% crossing the placental barrier is small, but the retention is
high.

An attempt was made to incorporate levels of 150 pc/kg and
15 Mc/kg of Sr?%, which are comparable to that administered to QA184 and
its litter mates and to QA181 and its litter mates, respectively (see
Table 3). This was done by the systematic injection (1 injection each work-
ing day) of each animal of subsequent litters from each of the 3 females.
The term of injection was not complete at the time of measurement in all
cases, but the total amounts injected and the amounts retained are tabulated
in Table 6.




TABLE 5

Sr?® body burden in beagles injected prenatally

’Ijnpe a?fter Retention, Body
Dog injection, burden,*
e
year To
Litter PW81-L**
PW81-1,-2 2 1.6 1.6
PW81-1,-3 2 1.5 1.5
PW81-L,-4 2 1.5 1.5
PW81-1,-5 2 1.8 1.8
Litter PW82-L,**
PW82-1,-1 11 2.2 2.3
PW82-L,;-2 1 2.2 2.3
PW82-1,,-3 11 1.8 1.9
PW82-1,-5 14 2.0 2.1
Litter PW83-L,**
PW83-1,-1 2 11.2 1.2
PW83-L,-3 2 16.6 1.8
PW83-L;-4 2 13.7 1.5
PW83-L;-5 2 7.3 0.8
PW83-1,4-6 2 10.5 1.2
PW83-L,-7 2 13.3 1.5
PW83-1,,-9 2 11.5 1.3

*Expressed as percent of dose administered to dam.
**Litter PW81-L;: 98 uc Sr’® was injected into the
dam 6 days before parturition; litter PW82-1,;:
95 uc was injected into the dam 1 day before par-
904 uc was injected into
the dam 8 days before parturition.

turition; litter PW83-1.;:

17
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TAB

LE 6

Summary of periodically injected beagles

Injected . Retention,
Retention, .
Dog dose, % injected
Le
c dose
Litter PW81-L,¥
PW81-1,-6 1310 452.6 34.5
PW81-1,-7 " 491.1 37.5
PW81-1,,-9 " 552.0 42.1
PW81-1,-10 " 513.7 39.2
PWwW81-1,-11 " 492.5 37.6
Litter PW82-1.5*
PW82-1;-15 126.4 62.6 49 .5
PW82-L,-16 " 58.0 45.9
PW82-1.5-17 h 51.5 40.7
PW82-1,;~18 " 59.1 46.7
PW82-1,5,-20 " 65.3 51.7
Litter PW83-L,*
PW83-1,-12 522 139.4 26.7
PWB83-1,-13 " 158.0 30.3
PW83-L,-14 u 174.0 33.3
PW83-1,-15 " 156.5 30.0
PW83-L,-16 n 194.9 37.3
PW83-1,-17 u 164.7 31.5

*Litter PW81-1L, was born July 16,1957, and has had
226 injections of 5.8 /uc/injection, to date. Litter
PWB82-1.; was born November 28, 1957, and has had
218 injections of 0.58 /uc/injection, to date. Litter
PW83-1, was born July 20, 1957, and has had 90 in-
jections of 5.8 ,uc/injection. The last injection was
made November 27, 1957; the injections were then
stopped because of multiple fractures among the
animals in this litter.




It is apparently true that retention is a function of age and moves in
the direction of higher reteution in vounger animals. This is, in fact, illus-
trated in the case of the pups born shortly after injection of the dam, where
the retention does not follow Ry = 0.7 t~%”, but corresponds to a case where
the coefficient is larger and the exponent either the same or somewhat
smaller. It is proposed to investigate more thoroughly the nature of reten-
tion in very yvoung dogs and to attempt to build a model to fit the retention
pattern exhibited in the sequential injection cases. It is also contemplated
that all these dogs will be counted periodically.
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CONSEQUENCES OF THE CONTINUOUS INGESTION OF sr?° BY MICE .

I. Experimental Design and Results up to 200 Days

Miriam P. Finkel, Patricia J. Bergstrand, and Birute O. Biskis

Human contamination with Sr’° occurs primarily through the
ingestion of foods containing sr? Although animal experiments involving
the injection of solutions of radiostrontium provide important information
bearing on the hazards of sr? contamination, they differ from continuous
ingestion in two important respects. First, the distribution of the isotope
in the skeleton is very uneven if the total amount is given in a single injec-
tion, and it becomes more uniform as the number of fractionated injections
increases. The greatestuniformity would be expected to follow a continuous
feeding regimen. Second, Sr?° is usually injected in equilibrium with its Y*°
daughter, which follows the distribution pattern of yttrium and contributes
significantly to the over~all irradiation in the early period after adminis~
tration. On the other hand, the absorption of ingested yttrium is negligible,
so when it enters the body with food, it irradiates the intestinal tract pri-
marily. For these reasons, and because it is desirable to study the effects
of continuous internal irradiation in very young animals, the following
experiment was undertaken.

Materials and Methods

Food preparation. Sr?% at the six levels listed in Table 7 is incorpo-~
rated in milled mouse food before pelleting. The highest level is equivalent

TABLE 7

Reproductive history

Litter production Total No. of yOurg
90 Total No. of litters
MC ST No. of
Level C females
g La / Alive at | Females alive
/g -day* iabl
% | %/ -day* | nonviable | T at 35 days
1 10.0 230 17.8 5.9 2.4 8.1 2.3
2 5.0 236 8.9 4.5 4.8 7.9 2.5
3 2.5 285 16.2 8.1 4.4 8.3 2.8
4 1.0 293 6.8 6.8 10.0 7.6 2.5
5 0.1 332 12.1 12.1 5.0 8.4 2.3
6 0.01 317 12.0 12.0 13.1 7.7 1.9
7 0 319 12.5 12.5 7.5 8.8 2.6 3
* The males remained in the breeding cages for 3 days in Level 1, 2 days .

in Levels 2 and 3, and | day in Levels 4, 5, 6, and 7.
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to 10,000,000 Strontium Units (S.U),or 10,000times the occupational Maxi-
mum Permissible Concentration (M.P.C ), and the lowest is 10,000 S.U., or
10 times the occupational M.P.C The present procedure involves mixing
the ground meal with gelatin to facilitate shaping and hardening, sodium
propionate to prevent the growth of mold, a pure food dye to provide color
identification, water to give the desired consistency, and Sr’°. The wet mash
is pushed through a converted meat grinder, which extrudes the food through
five tubes. Pellet-size pieces are cut and then dried at 60 to 70°C for 48 hr.
Control rations are prepared in similar fashion The evenness of mixing of
the Sr’° has been tested by ashing and counting the disintegrations from a
number of pellets from several batches The coefficient of variation was
2.4%. It is anticipated that a laboratory pelleting machine will soon replace
this rather laborious food manufacturing process.

Animal production and maintenance Adult CF No. 1 female mice
were housed 10 per stainless steel cage and given control food uncontaminated
with Sr?°. One male mouse was introduced into each cage and was permitted
to remain there for 24 hr WNineteen days later the pregnant females were
isolated in confinement cages (stainless steel boxes containing sterile wood
shavings), and the remaining mice, plus additions from stock to return the
number to 10 per cage, were provided with Level 6 food (see Table 7). Two
days later the male mice were returned to the breeding cages, and they were
removed 24 hr. later. The males received food countaining Sr%° only during
their stay in the breeding cages

Nineteen days after this second breeding period the pregnant females
were isolated in confinement cages, where they continued to receive Level 6
food. The remaining mice, plus some additions from stock, were changed to
Level 5 food, and two days later the males were reintroduced to the cages.
This routine was repeated, at increasing levels of Srgo, until the series of
dose levels was complete

The male mice and those females that had not produced litters were
discarded. Mice with nonviable litters were maintained as post-breeding
females at the Sr”° level they had reached when their litters were conceived.
Mice with viable litters were added to this group when their young were
35 days old, or earlier if their litters were gone before that time.

The newborn mice were weighed as a group, and some males were
selected for Sr?° and Ca analyses At 7-day intervals the bedding material
was replaced, the young were again weighed, and additional males were
taken for analysis. At 35 days the young mice were ear-marked, weighed
individually, sexed, housed in stainless steel cages, and were provided with
food at the appropriate sr?®level The male mice remaining after 35 days
have been removed periodically for analysis and autoradiographic studies.
Males are being used exclusively for this purpose because they are notorious
fighters and, consequently, useless in long-term toxicity experiments.
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The experimental routines and maintenance procedures for the post-
breeding and Sr?° -reared females are the same as those employed in our
previous studies of the effects of internal emitters in mice. The animals
are observed daily and weighed and examined individually at 1-month inter=
vals. Moribund animals are killed with sodium pentobarbital after a periph-
eral blood sample has been taken, and autopsy is followed by skeletal
roentgenography. Certain tissues are always taken for histological study,
and others are taken as indicated.

Results

Considerations of space and man-power made it impossible to breed
all of the groups at the same time. The procedure used was selected as the
one that would make the best use of the available adult females while still
producing all the young in a given group at the same time. The major disad-
vantage of the method is that comparisons of reproductive capacity among
groups are not entirely valid. One reason is that at each successive breeding
a large part of the population consisted of animals that had not bred when
previously exposed. However, since the "average" mouse will mate only
one day out of five, and since 21 days elapsed between breeding trials, it
would be expected that animals i estrus at any period would not have been
receptive at a previous breeding period. Another reason for caution in
comparing the groups for reproductive capacity is that Level 1 mice were
bred four months after the control, or Level 7, mice. Not only is four
months a significant portion of the reproductive life of a mouse, but seasonal
variation in breeding has often been noted in this species. In addition, mani-
festations of disease within a colony often fluctuate in severity from month
to month.

The data in Table 7 should be examined with the above reservations
in mind. The variations in the percentage of females producing litters and
the percentage of litters with no live young are probably due to an endemic
intestinal infection, which became apparent when the first litters were born.
A few lactating mice became ill and failed to care for their young. A short
time later some cages of breeding females developed the typical symptoms,
primarily pallor, lethargy, and diarrhea. These animals did not become
pregnant. The litters that were produced were large, on the average, and
their size did not seem to be influenced by the level of Sr’ in the diet or by
the age of the parents. The number of females reared to 35 days of age also
did not vary substantially among the groups. However, the average number
of females per litter reaching 35 days of age was only 2.4, whereas 8.1 young,
or a calculated 4 females, were born. This loss of an average of 1.6 females
per litter was due primarily to the infection mentioned above.

The numbers of post-breeding females and Sr°° -reared females that
comprise the long=term toxicity study are listed in Table 8. Most of the




TABLE 8

Mortality and reticular tumors at 200 days

Post-breeding females

Sr?%reared females

Level M . Reticular o Reticular
g Ca Number Mortality, tumors, | Number Morg/allty, tumors,

% % b %

1 10.0 39 15.4 0 94 14.9 1.0

2 5.0 21 4.8 0 53 2.7 0

3 2.5 46 4.4 4] 128 9.4 0.8

4 1.0 20 15.0 5.0 48 2.1 2.1

5 0.1 38 5.3 0 92 4.4 2.2

6 0.01 31 3.2 0 70 4.3 1.4

7 0 31 3.2 0 105 2.9 1.0

deaths that occurred among the dams during the first 200 days could be
attributed to the intestinal infection. At autopsy the distended caecum was
found to contain yellowish fluid, and the very pale, thick-walled colon

typically contained only mucus.
post-breeding mouse had a tumor of the blood-forming tissues.

neoplasms were found.

The livers were essentially normal. One
No other

Most of the deaths between 35 and 200 days of age among the

Sr? -reared females were associated with the same gastrointestinal

symptoms.

Tumors of the reticular tissues appeared more frequently

than among the dams during this interval, but no other neoplasms were

seen.

No skeletal abnormalities have been detected to date, but there is

an impression that the Level 1 mice may be somewhat smaller than the

others.

However, no bone measurements have been made as yet, and the

weight data have not been examined. Another important phase of the
experiment, which will be reported when the results are available, concerns
the analytical and autoradiographic study of the males.
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TRITIUM LABELING OF ORGANIC COMPOUNDS .
OF BIOLOGICAL INTEREST

C. F. Decker, William P. Norris, and Walter E. Kisieleski
lLabeling of organic compounds by the self-irradiation method de-
scribed by Wilzbach et al. 1) s being investigated. One of these, 1-proline,

has been labeled. When l-hydroxy proline was subjected to the same con-
ditions of irradiation it was found not to be labeled.

Experimental and Results

One gram of commercial l-proline or l-hydroxyproline was exposed

| to approximately 3 ¢ of gaseous tritium for 3 days. Immediately after
irradiation, the compounds were examined by paper chromatography on
Whatman No. 1 filter paper. Two different solvent systems were employed -~
butanol:water:acetic acid and 77% ethanol. Ninhydrin-positive spots were
identified using a modified reagent.(z) Chromatography of the irradiated
l1-proline in either solvent system vielded only one ninhydrin-positive
spot which had radiocactivity associated with it. However, with 1 -hydroxy-
proline, no radioactivity was found associated with the ninhydrin-positive
area. These spots were identified as 1-proline or 1-OH proline by co-
chromatography of an authentic sample of either imino acid. The strip -
containing the l-proline showed a second faint yellow spot (unidentified)
which was not labeled. Considerable radiocactivity was also found to be

1 associated with the origin and solvent front.

The tritiated prolines were purified either by paper chromatography
followed by elution with water or on a Dowex 50 (hydrogen form) column
using 1 N HCI as the eluting agent. The resulting preparations in either
case were examined by paper chromatography and found to be pure. With
1-proline there was no radioactivity either at the origin or at the solvent
front.

The results are shown in Figure 5. The presence of considerable
quantities of radioactive impurities in A can be seen from the trailing of
the photographic darkening from the origin to the solvent front. A single
spot which corresponds to l1-proline is apparent in B.

Radiochemical assay of the tritiated l-proline indicated that the
specific activity of the crude material was approximately 40 u c/mg. The
specific activity of the purified material was 1.5 to 2 /.Lc/mg.




Radicautograph made from paper chromatograms containing A, l-proline immediately after

Figuare 5.
tritiation, and B, the same material after purification on Dowex 50.
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DELAYED EFFECTS OF X-IRRADIATION IN CHICKENS

S. Phyllis Stearner and Emily J. Christian

Acute radiation mortality in young chicks can be modified by vari-
ous prophylactic techniques, some of which have also been tested and
proved effective in mammals. We have reported the effectiveness of
partial body shielding, low oxygen concentration, and epinephrine in reduc-
ing initial mortality (0 to 2 days) as well as deaths occurring after 2 days
postirradiation in chicks. 1,2) During the first half of 1953 various com-~
binations of these treatments were tested for protective action. Mortality
in the acute period was followed and, in addition, some of the 30-day
survivors were kept for observation of delayed changes. At this time
about one-third of the original group of 30-day survivors is still alive.
This discussion is, therefore, a preliminary summary of observations over
a period of 2000 days after irradiation.

Male white leghorn chicks, at 3 to 4 days after hatching, were
exposed to X~rays at a dose of 1200 r, delivered in 35 min. Irradiation
conditions and protective procedures have been previously described. 1,2)
Three types of protective treatments were used. Partial body shielding
involving about 10% of the body protected the ventral abdominal region
(primarily liver)or the dorsal lumbar region including kidneys, adrenals
and part of the spine. An atmosphere of 7.5% oxygen was used to produce
hypoxia during irradiation. Protection was also provided by administration
of epinephrine in peanut oil immediately before and after exposure. These
treatments were used singly and in combination to produce the best possible
radiation protection in the acute (30-day) period.

Mortality in the initial (0 to 2 days) and the later (3 to 30 days)
acute periods in the protected irradiated groups is shown in Table 9.
Mortality during these periods after single total-body X-ray exposures
delivered in 35 min (Figure 6) indicates that less than 1% survival is to
be expected at 30 days after 1200 r given in 35 min. Thus, significant
survival at this dose level in irradiated protected groups may then be
considered to indicate a significant degree of protection. Combination of
the three procedures provided greatest protection, but in no group was
the effective dose reduced by as much as 50%.

At 30 days, birds to be observed for delayed effects were numbered
and weighed. Since that time, the animals have been caged individually and
maintained under conditions standard for the animal quarters. Weights
were taken approximately monthly and general condition noted at intervals.
Decedents were autopsied, gross changes recorded and, in most cases,
tissues taken for histopathologic examination.
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Effects of protective techniques on acute mortality after

TABLE 9

1200 r X-irradiation {35 r/min)

Addational . Survival
Shielding protective Number Mortality, % at 31 days
* 0-2 days | 3-30days**
treatment %o
None None 67 94.0 100.0 0
7.5% O, 47 74.5 75.00 6.4
Epinephrine 42 59.5 58.8 16.7
7.5% O,, epinephrine 45 53.3 42.9 26.7
Kidney
region None 42 69.0 53.8 14.3
7.5% O, 38 31.6 46.2 36.8
Epinephrine 46 19.6 40.5 47.8
7.5% O,,epinephrine 39 15.4 27.3 61.5
Abdomen | None 32 78.1 100.0 0
7.5% O, 32 56.3 50.0 21.9
Epinephrine 31 51.6 86.7 6.5
7.5% O,, epinephrine 31 25.8 69.6 22.6

*O,, 7.5% during irradiation; epinephrine, 5 nng/kg in peanut oil

intramuscularly immediately before and after irradiation.

** Based on number surviving at 3 days.
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Figure 6. Dose mortality curves following X -irradiation of 3-day chicks.
B. Later (3-30 day) mortality,

A. Initial (0-2 day) mortality;
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Based on time distribution of deaths and associated pathology, three
chronic periods are indicated at this time in this group of birds: 3 to 11
months (no deaths between 30 and 85 days), 1.0 to 4.5 years, and more than
4.5 years. Mortality in these periods and survivors at 2000 days are shown
in Table 10. Deaths experienced during the first year are of special interest.
Most birds that died between 3 and 11 months showed severely atrophied
livers with large accumulations of ascitic fluid. It may be noted (Table 10)
that only 1 death occurred among those in which the abdomen was shielded
during irradiation. During the following 3.5 years there were relatively
few deaths but again only one was from a group in which the abdomen was
shielded, but most recent mortality has included several deaths in these
groups.

TABLE 10

Effects of protective techniques on delayed mortality after
1200 r X-irradiation (35 r/min)

Additional Number Mortality Survivors
Shielding protective observed 3=11 1.0-4.5 [4.5-5.5 at 2000
treatment* after 30 days | months| years years days
None 7.5% O, None
Epinephrine 4 1 2 1
7.5% O,, epinephrine 6 3 2 1 0
Kidney
region None 5 5 - 0
7.5% O, 6 3 1
Epinephrine 9 5 1 1 2
7.5% O, epinephrine 6 2 4
Abdomen | None No survivors
7.5% O, 9 1 3 5
Epinephrine 2 1 1
7.5% O, epinephrine 5 2 3
Total 52 20 8 7 17
Controls 6 1% 2 3

*O,, 7.5% during irradiation; epinephrine, 5 mg/kg in peanut oil intramuscularly
immediately before and after irradiation.

**¥ Accidental fracture.

The principal protective effect of kidney shielding appears to be on
acute mortality, specifically the initial response, resulting in greater sur-
vival at 30 days (Table 9). During 3 to 11 months postirradiation, however,
mortality in these groups was high (more than 50%), and comparison with
total body irradiated groups indicated no protection from kidney shielding.




Abdomen shielding alone resulted in little reduction in acute mortality,

but when combined with other treatments a sufficient number survived the
acute period to permit study of later effects. The mortality between 3 and
11 months postirradiation may have some relation to the liver pathology
observed during this period and to direct exposure of the entire liver. The
low mortality in groups with the abdomen shielded suggests that such liver
damage may be at least partly a direct radiation effect which is modified
by shielding.

Weight curves of the control and two irradiated groups are shown
in Figure 7. Two phases are suggested from the control curve: An initial
period of rapid growth for about 200-250 days, and a later slow weight in-
crease which has continued for the duration of observations. The mean
weights of the various irradiated groups that survived more than a year
show only minor differences. Apparently, irradiation did not alter the
duration of the period of rapid growth but reduced the growth rate; thus
the maximum weight attained at the end of the rapid growth phase was far

4000 , e e e e A B e e B
}- L ] .
®, .0.
3600 — o ol 0o u
x 000°0° 08 = %0 %00, © é $ ’
80
3200 - .... —d
’..'oo'° |
B @
@
2800 [— o™ N
(] ° ........
5 - o & 7
[ @
@ 2400 — ® -]
R [ ]
" ‘ J '
© 2000 |- by -
w o®
= B & 844 8 1
n o o9%eo o%o OAAAA s AAA%%AAAAA oa pa 08008 alB8a 0, |
E 1600 . °° 480, . £r5 ° go °oooo 00a® :zg%ll:oo(;& AAA %oo °°° °o°°°°
O - ® o Al-\ * o
® a
1200 = °°f% -
® OA‘A
- on §
Q:A#
800 [~ ,2° 7
[ ]
e
400 - & -
& b

o I Jg,. YD DI RN EEUR NV N N
0 100 200 30 500 700 900 100 1300 1500 1700 1900
AGE, days
Figure 7, Growth of control and X -irradiated chicks, exposed at 3 days after hatching. ® , control
(1, accidental fracture, 2 and 3, death); A, kidney shielding, 7.5% 0o, 5 mg/kg

epineplirine in peanut oil before and after irradiation (¥, death); O, abdomen shielding,
7. 5% Og, 5 mg/kg epinephrine 1n peanut oil before and after irradiation (% death).
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below the control level. At this time the length of the long bones in irradi- .
ated birds was much less than that of controls. Abdomen shielding, which

reduced mortality during this period, did not modify the growth rate. After

the period of rapid weight increase (about 250 days), irradiated groups

showed no further increase such as was seen in the controls. The nature of

the processes involved in the later component of the growth curve and their

relation to delayed radiation effects are of special interest.

All irradiated birds have shown some development of male sex
characters, e.g. enlarged comb and wattles, and modified head and saddle
feathering. Apparently there was development and persistence of inter-
stitial cells in the testes although in all cases that have been examined
seminiferous tubules contained no spermatogonia.

Lymphomatosis has not been identified among irradiated birds but
was seen in one control that died at 1775 days. During 2000 days of obser-
vation, one teratoma has been recorded in a control and one sarcoma
(identified grossly but not yet verified) in an irradiated animal.
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PROGRESS REPORT. THE HOMOCYSTEINE
TRANSMETHYLASE SYSTEM

Stanley K. Shapiro and David A Yphantis

A new method for the assay of enzymatic activity of various homo-
cysteine transmethylases has been described previously (1,2) Details of
this method and its applications are presented in this report

Results and Discussion

The assay was designed to measure the following reaction of methyl
methionine or S-adenosyl methionine, R represents -CH, or adenosine.

SH R»?»CMHs S-C'*H- R-S

cI:Hz cngZ CIZHZ jc::HZ

(IZHZ + (!?HZ — éHz + t’:HZ + ut
cl:HNHZ C!,‘;HNHZ éHNHZ ci*:,Hl\IHZ

éOOH (EOOH Ci:OOH COOH

i
Homocysteine Methyl donor Methionine Demethylated donor

The method depends only on an adequate procedure to separate the
methyl donor and the methyl product This 1s accomplished by means of
Dowex 50 columns in the Lit form: 99% of the radicactivity in 10 uM of
S-adenosyl-L-methionine is retained on such columns, whereas 99.98% of
the radiocactivity in 10 M of S-methyl-L-methionine 1s retained on the
columns after washing with 5 ml of distilled water. Conversely, radio-
active methionine may be recovered quantitatively by washing the column
with three 0.25-ml portions of distilled water. Thus enzymatic activity
may be measured by placing aliquots of reaction mixtures on Dowex columns
and measuring the radiocactivity contained in the column effluents. Since
methionine is the only radiocactive product formed in the reactions with
yeast extracts, the amount of radicactivity in the effluent is directly pro-
portional to the methionine produced Reaction mixtures without L-homo-
cysteine or without enzyme are used to obtain blank values,

The amount of radioactivity may be measured by any of the conven-
tional procedures, such as plating aliquots of deproteinized solutions.
Liquid scintillation counting has proven most convenient because the entire
solution may be used without any pretreatment. This minimizes errors due
to sampling and plating. The absolute efficiency of counting methionine - C**H,
in our system is about 40% and 1s unaffected by the presence of crude yeast
extract or reasonable levels of unlabeled substrates
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baker's yeast as the source of enzyme.

Figure 8 shows the time course of the transmethylation of
L-homocysteine with S-methyl-L-methionine as the methyl donor using

Ateach of the three enzyme levels

used the curves obtained are linear throughout the time of incubation.

tion. At each of the four time intervals used, the curves are linear.
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Figure 9 shows the data plotted as a function of enzyme concentra-

Under

usual assay conditions, this linear relationship is maintained only when the
level of methionine produced is under 0.5 uM per ml of reaction mixture.
Above this level there is a gradual inhibition of the reaction.
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With S-methyl-Li-methionine as the methyl donor, the standard deviation
of a routine determination of transmethylase activity has been about 3%.
At the present time we are able to use S-methyl-L-methionine at such a
specific activity (700,000 cpm per n.mole) that 0.0004 M of the resultant
methionine (specific activity of 350,000 cpm per gmole) may be detected
at a level of 2 times background in a 0.2-ml sample. Thus we are able to
work in the range of 0.002 to 0.5 UM of methionine formation per ml of re-
action mixture. There seems to be no reason why this sensitivity could
not be greatly increased if necessary by simply preparing the methyl
donor with a higher specific activity. Compared to the previous colori-
metric methods this procedure for assaying transmethylase activity has
improved sensitivity more than 100-fold and has greatly simplified the
manipulations required for assay.

Figure 10 demonstrates the application of the tracer assay in a
determination of enzyme activity as a function of pH. The optimum range
of activity is between pH 6.2 and pH 7.0.

1.5 T T T

Figure 10

S -Methylmethionine -homocysteine wransmet'.ylase ac-
tivity as a function of pH. Conditions were as Jescribed
for Figure 8 cxcept that the buffer was varied to attain
various pH levels.  All tubes conrained 0. 1w o a 1:5
0.5 + -1 dilution of yeast enzyme per ml reaction mixture and

the incubation titne was 90 min.

CPM (x 10%)

pH

The tracer assay was used to conduct a survey of various cells for
enzyme activity. The positive results are shown in Table 11. A number of
strains of Aerohacter aerogenes were investigated,and all yielded cell-free
extracts of high activity. Although extracts of strain K-12 of Escherichia
coli were quite active, we have been unable to demonstrate activity in ex-
tracts prepared from strains B and W. Rat kidney preparations had low
activity, but those of rat liver were comparable to the yeast preparations.
Under identical conditions acetothetin was four times as active as S-methyl-
L-methionine as a methyl donor. No enzyme activity has been detected in
cell-free preparations of rat brain or heart. Activity was not demonstrable
with cell-free extracts of cabbage, peas or lily of the valley.
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TABLE 11

A comparison of the activity of various homocysteine transmethylases*®

Methvl] donor

Source of enzyme ¢ ;

* S-Metnyi-L- S-Adenosyl- L-
EAcetothetm * methionine-wCMH»g ;methionine-CMHg,
Rat kidnevy 2 < 0.2 0 05 < 0002
Rat liver 1 20 05 01
S cerevisiae < 0.2 038 0z
E. coli K12 <0.2 07 “ 015
A aerogenes s <02 10 i 03

*All quantities are expressed as ymoles of methionine per mg protein
per hour incubation Each reaction misture contained 8 uM
Li-homocysteine and 8§ #M methyl donor per ml. Reaction mixtures
were made up in 0 1 M PO, buffer, pH 6 4, and imncubated at 35°.
S-Methyl- L-methionine (C'*H;) was used at a specific activity of
400,000 cpm/‘uM, methionine was determined on the basis of a
specific activity of 200,000 cpm/pM S-Adenosyl-L-methionine
(C'*H,) was used at a specific activity of 425,000 (:prn/,u,l\/l9 the
resultant methionine in this case has the same specific activity
as the methyl donor,

**The methionine produced with acetothetin as the methyl donor was
determined by the nitroprusside test,

Table 11 also shows the results obtained with the new method using
S-adenosyl-L-methionine as the methyl donor lor the transmethylation of
L-homocysteine by various cell-free extracts., With S-methyl- L-methionine,
one would expect 2 moles of methionine per mole of methyl donor, whereas
with S-adenosyl-L-methionine the theoretical yield would be I mole methi-
onine per mole of methyl donor. However. the apparent activity of S-methyl-
L-methionine exceeds the activity of S-adenosyl- L-methionine by a factor of
3to5 Thus S-methyl-L-methionine appears to be the better methyl donor
{or the transmethylation of Li-homocysteinc under the described conditions.
The amount of methionine formed by liver extracts in the transmethylation
of Li-homocysteine with S-adenosyl-L-methionine 1s easily detected by the
tracer assav although this possibly important role of S-adenosyl-L-
methionine would be difficult to detect with colorimetric procedures.

The sensitivily of the assay makes it possible to detect very small
amounts of enzyme activity However, its greatest advantage in our work
is that it 1s possible to assay many enzyme preparations quickly and accu-
rately. Although it is possible to use extremely short incubation times in




our routine assays, we have found it more convenient to adjust the specific
activity of the methyl donor so that incubation of reaction mixtures for

30 min yields an accurately measurable amount of radioactivity in the re-
sultant methionine. It is obvious that this method could be applied advan-
tageously with only minor modifications to studies involving any of the
known homocysteine transmethylases

In principle such a method for enzyme assay could be used in many
other reactions where present assay methods are unsatisfactory. The only
prerequisite is a method that gives a quantitative separation of a substrate
and a reaction product, permitting radioactivity to be used as a measure of
enzymatic activity.
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A PUNCH-CARD SYSTEM FOR THE STUDY OF
ELECTRON MICROGRAPHS

Miguel Mota*

It is frequently necessary in electron microscope work to study a
large number of photographs. If the problem involves different variables
such as irradiation of the material, time of recovery, different fixatives
or details of technique, and several structures, the process of sorting for
comparative study all pictures showing results of a given treatment or
structure is a tedious and time-consuming one. A punch card system de-
veloped in connection with our own work has proved successful and can
easily be applied to any similar problem.

Since it is convenient to locate immediately the print of any given
negative we now make two prints from each negative in the standard
8 x 10 inch paper. Onmne is filed in order by number, which permits imme-
diate location of any number. The other is used for the punch card system.

Of the simple desk punches available we use one that makes a total
of 7 holes in a length of 26 cm. By the use of the 8-inch edge of the print
(where the square negative leaves a wider margin), 5 holes can be punched.
By flipping over the print and punching it again we obtain 5 more holes. As
in any punch card system it is convenient to cut one corner of the print to
ensure quickly that they are stacked in the right position.

If not more than 10 variables are involved, the simplest system is
to code them from A to J and assign a hole to each letter. Sorting once
will provide all of the prints, and only those, of the desired variable.

If more than 10 variables are involved, it is necessary to cut more
than one hole for each variable in each print, With two holes and the dif-
ferent combinations of the 10 letters, a total of 45 variables can be studied,
a number usually enough to cover the needs of any experiment. If more
variables are involved one can either use combinations of three letters or
punch the other sides of the photograph. Even with the large holes as made
by the punch used, this does not take more than 15 mm of the margin.

*Resident Research Associate from Esta)c'éio Agrondmica Nacional,
Sacavem, Portugal.
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SPECIFIC CHROMOSOMAL CONTROL OF THE MASS OF THE
NUCLEOLUS AND OF THE CYTOPLASM

A, Longwell* and G Svihla

In a species in which it is possible to control the nature and extent
of aneuploidy, it is feasible to determine whether the protein and ribonucleic
acid content of the developing nucleolus is under direct chromosomal control.
If so, it should then be possible to determine whether this control is a gen-
eral function of all the chromosomes or of specific chromosomes to a
greater extent than others. If nucleolar mass can be altered by changing
the chromosomal constitution of cells, then information might be obtained
concerning the proposed direct nuclear control - or more specifically the
nucleolar control - over cytoplasmic protein synthesis, as well as the ex-
tent of this control should 1t exist.

Hexaploid wheat (Triticum vulgare) because of its allopolyploid
nature, can tolerate a considerable degree of aneuploidy. Sears(l) has
obtained a complete aneuploid series in this plant including monosomes,
trisomics, tetrasomics and nullisomics for all twenty-one chromosomes
of this species. (Monosomic: having the chromosome present in a single
dose rather than the normal two doses: ilrisomic- having the chromosome
present in three doses; tetrasomic. having the chromosome present in
four doses; nullisomic. having the chromosome altogether lacking.) With
the Cooke-Dvson interference microscope determinations have been made
of the dry mass of the nucleolus and of the cytoplasm of plants with altered
numbers of nucleolar chromosomes and plants with altered numbers of
non-nucleolar chromosomes Inasmuch as the dry mass is indicative in
these cases of the protein content of the cell, and since protein is formed
under the influence of RNA. such a study can be interpreted in terms of the
RNA and protein synthetic mechanisms of the cells

The microsporocytes of plants tetrasomic for two different non-
nucleolar chromosomes did not differ in nucleolar or cytoplasmic dry mass
from that of normal cells. Plants tetrasomic for two of the stronger nucle-
olar chromosomes, however, showed a considerable;statistically significant
increase in the mass of both nucleol:r and cytoplasm. When a plant tetra-
somic for a nucleolar chromosome is missing a pair of non-nucleoclar chro-
mosomes, the total chromosome number then equaling that of a normal
plant, the nucleolar and cytoplasmic mass fails to differ from that of the
regular nucleolar chromosome tetrasomics. The cells of plants missing a
pair of one of the strongest nucleolar chromosomes did not differ from nor-
mal in the aspects studied here, presumably because of the compensating

*Resident Research Associate
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.

effects of the two weaker pairs of nucleolar chromosomes, which in normal
material are mostly latent. The average increases in mass in the cells of
the plants tetrasomic for the two stronger nucleolar chromosomes are on
the order of 100% in the case of the nucleoli and 50% in the case of the cyto-
plasm. All of these findings agree with independent measurements of nucle-~
olar volumes and counts of newly~-formed nucleoli before nucleolar fusion
occurs,

These results indicate the control of nucleolar synthesis by specific
chromosome types, these chromosomes being those which have been referred
to in classical cytology as nucleolar chromosomes (¢) These chromosomes,
or the nucleolar material which they synthesize, then exert an influence on
the protein content of the cytoplasm out of all proportion to what might be
expected on the basis that the extra pair of nucleoclar chromosomes consti-
tutes only 35 of the total number of chromosomes present in the nucleus.
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PROGRESS REPORT: DEUTERIUM OXIDE INTOXICATION IN RATS

I. Effect of D,O on Peripheral Blood Cells

John F. Thomson and Florence J. Klipfel

In earlier experiments with D,O-treated rats, we had often ob-
served what seemed to be a severe anemia, as evidenced by the decreased
volume of packed erythrocytes, We thought that a systematic study of the
changes in numbers of peripheral blood cells would be profitable.

Sprague-Dawley female rats, 4 to 6 months old, were used in these
experiments. They were given 50% D,0 ad libitum until one or more rats
in the group died from the effects of deuteration (24 to 30 days). Blood
counts were made at weekly intervals. Since the tails of D,O-treated rats
become necrotic, it was necessary to obtain blood by heart puncture. Urine
was collected, also at weekly intervals, and assayed for deuterium.*

No significant changes were observed in rats until the D,O concen-
tration in the body exceeded 20%. As can be seen from Figure 11, the ery-
throcyte count then began to fall to about 50%, while the reticulocyte count
increased more than two-fold. In 2 of the 6 rats in this group, the red cell
count fell below 2,000,000/mm3; 1 of these rats died, but the other recovered
when given H,O instead of D,O to drink. After restoration of H,O to the
animals, recovery was apparently complete within 4 to 6 weeks.

The behavior of the white blood cells was considerably less con-
sistent, In most cases, there was first a slow, then a sudden drop in
lymphocytes at 25% replacement of the body fluids by heavy water, with a
significant increase in granulocytes, so that the total white count did not
change greatly in the course of deuteration. There were in some rats
appreciable numbers of immature and abnormal white cells, but these
findings were not consistently observed.

These observations differ from those reported by Gustavson and
Hagggvist in mice.(!) These authors observed a 60% decrease in total
white count, but only a 15% decrease in numbers of erythrocytes. However,
their mice were drinking 50% D,0O for only 14 to 16 days, and with further
ingestion a more marked anemia might have developed.

Although D,0O can thus suppress erythropoiesis, it is doubtful
whether anemia is the cause of death in the majority of the animals; at
. least there is no apparent correlation between the degree of anemia and
time of death.

*Dr.Henry Crespi of the Chemistry Division carried out these analyses.
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Figure 1l. Changes in erythrocyte and reticulocyte count in rats drinking 50% heavy water.

Averages of 6 rats.
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ELECTRON MICROSCOPE STUDIES OF SPERMATOGENESIS
IN MOUSE AFTER X-IRRADIATION

I. Mitotic Spindle and Nuclear Structures in Sertoli Cells and "Cores."

Miguel Mota¥*

Although the mitotic spindle as seen under the electron microscope
has beendescribed by several authors, 1,2,3,4,5 complete knowledge on this
cell structure 1s far from being attained. The present observations on the
ultrastructure of the mitotic spindle and other nuclear structures, made in
the course of a study of spermatogenesis in the mouse after X-irradiation,
should therefore be of interest

Figure 12 shows the spindle in the primary spermatocytes of the
mouse 24 hr after 1000 r of X~irradiation. These photographs cannot be
considered good by the usual standards although i1t is not possible to say if

Ligure 12, Two views of the achromatie spindle m primary spermatocytes 24 hr after 1000 1 X -rays.

*Resident Research Associate.
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the bad condition and tearing of the material results from fixation (doubtful),
or as suggested in a personal communication of Prof. Yasuzumi, from
dehydration (from too prolonged exposure to absclute alcohol), or from
polymerizatior of the methacrylate. n these pictures, however, one can see
that the spindle fibers show a peculiar resistance to whatever caused the
destruction of the cytoplasmic arrangement. The spindle fibers appear to
constitule an extremely fough organization or, ot least, to be particularly
resistant to the artifact abundantly shown in the pictures. This is in good
agreement with the fact that the mitotic spindle ca= be isclated by disorgan-
izing the cvtoplasmic proteins by detergents.

From these pictures and the above-cited papers the fact scems well
established that the so-called chromosomal fiber is composed of two parallel
bundles of fibrils. Each bundle presumably is attached to the centromere
of a chromatid (half centromere) although no good evidence of this has been
clearly presented. Each bundle is 1tself composed of double fibrils, leaving
open again the idea that "spindle fibers"™ may be actually tubules.

The distance between the two parallel b rdles of fibrils of each
chromosomal fiber mav be as high as atout 2000 A. This 1s roughly the
limit of resolution of the optical microscope, and that structure should then,
theoretically, be visible with that instrumert It requires only adequate
technique to be demonstrated because of the well known difficulty in
observing the achromatic spindle. With the interference microscope, how-
ever, such a double structure is visible zs described bv Longwell and
Mota. This double structure was also visible although less clearly, in
preparations of mouse testis fixed in Carncv fluid, stained with Feulgen
and Fast Green, and observed by phase-confrast microscopy in preparations
kindly shown to us by Dr. B. R. Nebel.

A peculiar structure was observed in some resting stage cells con-
sisting of a round region centrally located in the nucle1s (Figure 13 A and B)
and having in its periphery a ring of electron-dense material irregularly
distributed. Attached to the cutside of this region 1s the nucleolus, wells
defined as the darkest structure in the cell and with vacuoles. The center
of the round region appears rather clear with cnlv a small number of
slightly denser regions. The peripheral ring seems to be composed of
partially despiralized chromosome material. and as these regions were first
seen in material fixed a few days after irradiation, it was thought that they
might be restitution nuclei. Restitution ruclei appearing some time after
1000 r acute localized X-irradiation have been described as the result of
blockage of mitosis at metaphase I by Nebel and Dlesk(7) from optical
microscope studies of mouse testis after irradiation.

Because of the well-known extreme lability of the achromatic spindle,
its destruction or inactivation is to be expected with such a high dose as
1000 r of X~irradiation. Hence, the fate of a cell irradiated in metaphase
or near that stage will probably be either death or restitution. The latter




Figure 13. A, Nuclear structure in a Sertoli cell 7 days after 1000 r X~rays; B, part of A at highcr
magnification, showing the transition zone and the nucleolus; C, further magnification
of the rectangle marked in B, showing the 200-A fibrils.
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process resembles the telophase process in the despiralization of the
chromosomes and the reappearance of the nucleolus: the chromosomes
lose their individuality and the whole nucleus appears as a uniform mass.
The process does not occur uniformlv over the entire metaphase plate
but is a centripetal one. as can be seen in motion pictures of living cells
of plant endosperm by Mo]é«Bajerc(S)

The main difference in appearance between Bajer's restitution
nuclei and those seen here is that here the central region looks almost
clear, while in Bajer's pictures it is filled with only slightly despiralized
chromosomes. The first cells of this kind to be studied were not clearly
identified. Although they resemble Sertoli cells, it was thought that they
might be restituted spermatocytes which, according to Nebel and Dlesk,
fean thoroughly mimick the appearance of Sertoli nuclei.” These structures
were later found also in control material in unmistakably identified Sertoli
cells. The number of cases found makes it highly improbable that they are
spontaneous restitution nuclei- therefore. this hypothesis has been almost
entirely ruled out.

The density of the periphery of the round central region, which is
higher than in other nuclear regions and lower than in the nucleolus,
suggests that the material may be heterochromatin. The fact that it is
alwavys attached to the nucleolus, and that in the mouse the nucleolar
chromosome is heterochromatic. also stronglv suggests that this is really
heterochromatic chromosome material in a stage of partial despiralization.
However, we have no explanation for the perfectly round shape of this
structure or for its clear central zcne.

Either in restitution nuclei or in heterochromatic chromosome
material, a partially despiralized structure is likely to be particularly suit-
able for the study of the arrangement of fibers inside the chromosome since
the despiralization process is probablv going on at a lower rate than in
telophase. If so, such cells might provide help in solving what is. at
present, the most pressing problem of morpheclogy of chromosome structure.
The observations made so far show the presence in this region of well-
defined fibers about 200 A wide (Figure 13 B and C). They seem to corre-
spond to the elementary 200-A fibrils that Ris(9) considers the basic
morphological unit although more recently he has been able to resolve that
unit in particularly favorable material and conditions.

In synaptic stages of primary spermatocvtes, "cores” similar to
those described by Moses(10) have been found repeatedly in control material.
QOur observations are consistent with those of other authors; the existence of
such cores may be rather general. .
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MATHEMATICAL MODELS FOR THE FORMATION AND REGULATION
OF POPULATIONS OF FORMED BLOOD ELEMENTS

I. Some Basic Concepts and a First Specific Model

George A. Sacher, Ernesto Trucco, and John H. Borrowman¥*

This paper discusses some first steps in the development of
mathematical models for the maintenance and regulation of populations
of blood cells. The basic ideas apply to the erythroid as well as the
mveloid lineage.

Broadly speaking, we mavy distinguish three main physiological
activities in the life history of a blood cell, namely those of proliferation,
differentiation, and mature function. Several morphological classes or
stages of cells have been recognized for each type of blood element,
according to various histological and histochemical criteria. These
stages form a developmental series, but within the series there is a con-
siderable degree of overlap of the physiological activities, particularly
between proliferation and maturation. In our initial model we shall
assume that at any given time each cell exists in one of several possible
"compartments." but we do not yet attempt to relate these with the
"stages" of the hematologist. We shall also assume that there is no
overlap of the physioclogical activities within compartments.

As Pattll) points out, "the diffuse distribution of the blood forming
tissues and the possible variability of the hematopoietic patterns from one
locus to another compound the difficulties of evaluation.” In our first
approach we shall ignore this geographical complication and consider only
the case of homogeneous distribution in each compartment.

If Nj (i=0,1,2, - n) is the number of cells in the ith stage, our
model will be embodied in a system of differential equations specifying the
dN;
time rates of change, -;;5 as functions of Ng, N3, Ny, -+ Ny. In particular we
shall denote by Ny the number of proliferating cells, and by N, the number of
mature cells, found in the periphery, so that N; (t), Ny (t), ++ Np-; (t) will
represent intermediate compartments.

In a previous report<7‘) it was pointed out that a reasonably adequate
model cannot consist of linear differential equations only. It is also clear
that some feedback control loop should be incorporated into the system in
order to maintain and adjust the level of the cell population. In nature these
control functions are performed, at least in part, by the humoral substances
erythropoietin and leukopoietin, whose chemical structure, properties, and
mechanism of action are, however, still imperfectly known.

*Resident Student Associate, Summer, 1958.




Pursuing, then, the ideas set forth in the previous report, we shall
take the following differential equation to describe the variation of Ng:

dN,
dt0 = aNp (Kg-Ng) + bNg® (Ny) = [cq + ¥ (Nn)] No - foNg - KINo (1)

Here a, Ko, b, ¢y, d, fy and K are positive constants, ® and ¥ are functions
of Ny to be presently specified. For explanation of I see Equation lb.

No

. . dNj . . .
We notice first of all that is proportional to Ny itself, so that no

production of proliferating cells can occur unless some are already present
("every cell from a cell"™). This is a necessary requirement if Ny is to be
truly a primordial stage.

The intrinsic birth term aN, (K-Np) would give rise, if taken by
itself, to the ordinary logistic curve for the growth of Ny. A further feed-
back birth term, namely bN; ¢ (Nn), represents the control exercised by
the population of mature cells on the rate of production of new cells. It is
reasonable to postulate that ® (N,) is a decreasing function of Ny; for

simplicity, and only for the time being, we take it to be linear:
¢ (N,) = K, - N, (1a)

(K,, being a constant). This assumption is probably true only for a limited
range of Ny-values.

The migration term
- Np [co + d¥ (Np)]
represents the number of proliferating cells that are transformed into the

next stage per unit time. Here ¥ (N,) is a second feedback function, again
assumed to be linear:

Y (Nn) = Ky'l = Np (lb)
(K} = constant).

Finally

- foNp - KIN,
is the death term, f; being an ordinary decay constant (intrinsic death),
whereas I stands for the intensity of some deleterious external agent, e.g.

radiation, since one important purpose of this study is to obtain eventually
a quantitative picture of the radiation effects on living cells. As a first
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approximation we shall suppose that radiation does not influence the later
stages. This would be strictly true, for example, if radiation damage
occurred exclusively during mitosis.

For the subsequent stages no birth term will be included, according
to our hypothesis that only the first stage is capable of cell division. Thus,

the equations for N, N, *°* Ny will be of the form
dNi ]
I - 8i-1 - 8 - £ (i=1,2, " n) ; (2)

the fi's being constants.
In these equations gj_; represents immigration from the immediately

preceding stage and thus, assuming no migration losses, g; will be the
emigration rate into the next following stage. The quantities

- f3N;
are the intrinsic death terms. We have, of course:

gn =0 (2a)
and, according to Equation 1:

go = [co +d¥ (Np)] No . (2Db)

For the remaining migration terms we shall assume the simplest possible
form, namely

gi = ¢ilNj
(2c)
constants, i =1, 2, *** n-1

I

ci

In summary, then, the two principal characteristics of this simple
model are as follows:

(a) The process of maturation is described as a sequence of
irreversible transitions from one maturation stage to the next.
We might well assume that (except for the final stage) the death
rates are negligible compared to those of emigration, so that

f.

;=0 fori=0,1,2, - n-l : (2d)

(b) Thereis essentially only one feedback loop: birth and migration
of proliferating cells are regulated by the number of mature
cells present.
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To avoid cumbersome expressions we shall now put

a=b-d (3)

B = aKp + bKy-fy - kI-cg-dK} (4)

€ = ¢g + dKj

e;= ¢ + fi (i=1,2,  n-1)

e, = in . (6)

For convenience and simplicity, and because we have practically no
data for the individual constants cj, we shall assume not only that EquationZd
holds, but also that

€] =€, = *** T e,.] TCy = Cpoeer = C

n-1 Fc a (7)

The system of Equations 1 and 2, together with la, 1b, 2a, 2b, 2c, 2d,
and 3 to 7, is then reduced to the following form:

dN,
= - No[aNo +aN, - f£]
dN
‘?.1‘{1” = €Np ~dNoN,, - Ny
(8)
an;
7 = ©(Nj.1 - Nj)  fori=2,3, - n-1
dN,
T Ma-1 - el

The number of compartments, i.e., the quantity n, still unspecified,
will essentially determine the transfer function, that is, the average time
required for a cell to reach complete maturation and, in particular, the
distribution of maturation times around that average.

Besides n, the system of Equation 8 still contains seven unspecified
constants, namely

a, OC,‘B, <, d, C, and en
To determine them, or at least their orders of magnitude, we can use some

information contained in Patt's paper 1) on the steady states of proliferating,
differentiating, and mature cells.

Let A; denote the steady state values of N; (i =0, 1, 2, - n). We
may, in general, obtain them from the two equations
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B (9) : B

alg + A, =
€Ag = dAgA, +e AL (10)
since
cAp = chAy = o0 = cAy 1 = e Ay . (11)

In a plot of Ap vs Ay, Equation 10 represents an equilateral hyper-

bola, and Equation 9 a straight line of slope ——?— and intercept Lt (see

Figure 14); the steady states are given by the intersection of these two

curves.

Figure 14

We shall suppose that a, @, and P are positive; the straight line
(Equation 9) will then have negative slope and positive intercept. Figure 14
shows that there will be one and only one steady state in the positive quad-
rant (A >0, A, > 0). (Clearly, negative values of the A;'s are not
acceptable.)

In addition, the set of values

AO:AI:AZ:.....:AnZO . (12) ‘.

always constitutes a possible steady state, as can be seen from Equation 8.




Equation 4 shows that the radiation effect is contained in the
parameter £. Our assumption then is that o has a certain positive value,
say By, in the absence of radiation, and that  decreases to zero as I is
gradually increased. Further increase in I will cause B to become nega-
tive, in which case the system of Equation 8 will tend to the steady state
specified by Equation 12.

From this picture we may obtain a rough estimate of 3y by experi-
mentally determining the smallest value of KI which destroys practically
all of the cells. For simplicity we assume that the quantity KI is time-
independent; from available radiobiological information we tentatively
adopt the values

K~0.01r~t (13)
By ~ 1 day™* ) (14)
Having thus estimated f (or rather By}, we now turn our attention to

the steady-state values in Patt's paper. For the time being we are con-
sidering onlv the case of granulocytes in man.

Patt's Table 1(1) shows that the number of cells produced under
stationary conditions is 196.8 x 10? per day. In the steady state this must
be equal to any of the quantities which appear in our Equation 11 so that, in
particular, we have

epA,, = 196.8 x 10 cells per day . (15)

On page 783 of Patt's paper we find that 25 x 10° cells are detectable in the
circulation of standard man, but that their number in the entire body outside
the marrow is estimated to be about 70 times greater.

Accordingly, we shall take

Ap =70 x 25 x 10°
(16)
= 1,750 x 10 cells
From Equations 15 and 16 we therefore obtain ep:
196.8
= ——=0. o .
°n = {750 11 days (17)

Finally, if we put

S(t) = Ny(t) + Ny(t) + cc--- + Np_a(t) (18)
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n-1
So= ) Ay (19)
i=]

we may take Sy to be the over-all steady state value of differentiating cells.
Once again we refer to Patt's Table 1l; there the number of differentiating
cells is given as 512.5 x 10°. Thus we may put

Se = 512.5 x 107 . (20)

From that same table we obtain 102.5 x 10? for the number of pro-
liferating cells, so that

Ay = 102.5 x 107 . (21)

Furthermore, it is clear from Equations 11 and 19 that we must have

So

Al - AZ = ces = 1Q_n__1 = n——-l , (22)
and therefore,
enfp 196.8
= = (n- 23
€= TE (n-1) 57572 (23)

If we put n = 10 (a case we have examined), we obtain from Equation 23

0
1

3.456 days~! . (24)

We have thus been able to find appropriate values of e, and c. In the
following it will be convenient to introduce the quantities

_.a
X-—a >0 (25)
and
= €
)u—-————dAn>1 . (26)

The remaining four constants, a, @, €, d, can now be obtained from
Equations 9 and 10 in terms of the known quantities Ay, Ap, B¢, en, and the two
unknown parameters A, 4. We have, in fact:

Bo
O, = e
AAg + Ay ’ (27)
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a = A R (28)
€n

d = /v ) 29

(u-1)Aq (29)

€ = d,L,LAn . (30)

It appears, therefore, that, utilizing Patt's experimental data, the
main properties of our differential Equations 8 can be studied, provided we
assign values to the three unknown parameters n, A and [. In practice, of
course, we shall let the parameters vary, and investigate under what cir-
cumstances the model will correctly simulate the experimental situations.
Some of the features we should require of our system have been mentioned
in the previous report. 2

We have begun the parameter study, using the PACE analog computer
available at the ANL Applied Mathematics Division. We are greatly indebted
for help and advice to that Division, in particular to Dr. N. F. Morehouse
and his group.

Our main concern at this time is in determining the existence of a
stable steady state for a given set of parameters and for all positive values

Of‘B S‘BOv

Perhaps the most accurate way of dealing with this problem would be
to linearize the Equations 8 in the neighborhood of a steady state, and then
investigate the characteristic equation; we find, however, that for our pur-
poses we obtain sufficient information by solving the nonlinear equations
directly on the computer.

Preliminary studies withn = 2 and n = 10 indicate that the required
steady state does not always exist. The system of Equation 8 will in many
cases perform undamped oscillations of large amplitude (limit cycles).

This is not unexpected: the presence together of a large feedback
birth term and a considerable time delay between birth and maturity (both
indicated by experimental and clinical evidence) will cause any such system
to be at best conditionally stable, i.e. stable only for certain values of the
parameters. We may expect to find that stabilization of the present model
system can be achieved only for cases in which some of the parameter
values are unrealistic. The behavior of the present model and of modifica-
tions will be discussed in future communications.
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UPTAKE OF MICRONUTRIENT ELEMENTS BY SETARIA
IN RELATION TO AVAILABLE BORON

Wayne J. Mcllrath,* Jan A, DeBruyn,* and John Skok

The level of available boron has been reported(l) to influence the
uptake and accumulation of various other mineral elements in dicotyledonous
plants. We have been concerned with observed differences between
dicotyledonous and monocotyledonous plants with respect to boron
requirements and to the distribution and chemical form of boron in
various cellular fractions. This report describes experiments carried
out to determine the effect of boron on the uptake of four micronutrient
elements (Fe, Cu, Mn and Mo) in a monocotyledonous plant, the grass
Setaria spacelata,

Plants were grown in quartz sand and were supplied with complete
nutrient solutions containing either 0, 0.001, 0.005, 0.01, 0.05, 0.1, 0.5,
1, 5, 10, 100, or 200 ppm boron. They were harvested after a growth
period of about seven months. Spectrographic analyses of boron and
the other four mentioned micronutrient elements were made on
replicated ash samples prepared from oven-dried plant shoots.

The plants receiving no boron showed no noticeable boron deficiency
symptoms. Such symptoms can be easily obtained within a few days in most
dicotyledonous plants grown in sand. However, grasses are known to have
a very low requirement for boron, and the sand apparently contained
sufficient boron as a contaminant to supply needs for growth in this plant.
Slight visual evidence of toxicity symptoms occurred at 5 ppm boron
but these weve not accompanied by significant reduction in dry weight.
Marked toxicity and reduction of dry weight occurred at all levels over
10 ppm boron.

Within the nontoxic ranges, the level of available boron had no
significant effects on total dry weight, ash content, or content of
micronutrient elements (excluding boron itself). At the highly toxic
boron levels, reduction in dry weight was accompanied by an increase
in percentage ash.
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The effect of variation in available boron on the micronutrient element

content, then, differs in monocots and dicots: while it has been shown to
result in pronounced changes in several dicotyledonous plants, no such
effects were produced in Setaria.

*Department of Botany, The University of Chicago.
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PHOTOPERIODIC BEHAVIOR OF SUNFLOWER

John Skok, Hubert J. Dyer* and N. J. Scully

Comparatively little detailed information has been reported on
photoperiodic responses of sunflower, and flowering in this plant has
been generally thought to be independent of day length. Elongation of
sunflower stem was found by Downs et al. to be regulated by the
same photoreaction, 1.e.. photoreversibility by red and far-red light,
that is responsible for elongation of stems of numerous other plants,
as well as for the control of many other light-dependent responses
including photoperiodic control of flowering. It was observed
independently here and at Brown University that sunflower responds to
photoperiod and appeared to be of the short-day type. The response
has therefore been 1nvestigated in more detail in a cooperative study
carried out at both laboratories

Mammoth Russian sunflower plants were grown under various
photoperiods and under treatments in which the daily dark periods were
interrupted with light periods Data on the flowering response were
obtained by recording the presence of macroscopic flowers orflower
buds, and also by microdissection of the terminal buds to determine
effects on initiation of floral primordia. The vegetative meristem of
sunflower is perfectly flat, the earliest noticeable morphogenic change
associated with flowering is a mounding of the flat meristem. The
mounding then continues and is accompanied by considerable enlarge-
ment; finally individual flower primordia are produced.

The results of all the experiments confirmed our impression that
sunflower is a short-day type of plant It will flower under a wide range
of photoperiodic conditions, including excessively long days (as long as
20 hr) and even a regime in which the daily dark periods are interrupted
by one-hour light periods, 1f it 1s permitted to grow for a sufficiently
long period. However, short photoperiods promote flowering, both by
hastening the initiation of flower primordia and by hastening the

development of primordia into macroscopic floral structures. Interruption

of the dark periods by light 15 effective in i1nhibiting both the initiation
of flower primordia and the development of primordia into macroscopic
floral structures.

In sunflower there is not onlv an unusually wide range of
photoperiodic conditions under which flowering may take place, but
also an unusual amount of variability in the time of flowering among
individual plants in a given population. This may be related to a
maturation requirement (vegetative growth requirement for flowering),

*Department of Botany, Brown University, Providence, Rhode Island.
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pointed out by Habermann and Wallace,(z) which must be met before
flowering can occur.

1.
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THE MITOTIC SPINDLE AND CHROMOSOMES AS SEEN UNDER
THE INTERFERENCE MICROSCOPE

Arlene Longwell* and Miguel Mota*

The mitotic spindle has always been the most mysterious entity of
mitosis although its importance has long been recognized. Because it
cannot be stained with any of the dves commonly used in cytology it has
been called the achromatic spindle. The presence and exact shape of the
spindle has always been more or less poorly defined and its boundaries
have been difficult to ascertain All of this resulted in a great controversy
which included even the hypothesis that the so-called achromatic spindle
did not exist. Mazia and Dang(l) however, by isolating the mitotic apparatus
(spindle, asters and chromosomes) in sea urchin eggs conclusively
demonstrated the existence of the achromatic spindle and contributed some
knowledge of its chemical composition.

Chromosomes, on the other hand. have great affinity for acid dyes
(a property from which they derive their name) and 1n general present no
problem from this point of view. Although much remains to be investigated,
the morphology of the chromosomes is known in considerable detail.
Knowledge of their number, length. constrictions, points of chiasma, and so
forth, enables us to study their behavior with greater facility than is possible
for the spindle.

Of the more recent tools used 1n cytology, the phase contrast
microscope resulted in very little new information concerning the mitotic
spindle. However, it demonstrated the shape of the space occupied by the
spindle, especially in living cells, by showing the mitochondria arranged
around it. Unstained chromosomes as seen with the phase microscope do
not differ essentially from the picture obtained in the ordinary microscope
with stained preparations. The polarization microscope, with the refinements
introduced by Inoue, has been valuable in showing that the spindle presents
a positive birefringence and is, therefore. composed of oriented molecules.
The interference microscope, a relatively recent development, presents new
possibilities.

With the interference microscope, small differences in the dry mass
of parts of individual cells show up as differences in color when white light
is used, and as differences in intensity when monochromatic light is used.
This is a consequence of the relationship between the concentration of the
solids in the cell and the phase changes undergone by the light which passes
through the object. The two-beam interference microscope operates to
translate the invisible phase changes to differences 1n intensity or in color.

*Resident Research Associate.




This 1s accomplished by the optical formation of an interference effect
between two beams, one of which has not passed through the object and the
other of which has passed through the object and has been modified by
1t.(2) The phase difference between the two interfering beams can be
varied, enabling one to measure the optical path differences of the

light through the object, as compared to the mounting medium. By
varving the phase difference between these two beams 1t is possible

to choose the type of contrast, color or intensity best suited for a

study of the particular detail being observed, The color or intensity

of a particular point in a cell as seen in the interference microscope

is dependent on the difference between the product of the refractive

index and thickness of that region on the one hand, and the refractive
index of the mounting medium on the other hand. By varying the
refractive index of the mounting media, contrast within the cell can

be greatly altered so as to show a maximum or a minumum degree

of detail either in the nucleus or in the cytoplasm. The usefulness of

the interference microscope in the study of the mitotic spindle has already
been shown by Mitchison and Swann(3) and Rustad (4)

Meiosis was studied in wheat, Tradescantia, corn and grasshopper.
The spindle is described for plant material. The material was fixed in
Carnoy's solution and mounted in acetic acid 1n concentrations ranging
from 45% to 5.0%, and in distilled water. Other mounting media and living
material are being investigated and will be reported on later. Both the
Cook-Dyson and the A-O Baker interferometers were used. The following
is a preliminary report: color micrographs, optical path retardation and
dry mass estimates will be included in a more detailed report on the
complete studyo(-r’)

From mid- to late prophase of the first meiotic division in wheat
microsporocytes, the nucleus appears surrounded by a differentiated zone
probably similar to the "clear zoane" described by Bajer(6 in living
endosperm cells. It shows a higher specific mass than the rest of the
cytoplasm and seems to grow until later prophase or prometaphase when

it breaks down. The later the stage of prophase, the closer the ring appears

to the nuclear membrane. There is no concentration gradient between the
nuclear membrane and this dense ring as would be expected should this
material be coming from the nucleus It 1s possible then that the material
is cytoplasmic in origin, and that it approaches and touches the nuclear
membrane in late prophase because of growth of the ring and growth of the
nucleus and possibly even because of movement of the ring towards the
nucleus. In pro-metaphase I in corn and wheat, the chromosomes lie in

a mass of higher density than the rest of the cytoplasm, and only remnants
are evident of the dense ring which at earlier stages had surrounded the
nucleus. It 1s possible that the material forming the ring gives rise to
this mass of higher density, or at least makes a substantial contribution
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to it, and that the spindle thus arises from this region of increased mass.
There is no evidence of fibers in the dense pro-metaphase region of the
cytoplasm.

When the chromosomes arrange themselves in the equatorial plate,
the spindle appears composed of the spindle fibers and a more uniform mass
in which these are imbedded. The density of this mass is slightly lower
than that of the cytoplasm. The fibers or groups of fibers, on contrary,
show a considerably higher density than the cytoplasm, and appear double;
some of them are attached to the chromosomes.

In corn, where the chromosomes are relatively small compared to the
size of the cell, the spindle at late metaphase or in mid-anaphase shows
two poles at either side of the equatorial plate, as if a shorter and a
longer spindle were superimposed. The chromosomes seem to reach only the
nearer pole and do not move on to the farthest pole. In late anaphase the
region between the two groups of daughter chromosomes also shows fibers.
The region between these fibers 1s equivalent in density to the cytoplasm.
The fibers are clearly denser, almost approaching the density of the
chromosomes. From this stage to late telophase the density of the region
between the two daughter nucle: increases until it greatly exceeds the
density of the rest of the cytoplasm In the equator of this region a thin
band of still higher mass develops later to form the new cell wall. This
increase in mass in the region between the two anaphase groups is in good
agreement with the fact that in some cases ribonucleoproteins have been
detected in that region after anaphase (7) Should this increase in mass
result from material released from the chromosomes, it would support the
hypothesis that the movement of the chromosomes in anaphase results from
the release of some substance from the chromosomes.(8)

By increasing the refractive index of the medium until it approaches
that of the cytoplasm, 1t is possible to make the cytoplasm appear
practically invisible, and the chromosomes appear much better defined.
In Tradescantia the major coil 1s clearly seen, and the spindle attachment
regions are well defined and quite conspicuous. Wheat chromosomes
appear the same as in stained preparations, showing that no important
artifact is introduced by staining. In grasshopper spermatocytes the four
chromatids in diplotene are so clearly seen that crossing over can be
analysed at least as well as in stained preparations. Metaphase chromo-
somes are also seen as in stained preparations with the advantage over
the phase microscope that they appear in color different from that of the
surrounding medium, making differentiation much clearer.
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¥ ‘ THIRTY-DAY SURVIVAL OF FEMALE MICE AND RATS GIVEN SINGLE,

WHOLE-BODY EXPOSURES TO FISSION NEUTRONS

D. L. Jordan and H. H. Vogel, Jr.

Several experiments have been carried out over the past 2 years
to ascertain the LD50/30 of CF No. 1 female mice given whole-body
exposures to fission mneutrons at the CP-5 reactor. A similar study was
made with Sprague-Dawley female rats. The results are reported here.

Figure 15 shows the probit regression of mortality on dose for
474 mice exposed to a dose range of 276-375 rads of fission neutrons at
a dose rate of 7-8 rads per min. The LD50/30 was 323 + 5 rads. Table 12
gives the details of these exposures.
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Figure 15, Effect of dose on cumulative mortality in neuiron
irradiated mice and rats.

The data in Fig. 15 and Table 13 indicate that the 30-day median
. lethal dose for the rats was approximately 380 rads.
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TABLE 12 . B

Mortality after single exposures -
of female CF No. 1 mice to fission neutrons
at CP-5. Dose rate = 7-8 rads/min. (Reactor at 2000 kw.)

Total Tl:f)e No. of mice 30-day mortality
dose,

rads expo'sure, exposed No. dead 7

min

276 48 36 2 5.8
316 42 38 23 60.6
327 40-65 171 83 48.5
340 45-48 35 30 85.7
351 47-55 86 70 81.4
361 46-60 52 47 90.4
375 48-60 56 56 100.0

TABLE 13

Single exposures of female Sprague-Dawley rats to fission
neutrons at CP-5. Dose rate = 3.6 rads/min. (Reactor at 1000 kw.)

30-day mortality | Mean survival
Total Time of No. of time of
dose, exposure, rats 30-day
. . . No. )
rads min irradiated T survivors,**
dead
days
216 60 18 0 0 407
288 80 18 0 0 436
324 90 18 1 5.5 470
360 100 18 6 33.3 412
396 110 18 11 61.1 460
Unirradiated
controls 10% -

*2 of 10 unirradiated controls still alive 920 days after exposure date.
Mean after survival time will exceed 810 days.

**33 of 70 rats, surviving past 30 days, had large mammary tumors
(sometimes multiple). All the neutron-irradiated rats had .
complete (Grade IV) cataracts within 1 year.




RADIATION PROTECTION EXPERIMENTS IN MICE
EXPOSED TO FISSION NEUTRONS

II. Combination Therapy with Cysteine Preirradiation and with
Bone Marrow Cells and Streptomycin Postirradiation

Howard H. Vogel, Jr, and Donn L. Jordan

The additive and perhaps synergistic protective action of intrave-
nous bone-marrow cells and the antibiotic streptomycin has been demon-
strated for CF No. | female mice exposed to single lethal doses of fission
neutrons.(1.2) Previous experiments from this laboratory indicated that
pretreatment of neutron-irradiated mice with cysteine effectively reduced
the radiation dose by approximately 7-8%.(3) It seemed probable, there-
fore, that the three agents in combination might produce even better pro-
tection than the two used previously, and should allow experiments at
doses in the supralethal range.

A preliminary experiment was carried out to test the effectiveness
of cysteine given intraperitoneally rather than intravenously as in all our
previous work.(3) Since the bone marrow cells are most effective when
injected into a vein after irradiation, it was hoped that another route could
be used for the cysteine injection before neutron exposure. The results of
this experiment (Figure 16) indicated that the cysteine given by this route
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was effective. Mice given 0.5 cc of a 10% cysteine solution (pH 7=8,
1800 mg/kg body weight) exhibited apparent dose reductions in this same
range as previously reported *(3)

The three treatments were therefore combined as follows. Cysteine
was injected intraperitoneally before neutron exposure, These irradiated
animals were then given 0.1 cc of bone marrow cells (from other female
mice of the same strain), by injection into a tail vein within a few hours
after irradiation; the bone marrow technique was that described in a pre-
vious report.(l) The mice were also given a daily dose of 0.5 cc strepto-
mycin subcutaneously for a 10-day period after exposure,

Other neutron-irradiated mice received an injection of water as a
preirradiation control for the cysteine. After irradiation these animals
received 0.1 cc Tyrode's solution (the bone marrow vehicle) and daily in-
jections of 0.5 cc saline solution. This group constituted the neutron-
irradiated, untreated controls.

Data for a series of 4 experiments are summarized in Table 14
and illustrated graphically in Figure 17. It is clear from these data that we
are dealing with supralethal doses of fission neutrons, since only 1 of the
control mice {out of 53) survived the lowest exposure, and all the controls

TABLE 14

Effects of combination therapy {cysteine, bone marrow cells, and streptomycin)
on 30~day mortality in mice exposed to supralethal doses of fission neutrons*

Neutron- Neutron-
irradiated irradiated
Duration of Total comntrol treated
Experiment irradiation, dose, mice mice
min rads
No, dead o No. dead 7
No. exposed " No. exposed ’
A 50 335 31/32 96 1/32 3
B 50 335 8/8 100 1/16 6
C 55 370 /7 100 1/16 6
D 60 400 6/6 100 3/16 18
Four
experiments 50-60 335-400 52/53 98 6/80 7.5
combined

*Exposures to fission neutrons were carried out at the CP-5 reactor, operating
at 2000 kw. The dose rate was ~6.7 rads/min.

*We should like to thank Dr. Robert Straube for assistance in these
cysteine dosage experiments.
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died in the last three experiments. Under the experimental conditions at
the CP-5 reactor, an exposure of approximately 350 rads will kill at least
95% of irradiated mice. Certainly the exposures C and D (370 and 400 rads)
are well above the LDgg/30 dose level. It is evident also from the results

of these experiments that the treated mice are well protected. Only 6 out
of 80 mice (7%) treated with the triple technique described above, died
within the acute 30-day period. It is interesting to point out that, in both
experimental and control groups, all the mortality in the acute period took
place in the 10-12 days after exposure.

There is some evidence that as the dose is increased, the protection
becomes less effective: half of the treated mice that died were in the highest
(400 rad) exposure group. Further experiments will be carried out at even
higher doses.

Figures 18 and 19 give the body weight data for the various treated
groups. Figure 18 illustrates the data for experiment A (Table 14), while
Figure 19 compares the weights of the mice in the other three experiments,
B-D. In all 4 groups there was a sharp decline in body weight for at
least 4 days following exposure, but all of the treated groups exhibited
definite recovery with gains in average body weight, usually beginning be-
tween the 6th and 7th days after exposure. This is evidence, we believe,
that the introduced bone marrow cells have successfully been transplanted
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into the host's blood-forming system and are stimulating hematopoietic
recovery. However, cumulative mortality curve for untreated neutron-
irradiated mice {Figure 17) shows that at that time, one week after ex-
posure, more than 80% of the mice are dead. This suggests why bone
marrow cells alone are not very effective in mice exposed to lethal doses
of fission neutrons.(l) The antibiotic streptomycin helps to protect the
mice from fatal bacteremia and septicemia during the 10-day period
following expo sure.(4) By this time the bone marrow, ineffective against
the intestinal syndrome, has taken over its protection of the mouse hema-
tological system. The cysteine helps the entire protective process by
reducing the total effective radiation dose by approximately 10%.
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PRELIMINARY TESTS ON THE ACTIVITY OF CERBARTROL
AS A POSSIBLE PROTECTIVE AGENT AGAINST
RADIATION EFFECTS IN MICE

Howard H Vogel, Jr., and Donn L. Jordan

Cerbartrol ® is a protein-free and fat-free bone marrow extract
combined with malic acid.* Clinical tests showed that it has some thera-~
peutic value in rheumatoid arthritis and osteoarthritis,(1,2) Preliminary
studies at the University of Bologna,(?’A) suggested that the extract might
be of some value in increasing radioresistance in mammals.

Two preliminary experiments were therefore undertaken, In the
first, 32 mice were irradiated with 350 rads of fission neutrons. Of these,
the 8 untreated controls all died within 21 days. The remaining 24 irra-
diated mice were divided into 3 groups and injected intramuscularly with
Cerbartrol once daily for 1 week after exposure, at a dose of 0.05 cc,

0.1 cc or 0.2 cc.** There was no evidence of protection. A second, similar
experiment was carried out in mice exposed to 1068 rads Co® Y-rays, at
10 rads/min, using doses of 0.1 and 0.2 cc. Results of this experiment
were also completely negative: all mice died within 15 days.

References
1. Lucherini, T. G. Tuccimei, Minerva Medica 2 (II) 60 (1951) cited in (3).
2. Smith, L. W. Medical Times 83: 851 (1955) cited in (3).
3. Report on the pharmacologic activities of Cerbartrol, prepared by

Prof. Aldo Cestari, Director of the Institute of Pharmacology,
University of Bologna, Italy. (Unpublished)

4. Biological action of Cerbartrol corticoid and cortico-tropic activity.

Dr. A. Castelli and Dr. A. M. Sechi, Biochemistry Institute,
University of Bologna, Italy. (Unpublished)

*We thank the Cerbini Research Corporation, New Rochelle, N.Y., for
supplying the Cerbartrol for these experiments. The material was
either in the form of 1 cc ampuls for injection or in the form of pills
to be taken orally.

**The material was supplied in the form of 1 cc ampuls. The concen-
tration was not given. Doses here were based on information supplied
by the company indicating that 1 cc/da,y represented an "average
human dose.”




RADIATION RECOVERY

V. Recovery in Irradiated Mice at One and Two Months after
Exposure to Coéoy -Rays or Fission Neutrons

Howard H. Vogel, Jr., and Donn L. Jordan

During the past several years, the Neutron Toxicity group has
studied recovery in CF No. 1 female mice after exposure to Y-rays and
to fission neutrons. Previously we have reported the results of experi-
ments using paired equal doses and varying intervals between exposures:
a few minutes,(” a few hours,(2) or 10 to 15 days.(3’4)

The experiments reported herein were carried out using this same
split-dose technique, but extending the time between exposures to 1 and
2 months.

Co®® Y-Ravys

Twenty-eight Days between Exposures. The animals used were
young adult CF No. 1 females, weighing 18 to 25 g. One group was irra-
diated with 300 rads of Co® Y-rays, while another was exposed to 600 rads.
One month (28 days) later these 2 groups, together with 2 groups randomly
selected of unirradiated age-~controls from the same shipment, were ex-
posed to 850 rads of Co®® Y-rays. This exposure should kill less than 50%
of the mice in 30 days when delivered as a single.whole~body exposure, and,
actually, approximately 40% of the mice of each age~-control group died in
the acute 30-day period (Figure 20). The mice that had been irradiated
28 days previously with 600 rads all died during the 30 days after their
second exposure to 850 rads. The 300-rad group showed a 30-day mortality
of more than 80%, significantly elevated from that of the single-irradiated
age-control groups {Figure 20).

It is clear from this experiment that part of the first dose is still
residual (i.e., recovery is not 100% complete) 28 days after Y-ray exposure
when the first dose is approximately one-third to two-thirds of the LDso 30
dose {900 rads Co®® y-rays).

Sixty Days between Exposures. In this case, 2 groups were irra-
diated with 596 rads Co® y-rays (approximately 2/3 LDsp/30 dose) and
60 days later these mice, together with 2 groups of age-controls, were
exposed to a second dose of 890 or 930 rads, (approximately the LDsy/39
and LDggy/39, respectively, for single exposures to CF No. 1 female mice).
It was estimated that if even 5% of the dose from the first exposure was
still residual after the two-month period, 100% of the mice should die. The
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results of this experiment (Figure 21) indicate no significant difference in
30-day mortality between the irradiated mice and their age-controls. We
may conclude, therefore, that no significant portion of the firsty -ray dose
(596 rads) is residual after a 2-month period, at least as measured by

30-day mortality,
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Figure 21. Cumulative mortality of CF No. 1 female mice irradiated with Co60 y-rays: 890 rads (A)or
930 rads (B), 2 months after a preliminary exposure to 596 rads. Each group is compared with

its own age control which received only the single exposure of either 890 or 930 rads. Figures
in parentheses give numbers of animals per group.




Fission Neutrons

Thirty-three Days between Exposures. In Figure 22 are compared
the cumulative mortality data for two groups of mice exposed to fission
neutrons. The experimental group received 160 rads exposure, followed
33 days later by a second exposure of 340 rads. These should be com-
pared with the mortality of the age-control group of 32 mice, irradiated
only once with 340 rads. The second exposures for the two groups were
done simultaneously. In each group only one mouse survived the acute
period (97% deaths in 30 days). There is no evidence from this experiment
that any residual dose remains from the first 160 rads of fission neutrons
after an interval of 33 days.

IOO||l||||v||||||||v|||||vvlrlx1
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Sixty Days between Exposures., Figure 23 summarizes the mortality
data from a similar exposure to split doses of fission neutrons, carried out
at the CP-5 reactor, with an interval of 2 months between exposures. Mice
exposed to 100 rads or 185 rads 60 days prior to a second exposure to
300 rads of fission neutrons showed no increase in 30-day mortality when
compared to a group of age controls simultaneously exposed to a single
dose of 300 rads. There is even an indication (since the mortality in both
split-dose groups is lower than that in the age controls) that the first dose
of neutrons might be slightly "beneficial" as measured by 30-day mortality.
At any rate, we may conclude that 60 days after a first neutron dose (from
30% to 57% of the LDsg/3p single whole-body dose) there seems to be no

residuum as measured by the 30-day acute mortality,
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‘ RECOVERY IN NEUTRON-IRRADIATED CHICK EMBRYOS

v Howard H. Vogel, Jr.

In previous work(l) it was established that a single exposure of
approximately 450-650 rads of fission neutrons was necessary to kill
4-day chick embryos within 6 hr after exposure.

Two experiments have recently been carried out in order to deter~
mine whether recovery occurs when such a lethal neutron dose is frac-
tionated into two exposures with a short time between them. It is evident
from the data (Table 15) that a single exposure of fission neutrons of 640-
650 rads, delivered in 100 min as a single dose to 4-day-old chick embryos
in ovo, will kill more than 90% within a 6 to 7-hr period after exposure,
The criterion for survival was detectible heart beat when the egg was

TABLE 15

Comparison of effects of single and fractionated neutron exposures
in 4-day-old chick embryos irradiated in ovo

. Time of
incubation Mortality
Exposure
I diati t Dose, after No. dead at
- rradiation rme, rads | beginning of | No. exposed | 6-7 hr,
min . s
irradiation, %
hr
Experiment I
Single exposure 100 643 6.5 13/15 87
Fractionated exposure*
First fraction 33 214
7t 1/15 6
Second fraction 67 429 /
|
| Unirradiated controls - - - 0/14 0

Experiment II

Single exposure 100 ~650 6.5 17/18 94
Fractionated exposure**
First fractlo.n 50 325 of 1/18 5
Second fraction 50 325
Unirradiated controls - - - 0/8 0
) *Fractionated 1/3: 2./3, with 155 min between the two exposures.
. **Fractionated 1/2: 1/2., with 120 min between the two exposures.

t Time after beginning of second exposure.
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opened and the embryo examined Of the 33 embryos irradiated in the two
experiments, 30 were clearly dead when examined, but 3 were classed as
alive since their hearts did show sonie slight, erratic beating It was evi-
dent, however. from large hemorvrhages and drained extra-embryonic
vascular areas, that these 3 embryos could not have lived for more than a
few hours. Therefore, for our purpose. this single exposure to fission
neutrons (650 rads) can be considered approximarely a 6-hr LDgyg.

When this same dose was delivered in two fractions with a short
time interval (120 or 155 min) between the two exposures. there was evi-
dence of dramatic and rapid recovery

In Experiment I (Table 15), the total dose was divided into a first
component (l/B)and a second component (2/3)w1th approximately 2% hours
between exposures. In Experiment II, the dose was equally fractionated
with 2 hours between the two exposures. In both experiments, the eggs
were kept in an incubator between the two exposures and returned to the
incubator after the second exposure. Dose rate was constant for all experi-
ments, with the CP-5 reactor operating at 2000kw Under these conditions,
only 1 embryo (5%) died in each experiment during the 6-hr period of
observation Furthermore, there were few signs of intraembryonic hemor-
rhage in any of these embryvos. 1n contrast to the massive hemorrhages in
brain, heart, amnion, and allantois observed in the embryos of the single-
exposure group. The embryos recewving the fractionated exposures also
exhibited good extra-embryonic circulation in contrast to those of the
single exposure group; in the latter, the entire system was usually drained
of blood. The embryos receiving the divided dose appeared to be in good
condition generally, except for several small petechiae in the extra-
embryonic area. especially near the sinus terminalis.

It is evident from the results of ithis experimenti that as short a
period as 2 hr between neutron exposures allows a significant degree of
recovery from the effects of the first dose., It 1s not impossible that all
of the first dose is recovered in this time since 429 rads in the first
experiment 1s just sublethal and mightaccount for the single death without
any contribution from the preliminary exposureof2l4 rads.

These experiments are interesting since they establish a recovery
time for the chick embryo exposed to fission neutrons of the same order of
magnitude as that reported by Stearner and Tyler following Coéoy—raysa(z)
Further experiments are planned to try to investigate this rapid recovery
phenomenon in the irradiated chick embrvo.




References

Vogel, H. H., Jr. and D. L.. Jordan. The relative biological effectiveness
of Co®° Y-rays and fission neutrons: Lethal effects on the 4-day chick
embryo. Radiation Research 11: 667-683 (November, 1959).

Stearner, S. P. and S. A. Tyler, An analysis of acute radiation mortality
in the chick. 1. Indicators of injury in the chick and chick embryo.
Radiation Research 7: 453-454 (1957). (Abstract)

77




MODIFICATION OF THE MEMBRANE FILTER TECHNIQUE FOR .
STUDIES OF RADIATION EFFECTS IN SPORES
OF BACILLUS MEGATERIUM

B. F. Kaleta and E L. Powers

The technique of using 47.0-mm Millipore Filters* (MF's) and its
application in radiation studies of Bacillus megaterium spores has been
reported previouslyo(l) The desirability of limiting the size of the radia-
tion field for certain experiments led to modifications in the above method
that are reported here.

Materials and Methods

The spores of Bacillus megaterium, ATCC #8245. were prepared
and mounted on 47.0-mm MF's in the manner previously described with
the exception that about 25 times as many spores were mounted for each
desired concentration. These were dried in vacuo, and then smaller
discs, 6.8 mm in diameter, were punched out with a cork borer. They
represent approximately 1/25 of the area of the larger disc and therefore
carry approximately 1/2.5 of the original number of spores, For germina-
tion, a plating technique involving two MF layers instead of the usual one
was devised. Prior to incubation at 35°C, 0.5 ml of a buffered peptone-
glucose medium (double-strength Difco MR-VP Medium) was pipetted onto
a 27.0-mm absorbent pad, the pad was covered with a 27.0=-mm MF and
five 6.8-mm MF's were placed on this. To have a statistically useful
number of survivors on these small MF's, it was necessary to crowd them
with numbers of spores that would result in confluence if incubated for the
usual 16 hr, Therefore the incubation period was reduced from 16 to 7 hr.
Table 16 shows two experiments designed to validate the use of the double
MF plating technique and the reduction of the time of incubation to 7 hr,
The number of colonies was the same whether one or two MF's was used
on the pad or whether the colonies were incubated for 7 hr or for 16 hr.
Before 7 hr some of the colonies are barely visible and after that time,
confluence begins to occur. Even at 7 hr the colonies are quite small, the
average size being about 0.2 mm. To aid in counting, the MF's and pads
were placed in a sealed chamber with a dish containing a few drops of a
2% aqueous solution of osmium tetroxide. After from 7 to 16 hr of exposure
to the vapors, the colonies appear dark brown, shiny and raised above the
surface of the dull, lighter brown MF.

An experiment was done to determine the maximum number of spores
that could be mounted on the 6.8-mm MF's and still show 100% colony for- .
mation. The linear character of the zero intercept curve (Figure 24) that
relates relative spore count to colony-count shows that the colonies from

*Millipore Filter Corporation, Watertown, Mass.
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TABLE 16

Comparison of plating efficiencies of single and double plating
techniques, and 16 hr and 7 hr incubation times

Inchation Method of No. of colonies
time, latin Recovery, %
hr P g Expected Observed
16 27.0 mm MF - 153 100.0
on
27.0 mm Pad
7 n 765 740 96.7
7 27.0 mm MF 765 157 99.0
on
27.0 mm MF
on
27.0 mm Pad
16 47.0 mm MF - 56 100.0
on
47.0 mm Pad
7 1" 280 276 98.6
7.5 " 280 271 96.8
500 ¥ T T T T T T
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as many as 445 spores grown in that small area for 7 hr can be accurately
counted with no evidence of loss in plating efficiency up to that point.

The X-ray source was a Machlett OEG 60-tube with a tungsten tar-
get, beryllium window, no added filtration (HVL 0.070 mmAl), operated
at 50 kv and 45 ma. For the irradiations, the 47.0-mm MF's were piled in
stacks of five, whereas, five of the 6.8-mm MF's were singly placed within
the area occupied by the larger MF's. The target distance was 15 cm, and
the dose rate to the first filter was 19,860 r/min. All of the irradiations
were done in air at room temperature,

Results

An inactivation curve obtained by the 6.8-mm MF method with 7-hr
incubation (semimicro method) is compared to one obtained by the usual
47.0-mm MF method with 16=hr incubation (macromethod) as shown in
Figure 25, The points represent the average fraction surviving on five
MF's. In the case of the 47.0-mm MF's, the dose represents the average
through the stack. No significant difference is seen in the results when
the two methods are compared,

It can also be seen in Figure 25 that the initial spore concentration
on the MF apparently does not affect the fraction surviving X-rays within
the limits tested. MF's were mounted with a fixed spore concentration,
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| | creased 10 times for each order of magnitude
. of inactivation.
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5 x 10° per MF, and then given a range of X-ray doses, the range being
limited by the number of survivors at the higher and lower doses. Both
47.0-mm MF's and 6.8-mm MF's were used as indicated in the figure.

The semimicro method is a practical technique by which X-ray
inactivation curves can be obtained for work in which the size of the radia-
tion field is limited. In addition to this there is an increase in efficiency
over the macro method. This is because ten 6.8-mm MF's can be punched
from one 47.0-mm MF, and 10 times as many data can be obtained with no
increase in the work of preparation. Furthermore, less medium is used
for the growth of colonies, and the incubation period is shorter. When the
radiation field size is not limited, 5 or more 6.8-mm MF's can be inacti-
vated in an isodose field equivalent to that occupied by one large MF.

Reference
l. Powers, E. L., C. F. Ehret, and A. Bannon. The membrane filter

technique in radiation studies of spores of Bacillus megaterium.
Appl. Microbiol. 5: 61-64 (1957)
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STRONTIUM-85 RETENTION BY THE RAT
AS A FUNCTION OF AGE AT INJECTION

Thomas W. Speckman and William P. Norris

The dependence of retention of a bone-seeking isotope upon the age
of an animal at the time of injection has been noted in previous reports. 1
The following analysis represents an effort to express in generalized
mathematical terms the results of several such experiments to determine
retention of Sr® in rats. Such treatment makes the results more useful in
correlations with the results of studies of other isotopes and other species.

In all, 68 rats were injected intravenously with Sr®® at ages varying
from 4 to 428 days. Retention in these animals was measured periodically
using an external Y-counting method, which allowed sequential observations
of the same animals for the entire experimental period. For presentation
here the animals were somewhat arbitrarily combined into six groups having
the following ranges of age at injection: 4-30, 42-61, 82-141, 162-233,
252-338, 366-428 days.

The retention data for each group, excluding the first few days
following injection, may be described by the sum of two exponential terms.
Each of these exponentials seems to retain the same slope regardless of age
of the animals at injection. The shorter-term exponential has a slope of
approximately -0.041, representing a half-life of 16.9 days, while the long-~
term component has a slope in the order of -0.0007, representing a half-life
of 990 days. However, the estimation of the latter value has such a large
associated error that it provides only an approximation of the true value.
Unfortunately, it is not possible to establish the existence of a finite number
of exponential terms by inspection of a curve of the sort found in these ex-
periments -- regardless of the quality of the data obtained. The representa-
tion described above represents the most naive and simplified solution to the
mechanistic problems involved. However, this approach illustrates that the
shape of the terminal portions of the age-dependent retention curves are
very similar. Indeed, since they cannot be shown by statistical methods to
be dissimilar, they are presumed to be identical.

The modified power function described by Norris et %.1,-(2) and Tyler(3)
affords an over-all empirical description of the data in a simple mathematical
form which can be readily integrated and differentiated. The modification is
made by introducing ¥, a factor which forces the power function to conform to
the physical requirement that retention must be unity when t = 0. The modi-
fied form representing retention following a single injection, where the
physical half-life of the isotope is not taken into account, is

b
thw)-m=tzo,-1<b<o,y>o (1)

Vb




where R = fraction of injected dose retained, t = days since injection, and
b = slope of the power function described by Equation 2. This form ap-
proaches the power function

(where A = intercept with the retention axis at one day) asymptotically as
t increases.

When the retention data from the old rats are plotted on log-log
paper, they closely approximate a straight line. Thus when one uses a
straight-line power function to represent retention in the oldest groups,
366-428 days at injection, a least squares linear regression analysis re-
sults in b = -0.35 X 0.02. Since, as stated earlier, the shapes of the
terminal portions of the retention curves are considered to be identical in
all age groups, b becomes a property of the power function asymptote which
rats of all ages will ultimately approach. The quantity Y now becomes the
sole age-dependent factor in Equation 1. With Equation 1 used to describe
retention in rats of all ages at injection, ¥ was found for each experimental
age group by a least squares linear regression of the relation.
1
B t
R, =1 t— (3)
These results are shown in Figure 26 with a smooth curve through the
points. By use of Equation 1 the calculated retention resulting from in-

jection at specific ages results in the curves shown in Figure 27. Appro-
priate values for ¥ were taken from the smooth curve in Figure 26.

Figure 26. Variation of ) as a function of age
at injection.
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RETENTION ({Fraction of Injected Dose}

The experimental retention measurements, corrected for natural decay of
Sr®, are plotted on the same graph as the calculated curve representing
the closest age at injection. It must be pointed out that within each age
range, the line plotted is calculated for the specific age noted; hence, for
each specific age group represented by data, the points representing its
retention curve should appear in proper relation in a sequential family of
curves covering the age span represented. The experimental points are
seen to fit into such a pattern reasonably well.

Figure 28 is a composite of Figure 27 without the experimental data
points. The power function asymptotes are shown as broken lines to indicate
the variance from the straight power function introduced by the modification
invoking the use of Y. This illustration points out the importance of using
the modified form of the power function unless concerned only with adult
animals.
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Figure 28. Retention of 585 in rats as influenced by age at injection.

The material in this report is being analyzed more thoroughly and
will appear shortly as a more extensive publication.

We gratefully acknowledge the assistance of Sylvanus A. Tyler in
the mathematical portion of the work, and the technical assistance of
Mrs. C. Armstrong.




References

Speckman, T. W., and W. P. Norris. The retention of strontium® in
rats as a function of animal age at injection. Quarterly Report of
Biological and Medical Research Division. Argonne National
Laboratory, ANL-5597 (1956) pp.77-78.

Norris, W. P., S. A, Tyler, and A. M. Brues. Retention of radioactive
bone-seekers. Science 128: 456-462 (1958).

Tyler, S. A. On a modification of the power function. Biological and
Medical Research Division Semiannual Report. Argonne National
Laboratory, ANL-5841 (1957) pp. 132-138.

87



88

PROGRESS REPORT: GRANULOCYTE LIFE CYCLE. IIL

Mary A. Maloney and Harvey M. Patt

In this communication we wish to present data pertaining to the kinetics
of granulocyte production in the normal dog. This study is based on high
resolution radiocautography after administration of tritium-labeled thymidine.
Experimental procedares were described previously)(lsz)

Tritiated thymidine 1s available for incorporation into DNA only for
a very brief period after injection since it is rapidly metabolized and
excreted.(3) The label appears first in myeloblasts, promyelocytes, and
myelocytes, cells that ordinarily contribute to renewal of the granulocyte
population by mitosis. Since, on the average, half of the label will be
transferred to each daughter cell, labeled cells should accumulate in marrow
until there is a significant dilution through subsequent mitoses or maturation
and release to peripheral blood. In point of fact, the pumber of labeled
cells, computed in terms of a normalized distribution of the various cell
types, increases during the first 36 to 48 hr after intravenous injection
of tritiated thymidine in a dosage of 0.1 to 0.3 ,uc,/g, The mean generation
time of the proliferating cells can be estimatied from the rate of increase
and is of the order of 15 hr.

A more detailed picture of the generation cycle may be obtained from
the temporal distribution of labeled mitotic figures following injection of
tritiated thymidine. A correlation of this sort i1s being made, and although
the study has not been completed. the approximate sequence of events may
be discerned from preliminary analyses. It has been observed that mitotic
figures for myeloblasts, promyelocytes. and myelocytes are labeled
within 30 to 60 min after thymidine administration. There is a maximum
at 4 to 5 hr with a sharp declire at 6 hr, and a second increment of labeled
mitoses at 14 to 15 hr. The peaks in labeled mitoses are paralleled by an
increase in the number of labeled myeloid cells. A mean generation time
of 13 to 14 hr may be inferred from these data. It would appear that
mitosis begins within an hour after completion of DNA synthesis and that the
duration of mitosis is about an hour. The interval between completion of
mitosis and onset of DNA synthesis is approximately 7 to 8 hr and the DNA
synthetic period is about 4 to 5 hr.
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PROGRESS REPORT: PYRESIS STUDIES

V. Sedimentation Rate Studies

Marcia White Rosenthal and Joan F. Fried

A significant increase in sedimentation rate in rats follows the
artificial production of fever by the subcutaneous injection of yeast. It has
been shown that injection of an antipyretic dose (125 mg/kg) of
aurintricarboxylic acid (ATA), but not of sodium salicylate, prevents
this increase.(l

The present report summarizes our further work with these
substances in sedimentation rate studies: the determination of dose effects
in vivo and a comparison of the effectiveness of the two substances in vitro
when added to either rapidly sedimenting rat or human blood.

In vivo experiments. The production of fever in rats, the accompany-
ing increase in sedimentation rate, and the procedures used in the studies
of sedimentation rate were the same as described earlier.(l) Intravenous
injection of 75 mg/kg of ATA, an effective antipyretic dose, was as
effective as the previously used dose of 125 mg/kg in preventing the
increased sedimentation rate associated with the yeast-induced fever, while
a dose of 35 mg/k;gg ineffective as an antipyretic, was only partially
effective in the sedimentation rate test. Blood samples were taken 1 hr
after the iggection of ATA. In a second series of experiments, summarized
in Table 17, blood was taken at increasing intervals after intravenous
administration of 125 mg/kg of ATA, ATA exerts a significant but
decreasing effect on the sedimentation rate after it has been in the blood
for 6 hr and has lost its effect after 9 hr. Sterilized ATA was found to be
fully effective as an antipyretic and in preventing the increased
sedimentation rate: a 6% solution of the ammonium salt was autoclaved
at 15 pounds pressure for 20 min, then injected intravenously at a dose
of 125 mg/kg.

We have found it impossible to decrease the sedimentation rate
in vivo with sodium salicylate, either by single intraperitoneal injections
of up to 500 mg/kg or by artificially maintaining a high blood salicylate
level through ligation of the renal blood vessels. In the latter
experiments the kidneys were ligated bilaterally with the rat under
ether anesthesia about 18 hr after administration of yeast. The rats
were injected intravenously 3 to 5-%— hr later either with saline or with
250 mg/kg of sodium salicylate, the largest dose which is nontoxic
under these conditions. Either 1 or 4 hr after this injection, blood
was withdrawn for determination of sedimentation rate. Even after the




TABLE 17

Effect of ATA in vivo on sedimentation of red blood cells in rats

RBC Estimated
Hr after No. | sedimentation** | blood content

Treatment*® ¥
treatment | rats ATA,

Mean, S.E. mg/ml

mim

Saline 1 13 17.5 2.6 ————
Saline 4 7 17.1 2.6 -
Saline 9 7 19.5 4.6 -———
ATA 1 8 Trace - 0.43
ATA 2 5 Trace - 0.35
ATA 4 6 0.9 0.4 0.27
ATA 6 5 2.0 0.7 ~0,22
ATA 9 7 12.4 3.0 ~0.15
ATA 12 6 24.9 3.7 0.14

*125 mg/kg of ATA, or an equivalent volume of saline, was
injected intravenously about 18 hr after subcutaneous
administration of 3.0 ml of a 15% yeast suspension in saline.

**Determined 2-% hr after sampling.

TCalculation based on measured disappearance of ATA from blood
following intravenous injection of ~77 mg/kg (19.2 mg)
NHLATA, 2 assuming that the blood retention is the same following
125 mg/kgo Figures for 5 and 9 hr are estimated from the curve
since actual readings were not made at these intervals.

4-hr interval, the sedimentation rate of the treated rats was not
significantly altered from that of the saline controls. For example, 2-3 hr
after blood was drawn, the mean fall of the red blood cells in the treated
group (7 rats) was 32.8 mm + a standard error of 8.45, as compared to
40.6 + 3.4 mm in the controls (5 rats). Rough quantitative measurements
of the salicylate in the pooled blood of these rats using a colorimetric
method based on development of a complex with ferric nitrate,(3)
indicated that salicylate had indeed been maintained at the level present
immediately after injection (~5 mg/ml of blood). This failure of sodium
salicylate to affect the sedimentation rate is surprising in view of

its effect in rheumatic fever and in the in vitro experiments to be described.
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In vitro experiments. These were performed in a manner similar to
that used by Formijne.(4) Rapidly sedimenting rat blood was removed by
cardiac puncture into a heparinized syringe about 20 hr after subcutaneous
administration of 3 ml of a 15% yeast suspension. One-ml aliquots of
blood were immediately added to test tubes containing 0.2 ml of a test
solution or of 0.85% saline. After mixing, the blood was placed in
Wintrobe tubes, and the sedimentation of the red cells was observed
frequently for at least 2-’% hr, and at 22 hr. Table 18 summarizes the
results at Z-‘%& hr, when the sedimentation of the red blood cells had
essentially ceased. Readings at 22 hr were somewhat lower, but the
relationships between groups were unchanged, Under the conditions of
these experiments, sodium salicylate had the expected effect upon the
sedimentation rate. ATA was somewhat more effective. A comparison of
the last columns in Tables 17 and 18 shows that for maximum effect about
four times as much ATA was required in vitro as in vivo.

TABIL.E 18

Effects of ATA and salicylate in vitro on
sedimentation rate of red blood cells of rats

Test solution RBC Concentration of
No. | sedimentation® test solution
Compound Concer;:ration, rats Mean, S E. in tube,
o mg/ml
mm
Saline 0.85 18 15.0 1.3 -
Na Salicylate 0.5 6 6.8 N 0.83
Na Salicylate 1.0 6 0.5 0.3 1.66
Na Salicylate 2.0 6 0.1 0 3.33
ATA 0,25 6 15.9 5.8 0.42
ATA 0.5 6 1.7 0.3 0.83
ATA 1.0 6 0.2 0.02 1.66

*Determined 2-3hr after sampling. Tubes contained 1 ml blood and
0.2 ml test solution.

This in vitro test was performed also with freshly drawn, rapidly
sedimenting human blood from rheumatic fever patients.* Aliquots of
blood from each of four patients were tested as above with 0.5, 1.0
and 2.0% solutions of both sodium salicylate and NH,ATA, and with a

*We are indebted to Doctors Albert Dorfman and Burton J Grossman and
to Miss Dorothy Batterton of the Thomason Laboratory of La Rabida
Sanitarium for this opportunity and for drawing the blood samples.
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saline control. Only the 2.0% solutions slowed the sedimentation rate
significantly in comparison to that of the control: in two cases to a normal
rate, and in two cases with abnormally low hematocrits and very rapid
initial sedimentation rates, to an intermediate rate. ATA and sodium
salicylate were roughly equivalent

The failure of injected salicylate to change the sedimentation rate
in the rat under the conditions of our experiments becomes more
interesting in view of this demonstration that in vitro it is capable of
returning sedimentation rate to normal Further, our experience with
ATA, and the clinical comparisons of salicylate under in vivo and in vitro
conditions, indicate that thein vitro condition usually requires more of the
test substance. The failure of salicylate may be attributable to insufficiently
high blood levels. although this explanation becomes less credible in view
of the results of our experiments in which the kidneys were ligated. Some
factor present 1n the whole rat, and not in the isolated blood, evidently
prevents sodium salicylate but not ATA from exerting an effect upon the
sedimentation rate under the conditions of our experiments.
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PROGRESS REPORT: LEAD REMOVAL

I. Effect of Three Polyamino Acid Chelating Agents on Acute
Experimental Lead Poisoning in Rats

Joan F. Fried, Jack Schubert and Elizabeth Moretti

The value of ethylenediaminetetraacetic acid (EDTA) in the clinical
treatment of chronic lead poisoning in humans is now fairly well
established.\! Recently two compounds which are structurally related
to EDTA have been shown to be more effective than EDTA in the removal
of radioelements from laboratory animals.(2:3:4) These are
diethylenetriaminepentaacetic acid (DTPA) and 2:2'-bis (dicarboxymethyl)
aminodiethyvlether (BAETA). For these reasons, it was of interest
to compare the action of these two agents with that of EDTA in the
therapy of acute experimental lead poisoning in rats.

Two tvpes of experiments were performed. In one, CaEDTA,
CaDTPA, and saline were compared with respect to their effects on the
survival of groups of rats given a lethal dose of lead nitrate and treated
one hour later. In the other, the toxicity of the lead chelates of BAETA,
DTPA and EDTA was determined after their administration as single,
intraperitoneal injections into rats.

Methods

Lead nitrate, Pb(NOj3);, prepared by solution in distilled water
without adjustment of pH, was injected intravenously into rats at a
dose of 70 mg/kg as Pb. CaEDTA and CaDTPA were prepared by
neutralization of the acids with NaOH, addition of CaCl; in 1:1 molar ratio
of Ca to chelating agent, and adjustment of the pH to 7.2. These agents
were given intravenously in doses of 118 mg/kg and 158 mg/kg
respectively (equimolar ratio). PbBAETA, PbDTPA and PbEDTA were pre-
pared by neutralization of the acid forms of the chelating agents with
NaOH, addition of Pb(NOQO;s), in 1:1 M ratio of Pb to chelating agent, and
adjustment of the pH to 7.0. They were given intraperitoneally in doses
ranging from 110 to 1260 mg/kg as Pb. Sprague-Dawley female rats
of 3-6 months of age and weighing 225-285 g were used; animals of equal
weight and age were selected for each experiment.




Results

The results of the survival experiment are shown in Table 19. There
was no significant difference in survival among the three groups. However,
the prolonged time to death in treated groups as compared with the saline
controls may have some significance, especially in the case of the
CaEDTA-treated group.

TABLE 19

Effect of equimolar levels of CaEDTA (118 mg/kg) and CaDTPA (158 mg/kg)
given intravenously 1 hr after a lethal dose of Pb(NOj),*

Avg. time to
£
Treatment No. of Survival, death.o
animals % nonsurvivors,
days
CaEDTA 10 40 | 2.2
CaDTPA 11 36 E 1.4
Saline 12 33 s 0.9
(controls) ;

*Pb(NO3);, 70 mg/kg as Pb, intravenously.

The toxicities of the lead chelates of EDTA, DTPA and BAETA are
given in Table 20. PbDTPA is somewhat more toxic than PbEDTA, but
both are considerably less toxic than unchelated Pb*+t ion. On the other
hand, PbBAETA had almost the same order of toxicity as unchelated
Pbt. our preliminary studies on the toxicity of CaBAETA indicate that
this cannot be attributed to any toxic effects of the BAETA component.,

TABLE 20

Toxicity of PbEDTA, PbDTPA and PbBAETA
given intraperitoneally to rats

Dose of Pb, Survival, %
mg/kg
PLEDTA PbDTPA PbBAETA

0 e 37 (8)
1 e 0 (4)
T e T 0 (4)
945 100 (3) 100 (4) | -----
1260 100 (7) 50 (8) 1 —----

Numbers of animals injected are

in parentheses.
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Discussion

The lack of therapeutic effect of both EDTA and DTPA in acute
lead poisoning is in contrast to the effect of both of these compounds
in acute manganese poisoning. 5) The stability constant of EDTA for
Pb*T is more favorable than for Mnt+; K¢ PbEDTA = 18 and Kf MnEDTA =
14,(6) However, the affinity of Pbt% for the tissue proteins is much greater
than that of Mnt+, At 1 hr after intravenous injection of Pb*t, about
30% of the injected dose is in the liver and kidneys and about 20% in the
plasma.qu) Hence, the net stability constants of EDTA and DTPA
for Pb are too low; these compounds cannot compete with the proteins
of these tissues sufficiently to effect removal of a significant fraction
of their lead content.

When lead is injected in the chelated form, however, the chelates
of EDTA and DTPA are sufficiently stable to permit the administration of
a relatively large amount without toxic effects. While no data are available
for the stability constant of BAETA with Pb™™T, it is apparent from our
results that it must be orders of magnitude lower. This is probably due
to steric hindrance.
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PROGRESS REPORT: TREATMENT OF RADIOSTRONTIUM POISONING. II.

Arthur Lindenbaum, Joan F. Fried and Elizabeth S. Moretti

A previous report has dealt with the promotion of increased
radiostrontium excretion from the body by means of the salts of
rhodizonic acid.(1) The present report extends this study and describes
work aimed at determining the effect of a diuretic, Diamox® (acetazolamid),
used in conjunction with sodium rhodizonate (NaR)* on rats given Sr®.

The rats received 0.8 uc carrier-free 585C12 in 1 ml of water
given orally by stomach tube, followed immediately, using the same tube,
by 7 ml of either water, Diamox (7 mg/kg), NaR (90 mg/kg), or NaR plus
Diamox (90 mg/kg and 7 mg/kg respectively). At 1-% hr after administration
of Sr®, the original therapeutic or control treatment was repeated. The
animals were sacrificed 24 hr after administration of Sr®. Carcass,
femurs, urine and feces were assayed for Sr® by means of a scintillation
counter. Some typical results are shown in Table 21.

TABLE 21

Effect of sodium rhodizonate (NaR) and Diamox on the distribution
of orally administered Sr% in rats.

Percent of Administered Sr%
No. Treatment Carcass Feces
animals less GI tract, | Skeleton,*¥* Urine, plus GI tract,
mean + 0% mean +0 | mean + ¢ mean + ¢
5 Diamox only 36.44 1+ 3.33 24.48 +1.35 | 2.65 +0.04 | 62.98 +1.98
5 NaR + Diamox | 24.15 + 2.98 14.19 +1.42 | 8.02 +1.14 | 66.53 + 3.30
5 Water only 27.02 + 3.71 | 17.47 +2.33 | 2.29 £ 0.31 | 69.81 + 3.67
5 NaR only 27.93 + 4.39 11.82 +0.75 | 5.95 + 0.37 | 64.33 + 3.34

*3 = std. error of the mean.

**Arbitrarily calculated as activity of both femurs times 10.

It may be noted that in comparison to either of the control groups
(water only, or Diamox only) the groups given NaR show a significantly
lower burden of skeletal Sr® and a corresponding elevation of the urinary
Sr® (P<0.05, or better). The differences in skeletal content amounted
to over 40% in the groups given Diamox and over 30% in groups receiving

*The sodium and potassium salts appear to be therapeutically equivalent.
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no Diamox. It appears that these differences do not represent a true reduction 0

of skeletally deposited Sr® but rather the shunting of circulating Sr® into
the urine before skeletal deposition occurs.

Curiously, comparison of the groups receiving either water alone or
Diamox alone shows that Diamox induces a significant (0.01 > P > 0.001)
increase in skeletal Sr%, This effect is produced despite the fact that
urinary volume is definitely increased by administration of Diamox.

The increased skeletal retention of Sr® produced by a diuretic agent
1s an unexpected effect and indicates the need for further work toward an
understanding of the mode of action of Diamox, as well as other types
of diuretic agents, in connection with radioelement removal.
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A NEW PREPARATION OF THE TOXOHORMONE OF TUMORS

Robert N. Feinstein

It is well established that the presence of a tumor will reduce the
catalase activity of the liver of the host(1) and, in fact, of most solid
tissues.(2) The catalase of the erythrocyte of the host is not affected.

It is now generally accepted that the catalase-reducing properties of the
fumors lie in a chemical agent elaborated by the tumor and designated
"toxohormone"” by Nakahara and Fukuoka.(3 Injection of a toxohormone
preparation into a normal mouse will reduce the liver catalase of the
recipient. Although the literature regarding this agent is now too
voluminous to detail in this report, it may be stated that the toxohormone
is water-soluble, heat-stable, and insoluble in acetone, ethanol, or ether.
Its preparation is based on various combinations of these properties.

The most gotent preparations reported are those of Kuzin et _@_1_,(4,5)
and of Ono et _a_l( +7) The first group(S) reports the preparation of
chloroplatinate crystals of the active material and the observation of in
vivo catalase reductions of 70-80%. This is a greater effect than generally
seen, but the authors fail to state the amount of active agent needed to
produce such an effect. The Japanese group(6 prepared acetone-dried
powder of their tumor, extracted this with a methanol-acetic acid

mixture, and precipitated the active agent with ether. The resulting dried
powders were active as toxohormone in 20-40 mg doses. By ethanol
fractionation, they obtained fractions active at doses of 10 mg. In a

later paper,(7) they report further purification to the point where as

little as 0.1 mg is demonstrably active.

A technique has been devised which gives active toxohormone
fractions with a minimum of time and manipulation. Before describing
the method, it should be pointed out that the vield of toxohormone will
depend upon the particular tumor used. For example, considerable work
was done on preparations from the Walker rat tumor with indifferent
results. Active fractions were obtained, but they represented relatively
enormous amounts of initial tumor source. For example, the total yield
from 20 to 40 g of the tumor, when injected into a 15-g mouse, might
causé a reduction in liver catalase of 20 to 40%. This is apparently not
due to the particular method employed because Greenfield and Meister, 8
using a quite different technique, also stated that the Walker tumor is
poor in toxohormone. We are presently using the Murphy-Sturm
lymphosarcoma of the rat and have obtained toxchormone preparations
which, injected at a dose of 7 mg of dry powder equivalent to 2 g of original
tumor, cause a 30% reduction in liver catalase of the recipient mouse.
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The preparative method is as follows. Tumors are excised when
they reach perhaps 4 to 10% of total body weight. They are blended in the
Waring blender with 5 volumes of distilled water; this total tumor
suspension 1s heated in a boiling water bath for 20 min, then cooled. It
has been found that if this material 1s now frozen overnight. then thawed
out the next morning. centrifugation is quick and effective. The precipitate
is discarded. To the supernatant, 4 0 M MnCl, 1s added, 2.8 ml per 100 ml
of supernatant. The MnCl; is added slowly with constant stirring. The
solution is allowed to remain in the refrigerator until precipitation is
complete, usually a matter of an hour or two: if necessary, 1t is kept
in the cold overnight.

The Mn-toxohormone precipitate 1s centrifuged. and the supernatant
is discarded. The precipitate is suspended in a small volume of water and
homogenized, if necessary, to break up particles; the pH is then raised
to 10.0 with NaOH, thus precipitating the manganese as a mixture of its
various oxides and hydroxides. After stirring at room temperaturefor 15 minto
assure completion of the reaction, the mixture is centrifuged, and the
precipitate is discarded. The supernatant 1s returred to pH 7 with HCI1, and
five volumes of acetone are added slowly and with stirring. The mixture is
chilled overnight and centrifuged the next morning. The supernatant is
discarded, and the precipitate is washed twice with acetone and once with
ether, then dried in vacuo at room temperature. This is the product
which is injected intraperitoneally into weanling mice (15 to 20 g). The liver
catalase is assayed 48 hr later because the findings of Greenfield and
Meister(8) indicate that the greatest effect 1s observed at this time.

The method thus has the advantage of requiring no prolonged
refluxing no reduction of large volumes of solution and no large volumes
of organic solvents.

It has certain disadvantages. however, These are:

1. The preparations tend to be itoxic. This may be a manganese
toxicity. The LDsp for MnCljy-4 H;O is approximately 2 mg for a 15-g mouse.
Since the exact chemical nature of the mixed oxides and hydroxides
of manganese is uncertain, it is not possible to state what weight of
contamination would be lethal. In the particular experiment mentioned
above, 89 mg of product killed a single mouse, 27 mg was not lethal and
reduced liver catalase an average of 45% (3 mice), and 7 mg per mouse
reduced liver catalase an average of 30% (3 mice). On the other hand, it
is repeatedly noted in the toxohormone literature that acetone- or
alcohol-precipitated tumor fractions (without manganese) are occasionally
toxic. The toxicity we have noted may therefore have nothing to do with
the manganese although the metal is suspect because of its known toxicity.
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We hope to overcome this problem by the use of an improved method for
the detection of traces of manganese.

2. We are not certain that this technique recovers all toxohormone.
Again, it is repeatedly observed in the literature that toxohormone
apparently occurs in more than one form. It has variously been stated to
exist in free, protein~bound polypeptide-bound, and nucleic acid-bound
forms. It would seem unlikely that the manganese would precipitate
all forms.

3. Preliminary evidence indicates that Mn will not precipitate
toxohormone from the blood of tumor-bearing rats, whereas Kuzin
et ﬂo(‘L) state that they are able to prepare active fractions from such
blood.
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PROGRESS REPORT: POTENTIATION OF TUMOR RADIOSENSITIVITY
Robert L. Straube and Harvey M. Patt

The theoretical basis for the suggestlon(l’z) that high oxvgen
tension may be an important adjunct in radiotherapv of tumors stems
from two conditions First, an increase in oxygen tension above
physiologic levels has a relatively small effect on the response of
most normal fissues to irradiation. Second, many tumors are believed
to be hypoxic relatis ¢ fo normal tissue. Thus it is inferred that
there may be a differential gain in response in favor of a tumor when
there is a general increase in oxygen tension at the time of irradiation.
Although this sort of enhancement has been described in terms of a
temporary regression for several tumors, its practical ramifications are
not yet clear.

In an attempt to augment a differential gain 1n radiosensitivity, we
are using various antimetabolites in conjunction with inhalation of
oxygen at one atmosphere during local irradiation of tumors in vivo.
Ten minutes before X-irradiation (1000 r) of solid Ehrlich ascites tumors
2-deoxy-d-glucose (0.5 ml 5% solution, intraperitoneally) was given
with the anesthetized host (Nembutal) breathing air or oxygen at one
atmosphere The tumors, which had been implanted in the right thighs of
CF No. 1 female mice at 7 or 8 weeks of age measured approximately
10 mm in each of two diameters at the rime of irradiation Inhalation
of oxygen during irradiation increased initial tumor regression, in
confirmation of the findings of others.(1-4) Although 2-deoxy-d-glucose
appeared to enhance the oxygen response in preliminary experiments,
this was not substantiated on further study When the i1rradiation effect
is evaluated in ferms of the percentage of animals without palpable
tumors at six weeks, there appears to be little difference between
irradiation in air and irradiation in oxygen with or without 2-deoxy-d-glucose.
Palpable tumors were found in approximately 30% of the survivors in all
irradiated groups, ir contrast to 70% in nonirradiated controls.

Irradiation under oxygen apparently increases the number of injured
cells, which 1s manifest by early enhancement of tumor regression. This
is presumed to be a consequence of the decrease in number of hypoxic
tumor cells. On the other hand, irradiation under oxvger does not seem
to modify the subsequent number of palpable tumors, a criterion which
reflects the number of surviving cells rather than the number injured.
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FRACTIONATION OF CHOLESTEROL ESTERS
BY SILICIC ACID CHROMATOGRAPHY

Peter D. Klein and Erwin T. Janssen

A number of methods are available for analyzing the fatty acid
composition of cholesterocl esters, but all of these involve hydrolysis
of the ester bond. In connection with our study of the metabolism of
the individual cholesterol compounds, we have been interested in
developing a method which would permait not only such analyses but also
the separation of intact cholesterol esters.

A method of chromatography on silicic acid has been developed
which permits the isolation of four types of esters: saturated, oleate,
linoleate and arachidonate. While the saturated fatty acid esters
are not individually resolved under the particular conditions employed,
this fractionation provides the four main metabolic categories of
interest to us. Recovery studies with model compounds show average
recoveries of individual esters to be 91-100%, while total recoveries
of mixtures averaged 94%. The standard error for an individual component
is 16% of the value when the component is less than 10% of the total,
and this error decreases to 3% when the component is 30% or more of the
total

The method has been applied to the analysis of biological mixtures
of plasma and liver esters of various species with widely differing
compositions and has proved to compare favorably with other means of
analysis involwving hydrolysis.




HETEROGENEITY IN THE TURNOVER RATES
OF RAT LIVER CHOLESTEROL ESTERS

Peter D. Klein and Rita A. Martin

Previously(l) we have reported a method for the fractionation of
cholesterol esters into esters of saturated, oleic, linoleic and
arachidonic acids. This technique has been used to study the rate of
incorporation of newly synthesized cholesterol into its esterified forms.

When rats are injected with sodium acetate-1-C and sacrificed
30 min later, the specific activities of the four cholesterol ester fractions
are different. At 4 hr after injection, the fractions are quite similar in
specific activity. Statistical analysis of the results indicates a probability
of less than .01 that the samples at 30 min are homogeneous, while after
4 hr this probability is greater than 0.2,

The data appear to substantiate a hypothesis that the rates at
which cholesterol esters of rat liver are renewed are heterogeneous.
The similarity of specific activities after 4 hr indicates that essentially
equal proportions of each ester pool are renewed, and that the differences
observed after 30 min are the reflections of individual rates of
esterification.

These results, together with subsequent experiments, indicate
that the esterification of cholesterol does not proceed via a single
pathway for all esters, but that it is compartmentalized according to
the fatty acid. The means by which such segregation occurs cannot be
established as yet, but its existence may prove useful in explanations
of the changes in serum cholesterol level when the composition of
the dietary fat is altered,

We wish to thank Mr. Sylvanus Tyler for his invaluable aid in
the statistical evaluation of the results.
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PROGRESS REPORT: THE BACTERIAL METABOLISM OF
UNSATURATED FATTY ACIDS

II. The Utilization of Oleic-1-C'"* Acid by Lactobacillus arabinosus

William M. O'Leary

The previous paper of this series(l) reported details of the bacterial
utilization of cis~vaccenic (cis-11,12-octadecenoic) acid, It was shown that
this compound, when supplied in lieu of biotin, is taken into the bacterial
cells as such and is further converted to lactobacillic (cis-11,l2-methylene-
octadecanoic) acid.

This report will deal with the utilization of oleic acid by the same
bacterial species. Oleic (cis-9,10-octadecenoic) acid differs structurally
from the 11,12 configuration characteristic of the octadecenoic and cyclo-
propane nonadecanoic acids normally found in lactobacilli and other
microorganisms,

Materials and Methods

Oleic-1-C'" acid was obtained from Tracerlab, Inc., Waltham, Mass.
Since chromatographic analysis of a sample of this acid revealed no chemi-
cal or radiochemical impurities, it was used without further purification.
For use in preparing culture media, sufficient highly purified unlabeled
oleic acid was mixed with oleic-1-C! acid to produce a specific activity of
50,150 cpm/uM.

The culture techniques and other experimental methods employed
were those described in the previous report‘,(l)

Results

From a l2-liter culture of L. arabinosus grown on oleic acid in
lieu of biotin, 5.8 g of dried bacterial cells were obtained from which
132.1 mg of fatty acids were extracted.

Microbiological assay of the medium after growth and removal of
cells showed that of the 405 mg of oleic acid originally present, 317 mg
remained, indicating that 88 mg or 0.312 mM had been utilized during
growth of the bacteria.

Results of the analysis of fatty acids extracted from the bacteria
appear in Table 22. The combined total cellular content of octadecenoic
and cyclopropane nonadecanocic acids was 0.272 mM. or approximately
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TABLE 22

Analysis in duplicate of the fatty acids of L. arabinosus
grown on oleic-1-C** acid (50,150 cpm/uM)*

. Percentage of total | Specific activity, | Total content,
Acid .
cellular fatty acids ch//.LM mM

Octadecenoic 26.6 27.1 42,630 42,400 0.124 0.128
Capric 1.5 2.1 ok
Lauric 2.8 2.3 *ok
Myristic 2.9 3.0 *x
Palmitic 32.2 33.1 990 1,010
Cyclopropane 33.2 32.1 41,820 41,570 0.148 0.143
nonadecanoic

Totals 99.2 99.7 0.272 0,271

*#0.312 mM removed from medium during growth.

**Not significantly above background,

87% of the amount of oleic acid apparently removed from the medium during
growth. Measurements of the specific activities of the fatty acid fractions
and of the nonsaponifiable material showed that radicactivity was largely
limited to the octadecencic and nonadecanoic acids with little or no activity
in other lipid fractions. The specific activities of these two acids were
similar and were approximately 85% of that of the oleic acid in the medium.

It was desired to obtain at least some indication of the positional
isomers present in the fatty acids of bacteria grown on oleic (cis-9,10-
octadecenoic) acid, Microbiological assay and melting-point determinations
of the cyclopropane nonadecanoic acid present in the bacteria gave data
similar to those reported for lactobacillic (cis-11,l2-methylene- -octadecanoic)
acid(2:3) and were not in agreement with those reported for the 9,10 isomer
of the same compound, (4) Since the unsaturated fatty acids had to be con=-
verted to their biologically inactive dihydroxy derivatives in order to be
chromatographically separable, they could not be identified by microbio-
logical methods. The usual separation and analytical data for the isomers
and their derivatives are too similar to be informative, and not enough
material was available for degradation studies. However, it was possible
to perform mixed melting point determinations with these dihydroxy acids
using various authentic samples. These data appear in Table 23. These
preliminary studies indicate that in cells of L. arabinosus grown on oleic
acid, the 9,10 isomer, the octadecenoic and cyclopropane nonadecanoic acids
present are of the 11,12 configuration.
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TABLE 23 . '

Mixed Melting Point Determinations

Melting range,

Compound o

I 11,12-Dihydroxy-octadecanoic acid 92.7 - 93.8
(prepared from cis-vaccenic acid)

II 9,10-Dihydroxy-octadecanoic acid 92,0 - 93.4
(prepared from oleic acid)
III Dihydroxy-octadecanoic acid from 93.0 - 94.0
cells grown on cis-vaccenic acid
IV Dihydroxy-octadecanoic acid from 92.0 - 93.9
cells grown on oleic acid
I+ 111, 1:1 92.0 - 93.6
I+1V, 1:1 91.6 - 93.4
II +1III, 1:1 80.0 - 84.2
II +1IV, 1:1 81.7 - 86.0
IIT + IV, 1:1 91.7 - 94.0
Discussion

In L. arabinosus cells grown on complete synthetic medium con-
taining biotin, the sole octadecenoic acid is cis-vaccenic acid, and the sole
cyclopropane nonadecanoic acid is lactobacillic acid, both 11, 12 isomers (5)
When biotin is replaced in a medium by cis-vaccenic acid, the acid is in-
corporated into the bacterial cell where it constitutes 95% of the cellular
content of this compound, and where it further serves as the precursor of
lactobacillic acid.{l) These observations were in agreement with previously
postulated pathways of unsaturated fatty acid biosynthesis in bacteria.(6,7)
However, the metabolic functions of other biotin-replacing positional isomers
of octadecenoic acid such as oleic acid were still obscure,

The experiments reported here show that octadecenoic acid supplied
in the medium in the form of oleic acid, the 9,10 isomer, is also incorpo-
rated into bacterial cells,and in turn serves as the precursor for a cyclopro-
pane nonadecanoic acid. Of major interestare the results of determinations
of microbiological activity and mixed melting points which indicate that in
cells grown on this 9,10 isomer, the octadecenoic and cyclopropane nona- .
decanoic acids present are themselves 11,12 isomers. More detailed
analyses requiring larger amounts of cellular acids are necessary to
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establish unequivocally the exact location of the double bond and the cyclo-
propane ring in these compounds. These preliminary observations do
strongly suggest that the 9,10 isomer supplied in lieu of biotin is isomerized
to the 11,12 forms characteristic of fatty acids found in so-called normal
lactobacilli lipids, i.e., lipids from lactobacilli grown on biotin rather than
biotin substitutes.

The further function of lactobacillic acid in bacterial physiology,
which may provide a clue to the reason for this marked preference for
11,12 isomers, is now being investigated.
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