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FOREWORD 

í 

This report describes, in brief summary, the scientific accomplish¬ 
ments of the Armed Forces Radiobiology Research Institute (AFRRIi for the 
period 1 July 1972 to 30 June 1973. 

During this report period, the AFRRI has broadened its research 
program from one primarily limited to operational problems in radiation 
biology to one which includes a number of critical biomedical problems of 
direct interest to the Surgeons General of the Military Departments. The 
establishment of a Neurobiology Department and the expansion of nuclear 
medicine activities are reflected in a significant number of technical sum¬ 
maries in this report. In addition, collaborative arrangements have been 
made with approximately 50 scientific investigators of other medical agen¬ 
cies and activities in the area, and these efforts have resulted in the pre¬ 
sentation at national and international scientific meetings and publication in 
the open literature of a significant number of research reports. 

The expansion of the A* RRi research program is continuing, and 
other aspects will be covered in future reports. 

MYRON I. VARON 
Captain MC USN 
Director 

iC 
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PATHOPHYSIOLOGICAL STUDIES OF POTENTIALLY TOXIC SUBSTANCES 

Principal Investigators: N. R. Schneider, J. E. Buerkert and S. J. Baum 
Collaborator. M. £. Andersen, Navy Toxicology Unit 

The objective of this research was to measure and determine the biological path¬ 
ways of cyclotrimethylenetrinitramine (RDX), as well as its toxic and resultant patho¬ 
logical effects on the various organ systems. 

RDX is a primary constituent of Composition C-4, a plastic explosive employed by 
the military. The primary hazards encountered with RDX are exposure during indus¬ 
trial manufacture and processing, exposure due to environmental contamination and 
intentional drug abuse. RDX toxicity in man and other mammalian species and its ef¬ 
fects on the central nervous, gastrointestinal (including liver), renal and hematological 
systems have been reported. However, little is known about the metabolic fate of RDX 
in the mammalian system. 

A series of experiments involving toxic levels of RDX were performed to investi¬ 
gate the correlation of plasma concentrations of RDX with seizures and lethality. Rats 
were administered RDX at a known lethal dosage of 500 mg/kg intraperitoneally. Each 
animal served as its own control, and serial blood samples were collected until death. 
Plasma was extracted in benzene for RDX determination and analysis was accomplished 
by gas chromatography in a modification of the method used by Hoffsommer and Rosen.^ 

All rats exhibited convulsive seizures, but the time of initial seizure onset was 
variable as well as the number of seizures per animal. The initial seizure did not oc¬ 
cur until the interpolated plasma concentration of RDX reached 5.19 + 0.42 ttg/ml (SE). 
Seizures occurred most frequently when plasma concentrations were in the range of 
5-13 fig/ml. The concentrations at death differed to a greater extent, ranging from 
6.9 - 27.3 fig/ml. The tissue concentrations and tissue to plasma ratio are summarized 
in Table I. 

The data indicate that absorption of RDX from the peritoneal cavity is variable and 
incomplete at lethal dosages. Initial signs of RDX toxicity can usually be observed 
when plasma concentrations approach 3-4 Mg/ml, with seizures occurring at 5 fig/ml 
or above. Lethality can be expected whenever plasma concentrations exceed 8 Mg/ml. 
These levels are well below the solubility limit of RDX in plasma (30 jig/ml), so that 
a great potential hazard exists if increased absorption of RDX occurs or is enhanced 
in any way. Tissue concentrations at lethality were found to be higher in the liver and 
kidney and lower in heart and brain, but all were greater than plasma concentrations 
alone. Tissue to plasma ratios suggest that RDX may have a tendency to accumulate 
more in the liver and kidney at toxic dosages. 

1 



Table I. Intraperitoneal Lethality Study: Tissue RDX Concentrations and 
Tissue/Plasma (T/P) Ratios 

Rat 
# 

Plasma con¬ 
centration 

Mg/g 

Brain con¬ 
centration 

4g/g 

Brain 
T/P ratio 

Heart con¬ 
centration 

Mg/g 

Heart 
T/P ratio 

Liver con¬ 
centration 

ug/g 

Liver 
T/P ratio 

Kidney con¬ 
centration 

Ug/g 

Kidney 
T/P ratio 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

5.78 
6.76 

12.85 
26.48 
8.18 

18.31 
9.54 

11.02 
9.04 
9.89 

N/D 
N/D 
26 
41 
22 
32 
37 
33.4 
18.8 
26 

2.023 
1.548 
2.689 
1.748 
3.878 
3.031 
2.080 
2.629 

N/D 
N/D 
19 
35 
19 
26 
27 
33.4 
20.8 
20 

1.479 
1.322 
2.323 
1.42C 
2.830 
3.031 
2.301 
2.022 

N/D 
N/D 
25 
46 
21 
72 
44 
53.6 
34.1 
38 

1.946 
1.737 
2.567 
3.392 
4.612 
4.864 
3.772 
3.842 

N/D 
N/D 
40 
68 
44 
65 
53 
77 
74 
33 

3.113 
2.568 
5.379 
3.550 
5.556 
6.987 
8.186 
3.337 

11.79 
S. E. i 1. 97 

29.5 
i 2.7 

2.453 
t 0. 270 

25.0 
t 2.3 

2.091 
i 0.229 

41.7 
+ 5.8 

3.342 
t 0.412 

56.8 
+ 5.9 

4.834 
Í 0.716 

* Plasma concentrations in 4g/g are obtained by multiplying the concentrations in Jig/ml by 0.9737, 
the (actor determined for converting Jig/ml to Mg/g 

In an investigation studying the effects of a lower acute nonlethal dosage of RDX 
administered intraperitoneally (50 mg/kg), serial plasma and urine samples as well as 
tissue and feces were collected and assayed. Plasma concentrations rose to 1 ng/ml 
within 1 hour and then stabilized, whereas the urine concentrations increased and were 
two to three times the plasma concentrations after plasma levels stabilized. There 
were no detectable levels of RDX in the feces. The data suggest that the parenterally 
administered RDX is excreted mainly in the urine and not via the gastrointestinal tract 
as suggested by Sunderman.2 

A preliminary histopathological examination was conducted on the tissues of a rat 
sacrificed 4 hours after administration of 50 mg/kg RDX. The liver exhibited early 
fatty change and coagulation necrosis in the centrilobular areas adjacent to the central 
veins. The kidneys revealed severe, acute, diffuse nephrosis with tubular epithelium 
damage more extensive in the cortex. A complete histopathological study is now 
underway. 

In plasma clearance studies in rats, the RDX was administered intravenously in a 
solution of dimethylsulfoxide (DMSO) containing 10 mg RDX/ml DMSO. Each rat re¬ 
ceived 0.125 ml of this solution (equivalent to a dosage of 5.0 -6.0 mg/kg I.V.). Se¬ 
rial blood samples were taken until 24 hours postinjection, and tissue samples were 
taken at sacrifice. The mean plasma concentration of 4.4 + 0.35 Mg/ml at 30 seconds 
decreased to 1.9 + 0.17 Hg/mi in 6 hours. The biological half-life of RDX was com¬ 
puted as 10. S ± 4.6 hours. No measurable residual RDX was found in the tissues af¬ 
ter 24 hours, but tissue concentrations may have been below detectable levels for the 
method of analysis. 
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In the oral acute distribution study, fasted rats were given 100 mg RDX/kg body 
weight in a saline slurry via a gastric tube. Groups of animals were sacrificed at 
various intervals. Blood, urine and tissues were collected and assayed. None of 
these animals except those in the 8-hour group showed seizures or other overt signs 
of toxicity. In the animals sacrificed 8 hours after RDX administration, serial sam¬ 
ples of blood were collected from catheters previously placed into the femoral artery. 
AH the animals in the 8-hour group had at least one seizure. The plasma concentra¬ 
tions in this group were higher than expected and often exceeded 5 ßg/mi, the thresh¬ 
old of seizures reported in the intraperitoneal uptake study. Plasma, urine and tissue 
concentrations as well as tissue to plasma ratios are summarized in Table II. 

Table II. Oral Acute Distribution Study: Plasma, Urine and Tissue RDX 
Concentrations (x ± SE) and Tissue/Plasma (T/P) Ratios 

Time 

(h) 

2 

4 

6 

8 

12 

18 

24 

Plasma con¬ 
centration 

MK K 

1.50 t 0.26 

2.09 + 0.09 

1.78 1 0.15 

5.46 t 0.47 

2.55 t 0.16 

2.03 î 0.10 

3.04 : 0.48 

Urine con¬ 
centration 

Ug ml 

2.45 t 0.30 

5.46 t 0.96 

5.02 : 0. 81 

11.0 t 0.70 

5.49 t 1.03 

5.58 i 0.28 

6.87 t 0.84 

Drain con¬ 
centration 

ug g 

10.36 ± 1.24 

7. 71 t 0.98 

7.51 t 0 57 

13.79 t 0.98 

11.28 i 1.60 

6.30 : 0.20 

8.91 I 1.07 

Brain 
T/P ratio 

8. 83 i 1.69 

3.70 t 0.45 

4.38 t 0.41 

2.58 i 0.22 

4.63 t 0.73 

3.21 î 0.15 

Heart con¬ 
centration 

Mg g 

7.97 t 1.11 

6. 49 t 0. 96 

7.13 t 0.71 

11.52 t 0.95 

11.08 t 1.82 

5.58 t 0.24 

Heart 
T/P ratio 

3.36 î 0.44 I 7.89 ± 0.83 

6.87 i 1.53 

3.12 t 0.43 

4.26 t 0.54 

2.17 t 0.22 

4.55 ± 0.81 

2.82 t 0.19 

2.91 t 0.33 

Liver con¬ 
centration 

ug g 

4. 34 t 0.90 

2. 16 t 0.56 

0. 51 t 0.34 

9.41 t 1.19 

8.51 i 2.24 

0.48 i 0.20 

2.56 î 1.15 

Liver 
T/P ratio 

3.95 t 0.99 

1.27 t 0.37 

0.43 * 0. 30 

1.66 1 0.16 

3.59 t 0.96 

0.28 t 0.10 

0.69 t 0.21 

Kidney con¬ 
centration 

Ug g 

12.86 i 1.40 

12.30 t 1.82 

13.58 t 1.37 

24.27 1 2.06 

22.02 t 2.06 

12.12 t 0.83 

16.85 t 0.80 

Kidney 
T/P ratio 

10.46 t 1.38 

5. 93 t 0. 82 

7. 83 t 0.77 

4.52 t 0.41 

8.81 i 0.92 

6.00 t 0.34 

6.57 t 0.82 

• Plasma concentrations In Mg7* arc obtained by 
the (actor determined for converting ug ml to 

multiplying the concentrations in Ug' nl by 0.9737, 

Ug/g 

In a preliminary experiment in the acute distribution study, 1 percent methyl cel¬ 
lulose was proposed as the oral vehicle for RDX. The dosage utilized in this experi¬ 
ment was also 100 mg RDX/kg of body weight. All animals receiving this dosage in 
methyl cellulose had seizures and died. The time of death ranged from 9 to 49 min¬ 
utes post-RDX administration. In four of the five animals, plasma concentrations of 
RDX were below the level expected to produce seizures and lethality. These data are 
shown in Table III. Thus, the apparent oral lethal dose of RDX in the rat was lowered 
when methyl cellulose was utilized as the vehicle. 

Hat 
# 

Plasma 
concentration 

Ug/ml 

1 
2 
3 
4 
5 

3.8 
3.8 
9.8 
2.4 
3.0 

Table HI. Oral Administration of RDX Using 1 Percent 
Methyl Cellulose (100 mg/kg) 
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These initial experiments indicate that very low plasma concentrations of RDX 
are responsible for seizures and lethality in rats. With a biological half-life of nearly 
11 hours, RDX would be expected to accumulate if repeated administration occurred 
The target organs seemingly most affected by RDX toxicity at lethal dosages appear to 
be the liver and kidney, which had the highest tissue concentrations of RDX at death 
At lower dosages, the kidney concentrations of RDX during the first 24 hours after ad¬ 
ministration were still the most elevated, but liver concentrations were quite variable 
and at times were lower than plasma concentration. 

REFERENCES 

1. Hoffsommer, J. C. and Rosen, J. M. Ultramicro analysis of explosives in sea 
water. White Oak, Maryland, Naval Ordnance Laboratory Report NOLTR-71-151 

2. Sunderman, F. W. Hazards to the health of individuals working with RDX(B). 
National Defense Research Committee of the Office of Scientific Research 
and Development Report OSRD No. 4174, 1944. Arlington, Virginia, Armed 
Services Technical Information Agency ATI-31099, 1960. 

BIOLOGICAL EFFECTS OF ELECTROMAGNETIC PULSES 

Principal Investigator*: W. D. Skidmore and S. J. Baum 

The present study tests the hypothesis that pulses of electric and magnetic fields 
would adversely affect vital ionic and electrochemical processes at the molecular 
level in biological systems.1*2 Rodents were exposed to 108 pulses from the AFRRI 
electromagnetic pulse (EMP) simulator which provides five pulses per second with a 
peak electric field intensity of 447 kV/m, a 5-nsec rise time and 550-nsec 1/e fall 
time. 

When results obtained from EMP exposed animals were compared with those 
from controls, no changes were observed in the number and production of rat bone 
marrow cells (Figure 1), the incidence in chromosome aberrations in mitotic bone 
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from controls, no changes were observed in the number and production of rat bone 
marrow cells (Figure 1), the incidence in chromosome aberrations in mitotic bone 
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marrow cells (Table IV), the concentration of circulating neutrophils (Figure 2), 
lymphocytes (Figure 3), leukocytes (Figure 4), and erythrocytes (Figure 5). Reticulo¬ 
cytes (Figure 6) appear to have been elevated and platelets (Figure 7) decreasea; 
however, both counts remained within acceptable levels. 

Figure 1. Nucleated cells from the bone marrow of rat femurs during 38 weeks of EMP 
exposure. Each point shows a mean value with the associated standard error. 

Table IV. Chromosome Aberrations in Rats Exposed to 
10® Electromagnetic Pulses During 38 Weeks 

Group 
Number 

of 
rats 

Number 
of 

cells 

Number 
of 

aberrations 

Nonirradiated 

Irradiated 

40 

40 

2,000 

2,000 

2 

2 

5 
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Figure 2. Segmented neutrophils in peripheral blood from rats during 38 weeks of EMP 
exposure. Each point shows a mean value with the associated standard error. 
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Figure 3. Lymphocytes in peripheral blood from rats during 38 weeks of EMP exposure. 
Each point shows a mean value with the associated standard error. 



Figure 4. White cells in peripheral L! )od from rats during 38 weeks of EMP exposure. 
Each point shows a mean value with the associated standard error. 

Figure 5. Red cells in peripheral blood from rats during 38 weeks of EMP exposure. 
Each point shows a mean value with the associated standard error. 
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Figure 6. Reticulocytes in peripheral blood from rats during 38 weeks of EMP exposure. 
Each point shows a mean value with the associated standard error. 

Figure 7. Platelets in peripheral blood from rats during 38 weeks of EMP exposure. 
Each point shows a mean value with the associated standard error. 
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No incidence of mammary tumors was observed in the female Sprague-Dawley 
rats. In leukemia-prone AKR/J male mice, leukemia did not occur earlier in EMP 
exposed animals, nor was the fraction of leukemic mice greater in this group when 
comp .red with the nonirradiated control mice (Table V). 

Table V. Incidence of Spontaneous Leukemia in AKR/J Male Mice 

Group 

Nonirradiated Irradiated 

Electromagnetic pulses (33 wk) 

Surviving fraction 

Leukemic fraction 

Thymus weight (mg) 

Spleen weight (mg) 

WBC (cells/mm ) 

0 

24/50 

11/24 

165 + 39 

181 ± 73 

9500 ± 1000 

8.6 X 107 

42/50 

9/42 

130 ± 27 

115 ±23 

10,000 + 900 

The present data do not indicate an acute biological hazard to rodents from EMP 
exposures. The possibility for the development of late effects and malignancies will 
be determined during the second half of the rodents life-span. 
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RECOVERY AND RESIDUAL INJURY OF THE HEMATOPOIETIC SYSTEM 

IN IRRADIATED MAMMALS 

Principal Investigators: K. F. McCarthy, V!. D. Skidmore and S. J. Baum 

One objective of this study was to increase postirradiation recovery in animals by 
stimulating granulopoiesis and concomitantly suppressing erythropoiesis. 

Actinomycin D (Act D) was first reported to increase granulopoiesis and suppress 
erythropoiesis in the nonirradiated mouse. These experiments were repeated in this 
laboratory using the nonirradiated and irradiated rat. 

The experimental design was as follows: Twenty Sprague-Dawley rats were di¬ 
vided into four groups. Group 1 was the control, group 2 was irradiated with 200 rads 
of gamma radiation, group 3 received Act D (.2 mg/kg body weight) every other day, 
and group 4 was irradiated with 300 rads and received Act D every other day. Act D 
was given for either 5 or 13 days. Figure 8 shows the granulocyte count, the lympho¬ 
cyte count and the percent reticulocytes in the peripheral circulation for animals given 
Act D through day 5. The experiment in which the Act D treatment was carried through 
day 13 is not shown but is similar to that shown for the day 5 experiment. 

The following observations were made: (1) Act D suppresses reticulocyte forma¬ 
tion in both the control and irradiated rats, (2) subcutaneous injections of Act D result 
in a localized inflammation at the site of injection and (3) a granulocytosis is observed 
in both the control and irradiated rats injected with Act D. 

A second objective was to determine the mechanism of transition of the hematopoi¬ 
etic stem cell from the G0 state to that of active proliferation. 

It has been proposed that there are short-range, tissue-specific factors which con¬ 
trol the proliferation of hematopoietic stem cells. In the mouse, stem cells reside 
primarily in the liver and to a smaller extent in the spleen prior to birth. After birth 
their habitat shifts to the spleen and bone marrow. If the concentration of these short- 
range factors varies from organ to organ then it might be expected that stem cell pop¬ 
ulations found in those organs might proliferate at different rates. An effort was there¬ 
fore made to determine and compare the proliferative rate of stem cell populations 
found in bone marrow, spleen, circulation, peritoneal cavity, neonatal spleen, neona¬ 
tal liver and fetal liver. Due to technical difficulties, the proliferative state of the 
stem cell populations in the circulation and peritoneal cavity could not be determined. 
However, for the other five organs the following observations were made. (1) Between 
birth and the 4th day of neonatal life the stem cell population of the neonatal liver de¬ 
creases tenfold while that of the spleen increases tenfold (Figure 9). (2) The fraction 
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of the stem cell pool L the S-phase of the cell cycle was determined by killing cells 
synthesizing DNA with high specific activity tritiated thymidine. As shown in Figure 10 
the fraction of stem cells in the S-phase of the cell cycle was 0.4 for both stem cell 
populations found in 3-day-old liver and spleen. In adult marrow and spleen less than 
5 percent of the stem cells were in the S-phase of the cell cycle. (3) The mean cell 
volumes of the stem cells found in 15-day fetal liver, 3-day-old neonatal spleen and 
liver, and adult spleen were determined using velocity sedimentation (Figure 11). It 
was found that stem cells from the 15-day fetal liver, 3-day neonatal spleen and 3-day 
neonatal liver have a mean cell volume of approximately 530 /lm , while the stem cells 
from adult spleen have a mean cell volume of 310 The larger cell volume of the 
neonatal stem cells as compared to the adult stem cells indicates that these cells are 
in a state of rapid proliferation. 

Figure 8. 
Changes in blood cells following irradiation 
and actinomycin D treatment 
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Changes in CFU-S in the spleen *nd liver the 
nouse at various times before and after birth. 
Fhe number of CFU-S was not corrected for 
seeding efficiency. 

Figure 10. 
Effect of 30-minute exposure in vit£2 to ™"°US 
concentrations of ^H-thymidine on the CFU-S 
content of 3-day neonatal spleen and liver. 
Standard errors of the mean colony counts are 
indicated. The specific activity of the H- 
thymidine was 18 Ci/mmole. 
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Figure 11. Sedimentation velocity profiles for total nucleated cells and 
CFU*S from fetal and neonatal liver and neonatal and adult 
spleen. The CFU-S are uncorrected for seeding efficiency. 

The important conclusion to be drawn from these observations is that although the 
stem population is decreasing exponentially in the 3-day-old neonatal liver and increas¬ 
ing exponentially in the spleen, both stem cell populations appear to be proliferating at 
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the same rate. Thus it. would appear that the proliferative state of stem cell popula¬ 
tions found in the neonatal mouse is not controlled by tissue-specific factors, but rath¬ 
er by humoral factors. However, it would appear that tissue-specific factors deter¬ 
mine the size of the stem cell pool within an organ by a mechanism independent of the 
proliferative rate of that stem cell pool. 

CONTROL OF WHITE CELL POPULATION IN THE 
POSTIRRADIATED ANIMAL 

Principal Invastigators: T. J. UacVittie, K. F. McCarthy and S. J. Baum 

The objective of this study was to test the hypothesis that postirradiation produc¬ 
tion of granulocytes may be improved by accelerating the recovery of their primitive 
progenitors. It was furthermore assumed that granulopoiesis is under control of both 
stimulatory and inhibitory agents. 

The initial experiments were designed to determine the in vitro noncytotoxic, 
tissue-specific inhibitory nature of our granulocyte extract. 

Cytotoxicity. To test for a cytotoxic effect on sensitive progenitor cells, marrow 
ceU suspensions were preincubated with the fresh granulocyte extract for 1 hour at 
37°C. Table VI shows that the viability of the marrow cells as well as the incidence of 
the progenitor and stem cells assayed, i. e., the in vivo colony forming units (CFU), 
in vitro colony forming cell (CFC) and in vivo diffusion chamber progenitor oell(DCPC), 
was not reduced by treatment with chalone in concentrations up to 50 percent of cul¬ 
ture medium. The agar colony forming cells were monitored with three sources of 
colony stimulating factor (CSF) on mouse target cells. 

In vitro inhibition. The candidate chalone was then assayed for its capacity to 
inhibit cellular proliferation in several in vitro tissue-specific assay systems. 
Table VII shows that the chalone when used at 10 percent of culture volume signifi¬ 
cantly reduced agar colony formation induced by CSF from three sources to values 
averaging 50 to 70 percent inhibition of those in control animals. H-thymidine 
(3jj_TdR) uptake in rat marrow was also reduced to a maximum inhibition of approxi¬ 
mately 32 percent. It is noted that this reduction of 3H-TdR uptake was reached at a 
chalone concentration of 20 percent and did not significantly diminish H incorporation 
below the 32 percent level while the chalone concentration was increased to 50 percent 
of culture volume. 
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Table VI. Effect of Preincubation with Granulocyte Chalone on the 
Incidence of Progenitor Cells in Mouse Marrow 

Chalone* 
(percent) 

Viability 
(percent) 

Mean number of colonies (± S.D.) 

Assay 
A B C 

0 
20 

0 
20 
30 
50 

0 
20 

0 
50 

0 
50 

88.7 
hi. 8 

88.9 
88.2 
91.4 
86.3 

91.3 
88.7 

83.8 
86.4 

76.5 
74.7 

CFC + 
CFC 

CFU* 
CFU 
CFU 
CFU 

CFUj^ 
CFUr 

DC PC** 
DC PC 

DCPCRt+ 
DCPCr 

61 + 7 
59 i 8 

3.2 ±0.9 

3.1 ±0.7 

7-0i2-0 NSD 
7 1+2.4 

7.69x 10® ± 0.46 NSD 
7.62X 100 ± 0.56 

9.13x10 ±0.57 NgD 
9.09x10s ± 0.71 

147 ± 6 
150 ± 9 

139 - 11 NSD** 
133 + 7 

* 0 percent chalone = equivalent amount (v/v) of nonpyrogenic saline 
t CFC, In yitroagar colony forming cell assayed with: A. Mouse endotoxin sera, 

B. L-cell CM, and C. Rat endotoxin sera. Colonies per 10 cells. 
* CFU, in vivo spleen colony forming unit. Colonies per 10 marrow cells. 
§ CFUp, regencia ting marrow as source of cells ,.., 
** DC PC, in vivo diffusion chamber progenitor cell. Relative number indicated by 

mean chamber cellularity at day 4 of harvest. 
t+DCPCo, regenerating marrow as source of cells for chamber inoculation 
**No significant difference within groups due to chalone treatment 

Table VII. Effect of Granulocyte Chalone on Agar Colony Formation 

CSF source 

-:-21 " 
Mean colony au » 

lakIMtton Control 
OF 

CSF + chalone* 

Rat endotoxin »rum 

v. Li- »tvwftta aeran 

W-xiat V call CM 

123 ± » 

63 1 1 

l«* t \\ 
... . 

«1 t« 

II * * 

la 11 

M. 3 

t®. 5 

tB. 7 

— .—*... 
* Colonies per 105 moue» t image of five 

replicate experiment* 
t ChaloM at a concentia»loe # Ml mim 'v v! of culture medium 

Tissue sDecificUA ** tl» ollwr Itltiut, the iMmiW at a concentration of 20 percent 
of culture volt)m<| tti't Wiitifi« ao'U reduc® th. lymphocytic response to phytohemag- 
uluttnio it'** v«t ami *pleen cell suspensions, or the rat marroy. 
0*11 r®*ww** V.« .v^TlopoiDtUt itl MÄturedby 3H-TdR and 59Fe uptake, respectively. 
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In addition, chalone did not significantly afiect viability, plating efficiency, or "H-TdR 
uptake of mouse L-929 cells in monolayer culture. 

These data are interpreted to indicate that a certain degree oi noncytotoxicity, 
tissue specificity and nonspecies specific inhibitory action for granulocytes is 
associated with the chalone obtained from granulocytic extracts. 

In vivo inhibition. The iji vivo inhibitory action of the chalone on the growth of 
normal and regenerating mouse marrow cells in in vivo diffusion chambers was inves¬ 
tigated and findings were as described below. 

Normal marrow. As may be seen in Figure 12, chalone significantly influ¬ 
enced growth of cells in the chambers when injected intraperitoneally in 1.5 ml ali¬ 
quots, as early as 5 hours after implantation and thereafter at 20, 24 and 28 hours 
during the 1st day and at 44 and 48 hours during the 2nd day of culture. Chamber 
growth in nonregenerating marrow was depressed throughout the period of treatment 

DAYS OF CULTURE AFTER IMPLANTATION 
OF DIFFUSION CHAMBERS 

Figure 12. The effect of chalone injections on the growth of cells (granulocytes and 
macrophages) in diffusion chambers inoculated with 1.5 x 10® normal bone 
marrow cells. Results of five replicate experiments. Number of chambers 
harvested for each mean value (± SEM) indicated in parentheses. 
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to values approximately 50 percent of those seen in controls at day 2 oi culture. At 
that time, control treated cultures had already initiated exponential growth. Cessation 
of chalone injections resulted in a phase of rapid growth and cell recovery to values 
within 70 percent of controls by the 3rd day. During this recovery or rebound phase, 
the chalone treated cells increased with a doubling time of 15.4 hours while control 
cells doubled only every 20.8 hours. Thereafter, days 3 through 5, the growth rates 
were similar for both groups. 

Regenerating bone marrow. Figure 13 indicates a similar pattern of inhibi¬ 
tion and recovery with regenerating marrow, although growth was exponential from 
the onset of culture, through day 4, in both control and chalone treated groups. Growth 
rates in chalone treated chambers were reduced until day 2 when treatment with the 
inhibitor substance was terminated. Thereafter, this was characterized with a rebound 
phase which had a doubling time of approximately 16 hours while the control cells had 
doubled only every 22 hours over the same time period. 

Figure 13. The effect of chalone on the growth of granulocytes and macrophages in 
diffusion chambers inoculated with 5 x 104 regenerating bone marrow cells 
Results of a duplicate experiment with a total of 20 chambers for each 

mean value (± SEM). 
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Parent progeny. In addition to altering the growth kinetics, chalone as adminis¬ 
tered to our culture system reduced the linear relationship established within control 
treated chambers between the size of the marrow inoculum (and therefore progenitor 
cell content) and the number of granulocyte and macrophage progeny formed by day 4 
of culture (Figure 14). Comparison of the linear regression lines which describe the 
data in Figure 14 showed that while the linearity within marrow groups was similar, 
the number of progeny formed was significantly reduced in both chalone treated groups 
of marrow inocula over the cell dose range studied (p <. 001). 

104 105 106 

bONE MARROW CELLS INOCULATED PER CHAMBER 

Figure 14. The number of bone marrow cells inoculated, normal and regenerating, versus the 
mean number of granulocytes plus macrophages harvested at day 4 of culture (± SEM). 
The regression lines for regenerating marrow are described by the equations 
y = (27.099)x®*^®® and y = (17.299) for control and chalone treated groups 
respectively (respective correlation coefficients 0.913 and 0.880). Normal marrow 
relationships are described by y = (4.703)x1*®^0 and y = (3.123)x1,041 for control 
and chalone treated groups respectively (respective correlation coefficients 0.963 
and 0.950). 
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Table VIII shows the reduced number of granulocytic progeny formed both per 
CFU and per marrow cell inoculated as a result of chalone treatment. Chalone 
reduced the number of progeny formed on day 4 of culture by approximately 30 percent 

in both cases. 

Table VIII. Effect of Chalone on the Number of Granulocyte Progeny Formed 
per Stem Cell (CFU) and per Marrow Cell Inoculated 

Marrow 
inoculum 

Treabnent 
Granulocyte progenv* 
per CFU inoculated 

Percent 
reduction 

Granulocyte progeny per 
marrow cell inoculated 

Normal 

Regenerating 

Control 

Chalone 

Control 

Chalone 

12.6x 103 

8.6x 103 

35.3 X 103 

22.8X103 

30.0 

30.0 

4.2 

2.8 

25 

16 

* Granulocytes (proliferative plus nonproliferative) harvested at day 4 of culture 

In summary, the initial studies dealt with establishing the existence of a granulo¬ 
cytic inhibitor or chalone and the results permit the following conclusions. 

The granulocyte extract used in the present studies contains an inhibitor or granu¬ 
locytic chalone which exerted a tissue-specific, noncytotoxic and nonspecies inhibitory 
effect on hi vitro and in vivo granulopoiesis. The reduction of granulocyte progeny 
formed in diffusion chambers may be the result of chalone acting during the early 
phase of culture to reduce the active growth fraction of granulocyte progenitor cells 
and thereby diminishing the amplification potential inherent in the initial cell inoculum. 
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RESTORATION OF IMMUNE CAPABILITIES IN POSTIRRADIATED ANIMALS 

Principal Invactigator«: M. P. Fink. C. L. Cloud and K. F. McCarthy 

Prior immunization of a lymphoid cell donor against the histocompatibility antigens 
of the prospective recipient can diminish the intensity of the graft versus host (GVH) 
reaction. Both immunologic enhancement and partial tolerance have been proposed as 
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the mechanism of this immunosuppression. Preliminary evidence obtained in our lab¬ 
oratory favored the enhancement explanation. Hence, a study was undertaken to test 
the hypothesis that the reduction of GVH activity following donor sensitization is due to 
active enhancement mediated by blocking antibodies secreted by cells transferred with 
the graft. * 

The GVH reactivity of Lewis (L) rat spleen cells was measured using a popliteal 
lymph node (PLN) assay in Lewis-Brown Norway hybrid (LBN) recipient rats. 
Specific sensitization of donors with a single intravenous injection of LBN spleen cells 
7-14 days prior to assay resulted in a significant decrease in GVH reactivity. Third- 
party sensitization of donors with Lewis-Buffalo spleen cells did not alter GVH reac¬ 
tivity. L spleen cells suspended in L anti-LBN serum were equally as reactive in the 
PLN assay as L spleen cells suspended in normal L serum. An association was ob¬ 
served between the degree of immunosuppression as a function of time after sensiti¬ 
zation and the titer of cytotoxic antibody in the donor serum (Figure 15). 
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Figure 15. PLN indices (O——O) and donor serum cytotoxic antibody titers (□«••••□) as a 
function of the interval between sensitization and assay. Each small circle 
represents the geometric mean (± 1 SE) of the indices obtained by measuring the 
GVH reactivity of cells from the number of donors indicated within the large 
circle adjacent to each point. Mean PLN indices were also obtained for normal 
L cells (a) and LBN cells (x). Each small square represents the geometric mean 
of antibody titers determined in replicate assays of pooled serum. Serum from two 
identically sensitized rats was used per assay. The number of replicate assays 
performed is indicated within the large square adjacent to each small square. 
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Velocity sedimentation was used to separate spleen cells obtained from specifi¬ 
cally sensitized L rats into fractions either enriched or depleted of antibody-forming 
cells (AFC). The addition of 105 or 106 sensitized cells from the AFC-enriched frac¬ 
tion to 107 normal spleen cells resulted in a significant decrease in GVH reactivity 
(Figure 16). The addition of 106 sensitized cells depleted in AFC did not significantly 
change the GVH reactivity of 107 normal L spleen cells. From these data we con¬ 
cluded that the suppression in GVH reactivity produced by donor sensitization can be 
accounted for by immunoblocking antibodies secreted with the graft. 

Figure 16. PLN indices obtained by adding various numbers of sensitized spleen cells fnm 
the fraction enriched in antibody-forming cells (AFC) to 1 x 107 normal L spleen 
cells. Each circle represents the geometric mean (± 1 SE) of the indices obtained 
in two replicate experiments. As a control for each experiment three or four LBN 
rats were injected with only 1 x 107 normal L spleen cells. The geometric mean 
(± 1 SE) of the indices thus obtained is represented by a square. 
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EFFECTS OF PHYSIOLOGICALLY ACTIVE AGENTS ON THE PERMEABILITY 
OF THE BLOOD-BRAIN BARRIER IN POSTIRRADIATED ANIMALS 

Principal Invaitigator: A. A. René 
Technical At«istance: J. L. Parker 

Radiogenic edema in irradiated nervous tissue is considered to be the most serious 
complication in human radiotherapy. It therefore becomes important from a therapeu¬ 
tic standpoint to discover agents which have permeability effects on the blood-brain 
barrier (BBB). A large number of drugs have been found to influence the functional 
capacity of the BBB. Some of these are known to have membrane stabilizing properties. 
The objective of this study was to determine if some of these drugs have a stabilizing 
influence on the BBB after a large dose of whole-body radiation is administered to the 
animals. 

Young healthy adult Sprague-Dawley rats were exposed to doses of 15 krads of 
mixed gamma-neutron radiation. Drug effects on the permeability of the BBB were 
studied by injecting intraperitoneally preselected nontoxic doses of specific drugs 
(Table DC) which have the ability to decrease the permeability of the BBB (i.e., dexa- 
methasone, hydrocortisone, prednisolone and chlorpromazine). 

Table IX. Drug Doses 

Drugs Dose/kg body weight 

Dexamethasone 

Hydrocortisone 

Prednisolone 

Chlorpromazine 

0.3 mg 

0.4 mg 
20 mg/day, 5 days 

0.4 mg 

50 mg 

Irradiated and control animals were pretreated with the drugs prior to radiation 
exposure. Permeability studies of the BBB of the central nervous system of control 
and experimental animals were accomplished with the use of horseradish peroxidase 
(HRP) and microperoxidase (MP). Control and irradiated animals ware injected with 
HRP or MP, 5 to 30 minutes before sacrifice. The animals either received 0.3 ml of 
saline alone or saline containing 0.20 to 0.25 mg HRP or MP. At sacrifice the animals 
’/ere anesthetized and the brain fixed by perfusion with 2.0 percent glutaraldehyde. 
'ihe medulla specimens were removed, cut into sections 40 jan in thickness and incu- 
b!.ted in a special medium. The specimens were then prepared for electron micro¬ 
scopic analysis. 
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The electron microscopic examination of brain tissue from supralethally irradi¬ 
ated Sprague-Dawiey rats pretreated with the drugs showed no conclusive evidence to 
support tlK view that these drugs possess special membrane stabilizing properties. 

EFFECTS OF RADIATION ON RENAL FUNCTION 

Principal Invactipator: J. E. Buerkert 

'The objective of this research was to define and characterize postirradiation di- 
uresiÍ and to determine the significance of this diuresis in the radiation syndrome of 

acute intestinal death. 

Clearance studies were performed in 16 dogs with surgically formed hemibladders 
to evaluate the intrinsic renal effects of 2000 rads of x rays administered as a single 
dose to the left kidney. These studies were conducted under conditions of water diure¬ 
sis in 10 dogs on days 1, 7 and 14 postexposure. Additional Judies were performe 
21 and 28 days after exposure in eight of these dogs and 56 days later ^ four. Bu; 
dogs were studied under conditions of osmotic diuresis at all of these interva . 

While the glomerular filtration rate (GFR) tended to remain constant until the 
studies performed on the 56th day, abnormalities in renal tubular ^tion were 
dent within 24 hours of irradiation. In water diuresis, free 
was significantly greater within a day of exposure averaging 0. 88 ± 0* 23 ^i/min (SE) 
from rcontrol kidney (CK) and 1. 34 Í 0.31 ml/min from the 
(p < 0.001). These differences became greater over the intervals studied and were 
independent of changes in GFR. Fractional excretion of sodium was also greater 
from the IK within a day of exposure averaging 0.37 ±0.11 ^rcent from the CK n 

0. 54 + 0.18 percent from the IK. Such differences persisted in the same degree 
throughout the interval of the study. When vasopressin was infused, urine flow (V) 
fell significantly at all intervals studied postirradiation. However, V was significan y 
greatef^ours after radiation exposure averaging 0.36 ± 0.08 and 0.54 ± 0.10 ml/min 
from the CK and IK respectively (p < 0.001). This difference in V corrected we 1 with 
a marked increase in the excretion of total solute and sodium. By day 14 urineflow 
from the irradiated kidney was not different from control kidneys - Twenty-eight day^ 
following exposure, V from the IK tended to be greater than from the CK. These dit 

ferences were associated with a signliicant decline to 
(TC ^ from the IK (0.30 + 0.08 ml/min) when compared to the CK (0.52 . 0.08 

ml/min, pcO.Ol). 
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The tubular maximum for T^go (TmCH„o) was determined in six dogs which 
were studied while undergoing a brisk osmotic diuresis and being infused with vaso¬ 
pressin. There was a significant decline in TmCH20 ^ days after exposure which be ¬ 
came more marked by day 28 averaging 1.18 + 0.10 ml/min from the CK and 
0. 015 t 0.13 ml/min (p < 0. 001) from the IK. 

When urine was collected 18-24 hours after complete food and water deprivation 
and osmolality was determined no differences were seen until day 21. By day 28 
osmolality of urine collected from the IK was half that obtained from the CK averaging 
930 + 148 and 1898 ± 259 mosmol/liter respectively. 

Thus the earliest effects of radiation are related to the ability of the proximal tu¬ 
bule to reabsorb sodium and are manifested by both an increase in the fractional and ab¬ 
solute excretion of sodium within 24 hours of exposure which continues throughout the 
interval of the study and by a marked increase in the excretion of CH q within a day 
of exposure which becomes greater with time. Approximately 3 weeks postexposure, 
but before GFR declines, the concentrating segment of the nephron is improved. 
These studies suggest that renal tubular injury is the major early effect of radiation. 
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EXPERIMENTAL COMMUNICATING HYDROCEPHALUS IN THE PRIMATE: 
ULTRASTRUCTURAL AND PATHOPHYSIOLOGICAL STUDIES 

Principal Investigators: W. J. Flor, J. S. Stevenson, Al'RRl; and 
A. E.. James, Jr., Johns Hopkins Medical Institutions 

Collaborators: J. H. Flinten, AFRR1; N. Ghaed, Walter Reed Army Medical Center; 
and B. L. Rish, U. S. Naval Hospital 

Tachnical Assistance: J. L. Parker, E. L. Barron, J. K. Warrenteltz, M. E. Flynn, 
N. L. Fleming, B. W. Rogers, G. L. Dunson, M. K. Mellor, AFRR1; 
and C. Digel, Johns Hopkins Medical Institutions 

The objective of this research is to pT oduce a model of communicating hydroceph¬ 
alus in the primate to study the development of the pathology and pathophysiology of 
this disease and to investigate countermeasures to the disease processes. 

Communicating hydrocephalus most commonly results from inflammation of the 
leptomeninges as a consequence of infection, hemorrhage or irritation by particulate 
matter. The leading contributor is subarachnoid hemorrhage, either from head injury, 

/ 
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ruptured aneurysms or intracranial operations. Following instillation of a protein- 
bound radionuclide into the cerebrospinal fluid (CSF) space to image CSF flow (cistern¬ 
ography), there is in these patients reflux of the isotope into the cerebral ventricles 
rather than normal passage of isotope over the surfaces of the brain with no ventricu¬ 
lar entry. Although patients have chronically normal CSF pressure, a significant 
number of them show unexplained clinical improvement after cerebral ventriculo- 
venous shunting. 

We have developed an experimental model of communicating hydrocephalus in the 
primate Macaca mulatta by modifying the metnod of James et al.2 in the dog. A room 
temperature curing silicone rubber is implanted via a polyethylene intracatheter in 
the anterior basal cisterns. The cisterna magna is punctured with a 17-gauge needle 
and the catheter passed around the brainstem and into the anterior cisterns under flu¬ 
oroscopic control. One milliliter of Silastic is then infused, and the animal oriented 
with head dependent until polymerization is complete (20-30 minutes), to avoid occlu¬ 
sion of the foramina of Luschka and Magendie and to optimize the Silastic "seal" at 
the tentorial notch. This technique is relatively atraumatic to the animal when done 
properly and it avoids many of the problems attendant to other methods for experimen¬ 
tal production of hydrocephalus. At least 70 percent of the implanted animals survive 
the procedure with no immediate difficulty. 

Development of communicating hydrocephalus is monitored by repeated cistern¬ 
ography with 750 jLiCi of 99mTc labeled human serum albumin in a volume of less than 
0.2 ml introduced at the cisterna magna. We have reported the normal cisterno- 
graphic patterns in the rhesus monkey1 as a result of our base-line studies before 
implantation. Ventricular entry of radiopharmaceutical, characteristic of communi¬ 
cating hydrocephalus, develops in these implanted animals over a chronic time period. 
Initial entry has been observed in some animals at 1 to 1-1/2 months, and in others 
as late as 9 months after implantation. Animals with ventricular entry usually demon¬ 
strate a qualitative motor deficit. 

Histological and ultrastructural studies have begun. Animals are fixed by vascu¬ 
lar perfusion with Karnovsky's formaldehyde-glutaraldehyde fixative, postfixed in 
osmium tetroxide, dehydrated and embedded in Epon 812. Preliminar»' studies verify 
the ventricular enlargement detected by cisternography and the patency of the foram¬ 
ina of the fourth ventricle. In general, ventricular expansion occurs at the expense of 
white matter. The ventricular ependyma becomes flattened and even denuded, espe¬ 
cially in the vicinity of the callosal-caudate angle, apparently allowing bulk movement 
of CSF into brain parenchyma. Perivascular as well as parenchymal edema is ob¬ 
served, with fluid often dissecting along vessels within the basement membrane. 
Because of the chronic time course of this disease model, secondary changes in neu¬ 
ronal elements and fiber tracts can be studied in these animals as well. Corticospinal 
tract, motor cortex and cerebellar changes have been observed in the preliminary 
studies. 



In summary, we have produced a model of chronic communicating hydrocephalus 
in the nonhuman primate. The cisternographic patterns observed in these animals 
parallel closely those observed in patients with this disease. The chronic time period 
of our model is much closer to that observed in patients than previous models of 
hydrocephalus. Because of this chronic time period, presumably we shall be able to 
investigate those long-term pathologic changes which are responsible for the clinical 
signs observed in patients with this disease. Additional studies to evaluate the role of 
altered cerebral blood flow and altered CSF flow and reabsorption in the development 
of the pathology of communicating hydrocephalus are being formulated. Studies of the 
early changes will direct efforts to evaluate countermeasures to this disease process. 
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BONE MARROW CELLULARITY IN MINIATURE SWINE 

Principal Invastigators: J. E. West, J. F. Taylor and V. E. Ekstrom 
Technical Assistance: F. A. Mitchell, J. Witz, P. E. Haynesworth, 

D. F. Trainor and J. E. Egan 

Miniature swine have been used as valuable laboratory animal models for AFRRI 
biomedical research in radiobiological investigations and are currently utilized in 
studies involving radiopharmaceuticals and related nuclear medicine procedures hav¬ 
ing clinical application in human medicine. 

Because miniature swine have several physiological and anatomical parameters 
similar to man, their use in diverse biomedical research involving ionizing radiation, 
chemical and drug toxicology, dentistry and surgery is well documented,1 Despite 
extensive utilization in research studies affecting the hematopoietic system, no defin¬ 
itive data exist on the marrow myelogram of normal untreated miniature swine. 
Peripheral blood cell indices in the normal and pathological states have been exten¬ 
sively reported. 



To determine the possible role of bone marrow cell renewal systems in the mech¬ 
anism of radioresistance induced in swine after split-dose gamma irradiation, the 
development of statistically valid quantitative data on bone marrow cellularity prior to 
irradiation was mandatory. Purposes of this study were to develop (1) surgical tech¬ 
niques for obtaining repetitive samples of representative bone marrow using local 
anesthesia and (2) the marrow myelogram for normal young adult (5 to 6 months old) 

miniature pigs. 

The sternum and spinous processes of thoracic and lumbar vertebrae were se¬ 
lected for bone marrow sampling because of the proximity of bone and marrow cavity 
to the skin surface, the thin cortical bone encompassing the marrow cavity and the 
several sternebrae and dorsal spinous processes permitting multiple sampling from 
previously undisturbed marrow tissue. Using aseptic technique and local anesthesia 
(2-3 ml 2 percent Xylocaine hydrochloride subcutaneously), small volumes (approxi¬ 
mately 0. 2 ml) of marrow fluid were aspirated from each site, using a sterile 
18-gauge, 1-inch Rosenthal needle. Cover slip smears were quickly prepared, air- 
dried, stained with Wright's-Leishman stain and 1000 nucleated marrow cells differ 
entiated microscopically on stained smears from each aspirate. 

Table X shows the comparative data on key bone marrow cell renewal compart¬ 
ments from sternal and vertebral samples. Statistical analyses using the nonpara- 
metric Wilcoxon matched pairs sign rank test showed that marrow cellularity from the 
two sites was not significantly different at the p = 0.05 level of significance. 

Table X. Comparison of Sternal and Vertebral Marrow Cellularity 
in Miniature Swine* 

• Bast'd upon 29 differential marrow cell founts from sternum and 
31 from vertebral spinous processes 

* DK=Proliferative erythrocytic cell compartment (rubrlblu»!, pi 
rubricyte, and rubricytes basophilic and polyehrottupophlb' 
TK Total nucleated erythrocytic prrrui sm veil* "1 V'«* 
normochromatic and metarubi tcytvn 
DG=PruHferalive gruHUloeyUr i > U ' “'Updilnu 'U (myeloblast, 
progranulocylt, ml i mevle»! 
TU Total granulocytic precursor cells. DU plus bands (mature 
segmenters not Included) 

» Uncorrected for hemodilution (mature segmenters counted) 
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Results of this study demonstrated that approximately 70 percent of the total 
erythrocytic cell renewal compartment consists of immature proliferating stages 
compared to only 20 percent for the granulocytic cell compartment. These findings 
provided a valuable reference for quantitating radiation-induced changes which 
occurred within the radiosensitive proliferating cell stages following split-dose 
gamma irradiation in these animals. 
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MlLHANIlMt OP ClfttttKAL EDEMA 

Principal Invattigator: L. S. Solomon 

Several recent reports have suggested that 5-hydraxytryptamine (5-HT) produces 
brain edema; however, each of these works suffers from serious shortcomings1-4 

h’'ch make the results questionable. 

The objective of this research is to measure the effects of 5-HT on the blood-brain 
barrier in primates while carefully controlling physiological parameters. 

Five-hydroxytryptamine was perfused into rhesus monkeys by the ventriculocis- 
ternal route and its concentration in the caudate nucleus and corpus callosum ^ter- 
mined. It was shown U\a: a 5-HT concentration gradient was established and 5-HT 

t anged from 1-800 times endogenous levels. No significant increase in blood- 
brain barrier permeability w»« noted in the (teriventricular tissues (Figure 17). 
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Figure 17. albumin space in successive slices after ventriculocisternal 
perfusion with various substances 
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EVALUATION OF HEALING OF LONG BONE GRAFTS IN DOGS BY QUANTITATIVE 
TECHNETIUM-99m PHOSPHATE BONE IMAGING 

Princlp«! Investi(atort: J. S. Stewnnon, AFHHI, ft. *. Hngkl, Navël Medical Research Instilute; 
and F. ft. Nelaoa, U. S. Naval 

Technical As si «tone •' E. L. W. W. Wolfe, J. ft. Warrenfeltz, M. E. Flynn, N. L, Fleming, 
G. L. Oujimh, V. L. McManaman, M. D. Sinclair, AFRRl; and A. Strash, 
Medical College of Virginia, Richmond 

The objectives of this research1 were to assess the effect of freeze-drying on the 
incorporation of autologous and allograft bone substitutes, and to develop surgical re¬ 
constructive techniques that will facilitate limb reimplantation and transplantation. In 
addition, the project was aimed towards evaluating technetium-99m phosphate bone 
scanning radiopharmaceuticals as a nondestructive, quantitative means of determining 
the rate of bone regeneration and graft incorporation. 

Freeze-dried cancellous autografts and freeze-dried cortical segmental allografts 
were transplanted into surgically created, 2-cm defects in the distal ulnas of the fore¬ 
legs of adult mongrel dogs. Fresh autoloerous bone was inserted as a control graft in 
one ulna while the experimental bone graft was inserted into the contralateral ulna. 
The autografts were used to evaluate the effects of freeze-dried autologous bone graft 
substitutes on the healing process of bone while allografts were transplanted to study 
the graft materials routinely provided by the U. S. Navy Tissue Bank to military and 
civilian institutions. 

Sequential bone graft imaging was done as follows: 0.5 mCi/kg body weight of 
technetium-99m phosphate radiopharmaceuticaIs was given intravenously. Bone images 
were obtained on a Nuclear-Chicago HP scintillation camera 2-1/2 hours after dosing 
and photographic records were made on Polaroid and 35-mm film. In addition, the 
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data were stored on magnetic tape and later analyzed by the Med-n Nuclear Data com¬ 
puter. Bone images were obtained on each dog at 2, 4, 6, 8, 12, 18, and 24 weeks 
postgrafting and roentgenograms of each leg were obtained at the same time of the 
imaging procedure. 

The bone imaging technique revealed either healing or nonunion of each graft and 
the scan data were able to depict the fate of the graft 3 to 8 weeks prior to its demon¬ 
stration by the roentgenograms. When healing occurred, the radioactivity at the graft- 
host junctional areas progressively migrated together coalescing into one central peak. 
This provided a dynamic measure for determining the rate of bone healing. 

Standard methods of evaluating bone grafts including tetracycline labeling, roent¬ 
genograms, tissue biopsy, and biomechanical testing all have their own inherent limita¬ 
tions. The scanning method described avoids these limitations and provides a method 
of quantitating the rate of bone graft incorporation. This technique can now be objec¬ 
tively applied to identify the most effective bone graft materials and to evaluate tissue 
graft modifications in order to potentiate the best features of a particular graft material. 
Early identification of a graft destined to nonunion can now substantially shorten a pa¬ 
tient's clinical course by clearly defining the timing of early operative intervention or 
initiation of appropriate antirejection therapy. 
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EVALUATION OF HEALING OF MANDIBULAR BONE GRAFTS IN DOGS BY 
QUANTITATIVE TECHNETIUM-99m POLYPHOSPHATE BONE IMAGING 

Principal In vast! gators: 

Technical Assistance: 

J. F. Kelly, J. D. Cagle, R. W. Bright, Naval Medical Research Institute; 

and J. S. Stevenson, AFRRI 
G. L. Dunson, E. L. Barron. W. Wolfe, M. E. Flynn. J. K. Warrenfeltz 

and N. L. Fleming 

The objective of this research project is to develop improvements in bone grafting 
techniques used in oral and maxillofacial reconstruction. In addition, techniques are 
used to quantitatively evaluate the various allograft, autograft and osseous tissue com¬ 
binations used to replace severely traumatized or diseased mandibles. 

The approach consisted of surgically creating discontinuity defects in the jaws of 
adult beagle dogs and correcting these defects with various graft substitute systems. 
Sequential 99nlTc phosphate bone imaging correlated with Am bone scan density 
studies along with routine radiographs were performed to quantitatively assess bone 
graft incorporation. An equal number of animals are being followed for different time 
periods after grafting (Figure 18), then sacrificed and the graft site recovered for bi 
chemical and biomechanical testing and evaluation. Studies to date indicate that 
americium-241 bone density measurements as well as the technetium-99m phosphate 
bone imaging and roentgenograms will reveal graft incorporation and will determine 
the rate of bone graft healing. The study also includes patients from the National N 
val Medical Center for evaluation of bone incorporation of graft substitutes which have 
been placed in the mandible for various clinical indications (Figure 19). 

Figure 18. Computer display of bone scan (A) with accompanying histogram (B) of a bone 
mandibular graft 1 day after surgery. The negative defect represents the nonviable 
bone graft substitute. Six weeks postsurgery the bone scan (C) with accompanying 
histogram (D) reveals excellent viability of the bone graft substitute consistent 

with healing. 
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Figure 19. Bone scan (A) of left mandible 1 day after surgery in a patient who had a malignant 
bone tumor removed and the defect replaced by an appropriate bone graft substitute. 
The bone scan 6 weeks after surgery (B) reveals the graft (represented by the 
negative defect on scan A) has healed and has excellent viability. 

EVALUATION OF TECHNETIUM-99m RADIOPHARMACEUTICALS FOR 

BONE MARROW SCANNING 

Principal Invastigater: G. L. Dunson 
Collaborators: S. M. Pinsky, R. B. Grove and li. C. Johnson. 

Walter Reed General Hospital 

The objective of this study was to evaluate several chemical compounds and. meth¬ 
ods of compounding "mTc colloids for use as bone marrow scanning agents. 

Studies indicated that "mTc sulfur colloid made by a hydrogen sulfide gas method 
gave smaller particle size than 99mTc sulfur colloid prepared using thiosulfate. The 
term "mTc minicolloid was introduced in order to make this distinction. It was also 
learned that the smaller particle size gave better bone marrow localization and better 
migration through successive lymph nodes. Therefore, a second study was initiated 
on the use of 99mTc sulfur colloid for radionuclide lymphography. Results from the 
study are reported separately. 

Other chemical forms of Tc are under investigation for bone marrow imaging. 
The most promising agent to date is "mTc phytate. This radiopharmaceutical and 
other radionuclides being evaluated for nuclear lymphography will be tried for bone 
marrow imaging quality as well. 



NUCLEAR LYMPHOGRAPHY 

Principal lnv«*tigator: G. L. Dunson 
Collaborators: J. H. Thrall, Walter Reed General Hospital; and 

J. S. Stevenson, AFRR1 

The objective of this study was to develop a clinically useful gamma scanning tech- 
nique for nuclear lymphography, using ^“‘Tc radiopharmaceuticals. Technetium- 
99m minicolloid, a radiopharmaceutical developed for bone marrow imaging, was 
shown to be more effective than other 99mTc colloids or 198Au for radionuclide lym¬ 
phography. This radiopharmaceutical was also demonstrated to have significant 
advantages over radiographic lymphography. A method was developed for radionuclide 
lymphography using 99mTc minicolloid and scintillation camera imaging 90 minutes 
after subcutaneous interdigital administration and intermittent exercise. 

Patient use of the radiopharmaceutical was initiated at Walter Reed General Hos¬ 
pital (WRGH) and a collaborative study involving lymphatic system evaluation of mon¬ 
keys was started with the Walter Reed Army Institute of Research (WRAIR). 

Studies are continuing in three areas: comparison of Tc minicolloid with 
other chemical species of ^“Tc; comparison of ^“Tc with other radionuclide spe- 
cies, especially ®^Ga, In and ^89Yb; and the application of procedures developed to 
the evaluation of lymphatic system diseases in collaborative investigations with WRGH 
and WRAIR. 
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PREPARATION AND COMPARISON OF TECHNETIUM-99in DIPHOSPHONATE, 
POLYPHOSPHATE AND PYROPHOSPHATE BONE IMAGING RADIOPHARMACEUTICALS 

Principal Investigators: G. L. Dunson and C. M. Cole 
Collaborators: J. S. Stevenson, AFRR1; and F. Hosain, Johns Hopkins 

Medical Institutions 

This study was undertaken after it was determined that Tc polyphosphate was 
not satisfactory for use in quantification studies or long-term bone healing studies be¬ 
cause of inconsistent image quality. 
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A method was developed1 for preparing the diphosphonate and pyrophosphate phar¬ 
maceuticals in compounding kits using starting materials that were synthesized as 
needed. These kits can be prepared in 10-vial to 1000-vial lots for subsequent use as 
needed The three radiopharmaceuticals were compared for safety, effectiveness, 
pharmaceutical quality, image reproducibility and toxicity. 
determined to be the better agent of the three and is currently used in animal and pa- 

tient studies. 
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QUANTITATIVE RADIOISOTOPE ANGIOGRAPHY USING 
CATHETERIZATION TECHNIQUES 

Principal Invastigators: V. L. McManaman and J. S. Stevenson 
Tachnical A**i*tanca: £• L. Barton, N. L. Fleming, II. E. Flynn and 

J. K. Wanenfeltz 

The objective of this study was to evaluate the dynamic blood circulation through 
the various regions of the heart on a quantitative statistical basis by imaging intrave¬ 
nously injected radiopharmaceuticals using the scintillation camera and the Med-n 
computer system. Data from these dynamic cardiac function studies will be compared 
to those obtained after radiopharmaceutical administration through a cardiac catheter. 
Results of this study comparing the two techniques are expected to reveal important 
information on the relative accuracy of the intravenous route of radiopharmaceutical 
administration used in clinical medicine practice. 
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Efforts to find suitable ways to analyze cardiac blood flow data from experimental 
animals continue. Histograms of the activity distribution as a function of time through¬ 
out various regions of the heart may now be generated. However, efforts are contin¬ 
uing to find some technique for obtaining reproducibility of the data. Several proce¬ 
dures for analyzing the data require the use of a more powerful computer than the 
Med-n system. Efforts are therefore underway to make the magnetic tape from the 
Med-n system compatible with the IBM 360 computer at the National Institutes of 
Health (NIH). It is expected that complete compatibility should be achieved within the 
near future. 

Videotapes from approximately 12 cardiac flow studies at the Walter Reed Gen¬ 
eral Hospital have been brought to AFRRI for analysis. Preliminary evaluations on 
these are presently underway; however, additional evaluation requires a more 
powerful computer. Analyses will be completed when the magnetic tape of the 
Med-II computer is made compatible with the IBM computer at NIH. 

»»a«»»» 

TECHNETIUM-99m METHOTREXATE STUDIES 

Principal Investigators: P. T. Kirchner, U. S. Naval Hospital; and 
J. S. Stevenson, AFRRI 

Collabora tars: R. H. Adams, L. L. Heck, J. W. Duley, U. S. Naval Hospital; 
b. B. Short and G. L. Dunson, AFRRI 

The objective of this study was to determine the metabolic fate including distribu¬ 
tion of intravenously administered technetium-99m methotrexate in dogs and rodents 
and to determine the metabolic fate of intrathecally administered technetium-99m 
methotrexate in monkeys. 

Intrathecal methotrexate is a major therapeutic modality in the treatment and pre¬ 
vention of leukemia involving the central nervous system (CNS). Methotrexate is also 
an important agent in ti e treatment of systemic leukemia. Available data on the me¬ 
tabolism of intravenously administered methotrexate are based on studies with tritium 
labeled methotrexate. The fate of intrathecally administered methotrexate has not 
been adequately studied. Recent studies of the kinetics of small molecules injected in¬ 
trathecally revealed that in many instances only a small percent of the injected radio¬ 
pharmaceutical reaches the cerebral cisterns. Quantitative studies with a gamma 
emitting label on methotrexate may allow accurate assessment of the distribution of 
this agent in the CNS. 



The approach used in this study was to first label methotrexate with technetium-99m. 
Ti e fate of the intravenously administered methotrexate was then studied in rodents 
and dogs. Measurements included blood clearance, plasma protein binding, urinary 
excretion, and qualitative whole-body distribution as a function of time as disclosed by 
sequential gamma camera images. Whole-body distribution has been studied in four 
groups of rats (five animals in each group) at 30 minutes, 1 hour, 6 hours and 24 hours 
after injection and serially monitoring blood cell counts. Initial studies are inconclu¬ 
sive at this time. 

The fate of intrathecally administered technetium-99m methotrexate was evaluated 
in monkeys and in dogs using a quantitation technique by serial gamma camera images 
and sequential sampling of the cerebral blood and spinal fluid after administration of 
the radiopharmaceutical. Serial blood and urine samples were also monitored. Pre¬ 
liminary data revealed that the migration of the technetium-99m methotrexate appears 
to stop at the foramen magnum with very little movement into the cerebral area. Fur¬ 
ther studies are underway to substantiate this initial impression. 

QUANTITATION OF CEREBRAL BLOOD CIRCULATION 

Principal Investigators: V. L. McUanaman and J. S. Stevenson 
Collaborator: U. D. Sinclair 

r 
The main objective of this study was to increase the diagnostic value of dynamic 

cerebral carotid and regional cerebral blood circulation using radionuclide angiog¬ 
raphy and the scintillation camera and computer systems. 

Raw data from Xe dynamic studies on experimental animals are recorded by 
the scintillation camera and stored by an intermediary video tape recording system. 
The data are then transferred to the Med-II computer via videotape for analysis. 

Programs were written for the Med-II system as well as the AFRRI SDS 920 
computer system for faster processing. Mathematical models are being fitted to the 
raw data to determine various parameters, i. e., cerebral blood flow, compartmental 
cerebral blood flow, and blood flows within and the weights of the white and gray brain 
matter. 

37 



Processing of experimental data will be conducted on a continuing basis, m addi¬ 
tion, since the primary research program demands reliable and prompt data process¬ 
ing, a complete backup software package is currently being developed for the IBM 360 
computer system at the National Institutes of Health. 

QUANTITATION OF TOMOGRAPHIC DATA 

Principal lnvastig?'.r«: V. L. McManaman, J. S. Stevenson and U. D. Sinclair 
Tachnical Assistance: £. L. Barron, N. L. Fleming, J. K. Warrenfeltz and 

M. E, Flynn 

The objectives of this study are (1) to establish the limits of detectability and 
optimum operating parameters foe the Tomocamera (scintillation camera and Tomo- 
camera accessory), (2) to develop procedures for quantitating tomograph c data utiliz¬ 
ing the Med-II computer system, and (3) to compare quantitative data derived with 
the tomographic system with the qualitative data provided by the standard Polaroid 
film. 

The operating characteristics of the scintillation Tomocamera using experimental 
phantoms were evaluated. The limits of detectability of a tumor located at various 
depths within the Alderson head phantom were established for the Tomocamera. 
These data have been compared with those from the high resolution collimator, the 
pinhole collimator, and the rectilinear scanner. For surface type tumors, the rec¬ 
tilinear scanner appears superior to the other three which are about equally effective. 
The rectilinear scanner was able to detect deep-seated tumors which none of the other 
three components could detect. Line spread functions and modulation transfer func¬ 
tions will be calculated for these two specific conditions, as well as for others, to 
determine if this is indeed expected behavior. A table for quickly determining planes 
of focus for a scintillation Tomocamera was prepared.1 Other studies to further eval¬ 
uate the parameters of the Tomocamera will continue. 

Considerable support was provided to the Orthopedic Service of the U. S. Naval 
Hospital and the Dental Research Department of the Naval Medical Research Institute for 
evaluating potential bone diseases and bone grafts in patients using the Tomocamera. 
Clinically relevant data are being obtained which otherwise would have been unattain¬ 
able without the Tomocamera. These are presently being compiled and evaluated. 



l'he scintillation camera console and videotape units were modified so that tomo¬ 
graphic data may be recorded onto videotape for playback at a later time. The pri¬ 
mary advantage is the alteration of control settings during playback which will give 
views of additional planes of focus which were not recorded on the original raw data 
so that minimum patient time is required for a complete evaluation of the study. 
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THE DETECTION OF PULSED MICROWAVE BY THE MONKEY (MACACA MULATTA) 

Principal Invastigators: R. W. Young, G. R. Middleton and C. R. Curran 
Collaborator: E. D. Finch, Naval Medical Research Institute 

Tachnical Assistanca: J. R. Harrison 

Recent reports indicate that microwave elicits an auditory sensation in some ob¬ 
servers.1 Despite recent studies by Guy et ai.2 which attempt to define the neural 
substratum of this auditory sensation for the cat, the mechanism and its parameters 
remain in dispute or undefined for primates. The purpose of this study was to develop 
a behavioral model for testing the monkey which would produce definitive data con¬ 
cerning the detectability of microwave radiation. 

Various parameters have been reported to affect the perception of the acoustical 
clicks associated with pulsed microwave exposure.2 The most often cited parameters 
are the frequency and peak power of the microwave radiations. Based largely on the 
work by Guy et al. ,2 the microwave energy used in this study was delivered at 
2450 megahertz, pulsed at 10 hertz with a 45-microsecond pulse width, 
power was 4.5 W/cm2, with an average power density of 2 mW/cm2. 

The peak 

The subjects were tested in a soundproof isolation chamber, using a conditioned 
fear response (CFR) paradigm with a free operant avoidance base line. Under these 
testing conditions, the presentation of any detectable discriminative stimulus (SD) will 
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produce a clear increase in response rate. The microwave radiation was used as the 
for this study. Since testing was accomplished in a room devoid of other auditory 

stimulation, a response rate increase in the presence of microwave stimulation (S^) 
was operationally defined as evidence of detection. 

The results of the study are presented in Figures 20 and 21. These figures rep¬ 
resent typical response rate increases observed in the presence of microwave stimu¬ 
lation of the two subjects tested in this study. There is a clear increase in response 
during the microwave-on epoch. This representative response pattern was repeated 
for each subject for 50 trials. Systematic response rate increase excursions were not 
observed for any microwave-off epochs, including control periods in which the micro- 
wave generator was turned on but its output fed to a dummy load rather than to the 
horn over the monkey's head. These data are taken as evidence for the detection of 
microwave by the monkeys tested. 

Figure 20. Response rate changes during microwave exposure 
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Figure 21. Response rate changes during microwave exposure 
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THE INCIDENCE OF BEHAVIORAL INCAPACITATION IN THE MONKEY 

(MACACA MULATTA) AS A FUNCTION OF PULSED WHOLE-BODY 

GAMMA-NEUTRON RADIATION DOSE 

Principal Investigators: R. W. Young and G. R. Middleton 

Technical Assistance: J. R. Harrison, P. Mannon and G. G. Kessell 

The purpose of this study was to define the effective dose (ED) of pulsed mixed 
gamma-neutron radiation which would produce 10, 30, 50 and 70 percent incidence of 
behavioral incapacitation in the monkey. 

One hundred and twenty monkeys, trained to a shock-avoidance visual discrimi¬ 
nation task, were irradiated with single whole-body doses of pulsed gamma-neutron 
radiation from the AFRRI-TRIGA reactor (n/g = .4). Twenty subjects were irradiated 
at each of six doses: 800, 1200, 1800, 2700, 3800 or 5300 rads (midhead dose). The 
incidence of early (i.e., within 30 minutes of irradiation) behavioral incapacitation at 
each dose level is presented in Figure '22. 

MIDHEAD DOSE (> 103 rad.) 

Figure 22. Percent early behavioral incapacitation 
as a function of dose 

As can be seen, there is a distinct discontinuity in the dose-response relationship 
above 1800 rads. For doses below that point the number of early incapacitations in¬ 
creases as a function of the log of the dose. Below 1800 rads, the relationship be¬ 
tween the percentage of the sample exhibiting incapacitation and dose is perfectly de¬ 
scribed by the model for probit analysis. Increasing the dose, however, from 1800 to 

42 



5300 rads produced essentially no change in the number of early incapacitations. Thus, 
the range of doses from 800 rads to 1800 rads encompasses the effective doses for pro¬ 
ducing from 10 to 80 percent early behavioral incapacitation in the monkey. 

Two types of early incapacitation were observed: permanent and transient. At 
doses below 1800 rads most early incapacitations were transient; whereas, for doses 
above that point the number of early permanent incapacitations increased with dose. 
The data in Figure 22 reflect both types of early incapacitation. 

The survival times observed in this study were inversely related to the log of the 
dose in a manner which corresponds closely to the distribution reported for the inci¬ 
dence of early behavioral incapacitation (Figure 22). 

The discontinuity observed in the dose-response relationship for both survival time 
and the incidence of early behavioral incapacitation is taken to suggest a fundamental 
difference in effect for doses above and below that inflection point. 

THE PERFORMANCE OF UNRESTRAINED MONKEYS (MACACA MULATTA) 
FOLLOWING EXPOSURE TO 2000 RADS OF IONIZING RADIATION 

Principal Invactijator: C. R. Curran 
Technical Assistance: C. G. Fnnz, W. R. Wiegel, L. Clark and R. L. Brubaker 

The objective of this study is to determine the effect", of exposure to a supralethal 
dose of radiation on the ability of primates (Macaca mulatta) to perform a physical 
activity task. 

Fourteen primates were assigned to three treatment groups: (1) Seven animals 
were trained to operate an activity wheel and conditioned over a 10-week period to the 
point where they could maintain a 10-minute run/5-minute rest cycle for 6 hours. 
(2) Five animals were trained to perform a visual discrimination task using backlit 
pressplates positioned on one wall of the physical activity wheel apparatus. The posi¬ 
tion of the wheel was held stationary and the animals were not exercised. Operation 
of the pressplates by the primates required little movement. (3) Two animals were 
trained to perform both the visual discrimination and physical activity tasks in the ac¬ 
tivity wheel. Final training of these animals lasted 8 weeks. 
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With the exception of one animal, all animals were given a base-line test which 
approximated postirradiation conditions (Figure 23). One week later the animals were 
transported to Exposure Room No. 1 of the AFRRI-TRIGA reactor and after a behav¬ 
ioral pretest were exposed to a single pulsed 2000-rad dose of gamma-neutron radia¬ 
tion (n/g = . 4). Two of the animals, in group 1 were eliminated because subsequent 
analysis of their pretest performance revealed a deviation from base-line levels of 
more than 10 percent (previously determined criterion of acceptable performance). 
Testing began 5 seconds after exposure and lasted for 6 hours for all animals except 
the animal noted above. In addition, two of the group 1 animals were tested for 2 hours 
daily until death. 

Figure 23 presents the mean group performance levels for groups 1 and 2 as well 
as the individual performance graphs for the two animals in group 3. The group of 
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Figure 23. Postirradiation performance of animals trained to the visual discrimination, 
physical activity and combined tasks 
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animals performing the visual discrimination task (Figure 23A) exhibited a minor per¬ 
formance decrement within the first 15 minutes postirradiation and a secondary decre¬ 
ment 60 minutes postirradiation. One animal in this group was incapacitated for 3. 5 
minutes beginning 6 minutes postirradiation but was back to base-line performance lev¬ 
els by 20 minutes postirradiation. The group data then show a gradual decline beginning 
4 hours postirradiation. In contrast to the relatively minor disruption of performance 
observed in the group performing the discrimination task, the group of physical activ¬ 
ity animals (Figure 23B) exhibits a significant decrease in performance capability post¬ 
irradiation. Every animal in this group exhibited at least one period of transient inca¬ 
pacitation during the first 2 hours after exposure. In addition, group performance 
never exceeds 70 percent of base-line performance during the recovery period 
(30-120 minutes postirradiation). Data from two of the physical activity animals also 
indicated that the performance level reached during the recovery period on the 1st day 
postirradiation is maintained until a few hours before death (7 days postirradiation). 
The postirradiation performance of the two animals required to perform both tasks 
(Figure 23C and 23D) (group 3) indicates that animals required to perform a cognitive 
task and a physical activity task will generate performance levels on both tasks simi¬ 
lar to those produced by animals required to perform only one of the tasks. It would 
thus appear that tasks requiring physical activity or exertion postirradiation are more 
severely affected than are cognitive tasks requiring little movement and that, following 
exposure to 2000 rads, recovery of physical activity performance never approaches 
base-line levels before death. 

TEMPORAL CHANGE IN RADIOSENSITIYITY OF MINIATURE SWINE AS 
EVALUATED BY THE SPLIT-DOSE TECHNIQUE 

Principal Invastigator: J. F. Taylor 

Collaborators: J. L. Terry, M. E. Ekstrom, J. E. West and T. J. MacVittie 

Technical Assistance: J. E. Egan, P. E. Haynesworth and G. D. Lee 

Earlier studies using the split-dose technique with domestic swine revealed that 
these animals overrecovered from the effects of a sublethal dose of whole-body radia¬ 
tion. In most species studied by the split-dose technique, exposure to a conditioning 
dose of radiation which is two-thirds of the normal LD50/30 will not result in mortal¬ 
ity, but will definitely injure the animal. Doses of this magnitude (two-thirds of the 
normal LD5Q/30) are at levels where a low but finite level of mortality might be ex¬ 
pected, however is rarely seen. Recovery may be complete, or partial if permanent 

45 



damage has been done. The split-dose technique is based on the premise that if imme¬ 
diately after the conditioning dose the animals were given another radiation dose equal 
to the difference between the LD50/3O and the conditioning dose, that 50 percent of the 
animals would succumb, and there would be no recovery at time zero. 

A redetermined LD50/30 01111 calculated at various times (days or weeks) after 
the conditioning dose. This LD50/30 measures the radiosensitivity of the animals af¬ 
ter the prior irradiation and indicates the degree of recovery which has occurred. 

Recovery from the sublethal conditioning dose can be calculated according to the 
following equation: 

D2 - (Di - Dc) 
percent recovery = -^-x 100 

where D2 is the split dose or redetermined LD50/30, Di is the normal LD5Q/3Q and 
Dc is the conditioning dose. 

All exposures for large animal split-dose studies have been with high energy pho¬ 
ton radiations and high dose rates. Figure 24 depicts responses seen in °^Co gamma * 

irradiated miniature swine of this study and of other species exposed with 1 MVp 
x radiation. 

Figure 24. Literspecies comparison of recovery patterns after sublethal 
conditioning doses as evaluated by the split-dose technique 

In this study on miniature swine, the normal LDpj/30 was determined to be 
237 rads. The redetermined LD50/3Q dose, delivered 28 days after the 150-rad con¬ 
ditioning dose, was 477 rads, significantly greater than the normal single dose LD50/30 



of 237 rads. In terms of recovery, not only was there no evidence of residual injury 
from the initial 150 rads, but also additional radiation above the normal LD50/30 dose 
was necessary to produce 50 percent lethality. Ihis is interpreted as overrecovery or 
acquired radioresistance and is arithmetically staled as 260 percent recovery. These 
miniature swine data are compared with earlier large animals studies in Figure 24.1 

As these studies involved dose levels within the range producing deaths in the bone 
marrow syndrome, overrecovery has been thought to be a reflection of changes in he¬ 
matopoietic kinetics. Quantitative and qualititative analyses of bone marrow samples 
taken from several miniature swine during the split-dose study have not revealed sig¬ 
nificant cellular kinetic changes that could account for the underlying mechanism(s) 
responsible for the overrecovery phenomenon. 

Further studies of bone marrow cell kinetics coupled with detailed serum biochem¬ 
ical analyses will hopefully shed additional light on the physiological changes which are 
responsible for the marked radioresistance seen in swine in association with their re¬ 
covery from prior sublethal irradiation. 
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RADIATION EFFECTS ON VISUAL ACUITY 

Principal Invaatigator: C. R. Curran 
Tachnical Assistance: C. G. Franz 

The objective of this study is to determine the immediate postirradiation effects 
of 2500 rads of 43 MeV electrons on the visual acuity of primates (Macaca mulatto). 

To date, two animals have been irradiated with 2500 rads of 43 MeV electrons 
from the AFRRI linear accelerator. The animals were so positioned that the electron 
beam entered at the site of the lateral canthus of the right eye and passed mesad strik¬ 
ing the medial surfaces of both eyes and exiting from the area adjacent to the lateral 
canthus of the left eye. 
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The first animal irradiated was a naive male that was held for 10 days postirradi¬ 
ation. Light microscopic histological analysis indicated that there was edema of the 
ciliary body and iris of the eyes but no edema of the retinal tissue. In addition, the 
retina appeared free of degeneration with all layers intact. 

The second primate was trained to perform a Lando It "C" ring visual acuity test 
which uses a modification of the Biough technique for threshold determination. This 
animal was then exposed to 2500 rads while performing at threshold levels and tested 
for 1 hour after irradiation. At no time during postirradiation testing did the animal's 
visual acuity deviate from preirradiation threshold levels (i.e., 20/15 vision). In ad¬ 
dition, this animal's visual acuity was tested periodically for 10 days postirradiation. 
During this time, visual acuity remained at preirradiation levels. 

RADIATION EFFECTS ON BEHAVIOR AND THE EEC OF THE MONKEY 

(MACACA MULATTA) 

Principal Investi gator: W. L. McFarland 
Collaborator: S. G. Levin 
Tochnical Assistance; E. E. Sereno and J. F. Lee 

The objective of this study is to identify brain bioelectric responses of the monkey 
to radiation and to correlate these responses with behavioral alterations. 

In one phase of the study, three monkeys fitted with EEC recording electrodes ai 
deep brain sites and cortex were irradiated (whole body) in the LINAC with 2500 rads. 
Over a period from 2 to 15 minutes after the pulse, high amplitude slow wave activity 
appeared prominently in leads from parieto-occipital cortex, septal area, and caudate 
nucleus. Minimal alterations were seen in the electrical activity of the hippocampus, 
mesencephalic reticular formation, or thalamus (Figure 25). However, in one mon¬ 
key, sporadic bursts of spiking activity seen in the hippocampus before irradiation 
changed to a constant spiking pattern after irradiation. 

Another way to test the functional integrity of the brain after irradiation is to 
applj known sensory inputs, in this case flashing a strobe light in the monkey's eyes, 
and recording the visual evoked response from the lateral geniculate body and other 
sites. The responses decreased in amplitude after 2500 rads of whole-body irradia¬ 
tion from the LINAC and then partially recovered by 40 minutes after irradiation. 
Figure 26 illustrates the changes seen in the original EEC traces. Slow wave activity 
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in the cortex and caudate nucleus appeared prior to the change in evoked activity and 
recovered prior to the recovery of the evoked response. These results suggest that 
(1) electrical activity of the brain is not uniformly affected by LINAC electron beam 
irradiation, and (2) a structure (e. g., lateral geniculate body) can be functionally im¬ 
paired without the appearance of abnormal slow wave activity. A second method of 
testing brain functional integrity after radiation has utilized electrical stimulation of 
the hypothalamus to increase systemic blood pressure. During the initial sharp drop 
in pressure after 2500 rads irradiation with the TRIGA reactor, a pressure increase 
can still be obtained with stimulation, although of a diminished magnitude (stimulation 
current intensities are identical before and after irradiation). This would suggest that 
the functional capacity of this part of the cardiovascular regulation system is still 
relatively intact after irradiation. 

RELATIONSHIPS OF BRAIN BIOELECTRIC ACTIVITY TO SKELETAL 

MUSCULAR ACTIVITY AND RADIATION 

Principo! Inrottigotor: V. L. McFarland 
Collaborator: H. Teitelbaum, University of Maryland 
Tochnical Assistance: W. N. Fry 

This study has the combined purpose of determining the relationships between 
hippocampal bioelectric activity (especially that in the theta band, 6 to 8 Hz) and 
movement and of determining some of the neuroanatomic bases and pharmacologic 
properties of the theta rhythm. 

Previous work in this laboratory,1 showing that hippocampal bioelectric activity 
can be markedly altered by training rats to run, has been extended by demonstrating 
a relationship between hippocampal theta waves of rats and forced running on a tread¬ 
mill device. The latter experiment shows that (1) theta waves are related to locomo¬ 
tion per se, (2) the amplitude of the movement-induced theta pattern is proportional 



to the speed of movement, and (3) movement-induced theta waves are not simply the 
result of increased proprioceptive feedback, since the theta waves often persist after 
the cessation of movement. 

In another experiment to determine the relationship of hippocampal theta to loco¬ 
motion, theta activity was varied rather than behavior. High frequency (80 Hz) elec¬ 
trical stimulation of the medial septal nucleus blocks theta in the hippocampus and low 
frequency (8 Hz) stimulation is reported to induce hippocampal theta. In rats trained 
to run for water, it was found that 80 Hz stimulation of the medial septal nucleus 
blocked running and 8 Hz stimulation had no effect. 

hi a study designed to assess the effects of radiation on hippocampal theta and 
locomotion, rats were trained to run for water or forced to run on a treadmill, then 
exposed to 10, 000 rads whole-body radiation from the LINAC. In the 48-hour obser¬ 
vation period after irradiation, the rats would generally neither run to obtain water 
nor spontaneously move on the treadmill. They would drink if given water and would 
move on the treadmill if forced to do so. Cortical activity in the rats trained to run 
for water decreased in amplitude on the day after irradiation and on the following day 
returned to slightly above base-line amplitude levels. Theta activity was seen in the 
cortex before irradiation, was absent on day 1 postirradiation, and returned on day 2 
postirradiation when the rats occasionally moved. Hippocampal activity showed a 
slight increase in amplitude the day after irradiation and a larger increase by the 
2nd day. Theta waves were prominent in the hippocampus whenever the rats did move 
on the day after irradiation and also on the 2) d day, although higher frequency activity 
was appearing by then. The bioelectric activity of the rats running on the treadmill 
showed essentially the same changes, although one rat showed hippocampal activity at 
about 4-5 Hz when running after irradiation as compared to 6-7 Hz before irradiation. 
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EFFECT OF 2500 RADS MIXED GAMMA-NEUTRON RADIATION ON CEREBRAL 
TEMPERATURE OF THE MONKEY (MACACA MULATTA) 

Principal Invastiflotors: W. L. McFarland and J. A. Willis 
Tachnical A**i*tanca: F. Lee and J. L. Rouch 

The purpose of this study was to determine whether or not temperature changes 
are uniform in the brain after reactor irradiation and the relationship of these changes 
to body core temperature changes. 

Brain temperature was monitored by means of thermistors implanted in the thala¬ 
mus and on occipital and motor cortices.1 Body core temperature was measured by 
means of a thermistor in a cannula placed in the arch of the aorta. The monkeys were 
trained to do a simple behavioral task to keep them in a constantly alert state during 
the temperature measurements. Before irradiation, normal temperature gradients 
were seen, core temperature was less than that of the thalamus, and the brain surface 
was cooler than the thalamus. After irradiation, these temperature gradients were 
maintained, although there was generally an initial drop in temperature at all sites, 
after the radiation pulse, followed by a gradual rise above base-line levels (Figure 27). 
Brain temperature appeared to follow core temperature in a relatively uniform man¬ 
ner, i.e., there were no significant regional brain differences in temperature response 
to radiation. 
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BEHAVIORAL TOXICOLOGY 

Principal Invastigators: R. W. Young and C. R. Curran 

Collaborators: M. J. Cowan, Navy Toxicology Unit; and 

G. R. Middleton, AFRRI 

Tachnical Assistance: B. A. Dennison, C. G. Franz, R. L. Brubaker, P. Mannon 

and G. G. Kessell 

Many current systems have as an integral part, or produce as a by-product, sub¬ 
stances of possible toxicity to personnel. Further, there is a growing awareness that 
human performance may be significantly degraded by extremely low levels of some 
contaminants. These facts, coupled with data which indicate that significant behavioral 
effects may appear at subclinical exposure levels, have led to the initiation of a study 
to assess the effects of possible toxic compounds on performance, using trained rhesus 
monkeys as a model for testing. The purpose of this study was to test the effect on 
performance of acute venous injection of tetrahydrothiophene 1,1-dioxide (sulfolane-w). 

Sulfolane is currently being evaluated for general use as a C02 scavenger for self- 
contained atmospheres. While this compound has potential as a C02 scrubber, it has 
been found to produce clinical toxicity in dogs and squirrel monkeys. The current 
study was designed to detect any subclinical changes in behavioral performance due to 
acute injection of the compound. Since, however, any real toxic hazard would be from 
inhalation rather than injection, the study reported here was conducted only to estab¬ 
lish the blood concentrations necessary to produce behavioral toxicity. 

A multiple schedule behavioral paradigm was employed to obtain the performance 
measures for this study. Two rhesus monkeys were trained and stabilized on a dis¬ 
crete avoidance visual discrimination, free operant avoidance schedule. Each animal 
was tested on successive days to obtain base-line and injection data. Injections were 
given at 1-hour intervals with doses calculated to produce successive levels of 100, 
215, 470 and 1000 Mg/ml of total body water in the subject. Between injections, the 
compound was infused at a rate calculated to maintain the desired blood level. Blood 
samples were taken before and after injections to verify the sulfolane levels delivered 
to the animal. Performance was monitored continuously except for periods of injec¬ 
tion and blood sampling. 
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The results indicate no detectable change in the performance of the discrete avoid¬ 
ance visual discrimination task. However, a highly significant dose related depression 
in both number of responses and response distribution was observed in free operant 
avoidance. The free operant avoidance data for one subject are presented in Figure 28. 
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Successive dose levels produced successive decreases in performance of this task, so 
that after the final blood level was achieved the response rate was half the normal level 
for the subject. This result is interpreted as significant for two reasons: (1) the type 
of response pattern observed here is very similar to that observed for other com¬ 
pounds known to have depressant effects on behavior and (2) these behavioral effects 
were observei at dose levels which were insufficient to produce previously observed 
clinical signs of toxicity, such as vomiting and convulsions. The blood levels estab¬ 
lished in this study have been used as the basis for dose levels in a study of the effects 
of chronic inhalation of sulfolane. 

EFFECT OF HISTAMINE ANTAGONISTS ON HISTAMINE-INDUCED HYPOTENSION 

Principal Investigators: T. A. Strike and T. F. Doyle 

Recently Black et al.* introduced burimamide, a drug capable of suppressing his¬ 
tamine effects insensitive to typical antihistamines. These antihistamine resistant 
effects have been attributed to the action of histamine on pharmacological receptors 
defined as H2 receptors. Receptors whose histamine responses are sensitive to typ¬ 
ical antihistamines are classified as receptors. These investigators have shown 
that the vasodepressor responses of exogenous histamine in the anesthetized cat are 
only partially antagonized by mepyramine (typical antihistamine) but could be com¬ 
pletely blocked when burimamide was superimposed. The cardiovascular effects of 
histamine are consistent with the involvement of both H^and receptors in the 
response. 

In our studies, mean arterial pressure values were determined following increas¬ 
ing doses of histamine given intravenously to unanesthetized monkeys. Sufficient time 
was allowed between each successive dose of histamine for the mean arterial pressure 
to return to the preinjection value. Chlorpheniramine was then infused into the monkey 
and the histamine dose-respone curve repeated. Burimamide was superimposed and 
the sequence repeated. 

The effect of histamine receptor antagonists on the vasodepressor response of his¬ 
tamine is shown in Figure 29. After chlorpheniramine, a 50-fold increase of histamine 
is needed to elicit a 20 percent decrease in blood pressure and a 100-fold increase is 
needed to elicit a 30percent decrease. Addition of burimamide appears no more effec¬ 
tive than chlorpheniramine alone. If, indeed, burimamide is an H2 receptor antagonist, 
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then chlorpheniramine appears capable of antagonizing both ^ and H2 receptors an 
may explain the beneficent cardiovascular effect observed^n chlorpheniramine treated 
monkeys following supralethal doses of ionizing radiation. 

Figure 29. Effect of histamine antagonists on histamine-induced vasodilation 
in the monkey 
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PROTEIN-BOUND CARBOHYDRATES AS BIOCHEMICAL CRITERIA IN 
DIAGNOSIS AND PROGNOSIS OF MALIGNANT NEOPLASIA

PrinciMl lavMMtalor: A. S. Cvua
C»IUbof«t*r: M. F. Doln. V. S. Nival Hoapital
Tacluilcal AstUtaac*: F. A. Quiaa, M. H. Gobbeu and G. E. Roauaba

The present study was designed to investigate the glycoprotein profile of patients 
with, or suspected of having, malignant neoplasia. These profiles were compared at 
piugressive stages of diagnostic work-ups and treatment regimens and related to the 
individual's response to therapy to define the utility of such a test battery (1) as an 
objective diagnostic aid for presurgical estimation of tumor activity, and (2) as a prog­
nostic tool to aid the physician in in-hospital management and outpatient follow-up.

Ekiring this period, 727 serum specimens were examined. Three hundred and 
seventy-one of these samples were from patienta in (or outpatients of) the U. S. Naval 
Hospital, Bethesda, Maryland; 178 from the cancer therapy group. National Institutes 
of Health (NIH) Clinical Center, Bethesda, Maryland; 177 from AFRRI personnel; and 
1 from the Frederick Memorial Hospital, Frederick, Maryland. In addition to the 
above hiunan patients, sera from 30 cats, some with ®®Sr-induced osteosarcomas, 
were received from the EnvironmenUl Protection Agency.

The test battery consisted of total protein, total serum globulins, protein-bcund 
neutral hexoses, hexosamines, sialic acid, and fucose. From these analytical data, a 
number of additional parameters were derive d: ratios of the various carbohydrates to 
the total protein (mg CHO/dg protein), carbohydrate to globulin ratios (mg CHO/dg 
globulin), and mole-fraction ratios of the various carbol^drates. The glycoprotein 
profile consisted of the graphical representation of these analytical and derived (fata.

Results from the glycoprotein profiles indicate excellent correlation for presurgi­
cal differentiation of localized from metastatic tumors and for detection of seeding of 
occult metastases 2-4 months before the lesions were demonstrable by presently ac­
cepted clinical or laboratory procedures.

To illustrate, 178 samples were obtained on 82 individuals being followed by the 
cancer therapy group, NIH. These patients were 33 Ewing's sarcomas, 15 broncho­
genic carcinomas, 14 squamous cell carcinomas, head and neck, 17 breast tumors, and 
3 with no clinical disease, bterpretation of the profiles derived from the first sam­
ples obtained on each of the 65 patients on whom histories have been received agreed 
with clinical assessment in only 87.7 percent (57 of 65) of the cases. However, clini­
cal follow-up 1 and 2 months later of the eight patients on whom there was disagree­
ment indicated that they had or were seeding metastatic lesions. In other patients, 
including several cases who have shown no clinical evidence of recurrent disease for 
up to 9 years, follow-up profiles indicate that therapeutic control is deteriorating 
or that recurrent lesions are forming. These patients are being followed intensively 
by the NIH groiq>.
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Similar results were obtained on patients of the U. S. Naval Hospital. More of 
these cases, however, were sampled before any definitive treatment had been under¬ 
taken. A typical profile series is given in Figures 30-32. This patient, a 
49-year-old Caucasian male, was sampled 16 days presurgery and had a profile com¬ 
patible with the (later) surgical diagnosis of a localized squamous cell carcinoma of 
the esophagus (Figure 30). Two hundred seventy-eight days after resection of the cir¬ 
cumscribed, noninvasive tumor, the pattern (Figure 31) altered to one indicating a 
recurrent or metastatic lesion. At this time, no clinical or other evidence suggested 
the presence of tumor burden. Eighty-one days later (on the patient's next 3-month 
check-up), 359 days postoperative (Figure 32), this patient's profile indicated active, 
metastatic disease, but clinical examination still did not demonstrate a tumor. 
Twenty-seven days after this last profile (3 months and 27 days after the profile illus¬ 
trated in Figure 31), the patient presented with malignant cervical lymph node involve¬ 
ment. Similar changes have been seen in intestinal and lung tumors, the latter, 
however, only given 2 to 2-1/2 months' warning. 

Figure 30. Localized squamous cell carcinoma of the esophagus 16 days preoperative 
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MOLE FRACTION RATIOS 

Figure 31. Follow-up on carcinoma esophagus 278 days postoperative. 
No evidence of dioea^e. 
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Figure 32. Follow-up on carcinoma esophagus 359 days postoperative. 
No evidence of disease. 
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Immunoassay of 16 protein species (albumin and 15 glycoproteins) has been com¬ 
pleted on 16 serum samples from five individuals with different tumor types and 
varied responses to therapy. 

Preliminary results from these assays indicate, as one would expect, that the 
acute phase reactants: aj-acid glycoprotein, oj-artitrypsin, and haptoglobin vary 
directly with the severity of the patient's general condition. However, the consistent 
depression of the Gc-globulin, transferrin, and hemopexin, together with a uniform 
elevation of ft E-globulin (C4) suggests that these assays may be of value in adding 
specificity to the profile battery to aid differential diagnosis. 

Calculation and summing of the various carbohydrates bound to the glycoproteins 
assayed indicate good correlation with the chemical analytic data except in the hexos- 
amines. The presently used technique appears to be underestimating the actual con¬ 
centrations. It appears also, as was suspected, that the raw fucose values as obtained 
by the Dische-Shettles CyR3 reaction are being overcorrected for the influence of the 
neutral hexoses. Both of these procedures are being reexamined. 

Blood serum samples were obtained every 2 weeks for 3 months from 20 AFRRI 
personnel, 10 males and 10 females, to test for individual variation in the glycoprotein 
profile. The patterns maintained remarkable stability in both sexes for the entire pe¬ 
riod, indicating that changes seen in pathological specimens are not related to cyclic 
variation but are responses to the disease state. 

The cat appears to be a less than ideal animal model for following the progress of 
osteogenic malignancies with our present procedures. Certain of the values obtained 
indicated that the methodology applicable to analysis of human sera is not valid when 
directly applied to the cat. 
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CORRELATES OF MARROW INJURY AND RADIATION SENSITIVITY 

Principal Invactigator: M. E. Ekstrom 
Collaborators: A. S. Evans, J. E. West and J. F. Taylor 
Tachnical Assistanco: G. D. Lee 

The objective of this project was to further evaluate the possible relationship be¬ 
tween preirradiation levels of plasma protein-bound carbohydrates (PBC), measured 
as neutral hexoses (mannose and galactose), and the relative sensitivity or resistance 
of animals (CgH mice) to doses of ionizing radiation producing hematopoietic death. 



Previous work by Evans et indicated that the preirradiation PBC value may be 
useful in predicting relative radiosensitivity. 

Data obtained from 300 young adult healthy male CgH mice in this study suggested 
the following: (1) Successive PBC values obtained preirradiation from individual mice 
do not correlate to the degree required in an effective clinical test. The lack of de¬ 
sired consistency or repeatability may be partly due to measurement error but is 
probably affected more by the physiologic state of the animal at the time of testing; 
blood samples were taken at both 3- and 7-day intervals. (2) The correlation between 
preirradiation PBC value and time to death was not significant. (3) In addition to not 
significantly aiding in the prediction of time to death, the preirradiation PBC values 
have not proven adequate as predictors of survival or death after exposures to lethal 
levels of ionizing radiation. (4) It was concluded that, in the inbred strain of animals 
tested, the PBC is not a sensitive indicator of radiation sensitivity. In a less geneti¬ 
cally homogenous species or strain of animals, it may be useful as a crude indicator 
but this may be true for any number of measurable physiologic parameters. 

Table XI shows data obtained by exposing one group of 104 CgH ma^g mice, 
20 weeks of age, to a calculated LDgQ^Q dose of 875 rads whole-body Co gamma 
irradiation at 40 rads/minute. The results illustrate that the preirradiation PBC val¬ 
ues did not serve as good indicators of relative radiation sensitivity. 

Table XI. Distribution of Survivor and Nonsurvivor Mice on Either Side of the Median PBC 
Value for All 104 C3H Mice Tested. Also Shown is the Time to Death for Mice 
with Values Below and Above the Median PBC. Note that the Mean (x) PBC of 
All Nonsurvivors is Essentially the Same as That for the Survivors. The Mice 
were Exposed to 875 Rads ®®Co Gamma Radiation at 40 Rads/Minute. 

PBC 
(mg/100 ml of serum) 

Nonsurvivors 
Time to death 

Survivors 

x PBC of all nonsurvivors = 150.0 x PBC of all survivors = 149.2 

Range of PBC's below 
median (122.5-147.1) 

28 deaths 104 mice tested 
x PBC of dead mice = 137.5 

10.6 days 
23 survivors 104 mice tested 
x PBC of surviving mice = 140.1 

Median PBC = 147.1 
(all mice) 

Range of PBC's above 
median (147.1-182.2) 

32 deaths 104 mice tested 
x PBC of dead mice = 161.6 

10.7 days 
21 survivors 104 mice tested 
x PBC of surviving mice = 160.7 

Note: x PBC of all 104 mice was 149.8 mg/100 ml of serum with a standard deviation of 13.8 
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GAMMA-AMINOBUTYRIC ACID METABOLISM IN RATS FOLLOWING 
MICROWAVE EXPOSURE 

Principal Invaatigators: G. H. Zeman, R, L. Chapul, AFRRll and Z. R, Glaser, 
Naval Medical Research Institute 

Tachnical Astistanca: T. K. Dalton 

Animals exposed to microwave radiation even at relatively low power levels have 
been reported to show a variety of neurologic manifestations, Including marked 
neurochemical alterations. The inhibitory neurotransmitter gamma-aminobutyric 
acid (GABA) and the enzyme which synthesizes GABA, L-glutamic acid decarboxyl¬ 
ase (GAD), play an important role in regulation of neuronal activity in the brain. In 
view of the current controversy concerning biological effects of microwave exposure, 
and the sparsity of information on precise mechanisms involved, the possible role of 
altered GABA metabolism after microwave exposure was investigated. The results 
of these studies (Tables XII and XIII) indicate that neither whole brain GABA concen¬ 
trations nor GAD activity were influenced by microwave irradiation in the rat.1 
Therefore, it seems unlikely that alleiations in the metabolism of this amino acid 
neurotransmitter are involved in reported responses of the nervous system to micro- 
wave radiation. 
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Table XII. Whole Brain GABA Concentrations and GAD Activity in Rats Chronically 
Exposed to 2.86 GHz Microwave Radiation. Data Represent the Mean Value 
± SEM for the Number of Animals Indicated in Parentheses. 

Table XIII. Whole Brain GABA Concentrations and GAD Activity in Rats Acutely 
Exposed to 2.86 GHz Microwave Radiation. Data Represent the Mean 
Value ± SEM for the Number of Animals Indicated in Parentheses. 

Treatment GABA (fJmole/g) GAD (pmole/g per h) 

Unstressed controls 

Sham controls 

40 mW/cm2 for 20 min 

80 mW/cm2 for 5 min 

2.27 + 0.04 (7) 

2.31 +0.11 (4) 

2.28 + 0.07 (4) 

2.28 + 0.07 (8) 

12.4 +0.8 (6) 

13.3 + 1.2 (3) 

12.1 +0.6 (4) 
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ALTERED GAMMA-AMINOBUTYRIC ACID METABOLISM AFTER 
INCAPACITATING DOSES OF IONIZING RADIATION 

Principal Investigators: G. H. Zeman and R. L. Chaput 
Technical Assistance: T. K. Dalton 

Animals receiving rapidly delivered doses of ionizing radiation in excess of 
approximately 5000 rads show convulsions and behavioral dysfunction. In miniature 
swine these signs begin within seconds after irradiation and terminate minutes later, 
while rats do not show signs of convulsions until 2 to 4 hours postirradiation (unpub¬ 
lished results). Preliminary results indicated that the metabolism of the inhibitory 
neurotransmitter gamma-aminobutyric acid (GABA) was significantly altered in the 
rat within minutes after radiation.2 Since this amino acid has been implicated in a 
variety of convulsive disorders, we investigated its metabolism in the miniature swine 
during the first minutes after radiation. The results shown in Tables XIV and XV 
indicate that radiation does induce alterations in levels of GABA and L-glutamic acid 
decarboxylase (GAD), the enzyme which synthesizes GABA activity, in regions of mini¬ 
ature swine brain.2 Further investigations are being conducted to determine if these 
U ^tabolic alterations are of physiological significance in postirradiation responses. 

Table XIV. GABA Levels in Miniature Swine Brain 4 Minutes 
After a 10,000-Rad Dose of Radiation 

Brain region 

GABA level (umole/g t S. E. ) Percent 
of 

control control 
(N=8) 

irradiated 
(N=8) 

Hypothalamus 
Midbrain 
Caudate nucleus 
Thalamus 
Hippocampus 
Cortex 
Cerebellum 
Medulla 

3.39 ± .27 
3.05 ± .18 
2.86 + .15 
2.38 + .16 
1.77 + .10 
1.70 + .06 
1.46 ± .04 
1.22+.15 

3.85 + .10 
2.83 ± .15 
2.89 t .15 
2.04 ± .11* 
1.66 ± .14 
1.54 + .08 
1.41 ± .06 
1.05 ± .13 

113 
93 

101 
86 
94 
91 
97 
86 

* Significantly different from controls (p< 0.05) 
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Table XV. GAD Activity in Miniature Swine Brain 4 Minutes 
After a 10,000-Rad Dose of Radiation 

Brain region 
GAD (pmole/h/g protein) Percent 

of 
control control 

(N=8) 
irradiated 

<N=8) 

Hypothalamus 
Midbrain 
Caudate nucleus 
Thalamus 
Hippocampus 
Cortex 
Cerebellum 
Medulla 

417 + 29 
434 + 19 
300 ± 18 
237 + 8 
200 + 16 
'213+ 7 
242 + 14 
191 + 23 

434 + 41 
374 + 13* 
306 + 23 
315 ± 29* 
229 + 32 
244 + 19 
279 + 27 
194 + 15 

104 
86 

102 
133 
114 
115 
115 
102 

* Significantly different from controls (p< 0.05) 
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METABOLISM OF EXOGENOUS l.14C.L.FUCOSE IN THE SHAM AND 
GAMMA IRRADIATED RAT 

Principal lnva*tijator: P. Z. Sobocinski 
Tachnical A.»ittanca: W. J. Canterbury and K. M. Hartley 

The methylpentose L-fucose (6-deoxy-L-galactose) is one of several sugar con¬ 
stituents of various glycoproteins and mucopolysaccharides. Serum levels of P rote in¬ 
bound L-fucose have been reported to increase in human diabetes and cancer. The 
pathophysiologic significance of these findings is not clear at the present time Knowl¬ 
edge concerning the metabolism of this methylpentose in normal and disease states, 
however, assumes a new importance in obtaining an explanation of disease-induced al¬ 

terations in serum fucose levels. 

In mammals the degradation of L-fucose, as far as is known, proceeds as follows: 
L-fucose - L-fucono-1, 5-lactone - L-fuconate - 2-keto-3-deoxy-L-fuconate (KDF). 
The fate of KDF is unknown. Evidence obtained in this studyJ suggests the existence 
of a metabolic pathway in the rat through which KDF is metabolized to a-ketoglutarate. 
Further oxidation of a-ketoglutarate yields C02 which under certain experimental con¬ 
ditions is utilized for the production of blood glucose and hepatic glycogen. 

The activity of the hepatic enzyme initiating the degradation of L-fucose to 
L-fucono-1, 5-lactone, L-fucose dehydrogenase, appears to influence the extent of in¬ 
corporation of 14C from 1-14C-L-fucose into blood glucose and glucosyl residues of 

hepatic glycogen. 

Ionizing radiation and starvation were used to enhance hepatic gluconeogenesis and 
glycogenesis. Sham irradiation was used to assess the effect of a lethal exposure to 
ionizing radiation on L-fucose metabolism during the enrly postirradiation period. 

60 
Twelve male Sprague-Dawley rats were selected at random for exposure to Co 

gamma radiation (single whole-body exposure to a midline tissue dose of 850 rads at 
20 rads/minute). Twelve control animals were sham irradiated. Food but not water 
was withheld during the 24-hour period before and after irradiation procedures. 

Each animal received an initial 0.3-ml intraperitoneal injection of a normal saline 
solution containing 12.6 jiCi/ml 1-14C-L-fucose immediately after irradiation. A sec¬ 
ond similar injection was administered 6 hours after irradiation. Animals were sacri¬ 
ficed by decapitation 24 hours after irradiation. 

The data presented in Table XVI indicate that, under the experimental conditions 
employed in this study, 14C from exogenously administered 1- C-L-fucose is incor- 
porated into blood glucose and hepatic glucose of glycogen in sham and gamma irradiated 



rats with an enhanced total hepatic glycogen 14C-incorporation in the latter. Data in 
Table XVI also show the pos^irradiation hyperglycemia and glycogen accumulation 
which are well documented. 

Table XVI. Concentrations and Radioactivities of Glucose Residues in Serum 
and Hepatic Glycogen After Administration of l-^C-L-Fucose to 
Sham and Gamma Irradiated Rats 

Treatment* 
Serum glucose Hepatic glycogen 

Concentration+ 
Specific 
activity* 

Concentration? 
Specific 
activity** 

Total 
activity** 

Sham irradiation (6) 

850 rads (6) 

93.5 + 7.5 

127.7 + 11.9+i 

257 

204 

11.8 + 2.7 

17.8 + 4.1** 

63 +33 

67 + 50 

5,820 + 1117 

10,715 + 7245 

* Number of animals is shown in parentheses 
+ Concentration expressed as mg/dl, mean + S.D. 
* Specific activity expressed as dpm/mg, mean of pooled serum of four animals 
§ Concentration expressed as mg glucose/g liver wet weight, mean + S.D, 
**Specific activity expressed as dpm/mg, mean + S.D. 
++ Total radioactivity expressed as dpm/liver, mean + S.D. 
ii Significant, P< 0.05, one-tailed test 

Results obtained from experiments performed to measure the activity of hepatic 
L-fucose dehydrogenase are shown in Table XVII. A significant difference exists be¬ 
tween enzymic activities expressed on a mg protein basis, when values for sham and 
gamma irradiated rats are compared. 

Table XVII. L-Fucose Dehydrogenase (FDH) Activity in Livers 
of Sham and Gamma Irradiated Rats 

Treatment* 
FDH activityt * 

(units/mg protein) 

Sham irradiation (6) 

850 rads (6) 

0.013 ±0.001 

0.017 +0.003? 

* Number of animals is shown in parentheses 
t Units employed are pmoles NADPH formed/minute 
* Values are expressed as the mean ± S.D. 
§ Significant, P <0.05 

In our experiments, 1-14C-L-fucose could be expected to yield 1-14C-pyruvate or 
l-14C-o;-ketoglutarate. Both compounds upon oxidation would yield 14C02 available 
for incorporation into glucose and hepatic glycogen. In addition, 1-14C-pyruvate could 



be directly converted to glucose. However, Rust et al.1 reported that the 14C-pyruvate 
from 2-14C-alanine is readily incorporated into hepatic glycogen in the x irradiated 
rat whereas the incorporation of 14C02 from NaH14C02 into glycogen proceeds to a 
limited extent, i.e., less than 1 percent of the tracer dose. Since the amount of 
14C-labe ling of glycogen found in our experiments is of a similar order oi magnitude 
as that observed by Rust et al.1 for 14C02, it is not unreasonable to suggest that 
a-ketoglutarate is an intermediate degradation product of exogenous L-fucose in the 
rat and that the source of 44C in blood glucose and hepatic glycogen is 14C02, the prod¬ 
uct of 14C -a-ketoglutarate oxidation rather than ^4C-pyruvate oxidation. Further¬ 
more, results obtained in this study indicate that the extent of 14C-incorporation into 
glycosyl residues is due in part to the activity of L-fucose dehydrogenase. 
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AUTOMATED SIMULTANEOUS DETERMINATION OF SERUM 

TOTAL PROTEIN AND GLOBULIN 

Principal Invastigator: f. Z. Sobocinski 
Tachnical At ti «tanca: W. J. Canterbury and K. M. Hartley 

Present methods available for the automated determination of serum globulins 
employ the glyoxylic acid or p-dimethylamino-benzaldehyde reactions for tryptophan. 
A potential source of error in the determination of serum globulin levels by colori¬ 
metric procedures in patients with neoplastic disease is the variations encountered in 
the free- and bound-tryptophan content of these sera. 



This study was undertaken to develop an automated simultaneous procedure for 
the determination of serum total protein and globulin in which the globulin assay was 
independent of tryptophan content of serum. * In the proposed simultaneous procedure, 
total protein is determined by the biuret reaction while the globulin is determined by 
the reaction of globulin with copper in the presence of sulfuric and acetic acids to form 
colored metalloprotein complexes. 

The simultaneous procedure using the AutoAnalyzer (Technicon Corporation, 
Tarrytown, New York) aspirates serum at a rate of 60 per hour. The serum sample 
is subsequently separated by a stream splitter into two separate flow manifolds, total 
protein and globulin. The amount of colored products formed in both reactions is mea¬ 
sured at 550 nm. The concentration of each serum constituent is determined from a 
calibration curve prepared from known human control serum. 

Linearity is obtained within the concentration range of 0.0 to 10.1 g/dl total pro¬ 
tein and 0.0 to 3.9 g/dl globulin. 

Results of replicate analyses performed on a commercial control serum indicate 
that the standard deviation for the total protein determination is + 0.10 g/dl and for 
the globulin determination, ± 0.05 g/dl. 

Results of a correlation study between globulin and total protein values in human 

sera obtained by manual and automated procedures produced a correlation coefficient 
(r) of 0.874 for globulin and 0.975 for total protein determinations. 

The automated globulin method can be readily adapted for the automated analysis 
of fibrinogen since values for fibrinogen are the differences between globulin assays of 
plasma and serum. 
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DEVELOPMENT OF A HYPOTHROMBOGENIC BLOOD OXYGENATOR 
MEMBRANE 

Principal Invastigator: P. K. Weathersby 
Collaborator*: T. Kolobow, E. W. Stool and F. Hay ano, 

National Institutes of Health 

Compatibility between blood and synthetic materials remains a major obstacle to 
the extensive use of artificial internal organs. The reduction of material thrombo- 
genesis in membrane oxygenators is the purpose of this study. We feel that a surface 
of pure polydimethylsiloxane (PDMS) will be less harmful to blood proteins and plate¬ 
lets than the multicomponent commercial silicone rubbe- membranes now being used. 
Progress has been made on several facets of this problem. 

Physical variables. The PDMS gum obtained has been sufficiently analyzed to 
establish its chemical purity. The feasibility of using ionizing radiation in an inert 
atmosphere to cross-link and graft PDMS onto existing membranes and shunts has 
been demonstrated, and no appreciable chemical or nuclear (e.g., activation) changes 
occur. 

In applying the mechanically weak PDMS surface to a stronger substrate, a solu¬ 
tion coating technique has been used. PDMS is dissolved in a strong solvent (hexane 
or toluene) and the solution is exposed to the blood contacting faces of membranes, 
tubes, etc. The rubber substrate swells up to 300 percent and soluble components 
leach out with apparent diffusion coefficients on the order of 5 x 10-^cm^/sec. PDMS 
diffuses to the surface and adsorbs as a rather discrete coating. The influences of 
time, concentration and geometry have been studied, prompted by the possible exis¬ 
tence of a minimum coating to assure the blood compatibility . 

This technique has not yet proved successful in coating an assembled membrane 
oxygenator. The strong solvents swell the membranes and probably block passage of 
the PDMS-hexane solution through the small blood channels of the device. 

In vitro tests. The in vitro tests of PDMS coatings indicate a marked thrombo- 
resistance. Lee-White clotting times of fresh human blood are over 45 minutes. 
Minimizing the blood-air contact prolongs clotting of the PDMS coated tubing to the 
range of 90 minutes. A "threshold" effect in the coating has been documented in the 
latter test. The data spread in these tests does not allow evaluation of process 
variables. 

Ex vivo evaluation. This extracorporeal testing utilizes the "Mini Lung" — a 
device that exposes fresh animal blood to small membrane envelopes under a pressure 
drop related to flow rate, filling and discharge pressures, viscosity and geometry.1 
Monitoring this perfusion pressure allows detection of adhering elements since the 
pressure is very sensitive to changes in channel clearance. 
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Numerous tests of coated and uncoated Mini Lungs have been performed with sheep 
undergoing venovenous bypass. The exact clotting state of the animal depends upon a 
large number of factors (not all of them known), and this state affects the behavior of 
blood with a given Mini Lung envelope. When the extremes of entire circuit clotting 
and heavy anticoagulation are avoided, perfusion pressure-time cui '/es of sequentially 
run envelopes describe the relative thrombogenicity of the membrane surfaces being 
tested. 

In several sheep, the improvements imparted by coating were striking. Control 
envelopes showed a pressure rise within 5 minutes and blood coagulation over the 
entire membrane surface by 15 minuter; PDMS coated envelopes maintained a steady 
perfusion pressure for over 2 hours and were free of visible thrombi. In one animal 
the effect was seen with PDMS coatings cilculated to be about 5 ßm thick, while a 
2-urn coating behaved like the controls. 

Other experiments using different animals showed very little differences between 
the two groups of envelopes. This sporadic behavior is being addressed presently by 
modifying the test circuit and expanding the list of hematologic variables being 
monitored. 
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EXPERIMENTAL POSTIRRADIATION MYELOPATHY 

Principal Investigators: J. 14. Fein, AFRR!; and G. Di Chin, 
National Instituios ot Health 

Technical Assistance: L. J. Parkhurst 

Postirradiation myelitis continues to be a significant problem in the treatment of 
spinal and paraspinal tumors. Neuropathologie studies have emphasized the impor¬ 
tance of direct neural injury while other studies have concluded that parenchymal 

72 



damage is secondary to vascular injury. Di Chiro^ has described occlusion of radic¬ 
ular spinal cord arteries 9 months after irradiation with cobalt-60. The changes seen 
in sequential angiograms suggest that parenchymal dysfunction may be secondary to 
arterial injury. The purpose of this study is to utilize experimental models of post¬ 
irradiation myelitis to differentiate myelopathy caused by vascular injury from direct 
parenchymal dysfunction. 

After undergoing base-line neurologic and angiographic evaluation, rhesus mon¬ 
keys were brought to the AFRRI. A portal extending from the spinous process of T-10 
to the lower lumbar region was outlined. Pulsed doses of radiation utilizing the linear 
accelerator were then delivered every other day. The dosage delivered varied be¬ 
tween different groups of monkeys from 4000 to 10,000 rads. A dosimetry curve was 
calculated as in Figure 33 to deliver maximal dosage to the thoracolumbar spinal cord. 
These monkeys are being observed clinically and at the first indication of neurologic 
deterioration will be reexamined radiographically. 

Figure 33. Monkey cadaver body profile at plane of TLD’s (Tl, T2 interspace) 

The latency period between completion of radiation and the development of neuro¬ 
logic dysfunction is generally between 6 and 9 months. At the present time, that 
latency is just being achieved. No animals to date have demonstrated clear evidence 
of neurologic dysfunction. 
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HEMODYNAMIC EVALU/ JN OF SUPERFICIAL TEMPORAL CORTICAL 
ARTERY MICROANASTOMOSIS IN THE DOG 

Principol Investigators: J. M. Fein, AFRRI; and G. F. Moiinari, 

National Institutes of Health 
Tochnical Assistanco: L. J. Parkhurst 

Microvascular techniques have allowed construction of collateral channels to 
intracerebral vessels less than 1 mm in diameter to augment the blood supply of the 
ischemic brain. Superficial temporal cortical microanastomosis has been utilized in 
114 clinical cases of focal cerebrovascular disease.1 As the indications for these 
procedures become established, there is need for objective hemodynamic data describ¬ 
ing the function of these new collaterals. Small anatomic continuity of the graft has not 
consistently been associated with neurologic improvement. The purpose of this study 
is to determine the effect of superficial temporal cortical microanastomosis on cere¬ 
bral blood flow and its autoregulation in the dog. 

Thirteen adult foxhounds underwent hemicraniectomy and regional cerebral blood 
flow studies utilizing the washout of xenon-133 at control steady-state conditions, 
after occlusion of the middle cerebral stem and after superficial temporal to cortical 
microanastomosis. Studies were performed under steady-state conditions and during 
periods of altered blood pressure. 

Normoxic normocapnie control animals demonstrated resting mean regional cer¬ 
ebral blood flow values between 30.5 to 36.5 cc per 100 gm/minute. Constancy of 
blood flow was maintained in all control animals despite a change in mean blood pres¬ 
sure of up to 70 mm Hg. A small degree of hysteresis or lag between blood pressure 
and blood flow was noted between mean blood pressures of 60 to 140 mm Hg. After 
middle cerebral stem occlusion, there was a significant reduction in mean regional 
cerebral blood flow values, especially noted over the temporal regions (Table XVIII), 
and an intolerance to changes in perfusion pressure (Figure 34). After microanasto¬ 
mosis to temporal cortical branches in five animals, there was an augmentation of 
regional (p <. 05, <. 01, <. 025) cerebral blood flow, and autoregulatory responses 
showed wide hysteresis loops (Figure 34). Grafting to parietal cortical arteries dem¬ 
onstrated no augmentation of cerebral blood flow. The increase in blood flow noted 



after temporal artery grafting was not related to the size of the recipient vessels but 
rather was in contiguity to those regions demonstrating the severest degree of ische¬ 
mia. The wide hysteresis curve described after temporal artery anastomosis may 
bespeak an unstable pressure sensing and volume adjusting mechanism secondary o 
the surgical trauma sustained by the periadventitial sympathetic innervation. 

Table XVIII. Augmentation of Mean Regional Cerebral Blood Flow in the 
Adult Foxhound After Middle Cerebral Stem Occlusion 

Frontal Temporal Parietal 

Control (n = 13) 

Occlusiont (n « 13) 

T ost-TAAt (n = 7) 

Post-PAAt (n = 3) 

X H/A* 36. 5 ±6.2 

XH/A 21.0 ±8.5* 

XH/A 28.98 ± 6.7§ 

XH/A 20.5 ±9.1 

31.1 ±4.7 

11.1 ±5.7* 

15.32 ±4.1** 

12.7 +7.7 

30.5 + 6.6 

25.2 + 9.5 

34.78 + 4. l{ 

23.4 ±11.0 

* X H/A = stochastic values for blood flow 
t Occlusion = values after clip occlusion of middle cerebral artery at level 

of lenticulostriate arteries; post-TAA and post-PAA = values after micro¬ 
anastomosis to temporal cortical and parietal cortical arteries respectively. 

t Significant to the .001 level 
§ Significant to the . 05 level 
** Significant to the .01 level 

0 40 80 120 160 200 

MBP (mm Hg) 

Figure 34. 
Mean hemispheric blood flow 10 minutes* 
3 hours postocclusion and 2 days after 
temporal artery graft (normoxia normocapnia) 
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MYONECROSIS OF SUBARACHNOID ARTERIES IN CEREBRAL VASOSPASM 

Pi'ncipal Investigators: •/. M. Fein, W. J, Flor, S. L. Cohan and J, Kabal 
Tachnical Assistance: L. J. Parkhurst 

Current concepts of cerebral vasospasm are consistent with the hypothesis that 
there is a tonic contractile mechanism under sympathetic influence that can be evoked 
by arterial rupture clinically and a multitude of agents experimentally. Previous 
studies on autoregulation of blood flow in rhesüs monkeys after experimentally in¬ 
duced subarachnoid hemorrhage suggested a loss of vasoreactivity to hypotensive 
stimuli after 18 hours of vasospasm.1 The purpose of this study was to identify and 
describe ultrastructural changes in cerebral vessels which would account for a loss of 
elasticity after prolonged vasospasm. 

Rhesus monkeys underwent cerebral angiography followed by either puncture of 
the intracranial internal carotid artery or intracisternal injection of 3 cc of fresh 
arterial blood. Carotid angiography was repeated over 2-12 days to document the 
presence of vasospasm (Figure 35). The brains were then perfused with a mixture of 
Macewen's saline followed by Karnovsky's formaldehyde-glutaraldehyde fixative. The 
cerebral arteries were then dissected free of the brain parenchyma and washed in 
buffered 10 percent sucrose. Blocks were then postfixed and embedded in Epon 812. 
Areas for ultrastructural study were selected and thin sections were then examined in 
a Siemens Elmiskop 1A electron microscope. 

Specimens from the group in which spasm persisted for less than 1 day demon¬ 
strated early electron lucent changes in the muscle cells within 8 hours. Condensed 
lysosomes and degenerating mitochondria were present and lipid figures were ob¬ 
served among the pinocytotic vesicles beneath the sarcolemmal membrane. In speci¬ 
mens from animals with prolonged spasm lasting 2 to 7 days, there was rounding of 
the endothelial cell nuclei and cytoplasm with cell processes assuming a flattened con¬ 
figuration along the elástica as well as a permanent loss of tight connections between 
cells. Smooth muscle cells were more electron dense than normal and those nearest 
the adventitia contained many intracytoplasmic vacuoles of various sizes and content. 
Smooth muscle cells adjacent to the crest of the elástica contained degenerating organ¬ 
elles and lipid figures. In some sections frankly pyknotic muscle cells were encoun¬ 
tered. After 1 week of vasospasm the endothelial cells assumed a more normal spindle 
shaped configuration with return of tight intracellular junctions. The internal elastic 
lamina remained electron dense but smooth muscle cells still contained large vacuoles 
as previously described. Throughout the media there were muscle cell remnants of 
increased electron density with a loss of complex internal structures suggesting a loss 
of vasoelasticity in prolonged spasm. 
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Figure 35. Duration and severity of vasospasm 
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CIRCADIAN RHYTHM AND OPIATE EFFECTS ON BRAIN CATECHOLAMINE 
AND INDOLEAMINE METABOLISM % 

Principal Invastigators: G. N. Catravas, V. A. Kielter and Q. H. Shelton 

It is known that the sleep-wake pattern of drug addicts is altered so that they be¬ 
come nocturnal. Circadian rhythmic fluctuations in the levels of brain serotonin and 
acetylcholine have been reported to occur and it was suggested that these neurotrans¬ 
mitters may be involved in the sle. p-wake mechanism. The objective of this study is 
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to investigate the changes which occur in the levels of the brain biogenic amines, their 
amino acid precursors and enzymes associated with their metabolism over a 24-hour 
period and also the effects of opiates on the interval. 

Experiments have been completed using rat whole brain homogenates for the deter¬ 
mination of norepinephrine and serotonin as well as their respective precursors, tyro¬ 
sine and tryptophan, during three intervals, 0800, 2000 and 0800 hours, in a 24-hour 
time scale. A combined extraction procedure was developed by our laboratory which 
permits the determination of all four metabolites in the same tissue sample. Results 
are shown in Figures 36-39. Significant changes (decrease) in the levels of total and 
free tyrosine and (somewhat less pronounced) norepinephrine were observed in the 
whole brain of rats sacrificed at 2000 hours. Tryptophan and serotonin did not dem¬ 
onstrate any significant differences. To determine whether the food diet had any effect 
on the levels of the metabolites under study, a series of experiments were conducted 
in which the rats were deprived of food for 24 hours prior to sacrifice. No significant 
changes were observed when compared with the animals xed ad libitum (Figures36-38). 

Figure 36. Changes in the levels of rat brain tyrosine during circadian rhythm 



Experiments have been initiated to determine the changes in the levels of these four 
metabolites during the circadian rhythm in discrete brain areas (hypothalamus, thala¬ 
mus, midbrain and hippocampus). 

Figure 37. Changes in the levels of rat brain norepinephrine during circadian rhythm 

Figure 38. Changes in the levels of rat brain tryptophan during circadian rhythm 
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Figure 39. Changes in the levels of rat brain serotonin during circadian rhythm 
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MECHANISM OF MORPHINE ANTAGONISM OF RESERPINE-INDUCED 
DEPLETION OF BRAIN CATECHOLAMINES 

Principal Investi gator: J. C. Blosser 

A characteristic of the development of tolerance to morphine by rats is an in¬ 
creased resistance to the catecholamine depleting effects of re serpine in the brain. 
Re serpine blocks the uptake and storage of biogenic amines into synaptic vesicles. 
The inhibition appears to be initially reversible by high concentrations of catechol¬ 
amines but later becomes irreversible. The object of this study is to attempt to char¬ 
acterize the mechanism by which morphine might cause an antagonism of reserpine's 
action. To this end, studies have focused on the effects of morphine in the absence or 
presence of re serpine on the m vitro uptake of norepinephrine by rat brain synaptic 
vesicles. 

Synaptic vesicles isolated from rats made tolerant to morphine by two daily doses 
of morphine (30 mg/kg) for 1 week exhibited uptake rates of 3H-d,l-norepinephrine 
which were essentially indistinguishable from those of control preparations. Likewise, 
acute treatment (60 mg/kg) with morphine did not alter uptake rates. When morphine 

80 



T 

was added in vitro to synaptic vesicles from control animals, essentially no effect was 
seen on uptake with concentrations up to 100 ;tM. However, naloxone, an antagonist 
of morphine analgesia, did inhibit norepinephrine uptake by 35 percent at 10 juM mor¬ 
phine; when added together to the vesicle preparation, transport was reduced to 
30 percent of control rates. Reserpine added in vitro to vesicles from control and 
morphine tolerant animals inhibited uptake in both preparations to essentially the same 
extent (Table XIX). Likewise, active transport of norepinephrine by vesicle prepara¬ 
tions from control and experimental rats was equally susceptible to reserpine admin¬ 
istered in vivo (5 mg/kg) 2 hours prior to sacrifice (Table XX). The data suggest that 
the increased resistance of morphine tolerant animals to the amine depleting effects of 
reserpine is not a result of an alteration in the synaptic vesicle transport mechanism. 

Table XIX. Effect of Reserpine In Vitro on ^H-d, 1-Norepinephrine 
Uptake by Synaptic Vesicles 

Reserpine (pM) 
Percent of 

control 
Percent morphine 

tolerant 

io'6 

io'7 

10-8 

9 

19 

41 

7 

16 

47 

Table XX. Effect of Reserpine In Vivo on ^H-d, l-Norepinephrine 
Uptake by Synaptic Vesicles 

Percent of 
control + S.E. 

Control 

Control + reserpine 

Morphine tolerant + reserpine 

100 

10.2 +3.3 

15.3+2.6 

»»»»♦»♦»» 
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THE EFFECT OF MORPHINE ON TYROSINE HYDROXYLASE ACTIVITY 

Principal Invattijator*! S. L. Cohsn, J. R. Abbott and G. N. Catravas 

Tachnicol A*»i.tanca: 0. Z. Wiliams 

Tyrosine hydroxylase (TH) catalyzes the conversion of tyrosine to dihydroxyphe- 
nylalanine (dopa) and is the rate limiting enzyme in the synthesis of catecholamines. 
It has been reported that a single Injection of morphine causes an increase in the rate 
of turnover of catechohunines in the mouse central nervous system and that with re¬ 
peated injections the turnover rate returns to normal. Presumably this increase is 
mediated by tyrosine hydroxylase. The effect of morphine on the activity of this en¬ 
zyme has been investigated in this study. Groups of rats were treated with a single 
injection of morphine (60 mg/kg, intraperitoneally) or twice daily (30 mg/kg) for 8 days. 
Animals were sacrificed by decapitation from 15 minutes to 24 hours postinjection and 
the midbrain, thalamus, hypothalamus and basal ganglia were dissected freehand on a 
cold plate and immediately frozen in liquid nitrogen. Tissue tyrosine hydroxylase ac¬ 
tivity was measured by coupled decarboxylation of dopa formed from 1- C-tyrosine. 
Decarboxylation was accomplished using 1-aromatic amino acid decarboxylase pre¬ 
pared from hog kidney, which is highly specific for 1-dopa. The results are shown in 
Table XXI. There was an approximately 35 percent decrease in thalamus tyrosine 

Table XXI. The Effect of Morphine on Tyrosine Hydroxylase Activity 

Sacrifice 
(postinjection) 

Activity (fraction of control) 

Basal ganglia Thalamus Hypothalamus Midbrain 

Chronic 
injections 

15 min 

30 min 

60 min 

4 h 

24 h 

1.03 

1.07 

0.70* 

0.97 

1.15 

1.03 

0.66* 

0.58* 

1.21 

1.06 

1.10 

1.07 

0.84 

0.85 

0.93 

0.96 

1.03 

0.98 

0.95 

0.95 

Acute 
injections 

15 min 

30 min 

60 min 

4 h 

24 h 

1.02 

1.03 

0.99 

0.99 
• 

1.04 

0.98 

0.64* 

1.15 

0.79 

1.05 

1.20 

1.01 

0.80* 

1.06 

0.92 

1.22 

1.02 

1.04 

1.08 

0.98 

* Significant by Wilcoxon signed ranks test p > 0.05 
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hydroxylase activity 30 minutes following a single injection of morphine. Repeated 
injections of the drug resulted in similar decreases in thalamus TH activity at both 
30 minutes and 1 hour postinjection. In addition, there was a 20 percent decrease in 
hypothalamic TH activity 1 hour following a single injection and a 20 percent decrease 
in basal ganglia activity 1 hour following cessation of the chronic injections. All 
changes were transient and returned to normal by 4 hours after the last morphine 
injection. 
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RELATIONSHIPS OF BRAIN BIOELECTRIC ACTIVITY TO 

MORPHINE OR ITS ANTAGONISTS 

Principal Invattigotor»: it'. L. McFarland and G. N. Caüavaa 
Collaborator: H. Teitelbaum, University of Maryland 
Technical Aisiitanco: W. N. Fry 

The objective of this study is to define patterns of EEC changes in the rat during 
morphine addiction. 

Recording electrodes have been implanted in the cortex, medial thalamus, and cau¬ 
date nucleus of rats which were then given twice daily injections of morphine (30 mg/kg) 
for 3-5 days. Relatively consistent changes in the EEC pattern from the three record¬ 
ing sites, i.e., slow waves from cortex and caudate nucleus and higher frequency com¬ 
ponents in the thalamus have been seen, but the time of onset of these changes, relative 
to one another, was different from rat to rat. For example, in some rats the effects 
show up first in the caudate nucleus, in others the cortex shows the initial response. 
As the rat became behaviorally tolerant (i.e., remained alert after injection) to mor¬ 
phine over a series of days, the EEG also failed to change after injection, remaining 
apparently normal. At this stage, the behavioral and EEG indices of morphine could be 
reintroduced by up to four times the usual dose of morphine. When naloxone, a mor¬ 
phine antagonist, was given while the rat was showing these symptoms, the symptoms 
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disappeared within a few minutes, the rat became active and the EEG returned to a 
normal pattern. The next step was to produce a lesion in the medial thalamus, since 
this nucleus has been reported to be a site of action of naloxone. On the day after the 
lesion was produced the rats showed increased sensitivity to morphine. That is, they 
were no longer tolerant and showed high amplitude EEG patterns to a single dose of 
morphine. This effect was no* found Mth lesions elsewhere in the brain. Naloxone 
reversed the morphine effect, despite the fact that the medial thalamus was damaged. 

THE EFFECTS OF OPIATES OH BRAIN CATECHOLAMINES 

Principo! Invostigotors: J. H. Darden and G. N. Catravas 

Endogenous whole brain levels of neurotransmitters (catecholamines) following 
acute doses of morphine show an initial depletion in the rat as well as other animals. 
In animals made tolerant to morphine, this depletion is not seen. When depleters of 
bound catecholamines, such as reserpine, are used on morphine tolerant animals and 
then compared to reserpine treated controls, a higher level of catecholamines is found 
in the tolerant animals. This suggests that synaptic vesicles of morphine tolerant rats 
may be more efficient in catecholamine uptake or less capable of catecholamine trans¬ 
port across vesicle membranes (alteration in release mechanism after exertion). 

In our investigation of catecholamine levels following morphine treatment (acute 
and tolerant), Sprague-Dawley rats were either administered twice daily doses of 
morphine-HC1 (30 mg/kg body weight intraperitoneally) for 7 days to render them tol¬ 
erant to the drug, or were given a single dose (60 mg/kg body weight) for the acute 
studies. The animals were sacrificed by decapitation at varying intervals after the 
last injection, ranging from 15 minutes to 1 hour, along with saline injected controls. 
Free, which is the nonvesicular fraction, and bound, or vesicular fractions, were sep¬ 
arated along with the extrasynaptosomal fractions, using the method of Whittaker.2 
Catecholamine levels (norepinephrine and dopamine) were determined using the method 
of Weil-Malherbe. 

Acute animals. Our preliminary results, illustrated in Table XXII, show an in¬ 
crease in both the extrasynaptosomal and free fractions of norepinephrine during peri¬ 
ods ranging from 15 minutes to 1 hour postmorphine injection. This reflects an in¬ 
crease in total norepinephrine for this period even though there was no change in the 
bound fraction. Data accumulated for dopamine levels in acute animals are limited to 
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the 1-hour testing period. The extrasynaptosomal fraction of dopamine in treated ani¬ 
mals exhibits a significant increase over control levels but there is little or no change 
in the free and bound fractions. 

Table XXII. Norepinephrine and Dopamine Concentrations 
in the Acute Animal Study 

Norepinephrine Dopamine 

N = 3 
15 min 

N = 3 
30 min 

N = 6 
1 h 

N = 6 
1 h 

cs 
MS 

CF 

MF 

CB 

MB 

148 

162 

31 

65 

29 

29 

107 

140 

25 

38 

22 

22 

129 

176 

27 

32 

20 

20 

119 

186 

25 

28 

11 

3 

* C = control; M = morphine treated; S = synaptosomal; 
F = free; B = bound; and N = number of experiments 

Tolerant animals. As seen in Table XXin, both norepinephrine and dopamine 
showed an increase in concentrations 1 hour after the last morphine injection. Signif¬ 
icant increases were also seen in the free fraction of norepinephrine with no change in 
free dopamine. Neither of the two demonstrated any differences in the bound fraction. 

Table XXIII. Norepinephrine and Dopamine Concentrations 
in the Tolerant Animal Study 

Norepinephrine (ng/g) | Dopamine (ng/g) 
1 hour after last injection 

N = 8 N = 4 

CS 

MS 

CF 

MF 

CB 

MB 

106 

133 

26 

f'3 

16 

17 

99 

116 

34 

34 

5 

0 

* C = control; M = morphine treated; S - syuo^. omal; 
F = free; B = bound; and N = number of experiments 
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These results indicate that there is a possible alteration in neurotransmitter re¬ 
lease from synaptic vesicles as well as structural changes in vesicle membranes 
resulting in their inability to reuptake the neurotransmitters after excitation. 
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MOLECULAR STUDIES OF OPIATE TOLERANCE AND DEPENDENCE 

IN THE MAMMALIAN BRAIN 

Principal Invvttigatort: G. N. Ostravas and C. G. McHale 
Technical Assistance: 0. Z. Williams 

Current literature concerning the effects of opiates on the activity of brain en¬ 
zymes involved in neurotransmitter metabolism is often contradictory and to a large 
extent a reflection of species differences, dosage of opiates, and time of sacrifice of 
the animals following administration of the drug. Furthermore, many of these studies 
have used entire brains and did not take into consideration the regional distribution of 
certain neurotransmitters and the role which various areas of the brain may play in 
the development of tolerance, dependence and withdrawal. In the present study we 
investigated the changes which chronic administration of morphine induces in the 
activity of enzymes concerned with the synthesis and degradation of neurotransmitters 
in discrete areas of the brain of the rat. 

Groups of male adult rats were made tolerant to morphine by injecting the drug 
(30 mg/kg per injection, intraperitoneally) twice daily for 7 days. At the end of the 
7th day, one group was sacrificed just before receiving the last injection and was used 
as base-line controls. The other groups were given the last morphine dose and were 
sacrificed at various intervals of time ranging from 15 minutes to 24 hours. Experi¬ 
mental and saline injected controls were sacrificed by decapitation and their heads 
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were instantly frozen in liquid nitrogen. The head was then removed ft am the l.q 
nitrogen, partially thawed, and the hippocampus, thalamus, hypothalamus basa g 
alia and cerebral cortex were dissected out. The activities of monoamine oxidase(MAO), 
acetylchoUnesterase (AchE), choline acetyl transferase (CAT) and RNA polymerase 

were determined. 

Results obtained thus far indicate the following: monoamine oxidase activi^as 
found to decrease in all brain regions studied, with lowest values at Wgímate 
30 to 60 minutes after the last morphine injection, and had the tendency 

normal^levels starting with animals which were sacrificed at 6 hours post.niection 
(Figure 40). An initial increase in the activity of this enzyme was observed in 
basal ganglia and perhaps in the hippocampus at approximately 15 minutes after the 
final m^phine injection Oscillating changes in the activity of AchE above control 
values1were foun^ to occur in all brain areas studied except basal ganglia £ basal 
ganglia the activity of this enzyme appeared to remain below normallevels ^re )* 
Similar oscillating changes were observed in the activities of the enzymes 
acTtyl transferas^and RNA polymerase (Figures 42 and 43). Further investigations 
are being conducted to verify these findings and to obtain statistically meaningful re- 
suits.6^Experiments are In progress to determine the effects of single acute doses of 

morphine on the activities of the above-listed enzymes. 
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Figure 41 Eífect of morphine on activity of acetylcholinesterase 
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Figure 42. Effect of morphine on activity of choline acetyl transferase 
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Figure 43. Effect of morphine on activity of RNA polymerase 
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EFFECTS OF INTRACISTERNAL PHENTOLAMINE ON CEREBRAL VASOSPASM 

IN THE RHESUS MONKEY 

Principal Invastigator»: A. N. Martins, A. Kobrine, A. Ramirez, Walter Reed Army Medical 
Center; T. F. Doyle and J. A. Willis, AFRRl 

Cerebral vasospasm and resulting brain ischemia is an important cause of mor¬ 
tality following subarachnoid hemorrhage. Vasodilators administered either intra¬ 
arterially or intravenously have not proven effective therapy. When these drugs are 
applied topically to the cerebral vessels or when added directly to the cerebral spinal 
fluid, cerebral vasospasm is often relieved. Phentolamine mesylate has been shown 
to be an effective spasmolytic when used in this manner. Well tolerated intracisternal 
doses of phentolamine may be an effective treatment for cerebral vasospasm. 

The rhesus monkey is used in this study as the experimental model. Following 
simulated subarachnoid hemorrhage, regional cerebral blood flow is monitored by a 
hydrogen washout technique both before and during administration of phentolamine 
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intracisternally. Regional cerebral blood flow measurement is critical for the suc¬ 
cessful completion of th's research. Since the hydrogen dilution blood flow technique 
is potentially simple, rei^ble, and inexpensive, extensive work has been done on the 
development of this technique. 

A system has been developed to linearly measure the concentration of hydrogen 
in body tissues, using a platinum electrode. The system has been tested both in vitro 
and m vivo with excellent results. Figure 44 is an example of the system's response 
to hydrogen concentrations in vitro which apr/roximate those that would be encountered 
during flow determinations in vivo. A system has been constructed which allows up to 
eight simultaneous flow measurements in one experimental animal. Problems encoun¬ 
tered with electrode stability and maintenance of constant blood POg have been largely 
solved, and work on the physiology of vasospasm has begun. 

Figure 44. System response to hydrogen saturations from 0 to 10 percent 

THE EFFECT OF DEXAMETHASONE ON CEREBROSPINAL FLUID PRODUCTION 

IN THE RHESUS MONKEY 

Principal Invastigatorc A. N. Martins, M. Wiese, A. Ramirez, Walter Reed Army Medical 
Center; and L. S. Solomon, AFRRI 

Several previous investigators have shown that dexamethasone influences the pro¬ 
duction of cerebrospinal fluid (CSF) in dogs. Spatial compensation can occur as a 
result of alterations in CSF dynamics, and factors influencing either its production or 
absorption are clinically significant. Since previous studies have used experimental 



animals whose CSF dynamics are ^uite different from humans, and since several fac¬ 
tors known to influence CSF production were not kept constant, the following experi¬ 
ment was designed in an attempt to demonstrate the effect of dexamethasone on CSF 
production in the subhuman primate. 

Ten rhesus monkeys, weighing 3.2 - 4.5 kg, were anesthetized with pentobarbital, 
intubated, and their respiration was controlled by a volume respirator. Systemic 
blood pressure, CSF pressure, rectal temperature, and blood gases were monitored 
throughout the experiment and kept constant. Arterial PCC>2 was maintained at 35 - 
45 mm Hg. Maintenance lactated Ringer's solution was given intravenously at 5 cc/kg 
per hour. The atrium of the left ventricle was cannulated stereotaxically and the cis¬ 
terna magna was cannulated percutaneously. 

125 
Serum albumin tagged with I and blue dextr'an was mixed with mock CSF and 

buffered to pH 7.35 by bubbling C02 into the mixture and then passed through a Milli- 
pore filter. Temperature of this mixture was maintained at about 37 C by passing 
the solution through a heating apparatus. Ventriculocisternal perfusion with the mock 
CSF solution was then carried out for an initial 2 hours at a rate of 0.1,84 cc/minute. 

CSF from the*cisterna magna was collected at 30-minute intervals for 5 hours. 
Six aliquots were obtained from each 30-minute sample and were placed in separate 
counting chambers. The remainder of the sample was centrifuged for 5 minutes to 
separate any small amoimts of red blood cells and its concentration determined by 
spectrophotometric methods. 

In the treated animals, 3 hours after perfusion, 0.15 mg/kg of dexamethasone 
was given intravenously. This dose is comparable to the loading dose used in humans. 
Ventriculocisternal perfusion was maintained for 4 hours after intravenous dexameth¬ 
asone was administered to the treated group, and for the same period of time in the 
control group (untreated). The control group consisted of six rhesus monkeys and the 
treated group consisted of four rhesus monkeys. 

As can be seen from Figure 45, no significant change in CSF production was dem¬ 
onstrated up to 4 hours following administration of dexamethasone, 0.15 mg/kg. 
intravenously. During the entire experiment, serum PC02, pH, P02, and temperature 
were kept constant. 

Figure 45. 
CSF production rate in monkeys 
following ventriculocisternal 
perfusion of dexamethasone 

TIME (minut«*) 
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The data obtained in this experiment fail to confirm previous experiments con¬ 
cerning the effect of dexamethasone on CSF production. It is felt that species differ¬ 
ences as well as a better controlled experiment probably account for the observed 
discrepancies. 

CELL CULTURE OF NEURONAL TISSUES 

Principal Investigator: W. G. Shain, Jr. 

Understanding of intercellular recognition and interactions within neuronal tissue 
is of primary importance in elucidating the development and differentiation of the 
nervous system. Since the nervous system is a highly complex, heterogeneous popu¬ 
lation of not only neurons but also glial and target cells, it is necessary to study sim¬ 
plified model systems. One such approach is to study intercellular relationships in 
animals with "simple" nervous systems; i.e., many invertebrate systems. A second 
approach is to utilize the techniques of cell biology to dissociate and separate individ¬ 
ual cc’ls from neuronal tissues. Since neurons and many glia either do not divide or 
divide at prohibitively slow rates, two techniques have been applied to neuronal tis¬ 
sues to obtain dividing populations of cells. Somatic cell hybridization techniques can 
be used to manipulate the phenotypic expression of a given cell type by the addition of 
the genome of a second cell type. In this manner, normal sympathetic neurons which 
do not undergo cellular division were hybridized with a neuroblastoma cell line in 
order to produce r Us with the propagation characteristics of the latter and the neuro¬ 
nal characteristics of the former. Forty-nine clonal hybrid cell lines have been iso¬ 
lated. One of these lines, X-31, has been characterized. This cell line synthesizes 
dopa and dopamine and has membrane excitatory properties very similar to the sym¬ 
pathetic parent. 

A second approach to obtain dividing populations of cells is to chemically trans¬ 
form cells so that they will continue to divide. The alkylating agent ethyl nitroso urea 
has been shown by a number of workers to be a powerful carcinogen which in rats af¬ 
fects primarily the central and peripheral nervous systems. This drug has been used 
transplacentally in late (last trimester) gestation because it is also a powerful tera¬ 
togen and, if used earlier, results in death or loss of the embryo. The drug has been 
applied to cell cultures of brain, eyes, and spinal cord from young embryos (approxi¬ 
mately halfway through gestation). Since there is considerably more mitotic activity 
in the CNS at this stage than at later times, a much larger population of neuroblasts 
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can be challenged by the drug. Cultures of treated cells were allowed to reach con- 
fluence and then passaged weekly. At the time of each passage, aliquots ^“llswere 
placed in soft agar cultures to select for transformed cells. A number °f cell8 have 
thus been isolated. When a sufficient number of cell lines have been established, they 
will be assayed for neuronal and glial characteristics. 

»»»»»»»»# 

IONIC MECHANISMS UNDERLYING NEURONAL THERMOSENSITIVITY 

Principal lnva»tÍ9ator»: F.-K. Pierau and D. 0. Carpenter 

Technical Assistance: P. J- Torrey 

in invertebrate neurons, spontaneous electrical activity is dependent upon tem¬ 
perature as a result of two independent processes. The first process, activity of an 
electrogenic sodium pump, increases steeply with temperature and generates a poten¬ 
tial across the membrane of these cells which tends to decrease their excitability as 
temperature is raised. The seeond process, which results from a greater tempera- 
ture^dependence of the permeability of the membrane to sodium than to potassium, 
tends to depolarize the neuron and thus increase excitability as temperature is raised, 
m a variety of invertebrate neurons it has been shown that these two processes inter- 
act m Sent cells and. when one or the ether predominates, the neuron ts either 
cold or warm sensitive, depending on which process predominates. ^ ‘•mse mqierl 
menta we attempted to analyze the mechanisms of temperature f^her 
eral afferent fibers from mammalian nerve-skin preparation and ^‘Tinverte 
these two mechanisms responsible for the nonspecific thermosensitivity of mverte 
brate neurons underlie the thermosensitivity of afferent filters presumably specialized 

for perception of temperature. 

Experiments have been performed on the nerve fibers innervating the skin of the 
rat scrotum?6 This preparation is a particularly good one for the study of temperature 
sensitive afferent fibers since it contains a high percentage of «^8 «"sWve on^ 
tpmnerature Experiments have been done using two procedures, th technique for 
the dissection ofThe afferent fibers from the peripheral nerve and preJiminary obser- 
vatmns have bel made from intact animals anesthetized with barbiturates. Temper¬ 
ature of the skin has been changed by perfusing water maintained at ^«erent temara 
tures through a metal plate underlying the scrotal skin. 
tored along with recordings of electrical activity, from small filaments of nerve 
which contain one or several nerve fiber action potentials. Three types o recep o 
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have been found, temperature sensitive receptors (including both warm and cold sen¬ 
sitive receptors), mechanoreceptors, and fibers which do not respond either to 
temperature change or to mechanical stimulus. The response properties to changing 
local temperature of these three types of afferent fibers have been studied in detail 
and experiments have been made with a local infiltration of ouabain or saline around 
the receptive area. Figure 46 illustrates typical responses to a transient temperature 
change, in this case, from a mechanoreceptive afferent fiber before local saline in¬ 
jection and after local injection of ouabain. These results suggest that for mechano¬ 
receptive afferent fibers ouabain causes a dramatic increase in discharge only at 
warm temperatures. These results are consistent with a role for an electrogenic 
sodium pump in maintenance of potential at warm temperatures. Preliminary evi¬ 
dence to date indicates that cold sensitive afferent fibers become more sensitive to 
warm temperatures after ouabain, suggesting that an electrogenic sodium pump is the 

basis of the generator potential in these fibers. 

Figure 46. Mechanoreceptive fiber response to temperature change 

To examine more rigorously the dependence of the generator potentials in these 
fibers, we are attempting to isolate nerve and skin from the animal in the chamber 
where we can control the ionic composition of the medium and add drugs without con 
sidering the effects on circulation and other properties of the animal. 



NEUROTRANSMITTERS IN THE NERVOUS SYSTEM OF APLYSIA 

Principal Investigators: D. 0. Carpenter, G. H. Zeman, P. J. Yarowsky, AFRRI; 
M. J. Brownsteir., J. U. Saavedra and J. Axelrod, 
National Institutes of Health 

The identification of a chemical substance as being a neurotransmitter in the ner¬ 
vous system of any animal requires that a number of criteria be met. These include 
that the substance be present in the nervous system, that there be a mechanism of 
synthesis and a mechanism for inactivation of the transmitter either by degradation or 
by reuptake. In addition, there must be a demonstration of release of the chemical on 
nerve cell discharge and a demonstration that this chemical acts on a receptor on 
the postsynaptic cell to produce a change in permeability of that membrane. The ner¬ 
vous system of Aplysia is a particularly appropriate preparation for the study of the 
distribution of neurotransmitters because of the very large size of the cell bodies. 
Not only can one dissect out these large cell bodies and analyze individual neurons for 
contents of transmitter but these cell bodies are sufficiently large and distinct that 
they can be identified from preparation to preparation, both for electrophysiological 
investigations and for investigations of biochemical content. In these experiments we 
are attempting to examine the electrophysiological properties of identified neurons to 
transmitters and are using ultramicrotechniques to analyze individual identified neu¬ 
rons for contents of putative neurotransmitters and their synthetic and degradative 
enzymes. 

Preliminary observations on the content of neurotransmitters have been made by 
surveying the content of whole ganglia peripheral nerves and nonnervous tissue.* The 
putative transmitters measured include serotonin, dopamine, histamine, octopamine, 
norepinephrine and gamma-aminobutyric acid (GABA). With the exception of norepi¬ 
nephrine, which is not present in measurable quantities in the nervous system of this 
animal, most of these other putative transmitters are present in concentrations of 
several micrograms per gram wet weight. By use of ultramicroassay techniques, 
single cells were examined for these transmitters. Of the approximately 15 large 
identified c< ills studied, serotonin, histamine and GABA were found to be present in 
measurable quantities in most of these cells. The apparent concentrations of these 
putative transmitters were not identical in all cells. For serotonin, there seemed to 
be an order of magnitude greater concentration of serotonin in the Retzius' cells of 
cerebral ganglion than was found in any other cells, even those that are considerably 
larger. Interestingly, histamine appeared to be presen" m greatest concentration in 
smaller cells, suggesting that it possibly might be associated with membrane rather 
than cytoplasm. However, further experimentation must be done to check this 
possibility. 

The study of the electrophysiological responses of these cells to iontophoretic 
application of neurotransmitter has been begun to date only with GABA. We have found 
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that most cells in the ganglia are sensitive to GABA. The majority of cells respond to 
application of GABA with the hyperpolarizing response, although some identified cells 
consistently give a depolarizing response. These observations are being expanded and 
other transmitters are being investigated. 
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EFFECT OF IONIZING RADIATION ON SINGLE NEURONS AND SIMPLE NERVE 

NETWORK IN APLYSIA CALIFORNICA 

Principal InvMtigator*: J. A. Willis and M. L. Wiederhold 
Technical A**i »tanca: G. L. Gaubatz 

AFRRI has documented changes in central nervous system (CNS) function in a vari¬ 
ety of vertebrates following exposure to supralethal doses of ionizing radiation. 
Attempts to elucidate the basic mechanisms underlying these functional changes have 
proven difficult due to the complexity of vertebrate nervous systems. To determine 
whether CNS dysfunction is caused by changes in the important electrical parameters 
of neurons, this study was carried out in i simple invertebrate nervous system. The 
abdominal ganglion of the marine mollusc Aplysia californica contains a number of 
cells which exhibit spontaneous, regular activity. The activity of these pacemaker 
neurons has been shown to be dependent on both passive ionic conductances in the cell 
membrane and upon a metabolically driven electrogenic sodium potassium exchange 
pump. Small changes in any of these parameters due to radiation will produce predict¬ 
able changes in the pacemaker discharge of the cell. 

The initial research on this problem wa s concerned with learning the Aplybia 
preparation and further characterizing the f ffects of the electrogenic sodium pump on 
the pacemaker discharge. Suitable apparatus for making electrophysiolcgical record¬ 
ings in nigh radiation fields, and a special specimen holder, were developed to permit 
exposure of the Aplysia preparation in the electron linear accelerator (L.INAC). A 
series of experiments are now being carried out in which the Aplysia abdominal gan¬ 
glion is mounted in front of a collimated LINAC beam and is exposed to 1200-rad 



pulses of 20 MeV electrons while making simultaneous recordings of intracellular 
potential via micropipettes. 

The effects of such an irradiation are shown in Figure 47. Following delivery of 
40 krads, the cell showed a transient increase in pacemaker activity, followed by a 
gradual return to base line. The extent of this transient response seems to be dose 
dependent, as is shown in Figure 48. It is important to note that the doses necessary 
to elicit gross responses are at least an order of magnitude greater than those required 

Figure 47. Transient changes following 40 krads 20 MeV LINAC irradiation 
in cell R6 of Aplysia abdominal ganglion 

Figure 48. Dose response relationship for transient firing frequency changes 
following irradiation in cell R6 of Aplysia abdominal ganglion 
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to elicit changes in CNS function in vertebrates. This is in agreement with the cur¬ 
rently held concepts concerning the radioresistance of nervous tissues. Demonstrable 
changes in pacemaker activity do occur at lower doses and it is reasonable to assume 
that small changes induced in large neuronal populations could cause a disruption in 
neuronal integration sufficient to cause behavioral dysfunction. 

The transient changes in pacemaker activity following irradiation can be explained 
as either an increased passive ionic conductance due to physical damage to the plasma 
membrane leading to depolarization or due to a transient inhibition of the electrogenic 
sodium pump. Experiments measuring cell input resistance following irradiation and 
experiments on cells poisoned with a pump inhibitor such as ouabain will check these 
hypotheses. The effect of radiation on synaptic transmission is being studied. 

»»♦»»»»»» 

NEURORADIOLOGIC STUDIES DURING EXPERIMENTAL HEAD INJURY 

Principal Invastigators: S. A. Shatsky and D. E. Evans 
Tachnical Assistance: F. E. Miller 

The genesis of anatomic pathologic changes within the brain during blunt trauma 
is largely unknown. Numerous theories of brain injury have been proposed, includ¬ 
ing: (1) transmittal of waves of force, (2) vibration of the skull shell, (3) brain transla¬ 
tional displacements, (4) skull deformation, (5) pressure gradient formation, (6) sulci 
rotation, and (7) cavitation. However, there has been little direct physical evidence 
to validate or refute any of these theories. Most prominently lacking has been the 
simple description of sequential anatomic changes within the brain that occur during 
injury. 

There have been two major usable approaches to viewing the brain during impact 
injury, Lucite calvaria studies and flash radiography. Desirable properties of each 
have been combined in a unique new technique we have developed, flash x-ray cinema¬ 
tography. This has allowed 1000 frame per second cine neuroradiographic studies of 
the primate brain, during graded experimental impact trauma, to document and quan¬ 
titate cerebral vascular and ventricular movements and to determine which of these 
plays a significant role in subsequent pathologic alterations of the brain. 

Figure 49 illustrates a deceleration impact sled we have used to simulate non- 
lethal closed head injuries. It has allowed rigorous monitoring of skull impact load, 
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triaxial skull accelerations, and cart terminal velocity, as well as allowing absolute 
stop motion x-ray movies of the brain parenchyma and vasculature during injury. 

Figure 49. Deceleration impact sled 

The most apparent changes within the skull demonstrated during injury are the 
small vascular displacements in the area adjacent to impact, the transient Scaring 
of blood vessels from the occipital area during the first milliseconds Post^ior ^ 
pacts. This occurred in the absence of gross anatomic changes in loca! area K 
was also apparent that movements above the tentorium were small at these subcon 
^“»7^ levels- Lateral displacements of the anterior cerebral artery were max- 
imally 2-4 mm, and no movements greater than 1.5 mm were documented during 

occipital impacts. 

The most unique finding in these experiments has been the transitory "beaded" or 
interrupted appearance of the middle cerebral artery and adjacent brain parenchyma 
Hg sutlnLsive lateral impacts. It may represent a compressi^al fluid ^ve 
occurring during impact with consecutive areas of high and low radiographic density, 
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—9stopped by the ultrashort (30 x 10 sec) flash x-ray pr’sc, between time zero and the 
first millisecond postimpact (Figure 50). The cineframes are undergoing holographic 
enhancement to sharpen these images and allow better interpretation of their meaning.

Figure 50. The middle cerebral artery and adjacent brain parenchyma have a “beaded’ 
or interrupted appearance at time of impact. A nash,x-ray exposure of 30 
nsec .vas used to stop this motion.

CARDIAC ARRHYTHMIAS AND HEAD INJURY

Principal Invastigatort: D. E. Evans and S. A. Sbatsky 
Technical Asti stance: F. £. Uiller

Studies on the cardiovascular response of blunt bead trauma in the subhuman pri­
mate have begun, and at the present time we are collecting data on the changes ir. blood 
pressure and cardiac rhythm resulting from graded impacts to the occipital skull. We 
have observed bradycardia in some animals, tachycardia in others, and some ectopic 
subatrial beats occurring immediately after impact in lightly anesthetized animals.
In more deeply anesthetized primates, no cardiac arrhythmias have occurred following 
sublethal closed head injury. The major problem to be resolved at the present time is 
one of appropriate anesthetic agent. We are investigating the use of nitrous oxide and 
intravenous morphine sulphate to achieve adequate anesthetic effect without depressing 
the autonomic nervous system.
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APLYSIA ACETYLCHOLINE RECEPTORS: BLOCKADE BY AND 
BINDING OF tt-BUNGAROTOXIN 

Principal Investigators: W. G. Shain, Jr., D. 0. Carpenter, AFRR!; L. A. Greene, 
A. J. Sytkowski and Z. Vogel, National Institutes of Health 

The marine mollusc Aplysia has a nervous system containing numerous identi¬ 
fiable giant nerve cells which have proven useful for both electrophysiological and 
biochemical investigations. Of particular interest is the observation that all of these 
neurons are sensitive to acetylcholine (ACh). Several snake venom toxins have been 
shown to block ACh responses in many vertebrate preparations. One of these toxins, 
the protein a-bungarotoxin (oBT), appears to do so by binding specifically and essen¬ 
tially irreversibly to nicotinic ACh receptors. 

We have studied the effects of aBT on the electrophysiological response to ACh of 
identifiable cells in the nervous system of the Aplysia and the binding of I-oBT to a 
ganglionic preparation.^*^ Aplysia has three pharmacologically distinct ACh responses 
and each causes a different conductance change. aBT blocks all three responses o 
iontophoretically applied ACh. In all cases the inhibition is reversed on washing. 
Binding of 12^I-aBT to the ganglionic preparation is a saturable process. The dis¬ 
sociation constant of binding calculated from rates of association and dissociation of 
the toxin-receptor complex was 0. 8 x 10 M. Binding of I-aBT was inhibited by 
unlabeled toxin, ACh agonists and antagonists as well as by eserine, ouabain, and 
tetraethylammonium but not by the transmitters serotonin and dopamine. 
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STATOCYST RECEPTOR PHYSIOLOGY 

Principal Investigator: M. L. Wiederhold 
Technical Assistance: P. J. Torrey and P. Y. Okita 

Electrophysiologic studies of the balance organ (statocyst) of the marine mollusc 
APtysia are currently in progress. This organ provides a favorable preparation in that 
it contains relatively large (approximately 10 x 50 x 100 fjm) ciliated sensory receptor 
cells. The receptor cells detect motion, under the influence of gravity, of small con¬ 
cretions (statoconia) within the cyst and serve a function analogous to that of the semi¬ 
circular canals of vertebrate animals. The fine structure of the statocyst receptive 
cilia and their associated basal bodies are similar to those of the hair cells in the mam¬ 
malian inner ear. Thus it is hoped that an understanding of the statocyst receptor cell 
physiology will give useful insights into the physiology of mammalian hair cells. The 
APfysia receptor cells are larger and more accessible than mammalian hair cells, 
making them much more suitable, with currently available techrdques, for intracellular 
electrophysiologic studies. 

We have developed techniques for recording from the statocyst receptor cells with 
intracellular microelectrodes and observing responses to physiologic stimuli. A tilting 
preparation table was designed and fabricated which allows us to maintain intracellular 
recording during tilts of 45 degrees in any direction from the normal vertical. The re¬ 
ceptor cells have a resting membrane potential of approximately -45 mV accompanied 
by base-line fluctuations varying from 2 to 15 mV peak to peak. In the resting state, 
cell input resistance from 20 to 70 MQ has been measured. During a gradual tilt 
which causes the statoconia to deflect cilia of the cell from which recordings are being 
made, a depolarizing receptor potential of up to 20 mV is observed. This depolariza¬ 
tion is accompanied by a decrease of cell input resistance of up to 60 percent. Prelim¬ 
inary calculations indicate that these findings are consistent with deflection of the cilia 
increasing the conductance of an ionic channel having an equilibrium potential of approx¬ 
imately -20 mV. 

A joint project with A. E. McKee of the Naval Medical Research Institute has been 
initiated to further study the fine structure of the Aplysia statocyst using both transmis¬ 
sion and scanning electron microscopy. We have recently developed a technique for 
observing the cilia on the luminal surface of the receptor cells. Preliminary findings 
indicate that there are 500-1000 cilia per receptor cell. The statoconia are in intimate 
contact with the cilia. 
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STATE OF IONS AND WATER IN LIVING CELLS AND SOLUTIONS 

Principal Investigator: D. 0. Carpenter 

Collaborator: A. F. Bak, National Institutes of Health 

It is generally thought that ions a,id water in living cells exist in a state similar to 
that of aqueous solutions where neither is restricted in movement. Evidence for this 
point of view comes primarily from experiments with the squid giant axon and the dem¬ 
onstration that electrical conductivity, ionic diffusion coefficients and ionic mobility 
in the axon are similar to free solutions of comparable concentration. We have devel¬ 
oped a technique which allows measurement of electrical conductivity from single cells 
which are too small for the usual direct study of the characteristics of the cytoplasm.1 
This technique utilizes a metal microelectrode, insulated except for the tip, which is 
subjected to an alternating current at 100 kHz. With suitable electronic components 
the voltage output recorded between the microelectrode and an external reference elec¬ 
trode is a direct function of the conductivity of the solution at the electrode tip. 

Table XXIV presents results of measurements of conductivity of the axoplasm of 
large axons. In agreement with previous results from other investigators of this clas¬ 
sic preparation, the internal conductivity is very similar to that of the external medi¬ 
um. Whereas seawater has a specific resistivity of 25 ohm/cm the average from all 
of our measurements on the squid giant axons shows specific conductivities of about 
35 ohm/cm. The giant axon of Myxicola, a marine animal, has internal resistivity in 
normal seawater of about 68 ohm/cm, a conductivity almost double that of the giant 
squid axon. 

Table XXIV. Conductivity of Giant Axons 

Preparation 

Seawater 

Number 

Equivalent 
isotonic salt 
concentration 

(percent) 

Specific 
resistivity 
(ohm/cm) 

100 25 

Loligo opalescens 13 78 (61-88) 32 

Loligo pealei 
From ganglion 

Stellar axon 
Smaller axons 

15 65 (49-105) 39 

5 69 (55-82) 
6 55 (55-70) 

36 
45 

Myxicola 
In normal seawater 6 
In hypertonic sea¬ 

water (125%) 13 

37 (30-44) 

47 (39-60) 

68 

53 
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Table XXV shows the results of conductivities from a variety of invertebrate ma¬ 
rine neuron cell bodies. In each case, conductivities are very low and in the case of 
Anisodoris are as low as 2 percent of the external medium. Table XXVI shows con¬ 
ductivities obtained from a variety of other tissues, including barnacle muscle fibers, 
frcg eggs, and Amphiuma red blood cells. In each case the internal conductivity of 
fiese cells is considerably less than that of the external media. 

Table XXV. Conductivity of Nerve Cell Bodies 

Preparation Number 

Equivalent 

isotonic salt 
concentration 

(percent) 

Specific 
resistivity 

(ohm, cm) 

Seawater 

Aplysia 

Navanax 

Anisodoris 

42 

15 

20 

100 

6 (4-7) 

4 (2-8) 

2 (1-3) 

25 

434 

6? j 

1250 

Table XXVI. Conductivity of Muscle, Egg and Blood Cells 

Preparation Number 

Equivalent 
isotonic salt 

concentration 

(percent) 

Specific 
resistivity 

.'ohm/cm) 

Seawater 100 25 

Barnacle muscle 
libers 16 14 (10-23) 17H 

"rog Hinger 

Frog oocytes 12 

Amphiuma HBCs 47 

100- 77 

40 (30-50) 190 

22 (11-41) 350 

The very low internal conductivity of many of these tissues cannot be explained by 
the usual view of living cells that the internal medium consists of ions and water in a 
simple aqueous solution. The low conductivity suggests that macromolecular compo¬ 
nents of the cell cause a restriction of the ability of ions to carry electrical current. 
This might result from a binding of ions, a structuring of cell water, or a high micro¬ 
viscosity of the cytoplasm. Further experiments are being performed to attempt to 
determine the cause of these surprising observations. 
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POTENTIAL HAZARDS OF HIGH AMPLITUDE ELECTROMAGNETIC PULSES 
TO IMPLANTED CARDIAC PACEMAKERS 

Principal Investigators: G. Brunhurt and J. R. Martz 

There are two basically different types of cardiac pacemaker^ m use: the asyn¬ 
chronous pacemaker which requires no input signal and which has a fixed or adjustable 
output, and the synchronous pacemaker which senses certain pulses of the heart, such 
as the atrial P-wave or the QRS complex, and whidi provides appropriate output sig¬ 
nals related to the input it senses. Necessarily, one would expect the possible inter¬ 
ference due to electromagnetic fields to depend on the type of pacer in question. 

Three categories of interference modes can be distinguished. (1) Catastrophic 
failure of the pacemaker due to electromagnetic pulse (EMP) induced destruction of 
circuit components. (2) An extra or arrhythmic output signal induced by an electro¬ 
magnetic pulse. (3) Momentary cutoff of the output pulse of the pacemaker. 

It must be expected that all pacemakers are potentially vulnerable to catastrophic 
failure. However, since the synchronous type pacemakers are specifically designed 
to detect electrical activity, they are inherently more vulnerable than the asynchronous 
type to failure in categories 2 and 3. 

Typical burnout levels for modern semiconductors have been found to be in the or¬ 
der of 1-100 jzJ. In contrast, the threshold for ventricular fibrillation in normal ani¬ 
mals is reported to be two to four orders of magnitude higher. With this in mind, 
catastrophic failure through transistor burnout is a potential hazard. Four implantable 
pacers (Medtronic Asynchronous, Medtronic and GE demand, and Cordis atrial trig¬ 
gered) were subjected to up to 10,000 EMP at E peak fields of up to 500 kV/m 
using various orientations of the pacemakers and the leads. Under these conditions 
only the Cordis pacemaker failed. The failure could not be repeated after lae output 
transistor was replaced. 
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Using results reported for pulsed microwave effects on cardiac pacemakers, a 
conceptual model for interference was devised consisting essentially of three parts, a 
shielded antenna-receiver, a demodulator, and a small signal tuned amplifier. With 
the microwave data as a point of departure it was concluded that peak BMP fields of at 
least 2-3 kV/m would be necessary to cause interference of the categories 2 and 3. 
Measurements since then conducted at the Air Force Weapons Laboratory, ALECS 
facility have confirmed these predictions. Further tests are continuing at AFRRI. 

There exists another possible hazard to pacemaker wearers in that enough energy 
could be picked up directly in the leads of the pacer and cause extra beats or even 
produce ventricular fibrillation. While it is not expected to occur in BMP fields at the 
present typical pulse rates, this hazard is a real one in pulsed radar beams. The de¬ 
tails of this possible hazard are currently under stud} at AFRRI. 

FREE RADICAL REACTIONS 

Principal Invastigators: G. M. Meaburn, J. L. Hosszu and C. M. Cole 

Pulsed radiolysis studies of free radical-induced reactions of DNA. Radiation- 
induced chemical damage to the DNA component of a living cell is known to be respon¬ 
sible for inhibition of mitosis, impairment of the RNA transcription processes, and 
modification of the reactions leading to protein synthesis. Free radicals produced by 
the interaction of ionizing radiation with water react with DNA in a complex manner to 
destroy its structural integrity. Maintenance of a highly organized macromolecular 
structure is essential to the biological function of DNA. It is the purpose of this study 
to investigate more fully the reactions of water-free radicals with the nitrogenous 
bases of DNA.. The conjugated double bond systems of the pyrimidine and purine bases 
are the light-absorbing (chromophoric) groups responsible for the strorg optical 
absorption of the polynucleotide centered at ~260 nm. A careful examination of the 
optical properties of DNA in this spectral region, immediately following exposure to a 
short, high intensity pulse of radiation, has provided new information on the early 
radiation processes occurring in these systems. Some of the experimental results and 
the current interpretation of the observations are summarized below. 

The methods of kinetic spectroscopy and pulse radiolysis were applied. Dilute 
solutions (100 mg/liter) of DNA were exposed to single pulses of 40MeV electrons pro¬ 
duced by the AFRRI electron linear accelerator (LINAC). Pulse widths of ~0.5 ¿isec 
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were standard throughout the course of the work. Due to the fact that observations 
were being made in a region where DNA strongly absorbs the analyzing light, special 
attention was paid to the optical technique used in these experiments. A pulsed xenon 
arc was employed as the light source, providing an output intensity 10-20 times higher 
than that from the arc operated in its normal mode. A usable pulse of ~ 800-Msec du¬ 
ration was obtained. The DNA sample was contained in a small path length optical cell 
(2 mm) of ultrahigh purity silica. Two high intensity monochromators were ganged in 
tandem as the wavelength discriminator. This technique eliminated stray light from 
reachim ; the photoelectric detectors and considerably increased the accuracy of the 
experiments. As a direct consequence of the small optical path in the radiation cell, 
relatively large electron doses were required to produce reasonable optical density 
changes in the irradiated material. These were of the order of 4. 0 - 4. 8 krads per 

pulse. 

The first important observation to be made was that, over the time scale studied 
(800 usee), no change in optical absorption by native DNA at 260 nm was detected after 
receiving a single pulse. An increase in absorption had been considered a possibility 
due to loss of hypochromicity by the radiation-damaged DNA double helix, a process 
that is known to occur over much longer time scales. A change in the form of a small 
loss of optical absorption was detectable in these native solutions only after preirradi¬ 
ation to doses >20 krads. The material became increasingly more sensitive to radia¬ 
tion until finally, after receiving ~ 100 krads, a maximum optical density change per 
pulse was attained. This effect is shown in Figure 51. Also shown is the behavior of 
denatured (single stranded) DNA. A very strong decrease in absorption was found fol¬ 
lowing a single pulse and the decrement changed little over a dose range approaching 
200 krads. For the examples shown, the solution characteristics were such that the 
total effect could be reliably assigned to reaction of hydroxyl (OH) free radicals with 
DNA chromophoric groups. 

Figure 51. Decrease in optical absorption of irradiated DNA solutions at 260 nm 
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Tho reaction leading to loss of absorption, addition of OH to specific double bonds 
within the bases, has a high specific rate, being complete within ~10 Msec. Measure¬ 
ments of the change have been made for irradiated denatured DNA over an extended 
spectral range covering much of the permanent absorption band of DNA. The results 
are shown in Figure 52. The contour of the curve is quite smooth and appears to fol¬ 
low that of the permanent.absorption with a maximum value close to 255 nm. The 
wavelength shift from the 260 nm maximum of the DNA spectrum, if real, may be 
indicative of a preferred mode of attack by OH on specific bases in the polynucleotide. 
The kinetics of disappearance of absorption remained unaltered over the entire wave¬ 
length range. 

DENATURED |DNA| = 100 H19/I, pH = 7.0 

ABSORBED DOSE PER PULSE = 4800 rod* 

_l-1—-1-«- 

240 250 260 270 

X (nm) 

Figure 52. Decrease in optical absorption of DNA after 
receiving a single electron pulse 

The influence of the helical structure of native DNA on the destruction of chromo- 
phoric groups is very strong. It appears that some dénaturation is necessary before 
the normally shielded purine and pyrimidine bases become accessible to the diffusing 
OH radicals. A point of conflict arises, however, in considering the origin of the ultra¬ 
violet transient absorption spectra also found in irradiated DNA in its native form. 
These absorption bands are normally assigned to the formation of adducts of OH with 
the double bond systems of the bases and imply loss of chromophoric activity. 
Clearly, this is a question affecting the interpretation of the overall mechanism of 
radiation-induced damage in DNA to be resolved by further experimental work. 

Free radical-induced chain breakage in irradiated solutions of DNA. This phase 
of the study has been concerned with the difficult problem of assessing the damage to 
the sugar-phosphate backbone of DNA by ionizing radiation. In dilute aqueous solution, 
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HSESœS;:SSfi% 
fmportance of the three major water Intermediates, OH, eaq and H, in inducing 

breakage. 

The extent of chain breakage was quantitatively determined from release of phos- 
phomonoester groups during radiolysis of calf thymus DNA solutions eimosed to ^th 
lÇ°"0mma and L1NAC electron radiation. The yield of phosphomonoester G (PME), 
wTs tSSured by enaymatlc scission of the remaining ester bond and colorimetric 

iài=“;H=íEE: 
the linear plots shown in Figure 53. 

The major results and conclusions of this study are summarised below. 

A small fraction only of available free radicals reacts to break the polynucleotide 
backbone. At neutral pH, for example, approximately 8 ^cenfM OH rascals can_ 

accounted for in this way. Reaction with the sugar moiety “ n “d ¿t"flePd 
duce a break. However, product fragments have not been identified, and 
mechanisms of alternate reaction pathways are not yet available. 

The secondary structure plays an important role in °f ,^.1° 
breakage, h, denatured DNA the exposed nitrogenous bases presumably presen 
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hindered reaction sites to attacking OH radicals and consequently compete more effec¬ 
tively with the phosphodiester bond, thereby reducing the yield of chain breakage to 
approximately 60 percent of its value in the double helical form of DNA. 

Hydrated electrons, e^q, are similar in effectiveness to OH radicals in producing 
breaks in native DNA chains. The reaction mechanism is not yet known, but is 
believed to involve initial attack of the electrophilic center of the bound phosphate 
groups. Yields of phosphomonoester are negligible, however, in denatured solutions, 
again indicating the existence of highly favored reaction sites under such conditions. 

■»»»»»»»»» 

ELECTRON LINEAR ACCELERATOR PRODUCTION OF POTASSIUM-43 

Principal Inva.tigator.: F. C. Gray, C. M. Cole, G. U. Meaburn and G. Brunhart 

Potassium-43, which has been produced in high flux nuclear reactors and cyclo¬ 
trons, is an effective agent for myocardial imaging. This study was undertaken^ 
evaluate the production of potassium-43 by the photonuclear reaction Ca(y, p) K, 
using the AFRRI electron linear accelerator (LINAC) as the radiation source. 

The stable target isotope was purchased as 94 percent enriched 44CaC03 and 
converted to the oxide to eliminate photoproduction of carbon-11. Samples of CaO 
were sealed in quartz ampules and exposed to high-energy bremsstrahlung radiation 
produced by passing the LINAC beam through a thick water-cooled tantalum converter. 

Chemical separation was performed on an ion-exchange column using a procedure 
developed at Oak Ridge National Laboratory,2 modified to utilize a simple pneumatic 
pressure system to elute the 43K from the column. The eluted ^KCl was taken to 
dryness, dissolved in normal saline, and filtered. Target material was recovered by 
elution from the column, as CaClg, precipitation as the oxalate, and thermal decom¬ 
position to CaO. 

Production yields of 43K are shown in Table XXVH. The competing (y,np) reac¬ 
tion produced potassium-42 as an undesirable contaminant. As shown in the table, 
the ratio of 42K to 43K is satisfactorily reduced by lowering the energy of the electron 

beam. 
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Table XXVIl. Yields of and for Several 
Electron Beam Energies

Beam energy 
(MeV)

Yield (MCl/g^CaO-hour)

Ratio

30.0 370 23 .062
35.7 770 92 .12
40.4 1100 230 .21
44.5 1500 390 .26

Myocardial scans on beagle dogs were performed using 100-150 ^Ci per visualiza­
tion. In the present s^dy, 0.30-g samples of ^^CaO were irradiated for each prepa­
ration. The yield of may be increased by using larger samples of target material 
and longer periods of irradiation.
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ORGANOMETALLIC DOSIMETERS

friiieisal C. M. Mtmbm. J. L. Hossss sad W. E. Eikw

The pulse radiolysis investigation of the tetra-alkyl compounds of the Group IV . 
elements, lead, tin, germanium and silicon, is proceeding smoothly. Approximately 
40 percent of the experimental program has been completed. At the present rate of 
progress, the laboratory phase of the investigation will be terminated shortly.



The chemicals are being systematically examined by the methods of kinetic spec¬ 
troscopy for optical absorptions due to free radicals or ions produced by radiolysis. 
Some of the results obtained for tetramethyl lead are described here to illustrate the 
type of observation that is being made on these compounds. The target material, con¬ 
tained in a 4-cm path length cell, was exposed to single 200-nsec pulses of 40 MeV 
electrons provided by the AFRRI LINAC. The absorbed radiation dose per pulse was 
~1 krad. A transient spectrum was observed between 350 nm (the low wavelength cut¬ 
off for Pb(Me).)and 650 nm immediately following a pulse. This is shown in Figure 54. 
There are two absorbing components in this region, one with a maximum at ~445 nm 
and a lifetime of ~5 Usee, the other much longer lived (~50 Msec) and centered around 
380 nm. The kinetics of disappearance of both absorptions are complex and have not 
yet been analyzed. 

Figure 54. Transient spectrum of irradiated tetramethyl lead 

A similar transient spectrum has so far been measured for tetraethyl tin, with the 
absorption maxima shifted to lower wavelengths. The intensities of the optical bands 
are also considerably decreased for the tin compound, particularly that of the short¬ 
lived component. 
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STATISTICAL METHODS FOR EEG-BEHAVIORAL STUDIES 

Principal Investigator: S. G. Levin 
Tachnical Aif¡«tanca: E. E. Sereno and J. A. Willis 

Clinicians and researchers face a similar problem in the analysis of EEC records: 
the reduction of large masses of data to manageable form and the interpretation of the 
results. To aid in this task, high-speed computers have been used for several years 
in some research facilities and are finding their way into the more modern hospitals. 
Using newer analytic techniques, workers have used the EEC to discriminate between 
normal and dyslexic children, to help locate the focus of epilepsy, to determine central 
nervous system (CNS) recovery from drugs, and to detect failure in cortical perfusion 

during cardiac surgery. 

The EEC work at the AFRRI was motivated by the desire to understand the mech¬ 
anism of CNS changes during transient incapacitation following whole-body irradiation. 
EEC changes were observed, but a more sophisticated method of analysis was required 
in order to recognize subclinical changes and to locate radiosensitive areas of the 
brain hence to determine whether chemical agents could reverse the CNS changes. 

Initial efforts followed the conventional spectral (frequency) analysis using the dig¬ 
ital computer in place of the analog frequency analyzer. This assisted the research¬ 
ers in evaluating sections of the EEC but was lacking in many respects; it provided 
no information about the relation between areas of the brain, many spectra had o e 
examined for each lead, and data from several leads made the job even more time 
consuming. No valid methods existed for summarizing data or for making statistical 

comparisons. 

A computer program has been developed that uses the fast Fourier transform al¬ 
gorithm to compute individual power spectra, and moments were utilized to charac¬ 
terize the data.1 The first moment of the power spectrum provides a measure of the 
middle of the frequency spectrum and hence permits observation of frequency shifts. 
The second moment is indicative of the spread of the spectrum, with a small spread 
associated with a synchronized wave. Total power is also calculated. Seven animals 
were irradiated and their EEG data were evaluated using these measures. «ece“ 
efforts resulted in the development of an overall system for the evaluation of multiple 
lead EEC's. In addition to the individual power spectra (auto spectra), the power 
shared by pairs of leads (cross spectra), phase relation betwee- pairs of electrodes 
and the strength of association between leads (coherency) are all calculated. ese 
quantities are individually plotted on a frequency scale or on a log frequency scale at 
the option of the researcher. Moments of all auto and cross spectra are computed and 
plotted in an array. Moments of several epochs can be combined so that different con¬ 
ditions, e.g., preirradiation and postirradiation, can be compared. 
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EEG epochs fi jm three trained monkeys have been evaluated using this system 
and preliminary examination of the results is encouraging. When cross spectral 
results became available, it was evident that the existing electronics, primarily the 
EEG preamplifiers and amplifiers, were inadequate for the more sensitive analysis. 
A state of the art amplifier, based on a circuit developed at UCLA, was designed. It 
consists of a single 3” x 4" printed circuit board containing four integrated circuits 
which amplifies the IOO-mV EEG signal to 2.5 V with noise level orders of magnitude 
lower than previously possible. The phase shift characteristics are far better than 
the previous amplifiers, and a set of eight can be mounted on a monkey chair and oper¬ 
ated by batteries to keep them isolated from line noise. The 2.5-V signal can be 
routed directly to the on-line computer interface, which avoids any possible distortion 
introduced by an analog tape recoruer and its electronics, although the data will be 
simultaneously recorded on tape as insurance. In spite of the reduction of computing 
time from 15 to 3 minutes per epoch for a single spectrum, phase plot, etc., the total 
computer time for a series of epochs with several leads can be excessive. 

An alternate system includes producing calibrated digitized tapes at AFRRI, a 
new computer program written for the National Institutes of Health computer permit¬ 
ting analysis of their IBM 360/370 system, and finally the results being printed at the 

AFRRI. 

REFERENCE 
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ELECTRON LINEAR ACCELERATOR (LINAC) 

Principal Invnitigaton: G. Brunhärt, J. D. Sntnrsh, F. C. Gray and V. /. Falencia 
Technical Assistance: R. E, Severance, R. E. Bâtes and E. L, Ross 

The following is a summary of the LINAC activities and its utilization in the AFRRI 
research program. The availability and utilization time are given in Figure 55. 
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The LINAC provided irradiation support to scientific experiments. The specimens 
irradiated included monkeys in a simulated clinical regimen to study the development 
of radiation-induced myelopathy. Monkeys and miniature swine were irradiated to in¬ 
vestigate radiation-induced early transient incapacitation. Miniature swine and rats 
were irradiated to investigate GABA levels in the brain. Monkeys were irradiated with 
implanted brain probes to investigate radiation effects on the EEG. Monkeys with im¬ 
planted brain electrodes were irradiated to study regional cerebral blood flow during 
and following irradiation. Trained monkeys were irradiated translaterally to the eyes 
only with the LINAC beam in order to investigate the visual acuity of the animal during 
and following irradiation. The visceral ganglion of an Aplysia was irradiated utilizing 
a 4.0-mm diameter collimated LINAC beam to investigate effects on the action poten¬ 
tials. Malaria sporozoites and Venezuelan equine encephalomyelitis virus were irradi¬ 
ated for immunology studies. Various organic materials were irradiated in the course 
of investigation into the production of artificial membranes. Some of the support pro¬ 
vided by the LINAC to AFRRI projects was to the pulse radiolysis study of aqueous so¬ 
lutions of DNA and organometallic compounds. ‘‘Ca, 39K, 14N and other radioisotope 
precursors were irradiated utilizing the LINAC as a high-energy bremsstrahlung source 
for the production of 4 K, 33K, 13N, respectively, and other radioisotopes with poten¬ 
tial clinical applications. Sterilization runs in the megarad range were made for human 
tissue such as mandibles, heart valves, and crushed bone as well as for rat diet, opi¬ 
um, Silastic, kaolin, and acacia. Air samples and cow liver were irradiated in the 
high-energy bremsstrahlung beam for purposes of activation analysis. Various elec¬ 
tronic components such as transistors and diodes were irradiated at very high dose 
rates for transient radiation effects on electronics (TREE) investigations. Finally, 
various types of dosemeters such as ion chambers, Fricke solution, thermoluminescent 
phosphors, diodes, and variable capacitors were irradiated in dosimetry investigations. 

ELECTROMAGNETIC PULSE (EMP) SIMULATOR 

Principal Invattigators: G. Brunhart, R. E. Carter and V. /. Valencia 
Technical Assistance: R. E. Severance and E. L. Ross 

There has been a recent surge of both interest in and concern about possible bio¬ 
logical effects of nonionizing electromagnetic radiation. The reasons for this are the 
widespread use of EMP facilities simulating the electromagnetic environment of nu¬ 
clear explosions in the atmosphere and at high altitudes, and the development of in - 
creasingly powerful microwave generators of higher and higher frequency. 



Much work has been done at many laboratories to investigate the hazards of non¬ 
ionizing radiation; however, most studies deal with microwaves of relatively high 
average power levels (and therefore necessarily modest peak field values) and conse¬ 
quently primarily thermal effects. In spite of all the work done there is very little 
real understanding of the problems involved indicating the complexity of the subject 
which is frustrated further by the enormous technical difficulties in making meaningful 
measurements. The questions of measurements of physical quantities, in particular 
absorbed energy in tissue as related to free-in-air power densities, have become re¬ 
search projects in themselves actively worked on by major laboratories. 

AFRRI has acquired an EMP simulator facility to study biological responses to 
EMP fields under controlled conditions. 

In considering EMP effects on a biological system such as an animal, the test sub¬ 
ject may be in one of several situations: (1) in contact with or near an extended con¬ 
ductor which acts as an efficient antenna, (2) grounded to earth, or (3) in the field but 
insulated from ground. The third situation differs from the other two in that no net 
current flow in or out of the body is possible. Situations (1) and (2) differ essentially 
in the magnitude of the induced current and the frequency spectrum which will couple 
into the system. While all three situations can exist, only the third one is being stud¬ 
ied initially in the AFRRI simulator. 

In the experimental design it was decided to test animals in an environment which 
was excessive in terms of peak electric field, pulse rise time, and pulse repetition 
rate in order to amplify any measurable changes. This is particularly important in 
view of the differences in geometry between man and the animal model (small rodents), 
and the fact that no prior evidence exists to indicate which parameters of the electro¬ 
magnetic field would be most important. 

The AFRRI EMP system specifications are as follows: 

transmission line: parallel plates, 122 cm wide, 10 m long, 
56 cm separation, 95 0 impedance (with 
animal load and in shielded room) 

power supply: 

energy storage capacitors: 

two ± 150 kV dc supplies 

four 5-nF tubular capacitors, two series 
banks of two parallel capacitors; total 
capacitance in banks 5 nF 

spark gaps: 

pulse shape: 

rise time: 

fall time: 

triggered, pressurized switch 

double exponential 

4-5 nsec (10-90 percent) 

550 nsec (to l/e of peak) 
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peak field strength: 

pulse repetition rate : 

energy per pulse: 

field power density: 

system line impedance: 

spectral content: 

10-500 kV/m 

up to 7 pps ; single shot 

160 joules maximum 

66.3 kW/cm2 peak (at 500 kV/m) 

95 ft 

double exponential. 

A second facility is available at AFRRI which was initially built in-house as a 
model for tests and design studies. With its present configuration this facilitv will 
deliver fields of about 300 kV/m and pulse rise times of about 20 nsec. This system 
is being used for behavioral studies on rhesus monkeys. 
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