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FOREWORD

This FY 1971 Annual Progress Report {s a general review of research
activities of the U. S. Army Medical Research Institute of Infectious
Diseases, Frederick, Maryland, conducted under Project 1B662711AN96,
Medical Defense Aspects of Biologicai Agents (U) and a small effort
under the In-house Laboratory Independent Research Program (ILIR).

The project 1s divided into three tasks:

1B662711A096 01 - Pathogenesis of Infection of Military Importance.

1B662711A096 02 - Prevention and Treatment of Biological Agent
Casualties,

1B662711A096 03 - Laboratory ldentification of Biological Agents.

Nine contracts are currently in effect with educational institutions
or industrgal firms. Reports are available through DDC.

Tasks of the basic project are subdivided into work units, each identi-
fied by a three digit suffix. Numbers have been assigned in accordance
with the following scheme:

General 001-099
Bacterial Diseases 100-299
Rickettsial Diseases 300-399

Viral Diseases 4N0-699
Mycotic Diseases 700-799
Intoxications 87.)-899
Contracts 900-999

Four appendices are included covering the Guest Lecture Series,
Professional Staff Meetings, Formal Presentations and Briefings and a
list of publications of the Institute for the Fiscal Year. An index
by authors follows the main report,

In conducting the research described in this report, the investigators
adhered to the '"Guide for Laboratory Animal Facilities and Care,' as
promulgated by the Committee on the Guide for Laboratory Animal Facilities
and Care of the Institute of Laboratory Animal Resources, National Academy
of Sciences-National Research Council.

1 July 197}
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BODY OF REPORT

Project No. 1B662711A096: Medical Defense Aspects of Biological Agents (U)
Task No. 1B662711A096 0l: Pathogenesis of Infection of Military Importance

Work Unit No. 096 01 00l: Metabolic and Physiological Studies in Experimental
Infectious Diseases

Descrigtion:

Study early changes in metabolism and physiology induced by
experimental disease.

Progress, Part I:

Alteration of renal function during systemic infectious illnesses in
man has been evaluated in a retrospective fashion. A depression of glomerular
filtration rate (GFR) has been demonstrated in cholera even after adequate
fluid replacementl' (Amer. J. Med. 35:58, 1963). Normal GFR, as measured by
creatinine c eg ance, was demonstrated in most patients with malaria, even in
severe cases®r=’ (Amer. J. Med. 43:735,745, 1967). Renal function declines
in parallel with mean arterial blood pressure in staphylococcal sepsisﬁ
(Ann. Surg. 162:161, 1965). Numerous studies have demonstrated the decline
of urinary Na excretion and a fall in serum N? concentration occurring once
certain infections are clinically apparenté;ﬁ (J. Clin. Invest. 5:229, 1928;
Amer. J. Dis. Child. 107:476, 1964).

Previous studies at this Institute have surveyed the sequential changes
in urinary volume and electrolyte excretion which occur in volunteers
inoculated with sandfly fever virus?/ (Ann. Intern. Med. 67:744, 1967).
Urinary electrolyte excretion was markedl; decreased by the 3rd day after
inoculation, and appeared to be related to decreased dietary intake. These
studies did not contain specific measurements ..r renal function.

Concentrating defects have also been described. Free watg; reabsorption
induced with vasopressin during human staphylococcal pneumoniaZ’ (Metabolism
11:1181, 1962;. Also, renal concentration defects have been demonstrated in
the rat during several types of infection?/ {(J. Clin. Invest. 49:1427, !9790)
and were thought to be directly related to the degree of renal invasion by
the infecting organism.

Thus, both animal and human studies have shown changes ir renal
filtration and concentrating ability and urinary excretion of water and
electrolytes during infection,




e work to be deseribed concerns prospective studfes performed In
rhesus monkevs with blood borne bacterfal infections.

Renal Function Studies--Cross parameters of renal function were measured
in 12 conscious chaired monkeys. Following volume expansion with hypotonic
saline, 6 monkevs were inoculated intravenously (IV) with virulent
Diplococcus pneumoniae; 6 control monkeys were sham-inoculated with saline.
In the bacteremic group, GFR remained stable and effective renal plasma flow
(ERPF) showed a mild rise. Free water clearance (CH O) became markedly
depressed (p < .0l) within 1 hr of inoculation and rgmained depressed for
several nhours; this depression was shown to be independent of GFR, plasma
osmolality, temperature or chinges in extracellular volume (ECV); it was
thought to be mediated by infection-stimulated antidiuretic hormone (ADH)

i release,

f Body Composition Studies--Seven ccnscious chaired monkeys were studied before
and after IV incculation wirh 1.0 x 108 Salmonella tvphimurium organisms over

; a 9-day period. After inoculatin, GFR and ERPF declined significantly. Cardiac
index increased but stroke volume remained unchanged. Monkeys became

i edematous and body weight increased approximately 10% from control levels

‘ despite a dietary intake below normal. Plasma volume and ECV rose significantly
i but could not entirelv account for the increase in body weight. Total body
water studies are incomplete at this time. Serial muscle biopsy studies were
also performed but results are not yet available. Total exchangeable K was
measured in 3 monkeys with no significant change from control levels, These
data are belng compared with control non-infected monkeys studied in an
identical fashion before drawing tinal conclusiéns,

Sumnary, Part 1:
Depression of free water clearance via the kidney occurs within 1 hr of
pneumococcal bacteremia. Excessive water rcetention has been demonstrated in

monkeys infected with S. typhimurium studied over an 8-day period.

Progress, Part II:

Many authors haY% reported normal values for blood gas-acid base balance
in rhesus monkuysigi_;/ (Radiat, Res. A:4740, 1957; Temas de Medicina. p. 61,

1965; Proc. Soc., Exp. Biol. Med. 128:1183, 1968; J. Appl., Physiol. 28:108,

1970) . However, no attempt has been made to (a) sample a large numher of

monkeys, (b) study sequential changes in blood gas-acid base balance, (c)

study the response to surgery or (d) study the effects of infection., In . $
add{tion, normal lactate values have not been established for the rhesus

monkev.

The purpose, then, for this study {s to correct these deficiencies, ] i




Rhesus monkeys of both sexes, weighing 2.2 - 5.0 kg, were used.
Blood samples were taken percutaneously from a femoral artery (in
noncatheterized monkeys) into a heparinized glass syringe. The monkeys
were given phencyclidine HCl (1.5 mg/kg) and atropine sulfate for the
sampling procedures.

Blood for lactate determinations was immediately deproteinated in
ice cold 10% tricholorocacetic acid, centrifuged, and the supernmatant fluid
was stored in a CO; freezer until the determinations could be made.

pH, pCOy and p0O, values were immediately determined on the remaining
blood sample using an Instrumentation Laboratories Model 113 pH/blood gas
analyzer. Hemoglobin, temperature and white cell count (WBC) and
differential were also monitored. pH was corrected for temperature 7nd
bicarbonate concentration ([{HCO3]) was determined using a nomogramlﬁ

(Scand. J. Clin. Lab. Invest. 15 (Suppl 70), 1963).

Effects of surgery -- Early attempts to determine normal pH and blood gas
values were accomplished using monkeys in restraint chairs; arterial catheters
and thermocouples (for temperature measurement) had been installed surgically.
It was noted that the catheterization procedure alone caused a rise in pH

and drop in pCOp. These values returned to normal or near normal (relative

to published normal valuesl0-13/ybyut did so only after a period of 10-15

days; some never returned to normal. This same phenomenon was seen after
surgery in monkeys whose normal blood values were known. In addition, some
animals seemed to 'do poorly" after catheterization. Thus, to save time and
animals, it was decided to perform all future studies using noncatheterized
monkeys.

Normal values -- Normal values for pH, pCO2,p0), [HCOS], and lactate were
determined on 30 caged monkeys from the Animal Resources (USAMRIID) primate
colony and on 16 monkeys from the same source that had been sitting in
restraint chairs for 2 - 10 days. ([The number of monkeys in the chair-
restrained group will continue to grow as this study proceeds}. Normal values
for caged monkeys are shown in Table I and those for chair-restrained monkeys
in Table II (each value is the mean *+ SD). As can be seen, the values for
these 4 parameters agree closely. pCOj and [HCO§] are only glightly lower

in the caged group.




TABLE T, NORMAL VALUES FOR 30 CAGED RHESUS MONKFYS.

PARAMETER ~ WOUR ~ “Ninweg ~ " -
OF 0F MEAN + SD RANGE
— W@Cu.,__§@?§£§m__”w“w_“w_Q“~__““_“_“_
PH 0800 25 7.41 + 0.06 7.223 - 7,514
1000 26 7.40 + 0,08 7.157 - 7,525
1400 5] 7.41 ¥ 0.07 7.174 - 7,530
1600 27 7.42 + 0.06 7.238 - 7,526
1900 27 7.46 + 0,07 7.239 - 7,59
2100 28 7.46 ¥ 0,04 7.36F - 7.572
160 7.43 +0.07 7.157 < 7.596
pCOH 0800 25 27.4 + 4.0 20.8 - 36.0
1000 26 28.8 + 3.9 21,2 - 34,9
mm Hg 1400 27 29.4 ¥ 2.8 26.2 - 33,5
1600 o7 27.5 + 2.8 22.8 - 32.6
1900 27 29.8 + 5.2 21.1 - 37,9
2100 28 31.5 + 5.1 20.3 - 39,9
160 29.1 + 4.3~ 20,3 -739.9
POy 0800 25 73.9 + 5.7 63.0 - 85.5
1000 26 68.0 + 5.8 60.5 - 78.5
mm Hg 1400 27 76.8 + 9.9 61.0 - 94,0
1000 27 75.6 ¥ 6.7 64.0 - 90,5
1900 27 76.0 + 7.3 65.5 - 94,0
2100 28 76.9 + 7.3 60.0 - 91,0
160 4.2 7.7 60.0 - 94,0
[HCO3] 0800 25 16.9 + 3.6 7.9 - 23.0 ‘
1000 26 17.6 + 3.7 10,0 - 22,9
miq/L 1400 27 18.3 + 3.4 1.0 - 25,0
1600 27 17.3 + 3.1 10.4 - 235
1900 27 20.6 + 5.3 8.8 - 31.9
2100 28 22.3 4 4,0 14.3 - 31.6
160 18.9 + 4.3 78 319 A
Lactate 0800 24 3.5 + 2.4 0.5 - 8.0
1000 25 4.5 + 3.5 0.8 - 13.8
1400 2 3.2 + 2.8 0.6 - 9,1
1600 27 3.9 + 2.9 0.9 - 11,2
1900 en 2.7 + 2.4 0.6 - 9.8 !
2100 28 2.5 + 1.4 0.7 - 5.8
158 EREFNA 0.5 -T13.8
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TABLE 11, NORMAL VALUES FOR 16 CHAIRED, RESTRAINED RHESUS MONKEYS
PARAMETER HOUR NUMBER OF
OF SAMPLES MONKEYS MEAN + SD RANGE
DAY
pH 0800 51 13 7.41 + 0,06  7.241 - 7.519
1000 37 12 7.44 ¥ 0.06  7.341 - 7.566
1400 69 16 7.43 ¥ 0.04  7.333 - 7.547
1500 20 7 7.43 ¥ 0,05  7.349 - 7.564
177 7.42 + 0.05  7.241 - 7.566
pCO» 0800 S 13 32.7 + 3.1 26,9 - 41.2
1000 37 12 33.5 ¥ 5.4 26,4 - 43.8
mn Hg 1400 69 16 33.5 ¥ 4.9 24.5 - 46.0
1500 20 7 31.7 + 4.8 25.2 - 39.7
177 33.1 + 4.6 244 - 46.0
F p0y2/ 0800 45 13 75.6 +9.3  60.0 - 99.5
1000 35 10 75.7 ¥ 5.9 62.5 - 89.0
m Hg 1400 67 15 76.0 ¥ 7.8 61.0 - 95.5
1500 18 8 75.1 % 7.4 62.5 - 90.5
165 75.7 + 7.8 60.0 - 99.5
[HCO3] 0800 51 13 20.0 + 3.7 10.4 - 29.5
1000 3j7 12 22.1 ¥ 5.1 4.1 - 31.6
mEq/L 1400 69 16 21.8 ¥ 4.2 4.2 - 33.7
1500 20 7 20.7 % 4.3 15.4 - 28.7
177 21.3 + 4.3 10.4 - 33.7
Lactate 0800 42 13 2.0 + 1.2 0.3 - 8.3
1000 34 10 1.6 ¥ 1.7 0.4 - 8.9
mEq/L 1400 59 16 1.5 % 1.0 0.4 - 5.6
1500 17 7 1.9 % 1.3 0.6 - 4.8
152 1.7 + 1.4 0.3 - 8.9

a. 17 animals in the group
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Values on individual monkeys varied considerably over different time
Periods on different days (Table ITT). However, the average value for 30
monkeys for 6 time periods (0800, 1000, 1400, 1600, 1900 and 2100 hours)
and for 16 monkevs for 4 time periods (0800, 1000, 1400, 1500 hours) showed
no significant variation. This indicates that although individual monkeys

vary in their hourly and daily levels, this variation does not form ‘a
cyclic pattern,

The larger difference noted in mean lactate levels between the 2
groups is possibly due to the difference in activity. Caged animals were
still free to roam about the cage, while chair restrained monkeys tended
to sit quietly throughout the day. This difference in muscular work would
be expected to result in a higher lactate level in caged monkeys. None of
the monkeys were hypoxic, and none showed evidence of frank disease so these
causes of hyperlactatemia can probably be discarded.

In both caged and restrained monkeys, values for pH agreed well with
previously published values for the rhesus monkey. Values for pCO,,
[HCO3) and pO, agreed with some published data for the rhesus, but are
somewhat lower than corresponding human values (Table IV). Blood lactate
levels in monkeys appear to be higher than in humans at rest.

The higher lactate levels in monkeys can probably be explained on the
bagis of increased exercise relative to resting humans, but the low pCO2 and
[HCO3] levels found in both groups are harder to explain. These may be the
result of unknown prior conditions which have caused a loss of total CO2, or
may reflect the fact that monkeys have lower levels for pC02 and [HCO§].

The latter possibility seems unlikely,

It 1s interesting to note that variation in individual parameters as
reflected in their standard deviations was equal to or less than the
variation in those same parameters as measured by most other investigators.
This may be due to the larger number of monkeys used in this study.

Effects of Infection -- In chaired, noncatheterized rhesus monkeys infected
IV with D. pneumoniae resulted in a variable rise in pH, a drop in pCO, and
a drop in [HCO§ . The rise in pH coupled with a drop in pCO; indicates the
presence of respiratoryv alkalosis. Hewever, this relationship does not have
a quantitative correlation. The drop in [HCO3] may be due to: (a) a loss of
total CO, due to "blowing off'" of COy or (b) a response to some metabolic
change which i1s reflected in the [HCOj] level. Although (a) is favored by
this investigator on a subjective basis, neither cause can be ruled out.

Blood lactate values were variably increased after D. pneumoniae
infection. The rise varied from 165% to 580% of the individual's control
values; this large variability is reflected in the large standard
deviations given for each time period. The rise did not have a
quantitative correlation with any other acid-base parameter although {its
occurrence corresponded to the changes in pH, pCOy and [HCOS]. The rise in




TABLE III. VALUES FOR SELECTED MONKEYS SHOWING THE VARIATION
POSSIBLE IN BLOOD GAS-ACID BASE PARAMETERS
MONKEYS3 p Oy p07 [HCO3] Lactate
Condition (1)  Hour pH mmH g mmHg mEq/L mEq/L
Chaired (547) 0800 7.36 30.9 78.0 16.8 1.2
1000 7.34 37.3 80.5 19.6 1.2
1400 7.38 39.4 84.5 22.7 1.3
1500 7.40 39.4 73.0 23.3 0.8
(610) 0800 7.46 31.7 86.5 21.5 0.9
1000 7.37 42.8 78.0 23.0 0.9
1400 7.49 28.2 85.0 21.0 2.1
1500 7.48 39.3 79.5 28.7 ———
Caged (788) 0800 7,22 20.3 82.5 7.9 9.3
1000 7.46 24.3 77.5 16.9 2.2
1600 7.41 27.8 80.0 17.0 5.9
2100 7.47 28.3 81.0 20.4 1.6
(804) 0800 7.41 32.2 72.5 19.6 6.7
1000 7.39 34.4 62.5 20.4 5.8
1400 7.49 33.5 80.0 25.0 1.2
1600 7.40 28.4 67.0 16.7 7.6
1900 7.39 36.1 72.5 21.0 1.1
2100 7.45 39.0 81.0 26.1 2.9

e e i

b s s s s b
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TABLE IV, NORMAL VALUES FOR MONKEYS COMPARED TO DATA FROM OTHER
INVESTIGATORS (MEAN + SD)

SOURCE: .
spec.ics) ) mm Hg mm Hg mEq/L mEq/L
RHESUS

Present Study

Chaired  7.42 + 0.05 33.1 + 4.6  75.7 + 7.8  21.3 + 4.3 1.7 + 1.4
(30)
Caged 7.43 £ 0.07 29.1 4+ 4.3 74.2+ 7.7  18.9 + 4.3 3.4 + 2.7
(14)
Ref. 11 7.43 + 0.07 42,9 + 8.5 26.7 + 4.258/
(14)
Ref. 13 7.46 + 0.04 42.6 + 1.0  100.8 + 7.0
(6)
Ref. 10 31 65
(4) o ’
CYNOMOLGUS
Ref. 12 7.25+0.08 28 +5 109+ 10
(45)
Ref. 13 7.47 + 0,02 38,8 + 2.7 100.7 + 4.2
(6) ~
HuMaNLS/ 7.35 - 7.45 35 - 45 75 - 100 24 0.6 - 1.8

a. Standard HCOS.
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TABLE V. EFFECT OF D. PNEUMONIAE INFECTION ON pH, pCO;, HCO; AND LACTATE

OF MONKEYS
% OF CONTROL (100%) r
.
TIME am
DAY  pm pH pCO;
Infected Controls Infected Controls
0 pm 99,7 + 0.6 100,1 + 0.5 103.8 + 21.9 97.2 + 22.9
1 am 100,1 £ 0.C 99,7 + 0.3 75.3 ¢+ 10.3 91.8 * 8.6
pm 100.5 + 0.6 99,9 + 0,7 70,2 + 13.0 85.3 £+ 10,2
2 am 100.1 = 0.7 99,7 + 0.6 72,5 + 12,9 93,6 + 10.6
pm 100.8 + 0,6 99,9 + 1,0 65.5 t 15.5 89,3 + 11,2
3 am 100,8 + 0,7 100.3 + 0,7 77.1 £+ 14,4 97.3 £+ 14,1
pm 100.8 £+ 0.8 100,3 + 0.7 70.6 £ 1l1.4 92,9 ¢ 9.1
4 am 100,0 £ 0,9 89.6 £ 24,1 110,0 + 23.8
pm 100,7 =+ 1.4 100,55 + 1.8 81.2 + 17.0 96.4 + 19,2
fHco; ] Lactate
0 pm 99,2 + 20.1 96,1 *+ 18,2 157.8 + 55.8 152.4 + 163.7
1 am 73.1 + 13.8 85.6 + 13.0 96.6 + 42.3 86,2 + 83.8
pm 76,1 + 13,1 82.1 £ 16,7 177.7 £ 33.8 114.7 + 18.5
2 am 74.4 t 15,4 84.0 £+ 8.3 323.4 + 163.7 188.3 £ 141,1
pm 76.4 + 22,1 87.7 + 28.7 185.5 * 5.4
3 am 89,5 + 21.2 99,3 + 23,2
pm 83.5 + 2 94.5 + 23.4 160,9 + 93,7 79.9 + 20,2
4 am 112.5 + 40,7
pm 96.1 * 34,6 112,6 * 49.4 181.6 + 61.2 161.8 + 140.8
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blood lactate also corresponded to postinfection swelling and edema of

the legs and feet of the infected monkeys. Although this appears to be the
closest to a quantitative correlation when viewed subjectively, no objective
measurements have been made., Thus the cause of the rise of lactate values
postinfection ir still undetermined.

Since this studv 1s not vet completed, no attempt has been made to apply
statistical analysis to the data. Future work will include an attempt to
elucidate the causes of these acid base-blood gas changes. In addition the
study will be expanded to include a gram negative infectious organism, e.g.,
Salmonella,

Summa.y, ’art II:

Normal values for acid base-blood gas parameters have been determined
for individuals in *the USAMRIID primate colony. Values were determined for
6 time periods on caged rhesus monkeys and 4 time periods on chair-restrained

monkeys. The overall average values for pH, pCO2, pPOjp, HCO3 and lactate did
not differ for the 2 groups.

The procedure of arterial catheterization resulted in a respiratory
alkalosis lasting 10-12 days or longer. Infection of rhesus monkeys with
D. pneumoniae resul:ed in a respiratory alkalosis plus a variable rise in
lactate levels. Mechanisms for these changes have not been determined.

Presentations:

1. Bellanti, J. A., M. C. Yang, R. I. Krasner, P. J. Bartelloni, and
W. R. Beisel. Studies of leukocyte function in the human during experimental
sandfly fever virus infection. Presented at Annual Meeting of the Federation

of American Societies for Experimental Biology, Chicago, I11. 12~17 April 1971.

Publications:

1. Bilbrey, G. L., and W. R. Beisel. Nov. 1970. Depression of free
water clearance (Cy 0) during pneumococcal bacteremia. Proc. Am. Soc.
Nephrology, p.8 (abstract)

2. Bellanti, J. A., M. C., Yang, R, I. Krasner, P. J. Bartelloni, and
W. R. Beisel. 1971. Studies of leukocyte function in the human during
experimental sandfly fever virus infection, Fed. Proc. 30:396 (abstract).

3. Biltrey, G. L., and W. R. Beisel. 1971, Depression of free water
clearance during pneumococcal bacteremia. J. Infect. Dis. In press.

LLITERATURE CITED
1. Beisel, W. R., R. H, Watten, R. Q. Blackwell, C. Benyajati, and

R. A. Phillips. 1963. The rcle of bicarbonate pathophysiology and therapy
in Asiastic cholera. Amer., J. Med. 35:58-66.




13

2. Brooks, M. H., J. P, Malloy, P, J. Bartelloni, W. D. Tigertt,
T. W. Sheehy, and K. G. Barry. 1967. Pathophysiology of acute falciparum
malaria. 1I. Correlation of clinical and biochemical abnormalities. Amer.
J. Med. 43:735-744,

3. Malloy, J. P., M. H. Brooks, and K. G. Barry. 1967. Pathophysiology

of acute falciparum malaria. 1I1. Fluid compartmentalization. Amer. J. Med.
43:745-750.

4. Skinner, D. G., and M. A, Hayes, 1965. Effect of staphylococcal
toxin on renal function: Irreversible shock. Ann. Surg. 162:161-180.

5. Soale, H. C., T. E. Buckman, and D, C. Darrow. 1928, Blood
volume in fever, J. Clin. Invest. 5:229-242.

6. Gonzales, C, F,, L, Finberg, and D, D. Bluestein. 1964,
Flectrolyte concentration during acute infections. Amer. J. Dis. Child. 107:
476-482,

7. Beisel, W. R,, W. D. Sawyer, E., D. Ryll, and D. Crozier, 19067.

Metabolic effects of intracellular infection in man. Ann. Intern. Med. 67:
744-779,

8, Stormont, .J. M., and C. Waterhouse. 1962, Severe hyponatremia
associated with pncumonia. Metabolism 11:1181-1186,

9. Kaye, D., and H. Rocha. 1970, Urinary concentrating ability in
early experimental pyelonephritis. J. Clin. Invest. 49:1427-1437.

10. Brooks, P. M., E. 0, Richey, and J. E. Pickering. 1957, Prompt
pulmonary ventilation and oxygen consumption changes in rhesus monkeys
associated with whole~body gamma-irradiation. Radiat. Res, 6:430-449.

11. Lees, M. H., M. R. Malinow and J. T. Parer. 1965,
Cailorespiratory function of the rhesus monkey during phencyclidine
analgesia. p. 61 to 69. In: L. B. Decourt (ed.) Temas De Medicina.
Livro-Homenagem, Sao Paulo, Brazil.

12. Banerjee, C. M., Y. Alarie and M. Woolard. 1968. Gas tension in
conscious monkeys. Proc. Soc. Exp. Biol. Med. 128:1183-1185.

13, Munson, E., S., J. R, Gillespie, and I. H. Wagman. 1970.

Respiratory blood gases and pH in two species of unanesthetized monkeys.
J. Appl. Physiol. 28:108-109.

14, Siggaard-Andersen, 0. 1963, The acid-base status of the blood.
Scand. J. Clin., Lab, Invest. 15 (Suppl 70): 1-134.

15. Castleman, B. (ed.) 1970. Normal laboratory values. New Eng,
J. Med. 283:1276-1285.




o B i

~- s
A RN WU

e




PRECEDING PAGE BLANK P

ANNUAL PROGRESS REPORT

Project No. 1B662711A096: Medical Defense Aspects of Biological Agents (U)
Task No. 1B662711A096 01: Pathogenesis of Infection of Militarv Importance
Work Unit No. 096 01 002: Role of Hormones in Infectious Disease
Reporting Installation: U. S. Army Medical Research Institute of Infectious
Diseases
Fort Detrick, Maryland
Division: Physical Sciences
Period Covered by Report: 1 July 1970 to 30 June 1971
Professional Author: Frederick R. DeRubertis, Major, MC

Reports Control Symbol: RCS-MEDDH-288(R1)

Security Classification: UNCLASSIFIED




I

rk 1. AGERCY ACCEINONT |5 DATE OF SUUBANYE RSPORT CONTROL SYMBOL

RESEARCH AND TECHNOLOGY WORK UNIT SUMMARY DA OLOSC1 71 07 01 DD-DR&E(AR)6 36

S DATE PREV SUNWAY |4 XIND OF SUNNARY S SUMMARY SCTVY PORR ECUM Y . RESAADING® oRwN e Te's SPRCIFIC DATA - . LEVEL OF sum

71 01 06 | D. CHANGE i U NA NL P‘;‘,‘:"”[j‘:" r A wour mav

10 WO /CODES ® PROGRAN ELEMENT PROJEC T NUMBER TASK AREA NUMBER WORK UNIT NUMBER

< eamany 62711A 1B662 711A096 01 ' o2

b CONTRIBUTING RN e e e :

< JFI4%FF{__KDOG 12126 (9) K

11 TITLE (Preceds with Socurity Cloasiliication Code)® (1 1)

(U) Role of Hormones in Infectious Diseaseof Militery Medical Importance

12 SCIENYIFIC AND TECHMOLOGICAL Allllt

003500 Clinical Medicine; 002300 Biochemistry; 004900 Defense

V3 SYART GATE 4. E3TIMATEOD COMPLETION DATE TS PUNGING AGENCY 6. PARPORMANCE MEYHOD
62 07 CONT DA [ C. In-house
(et VLN O . AEIOURCES ESTimATE & PROFESHONAL MAN YRS A PUNDS (0 heveands)
: :‘:::/::’\.C"vl EXPIAAYION . . 71 1 60
o tyeg NA 4 AMOUNT: V:‘i:
a KINDOP AWARD f1CUM. AT, l 72 1 71
19 RESPONSIGLE DOD ONGANITATION 2. PEAFORMING ORSANIEA TION
we+  USA Medical Research Institute of waee Physical Sciences Division
Infectious Diseases USAMRIID
soomess* Fort Detrick, Md 21701 soomess®* Fort Detrick, Md 21701

PRINCIPAL INVESTICATOR (Fumieh S8AN I U 3. Acadomic [relintion)

DeRubertis, F, R,

ALSPONIOLE (MDIVIDUAL waug:®

s Crozier, D. receenone. 301 663-4111 Ext 5158

TELEAPHONE. 301 663_&11 1 EXt 5233 SOCIAL SECURITY ACCOUNT NUNMBER'

nNIIAL ust ABBOCIATE INVESTISATONS

NAME:
Foreign intelligence considered. ywrs DA

Lﬁ?’ﬁ??&i’a; HOTTOREa: XUy Kietics; (U) Pneumococcus; (U) Catecholamines; (% ] lin;
(U) Encephalitis; (U) Sandfly fever; Gr hormone; (U) Radioisotope

TYECuNICAL OBIRCTIVE, ® 24 APPROACH, 10 PROGRESLS (Pumieh Indl vidus! paragraphe identifted by number Precode tont of soch wilh poswily Clossificetian Code.)
FZ! 5 Study the role of hormones in host response to infection.

24 (U) Isotope tracer techniques are employed in assessing cellular uptake and subcellu-
lar distribution of hormones during acute infection.

25 (U) 70 07 - 71 06 - Evidence for enhanced cellular thyroxine binding was obtained in
vivo during acute pneumococcal infection in the rhesus monkey. This phenomenon might
contribute to the increased turnover of thyroxine previously reported and suggests early
Elteration in peripheral avidity for thyroxine as a mechanism initiating enhanced turn-
ver and secretion.

Publication: Clin, Invest, 50:378-387, 1971.
Clin. Res. 19:371, 469, 1971.

ile Mo to contrect

D..x.1498

S —————
PREVIOUS EDITIONS OF THIS FORM ARE DB8SOLETE. DD FORAMS 1490A 1 NOV a8
AND 1498-! 1| MAR ¢8 (FOR ARMY USE) ARE OBSOLETE




17

BODY OF REPORT

Project No. 1B662711A096: Medical Dcfense Aspects of Biological Agents (U)
Task No. 1B662711A096 01  Pathogenesis of Infection of Militaryv Impo:tance

Work Unit No. 096 01 002: Role of Hormones Iin Infectious Disease

Description:

Study the role of hormones in host response to infection.

Progress:

Increased metabolic clearance of both L-thyroxine (T4) and
L-triiodothyronine (T3) has been observed during acute pneumocqeccal infection
in manl/ (J. Clin. Endocr. 27:93, 1967) an”’ the rhesus monkeyg. (J. Clin.
Invest. 50:378, 1971) accompanied by probable increased glandular hormonal
secretion.2/ In the rhesus monkey the concurrent increased clearance c€ T4
and T3 and the absence of changes in the distribution of T4 among its major
serun binding protein early in the course of t?is infection suggested an
enhanced cellular binding of thyroid hormone.2/ The latter event might
initiate the observed acceleration of peripheral hormonal clearance and the
subsequent increase in glandular secretion. The present studies were
conducted in an attempt to evaluate (a) cellular uptake and binding of T4
in vivo early in the course of acute pneumococcal infection, (b) to identify
differences in infection, if any, in the uptake of hormone by the major
binding organs (liver and kidney), (c) to identify differences if any, in
the subcellular distribution of hormone, and (d) to assess whether the
increased metabolic clearance of thyroid hormone which occurs during ,neumo-
coccal infection 1is accompanied by evidence of enhanced biologic action of
hormone at the cellular level.

Studies were conducted in chaired male rhesus monkeys who after a
period of adaptation were intravenously (IV) inoculated with either 108
viable or heat killed Diplococcus pneumoniae. Cellular uptake of thyroxine
(CT4) was assessed using a double isotope (albumin - 1251 and T4 - 1317)
two-compartmental (albumin space and cellular space) kinetic model previously
described.l/ (J. Clin. Invest, 46:762, 1967). At either 12 or 24 hr after
inoculation with pneumococci monkeys were given 10 uCi each of albumin -

251 and T4 - 1311 1v: blood samples were obtained at 10-min intervals for
the next 60 min. CT4 was calculated from the difference in the
instantaneous distribution volumes of the 2 isotopes. Hepatic and renal
uptakes were estimated by whole organ counting and by a biopsy technique,l
both methods yielding similar results. 1In more recent experiments hepatic
subcellular distribution of T4-1311 was evaluated employing a standard
cell separation procedureﬁ (Biochem. J. 92:179, 1964) and appropriately
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correcting serum contamination of each subcellular fractionéj (Endocrinology
84:270, 1'69). To assess extracellular T4 protein binding, the proportion
of free T4 (FT4) in serum was measured by equilibrium dialysisé/ (J. Clin,
Invest. 47:1710, 1968) and absolute serum free T4 values (AFT4) calculated
from the product of total serum T4 concentration and percentage FT4.

CT4 calculated 60 min after isotope injection was significantly
increased in monkeys studied 12 and 24 hr after infection. The increased
CT4 in the infected monkeys was apparent within 10 min. Analysis of the
albumin - 1257 and T4 - 1311 serum disappearance curves indicated that
the increased CT4 in the control and infected monkeys was due to a more
rapid disappearance of T4- 1311 in the infected population., The early
appearance of this change made it unlikely that metabolism of hormone
contributed importantly to the accelerated T4 disappearance.

Increased CT4 in the infected monkeys was not accounted for by
either increased hepatic or renal uptake, which expressed as % administered
dose of T4 - 1311 were not statistically different in control and infected
groups, These results suggest that other cellular sites may be involved in
the enhanced CT4 observed during this infection. However, with the
currently employed techniques the specific sites involved could not be
identified.

FT4 and AFT4 at 12 hr were not significantly different in control and
infected monkeys. Thus in the infected monkeys the increased CT4 appeared
to precede any detectable decrease in extracellular protein binding of T4,
suggesting an increase in cellular binding of hormone e.rly in this
infection.

Only preliminary cata has been obtained on the hepatic subcellular
distribution of T4 - 13i1 in pneumococcal infection in the rhesus. No
marked changes have been observed. Initial experiments suggest and a small
decrease in the proportion of labeled hormone found in the soluble fraction.
However, no conclusions are warranted at present,

An attempt was made to determine whether the accelerated peripheral
turnover of thyroid hormone during pneumococcal infection was associated
with evidence of increased rellular biologic action of hormone by measuring
the activity of hepatic mitochondrial a-glycerophosphate dehydrogenase
(HMGPD). This enzyme is known to be quite readily and rapidly induced by
thyroid hormone administration in the rat!/ (J. Biol. Chem. 240:1427,

1965) and {s known not to be induced by glucosteroids. It thus appeared to
be an appropria?e tool to employ 1in acute infection. The method of
Ruegamer et a18 (Endocrinology 75:908, 1964) was used in assaying enzyme
activity. In our hands increased activity of HMGPD in rats could be
demonstrated with this method within 12 hr after a single parenteral dose
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of T3. Unfortunately no increase in HMGPD could be demonstrated in the
rhesus monkey even after prolonged administration of large doses of T4 and
T3. Similarly no increase in activity of this enzyme was observed in monkeys
examined 24 and 48 hr after IV pneumococcal infection. When, however,

HMGPD activity was examined in rats 24 hr after pneumococcal infection a
small increase was noted. This observation is being examined further.

Summarzb

Evidence for enhanced cellular thyroxine binding was obtained in vivo
during acute pneumococcal infection in the rhesus monkey. This phenomenon
might contribute to the increased turnover of thyroxine previously reported
and suggests early alteration in peripheral avidity for thyroxine as a
mechanism initiating enhanced turnover and secretion.

Publications:

1. Woeber, K. A. 1971. Alterations in thyroid hormone economy during
acute infection with Diplococcus pneumoniae in the rhesus monkey. J. Clin.
Invest. 50:378-387.

2. DeRubertis, F. R.,, and K. A. Woeber. 1971, Evidence for enhunced
cellular thyroxine binding in vivo in pneumococcal infection. Clin. Pes.
19:371 (abstract).

3. Winnacker, J. L. 1971, Regulation of growtn hormone secretion in
acute infection. Clin. Res. 19:70 (abstract).

4. Winnacker, J. L. 1971. Augmented growth hromone secretion in acute
infection - A specific response. Clin. Res. 19:469 (abstract).
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and triindothyrnonine turnover during bacterial pulmonary infections and
fever: luplications for the functional state of the thvroid during stress
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2. Woeber, K. A. 1971. Alteratins in thyroid hormone economy during

acute infection with Diplococcus pneumoniae in the rhesus monkey. J. Clin.
Invest. 50:378-387.
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P. Jacques, and C. DeDuve. 1964, Tissue fractionation studies. 17.
Intracellular distribution of monoamine oxidase, aspartate aminotransferase,
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alanine aminotransferase, D-amino acid oxidase and catalase in rat-liver tissue.
Biochem. J. 92:179-184.

5. Schwartz, H. I., G. Bernstein, and J. H. Oppcnheimer. 1969. Effect
of phenobarbital administration on the subcellular distribution of 251 -
thyroxine in rat liver. Importance of microsomal binding. Endocrinology.
84:270-276.
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as assessed by immunoadsorption. J. Clin. Tnvest. 47:1710-1721.
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hormones on L-a-glycerophosphate dehydrogenase and other dehydrogenases
in various organs of the rat. J. Biol. Chem. 240:1427-1436,
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Description:

To study serial changes in tissue enzyme systems during the course of
experimental infection.

Progress and Summary:

The principal investigator for this work unit was separated from the
Army. No further work has been carried out. If the condition is still
the same in January 1972, the work unit will be terminated.
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BODY OF REPORT

Project No. 1B662711A096: Medical Defensc Aspects of Biological Agents (U)
Task No, 1B662711A096 01: Pathogenesis of Infection of Military Importance
Work Unit No. 096 01 005: Evaluation of Normal Colony Animals

Description:

Obtain baseline clinical values, search for pathological lesions, and
establish patterns of disease in normal colony animals,

Progress, Part I1:

Goats and burros were screened for parasiftic infestations and given anti-
helminthic drugs as indicated, Strongylosis was the most frequently occurring
infestation encountered,

Burros were branded; goats were identified with neck chain and tag.

Monkeys - A total of 533 rhesus monkeys (Macaca mulatta) was received by
Animal Resources Section (AR), 537 was the greatest number and 373 the small-
est maintained at one time in the Section. Monkeys were received from Divi-
sions of the U. S. Army Biological Defense Research Center, Fort Detrick, as
follows: 366 from the Animal Farm, 50 from Pathology, 28 from Special Opera-
tions, and 89 from Medical Bacteriology. Of these, 16.7% had natural anti-
bodies against staphylococcal enterotoxin B (SEB).

A total of 165 monkeys was treated for diarrhea, 127 of which werc bloody.
Shigella was isolated in 104 of 142 (73.2%) of the diarrhea cases from which
cultures were ohtained and identified as follows: 97 as Sh. flexneri 4; 5,

Sh. dysenteriae; and 2, Sh. sonnei. Deaths occurred as follows: shigellosis--
3 monkeys; unexpected--9 monkeys, 1 goat, 1 burro foal; euthanitized--7 monkeys
1 goat, and 1 adult burro.

In December 1970 one monkey with signs of severe muscle atrophy and ap-
parent fibrosis was euthanitized and necropsied. The only significant histo-
logical finding was a severe infestation with Sarcosporidia and severc cosino-
philic myositis,

It is evident that the isolation of sick monkeys in a hospital room in
each suite and treatment for a minimum of 3 or 5 days after apparent recovery,
whichever is longer, is helping to reduce the disease problem in relation to
diarrhea,

Eighty monkeys were received from the Fort Detrick Animal Farm Division
on 27 Aug 70, Upon receipt, 32 of the monkeys were placed on 25.0 mg tetra-
cycline HC1 intramuscularly (IM), twice a day for 5 days. In the first 30
days after they arrived, there was no diarrheca in the animals placed on pro-

—




phviactic © (1acyobine,  During the same period, in the 48 monkeys not placed
on prophyiactic tetracycline therapy, there were 14 cases of diarrhea, onc of
which terminated in death, At the termination of the 30-day holding period,
the 3.2 monkeys placed on the prophylactic tetracycline underwent a serics of
10 rectal cultures in an attempt to determine if they were harboring Shigella
organisms in a carricr state, Sh, flexneri 4 was isolated 1-4 times in 12 of
these 32 monkeys, 1t was noted that during the second 30-day period, the
eroup that had not becen on tetracycline prophylaxis had relatively no diar-
rhea, while the group that had been on prophylaxis had an increased incidence
ot diarrhea.

Koch's 01d Tuberculin (KOT) was used for 3223 intrapalpebral tests of mon-
xevs; of which all but one were negative. The one suspect (Monkey No, A-627)
was cuthanitized, There was no evidence of infection with Mycobacterium tu-
berculosis by gross or microscopic examination of ctissue,

AR is presently ordering and delivering feed and bedding for all divi-
sions of the Institute,

Summary, Part I:

Gastrocnteritis continued to be the most common disease problem. Prophy-
lactic therapy with tetracveline HC1 immediately after an animal was received
by AR appears to decrease the diarrhea incidence for the first 30 days, al-
though it appears to have no effect on the animal as a carrier of Shigella
organisms, Due to the diavrhea in this group, it is felt that after the
first 30 days, cven though the diarrhea was reduced, the tetracycline acted
merely as a delaying factor,

Progruss, Part Il:

Blood culture, hemoglobin and hematocrit determinations, and white blood
ccll and differential counts were done on all M. mulatta being issued from AR
Scection,

A study is in progress to determine baseline levels of the following pa-
rameters in conditioned M. mulatta: serum proteins and glycoprotcins; serum
protvin-bound hexese, hexosamine, sialic acid and fucose; haptoglobin-types
and quantitics; and scrum Zn, Fe and Cu., Onec hundred and seventy M. mulatta
/11l be bled for 6 fasting blood samples; and quantitative procedures will be
carried out by Physical Scicences Division,

Summary, Part 1I1:

blood culturcs and hematology arc being done routinely on monkeys leaving
Eldg. 1425, A\ study is in progress to determine baseline levels for a number
of scrum levels of intcrest to the Institute.
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Progress and Summary, Part III1:

As previously discussed elscwhere in this report, 20 normal colony ani-
mals of various species werce necropsied. These represent animals from the
normal colony which cither died spontancously, or were cuthanitized becausc
of various illnesses or disorders. In addition to these animals, members of
the Pathology Division necropsicd and accessioned 678 animals of various
species from other divisions in the Institute., These animals also represent
normal colony animals, although they had been issued and subjeccted to experi-
mental procedures,

The most significant accomplishment of the year, as far as the M, mulatta
colony was concernced, was the absence of tu? rculosis, The vigorous cradica-
tion program following last year's outbreak=/ (USAMRIID Annual Progress Re-
port, FY 1970, p. 21) was apparently effective in eliminating this discace
from the primate colony.

Except for the enteric disorders previously mentioned in the monkeys, the
general health of all species of laboratory ae}mals appears to be markedly
improved, Many diseases previously described=’ were not observed this year,

Publications:
1. Rollins, J. B., C. H, Hobbs, R, O, Spertzel, and S. McConnell., 1970,

Hematologic studies of the rhesus monkey (Macaca mulatta), Lab, Anim, Care
20:681-685,

2, Weil, Jerry D., M. K. Ward, and R. 0. Spertzel, 1971. Incidence of
Shigellae in conditioned rhesus monkeys (Macaca mulatta). Lab. Anim. Sci.
In press,
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BODY OF REPORT

Project No. 13662711A096: Mecical Defense Aspects of Biological Agents (U)
Task No. 1B662711A096 Ol: Pathogenes.. of Infection of Military Importance

Worl Unit No. 096 01 009: Host Amino Acid, Protein and RNA Metabolism
During Infectious Disease

Description:

Study changes in amino acids of blood and tissues in infectious
disease or in conditions induced by other variables.

Progress, Part I:

Earlier data obtained by paper chromatographic separations of whole
blood amino acids revealed that both vacterial and viral infections in
man resulted in a drop in total blood amino acidsllz/ (J. Infect. Dis. 117.
346, 1967; Amer. J. Trop. Med. 16:769, 1967; New Eng. J. Med. 278:293, 190(s&;
USAMU Annual Progress Rep. FY 1968, p. 36; USAMRIID Annual Progress Rep.
FY 1969, p.37).

At 0730 hours fasting concentrations of 21 individual plasma amino
acids were determined by ion exchange chromatography in daily serial samples
from 8 volunteers infected with sandfly fever virus and compared to values
obtained in 6 separate daily preexposure baseline measurements in each
volunteer as well as to serial measurements in 3 unexposed control subjects
(Medical Divisior. Project No. FY 70-1 and 70-3). By 47 hr after inoculation
and before the onse: of fever or other clinical indications of infection,
most individual plaswa amino acids were significantly depressed below
preexposure valuesé/(USAMRIID Annual Progress Rep. FY 1970, p. 35). Such
changes in plasma amino acids did not occur in control subjects, Reduction
in amino acid concentrations persisted until after the lysis of fever and
did not coincide in timing with alterations in white blood counts or serum Zn
and Fe values. Since, urinary total nitrogen, urea and a-amino N wcre not
altered during the course of sandfly fever in these subjects, the early
decrease in plasma amino acid is not related to increased catabolism or
excretion of amino acids. The observed depression in plasma amino acids
began before any reduction in food intake due to anorexia. The magnitude
of the amino acid depression during sandfly fever was far greater than that
reported during starvation or protein deprivation in noniniected subjecrsZA§/
(J. Appl. Physiol. 25:52, 1968; Amer. J. Clin. Nutr. 23:986, 1970) and the
sequence of changes in plasma valine, alanine, and glvcine followed
patterns different from those reported during starvation. It is postulated
that unusually large quantities of certain plasma amino acids were taken up
by the cells of key tissues during this infection and rapidly utilized for




protein synthesis, gluconeogenesis, and/or ketogenesis. Dcprcssiongyf those
amino acids wiiich are thought to be essential for protein svnthesis®
(Biochem. 1. 111:703, 1969), especially the branch-chain group (valine,
levcine and isoleucine) was somewhat greater than that observed for other
amino acid groups,

Plasma phenylalanine responded in a4 manner differcat from that of
the other amino acids; it was decreased on day 2 but bv Jday 4 and 5 was
significantly increased above preinfection values. This resulted in a

| significant increase in the phenylalanine-to-tyrosine ratio from 0.9

! (range 0.62-1.17) in the preexposure period to 1.78 (ranpe 1.37-2,64), during
the febrile phase of sandfly fever. This measurement mav be of value in
detection of infectious illness.

In another study (Medical Division Project No. FY 70-8) the volunteers
were given aspirin and propoxyphene HGCl (DarvonR) during the illness phase
of the sandfly fever virus infection. lUunder these conditions, the clinical
| symptoms, as assessed by degree of febrile response and general malaise,
; were gignificantly reduced but the changes in plasma anino acids were similar
| to those observed in untreated volunteers exposed to the virus, Thus, the
changes in plasma amino acid are not related to elevated body temperature.

Sequential changes in the concentration of individual serum free amino
! acids have, also, been determined in 1l volunteers who were exposed to

105 Salmonella tvphosa organisms (a cooperative study with the Division of
Infectious Discases, i'niversity of Maryland S hool of Medicine, Contract No,
DA49-193-MD-2867). On day 1 the con-centratica of total serum amino acid was
significantly reduced below preexposure values. The levels returned to
control values on day 3 but were again significantly depressed during the
illness phase of the infection. On dav 1 the branch-chain amino acids were
significantlv depressed but at all other time periods thev, as well as the
sum of the amino acid which are essential for protefn svnthesis, were at
preexposure values., Serum alanine, glycine glutamine, preoline and threonine
were decreased at all time periods during the infection and did not return
to normal concentrations until day 27. The marked depression of the serum
glucogenic and ketogenic amino acids and the lesser affect on amino acids
that are essential for protein synthesis were the opposite of the changes
observed in volunteers infected with sandflv fever virus. It is postulated
that during S. typhosa infection, gluconeogenesis .and ketogenesis of amino
acids are greater than during sandfly fever virus infection. Tt is also
hypothesized that the flov of amino acids from muscle to liver is greater

in vo'unteers infected with S. typhosa than with saniflv fever virus.

As was observed In the volunteers exposed to sandflv fever virus the
phenylalaniue-to-tyrosine ratio was significantlv increased from 1,99
(range 0.64 - 1.18) during the control period to 2.04 (range 1.25 - 3.20)
during the illness phase of typhoid fever. Thus, the changes in
phienylalanine~tyrosine ratio were similar in both acute bacterial and
viral infections.
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 Nine volunteers (Medical Division Project No. FY 71-2) exposed to
109+4 nedia tissue culture infectious doses of adenovirus type 21 (ADV-21)
excreted virus in stools and developed specific neutralizing antibodies.
All of the volunteers remained atebrile and had no abnormalities in
hematocrit, complete blood count, platelet count, total, direct and
indirect bilirubin, serum glutamic oxaloacetic or pyruvic transaminases,
alkaline phosphatase, blood urea nitrogen or urinalyses throughout the
28-day study. Tne plasma amino acids were depressed throushout the post-
exposure period with maximal depressions on days 6 and 7. The greatest
depression was observed in prlone, 40% of preexposure concentrations in
some volunteers. Plasma alanine, glutamine, valine and threonine were
also depressed, especially during the later stages of the study. Plasma
aspartate, tryptophan, phenylalanine, methionine and isoleucine were
slightly elevated during the same period. The phenylalanine-to-tyrosine
ratio was not significantly elevated in this study.

These data irdicate that a mild asymptomatic viral infection can
stimulate the movement of amino acids into certain cells with subsequent
synthesis of proteins.

Summary, Part I:

Both viral and bacterial infections in man are characterized by an
early depression in plasma free amino acids, The pattern of change in
individual amino acids appears to be characteristic for the particular
infection under study. The depression appears to result from a flow of
these acids into cells of certain tissues. In acute bacterial and viral
infections the plasma phenylalanine-to-tyrosine ratio is elevated during
the height of illness.

Progress, Part II:

In order to understand the significance of the infection-induced
depression of plasma amino acids, tissue levels were measured during
infection in experimental animal models. The first model employed was
subcutaneous injection of rats with Diplococcus pneumoniae. A
statistical analysis of individual free amino acids of serum, liver and
muscle was calculated from samples obtained at 4, 28 and 52 hr after
exposure to 106 cells. Total frce amino acids were significantly lower
than control values at 28 and 52 hours. Those amino acids that are
essential for protein synthesisg/ were decreased at all 3 time periods
tested. In liver, total free amino acids were decreased at 4 and 28 hr,
but those acids involved in protein synthesis were increased at these
time periods. 1In muscle, total free amino acids were markedly depressed
at 4 and 28, with the greatest decreases being in glucogenic and ketogenic
amino acids. From these observations, it is concluded that amino acids
are being shunted from skeletal muscle to viscera where they are rapidly
synthesized into proteins. To test this hypothesis, infected and noninfected
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rats were injected with 14C-l—aminocyclopentane (cycloleucine) (an amino acid
analogue which is transported into cells but is not incorporated into protein)
and with 3H-leucine. At various times after exposure to D. pneumoniae, the
rats were killed and tissue concentrations of labeled cycloleucine, and bhoth
free and protein bound leucine were measured., As the Infect{on progressed,
the concentration of hepatic cvcloleucine increased while that Lo scrum

and muscle decreased. At 28 hr the livers from infected rats had 2 to 3
times as much cycloleucine as controls. The free 3H-leucine content of liver,
serum, and muscle was not significantly altered by infection. The amount of
tritiated leucine bound to liver protein was slightly increased in infected
animals; 3 times as much 3H-leucine was incorporated into serum protein of
infected rats and cnly half as much leucine was incorporated into muscle
protein in the experimental group as compared to controls. These data
support the conclusion that in infected animals amino acids are being shunted
from muscle to tissues, such as liver, and are being rapidly synthesized into
proteins. Since muscle protein synthesis is markedly reduced, a normal rate
of catabolism would result in the breakdown of muscle protein and could
supply the amino acids for rapid transport to liver.

Monkeys and rats were infected with Salmonella typhimurium, as the
second model infection; sequential changes in individual serum amino acids
were measured by ion exchange chromatography. The pattern of change
observed in monkeys and rats was similar to that in volunteers exposed to
S. typhosa. Rats infected with S. typhimurium and noninfected controls
were injected with 14C-cycloleucine. At 8 hr the liver of the infected rats
had 3 to 4 times as much cycloleucine as controls, at 24 hr, 7-8 times. In
rats infected with D. pneumoniae, an infection characterized by serum amino
acid changes similar to those seen in volunteers exposed to sandfly fever
virus, the maximum increase in cycloleucine content was only 2 to 3 times
that of controls. These data support the hypothesis that during the course
of an infection with S. typhosa the flow of amino acids from muscle to liver
is much greater than in volunteers infected with sandfly fever virus.

In cooperation with the Animal Assessment Division we have developed a
mask that will.allow the measurement of the conversion of 14C-alanine or
pyruvate into = C labeled CO, and glucose. By these procedures we hope to
assess the effect of an infection with D. pneumoniae and S. typhimurium on
gluconeogenesis and ketogenesis.

Recently, it has been reported_that a saline wash from incubated
leukocytes will depress serum zni@sll/ (Fed. Proc. 29:297, 1970; Proc. Soc.
Exp. Biol. Med. 133:128, 1970) and Fell;lgf (Proc. Soc. Exp iol. Med. 134:
1150, 1970) and will elicit a pyrogenic response in rabbitslz (Phyvsiol. Rev.
40:580, 1960). The transport of l%C-cycloleucine into liver cells of rats

was significantly stimulated by injection of a crude extract of leukocvtes;
1 hr postinoculation, the labeled cycloleucine content of liver was
significantly elevated above control levels. 1Its concentration continued
to increase at a logarthmic rate for the next 2 hr, at which time the
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cycloleucine content of the liver was twice that of controls. These data
suggest that the leukocytic extract stimulates active transport of the

amino acids and that che process follows first order kinetics. A heat
inactivated (90C for 30 min) leukocytic extract or a homogenate of leukocvtes
did not stimulatc the transport of cycloleucine into liver cells. Studies are
currently in progress to isolate and characterize the medfator that will
stimulate aminc acid transport into liver cells.

Filtered serum from volunteers infected with S. typhosa was injected
into recipient rats and stimulated the transport of cycloleucine into liver
cells when compared to control sera similarly injected. Thus, the mediator
was present in the serum of the infected volunteers. Procedures are
currently being developed to allow for more sensitive detection of this
mediator in the serum of infected individuals.

In contrast to changes in serum iron and zincla'IS/ (Appl. Microbiol.
18:482, 1969; Proc. Soc. Exp. Biol. Med. 136:584, 1971), endotoxin of
Escherichia coli or the double-stranded polynucleotides, poly I:C or
poly A:U, did not stimulate the transport of cycloleucine into liver cells.
These results suggest that the mediator for the stimulation of amino acids
is different from the one that affects the depression of serum Zn and Fe.

Summary, Part II:

Evidence obtained from 2 model infections, D. pneumoniae and
typhimurium in rats, support the hypothesis that infection-related changes
in plasma amino acids reflect a flow of amino acids from muscle to tissues,
such as liver, and their rapid utilization for protein synthesis,
gluconeogenesis, and/or ketogenesis. This flow of amino acids is stimulated
bv a mediator that is released from leukocytes. Sera from volunteers exposed
to §. typhosa contained a similar mediator for amino acid transport.

Progress, Part III:

Recently, it has been demonstrated that amino acids can stimulate
formation of he atic polyribosomes and the rate of in vitro protein
°ynthesis_______ (J. Molec. Biol. 34:199, 1968; J. Biol. Chem. 243:1123, 1968;
Proc. Soc. Exp. Biol. Med. 135:180, 1970). When weanling rats were fed a low
protein diet for 28 days, the concentration of hepatic free amino acid was
significantly reduced__/ (Biochem. J. 107:615, 1968). A similar model was
utilized to determine whether the reduced hepatic amino acid content would
have an in vivo effect on protein and RNA synthesis.

Weanling (23-day old) rats were fed either an amino acid-deficient
diet (6% casein) or a diet containing an adequate amount of protein {18% casein)
for 28 days. Hepatic cells from animals fed the deficient dict were
characterized by markedly lower concentrations of protein and RNA in al.
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coflalar fractions 1s compared with cells from control rats. The bound
ribosomal RNA fraction was decreased to the greatest degree, while the
tree ribosomal concentratioas were only glightly less than in control
anfmals. A good correlation vas observed between the in vivo rate of
hepatic protefn svothesis and the cellular protein content of the liver.
Both in vivo and in vitro rates of protein syathesis were directly
correlated with the hepatic concentration of individual free amino acids
which are essential for protein svathesis.?’/  The reduced protein
syanthetic ability of the ribosomes from the liver of protein-cdeprived
rats was related to a decrease in the number of active rihosores and
aeavy polvribosomes.  The lowver ribosomal content of the hepatocytes was
sorrelated with the reducoed concentration of essential free amino aclids.
[n the protein-deprived rats, the rate of accunmulat{fon of newly
svithesized cvtoplasmic r-RNA was markedly decreased as compared to
control animals, From these data it was concluded that amino acids
regulate protein svathesis (1) bv affecting the number of ribosomes that
actively svnthesize protein and (2) by inhibiting the rate of synthesis
»f new ribosomes. Both of these processes may involve the synthesis of
rroteins which have a rapid rate of turnover,

Studies were initiated in rats infected with D. pneumoniae, to
determine whether the flow of amino acids into liver had similar effects
on protein and RNA metabolism. Preliminary observations indicate that
the percentage of hepatic polvribosomes was decreased 4 hr postexposure but
ilad returned to control period concentrations at 28 and 52 hr. Pair-fed
controls had gradual decreases in percentages of hepatic polyribosomes. At
28 and 52 hr in vitro protein synthetic ability of ribosomes, the number of
active ribosomes, and the concentrations of ribosomes in liver were all
increased above control values. These data suggest that the increased flow
of amino acids into liver stimulated protein and RNA synthesis.

Summary, Part ITT:

Amino acids have a marked in vivo regulatory effect on bhoth hepatic
protein and ribosome synthesis. A similar mechanism appears to explain the
infection rcvaated stimulation of hepatic and serum proteins.
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BODY OF REPORT

Project No. 1B6627114096: Medical Defense Aspects of Biological Agents (U)
Task No. 1B662711A096 01: Pathogenesis of Infection of Military Importance

Work Unit No, 096 01 010: Effect of Ionizing Radiation on Infection and
Immmity

Description:

Investigate interrelationships between acute and chronic irradiation and
disease processes,

Progress, Part I:

Several investigators have observed altered host resistance to infection
following irradiation, Many have shown that animal h7st systems were more
susceptible to infection when they were irradiatedla2/ (Probl. Med. Virol.
5:138, 1953; Med, Radiol. 7(7):62, 1962). Other investigators have shown the
opposite to be true; that is, irradiation of the host gnimal has seemed to
increase the animal's resistance to virulent organisms.;G. (Med. Radiol,
5(8):82, 1960; J, Immun, 87:682, 1961; Proc, Soc. Exp. Biol, Med, 108:183,
1961; J. Hyg. 66:355, 1??8). Similarly, irradiation has been reported to en-
hance gytibody responsel! (J, Immun, 91:761, 1963), depress the antibody re-
sponse=/ (Radiat, Res, 20:383, 1963), or merely delay antibody reSponse_/
(Contract 89-014501 Final Report, /1 Sep 1969), which varies with time of ir-
radiation,=/ dose of irrediationi/ or state of the antigenlO/ (Radiat. Res,
36:98, 1968), Thus, in a situation where personnel have been exposed to
acute irradiation, we must know: when will a vaccine be effective, and is a
live attenuated or a killed raccine preferable? To answer some of these
questions relative to protective immunization, a program has been established
to study the interrelationships of vaccine administration, dose of irradiation
and time-dose relationship of vaccine and irradiation to immunity,

White Swiss mice were irradiated at exactly 30 days of age and inoculated
with live, attenuated Venezuelan equine encephalomyelitis (VEE) vaccine strain
virus (National Drug Co. Lot 4 or 5) at various days postirradiation, Irradi-
ation was accomplished as a single whole-body exposure, employing a 1-MEV
unit operated at 3 MA, at a distance of approximately 117 cm, and a dose rate
with inherent filtration of 50 r/min (air dose). The mice were irradiated in
a plexiglas chamber; each mouse was placed in an individual compartment to
inhibit radiation avoidance, Following irradiation, the mice were given
water containing 5 ppm Cl, Water and water bottles were changed daily, Ir-
radiation dose-response curves of mice were obtained (Table I) and the mean
lethal dose (LD50(30)) that will kill mice within 30 days was determined to
be 670 r by probit analysis, Thus, in these initial studies, a dose of 600 r
irradiation was selected. Lower doses of irradiation will be studied later.
To eliminate some of the variation between experiments, the days of irradi-
ation were always varied, but all vaccinations and challenges for each par-
ticular experiment were accompiished on the same day.
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TABLEE 1, IRRADLATION DOSID RESPOVSE TABLE OF 30-DAY-0OLD MICE

ALR DOSE IN ROENTCENS DEAD/TOTAL D50 (30
500 0/24
53) 2724
600 4724
© 650 4724

670

700 15/24
750 23/24
[ 800 24/24
Controls 0/24

I'revious studivss=! (USAMU Annual Progross Report, Y 1965, p. l43) showed

that wholu=-body irradiation of mice at 500 r delivercd 5-48 by prior to im=-
munization with a subfiei o ntly laree dose of living attenwated VEE vaccine,
had no offect on resistance. to challenge 5=14 davs lator with the parent

In order for us to clarify and broadcen previous data, thoe first sct of
experiments was designed so that eroups of mice were irradiated at intervals
of time thaE ranged from 21 days before vaccination to | day after vaccination
with 5 x 107 mean guinca pig intraperitoncal immunizing dos¢ (GPIPIDgg) of
attenuated VEE, The fmmunized mico were challenged with 107 mean nousce intra-
cranial (1C) lcthal dese (MICLDsO) of Trinidad strain VEE from 1-28 days post-
vaccination, The results are summarized in Table I,

From these results, it appears that 600 r of irradiation delay the onsct
or protection in mice, followed by a seneral trend to return to coitrol lev-
vls., 1t also appears that the shorter the time interval between irradiation
and vaccination, the longer the omset of protection is delayed,
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Since it was apparcent that immunity was delayed when irradiation preceded
vaccination, the alternate experiment of irradiation following vaccination
was performed, The results are summarized in Table 1II.

TABLE 111, EFFECT OF POSTVACCINATION IRRADIATION ON THE IMMUNITY PRODUCED BY
ATTENUATED VEE IN MICE AGAINST TRINIDAD VEE CHALLENGE

DAY OF VEE SURVIVORS /TOTAL BY DAY OF IRRADIATION POSTVACCINATION

CHALLENGE Vaccine

POSTVACCINATION 0 +1 +2 +3 +4 Control
+5 4/11 1/12 3/12 5/12 10/12 11/12
+ 7 5/8 9/12 7/12 3/11 7/12 12/12
+14 519 3/7 3/7 4/7 4/7 13/14

It can be seen that irradiation following vaccination also depresses the
immune response produced by this attenuated virus.

An ancillary observation made throughout the experiments was that the at-
tenuated form of VEE causes some deaths in irradiated mice. To pursue this
observation, experiments were designed in which irradiated mice were inocu-
lated with 50 and 5000 GPIPIDg of live VEE vaccine and then observed for 14
days for deaths, Pooled results are summarized in Table IV,

To determine if the mortality induced by the attenuated form of VEE was
dose-dependent, an expegiment was designed in which attenuated VEE at concen-
trations from 101 to 10 GPIPIDg, wore inoculated into irradiated mice,

Table V presents the results,

It appears from the data that TC-83-VEE-induced mortality in irradiated
mice is a sporadic, but significant, occurrence; it is not TC-83~dosc-depen-
dent,

It is unknown what the role of interferon is in the resistancce produced
by the VEE vaccine strain, Virology Division has found resistance in guinea
pigs and hamsters as early as 8 hr after immunization against an intraperi-
toneal (IP) challenge with Trinidad VEE. Our data suggest that protcction
against an IP challenge of Trinidad VEE can be seen as ecarly as 2 days fol-
lowing administration of the vaccine (Table VI).

Previous studiesll/ have shown that 500 r of irradiation definitely in-
hibited resistance to Trinidad VEE at 1 and 3 days postimmunizatior. It is
unknown what effect irradiation has on VEE-vaccine-strain-induced interferon,
To evaluate this, a project was designed in which mice were irradiated 0-14
days before vaccination with 5 x 103 GPIPIDgn. These mice were then bled out
1-5 days postvaccination; the sera were sent to Virology Division for inter-
feron assay; results are not yet available, Additional groups of mice, simi-

——
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larly irradiated, will be cvaluated with respect to survival to virulent
challenge, so that interferon levels and protection can be corrclated.

TABLE V, DOSE-RESPONSE CURVE OF VEE VACCINE-INDUCED MORTALITY IN IRRADIATED
MICE

VEE VACCINE

DOSE DAY OF IRRADIATION PREVACCINATION VACCINE
(GPIPIDs;) =10 -7 6 -5 % -3 -1 CONTROLS
Survivors/Total
10° 7/9 11/12 11/12 10/11 11/12 11/12 10/12 12/12
103 7/11 12/12 10/12 9/12 11/12 8/12 5/12 11/12
10° 10/12  9/11 8/12 8/12 9/12 7/1Z 6/12 12/12
10! 11/12  8/12 10/11 11/11 8/12 7/12 10/12 12/12

0 8/12 8/12 9/9  9/11 9/12 11/12 9/12

% Survival

109 77 92 92 91 92 92 83 100
10° 64 100 83 75 92 67 42 92
103 83 82 671 67 75 58 50 100
10! 92 67 91 100 67 58 83 100
0 67 67 100 82 75 92 75

The effect of irradiation on hemagglutination-inhibition (HI) antibody
titers produced by the ¥7ccine strain in mice had been previously done in
this Institute in 196312 (USAMU Annual Progress Report, FY 1963, p. 233) and
196613/ (USAMU Annual Progress Report, FY 1966, p. 147). On both occasions,
the irradiation preceded vaccination by 1 day or less. They found that the
HI titers of pooled mouse sera were lower in irradiated animals than in non-
irradiated controls, The time of inoculation of the virus as related to ir-
radiation did not influence the HI responsc significantly, in contrast to the
quantity of virus inoculated in their experiments. To expand on thesc re-
sults, a preliminary experiment was designed whgrc mice were irradiated with
600 r 0-14 days before administration of 5 x 10 GPIY1IDgqy of VEE vaccire
strain virus, Groups of mice were then bled out on days 6-14 postvaccination
(Table VII).
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TALBLE VI, COMPARISON OF EARLY VEE-INDUCED RESISTANCE ACAINST AN IP AND IC
CHALLENGE OF MICE WITH TRINIDAD VIRUS

SURVIYVORS/6 MICE BY DAY OF CHALLENGE POSTVACCINATION

CHALLENCE ROUTE 1 2 3 4 5 6
Vaccinated
IC 0/4 0 0/5 2 0 5/5
1P 0 3 6 5 5 5
Control
1C 0/5 0 0 1 - 0
1P ‘ 0 1/5 0 0 - 0

TABLE VII, EFFECT OF PRIOR IRRADIATION ON VEE HI ANTIBODY TITERS

DAY OF IRRADIATION RECIPROCAL MEAN HI TITER BY DAY OF
BEFORE ADMINISTRATION BLEEDING POSTVACCINATION

OF TC-83 VEE +6 +7 +8 +9 +10 +11 +12 +13 +14

-14 160 35 57 204 243 279 279 279 160

-12 28 90 320 113 320 320 160 139 279

-10 25 105 121 106 211 171 211 320 260

-8 25 20 36 130 98 171 18 121 130

-1 25 20 21 3683 24 43 25 70 65

0 24 11 20 1358/ 28 28 26 21 33

Vaccine Controls 1810 3880 2390 2150 905 1280 1190 1940 1080

a., These scem to be aberrant figures,

The data show that irradiation very markedly decrcases HI titers in mice,
As coxpected, in contrast to the previous work, the shorter the time interval
between irradiation and inoculation of TC-83, the lower the titer observed.
Further work will be done in this arca to attempt to correlate HI titer
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studies with scerum ncutralization and survivor studies,

Previous studieslﬁ/ (USAMU Annual Progress Report, FY 1964, p, 17) showad
that when mice were irradiated and then challenged with Trinidad strain VEY,
the mice became slightly more resistant to the challenge, as shown by median
dosc response, A similar project was designed in which mice were irradiated
at varying times between 2 and 14 days before being challenged with serial
10-fold dilutions of Trinidad strain VEE,

In contrast to the previous data, we showed a general trend, albeit not a
statistically significant effect, of increased susceptibility as the irradi-
ation-to-challenge time interva. decreased,

An LD50(30 study was done on 30-day-old Swiss Webster mice, obtained
from the Fort %etrick Animal Farm Division, to determine if they were suitable
for acute radiation studies (Table VIII).

TABLE VIII., DOSE-RESPONSE TABLE OF FORT DETRICK 30-DAY-OLD MICE

AIR DOSE (ROENTGENS) DEAD/TOTAL L950(3o)
500 6/48
550 16/48
600 30/48
615 r
650 28/48
700 40/48
750 44 /48
Room Controls 0/8

By probit analysis, the LDgq 30) was determined to be 615 r for the Fort
Detrick mice., Because the mecan £D50(30) is approximately 55 r lower than on
the mice currently being used, we are unablec to utilize the Fort Detrick micce.

Similarly, because of an abundance of adult (2-9-mon-o0ld) CD-1 mice, an
LD50(30) study was carried out with them (Table IX).

As expected, the LD 0(30 for the adult mice was approximately 760 r,
about 85 r higher than %or tge 30-day-old mice, The adult micc will be used
in future experiments, but the irradiation dosc will be increased to 650 r.

- — 4
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TABLE IX, DOSE-RESPONSE TABLE OF ADULT MICE

AR DOSE (ROENTGENS) DEAD/TFOTAL D50 (30)
650 3/24
700 6/24
750 9/24
760 r
300 23/24
850 24724
Controls 0/8

Summary, Part I:

Studies have been conducted to determine the effects of sublethal, acute,
‘ total-body irradiation on the immune respons2 of mice to an attenuated strain
of VEE virus, Our work indicates that irradiation before or after vaccina-
tion delays the onset of protection from the parent Trinidad strain VEE, The
shorter the time interval between irradiation and vaccination, the longer the
delay of onset of protection,

Irradiation markedly depresses the HI response in mice immunized with
live, attenuated VEE vaccine. As observed in the survivor studies, the
shorter the time interval between irradiation and vaccination, the greater the
depression of the HI titers.

It has also been noted that when the attenuated form of VEE is inoculated
into irradiated mice, sporadic, but significant numbers of, deaths occur,
These deaths do not appear to be dependent on the VEE dose administered,

Irradiation scems to have no vffect on a mouse's susceptibility to the
virulent form of VEE, as indicated by the median lethal dosec,

Progress and Summary, Part II:

In chronic radiation studies, no wagk is being conducted pending approval
and completion of modifications to the Oco irradiator.

Publications:

None,
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Particles

Description:

To develop a rapid electron microscopic assay for virus particles.

Progress and Summary:

Experimental work on the electron microscopic assay for virus particles
has been temporarily halted, pending completion of a series of papers on the
model for the mechanism of membrane transport. As predicted earlier, much
of the literature survey conducted in connection with the model for transport
across biological membranes has provided numerous ideas concerning the
probable relative importance of, and means of dealing with, various factors
which have been found to affect the ability of a salt solution, particularly
one with a large, highly charged anion such as phosphotungstate, to pass
through a small pored membrane such as a millipore filter. Transfer of the
virus from some sort of small-pored, rigid filter by flow through the filter
of the '"negative stain" solution is an essential step in making the virus
assay suitable for diagnosis. As pointed out in earlier reports it should
be feasible to concentrate the virus enough, by funneling it down into the
filter through a tiny hole in a conical centrifuge cell, to detect virus at
a concentration as low as 102 particles/ml using, 1 ml of infected serum.
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None
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Infection

Descrigtiq&:

Character e .arious torins or other inert molecules which have
biological ac-ivity.

Progress:

Work has continued on the theoretical model of the biological membranel/

(USAMRIID Annual Progress Rep. FY 1970, p. 49) in which the mechanism for
cation transport is a soap micelle enclosed by linear micelles of
phosphatidic acid joined by Ca ions, with ATPase nearby to control transport
of Na or K ions by compressing the soap. Accordingly, *' enzyme, which is
tightly bound in the membrane phospholipid, w%7ld not 1ave to shuttle across
the membrane as in the carrier protein theory<’ (Ann. Rev. Physiol. 32:21,
1970). g7sic and long-chain neutral amino acids, which share a common route
of entry2/ (Science 151:1010, 1966), should also be able to pass throug? the
soap. An extension of the cation transport model, described elsewhere—

(CES Annual Rep. FY 1970, p. 75) can also account for the final stages of
assembly of myxovirus particles visible by electron microscopy.

The model has now been developed to include transport systems for other
materials based on the structure of the phospholipid portion ?f the membrane.
The basic idea for lecithin membranes, as described earlier,l was a linear
micelle made up of dimers linked by hydrogen bonding between the phosphate
residues, the dimers being spaced by the kinks in unsatiurated chains of the
fatty acid residues. The micelles, being fringed by amines, could serve to
anchor the negatively charged "zippered" soap micelle. Since cholesterol
and phospholipids combine in definite proportions to form stable membranes
in vitro and since cholesterol is hydrophobic, bulky and uncharged, the
molecule seemed likely to function in vivo as a spacer between highly
charged phospholipid micelles. Furthermore, observations in vitro indicate
that cholesterol forms a definite complexi/ (Biochim. Biophys. Acta 135:11,
1967), possibly using its lone hydroxyl group to form a hydrogen bond with the
charged phosphate residues of the phospholipid dimers. Hydrogen bonding to the
neutral phosphate residue being weaker, pores would be left in the membrane,
having in the case of lecithin a rim of positive charges to attract anions
to the entry site. Specificity of anion transport can be accounted for by
well known differences between the properties of quaternary and primary
amines on phosphatidyl ethanolamine.
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Witi, the recent acquisition of atomic models the proposed arrangement
for the linear micelles could be tested directly. The optimum arrangement
found for lecitinin dimers with fatty acid chains in the stable "zig-zag"
configuration do have kinked chains directed properly for linear micelle
formation, when unsaturated fatty acids are in the central position, as is
the case for lecithin, It is noteworthy that proper direction of the kink
also requires the odd number of CH, residues between the carboxyl and the
unsaturated bond which is characteristic of the fatty acids in phospholipids.
Also, the dimer configuration leaves exposed only the ester bond of the
central fatev acid, 17 accord with the susceptibility of this fatty acid to
phospholipase action®’ (Aan. Rev. Biochem. 35:157, 1966). A model of
cholesterol, hvdrogen bonded to the free phosphate oxygen, can be oriented
so that it fits snugly in the niche formed by the fatty acid chains at the
side of the dimer, the lone unsaturated bond of cholesterol being nzeded
for best fit. Lecitain pores constructed with oleic acid spacing the dimers
and cholesterol spacing the miceclles proved big enough to admit Cl ions, but
not Br, as would be required for the membranes of many cells.

In dimers of phosphatidyl serine the serine residues can be rotated
to exchange positions of the amine and carboxyl. However, with dimers
spaced by oleic acid, hydrogen bonding is possible between carboxyls and
amines of neighboring dimers in the micelle. With this arrangement the
positions of the remaining amines and carboxyls are fixed so as to permit
attachment of amino acids, oriented over the pore and recdy for entry when
loosened by some motion of the membrane. Furthermore, staric hindrance
would limit this route to L-isomers with short chains. 1If serine residues
are rotated to bring both carboxyls between the dimers, chelation of divalent
cations can occur, with a specificity and pH dependence in accord with
known data.

The orientation of hydroxyls in inositol pairs, with ring planes
parallel, attached to hydrogen bonded phosphatidyl inositol (PI) dimers
can_gccount in every detail for the specificity of sugar transport in the
gutl (Physiol. Rev. 40:789, 1961), if dimers of neighboring micelles are
located opposite one another, an arrangement to be expected if glycoprotein
molecules are inserted between the ends ?f the micelles with side chains
attached to the terminal inositol pairsﬁ . Glycoproteins may also be needed
as spacers at the edge of PI regions, since PI micelles cannot mesh charges
with those of other phospholipids, the PI dimers being spaced far apart by
the highly kinked chains of arachadonic acid, a spacing needed to prevent i
misattachment of the sugars. Attachment of glycoprotein to the inositol O
pairs changes their orientation, which would alter the specificity of
sugar transport making it similar to that observed in red blood Lcllsﬁ/
(Pharmacol. Rev. 13:39, 1961), which have relatively little PI,
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Cholesterol binding to phospholipids containing arachadonic acid
is weak,§ so the gap be}ween PI micelles, being e?pty, could bhe regulated
by nearby soap micelles/ through cation hinding.l Actively 'ransported
sugars require Na, and arce blocked by K, supgesting that size of a sugar
determines whether it will accumulate against a concentration gradient in
gut cells, where K concentration is high; transport specificity does indecd
show that these sugars must attach with the long axis across the gap. In
membranes with PI micelles too far apart, insulin might increase sugar
transport by penetrating the soap. The polypeptide would of course be
ineffectivg/in gut cells where entry of amino acids inhibits sugar
transport.=

Summary:

The basic features of the theoretical model of the biological membran.
required to account for transport of all types of ions and of cell metabolitc
are now complete, Transport of monovalent cations (and exclusion of
divalent) can be accounted for by a soap micelle enclosed by linear micelles
of phosphatidic acid which are closed in zipper-fashion by Ca ions. Transport
of long chain neutral and basic amino acids can also be explained by this
mechanism and a number of polypeptide hormones insulin in particular may
affect the cell at this site. Transport of other materials can be accounted
for quantitatively by the sort of pores to be expected in a membrane built
up of linear micelles of the othcr phospholipids with cholesterol acting as a
spacer. Molecular models have been built of such micelles for all the
principal phospholipids and the pores constructed with them do have the
properties required to account quantitatively for the transport of anions,
small neutral and acidic amino acids and sugars.

Publications:

None
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Descrigtion:

Study early changes in lipid metabolism during infectious and toxic
illnesses.

Progress, Part I:

Although the body must depend chiefly on stored fat to meet its needs
for ezergy during acute or severe infections, little is known concerning
lipid mctaboligy during such 11lnessesl/ (Amer. J. Clin. Nutr. 23:1069, 1970).
Recent studies</ (New Eng. J. Med. 281:1081, 1969) which have shown
increased mobilization of serum lipid during certain infections suggest that
body lipids may respond in a somewhat different manner according to the
etiologic agent involved.

Work has been completed on the first prospective study of serial
measurement of serum lipids during experimentally induced infection using
sandfly fever in volunteers. These studies (Medical Division Projects No.
FY 70-3 and 71-1) were carried out ar nart of a cooperative study with
Dr. Robert S. Lees of the Massachusetts of Institute of Technology.

Following hospitalization, 10 healthy young males were equilibrated for
17 days on a constant liquid diet containing 407% of total calories as fat.
Blood lipid and lipoprotein concentrations were measured serially throughout
the illness using methods previously described3/ (USAMRIID Annual Progress
Rep. FY 1969, p. 35). Quantitative lipid fractionating studies were carried
out by ultracentrifugation by Dr. Lees.

After the equilibration period, 7 men were inoculated intravenously (iv)
with sandfly fever virus and 3 with isotonic saline. No chemical or
laboratory abnormalities occurred in sham-inoculated subjects. 1In the
others, a typical brief, benign, febrile illness appeared 2.5 - 2.8 days
after inoculation with virus. Fever, anorexia and reduced caloric intake
contributed to an average weight loss of 5 pounds.
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Biochemical changes appearing at the height of the illness included
an increase in fasting blood sugar averaging 20 mg/100 ml above baseline
control values and a decrease of 30 mg/100 ml in total plasma cholesterol.
A reduction of similar magnitude occurred concomitantly in plasma
phospholipid and triglvceride concentrations; the former remained low
during convalescence and the latter increased above baseline control values.
Additional changes became evident with the remission of fever; free fatty
acids (FFA), cholesterol esters and plasma glvcerol values declined, while
‘=hydroxybutvrate concentrations increased. Lactate and pyruvate levels
were unchanged.

Lipoprotein alectrophoresis revealed a late increase in the percentage
of plasma pre-- (VLDL) lipoprotein with a corresponding decrease in the
. (HDL) fraction. Ultracentrifugation lipoprotein analysis revealed a decline
in the cholesterol content of the 8 (LDL) fraction which began during the
incubation period.

Summary, Part I:

In volunteerg infected with sandfly fever virus, altered patterns of
lipid transport preceded the onset of clinical illness. A marked effect
' on both carbohydrate and lipid fuel stores was seen and varied with the
stage of the infectious illness. The data are consistent with increased
utilization and dependence on body fat stores for energy during this mild
viral {llness.

Progress, Part II:

Alte;ed lipid responses occur in patients suffering severe bacterial '
disease.2/ The causes of the differing plasma 1ipid responses induced by

gram positive and negative infections have yet to be explained. To explore

the mechanism of such changes, sequential determinations were made of the

lipid responses of rhesus monkeys to Diplococcus pneumoniae and Salmonella

typhimurium infections. FFA metabolism was studied using 3H-palmitic acid

as previously describedﬁ/ (USAMRIID Annual Progress Rep. FY 1970, p.55).

Kinetic data were subjected to multicompartmental computer analysis.

The disappearance of labeled FFA from plasma and its incorporation
into the triglvceride fraction in infected animals as ccmpared to that in
the noninfected control animals was increased. While increased plasma
triglyceride concentrations developed in both infections, gram positive
infections led to increases in plasma concentrations of FFA, phospholipid,
and 3 lipoproteins and decrezses in cholesterol. In contrast, gram negative
infections led to decreased plasma concentrations of FFA, phospholipids,
“ lipoprotein and cholestero..
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Although the ef feet of both infections on FFA disappearance and
trigiveeride incorporation and concentrations were similar, the changes in
scerum lipid fractions were characteristic. This suggests that these infections
differ in ecither their effect on uptake or utilization, or both, of lipid by
peripheral tissue.

As hyperlipidemia during gram negative sepsis has largely been
attributed to the effect of bacterial endotoxin, further work was done to
determine if other infection related factors were involved. Lipid metabolism
was studied during S. typhimurium septicemia or endotoxin induced by the toxin
of the same species. Kinetic studies were performed.

Plasma triglyceride concentrations increased in both experimental
groups. The rate of FFA disappearance from plasma and its subsequent
incorporation into the triglyceride fraction increased in both the infection
and endotoxemia. Plasma FFA concentrations were elevated during endotoxemia
but were depressed during sepsis. During endotoxemia, IV administered
glucose resulted in prolonged hyperglycemia, decreased disappearance rate of
FFA and decreased incorporation of FFA into triglvcerides. Similar glucose
effects were not observed in Salmonella-infected monkeys.

Thus, acute gram negative septicemia induced changes in both fasted
and glucose loaded monkeys which differed from that due to endotoxin.
Similar kinetic data, in the face of differing plasma FFA concentrations
suggest that the differences result from dissimilar effects on peripheral
tissue metabolism that involve FFA uptake, its utilization, or both.

The experimental monkey model was expanded to examine more closely the
dynamics of cholesterol metabolism during infection. The incorporatiorn of
3H-mevalonate into squalene (an intermediary product in cholesterol
synthesis), cholesterol, and cholesterol ester was studied sequentially in
fasted rhesus monkeys acutely infected with D. pneumoniae or S. typhimurium.

During infection with either bacterium, there was an increased rate
of incorporation of the labeled mevalonate into plasma free cholesterol in
comparison to values observed in fasted, normal control monkeys. When
studied early in either infection, there was no evidence for an inhibition
of squalene synthesis or its conversion into cholesterol. The estimated
volume of cholesterol did not change, although total hepatic cholesterol
did change. Although total hepatic cholesterol decreased significantly in
Salmonella-infected monkeys, the specific activity of hepatic cholesterol
did not differ from control values in either infection. Entrv of radio-
activity into plasma cholesterol ester was reduced in the Salmonella infection.

These data are suggestive of an increase in both svnthesis and
utilization of cholesterol during these acute bacterial infections, with more
marked effect occurring during the gram negative infections.
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Studies are in progress using the nonionic detergent WR 1339 which
blocks the utilization of triglyceride by peripheral tissues. Tt is hoped
that the mechanisms responsible for fuel utilization bv peripheral tissues
in both the fasted and fed states can be defined.

Summary. Part Ii:

The monkey model for infection and endotoxemia has been expanded; it
enables us to examine more closely the dynamics of lipid metabolism during
infection. These studies point to the importance of sequential determination
of serum lipids and increased turaover of FFA, triglycerides and cholesterol
during each state. The primary differences appear to be due to differing
effects on peripheral tissue metabolism, uptake, utilization, or degradation
or all of them.

’resentations:

1. Fiser, R. H. Host lipid response during infectious illness.
fresented at Southern Society - American Federation for Clinical Research,
New Orieans, La., 27-29 January 1971.

2. Fiser, R. H. Effect of acute infection on cholesterogenesis in the
rhesus monkey. Presented at Annual Meeting of Federation of American
Societies for Experimental Biology, Chicago, I11l, 12-17 April 1971.

3. Fiser, R. H. Sequential changes in plasma lipid and lipoproteins
during sandfly fever. Presented at Annual Meeting American Society for
Clinical Nutrition, Atlantic City, N. J. 1 May 1971.
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BODY OF REPORT

Project No., 1B662711A096: Medical Defense Aspects of Biological Agents (U)
Task No, 1B662711A096 Ol: Pathogenesis of Infection of Military Importance

Work Unit No. 096 0l 0l4: Development, Calibration and Standardization of
Aerosol Equipment and Model Systems

Description:

Prepare specialized equipment for use in aerosol exposures cf man
and laboratory animals to biological materials and their products,

Progress:

Background~-In order to protect troops against the incapacitating effects
of respiratory disease, a thorough understanding of the pathogenesis of
the disease, as naturally acquired and transmitted, and the role of
immunity must be accomplished, To ascertain this and to develop
effective prophylaxis and therapy, animals and man must be expeiimentally
exposed to definitive dosages of the organism by the natural port of
entry, i.e,, the respiratory route. Developed vaccines must alsc be
evaluated periodically for protection against aerosol challenge to
assure efficacy after prolonged storage prior to being administered

to military personnel,

The aerosol equipment of the Institute is predominately used to
support the work of other investigatcrs. As a result, requests are often
made for the aerosolization, exposure and assay of a wide variety of
materials, For many of these materials, no previous experience is
available, necessitating the development of model systems, This often
requires determination of the optimal spray menstruum, the optimal
reccvery medium, the physical and biological decay rates, and the develop-
ment of an assay system based on the most meaningful criteria to the
investigator, e.g., viability, virulence, immunizing capacity, protein
integrity, etc., In addition, in vitro calibration runs must be con-
ducted to determine a spray factor in order to deliver exposure doses
desired, even with materials for which a model system already exists,
Calibration trials must also be performed each time the exposure
apparatus is reassembled after sterilization and whenever a new stock
culture is received., This work unit allows for the inclusion of data
related to the development of systems and assays and calibration trials
prior to actual requested exposures,
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Part 1:

Upon installation of the modified Henderson aerosol exposure apparatus
1n Animal Assessment Division Suite 5, 64 initial aerosol recovery trials
were conducted w%th sodium fluorescein, utilizing a range of secondary air
volumes (1-20 ft”/min), A solution of sodium fluorescein in water for
injection was disseminated at 80% relative hmmidity (RH), and the resultant
aerosol sampled at one tube-sampling port with all-glass impingers (AGI-30),
containing 20 ml water for injection and operating at 12,5 L/min for 10 min,
Impinger Iluids were assdayved for dye content with a Photovolt fluorescence
meter; for each trial, a spray factor was determined, which represents
the logarithmic ratio of the concentration/ml of dye in the spray suspension
to the concentration/L of dye recovered in the generated aerosol, The
derived recovery curves resulted in the ability to predict recoveries in
terms of amount of secondary air introduced into the system, This is a
valuable technique which can be used to increase or decrease concentration
in order to deliver a particular dosage without having to change the
length of exposure or the concentration of the fill suspension,.

Following these trials, a total of 40 recovery determinations were
conducted at a constant secondary air input of 20 ft3/min, For these
[ trials, the human exposure panel was attached and sampling took place as

previously, with one AGI-30 sampling directly off the tube and another from

the exposure mask, The purpos: of tnese trials was to determine reliability .
of tube-sampling during a volunteer exposure, to compare actual versus theo-
retical recoveries and to measure the degree of day-to-day variability, The
theoretical physical spray factor was previously calculated to be about 3,55.
Experimentally, the mean of 20 recoveries from the mask was 3,52, with a
range of 3,44-3.59, and 20 tube recoveries averaged 3,50, ranging from 3.51-
3.60, Recoveries were remarkably close to theoretical; there was no appreci-
able day-to-day variation. and there was no significant difference between
the tube-and mask=-sampl!iug points,

In preparation for an impending volunteer study, 56 calibration
runs were made using Francisella tularensis, strain SCHU-S4, Fill suspensions
were made in tryptose saline and aerosolized at 80% RH. AGI-30's contained
20 ml tryptose saline, plus one drop of Dow Corning antifoam A (DCA); flulds
were plated on glucose cysteinz blood agar. Sampling took place at the ex-
posure mask and directly from the aerosol tube; there was good agrecment
between the 2 sampling points, Sixteen runs were conducted to establish re-
coyeries at various airflows; the remaining 40 trials were all made at 20
ft”/min, The mean spray factor of the latter 40 trials was 3,87, with a
range of 3.66-4.25, This value is higher than the value obtained with
sodium fluorescein, since the parameter of biological decay is added to that
of physical decay. This compares favorably with recoveries obtained with
F. tularensis when this apparatus was located in Bldg. 522 and indicates
that good replication and predictability are feasible.

Prior to an exposure of Macaca mulatta to Diplococcus pneumoniae,
Type I, 5 calibration runs were made to determine a spray factor, The M
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fill suspension consisted of 50 ml of an 18-hr culture in brain heart
infusion broth plus 3 drops sheep blood plus 0.5 ml normal rabbit serum
(NRS) plus 2 drops DCA. Impinger fluids consisted of 20 ml tryptose
saline plus 2% NRS plus one drop DCA, and were plated on blood agar
(5% sheep blood). The mean spray factor was 4,18 (range 4,11-4,33),
indicating less aerosol stability than for F, tularensis. Six monkeys
were subsequently exposed to D. pneumoniae for 10 min under similar
conditions, Estimated presented doses ranged from 1,00-3.04 x 105,
with a mean of 1.74 x 105,

Summary, Part I:

The modified Henderson apparatus has been installed in Bldg. 1425.
One hundred and one in vitro calibration trials were conducted using
sodium fluorescein, F. tularensis, and D. pneumoniae, and a monkey
aerosol exposure was accomplished using D. pneumoniae. The apparatus
showed good reliability, predictability and little day-to-day variation,
with physical decay close to theoretical and biological decay comparable
to that observed prior to relocation,

Progress, Part II:

A small (standard) Henderson aerosol exposure apparatus was received
from the manufacturer and installed in the Class III biological safety
cabinet system in AA Suite 4, Considerable modification was necessary
before the apparatus was even in a workable condition and further
modifications and additions (e.g., gauges, valves, etc,) were made to
assure maximum efficiency and reproducibility, There were 106 calibration
runs conducted with sodium fluorescein: 27 trials at various airflows
and the remaining at a secondary air input of 16 L/min, Thirty of these
latter trials were made using the guinea pig exposure tube, resulting
in a mean spray factor of 2,73 logs, ranging from 2,65-2,80. When the
monkey exposure box was substituted for the guinea pig tube, the mean
spray factor of 49 trials was 2,82, with a range of 2,71-2.97., In both
cases, the variation is about t 0.1 log, which is considered to be
indicative of excellent reproducibility and shows that good control of
airflows, pressures, and other variables can be effectively maintained.
Although the 0,l~log difference in the mean spray factor between Lhe
guinea pig tube and the monkey box is small, it can, nevertheless,
probably be explained on the basis of the larger volume of the monkey
box, resulting in a slightly greater dilution of the aerosol with a
concomitant higher spray factor,

Following these trials, 36 Hartley guinea pigs were exposec to an
aerosol of bovine gamma globulin (BGG) with sodium f{luorescein added.
Exposures of 20-min duration and impinger fluids were assayed for dye
content, multiplied by the globulin:dye ratio and presented doses
calculated for each group of 3 animals, A dose of 50-100 ug was desired,
The original fill material consisted of 45 ml sterile water for injection,
containing 14.05 mg/ml BGG and 10 ug/ml sodium fluorescein. Due to

e e s .



78

toaming and clogging of the generator nozzle, the first group of 3 animals
received 46.3 pg and the 2nd group received only 21,1 ug. The fill was
then diluted to 7.02 mg/ml BGG plus 10 pg/ml fluorescein and the remaining
60 guinea pigs received doses from 59,3 pg to 80.2 pg, with a mean of

56.1 ug.

Summary, Part II:

A standard Henderson apparatus has been purchased and installed in the
Ciass III system, One hundred and six in vitro calibration trials were
conducted using sodium fluorescein; a guinea pig aerosol exposure to
bovine gamma globulin was performed., Effective control of variable was
attained, resulting in good reproducibility,

Publications:

None,
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Project No. 1B662711A096: Medical Defense Aspects of Biological Agents (U)
Task No. 1B662711A096 Ol: Pathogenesis of Infection of Military Importance

Work Unit No. 096 01 015: Evaluation of Myocardial Contractility During
Infectious Disease

Descrigtion:

Determine to what extent various infectious diseases cause changes in
myocardial function.

Progress:

The initial 8 months work (previously carried under Work Unit 096 01 002)
was devoted to surgical techniques, instrumentation, and project development
of a study concerning the myocardial dynamics of thyrotoxic dogs. This
study did not materialize due to the failure of such dogs to survive extensive
amounts of instrumentation. Even after long recovery periods following
surgery, dogs that were made thyrotoxic developed septicemia before experiments
could be performed, Thyrotoxic dogs appeared to be much less capable of
resisting infection than normal dogs. Due to these circumstances, a more
productive project was sought and the present study was developed.

Assessment of the intrinsic myocardial functions, heart rate and
myocardial contractility, during various stresses before and after autonomic
blockage in conscious dogs was the primary objective. It was felt that by
eliminating the heart's nervous suppl{, gensitive evaluation of subcellular
myocardial function could be obtainedls2 (Amer. J. Cardiol. 24:198, 1969;
Fed. Proc. 30:660, 1971).

Before this study could be initiated, there were important
considerations which required 3 adjunctive studies. The first unknown was
the optimum dose of SotalolR (a new B-blocker produced by Mead Johnson
Laboratories) to be combined with atropine; the sccond was the duration of
effective blockade; and finaily, the heart rate (HR) effects on contractility
needed evaluation. These points were investigated in separate studies,

All studies were conducted on fully conscious dogs in which
Dynasciences Model 1017 pressure microtransducers were implanted into the
left ventricle at least 2 weeks earlier. They were trained to lie quietly
on their sides while minimally restrained. Six to eight dogs per dose were
used in the dose-response study, 8 dogs in the extent and duration stu<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>