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SUMMARY

The varlous subjects covercd in this report are listed
in the Table of Contents. Abstracts of the individual in-
vestigations are included on the DD Form 1498 introducing
each work unit report, and namcs of Investigators are given
at the beginning of each report.

In conducting the resecarch described in this report,
tiie investigetors adhered to the "Principles of Laboratory
Animal Carc as established by the National Society for
Medical Rescarch,"
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Project 3A013001A91C 1N-LEOUSE LABCRATORY 1INDEPENDENI RESEARCH
Task Ol, In-House laboratory Independent Research

Work Unit 095, Biochemical action of trace substances - effects of trace
netals on hormone and enzyme activity

Investipators,

Principal: Walter Mertz, M.D.
Associate: CPT Duene E. Thurman
Edward E. Roginski, GS-11

Description.

The object of this research progrem includes the following goals: To
define the mode of action of chromfum in metabolism; establish the node of
interaction with insulin and related substances; determine metabolic and
anatomic defects resulting from chromiun deficiency; study the long-term
cffects of chronic chromium deficiency in aninals and man and to correct
existing deficiencies by adequate supplementation; define the organic,
active coaplex in which chrorium is present in biological systems; study
its effect in various in vivo and in vitro systems; devise methods for
large-scale production of sufficiently purified preparations for testing

in patients; identify the active principle.

Propress.

1. lLaboratory resec:.rch. The eaphasis in the laboratory was shifted
from the study of the effects of simple chromium complexes to that of the
naturally occurring chromium compounds. This shift was based on two reasons:
The study of simple chromium salts cepends to & large degree on the produc-
tion of a chromium-deficiency, which, in turn,can be achieved only with a
rigidly controlled dict rmaking facility., The commercially available diets
do not yet meet the standards of our previous in-house diet making facility.
The naturally occurring chromium corplex(es) has a much stronger effect,
which can be demonstrated in systems that are only marginally chromium-
deficient.

a. Corneal opacity as & sympten of chromium deficiency: This lesion
is produced in 10-15% of rets raised undes well-controlled low-chromium
conditions. In an attempt to elucicate biochemical defects leading to the
opacity, glucose and eamino ecid metsbolism of isolated rat cornea was mease-
ured in vitro. Cornea did not respond to insulin (injected into the domnor
rat or added in vitro) with increased glucose oxidation. Thec effect of
chromium (supplied in diet or added in vitro) was negligible; in contrast
to other systems there was no potentiation of the action of insulin. The
transport of oa-gmino iscbutyric acid, e non-utilizable amino acid analogue,
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was stimulated by insulin, given to the donor animal, and the magnitude of
the insulin effect was significantly greater in the chromium supplemented
than in the deficicent rats. 1t rezains to be shown whether these findings
are also true for natural ezmino acids anc whether they represcnt a major
cause for the development of the lesion.

b, Studies on the effect of chromium on protein metabolism: The
in vivo studies, showing that insulin promotes a greater utilization of
some amino &cids for protein synthesis in chromfum-supplemented rats than
in deficient controls,have been terminated and are written up for publi-
cation. Attempts to study this effect more closely in in vitro systems
(homogenates, robusomal systems) produced unsatisfactory results and were
postponed until a more consistent chroniun deficiency can be produced,

c. Natural chromium complexes: Glucose tolerance factor (GTF).

(1) Chemical: The extraction procedure for the activity from Brewer's
Yeast was improved and applied to & ccamercially available Brewer's Yeast
concentrate with a consistently good vield of GIF activity. Chemical frac-
tionation procedures were applied to these extracts, resulting in purified
fractions of good biological activity. Batch procedures were developed to
be applied prior to the expensive colunn filtration steps, in order t: make
the procedure applicable for pilot plent operation., These consist of adsorp-
tion of .the activity on charcoal eard selective elution with organic solvents.
A proposal based on this method has been submitted to the Department of the
Army, to initiate collaboration on & pilot plant scale with & commercial
company.

Behavior of GIF activity under varied conditions of pH and heat was
studied, Purified fractions from veast grown in a 5lCr-containing medium
were further fractionated by gel filtration and their biological activity
was compared to their chromium content, With the improved extraction pro-
cedure, biological activity was closely parallel to the 51Cr content of the
individual fractions.

(2) Biological: The following biological properties of GIF were
established.

(a) GTF potentiates the action of insulin in chromium-deficient rats,
as shown by a much steeper slope of the dose-response curve to insulin in
the presence of GIF than in its absence.

(b) GTF is much more active than inorganic chromium complexes and it
is less dependent on an optimal concentration.

(¢) 1In epididymal edipose tissue, glucose oxidation is stimulated by
.GIF to a greater degree than is lipogenesis. In diaphragm, oxidation is
increased by GTF, but the utilization of glucose for glycogen foruation is
unaffected.




(d) The utilization of pyruvete and other members of the glycolytic
pathway is not affected by GIF.

(e) GTF acts quualitatively siniler in systems meesuring glucose
uptake from the medium end in the ranometric assay.

(f) 1Inorganic chromium salts, acdninistered to pregnant rats, do not
penetrate into the fetus, Repeated administration increases chromium
transport only slightly. Chromiuz’! in form of glucose tolerance factor
is easily transferred from mother into fetus., These data strongly indicate
that chromium must bc bound in a specific complex to exert maximal biologi-
cal cffects., The nature of this complex (GIF) is still unknown.

2. Collaborative outside studies:

&, A double blind study, conducted on prisoners in Wisconsin, failed
to detect a beneficial effect of chromium supplementation for 106 weeks in
10 diabetics.

b. A collaborative study in Germany with 24 diabetics has terminated
the first 18 cases. Of these, ¢ responded to chromium supplementation with
an improvement of glucose metabolism, in spite of an overall reduction of
hypoglycemic medication} in 2 patients chrorium was ineffectivej in 7 there
vas & questionable effect.

Surmary and Conclusions,

The studies reported here and the results of clinical studies suggest
that an inorganic chromium salt is built into an organic complex (GTF)
before it can exert its maximal biological effect., The failure of 50-65%
of patients to respond to chromic chloride may be related to their inability
to utilize chromium for the synthesis of GIF. The latter has a much stronger
effect in vivo and in vitro. Its properties are nore physiological, as evi-
denced by the ease with vhich it crosses the placenta and by its dose-
response characteristics. GIF is chromium containing complex, present in
Brewer's Yeast and other natural raterial. Its structure is still unknown,

Publications,

l. Mertz, W. ‘The role of chromium in glucose metabolism. Proceedings
1st Annual Conference on Trace Substanc-s in Environmental Health., Univ,
of Missouri, 1967, p. 86.

2, Harlow, D. R., Mertz, W., end Mueller, J. F. Insulin-likec activity
from the sparganum of spirometra mansonoides. J. Parasitol., 53: 449 (1967).

3. Roginski, E. E., and Mertz, W. An eye lesion in rats fed low-
chromium rations. J. Nutrition. 93: 249 (1967).
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4, Mertz, W. Meue Gesichtspunkte zur Wirkung des Spurcnclementes
Chrom im, Kohlehydratstoffuechsel (German), Fortschr. Med., £5: 739 (1967).

5. Roginski, E. E., Feldman, F. J., and Mertz, W, Chromium in thé
newborn rat, Fed. Proc., 27: 482 (19068).

—




e em e e e am et S < e e e

NED

.

1. T2, GAVT. ACCELSION 3. AGENCY ASCLLSION REPOAT COHTADL §FMEOL

: ) R’.’.SE:‘.!:C“ AND TEC’ 'OLOGY e Ju.:‘: i A CAC4LEC C 5% l\_ln*;.
RN T S. KINO OF RESUME G ..—ETE'.V'V-T T1.REGRATING 8. KLLEASE LIMITATION |, |9 LEVLL OF RELUSN
€1 €7 ¢ Do CHALGE 0L ¢7 67 !'U *C | nA cA A WORK UNIT
(T TR R i couE s 13t PR.OR NUMUGER/CODE
I 61132011 3ACI3C0LASIC €O 099 e e
P (Y TOHRIRTT O CCEPLEALS O TRSULTR 50 e e LavE T CUnaiunss
D] STIENTIOC O TECH. ATCCA “' 13. START DATE 12, CRIT. COMPL. DATL 15. FUNDING AGLNCY
1002300 INORGANIC CHEPEST 062300 RICCHTMISYRY ! 06 63 NA OTHZIR DA
:- 7-3':.}1‘63&?.“.(?::1'»7:50 17. CONTRACT/GRANT 06 62 xs"ﬁ?s’.‘:un:cs EST. IR r’c:‘a;v’_‘tsil'_‘u:?;. B FUNOSTin thowsands]
b. NuUMBLR OA "9 "93' (‘#.c Z"’"’ vu Yo ey 68 l 2"0
e CCNIRACT | ..., A.FPF & imount 57!132? gy 07 1 24
17 GOVT. LAD/INSTALLATION, ACTIVITY I L s T2 PEKFORMING ORGANIZATION C
e hALTER REED ARMY INST CF RES ] s URIVERSITY CF HARVUATD
e WASHIHGTCN D C 2€012 ke COLLEGE PARK FD

R Ml ROLLINSCNy CRe Co Lo

PRINCIP,

s NERONEY , CCL e H. s ‘MERTZ, CRe b
f.' e 202-516~35% o '301-927-3800 EXT. €3¢ ... UA
. TeSHAROLOGY UTILIZATION ‘22- COORDINATION °
HEDICAL SCIENCE ' i MA

T MErwoRDS

CrROMIVI, INSULINe CHELATING AGEATS, PINERAL FETZ2ECLISM.

(U) TECH OBJECTIVE - TO STLOYV THE JIATERACTICN. C€ TRIVALENT CHROMIUN KITH BJIOLOGICAL
PATERIALSe PARTICULARLY WITH ANUTRIENYS WHIC-~ CC' PETE FGR CHRCOMIUM IN THE GI TRACT, KITH
CARATER SUBSTANCES WHICH BIND THE ELEVENRY 1IN T#Z ELCCC AND WITH INSULIN FCR WHICH CHRGAIUM
i$ A CO-FACTORy TC OETERMINE CHEZFICAL PARAMETERS PICF ARE ESSENTIAL FOR BIOLCGICAL ACTIVITY

AT TO SYNTHESIZE COMPCUNDS FOR BICLCGICAL TESTINZ,”

(U)  APPROACH- THE INFLUENCE CF FH CN THE CEGRZEZ CF CLATION AHD OF VARIOLS PC""N"M.

?CHELATING AGENTS CN THE SCLUBILITY CF CHRCMIUF IS CETERMINEC USING A MENJRAME DIALYSIS

TECHIINUES NEW APPROACHES ARE IN FRCCESS FUX SY:THESIS OF NEW CHROMIUM CONPLEXES WITH
LIGAN0S OF BIOLCGICAL. INTERESTy IN AQUECUS N[ NCTH-ACUSOUS SYSTCNS.

(U) PROCRESS = JUL 67 THRU JUN €& PREVICUS STUZIZS MEASURING THE REACTION OF-TRIVALENT
CH-ROGMIUY WITH BIOLOGICALLY [HMPORTANT llGAHD) hE'E EXTENCED USING EQUILIBRIUM DIALYSIS. IF
SLCH LIGANDS ARE ABSENTy CHROFIUM WILL PRECIPITITE AT PRYSICLOGICAL PKy DLE TO HYDROLYSIS

50 OLATION OF THE AQUC CCMPLEXES. MCST LIG:\[S STARILIZE THE CHACMIUM COMPLENES AS SHOLN BY
!"°‘ﬂ$ =0 DIFFUSIBILITY OF THE RESULTING PRIZLCT., THE INFLUENCE OF AGEING GF REACTION
HIXTURES OH THT DIFFUSICN PROCESS WAS STUDIEC. CN THE BASIS OF THEIR ABILITY V0 PREVENT
AGE-INDLCED CHANGES. THE LIGANDS RERE PLACEC IN CRCER OF THEIR RELATIVE CCORDINATING
SNDENCIES. IN DECREASING CRDERy THE FOST ZFFECTIVE SURSTANCES TESTED MHERE CITRATE,
TIPHOSPHATEy PYRCPHCSPHATEy SERINE, METHICWINE INC GLUCINEL SUSARS HAD LITTLE TEMDENCY TO
COrDlNATE. FATTY ACIOSe SUCH AS CLEATE, TEND TT CZCREASE THE SCLUSILITY CF CHRONIUM. THEIR

FFECT IS COUNTERACTED BY THE CHELATVING ACENTS C:ISCRIZEC. FCR TECHNICAL REPORTS, SEE WALTER
f.EEC ARMY INSTETUTE CF RESEARCH AMNUAL PRCGIESS REPCRTy 1 JULY 1967 = 3C JUNE 1968,

f‘(‘i-‘—“)

TEXT NOT REPRODUCIBLE

: f. [PRD vu NIGATIONS SECURITY 2. ] 3. ©$D CODE . 30. BUDGET CODE
: coMSEC OR b _NOT s ;
¥ r.' 2 .gg RELATED l'il RELATED eR 1
T ss ON OBJECTIVE . 32, PARTICIPATION
i NA . NA
{133 PEUESTING ASENCY 34. SPECIAL EQUIPMENT

T35 E5T.FUNDS [in trewsande 3.

iy 3y For X} 0 FEPLACES EDI!TION OF 1 JUN 65 WHICH % 2Y BZ “SEZD [Items | to 26 iSertical 13 NASA Form 1122)
'I'unwu 1498m .




Project: 3A013001A91C, IN-HOUSE LABORATORY INDEPENDENT RESEARCH
Task 01, In-House Laboratory Indcpendent Research
Work Unit 098, Chromiur. complexes of insulin and related compounds

Investigators.
Principal: Carl L. Rollinson, Ph.D.
Asscciate: Walter Mertz, M.D,

Description.

To study the interaction of trivalent chromium with biological materials
at physiological pH, to measure co-ordination recactions of chromium with
potential ligands, such as amino acids, polypeptides, carbohydrates,and
fatty acids,and to determine chemical parameters essential for biological
activity of chromium complexes and to synthesize such complexes for biologi-
cal testing.

Progress.

The biological role of chromium, principally enhancement of the action
of insulin, depends on the chemical form of the chromium which is determined
by competition for Cr(III) by various substances in the biological system.
At physiological pH, the characteristic reaction of Cr(III) is olation
(polymerization via bridging OH groups), and insoluble or high molecular
welght products (assumed to be biologically unavailable) may also be formed
by reaction of Cr(III) with other biological substances such as fatty acid
ions, These effects may be more or less nullified or reversed by competi-
tive co-ordinating agents forming low molecular weight rapidly diffusing
Cr(III) compounds. These competitive reactions will establish the molecular
weight range of the products and consequently the diffusibility of the Cr(III),
which can be determined by dialysis.

- In continuation of investigations described in previous reports, a
dialysis procedure has been established by which biological substances can be
screened with respect to their relative abilities to prevent formation of
polymeric Cr(III) reaction products. The method is convenient, generally
applicable to all the substances of interest under all relevant reaction con-
ditions, and it is quantitative in the sense that the results are numbers
establishing an order of stability of the reaction mixtures and consequently
an order of relative tendencies of the biological- substances tested to
co-ordinate witlt Cr(III).

Dialysis curves are obtained showing fractional attainment of dialysis
equilibrium (of Cr(III)) versus time. The relative area under the curve is
proportional to the rate of diffusion and thus inversely proportional to the
average molecular weight of the diffusing species. As the reaction mixture
ages, the change in area under the curve is a sensitive indicator of the occur-
rence of reactions, in particular olation and other reactions leading to




increase In molecular weight of the diffusing species on aging of the
reaction mlxture., Thus, the smaller the change, the more stable the recaction
mixture, 1.c.,, the more effective is the compound under test in competing
with hydroxide ion and other substances forming high molecular weight com-
plexes with Cr(11T),

By this proccdure, the compounds of interest can be placed in an order
of their relative stabilizing tendencies. Amino acids are more or less
effective depending on their molecular weights and composition; the most
effective of thosc tested are serine, methionine and glycine. The most
effective of all substances tested are citrate, pyrophosphate and triphos-
phate. At physiological pH thesc substances in appropriate concentrations
stabilize Cr(III) reaction mixtures for days; moreco.cr, they nullify the
effects of competing substances such as fatty acid ions.

Biological systems,of course,contain cnly trace concentrations of pyro-
phosphate and probably no free triphosphate. On the other hand, organic
derivatives of these inorganic ions are abundant. Exomination of their
structure indicates that they can be expected to be effective complexing
agents and investigation of these substances is therefore definitely planned.

Typical of the many results obtained are those of the fol%owing table,
for yeaction mixtures characterized as follows: Cr(I1II), 10 ° M; pH, 7.0;
Poaﬁ; 0.02 M. The symbols used have the following meanings:

R' % attainment of dialysis equilibrium:

F' 100 x ratio of area under dialysis curye of reaction mixture to area
under dialysis curve for Cr(H?O)4012 , taken as standard of
comparison: '

P' 100 x ratio F' (aged reaction mixture)/F' (unaged reaction mixture).

Q' % decrease in area under dialysis curve caused by changes in compo-
sition due to aging of reaction mixture: Q' is inversely proportional
to the stability of the reaction mixture and to the effectiveness of
the co-ordinating agent,

The versatility of the procedure is apparent from these results which
show effect of reagent, of aging time of reaction mixture, and of concentra-
tion of reagent. Many other results for which space is not available here
show also the effect of pH and competition between, for example, the poly-
phosphates and fatty acid ions, and show also the reversal of olation by
effective co-ordinating agents. In addition to the competition of various
substances for Cr(1TI), there is the possibility of competition of Cr(III)
with other metailic ions for the same ligand (a phenomenon which it is
planned to investigate), e.g., Fe(II), Fe(I1I), Cu(II) and Zn(II).

It is anticipated that the procedure described can be made even more
versatile by suitable modifications. ‘Among the variations either under

N b e e ———————




investigation or being plunncd ave zhe ollowing:
to permit cconomical investizati-n of cxpensive biological materials;

use of microdlalyzers

investigation of membrancs cther than regencrated cellulose unot only be-
cause of possible effects of diflercat materials but also to study a range

or pore diameters; utilizatica ¢l &n attomatic continuous dialysis pro-
cedure in which the reaction mixzure is pumped continuously through the

dialyzer, and a counting tube in the well of the gamma scintillation detector
connected to an automaticslly recoriin: counter.,

Reagent
Pyrophosphate

Triphosphate

Citrate

Glycine

.Glucose

Conc., M Acing Time R' F' P! Q'

10” 1 hr, 97.20 95.25 - -
24 “rs, 98.66 91.18 96.40 3.60
1wk, 99,31 94,12 98.81 1.19
2 wks. 98.72 93.43 98,09 1.91

10 1tr, 98.80 95.49 - -
24 trs. 98.72 92,94 97.34 2.66
1 wk. 96.28 88.98 93.18 6.82

10” 2 B 92.00 84.37 - -
2% hrs, 82.63 70.63 83.72 16.28

10” 1 kr, 99.64 96.66 = -
24 hrs, 97.51 94.09 97.36 2.55
1 wk, 98.76 93.19 96.41 3.59
3 wks 100.00 95.16 98.45 1.55

107 1 99.87 95.19 - -
24 hrs 98.31 92.34 96.99 3.01
2 wks 97.88 91.92 96.57 3.43

10~ 1*kr. 97.49 94.73 - -
2% =rs 100.00 95.34 100.64 -0.64
11 ¢ 100.00 94.25 99.48 -0.52

10” 1 kr. 97.15 93.93 - -
24 hrs 96.63 86.62 92,22 7.78
1wk 97.97  86.31 91.8) 8.11

10 1 ar. 93.84 87.78 - -
24 nrs 86.59 76.10 86.69 13.31

107 1 &r. 90.41 84.16 - -
24 nrs 74.77  61.42 72.98 27.02




Summary and Conclusifons.

The principal biological role of chromium 1s an enhancement of the
action of insulin., Lstablishing the mechanism of this effect requires a
knowledge of the recactions of Cr(11I) with biological substances at physio-
logical pll, By mcans of dlalysls, such substances can be readily tested to
determine their relative abilities to keep Cr(ITI) in the form of low
molecular weight rapidly diffusing species. Dialysis curves are obtailned
showing fractional attainment of dialysis equilibrium versus time. The
arca under the curve is proportional to the rate of diffusion, and there-
fore inversely proportional to the average molecular weight of the diffus-
ing species. As the reaction mixture ages, the change in area under the
curve is a sensitive indicator of the occurrence of reactions, in particu-
lar, olation and othcr reactions leading to increase in molecular weight of
the diffusing species. Thus, the smaller the change the more stable the
reaction mixture; i.e., the more effective the compound under test in com-
peting with hydroxide ion and other substances forming high molecular
welght complexes with Cr(I1I)., On this basis, the compounds of interest
can be placed in an order of their relative co-ordinating tendencies.
"Amino acids are found to be more or less effective depending on their
molecular weights and compositio.; the most effective of those itested are
serine, methionine and glycine. The most effective of all substances tested
are citrate, triphosphate and pyrophosphate. At physiological pH these
substances in appropriate concentrations stabilize Cr(III) reaction mix-
tures for days; moreover,they nullify the effects of competing substances
such as oleate., (U)

Publication.

Rollinson, C. L., Rosenbloom, E., and Lindsay, J. Reactions of
chromium(III) with biological substances. Proc. 7th Internatl. Congress
Nutrition, Vol. 5, p. 692-697, 1967, :
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Project 3A013001A91C IN-HOUSE L.AZ07ATOKY INDEPENDENT RESEARCH
Tesk 01, In-llouse Independent latoratory Rescarch
Work Unit .N5, Metallic micronutrients and intermediary metabolism

Investigators.
Principal: Hear A, Schrocder, M.D.
Associlate: Walter Mertz, M.D.
D. F. Frost, Ph.D,
A. P, Nason, B.S.
J. J. Balassa, Ph.D.

Description:

The general purpose of this research 1is to ascertain whether or not

any common chronic discases of infustrialized man result from a) accunu-
lation of a specific abnormal traz:ze element, or b) from wmarginal deficiency
of an essential trace element. Tco arproach this problem, one nceds to know
whether or not tissue deficiency cf zn essential trace element occurs in
man, especially as a function of aAgirz, and which abnormal elements accumu-
late in tissues and which do not. The next step is to expose animals to
each element and observe effects.

Small mammals with a feasibly short life span, mice and rats, are born
and raised in an environment as free of airborne and other metallic con-
taminants as possible. An unique animal laboratory was specially built for
this purpose. The diet of seed rve flour, corn oil and dry skim milk,
fortified by vitamins, is low in -ost trace elements. The essential trace
metals, zinc, copper, manganese, zobzlt, molybdenum,and chromium are added
to doubly deionized drinking water i~ amounts equivalent to their concentra-
tions in a standard laboratory chcw. To the basic drinking water is also
added one abnormal trace element, ustally at 5 ppm, as a soluble organic
complex (acetate or citrate).

Weanling mice and rats, born i= our laboratory, equally divided as to
sex, numbering about 100, are givsn this drinking water for their lifetimes,
which under these conditions have lasted up to 30 months for mice and 52
months for rats. Functions meastred in mice are growth rates, weights, sur-
vival and longevity, microscopic patzology and incidence of tumors; these
are measured in rats as well as uvrirzry protein and glucose, blozd pressure,
serum cholesterol, glucose and uric =z=cid, visual estimation of &ortic
plaques, and amounts of aortic liridz. In both types of animals, heart, lung,
kidney, spleen,and liver are ashel and analyzed for the metal given. An
equal number of controls are trezted identically. Analyses are nade by micro-
chemical, fluorimetric and atomic absorption spectrophotometric methods.
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Progress,

Effects of arsenic, germaniun, tin. and vanadium in mice were evaluated.
The addition of 1 ppm chromium(III) acetate improved the growth rates and
survival curves of controls, increasing longevity. Tin accumulated in heart
and spleen but was not toxic in terms cof life spans and longevities. Ger-
manium accumulated in spleen and decreazsed life span and longevity. Arsenic
accumulated to some extent in liver, heart, and lung, decreasing life span
and longevity. Growth rates were unaffected, but body weights of older
animals were suppressed as follows: Arsenic in males, germanium and tin
in both sexes. No significant effects of vanadium were found.

Effects of zirconium, niobiuz, antimony and fluorine (10 ppm) were
evaluated in mice. Niobium and antiniony were somewhat toxic in females,
accumulated in tissues, and hepatic fatty degeneration occurred with niobium.
Zirconium was relatively non-toxic and no accumulation was found. Fluoride
was non-toxic in these terms.

Effects of germanium, tin,and arsenic were evaluated in rats. There
were no effects on growth, Tin was toxic in terms of life span and longev-
ity in females and germanium in both sexes, producing fatty degeneration of
the liver. Renal tubular vacuolar degeneration also occurred with tin.
Both elements accumulated in tissues, gerranium only to slight extent.
Arsenic was non-toxic in spite of lirge accumulations in all tissues, espe-
cially aorta and red blood cells.

Spontancous tumors were suppressed in mice fed germanium and arsenic
and in rats fed germanium. None of ten elements was tumorigenic or carcio-
genic when given by mouth.

The feeding of selenium as selenite but not as selenate caused marked
early mortality in rats, but not in mice. Serum cholesterol levels were
elevated in rats deficient in chromium and low in those fed chromium. Of
13 elements, low levels were found when fed niobium, chromium,and nickel,
and high levels when fed tellurite, Diiferences tetween levels of males
and females were found for germanium, cadrium,and tin, female values being
higher, and for vanadium,chromium and selenium, female values being higher.
Chromium, especially, appears to be anti-cholesterogenic in rats, and in
some human beings.

Surveys of environmental sources and exposures, and tissue concentra-
tions by age were published for tellurium, zinc and cadmium, germanium and
cobalt, involving hundreds of analyses. The role of chromium in mammalian
nutrition was reviewed. Human tissue concentrations of lead from U.S,.
and foreign subjects were compiled. Lsad accumulates in American but not
foreign tissues, except for aorta, wvhere it accumulates in both groups.

Further experiments on cadmium hypertension in rats have shown that the
mechanisms of this disorder and renal ischemic hypertension are dissimilar,
although their effects are additive. TFailures to induce hypertension by
partial constriction of the renal artery were converted into successes by
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feeding cadwium in drinking water for three wecks. Hypertension was

rapidly induced by renal ischemia in the absence of renal cadmium, and
cadmium hypertension was slowly induced (two years) in the absence of

renal ischemia, The injection of a zinc loaded chelate, Na,Zn CDTA, lit-
tle affected renal ischemic hypertension but abolished cadmIum hypertension,
displacing renal cadmium with zinc in both cases. Renal ischemia resulted
in a loss of zinc and copper, but not cadmium or chromivm, from the ischemic
kidney, increasing the ratio of cadmium to zinc. The chelate reversed this
increase.

*

In acute experiments using direct measurements of blood pressure, rats
fed cadmium for two months had higher mean pressures than did cadmium-free
controls, although few were actually hypertensive. These rats showed les-
rened responses to the intravenous injection of norepinephine and angio-
tensin. This diminished response was restored to normal by injection of the
zlnc chelate. Intraperitoneal injection of cadmium was also follovcd by an
immediate rise in blood pressure. This chelate of zinc has been evaluated
as to toxicity and is ready for clinical trials.

The following 11 elements are being given to mice at 5 ppm in drinking
water except as noted: scandium, gallium, selenite (3 ppm), selenate (3 ppm),
molybdenuy, rhodium, palladium, indium, tellurite (2 ppm), tellurate (2 ppm),
chromium s the potassium oxalate, 12 ppm). Administration of yttrium
and chromium  will begin shortly. :

The following 11 elements aje being given to rats at 5 ppm in drinking
water except as noted: Vanadium, chromium (12 ppm), nickel, selenite (3 ppm),
zirconium, niobium, molybdenum, cadmium, antimony, tellurite (2 ppm), lead.

Preliminary evaluation of data based on incomplete or nearly complete
life spans has demonstrated toxicity for mice exhibited by selenite, tel-
lurite, scandium, gallium and possibly indium. For rats, toxicity in one
form or another has appeared for antimony, cadmium, tellurite and lead.

Attempts are being made to cause more severe forms of atherosclerosis
than we have formerly produced by chromium deficiency. Using a diet of
sugar, torula yeast,and lard, varying the.type of sugar (raw, brown, white)
and eliminating manganese, copper,or zinc from the basic drinking water, we
are attempting to induce a conditioned deficiency of a trace element and
evaluate 1ts effects upon gross and microscopic alterations in blood
vessels, aortic content of lipids, and changes in serum glucose and choles-
terol levels. Preliminary analyses have disclosed lower fasting glucose
levels in rats fed brown sugar than those fed white sugar.

Surveys o. the environmental sources and exposures of human beings to
each of 16 trace elements have been published, and to one bulk element,
magnesium, has been completed. Surveys on selenium, antimony, and molybdenum
have been begun--the methods are slow and cumbersome.
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Analyses for chromium on all carbohydrate foods avallable and on a
number of fats are completed. Vhen major sources of calories are refined,
chromium is partly lost to a large extent in sugars.

Six diabetic patients have been given 1.0 mg of chromium(III) as the
chloride, acetate,or oxalate daily for the past two years., In one case
glucose tolerance has returned to normal. The cther five have been given,
in addition, 10 mg manganese as the acetate daily for two months. Slight
improvement in glucose tolerance has been found in three and marked improve-
ment in one, It is too early to tell whether improvement will be contin-

uous.

Summary and Conclusions.

In order to evaluate biological effects of trace clements, mice and

rats were exposcd for their lifetimes to small doses of each of many essen- |
tial and abnormal elements in drinking water, in a laboratory and on a

regimen designed to avoid environmental contamination. Growth rates, sur-

vival and longevity, microscopic pathology of tissues, concentrations of J

trace elements in tissues and in rats, blood pressure, serum cholesterocl,
glucose and uric acid, aortic plaques,and lipids and tumor rates were meas-
vred or examined. Surveys of the human environment for six elements in
foods, water, vegetation, wild animals were also madc by trace elcment
analysis, and human tissue concentrations for four. arsenic accumulated

in mouse and greatly in rat tissues; it was slightly toxic only to mice.
Germanium was somewhat toxic to mice and rats and depressed tumor rates,
accumulating in tissue. Tin accumulated and was toxic to rats but not in
mice. Vanadium was non-toxic to mice. Zirconium did not accumulate and
was non-toxic; antimony was toxic to both species and accumulated. Nio-
bium was slightly toxic to mice but not to rats. Chromium deficiency in-
duced elevated cholesterol and glucose levels as did tellurite. Selenite
was toxic, selenate not. A zinc chelate of .CDTA abolished cadmium hyper-
tension in rats and removed some renal and hepatic cadmium. Cadmium feeding
or injection raised blood pressure and diminished responses to norepine-
phrine and angiotensin. Lead accumulated in American but not foreign human
tissues with age. Normal dietary intakes of germanium, tellurium, zinc,
cadmium and cobalt were ascertained. Preliminary conclusions from this and
previous work are that renal cadmium is ah accessory factor in human hyper-
tension, its mechanism differing from frhat of renal ischemic hypertension,
that chromium deficiency may be an accessory factor in atherosclerosis,
that other trace elements may suppress spontaneous tumors in mice, 2nd

that a number of other trace elements are either inert or exert vague
toxicity not associated with any Temon§trable disease.

Publications.

Schroceder, H. A., and Balassa, J. J. Arsenic, germanium, tin and
-anadium in mice. Effects on growth, survival and tissue levels. J.
Nutrit., 92, 245-252 (1967).
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Schrocder, H, A,, Mitchener, ., Balassa, J. J., Kanisava, M,, and
Nason, A, P, Zirconlum, niodiuz, zntimony and fluorinc in mice. Effccts
of growth, survival and tissue levels. J. Nutrfit., 95, 95-101 (1968).

Schroeder, M. A., Kanisawa, M., Frost, D. V., and Mitchencer, M.
Germanium, tin and arsenic in rats. Effects on growth, survival, patho-
logical lesions and 1life span. J. Nutrit., 1968 (in press).

Kanisava, M., and Schroeder, H. A. Life term studics on effect of
arsenic, germanium, tin and vanadium on spontaneous tumors in mice.
Cancer Research 27, 1192-1195 (1967).

Schroeder, H. A, Effects of seclenate, selenite and tellurite on the
growth and early survival of mice and rats. J. Nutrit., 92, 334-338 (1967).

Schroeder, H. A. The role of chromium in mammalian nutrition. Am. J.
Clin. Nutrit., 21, 230-244 (1968).

) Schroeder, H, A., Buckman, J., and Balassa, J. J. Abnormal trace
metals in man: Tellurjum. J. Chronic Diseases 20, 147-161 (1967).

Schroeder, H. A., Nason, A. P., Tipton, I. H,, and Balassa, J. J.
Essential trace metals in man: Zinc., Relation to environmental cadmium,
J. Chronic Diseases 20, 179-210 (1967).

Schroeder, H. A., and Balassa, J. J. Abnormal trace mctals in man:
Germanium., J. Chronic Diseases 20, 211-22"

Schroeder, H. A., Nason, A. P., &nd Tipton, I. H. Esseatial trace
metals in man: Cobalt. J. Chrenic Diseases 20, 869-890 (1968).

Schroeder, H. A., and Tipton, 1. H. The human body burden of lead.
Archives of Environmental Health (in press).

Schroeder, H. A., Nason, A. P., Prior, R. E., Reed, J. B., and
Haessler, W. T. Influence of cadrium on renal ischemic hypertension in
rats., Am. J. Physiol., 214, 469-%474 (1968).

Schroeder, H. A., and Buckrzn, J. Cadmium hypertension. Its reversal
in rats by a zinc chelate. Archives of Environmental Health, 14, 693-697
(1967). .

Schroeder, H. A., Nason, A. P., and Mitchener, M. Action of a chelate
of zinc on trace metals in hypertensive rats. Am. J. Physiol., 214, 796-800
(1968).

Schroeder, H. A., Nason, A. P., and Balassa, J. J. Trace metals in rat
tissues as influenced by calciunm in water. J. Nutrit, 93, 321-336 (1968).
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Projcct, HAQLZ00LACLC, TH-ZOUIS T ARORATORY INDFPRHDENT RIESIEARCH
Task 01, In-Housc labcratory “nacvendent Research

Work Unit 106, Physice chemiczl studies of” the biologilc
significance ¢ entiviral antlbody

Investigators.
Principal: Joseph A, Rellsrtl, D
Assoclates: Fdward I,. Puescher, COl, MC, Malcolm S. Artensteln,
Barbara Klutirls, bBrigette Cantz, Margarct Moffitt,

Mamie Farr

Description.

This is a definitive study o thz biologic significance of
antiviral antibody in order -0 esssss 1ts role in immunity
in man. Control mechaniszs =xd sequence data are being sought.
The study of serum and local respifatory antibody responses
has been performed in children Immunized with inactivated and
attenuated measles virus vaccires. The data suggest that al-
though the distributicn of s=ruw: antibody is quite similar
following the use of toth wvac:ci:=s, respiratory yA- associated
antibody is produced regular_ - cnly after immunization with
attenuated vaccine. In addizior, studies of characterization
of nasal and serum antibddy rgsoomeels 1T Feerll s Iniflegted
with adenovirus type & have con-inued as well as the study of
regponses of children infects3 wlith Salmonella. These studies

have included the use of radcisirunodiffusion techniques.
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III Progress.

A. Physicochemical studies of humora!l and local antibody responses to
infection and immunization.

1. Respiratory viruses

]
a. Serum and local antibody r2sconses in children following
immunization with attenuatad and inactivated measles
vaccine

A major area of investigation of this labcratory over the past year has been a
continuation of studies with measles virus vaccines reported in last year's annual
report (1966-67),

Background

In recent years, a growing body o evidence has accumulated which suggests
that the presence of antibody in local respiratory secretions, primarily of the
IgA variety (Annual Reports 1964-65, 1965-¢6, 1966-67) may be a more important
index of host resistance to certain viral infections than circulating antibody.
Further, in volunteer studies, it was demonstrated that although injection of an
inactivated type 1 parainfluenza virus vaccine produced serum antibody responses
similar to those following upper respiratory tract infection with type 1 virus, im-
munization with inactivated vaccine was significantly less effective in stimula-
ting the appearance of IgA antibody in nasal secretions. These observations
suggested that the presence of serum artibedy alone or its induction by vaccines
may be inadequate to assess the effectiven=ss of certain viral vaccines.

Up until recently, two types of meas!as vaccines were available for immunization: !
an inactivated and a live attenuated vaccinza, Several studies have indicated that
both vaccines are capable of inducing cood levels of serum antibody. However, the ;
duration and degree of protection afforded by the inactivated vaccine appears to be
inferior to that of the attenuated. More distressing than the apparent lack of clinical
effectiveness, however, have been several recent reports of unexpected reactions in
recipients of the inactivated vaccines +ho later receive live vaccine or who are
exposed to natural measles.

The present studies were conductad in order to compare the ability of inactivated
and attenuated measles vaccines to stimulzte antibody in serum and nasal secre-
tions of children and to study the immunochemical characteristics of such antibody.
The possible application of these findings 0 the recently described problem of
altered reactivity of the host to inactivated vaccine is currently under study.

Subjects : These studies were corZucted at the Children's Convalescent
Hospital, Washington, D.C. and at Georgstown University Medical Center, Depart-
ment of Pediatrics. The study group cons:sted of 24 children whose ages ranged
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from 10 months to 33 ycars and in whom a history of measles infection or measles
immunization could not be obtained. Despite this, pre--bhleedings revealad that

8 children, or 33% of the group had serological evidence of prior measles infection
(Table I). Administration of inactivated and attenuated vaccines was assigned
arbitrarily and resulted in the creation of four subgroups (Table I).

Vaccines . A formaldehyde - inactivated, alum-precipitated measles virus
vaccince* was administered to 7 children whose pre-immunization sera lacked
measles neutralizing antibody and to 5 children whose pre-immunization sera
revealed the presence of antibody (Table I). The vaccine wes administered in a
serics of 3 injections of 0.5 ml. each given at 0,1, and 2 months.

A live attenuated measles virus vaccine, Schwarz strain (Lirugen)**, was
administered to 9 children whose pre-immunization sera lacked measles neutrali-
zing antibody and to 3 additional children found to be seropositive (Table I).

Collection and processing of nasal secretions and sera. The methods used
for the collection and processing of nasal secretions and sera were essentially
those described previously (Annua) Reports 1964-65), 1966-67).

Immunochemical Characterization of antibody. Protein concentrations of
nasal secretions were determined by the Lowry Method, and immunoglobulin con-
centrations by the agar diffusion method. Selected sera were also fractionated
by density gradient ultracentrifugation. '

Radioimmunodiffusion studies. Because of limitations of the resclution of
separation of immunoglobulins by physico-chemical techniques and of limitations
in the amounts of nasal secretion specimens, a radioimmunodiffusion technique
was developed for these studies bascd on the method described in last year's
annual report for adenovirus. °

Briefly, Edmonston strain of virus was grown in the presence of 014 uniformly
labeled amino acids. Following 6 days of growth the cell sheets were washed and
harvested into 15 ml Hank's balanced salt solution. The fluids were frozen and
thawed five times to release virus and then centrifuged at 500 g per 15 minutes to
remove cell debris and dialyzed against phosphate buffered saline. The prepara-
tion used for radioimmunodiffusion studies contained 340,000 cpm per ml.

Radioimmunodiffusion studies were performed on selected sera and nasal
secretions using the indirect method described for adenovirus (Annual Report 1965-66) .

*Inactivated measles vaccine prepared in monkey kidney tissue culture, Chas.
Pfizer & Co., Inc.

**Attenuated measles virus vaccine prepared in chick embryo tissue culture,
Pitman-Moore Division of the Dow Chemical Company.
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Immune response of soronegative children to immunization with inactivated
vaccine. Six of seven children immunized with three monthly doscs of inacti-
vated vaccine, all of whom lacked neutralizing antibody in their pre-immunization
sera, responded with serum necutralizing antibody ("ig. 1, Table I1). Serum anti-
body was first detected by the 28th day in one child and in 6 of 7 children by 42
days. The serum antibody responsc followed a classical immunological response
with increments of risc noted after each dose of inactivated vaccine (Fig.1).

In contrast to the antibody response in serum, nasal antibody was detected
in single specimens from only 2 children on the 56th and 70th days respectively.
(Fig. 2, Table II). The nasal antibody titers in these specimens were 1:2 and
1:8 with corresponding serum antibody titers of 1:64 and 1:1024 ,respectively.

Immune response of seronegative children to immunization with attenuated

vaccine. All seronegative children who received attenuated vaccine responded

quite promptly with serum antibody following a single injection of attenuated
vaccine (Fig 1, Table II). Serum antibody was detected in all specimens tested
by the 14th day reaching maximum levels by 42 days. These levels were sus-
tained for at least 84 days.

Nasal antibody was first detected by the 14th day in 3 of 8 specimens,
reached a maximal titer in 5 of 8 specimens and remained detectable until 70 days
(Fig 2, Table II). Nasal antibody was detected at 170 days in 1 of 3 followup
specimens tested. ‘ ‘

Immune response of seropositive children to immunization with either inacti-
vated or attenuated vaccines. Eight children found to contain antibody in pre-
immunization sera, presumably the result of natural infection, were also studied
(Table I). Two of 3 children immunized with attenuated vaccine showed a two-
fold or greater rise in serum antibody; of 5 receiving inactivated vaccine, 4 showed

" a four-fold rise,

Nasal antibody was detected in 5 of 8 seropositive children. In 7 of these 8
children a two fold or greater rise of nasal antibody was noted follcwing immuniza-
tion with either vaccine. Thus, it appears that nasal antibody is more regularly
stimulated following the rise of attenuated vaccine, but once produced, it can be
stimulated once again by either vaccine.

Characterization of Proteins and Antibody in Nasal Secretions. Nasal secre-
tions collected from these children at two-week intervals were studied in detail.
The mean levels of totz] proteins and immunoglobulins remained quite uniform through-
out the test period wit!: the exception of day 56 on which the levels were somewhat
increased in the group receiving attenuated vaccine. (Table III). In all instances,
the yA immunoglobulins were present in relatively greater concentration than the
7G immunoglobulins. :
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Characterization of antibody in nasal scoretions in both groups was accomplishéd
by mecans of radioimmumodiffusion studies. Representalive analyses are given in
“Table 1IV. In the only two specimens found to contain neutralizing antibody from
two children immunized with inactivated zccine, radioimmunodifiusion binding of
virus was noted with the yG immunoglobulins in 1 case (CDA),and the yA and yG
immunoglobulins in the other (DA). In sccorezions obtained from children immunized
with attenuated vaccine found to contain neuviralizing antibody activity, characteri-
zation of antibody by radioimmunodiffusicn revcaled it to be predominantly of the
yA-variety (Table 1V),

In a selected group of secretions, radioimmunodiffusion studies were performed
using an antiserum specific for the secrezcry (11.48S) YA globulins., Analysis with this
antiserum revealed positive binding in 5 s2crations.,

Characterization of Serum Antibody F2sp-nse. Sera collected from the same
children whose nasal seccretions were analyzzd "were also'studied by means of
sucrose density gradient ultracentrifugaticn and radioimmunodiffusion studies
(Table V). Analysis by these techniques revzaled no significant differences in
the distribution of serura antibody of childrer immunized with inactivated or with
attenuated vaccines. Neutralizing antibody was detected in association with the
YA, 7G, and YM immunoglobulins.

The present findings suggest a signiiica:t difference in the humoral and local
neutralizing antibody responses of childrsn to immunization with inactivated and
live measles virus vaccines. These resconsas are quite similar to these described
with parainfluenza type 1 inactivated vaccins and live parainfluinza inf zction.
(Annual report 1966-67). Immunization v ith inactivated vaccine appears to be as
equally effective in stimulating serum aniibciy as the attenuated vaccine, however,
antibody in nasal secretions appears regularly only after the use of attenuated
measles virus vaccine.

Recent reports have appeared of unexpec:ed reactions in recipients of inacti -
vated measles virus vaccine who later receivead live vaccine or who are exposed to
natural measles. Such children have bezn roted to develop atypical skin lesions
and pneumonitis following mzasles or a lccalized Arthus reaction following live
measles immunization. Such atypical respcases have also been seen in children
immunized with inactivated respiratory s\mcviial virus vaccire and who later acquire
natural disease.

Two mechanisms have been suggested tc explainthese untoward reactions: one
suggests delayed hypersensitivity, the o:nher suggests Arthus type reaction.

The present findings would support t:e lztter hypothesis. Recipients of in-
activated measles vaccine appear to be unable to produce local IgA antibody in
respiratory tract secretions although the serum antibody response is adequate.
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Upon exposure to natural measles, or immunization with attenuated vaccine, the
child would respond with viral replication in the respiratory tract or in the skin and

- the serum antibody response would be accelerated in an anamnestic response.,  When

this happens, an unusual situation would he vroduced with both virus and antibody
present at the samec time. When this occurs immunologic injury would be produced
by an antigen-antibody interaction at the site of viral replication, vig lung or
skin in a typical Arthus type reaction.

These observations have obvious relevance to the problem of 1mrhunoprophylaxis
in viral respiratory tract disease. It is clear that vaccines which stimulate serum
antibody selectively without respiratory tract antibody should not be used for at
least 2 reasons. First, the presance of local IgA antibody seems to be of para-
mount value in protecting the host to viral infection as a first line of defense.,
Secondly, an imbalance may be created as a consequence of these vaccines which
could lead to a state of altered reactivity ‘ollowing subsequent natural infection
or the use of attenuated vaccine.

These studies will be continued over the coming year in animal models in order
to gain further insight into the ability of aitenuated vaccines or infection to stimu-
late respiratory antibody. '

b) Characterization of serum and loczl antibody responses in recruits infected
with adenovirus type 4.

A second major area of investigation of this laboratory over the past year has
been the study and characterization of serum and nasal antibody following immuni-
zation and/or infection with adenovirus tyoe 4.

The methods of gel filtration with Sephadex gel filtration (Figs. 3,4) have given
partial information regarding the sequentizl appearance of antibody in serum and the
characterization of nasal antibody (Annual reports 1965-66, 1966-67). The method
of radioimmunodiffusion described in last year's annual report has been studied in
greater detail with regard to sensitivity and specificity.

Tests of sensitivity. In order to assess the sensitivity of the radioimmuno-
diffusion method, sera obtained from volunteer study performed at Lorton Reforma-
tory were studied. These sera were from men immunized orally with an adenovirus
type 4 attenuated vaccine and challenged intra nasally at 21 days after immunization.

Varying dilutions of serum and of radioactive virus antigen were set up in radioimmuno-

diffusion studies and end points determinzd as described previously (Annual report
1966-67). The unit of antigen or of antibody was arbitrarily defined as the highest
dilution of either which gave a detectable lina (2 4+) on the radioautograph; this
method is analogous to that employed in the standard Kolmer complement-fixation
test used in many diagnostic virology laboratories. Representative analyses are
given in Table VI. As can be seen, the method is extremely sensitive; dilutions of
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antigrn as high as 1:512 gavce detectable activity,  Similarly serum binding
titers of 1:64 and 1:128 were found in scra with neutralizing titers of 1:10 and
1:320 respectively.

Tests of specificity These studies are now in progress but suggest that the
antigen measured in this test is the group reactive (CF) antigen of adenovirus
and not the serotypic specific antiyen. These studies will be completed in the
coming year's support and attempts will be made to {urther purify the reactive
antigen by means of column chromatography or ultracentrifugation.
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Salmonella studies
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a) Human studies

Over the past year another major se¢ment of this laboratory's effort has been
directed toward the immunochemical study of humoral and local antibody responses
in the human to infection and or immunization with various strains of Salmonella.

1) Characterization of serum and local antibody responses following natural
infection.

The characterization studies of serum antibody in an infant and two adults
following natural S. typhosa infection have been completed.

An additional four children who had been infected with Salmonella type B
were identified. Sera and gastrointestinal specimens were obtained from these
children and characterization studies performed as described in Annual Report
1366-1967,

These results are summarized in Tables VII-VIII,

Subjects The subjects were all children whose ages ranged from 1 to 7
years. All had Salmonella type B gastroenteritis and sera and gastrointestinal
secretions were collected at varying intervals following recovery.

Methods . Radioimmunodiffusion binding was performed as described in
last year's annual report with the exception that a purified S. typhimurium en-
dotoxin was used which had been labeled with I 1 rather than Cl1%-

In addition, blocking experiments were included in the tests as follows.
Purified Fraction II, which consists mainly of yG immunoglobulins were added to
the serum in a concentration of 500/ug/ml dilutions prior to the development of
precipitin lines . In a similar fashion, purified E. coli and S. typhimurium endo-
toxin in a concentration of 2 ug/ml were each added to aliquots of serum prior
to testing. ' ’ r.

Results. The distribution of antibody in the unblocked serum specimens ob-
tained at 2-3 weeks was generally found in association with the yM - and yG im -
munoglobulins occasionally with the YA immunoglobulins (C.P. and A.C.) Table
VII. Following 3 weeks, most of the serum antibody was found in association with
the yA and yG immunoglobulins. The blocking experiments showed that the addition
of FrII could effectively remove all of the yG binding. There was no detectable
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removel of antibody by the E. coli cndotle<in,  The removal of antibody by S.
typhimuwium  endotoxin was not complete.

These results indicate that following natural inf:ction with Salmonella a
scquence of antibody distribution is seen in serum with carliest antibody of the
YM, and yG and later predominantly with the yG and yA immunoglobulins.

Characterization studics of antibody in gastrointestinal secretions are given
in Table VIII. Use of spoccific antisera directed toward each of the serum immu-
noglobulins and for the secretory {11 S) immunoglobulins and transport piece (T)
revealed that Salmonella antibody can be detected in gastrointestinal secretions.
In all cases it can be detected in association with yG-immunoglobuling in the
duodenal fluids. The presence of antibody of the secretory 118 variety could be
detected in the duodznal secretions of one child (A.C.). These results indicate
that antibody in gascrointestinal secretions can be found following natural Salmonella

infection and that in at least one instance it can be demonstrated to be of the 11 S
secretory variety.

These results are in marked contrast to the results reported last year in which
it was not possible to demonstrate the presence of local antibody in the nasal
secretions of children immunized with killed Salmonella vaccines (Annual report
1966-67).( See below).

2. Characterization of serum antibody responses in children immunized with
Salmonella vaccines.

Over the past year the studies of characterization of serum and local antibody
responses in children immunized with Salmonella vaccines have continued. These
studies have been performed in collaboration with Dr. William A. Altemeier, III and
Col. Buescher at WRAIR, These studies have shown that relative inability of these
inactivated vaccines to induce Secretory yA antibody. Secondly, most of the yM
associated antibody in serum has been shown to be directed primarily toward the
flagellar antigens. These studies will be continued over the coming year's support.

b) Animal studies.

Over the coming y2ar's support, characterization of serum antibody revoonses
to Salmonella and E. coli vaccines will be studied in the rabbit.
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B. Other clinical studies rclated to the basic proposal supported by the contract

1. Herpes simplex encephalitis: hrain biopsy and trcatment with 5-iodo-
2~-deoxyuridine.

The clinical, virological, and pathological aspects in 4 children with herpes
simplex encephalitis were studied: The diagnosis in each case was established
by the direct isolation of virus from the brain. Three of the 4 children were diag-
nosed by viral isolation from postmortem brain tissue and in 2 of these, intranu-
clear inclusions and cytopathological chenges indicated viral encephalites. In
the child who survived, the diagnosis was established by brain biopsy, and a 6 ;
day course of systemic S-iodo-2-dcoxyuridine was established. The role of the
drug in the child's recovery is speculative but suggests that cautious trials of
the drug in future cases may be indicated.

2. Postvaccinial lymphadenitis: a benign reaction of lymph nodes that can
be misinterpreted as a malignant lymphoma .

These studies which were performed in collaboration with Dr. Robert J. Hartsock
have compared the responses of lymph nodes to various vaccines and in lymplomas.
These studies have revealed basic similarities in lymph node response after vac-
cination with the response in lymphoma and call attention to this fact in interpret-
ing such responses.
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Summary and Conclusions.

This is a definitive study of the biologic significance of
antiviral antibody in ordcr to assess 1ts  role in Immunity
in man. Control mechanisms and sequence data arc being sought.
The study of serum and local respiratory antibody responses
has been performed in children immunized with inactivated

and attenuated measles virus vaccines. The data suggest that
although the distribution of serum antibody is quite similar
following the use of both vaccines, respiratory yA- associated
antibody is produced regularly Snlylafter immunization with
attenuated vaccine. In addition, studies of’ characterization
of nasal and serum antibody responses in recruits infected
with adenovirus type 4 have continued as well as the study of

responses of children infected with Salmonella. These studies

have incilude: tre use of radioimmunodiffusion techniques.
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TABLE I
INDIVIDUAL GROUPS OF CHILDREN RECEIVING INACTIVATED "
(K) OR LIVE, ATTENUATED (L) MEASLES VIRUS VACCINES
No. of Pre-immunization
Group Children Geometric Mcan Scrum Titers Type of Vaccine
Seronegative
I 7 <]
11 9 <1
Seropositive
111 5 89
v 3 155
Total 24
31 i
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TABLE IT{

MEAN TOTAL PROTEIN AND IMMUNOGLOBULIYN CONCENTRATIONS IN

NASAL SECRETIONS OF CHILDREN IMMUNIZED WITH MEASLES VACCINES

SRS oo ST e GBI e =0 O e |

No. Days
of After
Group Children Immunization Total protein YA 1G
‘| SERONEGATIVE mgm/100 ml mgm/100 ml mgm/100 ml
1 7 0 186 20 <10
14 378 34 26
28 280 22 12
42 322 5 23 <10
-52 293 26 <10
70 356 a 23 <10
84 70 22 <10
11 9 0 186 25 <10
1live, attenuated : 14 126 20 <10
28 618 40 13
42 304 31 6
56 1309 80 25
70 349 27 <10
84 391 26 <10
SEROPOSITIVE
I S 0 : 678 47 17
14 487 38 <10
(Inactivated) 28 285 i 26 12
' ) 42 693 37 17
56 598 44 16
70 315 29 11
84 225 29 12
v 3 0 52 10 <10
1(Live, attenuated) 14 229 22 10
28 521 28 12
42 384 32 19
70 772 37 15
84 310 - 23 <10
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TABRLEV

CHARACTERIZATION OF MEASLES ANTIZOZY IN SERUM BY ULTRACENTRIVUGATION AND
FADIOIMM.UXNODIFFUSION

In;?tr\:al Neutralizing t Racliioimmunodiffﬁ.sion 1
® i Sy Mid A
SUBJECT Immunization ntiboly Tites UCFP Binding
(Days) 195 |78 | yG | yA | yM
Inactivated
Vaccinees
ket 42 . 1+ 4+ 32 2 +
9° 32 1+ 4+ | 16 1 +
oph % 16 + +2 | >32) 1 ks
42 256 o e e )
56 64 + 41532 | 0 i
Live Vaccinees
L.L. 14 64 + 5 <2 . \
28 64 %) N 3 . ,
-2 128 i I T I
70 128 0 +4 =9 0 .
o . 32 2. 1216 | 2 | 4
28 < + +2 ;32 0 1
42 64 0 +3 [532 2. 0
70 128 + | +4[532 0 1
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(U) TECH OSJECTIVE = TO INVESVICGATE GENETIC 20D METALGLIC ALTYCRATIONS 1il CELL POPULATICNS
SLAVIVING INJURY. AMCAG SUCH ALTERATICNS, THOSE RESPCNSIZLE FOR THE PROCRESSIVE
CZTERIORATION CGBSERVED Id INDIVICUALS &€XPCSCC TC ICNEZING RADIATIC' AMD FCR THE DIFFICULTIES
NCOUNTURED IN THE USE OF #ROZEN CELLS ANC TISSUZS KCR GRAFTING KAVE MILIVARY SIGHIFICANCE
SiCe ACCORDINGLY,y CONSTITUTE THE SPECIFIC CBJECVIVES CF THIS PRGJICCT.

(Ul APPROACH= TO MAXINMI2E EXPERIMENTAL CONTROLy IN VITRO CULTURES OF PARTIALLY
“HADAIZFD FISRCBLASTIC CELLS WERE FROZEN Ih THE PERIOD GEFURE (G1) AND CURING (S) THE
S HTHESES OF DEOXYRIBCNUCLEIC ACIC (CKA) AND THE INJURY THUS INDUCSEC HAS AMALYZED IN TERMS

Ci¢ PUST-THAR VIABILITY, CHRCMCSCHAL CTMPLEMENT ANC CIVISION CYCLE KIMETICS.

(U) PRCGRESS = JLL 67 THRU JUN €68 CCLL PCPULATICNS FRUZEN DURING Gl EXFIBITED LPCH
TEANING A DECREASE CF THEIR VIABILITY BY 5S50-60 PERCENT, AN INCREASE OF THE RELATIVE KUMZER
U7 LCw PLOIDY CELLSy A DISPERSICN CF RELATIVE FREQUENCIES MWITHIN ThE MOCAL RANGE OF THZIR
CHRUMGSOME CONMPLEMENT RESULTING IN A CECREASE OF THE 48 CHRONOSOYE SIEHLINE FROM 32 PERCENT
CF THE POPULATICH TO 16 PERCENT, AND AN ELONGATICN CF THE LARCGEST TELCCEMTRIC CHROMDSCHE.
CILL POPLLATIONS FROZEN OLRING S EXHIBITEC A CECREASE OF THEIR VIZSILITY 2Y 1C-20 PERCENT, A
SUALLER INCREASE OF THE RELATIVE MUFCER OF LOY PLCICY CCLLS AND MAINTENANCE -GF THC 48
CURGHMOSOME STEMULINE AT 32 PERCENT. NCRIAL LENCTH OF THE LARGEST TELOCENTRIC CHROMOSOME AND
Al THCREASE OF THE RELATIVE NUNMBER CF LARGE METACENTRIC AND SUSHETACENTRIC CHRONHOSONES AT
THE EXPCHNSE OF THE SMALLER CHRCMCSCMES OF THE SAFME TYPE. VHESE RESULTS INCICATE THAT THE
SELECTIVE PRESSLRE EXERCISEC BY FREEZING INJUFY WOULD TEND TO FAYCR CELLS IN THE S PERICD.
¥k 1S5S COMCEPT 1S ALSC SUPPCRTEC 8Y PRELIMINARY FINCINGS SUGGESTING A NEAKLY NGRMAL OIVISION
CYCLE FOR CELLS FRO2ch OURIAG S PERICC,y WHILE CELLS FROZEN CURING THE Gl PERIOD APPEAR TU 8e
GREATLY DELAYED. FOR TECHNICAL REFCRTS SEE WALTER REED ARMY INSTIIUTE OF RESEAARCH ANNUA
||PRCURESS REPOR‘. 1 JULY 1967 - 30 JUNE 1968.
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Project 3A013001A91C, IN-HOUSE LABORATORY INDEPENDENT RESEARCH
Task 01, In-House Laboratory Independent Research

Work Unit 108, Cytogenetic and mectabolic determinants in the evolution
of cell populations following injury

Investigators,
Principal: Andre D, Glinos, M.D, ‘
Associate: Robert J, Werrlein, M.S. and J. R, C. Brown, Ph.D,

Description,

While the mechanisms of cell growth and regeneration responsible
for the repair of tissues following injury have been under intensive
investigation, not enough attention has been given to the genetic and
metabolic alterations of cell populations surviving injury. Yet,such
alterations are of great military interest as evidenced by the fact
that they are responsible for the progressive deterioration observed
in individuals exposed to . zing radintion and for the difficulties
encountered in the use of frozen cells and tissues for grafting (cf.
the work of Van Bekkum et al in Holland supported by Army Contract
DAJA37-68-C-0081 on the use of frozen bone marrow preparations *n the
therapy of radiation inJury) .

In order to maximize exper1menta1 control, accuracy of quantita-
tion and analytical resolution, a well defined in vitro culture system
is used in this department to study fibroblastic cell populations
following freezing and radiation injury. -

Progress,

During the current year these studies were focused on freezing
partially synchronized cell populations before (Gl period) and during
(S period) the synthesis of deoxyribonucleic acid (DNA) and analyzing
the resulting injury in terms of cell viability, modification of the
chromosomal complement of the cells,and alterations of the time param-
eters of their division cycle. The respective methods used were cell
counts and plating efficiency, chromosome counts and caryotyping, and
tritiated thymidine autoradiography.

It was found that cell populations frozen during the period pre-
ceding DNA synthesis (Gl period) exhibited upon thawing a decrease of
their viability by 50-607%, an increase of the relative number of low
ploidy cells, » dispersion of relative frequencies within the modal
range of their chromosome complement resulting in a decrease of the 48
chromosome stemline from 32% of the population to 16%, and an elonga-
tion of the largest telocentric chromosome which serves as an internal
standard for the caryotyping of these cells., Cell populations frozen
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during DNA synthesis (S period) exhibited upon thawing a decrease of
their viability by 10-201., a smaller increase of the relative number of
low ploidy cells and a lesser dispersion within the modal range result-
ing in maintenance of the 48 chromoscme stemline at 327%, maintenance

of the length of the largest telocentric chromosome within control values,
and an increase of the relative nuwder of large metacentric and submeta-
centric chromosones at the expense of the smaller chromosomes of the

samc type.

Among the viable cells of populations frozen during the G; period
as well as of those frozen in S there appear to be some which give rise
to clones of fibroblasts which are grossly abnormal in appearance,
while others produce clones which maintain the typical fibroblast mor-
phology. It is not yet known whether such cells can survive indefi-
nitely and complete successfully, thereby altering the original popu-
lation., On the other hand it wculd appear that the results obtained
up to date indicate that the selective pressure exercised by freezing
injury would tend to Zavor cells in the S period. This concept is also
supported by preliminary findings relztive to the time parameters of
the division cycle of cells originzting in cultures frozen during the
G1 and the S periods., Cells frozen while in Gj, generally have shown
substantial increase in generation time after thawing., Where signifi-
cant increases in generation tire did occur, the greatest effect has
been observed in the extension cf the DNA synthetic phase (8), followed
closely by the extension of the pre-DiA synthetic phase (Gj) with very
little change being introduced by increases in either mitotic duration®
of the period which fellows the synthesis of DNA (G;). In contrast,
cells frozen while in the DXA svnthetic phase (S) show generation times
which are nearly normal thus gaining an advantage over Gj frozen cells,
which is in addition to their viability arnd chromosomal complement
characteristics previocusly describad, Further work aiming to test the
validity of this concapt is in progress,

Summary and Conclusic:s,

The objective of this work unit is to investigate genetic and meta-
bolic alterations in cell populations surviving injury. Among such
alterations, those responsible Zor the progressive deterioration observed
in individuals exposed to ionizing raciation,and for the difficulties
encountered in the use of frozen cells and tissues for grafting, have
military significance and, accordingly, constitute the specific objec-
tives of this project. To raximize experimental control, in vitro
cultures of partially synchronized fibroblastic cells were frozen in
the period before (Gi) and during (S) the synthesis of deoxyribonucleic
acid (DNA) and the injury thus 1nd,ced was analyzed in terms of post- :
thaw viability, chromosomal complezent and division cycle kinetics, 4

Cell populations frozen durinz G;, exhibited upon thawing a
decrease of their viability by 30-80%, an increase of the relative

% or the duration
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number of low ploidy cells, a dispersion of reclative frequencies within
the modal range of their chromosome complement resulting in a decrease
of the 48 chromosome stemline from 32% of the population to 16%, and an
elongation of the largest telocentric chromosome, Cell populations
frozen during S exhibited a decrease of their viability by 10-20%, a
smaller increase of the reclative number of low ploidy cells and main-
tenance of the 48 chromosome stemline at 32%, normal length of the
largest telocentric chromosome and an increase of the relative number
of large metaccntric and submetacentric chromosomes at the expense of
the smaller chrcmosomes of the same type., These results indicate that
the selective pressure exercised by freezing injury would tend to favor
cells in the S period, This concept is also supported by preliminary
findings suggesting a nearly normal division cycle for cells frozen
during S period, while cells frozen during the G; period appear to be
greatly delayed,
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HARKED CHANGE IK CHROMOSCMAL COMPLEPENT, ANALYSIS OF RESULTS OF PROLONGED MIGH DENSITY
CLLTURE ON RNA SYNTHESIS ARE CURRENTLY BEING CONCUCTVED, BUT NO CONCLUSICHS HAVE BEEN
RZACHEDe FOR TECHNICAL REPORTS, SEE WALTER REEC ARMY INSTVITUTE OF RESEARCH ANNUAL PROGRESS
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Project 3A015001A91C, IN-HOUSE LABORATORY INDE:=NDENT RESEARCH
Task 01, In-House Laboratory Independent Reseeaz:h
Work Unit 109, Chromosomc function and injury
Investigators,
Principal: Joshua R, C. Brown, Ph.D.
Associate: Lloyd T. McAtee, M, A., James M, Vail, M.S.,
Robert Simpkin, B.S., and Andre Zlinos, M.D.

Description:

This project was designed as a part of, axi a supplement
to, the Walter Reed Army Institute of Research In-House Inde-
pendent Project entitled "Cytogenetic and Meta:iolic Determinant
in the Evolution of Cell Populations Following Injury." The re-
search reported here was directed towvard an inv astigation of the
temporary and prolonged alterations in growth rattern, metabolic
activity, and genetic composition, or expressicn, of cells sub-
Jected to controlled sub-lethal injury. Primary attention during
the past year has been devoted to investigatior. of the effects
of thermal stress on cell replication, synthesis of DNA and pro-
tein, and alteration of karyotype. Secondary sitention has been
devoted to investigation of the effects of high population densi-
ty, or media depletion, on the level of high ernsrgy nucleotide
pools in the cells (as reported in the Annual REeport for i966-'67).

In all investigations in our laboratory tre cells under
investigation were derived from a c}oned line of NCTCL-929 mouse
fibroblast. This clone (WRL-10-A) was isolated by the Department
of Cell Physiology, WRAIR. A sub-line of this clone (SU-4) was

obtalned by our laboratory for use in these exresriments, This
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sub-line has chromosome msdal rcnge of 5C..60 with about 909%

of the cells in this raage, Suspension cultures of these cells
were grown in minimum essential rmecdium plus 10% horse serum, 1%
l-glutamine and with antitiotics acded. Cultures were incubated
at 35.5° C in 5% €9, in air with controlled humidity. Logarith-
mic growth was maintained by venewal of the culture media each

24 hours and cutting the populatior back to llxlO5 cells/ml, Undex
these conditions the majority of cells demonstrate a generation
time of 18 to 20 hours,

Progress:

Progress in research during the pasi year will be discussed

under the various projects under investigation.

I. Reaction of cultures to tharmal stress in the fever
range. For heat treatments, 180 ml sub-cultures were
transferred from the stock culture into double walled
spimmer Ilaske, with temperature controlled water cir-
culated throuch the outer jackeit. OCne control at 35.5° C
and two expeuiimentals at 40.5° C were maintained by cir-
culating water from two constant temperature water baths,
The spinner flasks were placed on a single multiple stiiver
to insure equal egitation., 5% CO2 in air was supplied to
the cultures throughout treatment. A thermo~probe in-
serted within a sterile pyrex sleeve was submerged into
each of the cultures, and temperatures were monitored and ;
recorded using a scanning YSI model 47 telethermometer

ot

o

and a YSI model 80 recorder., This permitted a continuous

record of pre-treatment, 12 houpr heat shock, and recovery,
5 Samples were removed at selected intervals for determin-

ation of cell count, mitotic index, and ability to incor-

porate tritiated thymidine, or tritiated leucine.

sl




Effect of thewmal stress on cell replication and
DNA synihesis,

Analysis of results from experiments performed
in the above manner gave the following results:

1. 2s indicated by Figure l, the growth rate of the
‘control cultures in each case showed normal in-
creases throughout the experiment, while the
experimental cultures exposed to 40.5° C demon-
strated negative growth rates with the population
declining from an initial concentration of approx-
imately uxlo5 cells/ml to a final concentration
of approximately l.7x105 cells/ml at the end of
the 12 hour heat stress, During the first nine
hours (hours 12~21) following return of the heat
treated cells to 35.5° C the culture showed a
continued slight drop in cell count, indicating
the presence of some damaced cells, The relative
growih rates of control and experimental cultures
in eight repeat expérimgnts is analyzed in Figure 2,
This bar graph shows the growth rates during and
following heat treatment, During the first six
hours ~. heat shock experiments, control cultures
showed ap gverage growth rate of 1,16, while ex-
perimental cultures exhibited a negative (-1)
growth rate of 0.62, From 6 through 12 hours
experimental culture demonstrated a growth rate
of 0,73, while controls averaged a growth rate of
1.20, From the termination of heat shock at 12
hours through hour 21, experimental cultures ex-
hibited a growth rate of 0,95 while controls

showed a growth rate of 1,40,




- of heat treatment throuzh hour 33 showed a highly

Beginning at housr 24 through hour U5, con-
trol and experimental cultures showed nearly
equal growth rates with control cultures aver-
aging 1.0 and experimental cultures averaging
a sliczhily higher growth rate of 2,00. Analyses
of variance showed a siznificant difference
(p<.Cl) among control and experimental cultures
at each time interval studied from hour 0 through
21, while no significant difference was shown
beiween control and experimental cultures from
hour 2% through 45,

Results of determinations of mitotic rates
are shown in Figure 3, 'ithin one hour after
initiation of heat shock, cell division in the
experimental cultures was inhibited and remained
inhibited until hour 21, while control. cultures
maintained an average division rate or mitotic
index oX 1 plus., From hour 21 through 24 the
experimental cultures showad a slight increase
in mitotic index, Beginning at hour 24 experi-
mental cultures showed a rapid increase in the
mitocic index which culminated at hour 30 with
a mitotic index of 3.81, while control cultures
maintained an average mitotic index of 1. By .
hour 33 the mitotic index of experimental cultures
had decreased to approximately 1.2, similar to
the mitotic index of contiol cvltures, Analyses

of variance performed on data from initiation

significant difference (p<¢.0Cl) between control

and experimental cultures,
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DilA synthesis was analyzed at time inter~
vals auring and following heat shock by removing
10 ml samples from control and experimental cul-
tures, equilibrating at 35.5° C and pulse labeling
with tritiated thymidine for ten minutes. The
cells were fixed and stained; then autoradio-
graphs were prepared, Cells were considered
labeled if they containéd th. ee or more grains
per nucleus, The results of these labeling ex-
periments are shown in Figure 4, During the
entire experiment one nuclei from control culiurves
averaged U5% labeling, At initiation of heat
shock %43% of the experimental nuclei incorporated
the label., During heat shock the number of nuclei
incorporating the label was reduced to 35% at 1
hour, 10% at 2 hours, 7% at 6 hours and 6.5% by
12 hours, For four hours after the termination
of heat shock less than 10% of the experimental
nuclei were labeled. Béginning at hour 16, or
4 hours after terminatioﬁ of heat shock, exper-
imental nuclei showed a sharp increase in per-
cent labeled nuclei to 47% labeled by hour 24
versus U4% for control nuclei, After hour 24
experimental cultures exhibited a decrease in
percent labeled nuclei to 23% by hour 30.

A comparison of the resulis from determin-
ations of mitotic index and thymidine H3 incor-
portion show that during the exposure of the
cells to 40,5° C there is an inhibition of
both DNA replication and cell division. Following
the return of the heat treated cells to 35,5° C

N
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there is a lag period of 3 to 4 hours before re-
sumption of DNA syninesis. Cell division remains
at a very low level until approximately 18'hours
wiien there appears a wave of mitosis. It appears,
therefore, that those cells surviving the heat
treatment have either been halted in the pre-
DNA-synthesis stage (Gl) or have reverted to

this stage as a result of degredative changes

to enzyme systems or nucleic acids, and must

pass through DNA synthesis (S phase) prior to
division. Fufthermore, the appreciable lag per-
iod piior to beginning of Dil2 syntheses irdicates
that some of the enzyme "machinery"for synthesis
may require rebuilding following the ricorous
heat stress, These results are i,. ke . . wilnh
those reported by Byfield and Sch. .o ‘S  ence
155:150t, 1967), Rao and Engelberg (Chap. '/ in
Cell Syrnchiony, Cameron and Padilla, Eds., Aca~
demic Press, 1966) and Ossovski and Sachs (Proc.
Nat, Acad, Sci., 58:1940, 1967), in the indication
of the effects of thermal shock on inhibition of

nucleic zcid synthesis and production of partial

synchiony in cell populations.

In our experiments it has been demonstrated
that heat treated cells following recovery do
not demonstrate noticeable differences in growih
pattern from the control cultures. Preliminary
analyses of the karyotypes of cells surviving
the period of thermal stress do not demonstrate

obvious altcrations from the controls.
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B.

Effect of Theumal stress on protein synthesis,

Using the same experimental set up as that
described above, experiments have been in progress to
determine the relative rates of pirotein synthesis in
cells during and following thermal stress, compared
to control cultures. Starting at the beginning of
heat treatment (0 hours) semples were removed at
3 hour intervals for cell count and for pulse labeling
with tritiated leucine, For the pulse label, 10 ml
suspension cultures were equilibrated at.35.5° C,
then 34 C of 3H-leucine was added, At the end of a
30 minute incubation period the cells were quickly
cooled to 0° C in an ice bath, washed twice in Hank's
Salt Solution, then extracted with 10% tfichloroacetic-
acid, The protein precipitate was dissolved in C,5I!
KOH and counted in a. Packard scintillation counter.

Results to date from these experiments have been
somewhat erratic, however, on a counts/minute/cell
basis it appears that 3H-1eucine incorporation is re-
duced during exposure to 4G.5° C to approximately
one third of the value of the wntrol cultures.
Cultures exposed to the heat treatment of 12 hours
and then returned to incubation at 35.5° C show a
rate of 31-leucine incorporation at 15 hours (3 hours
post heat treatment) approximating that of the controls
Thus it appears that during the DHA synthetic lag per-
iod there is a recovery of the rate of protein synihesis,

High Energy nucleotide pools of cells in suspension

.~ cultures during logarithmic, semi-starvation and

stationary phases of growth,

During the early part of this year, work on this
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project continued as deseribed in tie ennual report
for 1966~'67, 1he investigation was concluded with
the presentation of a doctoral thesis by James M, Vail
entitled: Relatvion of Eneruy Hetuboliss to Growth and
Differentiation of L-Cell Sushension Cultures. A copy

of this dissertation is attached to this report,

Conclusions:

A,

Experiments on exposure of logarithmicelly growing I-ceclls
in suspension culture to elevated temperatures (#0,5° C)
demonstrate that:

1. At this temperature there is an inhibition of syn-
thesis of both DNA and protein.

2. Concurrent with, and probably resulting from, this
synthetic inhibition there is a delay in cell divi-
sion during the period of heat ireatment and for
approximately onc cell generation (18 hours) follow-
ing heat treatment, At the end of the 18 hour lag
of cell division a wave of mitosis occurs indicating

that a »nartial synchrony has been established,

3. In the recovery period following heat treatment,
protein synihesis has apparently returned to novmal
by three hours post-treatment while synthesis of DilA
demonstrates a somewhat longer lag period,

4, Observations listed in 2 and 3 above suggest that
durin; exposure to elevated temperature, essential
enzyme systems may be destroyed and must be resynthe-
sized prior to resumption of the normal cell growth
cycle, ’
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D. Experiments on high densiiy ecultures, or cultures in
partially depleted media, demonsirate that under thesc
conditions there is a decrease in the level of 'intracella
ATP to less than half the value found in logarcithmically
growing cells, Concurrent with this reduced level of
ATP therc is a marked decrease of cellular replication
and a marked increcuse in the nucleotide complex, uridine-
5'-N=acetyl glucosamine-gzlactosamine, This compoun: ma’
serve as a precursor in the syntihesis of mucopolysaciina=
rides. The decrease in ATP level is not oifset by in-
creases in ADP noir AMP, It is sugcested that under
sub-optimal growth conditions there may be a shift of
active metabolic pethweys from celluler replication to
activities comparable to diflerentiation in somatic
cells, .

Publications:

l, Vail, J. M., J. R. C, BZroun and A, D. Glinos, Acid
- soluble nucleotides in lL-cell suspension cultures
in various phcses of growth, J. Cell Biol 35:1352,
1967 (Abst.)

L 2. Vail, J, M. Relation of energy metabolism to growth and
differentiation in L-cell sugspension cultures, Doc-
J toral Dissertetion, University of Maryland, 1967,

3. McAtee, Lloyd T. end J. R, C. Lrown, Cytogenetic and

' kinetic eflects of a sub-lethal heat shock on a
heteroploid cell suspension culture, Trans, Amer,
Microsc, OSoc., 87:122, 1658, (Abst.)

4, DMcAtee, Lloyc¢ T. and J. R. C, brown, The inhibition of
DNA synthesis in suspa2nsion cultures of L-cells by
a sub-lothal heat shcok, Abstracts, 19th Annual
Meetinz ol the Tissue Cultiuie Association p., 3%, 1668,
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Project 3A013001A91C, IN-HOUéE LABORATORY TNDEPENDENT RESEARCH
Task 01, In-Housc Laboratory Independent Research

Work Unit 113, Effects of phys!lological and psychological stress upon
infection and discase (DC&I)

Investigators.,
Principal: COL Edward L, Buescher, MC; John W, Mason, M.D.
Associate: CPT Robert M. Rose, MC: CPT Richard O, Poc, MC;
s CPT Marvin S. Wool, MC; CPT Borden E, Howland, MSC;
' Edward H. Mougey, M.S.; Frances E. Wherry, A.B.;
David R. Collins, B.S.; Elizabeth D, Taylor, M.S.;
Percy T. Ticketts, B.S.,; Norman Krasnegor, M.S,

Description.

This study was designed to explore the possibility that stress-related,
pre-illness changes in hormonal levels may play a contributory role in
the pathogencsis of acute respiratory infections, The feasibility of
the study was suggested by the high incidence of acute adenovirus in-
fections in Army recruits during basic training in the winter months at
Ft. Dix, New Jersey. Furthernore, the great majority of such illnesses
usually are clustered during the third ard fourth week of basic train-
ing. It was, therefore, possible to study a population in which a very
high incidence of respiratory illness could be predicted within a des-
ignated two-week pecriod. .

Progress.

Continuous 24-hour urine samples were collected on an entire platoon
of 48 soldiers throughout the basic training period. Urine collection
was constantly supervised by a team of technicians (enlisted men) who
followed the platoon with the collection bottles during the day and
who were stationed in the barracks' latrine during the night, At the
end of eight-hour periods, the urin~ was placed in freezers at -10°C,
Daily urine samples were kept frozen on each man for approximately one
week or longer so that when signs of clinical illness appeared, suffi-
cient samples were available so that urinary hormone dcterminations
could be made during a substantial pre-illness period, Early morning
blood samples were obtained once weekly on each subject,

Each evening oral temperatures were taken and each subject examined

and rated on a four-plus scale for signs of pharyngitis, rhinorrhea,
cough, or "toxicity." Conventional microbiological techniques for re-
covery and identification of common bacterial and virological pathogens
were employed at frequent intervals,

In this platoon 17 men were hospitalized with moderate or severe acute
respiratory infections, Of these, pre-illness urine samples covering
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at least a seven-day period wcre available on 12 men. Several men who
were clinically i1l but refused hospitalization were also studied. As
a control group, 12 men having the lowest cumulative rating of signs
of illness for the entire basic training period were chosen for com-
parison with the most severely ill group.

From an endocrinological standpoint, an attempt was made to obtain as
broad a view of endocrine function as possible, on the assunmption that
the state of host "resistance" is not likely to be a function of any
single hormone, but rather a function of the "overall" hormonal balance
involving many hormones which may exert interdependent influences on
the mechanisms involved in immunity and "resistance.'" Accordingly,
urinary 17-hydroxycorticosteroids (17-OHCS), epinephrine, norepineph-
rine, estrone, estradivl, estriol, testosterone, androsterone, etio-
cholanolone, dehydroepiandrosterone, and aldostermne det rmination.
were made. Plasma thyroid hormone determinatior:. vere sade with the
butanol-extractable iodine (BEL) procedure and pleoma insulin levels
were determined by radioimmunoassay.

It was found that in most cases the onset of fever and symptoms was
relatively abrupt and that these signs provided a more reliable index
of onset of illness than did the time of hospitalization., Studies of
hormone levels during the period of seven days or longer preceding on-
set of fever revealed several types of pre-illness hormonal changes or
abnormalities.

1. Slow and Prog-essive Hormonal Changes. In over 90% of sub-
jects, thyroid hormone levels (BEI) showed a gradual decrease to the
point of onset of illness, followed by a marked elevation one week
later. A gradual decrease in estradiol and estriol levels for several
days prior to onset of illness was also observed in many subjects.

2. Abrupt "Spiking" Hormonal Changes. In about 757 of subjects,
a sudden elevation of urinary 17-OHCS levels occurred about three days
prior to the onset of illness. 1In most cases there was a similar
spiking of urinary epinephrine aiud norepinephrine levels st the same
time. In many instances, these abrupt changes in adrenal hormone levels
coincided with particular stressful experiences. Similar but less con-
sistent abrupt changes were seen in urinary androgen levels.,

3. Sustained Changes in Absolute Hormonal Levels. Mean urinary
17-0OHCS levels during the pre-illness week were ‘elevated in comparison
with levels of a similar group of control subjects with minimal or no
respiratory illuess. The data also suggest similar mild or moderate
elevations in levels of epinephrine and insulin and lowered levels of
estrogens and aldosterone during the pre-illness week. Urine osmolarity,

incidentally, was found to be elevated and urine volume was low during
the pre-illness week,
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Following the definition oI the pre-illness changes summarized above,
the difficult question of evaluating the possible specificity of any

of these changes as pathogenetic factors in the onset of respiratory
illness remains, of course, to be considered., Various types of control
data are available, Many hormonal values were obtained in the ill sub-
jects during later phases of basic training, following their recovery
from respiratory illness, and provide some basis for a longitudinal

view of the changes preceding illness, In addition, 12 subjects with
minimal illness studied through the same period can be compared in
various ways with the subjects who developed illness. An additional
group of 48 soldiers was studied in September of the same year, when

the incidence of respiratory illness was very low, so that still another
population providing some control data is available. At present, vari-
ous approaches to the analvsis of these data are being explored. In
addition, during the past year new data from urinary testosterone and
plasma growth hormone determinztions on frozen samples have been obtained.

In addition to the study of pre-illness hormonal changes, two psycho-
endocrine studies have emerged from this project. The first was con-
cerned with the multiple determinants of 17-OHCS excretion in recruits
during basic training. Recent psychoendocrine studies have shown
striking relationships between the effectiveness of psychological de-
fenses and mean excretion of 17-0HCS, The purpose of this study of
basic trainees was threefold: (1) to verify thesc previously-described
correlations by using them to predict individual differences in 17-OHCS
excretion, (2) to investigate the role of additional psychological,
biological, and environmental variables which might be influencing an
individual's characteristic adrenocortical level, and (3) to compare
individual differences in 17-0ECS excretion with individual differences
in the activity of other endocrine systems.

Continuous 72-hour urine collections were made by each of 46 recruits
during four consecutive weeks of basic training and analyzed for 17-OHCS,
A rating of psychological response to training was assigned to each man
on the basis of psychiatric interviews and daily field observations.

An autouated MMPI was administered to each man by mail after he had
completed his six-month tour ol active duty.

Correlating individual mean 17-OHCS levels with other biological, psycho-
logical, and environmental variables yielded the following results,

1, Body weight was shtown to correlate with mean 17-0OHCS lecvels,

2. Psychological predictions based on the estimated effectiveness
of a man's psychological deferses correlated with mean 17-OHCS levels.

3. Combining the influence of body weight and psychological ratings
predicted mean 17-OHCS levels with greater accuracy than either one
alone. ' :
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4, The R scale of the MPI correlated highly with mean 17-OHCS,
It was also observed that men whom the MMPI characterized as using the
psychological defenses of projection and acting-out tended to fall
predominately into the lowsr 17-OHCS quartiles. The psychological ob-
servations made during treining suggested that the correlations between
MMPI data and 17-0liCS excr:ztion were not necessarily a function of the
particular defenses which were employed., It was felt, however, that
particular defensive styles or constellations were more or less effec-
tive in coping with feelirgs o being threatened or overwhelmed in the
basic training situation,

5. Twelve of fourteen men who had lost a parent by death were .
found in the upper and lower 17-OHCS quartiles,

6. The 17-OHCS group mean rose from 7.2 mg.7% to 8.4 mg.% between
the third and fourth weeks, at the same time as the mean environmental
temperature fell 23 degrees, That the 17-OHCS change might be a re-
sponse to distress caused by cold was suggested by the fact that the
lightest (and usually thinnest) men had greater elevations in both
17-OHCS and BEL from week three to week four than the heaviest men,

These results suggest that an #ndividual's characteristic level of
adrenal cortical activity ray bde influenced by psychological, biological,
historical and environmentel fectors, Recognizing the possible influ-
ence of a variety of different variables on 17-OHCS excretion not only
highlights the methodological. problems of psychoendocrine research, but
also emphasizes the significance of those psychological-adrenal cortical
relationships which have emergsd.

In a second psychoendocrine study, possible interrelationships between
psychological factors and & number of hormones in addition to the
corticosteroids were explored. Rather extensive data have been accumu-
lated on the relationship betwzen an individual's chronic level ot
17-0OHCS excretion and the nature of his psychological interaction with
the environment. As yet, relatively little information has been ob-
tained on possible relatiozships between psychological functioning and
estimates of individual's mean or characteristic level of activity in
other endocrine systems. This issue was explored in a platoon of
healthy men recently recruited into the Army at Ft, Dix., Forty-six men,
comprising an entire platocn, had their urine collected over the first
month of basic training. Zach man had an interview with a psychiatrist
and was observed daily by a2 tezm of three enlisted men., From this

data effectiveness of psychological defenses during training was pre-
dicted and found to correlzte significantly with the excretion of
17-0HCS. 1In addition, the determination of a chronic, monthly value i
for each man of urinary epinephrine, norepinephrine, estrone, estriol,
estradiol, testosterone, ardrosterone, etiocholanolone, and three
specific 11 oxo 17-ketosteroids was performed., Weekly measurements

of fasting plasma BEI and plasrma insulin were also made, Initial
analysis of this large body of data has proceeded along three lines.
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1. Correlation of each of ths other endocrinc variables with the
Endividual's 17-OHCS level, Tnhis provides some information as to pos-
sible relationships with those psychological parameters relating to
17-0HCS excretion as well &s indications as to which hormones may par-
allel the corticoids, reflective of possible integrating mechanisms,

2. 1Investigatio: into other variables, such as body weight, that
may effect the other hormorss studiel, similar to what has been found
to influence 17-OHCS excretion.

3. Preliminary search Zor additional psychological characteris-
tics that may correlete with these other hormones studied.

N ¥ The excretion of epi-ephrire and —orepinephrine was found to relate

to several different variables. Men in the highest quartile of 17-OHCS
excretion, reflective of diminished effectiveness of their psychological
defenses, also excreted significantly more epinephrine over the month
studied than those men in the lowsst 17-OHCS quartile. The relationship
is not an invariable one, however, with several exceptions noted, indi-
cating the probable iafluence of other variables. It was found that
smokers tended to excrete rore epinephrine, less norepinephrine, and
showed a significantly higher c¢pinephrine-norepinephrine ratio than
nonsmokers. The possible iafluence of differing ways of handling anger
upon epinephrine-norzpirephrine excretion, as described by Funkenstein,
was investigated in these recruits. Two groups of nine men each were
selected, without kncwledge of the catecholamine data, to represent

the extremes of '"anger in" and '"enger out" behavior, Consistent with
the hypothesis, '"anger in" men excreted significantly more epinephrine
than those in the "a~ger out" group. A rating of motor activity on a
one to seven scale was given to each recruit by three observers inde-
pendently. No correlations were observed between these ratings and

the excretion of epinephrine and —orepinephrine.

Fasting plasma insulin, determined by radioimmunoassay, was found to

" correlate very highly with 17-CHCS excretion, r = ,87, n = 24, Al-
though individuals tend to Zluctuzte over time, the mean insulin level
for the men in the highest 17-CHCS quartile was 12.4 £ 6,3 uu, as
opposed to 1.1 £ 1,2 uu, for those in the lowest quartile, with each
individual characterized by a reen o four or five weekly measurements.
Insulin correlated positively with body weight but also was found to
correlate significantly with weight-corrected 17-OHCS values and psy-
chological ratings. This would indicate that the insulin - 17-OHCS
relationship exceedec that due to body weight alone.

The mean BEL values zll fell within a2 euthyroid and quite restricted
range, 2.5 ug.% to 4.9 ug,%. The mean BEI level for 30 out of 46 men
fell within a one micrograr ramge, 3.5 to 4.5 ug.%. This reflects the
small degree of varistion oftex seen in this measurement. BEI values
were not observed to correlate directly with 17-OHCS, psychological
ratings, or ratings of motor activity,
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Both the values for estrone znd for the total of estrone, estradiol

and estriol excreted were found to correlate with psychological ratings.
These estrogens, however, were not significantly correlated with 17-OHCS
excretion. This suggests that ths psychological ratings were correlated
with levels of 17-OHCS and estrogsas excreted, but that individuals did
not necessarily have to demcastrats parallel responses in both these
endocrine systems.

The various androgens measurad <econstrated no direct association with
either 17-OHCS values or with psychological ratings described. It was
noted, however, that androsterone 2nd etiocholanolone and their 1ll-oxo
forms, ll-hydroxyandrosterons, ll-hycroxyetiocholanolone, and 11l-keto-
etiocholanolone did not alwevs correspond with one another. These
metabolites comprise the major portion of the urinary 17-ketosteroids.
As dissociations were frequently codserved among the various components
of this class, the value of the ovarzll 17-ketosteroid measurement can
be questioned.

It becomes apparent in the znalyvsis oI the data collected that the
search for possible psychoerdocrins relationships not only rests on
careful evaluation of individual cifferences in psychological responses
to the environment, but that the iafluence of a variety of other vari-
ables must be carefully evaluat=d. As the search for these psycho-
endocrine relationships is & major coatinuing goal of our group, the
results presented must be regarced as preliminary and hopefully will
lead to more specific hypothases to test.
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IN SUBSTUENT LORK,

(U) TECH ORJECTIVE =~ DR, PEARL 1S STUDYING THE PROPERTIES UF GENERALIZED [NVERSES OF
#ATRICES. THE UCHDERSVAIDILG OF THESE MATRICES IS ESSUNTIAL FOR THE PROPER EVALUATIGH COF
SUSSTITUCHNYS ON E1THER PROPCSEC CR SYNTHESIZED CHEP-}CAL ¥OLECULES. :

(U) - APPROACH= (1) TC FIND THME NECESSARY .AND SUFFICICNT CONCITIDNS UNDER WHICH (AR) EQUALS
(30(4)e (2) TO QBTAIN A GENERALIZ2ED INVERSE QF THE SCUARE SINGULAR KATRIX BY MEAMS GF A
LIMITIMG PROCESS BEGINGNING WETH A ACA-SINGULAF MATRIX. (3) EXTEIG THE CCHCEPT OF A

L[ES FRCH™ AN ARBITRARY

AU} PRGGRESS = JLL 67 THRU JUN 68 THE INVESTIGATICHN OF THE STRUCTURE OF THE GENERALIZED
INVERSE(S) OF MATRICES WITH ELEMIATS FROH! (I) EITHER THE REAL OR COMPLEX FIFLDS, AN, (II)
AN ARSITRARY FIELO HAS BEEN CARRIED FCRHARD CURING THS PAST YEAR. SACH CF THE FOUR IMPORTANT
TY2ES OF GENERALIZED INVERSES FCR MATRICES WITH ENTRIES FRCH AN ARG ITRARY FIGELD HAS EEEN

| STUDIED N NETAIL. (FCR THE RTAL CCMPLEX FIELCS, VHESE INVERSES ARE IDCRTVICAL AND REODLCE TG
{ o) IN PARTICULARy NECESSARY ANC SUFFICIENT CCHNDITIONS HERE

| FCUHD FCR THE EXISTENCE CF EACH CF THE FUUR TYPSS. AN EXPLICIT EXPRESSICN RAS FOUND FOR

[ YHOSE GENSRALIZED INVERSES WMICH EXIST ANC SEVERAL RELATIONSHIPS BETWEEN THE VARICUS

AN INVESTIGATICN MAS BEGUM CF THE
GINERALIZED INVERSES CF SPECIAL MATRICES (E.Go NCRMAL, SYMMETRIC, ETC.) THIS WORK UNIT WAS
TERMINATED 30 JUN 68. FOR TECHNICAL REPCRTS, SEE WALTER REEC ARMY INSTITULTE OF RESEARCH

JUNE 1968.
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Projcet 3A013001491C, IN-HOUSE LARIATOR. LIDEPFLD:I RuSpinci
Task 01, In-House luboratory Independent Rescarch
Vork Unit 117, Problcas in matrix theory

Inveustigntor,
Principal: DMeriin H, Pearl

Description.

The purposc of this work is to study somc of the pror:riies of gencralized
inverses of matrices. Il 1s possible co divide the substituents of a
given setl of chemical molecules into components which can iren be given a
value depending upor the numericnl result obtained uslng that molecule in
a speclific test system, The purposc of such & proccdure is to cut down on
the synthesis of the number of analogs required to devclop the most active
one in any given limited sot.

Progress,

The investigation on the structure of the generalized inverse(s) of matrices
with clements from (1) either the real or ccaplex ficids, and (ii) an ar-
bitrary field has been carried forward during the pecs= year., Each of the
four importan* iypes of gencralized inverses for matrices with entries from
an arbitrary field has been studicd in detail. (For zhe real and complex
fields, these inverses are identical and reduce to t*o usual generalized
inverse). In particular, nccessary and sufficient conditions were found
for the existence of cach of the four types. An explicit expression was
found for those generalized inverses which exist and cseveral relationships
between the various gencralized inverses wore found. In subsequent work ean
investigation was begun of the generalized inverses ol special matrices
(e.g., normal, symmetric, etc.).

Sumary and Conclusions,

Dr. Pearl feels thut the techniques now available wiizin the Division of
Medicinal Chemistry are sufficiently well developed tzal they can be
applied directly to answer the problem. He further feels that some of
the techniques which have been borrowed by the Division outside of the
Institute are also sound, It is not yet cértain whelrer direct applica-
tion will be made of the generalized sclutions which Dr, Pearl has worked

on,

Publications,

Pearl, M. H. On Generalized Inverses of Matrices. Proc. Cembr. Philos.
Soc, ’ 19670
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Project 3A013001A91C
Task 01, In-House Laboratory Independent Rescarch
Work Unit N8, Llectron microscopy of intestinal epithelium

Investigators
Principal: Roberta Hartman, PhD
Associate: Richard Hartman, PhD and LTC M, E., Conrad, IIC

Description.

A collaborative project to investigéte the electron microscopic
changes in intestinal biopsy specimens from patients with infectious
hepatitis.

Progress.

During 1962 and 1964 small intestinal biopsy specimens wviere
obtained from soldiers with documented infectious hepatitis in Korea.
Examination of these biopsy specimens by liaht microscopy showed
marked chanaes of the epithelium, lamina propria and submucosa durina
the acute stage of illness. The repeated failure of many investicators
to demonstrate viral particles in electron nicroscopic sections of liver
from patients with infectious hepatitis,and the frequent occurrence of
intestinal lesions during the acute stage of illness,led us to postu-
late that intestinal cells micht be replete with virus particles while
other tissues contained few viral particles. Thus, hepatitis might be
similar to poliomyelitis and freaquently involves the gut but only occa-
sionally causes injury to other organs. To investicate this hypothesis
multiple small intestinal biopsy specimens of duodenum and jejunum were
prepared for electron microsconpic examination, During 1965-6, studies
of these sections showed many 200 Angstrom particles in the cytoplasm
of jejunal epithelial cells which frequently aaaregated to form rosettes
with a stellate configuration., The failure to find these particles in
a crystalline like array made it impossible to differentiate them
easily from certain cellular organelles, -Preliminary studies were ini-
tiated with a microdensitometer to distinquish these particles from or-
ganelles such as ribosomes which they most closely resemble, Further
examination of additional sections should be performed in an attempt to

delineate better the fdentified inclusion bodies within intestinal cells

and ascertain if they are viral particles. Progress has been halted
during the last year because of the unavailability of a functioning
electron microscone, Planned studies during the next fiscal year will
be performed v/ithout additional funds,
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Summary and Conclusions

Small particles have been identified by electron microscopy
in the cytoplasn of specimens of small intestinal enithelium from
patients with infectious hepatitis but not in similar specimens
obtained from normal subjects. The possibility that thev represent
an etiologic virus causing hepatitis is considered, Attempts to
distinguish these abnormal particles from other intracellular inclu-
sfon bodies are the present purpose of this study.

Publications.

None,
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(U) TECH OBJECTIVE = TO DETERMING THEEZ QUANTITATIVZ ASPECTS OF GROWTH CF MALARIA PARASITES
Iv TeERNS OF RATE CF SYNTHESIS CF PRCTEINS, LIFITS 2NC NUCLEIC ACICS.
(U} APPROACH-~ TC EXAMINE THC CSLLULMR ANC SU--ELLAR ENTITIES CONPRESING MALARIA PARASITES
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(U) FROOGRESS = JAN 63 THRU JLN €8 IN EXPERQINENTA
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Project 3A013001A91C, IN-HOUSE LABORATORY INDEPENDENT RESEARCH
Task 01, In-House Laboratory Independent Rescarch

Work Unit 119, Cytochemical Analysis of Growth of Malarial
Parasites

Investigators.,
Principal: G.F. Bahr, M.D.
Associate: Kurt Stenn, CPT, USAF (MC)

Description.

This is a multifaceted study with three primary objectives.
These are: (1) to determine the effect of the plasmodium on the
host red cell in terms of volume, osmotic fragility, electro-
phoretic mobility and dry mass by a series of biophysical and
cytochemical analyses of the parasite throughout its erythrocytic
life cycle; (2) to perform a feasibility study on the design
and construction of a rugged optical scanner for blood smears
capable of detecting and determining a parasite/white cell ratio;
and (3) to continue studies dealing with the multiparameter
analysis of electron beam-object interactions in tihe electron
microscope.

Progress.

Studies of red cell volume, concentration and hematocrit
in mice were continued with the aid of a Coulter counter manom-
eter, fitted with a custom made apexrture and linked to a 400
channel analyzer system with a punched paper printout.

A blood diluent consisting of a buffered and supplemented
saline (Isotone) was used to which 0:25% irradiated human serum
was added., Cell sizes remain constant for one half hour in this
solution.

If parasitemia in percent is compared with red cell count,

- there is a constant decrease in red cell concentration with in-
creasing infection. The extent of this change appears to be
related to the species of plasmodium involved., For example, with
P. chabaudi ‘and P. vinckei in mice, a parasitemia of 70-80%
with the former depresses the cell count by 40% while a parasitemia
of 85-95% with P, vinckei is required for the same depression.

Volume changes of erythrocytes as a consequence of infection
with P, vinckei and P. chabaudi become noticeable only at rather
high levels of parasitemia. For the former parasite this level
is as high as 85% while for the latter one it is somewhat lower,
or about 70-75%., Also, the absolute values of volume changes

T4



-the use of phase contrast in transmission microscopy has been i

differ significantly between these parasites: E-cVi”Ck“i in-

creases the median wWume of red cells by up to 90;.; whq;eas

in P, chabaudi infection no value higher than abouti 70% was |
found. |

When parasitemia is compared to the hematocrit, there is a
slow decrease of the hemztocrit from a normal of 43% to about
32% when infection involves morc than 70% of the red cells., In-
fected mice have hematocrits as low as 10% in terminal stages.
Again, P. chabaudi affects the hematocrit at an earlier time
than P. vinckei.

In a continuation of cytochemical investigations of the com-
position of the plasmodial nucleus the.use of the fluorochrome
Brilliant Sulfaflavine has permitted fluorometric comparisons
of arginine/DNA ratios in mouse thymus lymphocytes and plasmodia.
The results indicate that tliis ratio in parasite nuclei of all
stages i1s closely comparable 1o the model of a mammalian cell
used as test.

Lysine can also be labeled with a rather specific fluoro-
chrome. This is Dansylchloride, or l-dimethylaminonaphthalene-
5-sulfochloride which in an ethanol medium is essentially specif-
ic for lysine in protein bound amino acids. Experiments have
shown that parasite nuclei are positive for lysine.

These and earlier observations lead to the conclusion
that the cytochemical makeup of the plasmodial nucleus is com-
parable to that of other protozoan and to mammalian cells. In
addition, electron microscopy of parasite chromatin fibrils has
shown that the structural organization of the nucleoprotein is
also comparable to that of other protozoan and to host chromatin,
This suggests that monocellular models for the study of the inter-
actions of antimalarials with nuclear genetic mechanisms on the
moiecular level should be protozoans or mammalian tissue culture
cells,

Despite much effort all attempts to isolate truly "clean"
parasites entirely free from any remnants of host cell mater’il
have met with failure., Whenever a good effect on the erythro-
cyte was observed the damage to the parasite was extensive.
Therefore, biochemical investigations will have to take this
fact into consideration.

A Euchrysine stain has been shown to be very useful in the
detection of plasmodia by fluorescence in low parasitemias. In
each instance when Giemsa staining was compared to the fluores-
cence technique the latter has proved superior. Furtnermore,

successfully joined with the excitation of fluorescence by in-
cident illumination, combining the visueclization of the
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non-lysed red cell smear with the sensitivity of detecting
paracites by fluorescence, This has lead to a proposal for a
feasibility study on the design and development of an automated
slide scanner.

Present work on the electron irradiation study consists
of two phases: (1) The construction of a new high-vacuum eclectron
irradiation chamber containing facilities for analyzing the
visible and ultraviolet fluorescence of specimens during bombard-
ment; and (2) the use of an infrared microscope looking at the
specimen during irradiation, capable of resolving 15 mu spots
and thus tempecrature gradients in specimen and object carrier.
Furthermore, a small mass spectrometer will analyze the released
gases for masses up ito 200,

Using phenylalanine, its dipeptide and polypeptides as a
basic model for protein, its mass loss and molecules emanatling
during irradiation have been recorded. The irradiated samples
are being chromatographed after various electron doses, and
the irradiation products are in the process of being identified,
The significance of these studies resides in the prospect of
reaching resolutions of 1 Angstrom unit in electron microscopes,
i.e., with the prospect of depicting molecular struclures.

There has been further development of the technology of
quantitative technique for highly sensitive dry mass determina-
tions. Instrumentation for use of 70 mm film in electron micro-
scopes and on quantitative pholometers has been completed, It
is now possible to photograph up to 48 fields in the electron
microscope without reloading and then processing this strip rapid-
ly on the photometer. The latter is now interfaced with an
electronic data logging system, which permits the large number
of measurements to be stored on magnetic tape for subsequent
processing on an IBM 360/30 computer. Likewise, data from the
fluorometer will be given through the data logging system to tape
for computer analysis. This will permit for the first time
quantitative assay of characteristics of the fluorescent decay
curves, which appear on the oscilloscope at least to differ sig-
nificantly at various stages of parasite development.

Summary and Conclusions,

a. Precise data have been obtained on changes in volume
hematocrit and cell concentration of infected erythrocytes in
P, chabaudi «.7 P. vinckei infections in mice. The extent of

these changz: “.as been found to be related to the species of
plasmodium involved,

b. Cytochcmical and electron microscopy studies of plas-
modial nuclei indicate that the composition of the nucleus and the
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structural organizzticn ¢ h: nucleoprotein are comparable in
all respects to nuclel o otnzr vrotozoans and to mammalian cells,

c. Fluorescernce microsccoy using a Euchrysine stain has
been shown to be supericr to Ciemsa staining for detection of low
parasitemias, This has sugzss:sicd the feasibility of an auto-
mated slide scanning devic ¢r use in the field.

D W)

thY M

d. Equipment has bs2
permit reaching resoluticn
scopes.,

n dzvised and is being tested which may
s ¢z 1 Angstrom unit in electron micro-

e. Further dszvelopmant ¢ the technology of the quantitative
technique for highly sensitiv:s cry mass determinations, plus
coupling to the computer for eznaiysis, will permit quantitative
assay of fluorescent deczy curve characteristics which appear to
differ significantly at various stages of parasite development.

Publications.

None
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Project. 3A013001A91C, IN-HOUSE LABORATORY INDEPENDELT RESEARCH
Task 01, In-llousc Laboratory Independent Research

Work Unit 120, Bchavioral base lines for the experliental study
of urcmia

Investigators.,
Principal: COL Paul E. Teschan, MC
Assoclate: Dr. J. D. Findley; CPT Richard M. Finkel, MC;
CPT Paul B. Lamborn, Jr., VC; CPT Lionel U,
Mailloux, MC; G. J. McCormick, Ph.D.; CPT Coy
D. Fitch, MC

Description.

This study attempts to define uremia as abnormal behavior, by
means of experimental behavioral techniques. When defined by the
sequence of measurable behavioral changes following nephrectomy or
ureteral ligation the system may be used to detect and help identify
toxic materials removed from uremic humans by dialysis procedures,

"and to determine the toxicity of specific compounds or body composi-

tional changes. Use of whole organism (primate) behavior affords
test criteria which continue in direct relevance to uremia, a
feature which is beyond the capability of systems involving lower
levels of biological organization.

Progress.

Technics and sequences of surgery, cannulation for chronic infusion
and blood sampling, EEG recording,and of systematic data analysis were
standardized and proved successful. Initial experiences with peritoneal
dialysis including chronic peritoneal cannulation for long-term maintenance
of renoprival animals were promising and may permit repeated bioassay
procedures in the same trained preparation. In four replications
employing a shock-avoidance program of optional-time (early or late)
lever-press response, urcteral ligation shifted the alternating or
cyclical response pattern toward later responses and progressively-
increasing shock-avoidance failure as blood urea nitrogen (BUN) .
exceeded 200 mgZ and uremia became clinically evident. This behavioral
program was therefore rejected as being too insensitive, in favor of a
program requiring counting. The initial experiment with this program vevealed
progressive behavioral decrements as BUN approximated 100 mgZ, well before
clinical uremia could be detected.

Summary and Conclusions.

A behavioral program has been developed which appears to be
exquisitely sensitive to toxemic effects of early uremia. If substantiated
in replicate experiments the bioassay procedures may be carried forward,

" combined at a suitable occasion with maintenance or acute dialysis procedures.

Publications.

None.
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Project 3A013001A91C, IN-HOUGE LARORATORY INDEPENDENT RESEARCH
Tack 01, In-House Laboratory Indcecpendent Rescarch

Work Unit 121, Synthesis of aminophosphonates as enzyme
inhibitors

Investigator.,
Principal: William J. Bailey, Ph,D,

Description.

The objective of this project was the development of new
synthetic methods for the preparation of certilain aminoalkyl-
phosphonates. Thesc compounds are of intercst as potential
specific proteolytic enzyme inhibitors and were to be used for
this purpose in connection with other investigations,

Progress.

All efforts to synthesize the required compounds proved
to be unsuccessful. The contract was therefore allowed 1o
terminate on its expiration date of 30 Sep 67.

Summary and Conclusions,

None

Publications.

None
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Project 3A013001A91C, IN-HOUSE LABRORATORY INDEPENDENT RESEARCH
Task 01, In=House Laboratory Independent Research

Work Unit 122, Antigenic and biological classification of denguc viruses,

Investigators,

Principal: Wilbur G, Downs, M,D,

Assoclate: Scott B, lalstead, Lt, Col, MC, Jordi Casals, M,D.
Description, Two distinct clinical entities have been associated with
dengue virus infection: dengue hemorrhagic fever, a syndrome associated
with shock, bleeding phenomena and a mortality rate of 5-107 and classic

"dengue fever, characterized by myalgia, leucopenia, and benign course,

When dengue hemorrhagic fever was described in 1956, two rew dengue

viruses, types 3 and 4,were recovered from cases, In 1958, dengue strains
tentatively designated types 5 and 6 were recovered from hemorrhagic fever

patients in Thailand, As one explanation for the malignant form of dengue

fever,it has been suggested that dengue viruses have acquired virulence
properties and that virulence is associated with surface antigen, specif-
.ically with dengue types which appear to differ from older prototypes.
It is the purpose of this investigation to study the antigenic and
biologic properties of dengue viruses recovered from dengue fever and
hemorrhagic fever from several geographical locations, By using an LLC-
MK2 plaque geduction neutralization test and single lots of prototype
antiserum, attempts will be made to determine whether antigenic variation
exists among low mouse passage "wild" dengue strains which would warrant
~ type designations other than types 1-4, Should distinct types of sub-~
types be discovered an analysis of distriéution of strain characters by

geographic origin and disease association will be made, Attempts will
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also be made to determine whether natuval virus populations are composed
of mixtures of antigenically variant strains and whether antigenic
characters are influenced by host passage., In addition to antigenic
analysis by fn_yitro systems, dengue virus cross protection studies in
sub-human primates will be performed, Observations will be made on dengue
infection in monkeys,

Progress, Studies undertaken during the report period (July 1967~

30 June 1968) were concerned with a) dengue virus cross protection studies

in sub-human primates and b) laboratory observations during primary and

- heterologous dengue infections in rhesus monkeys,

1, General, Four monkey species have been studied: Macaca irus ~ Eight
animals used, Two each infected with . strains of dengue 1,2,3,

and 4 described in the 1967 Annual Report, None of these animals circulated
virus. Neutralization tests of pre-infection serum showed that all animals
had high titered neutralizing antibody to dengue 1 and/or dengue 2 viruses,

Cercopithicus aethiops - Four Animals used, Pre~infection serum from each

animal was found to be free of dengue 1-4 neutralizing antibody at 1:10

diluytion, One animal each was infected with dengue;1$3 and two strains

of dengue 2, Results of viremia testing are showm in table 1, Erythrocebus
patas - Five animals used, FEach animal was free of dengue 1-4 neutral-
izing antibody at a 1:10 dilution of serum before infection, One animal
each was infected with dengue 1, two different dengue 2 strains, dengue

3 and dengue 4. Animals inoculated with dengue 1 and 2 viruses circulated

virus at low titer for a short period (see table 1), Macaca mulatta, -

One hundred twenty-nine animals have been used; 93 were inoculated with
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various dengue virus strains in cross protection studies, one animal was

inoculated with 17D strain of yellow fever virus and then with dengue 4 £
and 2 viruses in sequence; one animal was inoculated with dengue 1 and
2 viruses simultaneously; & were inoculated with inactivated dengue 4

@

virus material (see below); 7 inoculated with dengue virusec for anti-

3

body production, 6 inoculated with dengue 2 and sacrificed at 12 hour
intervals, 7 inoculated with dengue 1 and sacrificed at 12 hour intervals, L
4 gensitized for anaphylaxls with egg white and 6 used for LLC-MK2 cell

control inoculations,

720 Dengue cross protection studies in rhesus monkeys,

a, Primary infections, Ninety-three animals were inoculated sub-

cutaneously with a single dengue strain and then bled nearly every day
from 1 through 10 and again on days 21 and 42, Infection of animals, the
quantity of blood removed, its hondling and storage was described in 1967
annual report, For viremia tests blood was anticoagulated with approxi=-
mately 12,5 units of heparin/ml final concentratign. Plasma obtained
following centrifugation was stored for a variable period at -70°C. When
tested it was diluted to 10'1, 1072 and 10~3 in 20% heat inactivated agamma
calf serum, Portions of each dilution were inoculated into 3 replicate
2 oz, plaque bottles with LLC-MK 2 monolayers. Plaque assay was as de-
scribedin the previous annual report. .

Infectious doses varied in several experiments. Generally, high

infectious dose inocula were employed, doses ranging from 10,000 to 500,000

e

PFU; low infectious doses ranged from 8-20 PFU, When low infectious doses

were used to infect monkeys, the dose is indicated with tabular data.
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The fiumber of animals inoculated with various dengue straing,the
infectious doses and those develecping viremia on one or more days, is

summarized in table 2, The infection experience of every animal studied

is also provided in appendix i, Viremia followed primary dengue 1 and 2
infection in every animal; in 9 of 13 animals infected with dengue 3
virus and 26 of 29 animals infected with tissue culture passage dengue 4
(4328S). An additional 8 animals were infected with tissue culture passage
dengue 4 but were bled only on alternate days from day 1-10 following in-
t fection. Viremia was detected on one or more days in 5 of these animals,
The daily incidence of detectable viremia following infection with
dengue viruses types 1l-4 is shown in table 3, Viremia with 1950-63 dengue
2 gtrain is not shown, The extremes of the period of viremia following
infection are indicated by the boxes; the highest frequency of viremia in
animals tested is indicated by a circle, Although the numbers are small,
data suggest the onset of viremia to be later and the period of viremia
to be shorter in animals infected with the low as compared with high in-
I — fectious doses, The highest frequency of occur?ence of viremia was day

5 in animals infected with high doses of dengue types 1-3 and day 4 with

dengue type 4, Viremia titers varied between approximately 1 x 10'1 and
1x 10'3. Representative viremia responseg were reported in the 1967
annual report,

b. Secondary dengue challenge,

The sequence, interval and results of challenging monkeys with ‘heter-
ologous or homologous dengue viruses is summarized in table 4.
The number of replicate experiments at each infection interval was

very small, The following tentative conclusions are suggested: 1) All
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animals resisted homologous challenge, This included 5 animals infected
primarily with either 16681 or 1950-63 and challenged with the heterologous
denguc 2 strain, Antibody response to homologous challenge diffcred in
most instances from that in an animal with a viremic heterologous dengue
infection (see below), 2) Dengue tyres 1, 2 and 4 cross protected apgainst
the employed dengue 3 strain at every infection interval (cross-protection
by dengue 4 infection against dengue 3 challenge.waé not tested at 6 weeks),
3) Dengue 3 infection cross-protected against dengue 1 challenge at 6
weeks but not at 3 months, 4) Dengue 2 infection did not protect against
dengue 1 challenge at 6 weeks, but did at 3 and 6 months, 5) Dengue 1 did
not cross protect against dengue 2 at 6 weeks and 3 months, but did at 6
months., This was the only virus to cross protect against dengue 2 at any
interval tested,

The duration and incidence of viremia in each monkey which circulated
virus during secondary challenge are tabulated ir cable 5, Again, the
number of replicate experiments is so siall that interpretation ol results
is hazardous, It will be noted that animals secondarily challenged with

dengue 1 threc months after prim&ry infection had a period of viremia con-
sideragly shorter than that during primary dengue 1 infections, Duration
of secondary dengue 2 viremias -: not dffferent than those of primary
infections when animals were infected at 6 week and 3 month intervals
after primary infection; at 6 months, however, the frequency of detected
viremia appeared lower than during primary infection, Each of these ob-~
sexrvations suggest;occurrence of cross protection which increases with

time against dengue type 2 by dengue 3 and 4 pre-infected animals and
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against dengue type 1 by animals previously infected with dengue types

2, 3 and 4.

¢. Tertiary dengue challenge. Table 6 summarizes the sequence of

infections in monkeys infected with three different dengue viruses. Inter-
vals between infections are shown in appendix i. As shown, an animal in-
fected with dengue 1 then dengue 3; and another animal infected with dengue
4 and then 3, each then challenged with denéue 2 circulated virus. These
animals had low titered dengue 2 viremia, respectively, on days 2, 4 and 5
and days 3, 4 and 5 after infection. Neither had circulated dengue 3 during
" 1its secondary infection experience. Three other animals with the same se-
quence of virus infections did not circulate dengue 2 on tertiary challenge.

3. Antibody responses to primary infection and following challenge with

homologous and heterolop~ = * ‘ruses.

Circulating antibodies huve been determined by HI and CF microtests,
using a toﬁal volume of reagents of 4 and 6 drops, or 0.1 ml and 0.15 ml,
respectively. However, due to the fact that the CF tests have not pro-
gressed as yet far enough, only the HI test results are reported at this
time.

In order to remove non-specific inhibitor; from the sera uséd in the
HI tests, tbe kaolin treatment method was used throughout. This method
was adopted generally in the investigation in preference to acetone treat-
ment, as being more practical in handling large numbers of sera and as it
eliminates slippage of the patterns that so often is noticed with the low
dilutions of negative sera treated with acetone when teséed with group B

antigens. Furthermore, preliminary tests were done to ascertain the effec-
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tivenecss of the 2 methods, kaolin and acetone; all the serial scra from
3 animals and selected samples from 6 or 7 additional oncs were treated

in parallel with acetone and kaolin, No substantial or systematic differ-
ence in titers of antibodics was noticed between the 2 procedures,

All sera were tested in increasing 2-fold dilutions beginning at 1:10
against 8 units of the following antigens; dengué types 1,2,3 and 4,
yellow fever, Zika, St, Louis, West Nile and Wesselsbron, In the few
occasions when the final titrations showed either more or less (16 or &
units) antigen present, the titers of the sera were corrected accordingly;
all titers given in this report refer, therefore, to 8 units of antigen,

The monkeys used in the experiments had been pretested by HI and
neutralization plaque testj; they were devold of circulating antibodies.

a. Primary response, Four monkeys infected with dengue 1, 6 with

dengue 2,4 with dengue 3,and 6 with dengue 4 have thus far been studied.
Samples of serum were taken almost daily during the first 10 days After
infection, at wider intervals thereafter.- For details concerning the
strains used and viremla patterns following frimary infections, see the
1967 Annual Progress Report,

Representative HI antibody responses_ﬁo primary deng;e 1,2,3 and 4
viruses are shown in tables 7-10, As of the 10th day after infection,
no animal had detectable circulating antibodies except 2, which were
positive for the first time on that day, One, following inoculation of
dengue 1, reactad with a titer of 1:10 against Zika antigen; the other
after infecticn of dengue 2, reacted at dilutions 1:20 with dengue 2 and

1:10 with Zia and SLE.
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The next blood sample after the 10th day was taken on the 16th day
from monkeys with dengues 1, 2 and 3; on the 12th day, from monkeys with
dengue 4, |

For the sake of brevity, the esseﬁtial results of the HI tests have
been summarized and are given in table 11, The table shows composite
results; this procedure seemed justified in view of the fact that indi~-
vidual deviations from the mean values given were not out of line,

The main conclusions to derive from these results are: 1) Cross-

reactive titers with non-dengue antigens, particularly SLE, Wesselsbron

and Zika, are often as high as homologous titers in monkeys infected with
dengues 1 and 2, 2) Within the dengue systems. ‘mean values as well
as. individual homologous titers were higher'than heterologous
titers, 3) During the period covered by the observafions, from 0 to 50
days, post-challenge, the highest mean titérs, wvhether homologous or heter=-
ologous, with any antigen were between 1:160 and 1:320 with monkeys in-
fected with dengue 1; between 1:320 and 1;640 for dengue 2; between 1:40
and 1:80 for dengue 3 and 1:80 for dengue 4,

b. Secondary response, The number of combinations possible, when

taking into account the succession of dengue types and 3 time intervals

between challenges, 1 1/2, 3-4 and 6 months, is 48, At this time, HI

tests have been completed with serum samples taken daily for 8 or 9 days

after the sccoandary infection from monkeys challenged as shown here:
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Primary Interval, months Secondary
dengue 1 4 dengue 2
i 4 déngue 3
dengue 2 4 dengue 1
y 4 _ dengue 3
dengue 3 4 dengue 1
" 4 - . | dengue 2
i 11/2 dengue 3
dengue 4 . 1 1/2 dengue 2
" 4 dengue 4

As with the primary response, no attempt wili be made to give here
every detail of the experimental outcome, Instead, pertinent results are
shown which illustrate certaiﬁ discernible patterns of the secondary re-
sponse in its earliest period, up to 8-9 days from challenge., These
patterns are seen in tables 12-14;

1) No measurable response, or hardly any, to the second virus., This
occurred when the first virus was dengue 2 and the second, dengue 1 or 3
(table 12),

2) Moderate secondary response, This took place when the first and
second viruses were both dengue 3 or dengue 4 (table 13),

3) Marked secondary response, This was noted-in cases with second-
ary viremia; when dengue 2 was the second virus, the first one being
dengue 1, 3 or 4, This marked response also occurred with dengue 3 follow-

ed by dengue 1 (table 14),
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It is still too early in the course of this work to derive general
conclusions concerning the impact on the secondary response of the various

combinations; it would seem, however, that some are more successful than

others in bringing about an accelerated and marked antibody rise, It
may well be, as suggested in viremia studies, that if dengue 2 or 1 is
given first it prevents multiplication of dengues 3-or 4, given subse~
quently; as a result the secondary response is due to the mass of the
antigen in the inoculum and consequently is weak, On the other hand,
dengue 3 or 4 do not effectively prevent multiplication of dengue 2, so
that the latter multiplying in a sensitized animal, brings about a sharp

increase in the circulating antibodies,

The titers of circulating antibodies 8 days after the secondary in~
fection, in the responsive coébinations, were not excessively higher than
those that resulted, at any tine, after primary inoculation of either
dengue 1 or 2, The striking feature was that in these responsive combina-
tions signs of an Immune response were seen in many animals by the 5th day
after secondary challenge, and in all by the 8th day., TFhis 1s in sharp
contrast with the primary response in aenimals after primary dengue infec~
tion (see above); no immune response was detectable by the 10th day. Sub-
sequent to the 8th day, antibody levels may increase to titers approximating
those observed in dengue hemorrhagic fever patients'in Thailand (i.e.> 1:10,

240), This is illustrated in table 15, In this instance, antibody titers

were highest against non-dengue antigens,

4, Laboratory studies on venous bleod following primary dengue infections

and challenpge with heterolocous viruses,

Test methods for white blood cell and platelet counts, hematocrit
52
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detcrminhtion, total protein, and prothrombin time have been described
in the 1967 Annual Progress Report,

Total serum complenment deterzinations were done by a quantitative
method employing a Colcran spectrophotometer, When less than 10% or
greater than 807 light was transaitted at 425X (light transmission being
inversely proportional to amount of hemolysis) fluctuations in complement
level could not be measured accurately, Between these limits satisfactory

assays could be made, In rost instances,a 1:30 dilution of monkey serum

’
produced 50% hemolysis (light transnission). Teéts were performed as
follows: To 0,5 ml of a 1:30 dilution of serum 1,5 ml veronal buffer and
I.0 ml sensitized sheep RBC were added, Tubes were incubated at 37°C for
30 min, They were tﬂen centrifuged for 10 min, at 1000 rpm and the super-
natant read in the spectrophotometer, Values weré expressed as optical
density., Variations in armount of complement are directly proportional to

variations in optical density.

a, White blood cell count, No attempt was made to establish normal

values for monkeys or to define proportidnal changes from base line values
which would be considered leucocytosis or leucopenia, The following terms
are defined: Jleucopenia - sustained reduction of WBC from previous value

occurring on 3 or more successive days; leucocytosis - sustained

elevation of WBC above previous vélue occurring on 3 or more successive days.
Animals showing "leucopenia" during primary or secondary dengue in-
fections are shown in table 16, It was notable thét leucopenia occurred
more frequently during prinary dengue 2 and 4 infections than during dengue
1 or 3 infections. The difference between leucopenia in dengue 2 infec-
tions contrasted with dengue 1 and 3 infections was significant (.05 >p

>,01), Leucopenia was noted during heterologous secondary dengue 2
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infection in 24/48 animals but somewhat less frequently thaﬁ in other se-
quences when dengue 2 infection followed dengue 4,

Leucocytosis occurred less frequently than did leucopenia responses
in primary dengue infections (table 17), However, leucocytosis was noted
during secondary dengue 1 and secondary dengue 2 infections at a somewhat
higher frequency than during primary infections with these two viruses,
Differences are not significant, Mild leucocytosis is a regular feature of

secondary dengue hemorrhagic fever in Thailand,

b, Platelet count., No attempt was made to establish normal values,

Thrombocytopenia was defined as a decrease in platelet count from pre-
infection value occurring on 2 or more consecutive days during the 10 days
following infection,

Incidence of "thrombocytopenia" during primary and secondary dengue
infections is summarized in table 18, The frequency of thrombocytopenia
during secondary dengue 2 infections was significantly higher than during
primary dengue 2 infections (.05>p>,01),

c. Hemoconcentration, Hemoconcentration was defined as an elevation

of hematocrit from previous value on 2 or more successive days followed
by further decline in value, Hematocrit values generally declined over
the period of bleeding, since 4 ml of blood was removed from the animal
daily for eleven days. Among animals infecteé primarily and aniﬁals in-
fected secéndarily no significant differgnce in hemoconcentration was
noted in any group or in any combination of virus infections,

d. Hypoproteinemia. Hypoproteinemia was defined as a decrease in

total serum protein (measured by refractometer) from base line value
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occurring on 2 or morc successive days, Of animals infectea primarily i
and animals infected seccondarily no significant difference in incidence
of hypoproteinemia was observed between groups or in any combination of
infections, Considerable variation occurred in total proteins in serial
samples from single animals, This variation appeared to be random and
could not be explained by the condition of the specimen, the amount of
hemolysis, etc, All specimens were temperature standardized, Distilled
water readingswere made frequently, We consider the values obtained by
refractometer to be unreliable, If a suit;ble quantitative micromethod
can be found, all samples will be retested,

e, Prothrombin times, No prothrombin time tests were performed

during the report period,

f. Total complement, Serial bleedings from 14 animals during first

and second infections have been studied, Infection sequences included
were as follows: d3-dl, two animals; d1-d3, two animals, d3-d3, one
animal; d4-d2, eight animals and 17D yellow fever, d4-d2, one animal,
Although some unexplained fluctuation in complement levels occurred
in serial samples from the same animal obtained over a period of up to 6

months, two patterns of complement response appeared to correlate with the

period of acute experiment; 1) Increase in tqtal complement, This
reaction was seen in 4 animals bled on 10 successive days, then on days 21 3
and 42 aftér inoculation, after receiving subcutancously a suspension of
tissue culture cells prepared in the same manner as for denghe seed virus
preparation., Response 1s illustrated in Figure 1, Elevation in total

complement generally began in the third bleeding (2nd day after inoculation)
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and declined to base line value by about the 8th or 9th bleeding. The
magnitude of increase was of the order of 50%, An increase in comple-
ment was also noted in 12 out of 14 animals during primary dengue in-
fections with dengue types 1-4 viruses, Increase in complement without a
marked decrease was also seen in one animal receiving dengue 3 two times,
in both animals infected with dengue 3 then dengue 1, and in both animals

infected with dengue 1 then dengue 3, 2) Decrease or marked fluctuation

in total complement., This response, illustrated in Figure 1, was observed

in 6 of 8 monkeys during a dengue 2 infection which followed dengue 4 at

an interval of between 6 weeks and 3 months, 1In all but one monkey a

- marked decrease in complement was detected f{irst on day 3 after infection,

In general, the longer the infection interval, the greater the depression
of complement,

g. Observations on monkey 13177, Marked laboratory abnormalities

vere noted in one animal whose infection sequence is described in Figure 2,
This animal, a 5 pound young adult female, was infected with 3000 PFU of
dengue 4 virus., No virus was detected at a 1:10 dilution of plasma obtain-
ed on days 2, 4, 6, 8, 10 or 12 following infection, The animal had HI
antibody to dengue 4 first detected at a 1:40 dilution in the 21 day post-
infection specimen, Three months following primary dengue infection,
100,000 PFU of dengue 2 virus was inoculated subcutaneously, A few dengue
2 plaques were observed at a 1:10 dilution on day 2 of infection, no virus
was detected on day 3, plaques were observed at all dilutions through 10"4
on days 4 and 5, No blood sample was obtained on day 6, but from day 7

through day 10 no further viremia was detected, On day 3 the monkey

evolved, very suddenly, high titered heterologously reactive HI antibody
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TEXT NOT REPRODUCIBLE.

(response to dengue 2 is shown, titers =ith other antigens were similar).

_d

On days 4 and 5 this antibody was absexnl, rossibly removed by combination
with the virus produced. On day 7 a szzll zmount of antibody was detect-
able and this rose rapidly during the n:xt .8 hours, Laboratory abnormal-
ities observed during infection were leuzociritosis, thrombocytopenia, eleva-
tion of prothrombin time, decrease in ccuplzsmant, hypoproteinemia and an early
unsustained elevation in hematoerit. I- iz rotable thét most laboratory ab-
normalities observed were initiated or “scazs maximal during the period of anti-
body excess immediately following the *:rmira<ion of detectable viremia, In
addition, a single thrombocytOpenicispike snd a single elevation of hemato-
crit to a value above base line was obs:rvsi 3uring the first period of
antibody excess on day 3.

These abnormalities recapitula?e zcst of the important laboratory
findings observed.in humans with the dsnugus shock syndrome (DSS), Lab-
oratory valuss from a representative hurar 2zse are shown in Figure 3.

Note the onset of shock, thrombocytope::sa, :ild.leucocytosis, hypoprotein-
émia and elevated prothrombin time on tzs Zrd day after onset of fever,
It has been shown for humans that fever bezins about 1 day after onset of
viremia. The observed laboratory abnorzalZifes in the monkey began 4 or
5 days after onset of viremia. This wc:ld e 3 or 4 days after onset of
fever, or about the time that most DSS ratZeris develop clinical and lab-
oratory abnormalities. Thus, the sequ:srce == timing of host response
in monkey 13177 and man appear to be id:ntizsl,

"It is of interest that the abnormelitiss in host response observed

in this and other monkeys during seconizry dengue infections resemble in

\O
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kind the laboratory values described in rhesus monkeys during anaphy-
lactic shock, particularly delayed anaphylactic shock, induced by egg
albumin,

Whether these similarities imply common pathogenelic mechanisms re-
mains to be determined. Attempts have been made inr 30 additional animals
to recapitulate all of the abnormalities observed in moﬁkey 13177. These have
been unsuccessful. Thus far, this animal has had the lowest antibody response
to primary dengue 4 infection of any studied. Whether this or other
factors are important in sensitizing animals to markedly abnormal host
responses during secondary dengue infection remain to be investigated.
Summary and Conclusions.

1. Varying degrees of cross protection were induced'by dengue in-

fections in rhesus monkeys.

a. Dengue viruses types 1 (16007), 2 (16481), and 4 (432%S)
completely protected monkeys against viremic response with a dengue type
3 virus (strain 16562) when inoculated subcﬁtaﬂqously at 6 weeks, 3-4
| months and 6 months after primary infection.
b. Cross protection between two dengue viruses at only a short

challenge interval was noted with dengue 3 followed by dengue 1. This

was the only instance of the type of early cross.protection described
by Sabin in human volunﬁeers infected with dengue 1 or 2 viruses and
challenged with the heterologous virus type.

c. Cross prctection inereasing with time was noted between

dengue types 2, 3 or . %o subsequent challenge by dengue type 1 or
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or between dc rue 1, 3 nnd 4 to subscquent challenge by dengue 2,
Dengue type i infection completely protected 2 monkeys against a viremic
response with dengue type 2 virus at a 6 month interval,

d. Of all viruses tested, dengue type 2 was least protected,
This observation is consistent with the data from Bangkok studies which
showed that dengue type 2 viruses were more frequently isolated from
symptomatic secondary dengue infections than other viruses, If infection
vith dengues other than type 2 are more frequently prevented by previous
heterologous virus experience, type 2 infections would be expected to
predominate in observed secondary dengue illnesses,

e, Uhen monkeys were infected with two different dengue viruses,
then challenged a third time, in all but two instances viremia was com=-

pletely prevented. In these two instances denguec 3 was the second virus

challenge. These data sugpest that sequential vaccination by attenuated

dengue 1 then dengue 2 will protect against homologous challenge as well

as dengue 3 and 4 infection (complete dengue protecfion). This micht be

a2 relatively simple vaccination procedure particularly applicable to

nilitary populations. Before applying these data to man further demonstration
is required in monkeys that 1) protection‘from two dengue-infections to any
subsequent challenge is of long duration and 2) that attenuated dengue 1 and
2 virus vaccine strains suitable for human use will produce the same degree
of cross protection as has been demonstrated abbve.

2, In gcreral, antibody responses in monkeys and man appear to be
very similay, When viremia occurred during a secondary dengue infection,
a marked sccondary~type antibody response was noted, When a primary

dengue infection protected an animal against viremic infection with a
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second virus, antibody responsc was minimal, Intermediate “booster
responses’ were noted when animals were re-inoculated with homologous
virus, It is probable in the latter two instances that the antigenic
stimulus was derived from the virus inoculum only, Apparently, when |
antigens were identical the booster effect is greater than if they are
only closely similar, In future studies antibody responses might be
used instead of virus isolation procedures to test the efficacy of cross
protection against dengue straing,

3. Various laboratory abnormalities were noted during primary and
secondary dengue infections,

a. A high percentage of monkeys infected with dengue 2 viruses
had a period of leucopenia coinciding, in most instances, with viremia,

b, Mild thrombocytopenia occurred significantly more fre-
quently in secondary dengue 2 infections than.in priﬁary dengue 1-4
infections,

¢, Increase in serum comp;ement of short duration was noted
in serial bleedings from monkeys injected with contfol tissue culture
extract or primarily infected with dengue 1l-4 viruses, Increase in
serum complement also occurred in two expe;imental period§ in one monkey
given dengue 3 virus twice, two monkeys infected with dengue 3 then
dengue 1 and two monkeys given dengue 1 then dengue 3,

d., A sharp decrease in serum complement was observed on or
about day 3 after a secondary dengue 2 infectioﬁ in 6/8 monkeys previously
1nfe§ted with dengue 4, This observation plus that reported in (b)
establishes that at least two blood or serum laboratory values differ

during secondary dengue infections as compared with primary infections.
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e, A single animal developed hypoproteinemia and elevation
in prothrowmbin time in addition to thrombocytopenia, mild leucocytosis
and decreased complement during a secondary dengue 2 infection, The
sequence of abnormalities in this animal recapitulated in time and in
kind those observed in human dengue hemorrhagic fever.

It may not be unrcasonable to hypothesize that decrease in serum
complement, thrombocytopenia and mild leucocytosis observed in monkeys
may be related to antigen-antibody complexing, comnstituting a mild form

of dengue hypersensitivity disecase,
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Table 1., Tests for viremlia in grivet and patas monkeys infected
subcutaneously with dengue viruses, '

Viremia on indicated day after infectio/

Animal Dengue Inoculum
Species number type Strain PFU 1 2 3 4 5 6 7 8 9
Grivet 13099 dl 16007 10° 0 0 00 + + M 0
13101 d2 1950-63  10° 6 0 0 0 0 + ND 0
| 13103 d2 16681 10° 0 0 + + + 0 ND O
| 13102 d3 16562 10%4+° 0 + 0 0 0 O ND O
Patas 12641 dl 16607 10° 0 0 0-0 0 O + 0
12666 d2 16681 10° 0O 0 0 0 + 0 0 0
12669 d2 1950-63  10° 0o 0 0 0 0 + 0 0
12670 d3 16562 1043 © 0 0 0 0 0 0 0
12671 d4 43288 1033 0 0 0 0 0 0 0 0
é, 0 = no plaques observed in 3 two ounce bottles inoculated with

0.5 ml of 10~ dilution of plasma,

+ = one or more plaques observed under above described conditions,

ND = blood not collected,
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Table 2, Incidence of viremia (days 1-10 after infection) in rhesus

monkeys during primary dengue virus infections.

Dengue type dl d2 d3 d4
Strain 16007 16681 1950-63 | 16562 4328 S | 4328 S | 4391
Host passage TC psg | TC psg TC psg TC psg | TC psg | sm psg | sm psg
>10,000 11/11* | 13/13 4/4 7/11 26/29 3/5 0/4
Dose
(PFU) <50 2/2 2/2 2/2 2/2
Total 13/13 15/15 6/6 9/13 26/29?* 3/5 0/4

* animals with viremia/no. tested

*% FEight animals bled only on alternate days not tabulated.
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Table 4,

Incidence of viremia during secondary dengue infections in
rhesus monkeys,

6 week interval between primary and

secondary infection

Secondary infecting virus

dl
d2
d3
d4

dl
d2
d3

d4

Primary infecting virus

dl
d3
d3

d4

heterologous
challenges

* animals with viremia/ total tested,
protection or partial protections

d1 d2
©/1% 2/2
2/2 o1
0/2 2/2

3/3

da3
0/2
0/2

0/1

3-4 month interval between 1° and 2°

ar d2
2/2
@
2/2 2/2
/2 26/26

d3
0/3

ElE

0/2

6 month interval between 1° and 2°

d1 d2
0/1) 0/2

44
1/2 3/3.
8/16 44/46

d3 d4

0/1

\DIJP)

©

0/17 0/2

Circled fractions indicate
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Table 6,

Incidence of viremia during tertiary dengue infection of

rhesus monkeys,

Third challenge virus

Primary-

secondary dl d2 d3 d4
sequence

d1-d2 0/2 0/4
dl-d3 1/3 0/2
d2-d1l 0/2 0/3
d2-d3 0/1 0/1
d2-d4 0/1 0/1

d3-d1 0/2 0/1
d3-d2 0/3 0/5
d4-dl 0/2 0/2

d4~d2 0/5 0/4

d4-d3 0/1 | 1/2

0/11{ 2/9 0/11 | 0/15] Total 2/46
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Table 7, Hemagglutination-inhibition test, Response in monkey #13015
following primary infection with dengue 1 (16007),

Serum Antigen, 8 units

day after infection D1 D2 D3 D4 SLE WN ZIKA YF

PRE 0 o o 0 o o o0 o0

2 0 o o o0 o0 o0 o0 0

} 3 0 0 0 0 0 0 0
i 4 0 o o o0 6 o0 o0 0
0 o o o0 o0 ©0 0 0

| 0 o o ©0 ©0 ©0 0 0
10 0 ©o o o0 o0 0 o 0

16 80 10 20 10 10 10 40 20

30 160 4 80 40 20 20 160 40

52 160 20 40 20 20 20 80 20

Reciprocal of serum titer; O, no inhibition at dilution 1:10,
lowest used, : i
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Table 8, Hemagglutination-inhibition test,
following primary infection with dengue 2 (1950-63),

Response in monkey #13017

Serun Antigen, 8 units
day after infection | D-1 D2 ;Dp3|Dp4 /| SLE | wWN ZIKA | YF
PRE 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0
6 0 0 0 00| 0 0 0 0
10 0 20 o | o |10 o |10 |o
16 20 | 160 | 40 | 40 160 | 20 {160 |20
30 40 | 320 |.40 -, .80 160 | 40 1320 |20
52 40 | 320 | 40 | 40 |160 | 40 320 40
See Table 7
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Table 9, Hemagglutination-inhibition test., Response in monkey #13018
following primary infection with dengue 3 (16562)',

Serum Antigen, 8 units

day after infection [D 1 D2| D3 |{D4 |SLE |WN ZIKA | YF

i PRE 0 ol o o o |o |o |o
2 0 0 0 0 0 0 0 0

3 0 o o o o o |o | o

| 4 0 0 0 0 0 0 0 0
| 5 0 0 0 0 0 10 0 0
6 0 0 0 0 0 0 0 0

10 0 ol o o |o |o o | o

16 0 10 80 10 40 10 40 10

30 0 10 40 10 40 10 40 0

52 10 | 10 80 10 40 10 40 10

See Table 7.



EXs:

N e

Table 10, Hemagglutinaticn-inhibition test, Response in monkey #13179 !
following primary infection with dengue 4 (4328 §). .

Serum Antigen, 8 units
days after infection| D 1 D2 D3 |D4|sLE |w |zrra| YF
PRE 0 0 0 0 0 0 0 0
1 0 c .| O 0 0 0 0 0
3 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0
12 0 0 0 10 0 0 0 0 ;
21 20 40 40 |320 - 80 40 1160 80
42 10 20 20 160 40 40 1160 20 §
122 0 10 . 10 80 40 20 80 10

See Table 7, 2




Table 11, Primary antibody response by hemagglutination-inhibition in
monkeys subcutaneously inoculated with dengue viruses,
Combined results and rean titer values g

Days Antigen, 8 units
After
Virus Inoculation D1|( D2 D3] D4| YF | ZIKA| SLE | WN WESS
Dengue 1 16 *5 3 3.5] 3.5 3 5 1 - 4
19 Sed 3 ;45 3.5 5 3 6 4 5 5
| 4 monkeys 30 5 3.5 3.5 4 2,5{ 5 3 - 4
’ 41 5 3 3.5 4 2,51 5 3.5} 5 5
52 5 3 3.5 8 2 4 2 - 3
Dengue 2 16 1 5 2,51 3 1.5] 4 4 - 345
19 3.8 7 4,3 | 6,81 4,3] 6,5 6.3 | 6.0 | 6,5
6 monkeys 30 1.5 | 5 2 3 1 4 4 - 3.5
41 4,5 6.8 4 6.3 1] 4 6 6 5 6.5
52 2 6,5 3 3 2 5 4,51 - 4,5
Dengue 3 16 0 0.5 3.511 0.5 ] 1.5 2 0.5 2
19 0 0 2 0 0 0 0.5] 0 0
4 monkeys 30 0.5 0,5 3 1 1 2 2 0.5 2
: 41 0 0 2 0 0 1 1 0 0.5
[ 52 0.5 0.5 3 1 0.5 2 2 0.5 ] 2
; Dengue & 12 0 0 0.8 (0 0.3 | 0.,310,3]/ 0.3
} 6 monkeys 21 1.5 2 1o | & 2 3 2 1 3.3
42 0.7 142 i h§ | 3.9 | 1,2 | 3,2 3.2 | 2 2,9

* For each day an antigen is given the mean titer of the sera tested,
The titers are expressed as: 1 for 1:10, 2 for 1:20, 3 for 1:40,
4 for 1:80, etc.




Table 12, Infection with dengue viruses, Hemagglutination~inhibition,
Challenge by second virus resulting in no or hardly detectable
response within 8 days,
Antigen Sequence of dengue viruses and days after second inoculation
8 units Type 2 followed by 3 Type 2 followed by 1 Type 1 followed by 3
Monkey #13024 Monkey {13028 Monkey #13014
0 5 8 |*change 0 5 8 |[change 0 5 7 |change
Dengue 1 i3 3 3 0 5 5 6 1 6 6 6 0
Dengue 2 7 7 7 0 7 7 7 0 4 5 1
Dengue 3 4 4 4 0 4 4 4 0 4 5 1
Dengne: & 7 7 7 0 5 5 5 0 4 4 4 0
Yellow Fever | 2 2 3 1 4 5 5 1 3 4 4 1
Zika 6 6 6 0 7 7 7 0 5 5 ) 0
SLE 51 5 |6 1 7] 7] 1| o 3| 4| 4 1
W 8 8 8 0 4 5 5 1 2 2 3 1
Wesselsbron 6 6 6 0 7 7 7 0 5 5 5 0

* Change: increase in titer between O and 8th day expressed as number of 2-fold
dilutions, .

# For titers, see Table 11,
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Table 13, Infection with dengue viruses, Hemagglutination=-inhibition
Challenge by second virus resulting in a moderate response
within 8 days,

Sequence of dengue viruses and days after second
. Antigen o= ' inoculation
‘ ! Type 3 followed by 3 T Type & followed by 4
8 units Monkey #13215 Monkey #13178
0 5 8 change 0 5 8 change
Dengue 1 0 0 1 1 1 1 2 iL
Dengue 2 0 0 1 1 1 2 2 1
| Dengue 3 2 4 4 2 2 3 1
I
Dengue 4 0 0 1 1 4 5 6 2
Yellow Fever { 0 1 1 1 2 2 3 1
ZIKA 0 2 2 2 3 5 5 2
' -
[ SLE 1 2 3 2 3 4 4 1
WN 0 1l 2 2 3 4 4 1
Wesselsbron 1 2 3 2 3 4 4 1

See Table 12,
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Table 14,

Infection with dengue viruses,

Challenge by second virus resulting in marked response
within 8 days.

Hemagglutination-inhibition

Sequence of dengue viruses and days after second inoculation

Antigen | Type 1, then 2* |Type 3, then 1* |Type 3, then 2% Type 4, then 2%

Monkey #13022 Monkey #13019 Monkey #13026 Monkev #13172
Rt 0 5 8 chanpe 0 5 7 change | 0 5 8 change 0 5 8 change
D1 6 6 8 2 0 0 2 2 0 01 1 0 0 3 3
D2 4 4 8 4 0 0 2 2 0 0 2 2 0 0 3 3
D3 4 4 6 2 1 2 4 3 2 2 3 1 0 0 3 3
D4 & 4 6 2 0 O 0 01 1 3 3 & 1
YF 335 2 002 2 |00 2 2 002 2
Zika 6 8 2 0 2 4 4 0 1 4 4 2 3 5. 13
SLE 335 2 1 35 4 10 2 4 4 225 3
WN ol 5 W 2 0 0 2 2 0 .0- 1 1 00 3 3
Wess 5 5 7 2 0 2 5 5 01 3 3 125 4

See Table 12,

* Viremia detected during secondary infection,
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Table 15, Antibody response by HI in rhesus monkey #13179 infected
in succession with dengue 4 and dengue 2 at an interval of
112 days.

Days after Antigen

Primary|Secondary dl d2 d3 d4 SLE ZIKA YF WESS

42 104 20 20 160 40 160 20 80
119 7 40 80 80 160 160 320 80 320
121 9 320 640 640 640 1280 2560 640 2560
124 12 [1280 2560 2560 2560 10240 10240 2560. 10240

* reciprocal of serum titer.
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Virus Type

Table 16, Frequency of leucopenia in rhesus monkeys during primary

and secondary dengue infections,*

dl

d2
d3

d4

Secondary Infection

Primary Infecting Virus Type Primary
dl d2 d3 d4 Infection
z 4 4 4 4
0/2 (0) 2/7 (28.6) 3/4 (75) 0/4 (0 ) 4/12 (33,3)
4/6 (66,7) 3/5 (605 5/8 (62,5) 15/34 (44,1):13/19 (68.4)
2/5 (40) 2/6 (33.3) 0/1(0) 0/4 (0) 3/12 (25)
0/0 0/1 (0) 0/0 1/2 (50)

l21/46 (45.7)

* See text for definition of leucopenia,
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d4

Table 17,

infections in rhesus monkeys.¥

Frequency of leucocytosis diring primary and secondary dengue

Secondary Infection

Primary Infecting Virus Type Primary
dL 42 ] d3. dé Infection
% % Z % ) 4 -
0/2 (0) 2/7 (28.6) 4/4 (100) 1/4 (25) 3/12 (25)
3/6 (50) 1/5 (20) 5/8 (62.5) 7/34 (20.5) 2/19 (10.5)
2/5 (40) 3/6 (50) 0/1 (0) 0/4 (0) 3/12  (25)
0/0 0/1 (0) 0/0 o/z 0) 13/46 (28.3)

* See text for definition of leucocytosis.
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Secondary Infecting

~ Virus Type

dl
d2
d3
d4

Table 18. Frequency of thrombocytopenia during primary

infections in rhesus monkeys.

and seccondary dengue

——— e -

Sccondary Infection

Prinary Infecting Virus Type Primary

dl d2 a3 d4 Infection

Z 3 4 % b4
1/2 (50.0) 1/7 (14.3) 2/4 (50.0) T 2/4 (50.0) 3/12 (25.0) |41 fgl
4/6 (66.7) 1/5 (20.0) 4/8. (50.0) 17/34(50.0) 4/19 (21.1) |[d2 5%:
1/5 (20.0) 0/6 (0.0) 1/1 (100.0) 3/4 (75.0) 4/12 (33.3) |43 3 g-.i
0/0 0/1 (0.0) 0/0 0/2 0.0) 11746 (24.4) |d4 g.;
: ]

* See text for definitfon of thrombocytopenia.
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Monuey #

13014
13015
13016
13017
13018
13019
13020
13021
13022
13023
13024
13025
13026
13027
13028
13029
13124
13125
13126
13127
13128
13129
13130
13131
13172
13173
13175
13176
13177
13178
13179
13180
13181
13182
13183
13184
13185
13186
13187
13188
13190
13191
13192
13193
13201
13202

13203
13204

13205

.Appendix 1,

1° Inoc.

Virus

l—'HH'—'H#b&bh’NwWNNl-lebbbbbb§NNWUNNHHNN(&&NNHHNNUwNN)—‘l—‘

Dengue Viremia Studies in Rhesus Noukeys.*

(+)
(+)
(+)
(+)
(+)
(+)
(+)
(+)
(+)
(+)
(+)
(+)
(+)
(+)
(+)
(+)
(+)
(+)
(+)
(+)
(+)
(+)
(+)
(+)
(+)
0)
(+)
(0)
(0)
(+)
(+)
(+)
(+)
(+)
(+)
(+)
(+)
(0)
(+)
(+)
+
(+)
(+)
(+)
(+)
(+)
(+)
(+)
(+)

Interval 2° Challenge

Interval 3° Challenge

Interval 4° Challenge

Virus Virus Virus
31/2m0 3 (0) 1l yr 4 (0) 31/2m0 2 ()
31/2m0 3 (V) lyr 2 (+) 31/2m0 & ()
31/2mo 1 (4) ——te
31/2m0 1 (4)

31/2 mo 1 _(+) 1l yrx 2 (0) 31/2mo0 & ()
31/2 mo (Z__(U)) lyr (2107} 31/2wmo 3 ()
31/2 mo [Z__(UJ) 1yr 07} 31/2mo 3 ()
31/2mo 2 (+)

31/2mo 2 (+) lyr 4 (0) 3 mo 3 ()
31/2mo0o 3 (0) i

31/2m 3 (0) —— =

31/2mo 2 () lyr 4 (0)

31/2 mo 2 (4) 1lyr 1 (0) 3 mo 4 ()
31/2m0 1 (0) S = e -
31/2m0 1 (O

6 mo 2 (0) 3 mo 3 () 3 mo 4 (0)
6 mo 2 (0) 3 mo 4 (0) 3 mo 3 (0)
6 mo 1 () 3 mo 3 () 3 mo 4 (0)
6 mo 2 (+H 3 mo 1 (0) 3 mo 4 (0)
6 mo 2 (4 3 mo 4 (0)

6 mo 1 (0) 3 mo 4 (0) 3 mo 3 (0)
6 mo 3 () 3 mo 1 (0) 3 mo 4 (0)
6 wks 2 (+) 1l yr 1 (0) 3 mo 3 (G D
4 1/2 mo 2 (4) 3 mo 1 (0) 91/2mo 3 ()
6 wks 2 (4 :

3 mo 2 &) =

3 mo [Z2XT7)

31/2mo 2 (+) 3 mo 3 (0) 10 mo 1 ()
31/2 w0 2 (4) 6 mo 1 (0) 10 mo 3 ()
6 1/2 wo [I_TO)

6 1/2 mo 3 (0) 31/2mo0o 2 (0) 6 mo ()
6 1/2 mo U .

6 1/2 mo (Z_ (V7] 6 1/2 mo 1 ()
6 1/2 mo 2 (+) 31/2mo0 & (0) 6 mo 1 LY
6 1/2 mo 2 (4) 31/2mo 4 (0) 6 mo 1 ()
6 1/2 mo 1 (0) 4 (0) 3 ()
€1/2mo 3 (0)

2 mo 2 (+)

2 mo 2 (#)

3 mo 2 ()

3 mo 2 (+)

6 wks  [I__{U]]

6 wks 2 (+) 6 no 3 (0). 6 mo 4 ()
6 wks 2 (4 © mo 4 (0) 6 mo 3 ()
6 wks 3 (@ 6 mo 2 " (0) 6 mo 4 ()
6 wks 3 (o) 6 mo 4 (0) 6 mo 2 ()

=20



Dengue Viremia Studies

R T o 2 R

. - enclosed figures are exceptions to legend at column head.
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Appendix 1. Cont.,
13206 2 6 wks 1 () 6 mo 3 (0) 6 mo 4 ()
13207 2 (+) 6 wks 1 B 6 mo 4 (0) 6 no 3 ()
13208 2 () 6wks [277T0)) 6 mo 161013 6 mo 3 ()
13209 2 +) 6 wks 3 () 6 mo 2 (0) 5 mo 1 ()
13210 2 (+) 6 wks 3 (0) 6 mo 4 (0) 5 mo 1 ()
13211 3 ) 6 wks 1 (0) 6 mo 2 (0) 5 mo & ()
13212 3 (0) 6 wks 1 () 6 mo 4  (0) 5 mo 2 ()
13213 3 (0) 6 wks 2 (+) 6 mo 1 (0) 5 mo 4 ()
13214 3 ) 6 wks 2 (+) 6 mo 4 (0) S mo 1 ()
13215 3 (0) 6wks I3_(U03) 1 (0)
13216 2/1 (+) T
13217 YF (0) 6 wks 4 (+) 3 mo 2 &)
13239 4 (+) 3 mo 2 (4 7 mo 3 (0) 3 mo 3@ )
13240 4 (+) 3 mo 2 () 7 mo 3 )
13241 4 (+) 3 mo 2 (+) 7 mo 4 (0)
13242 4 (+) 3 mo 2 (+) 7 mo 1 (0)
13243 4 (0) 3 no 2 (+) 7 mo 3 (0) 3 mo 1 ()
13244 4 (+) 3 mo 1 (+) 6 mo 2 (0) 3 mo 3 &)
13245 4 (0) 3 mo 1 ) 6 mo 3 (0) 3 mo 2 ()
13246 4 (+) 3 mo 3 () 6 mo 1 (0) 3 mo 2 ()
13247 4 (+) 3 mo 3 (0) 6 mo 2 (+) 3 mo 1 ()
13248 4 () — -
13249 4 (+) 6 mo 1 (0) 2 mo 3 () 3 mo 2 ()
13250 4 (4) 6 mo 1 (+) 2 mo 2 (0) 3 mo a3 ()
13251 4 (+) - ——— :
13252 4 (+) 6 mo 2 (+) 2 mo 1 (0 3 mo 8 ()
13253 4 (+) 6 mo 3 (0) 2 mo 2 (0 3 mo 1 ()
13254 4 (+) 6 mo 3 (0) 2 mo 1 (0 2 mo 2 ()
13255 4 (+) 6 mo (D)
13256 4 (+) 4 mo 2 (+)
13257 4 (+) 4 mo 2 ()
13258 4 (0) 4 mo 2 (+)
13289 4 (+) 3 mo 2 (4
13290 4 (+) 3 mo 2 ()
13291 & (+) 3 mo 2 (+)
13292 4 (+) 5 mo 2 4)
13293 4 (+) 5 mo 2 (+)
13294 4 (4) 4 mo 2 (4
13295 4 (0) 4 mo 2 (+)
13296 4 (0) 4 mo 2 ()
13297 4 (+) 4 1/2 mo 2 (+)
13298 4 (+) 4 1/2 mo 2 (+)
13299 4 (0) 3 mo 2 (+)
13300 4 (0) 3 mo 2 (+)
13301 4 (0) 3 no 2. (+)
13302 4 (0) 3 o 2 (+)
13305 BPL 4 (0) 3 wks 2 (+) §
13306 BPL 4 (0) 5 wks 4 (+) 2 () 3
13307 BPL 4 (0) 3 wks 2 4 i
13308 BPL 4 (0) 5 wks 4 (+) 2 () §
* - Figure in parenthesis indicates presence or absence of viremia during days 1-10 3
post-infection . ;
- horizontal line indicates monkey removed from study .
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Project 3A013001A91C, IN-HOUSE LABORATORY INDEPENDENT RESEARCH
Task 01, In-House Laboratory Independent Rescarch

Work Unit 123, Population genetics of hemoglobin E, thalassemia, -
and related genetic polymorphisms in Thailand.

Investigators.
Principal: Donald L, Rucknagel, M.D.
Associate: Henry Gershowitz, Ph.D,; Supa Na-Nakorn, M.D.;
Prawase Wasi, M.D., Ph.D.

Description.

The objectives of this project are (a) to establish in
greater detail the frequency of various genetic hemoglobinoph-
athies in Thailand; (b) to correlate the frequency of these
with the prevalence of malaria, past and present; and (c) to
assess their impact on other aspects of the health of the
individual.

Progress.

(The following has been taken from a -manuscript that was
prepared for publication by the Principal Investigator and his
associates). . '

Venous blood samples were drawn from over 3000 1ural vil-
lagers from 10 regions throughout Thailand. Electrophoresis of
10 gm percent hemolysates extracted with toluene were performed
at 4°C using vertical starch gel electrophoresis for 16 hours
at 5 V/ecm. Following this the gel slab was sliced with a wire
and one-half was incubated for 6-10 hours at 37°C with a sub-
strate containing 20 mg of 6-phosphogluconate, 10 mg of NADP,

4 mg of phenozine methosulfate, 150 mg of magnesium chloride,
and 10 mg of nitro-blue tetrazolium, all in 100 ml of 0.5 M
Tris buffer at pH 8.6. The other half of the gel was incubated
with the same substrate mixture containing glucose-6-phosphate
instead of 6-PG,

In the red cells of all of the males with detectable
G-6-PD activity the electrophoretic mobility was identical to
that of the B type of Caucasians. The elettrophoretic patterns
of the deficient males showed virtually no enzymatic activity.
No other G-6-FD variants were detected.

The precdominant phenotype of 6-phosphogluconate dehydro-
genase (6-PGD) was the original type I of Fildes and Parr or
the type A of Bowman et al., and Dern et al. In this phenotype,
in addition to the anodally migrating major electrophoretic
component, there are several more slowly moving minor fractions.
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A cathodally (slowly) migrating component referred to as the

C band by Fildes and Parr compriscs only a few percent of the
total enzyme activity., A smaller minor component which is
visible only in very concentrated hemolysates migrates betlween
the A and C bands. Another minor component migrates anodally-
to the major (A) band. Another minor component in the A pheno-
type, migrating cathodally to the C band, is usually obscured
by Hb A but is clearly visible in hemolysates from homozygotes
for Hb E.

The AB phenotype (A/B) is commonly seen in the Thai samples
as a reduction in the intensity of the A band, with a somewhat
heavier ‘band (B) midway betwecen the A and C bands and an in-
crease in the intensity of the C band compared with the minor
amount present in the A phenotype. The ratio of A:B:C was
approximately 30:50:20, The B phenotype was observed in one
specimen as heavy B and C bands and persistence of a small
amourt of activity in the region of the A band.

In five individuals a heretofore undescribed variant form
of 6-PGD, referred to as the Thai variant, was observed. In
this the A band is reduced in intensity. Anodal to this are
two major bands, the cathodal one overlaying the fast minor
component, These three bands are equidistant and their relative
ratios are approximately 30:50:20, respectively. In addition,
the C band is apparently split into two components of equal in-
tensity, one with the mobility of C and one lying between the
C and A bands with the mobility of B, _

The frequency of G-6-PD deficiency in males is equivalent
to gene (Gd) frequency. The highest frequency of Gd found was
in Northeastern Thailand, 17.48% and 15,78% in two specific
arecas. In Southern Thailand, especially about midway down the
Malayan Peninsula, the frequency of Gd was significantly lower,
being only 2.83%. '

The frequency of the A/B phenotype of the autosomal 6-PGD
system did not differ in males and females in any of the ten
locations. The mean frequency was 8.7%. The highest frequency,
about 12%, was found in Central and Northcentral Thailand.

From there it falls off to about 7% in the northeastern part
of the country, to 3.7% in Chiengmai in North Thailand, and
8.1% in the far south. 3

Ohly one cxample of type B was detected. The cumulative
number expected in the entire study was 6.2. In no single area
was the departure from the Hardy-Weinberg equilibrium signifi-
cant.,

No samples deficient in 6-PGD activity were found.
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Summary and Conclusions.

3185 subjects from: 10 provinces throughou:t Thailand were
sampled., In 1577 males the frequency of G-6-rD deficiency was
11.98%. In the, far south the gene frequency was 2.83%; in the
remainder of the country the frequency did no% vary signifi-
cantly about a mean of 13.76%. The deficiency is of a severe
type. The G-6-PD of all non-deficients had ths electrophoretic
mobility of Type B.

The mean frequency of the A/B phenotype cf 6-PGD was
8.47%. The maximum frequency was in Central aznd South Thailand,
with a decline to the north and northeast.

A variant form of 6-PGD, referred to as the Thai variant,
was found in which two additional electrophorstic componcnts
migrate anodally to the normal A band, confirring that the
molecule is at least a dimer. The hypothesis is advanced that
erythrocyte 6-PGD is determined by two genetic loci, only one
of which is translated in leucocytes.

Publications.

None.
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Project 3A013001A91C, IN-POUSE LABORATORY INDEPENDENT RESEARCH
Task 01, In-House Laboratory Independent Research
Work Unit 124, Encoding of planar graphs for chemical structure retrieval

Investigators,
Principal: Dr. C. C. Gotlieb
Associate: Dr, A. H. Lehman

Description.

The purpose of this work is to determine the theoretical considerations in
the computer encoding of chemical structures. This work is most important
in order to be sure that we do not build a chemical information system which
is mathematically unsound. There are several technical areas in which prob-
lems exist. One area involves the development of a relatively short notation
for the representation of chemical structures. This means the development of
a code which is close to the theoretical limits previously determined to be

necessary for the unequivocal representation of structures. The code presently

under development is "the parenthesis-bracket code.”

The second problem is then to determine if one graph is isomorphic with
another, i.e., in terms of chemistry, is one molecule the same as another.

The third problem is a piece of one graph embedded in a serond graph. This
is known as the problem of inclusion. Appreciable progress in the mathema-
tical aspects of this problem continues to be made. The problem has been
translated to the series of Ph.D. and Masters candidates who have produced
studies on various portions of the work. The most recent contribution is
work by Dr. Derek Corneil on the problem of graph isomorphism. This program
which is mathematically sound may well be useful in determining chemical
identity. '

Progress.

The contract with the University of Toronto is concerned with the problem
of isomorphism with the specific objective of attempting to stay within the
parenthesis-bracket code for representation of chemical structures, and yet
so manipulate the code as to obtain a tree permitting easy coding and decod-
ing of the notation to conventional chemical projections. The theoretical
study on the mathematical properties of chemical diagrams continues to be

of profound importance for the computer programs involving the manipulations
of chemical structures. Some of these techniques are to be incorporated in
the program for the new WRAIR computer. During the past year, one masters
thesis entitled "Reduction of Planar Graphs" has emerged from the work.
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Summnary and Conclusions

The development of sound procedures for the uandling of chemical structures
on the new machine is of fundamental importance. During the past yecar
significant progress has been made in developing an algoritim which will be
useful for the programnming connected with chem’cal identity.

e o IS Yo

Publications

3.

3

Gotshalks, G. J., Reduction of Planar Graphs. Masters thesis. {
Corneil, D. G., Graph Isomorphism. Ph.D. thesis.
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TEXT NOT REPRODUCIBLE

Project 3A013001A91C, IN-HOUIZ LARCZLICRY INDVPRIDENT RESEARCH
Task 01, In-llouse Laboralory Ind:ociic:.. Research '

Work Unlt 127, Study of retrlsval of bl:logical research informalion as
support, for lztoraiory fnvestigators

Investigators.
Yrincipal: Phyllis V, Par:ins
Ascoclate: Louise Schultz

Description.

The objectives of this study are muliirie., The first is to prouvid»
abstract services for WRAIR end oth:r ~TDS investigators, As a result
of such studies to determine the "lizerzturensss" of absiracts as w:ll
as to provide measurable informa~icr on the future role of abstrects
and vhat investigators will use. '

Progress.

Progress to the present time has in-olvsd the establishment of a system
which appears to be successful i on2 [udges success either by the
gservice provided, the influence.cn c¢ther needs, such as Interlibrary
Loans, or a subjective surve; armong ihe people who have used the system.
This report attempts to determire the cegree of satisfaction of request-
ers in a custom literature ssarc: service in the biological sciences
from the patterns of system usags cver 2 33-month period. Studies of
users and usage of an inforrstion sistsz (1-3) commonly depend on ques-
tionnaires, interviews, and diaries through which the user reveals his
information needs, use of the systez, c» degree of satisfaction with
its performance., BioSciences InZor-ation Service (BIOSIS? has been
operating and developing an informz-ior system 4) since May 1965, to
the evaluation of which it cculd arrzly none of these measurement methods.
This study suggests that perforrczncs evaluation can be inferred from
empirical operations data gztherad “ou"lnely and not inflvenced by usex
subjectivity (1n the data-gzthering nh:sg)

X AN

A tiliiny X mii i

P A R AR A I G A

.
-~

-.-mm i-“ e i I A, Mt s, e s



. center channel, in offering custom abstracts retrieval

The System, lts Environment, And Its Users

BioSciences Information Service of Biological

Abstracts (BIOSIS) functions as both a secondary recorded-

medium channel, in publishing Biological Abstracts

and sister publications, and a type of information-

service (5). Since its founding in 1927, Biological

Abstracts has published approximately two million abstracts
and citations of primary journal articles in the biological

sciences (6). Of these, indexes to nearly one million

are available in machine form and the corresponding
abstracts are on microfilm for duplication by a reader-

printer.

To exploif this data base, an essenfially manual
retrieval service was initiated in May 1965 under
the sponsorship of Walter RéedlArmy Institute of Research
(WRAIR) (7), which has developed in the degree of coﬁputer
support and has expanded to serve the research unit
at Letterman General Hospital, San Francisco, and the

U. S. Army Medical Corps Research and Development Command,

" Scientific and Technical Information Office (STINFO).

‘The latter facility has not been included in this study

because data are not available as to the identity of
requesters, inasmuch as requests are entered by an

intermediary in the 'name' of the facility.
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The requester population at the using installations

RIS TS

consists of both military and civilian personnel. There

is a constant turnovexr of the former due to termination

PPN g s

ws

of duty tours. Individuals presently on staff at .
WRAIR were identified from a current directory, allowing

comparisons to be made between those who still had

FeA S NPt e

S

access to the system at the end of the study period

SRR R

and those who had left WRAIR between the time of system
usage and the end of the study period. This information {
was not available for requeéters at Letterman General i
Hospital or U. S. Army Institute of Dental Research. i
Neither are precise data available on the maximum number
of individuals having the opportunity to usé the system
~airing the period, although we judge the number to
e in the order of 1500, including all technical and
administrative personnel. Work missions vary but include

"bench research," evaluation of technical merit of

kone T A e

proposals seeking funding support, and participation

in or planning of special scientific short courses.,

s o

The interface between user and system consists

A
¥

of electrowriter-dataphone terminals located at the
WRAIR library* and the Research and Development division
of BIOSIS. An individual desiring to use the system

obtains a dial-a-card from the librarian to establish

* fTerminals are also located at the cther user
installations mentioned.




" communications with BIOSIS through telephone lines.

He writes his inquiry message in natural language,

in his own handwriting, on the electrowriter.

Receipt of the written message is.usually monitored

_ by experienced biologists at BIOSIS. When necessary,

the BIOSIS 'search strategist' may negotiate with the

requester, either in writing or by voice communication,

-to clarify ambiguities in the question or correct

for electronic disturbances in the transmission. Aas
discussed by Cavanaugh (8), this type of dynamic interface,
in which no constraints are imposed on dialogue between
user and system operator is superior to one that offers
only yes/no ‘responses or one that requires the user

to interpret the system responses. BIOSIS personnel

are thus better able to formulate an effective search

strategy.

This strateéy is the plan by which BIOSIS personnel
identify abstracts‘most likely to contain the information
desired by the requester. It consists of

a.: desighation of files to be searched (keyword,

subject, taxonomic and/or author indexes);

“»

b. distribution of search tasks between computer
and humans; and

c. assignment to appropriate search personnel
(biologists and/or clerical). .
Abstracts meéting search specifications are reproduced
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from microfilm on a reader-printer and screened by
biologically trained personnel as to their pertinence
to the query. Those selected are then mailed to the

requestor.

Data about eaéh transmission and response are
on punch cards for machine processing of operations
reports. The information includes the user's name,
department, date of transmission, transmission number,
and number of abstracts sent. A "transmission" is
defined as a communication from user to the system
regardless of the number of questions (or "search
tasks") encompassed (9). Operations records, including
for this report the cdalculation of intervals between
transmissions, are based on number of working days
per year rather than on calendar days; e.g., one year

= approximately 251 days.

Usage Patterns and Satisfaction Implications

This report considers the number of transmissions
per uéer, the length of intérvals (in working days).
.between an individual's transmissions, and number of
abstracts sent per transmission. Information was correlated
with the individual's department and/or insiallation,
to examine imp}icit differences in user needs and satisfaction

with the service based on his scientific discipline.
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Between the inception of this information service
and 31 January 1968, BIOSIS had processed more than
1000 ‘transmissions from 416 different individuals
from WRAIR, USAIDR and Letterman Generél Hospital Research
Unit. Figure 1 plots the number of requests in gquarterly
intervals. The high initial activity can be accounted
for by the novelty of the system and the fact that,
by service contract definition, a correspondenca existed
between a "transmission" and a "search task." Subsequent
to the first year, multiple requests per transmission
were permitted. Excluding the first four quartérs,
the average is 85 transmissions per quarter with a

standard deviation of 13 and a mean deviation of 11.

Completely without formal publicity or encouragement

by WRAIR managers to use the system, first-?ime use

has apparently increased steadily since Lhe second
quarter of 1966, as graphed in Figure 2. We can assume
not only that total system usage levels are maintained

in an environment of changing patrohs (Figure 1) but

also that "satisfied" users have mentioned this service
‘to their colleagues, especially to new arrivals at

the installation.

Another indication of user satisfaction might

be his repeated use of the system. Of the total sample,
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48 percent of the requesters initiated more than one
transmission, the averace besirg 2.5 transmissions per
individual, 2.7 for WRAIR personnel. Figure 3 also
illustrates the percentage of total users in each mu}tiple-

transmission group.

In+Figure 4, the pattern of access is plotted
according to whether the individual is known to have
.been on the WRAIR staff at the end of the study period
(labelled "WRAIR PRESENT"), arparently had 1left WRAIR
(labelled "WRAIR NOT PRESENT"), or is from another
installation and whose status is unknown (labelled
"NON-WRAIR"). Notice that the pattern for both of
the latter qategories exhibits a definite cut-off trend.
However, system drop-out for rultiple-transmission
users who are known to have been on the WRAIR staff
at the close of the study period appears, in contrast,
to approach a threshold, irplying a measuremeﬁt of
satisfaction. That is, if the user re-enters the system
once, the probabilities are 2 out of 3 that he will
re-enter again and 1 out of 3 that he will re-enter
four or.more times. One out cf seven users continﬁing
to have access to the system cevelop a pattefn of reuse
averaging one transmission per quarter. Ten individuals
at WRAIR used the system nine or more times; 0f these,
four initiated more than 20 transmissions. Such behavior

must be interpreted as satisfaction with system performance.
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If multiple re-entry can be interpreted as a
measure of satisfaction with system performance, single-
entries--at least by any individual known to have been
on the WhAIR staff at the end of the study period——
‘must be examined as a measurement of dissatisfaction.
Only 34 percent of the non-repeaters fall into the
_fWRAIR PRESENT" category (Figu;es 3 and 4). 1In Table
1, grouped by calendar quarter in which the inquiry
was transmitted, are the number, and percentage of

the total represented by that number, of one-time requestors.

For those known to have continuing access to
the system, observe the minimum of about three percent
drop-out per quarter and the maximum of 13 percent.
Assuming the minimum to be the maximum tolerable, we
may consider the higher initial drop-out as an 'adjustment'
phase of operation upon which perfofmanpe was improved
during calendar 1966. Adjustment also encompasses
the effects of the contract definition of a "search”
mentiongd éariier and discussed in detail in reference

s,

The unprecedented drop-out rate of the first three
quarters of 1967 is influenced by (at least) the fact
that re-entry occurs at some interval after first-

time entry. That is, based on analysis of the interval
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between first and sccond entries for multiple-transmission
users, we can correct the drog-out data. If the request-

er has not re-entercd by the end of the same quarter,

the probabilities are 1:3 that he will re-enter subsequently;
by the end of the subseguent cuarter, fhey drop to '
1:6; by the end of the third cuarter, to 1:10; by

the end of the fourth quarter, to 1:14; by the end

of the fifth quarter, to 1:20.

Thus, one of the 10 drop-outs from the first quarter é
of 1967 may still be expected to re-enter (after the

end of the study period), one of the nine from the

Ao

second quarter, two of the ten from the third quarter,

and two of the five from the fourth quarter. Although

the resultihg "corrected" drop-out rate for the fourth
quarter is acceptable as an indication of imprbving

system performance (which continues into 1968), the

> R R i e R AL - "

data for the first three quarters persist as a barometer
of failure of the systen to meet the needs of first-
time requesters during that period. Jacobus (9) detects
the same failure in data on inter-library'loan rer

quests by potential system users. The deadline date 5 %

for submission of this paper precludes publication
of data for 1968; data throuch 30 June 1968 will be

available for discussion at the meeting, however.
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As implied above, the criterion for the performance
is modified by the behavior of "satisfied" or multiple-
entry users. Figure 5 illustrates the average intervals
between transmissions, categorized on the basis of
the total number of transmissions made by the user.

These data, plus the shortest intérval and longest
interval between successive transmissions and between
first and last entry, among those by individuals éntering

the system twice or more, are provided in Table 2.

In the graph of averages, we account for three

factors:

1. for a fixed-length period, the length of interval
between events perforce decreases as the numberof
events increases;

2. an information need, satisfaction of which
rgquires exhaustive exploitation of a given data Base
(extremely large but gfowing only at about one percent
per month), arises at some interval, called here
a ”nom}nalvtask interval" for any one individual; and

3. user confidence in.system performance motivates -

re-entry at intervals shorter than the "nominal task

interval" perhaps, at least in part, because the task

is accomplished or redirected more Quickly with information

service support.
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The comparative stability of interval-length for

the six-transmission user leads us to consider these

i

data the basis for a norm. That is, we define a "nominal

task interval" as greater than 60 working days (approximately

ol

3 calendar months) but less than the 126 working days

between first and second entries by thé two-transmission

user. Further analysis is beinglmade of comparable H
data for those users known to still have access to |

the system. However, the small number of individuals

o

in the sample for six or more transmissions may be
subject to too many variables of professional competence,
sophistication in use of information services, work
mission, etc., to justify drawing more incisive con-
clusions regarding differences in length of intervals

between usage.

The final set of data presented here is given
in Table 3, to examine the effects on user satisfaction
(i.e., usage) of correspondence between his scientific

discipline and BIOSIS file characteristics. For each

_ research division of WRAIR are listed the total number

of individuals who have transmitted at least one inquiry
message, thé number and percent of fhe total who are

known to still have access to the system, and for each

of these groups the average number of transmissions

and average number of abstracts delivered per transmission.
In general, the principal work mission of these individuals

is laboratory research.
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BIOSIS' policy for coverage of the biological
literature emphasizes research aspects and de-emphasizes
clinical and/or practice-oriented literature. The
déta indicate comparatively high continued usage by
';he divisions of Medicinal Chemistry, Neuropsychiatry,
and Experimental Pathology. The Nursing division,
as might be expected, exhibits the lowest usage. Data
on the Biochenistry division apparently indicate recent
separation of previously activevésers from the using
installation (low median number of days those 'present'

have been using the system).

Thé average number of abstracts delivered per
transmission reflects the precision with which the
inquiry was posed or else the effects of coverage policy.
Excluding the single transmission by a Nursing division
user, the high of 195 abstracts per transmission from
the Medicinal Chemistry division results from a preference
among this group to browse through broad responses.
Satisfaction of Experimental Pathology and Neuropsychiatry
divisions'users, exhibited by the high transmission
rates, may also be attributed to a preference for relatively
precise responses indicated by the number of abstracts

sent.
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Abstract

A study was made of the usage of the BioSciences
Information Service (BIOSIS) custom literature search
service in order to measure, inferentially, user satisfaction.
Data are included on single- and multiple-entries into
~the system, patterns of éystem drop~out, intervals
between requests, and volume of system responses,
The effect on these parameters of thé user's scientific

discipline, and continuing access to the system, is

examined.

User satisfaction was inferred from re-entry behavior;
however, the frequency and number of re-entries per
user also appears to correlate with a "nominal task

interval” and with term of stay at the using installation.
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FIGURE 1. Transmissions to BIOSIS
Search Service by Calendar Quarter.

100

REPEAT USERS

1965 I 1966 I 1967

FIGURE 2. Proportion of First-Time and
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- |TOTAL|[FIRST ONE-TIME REQUESTORS
YR QTR | TRANS|TRANS NUMBER PERCENTAGE
P} G] N p G N
65 2 88 64 6[15] 1| 6.8{17.1] 1.3
3 |155 85 8|27} 2] 5.2|17.4] 1.3
66 1 1117 27 3] 47 2| 2.6] 341 1.7
2 88 16 3 3 1 3.‘!‘ 304 101
. 3 69 23 4 6 0 5.8 8.7 0.0
4 1107 36 4112 5| 3.7|11.2] 4.7
67 1 98 37 10} 9] 8}13.1] 9.2] 8.2
2 71 28 91 6] 6]12.7] 8.5]| 8.5
3 77 35 10| 2} 8|13.0f 2.6(11.3
lf 81 29 5 5114 6.2 6.2 1703

P=HRAIR PRESENT G=WRAIR NOT PRESENT
N=NON-WRAIR

TABLE 1. System Drop-Out Data
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""" TOTAL| USERS | TOTAL USERS USERS PRESENT
DIVISION USERS| PRESENT DAYS
NAME FROM TRANS/[ABS/ |TRANS/| ABS/ | IN SYSTEM
| ‘DIV.|NO. | % | USER |TRANS | USER | TRANS| AVE.| MED.
BINCHEMESTRY 8 3|38] 4.9 87 | 1.0 8] 143 | 62
COMMJDIS.AND | 63 34 | 54| 1.8 161 | 1.9 139«] 404 | 524
IMMUNOLOGY 1 -
DENTISTRY 29 le4 30
EXP.PATHOLOGY| 14 10 | 72| 4.4 59 | 4.7 51 | 438 | 379
MEDICINE 66 36 | 55| 3.6 | 158 | 3.5 106 | 375 | 408
MED.CHEMISTRY| 25 15 | 60| 4.3 222 | 5.5 195 1367 | 323
NEUROPSYCH. 32 14 | 44| 3.4 67 | 5.3 50¢[ 475 | 550
NUCLEAR MED. | 25 13 152 2.6 111 | 2.7 62 [ 407 | 579
NURSING 6 1 {17] 1.2 66 | 1.0 380 | 655 | 655
PREVENT.MED. | 17 6 |35] 2.0 97 | 3.1 142 |356 [420
SURGERY 28 11 [ 39| 2.4 106 | 2.6 40 |213 [201
VETERIN.MED. | 20 8 |40 1.9 204 | 2.4 140 335 {373
’ AVERAGES 28 13 |47 2.9 114 | 3.1 119 [379
i MEDIAN 25 117144 2.5 102 1 2.7 | 106 1375

#=0NE OR MORE "NEGATIVE'. NO ABSTRACTS SENT

TARLE 3. Variation in Usage by Di'vision (Scientific Discipline)
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Summary and Conclusions.

Rather than measuring performance relative to percentages of "appro-
priate! and "inappropriate" items elicited from a file in response to
designed inquiries, BIOSIS is gauging the performance of a developing
retrieval system by the behavior of a significant number of users over
a significantly long period and in a significant number of actual in-
quiry events. The prediction model is then the standard for evaluating
the effect of operational changes to the system.

The WRAIR staff, judging by the effect of Interlibrary Loans and a
survey of interested users, have indicated that they believe the system
as it now exists is effective especially in the support of those in-
vestigators who have broad, complex interests.

Publications.

Jacobus, D. P., et al. Direct User Access to the Biological Literature
Through Abstracts: A Cooperative Experiment in Customized Service.
BioScience, 16:599-603, 1966.

Jacobus, D. P,, et al. Experience with a Mechan’zed Biological Infor-
mation Service. Abstract. American Chemical Society, 13 Sep 1967.
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Project 3A013001A91C, IN-HOUSE LABORATORY INDEFENDENT RESEARCH
Task 01, In-House Laboratory Independenti Research

Work Unit 128, Distribution of intestinal bacterial pathogens
in Malaysian aborigines

Investigators.
Principal: Ungku Omar-Ahmad, M.D.
Associate: LTC Garrison Rapmund, MC
kS CPT C. E. Davis, MC

s
e

Description.

The principal objective of this investigation, which is
one part of a larger study on infectious diseases of military
importance in equatorial Asia, is to study the etiology and
transmission of infectious diarrhea in certain Malaysian popula-
tions,

Progress.

This investigation was started in July 1967 and has been
concerned thus far with organizing the study groups and collect-
ing base-line information., Sixteen communities have keen select-
ed for study; 5 are located in deep jungle and ll are in less
isolated fringe areas. All inhabitants have been =ampled at
least once. Enteric pathogens were cultured twice as frequently
from the fringe communities as from the jungle. Ten percent of
the inhabitants in the former area had positive cultures and
60% of these individuals complained of diarrhea. Shlgell spe-
cies accounted for over 60% of the enteric pathogens in both
types of communities. Salmonella species were rare in the deep
jungle communities but were responsible for 40% of the positive
cultures in the fringe area.

In accordance with other reports in the literature, rectal
swabs were superior for isolating Shigella species and fecal
specimens were superior for salmonellae.

Six of the "fringe" communities had recently experienced
mild diarrhea epidemics. Cultures were obtained from 224 persons,
of whom 94 complained of diarrhea. Enteropathogens were isolated
from 12 (12.5%) of the group of 94 persons. Ten of the isolates
were Shigella spp, and the other two were Salmonella spw. :

Aborigincs requiring hospitalization are transported from
all over Malaysia to a single hospital. It was desirable to
study hospitalized diarrheal cases because community cross-
infection might occur via hospital contacts. On one occasion
96 diarrheal patients were cultured. Of these 24 had enteropatho-
gens: 10 L_gblla spp; 10 Salmonella spp; and 4 E, coli. Some
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indication of hospital-acquired infections has been seen, but
thus far there is no evidence of communiiy cross-infection via
the hospital,

The enteropathogens isolated so far have been remarkablée
for their lack of antibiotic resistance. Indeed, only one
multiply resistant organism has been found, an S. infantis
which was isolated from 13 individuals at the hospital for
aborigines. An increasing number of resistant isolates are
being found in other parts of the country.. In an attempt to
obtain information on the question of whether "R" factor existed
prior to the antibiotic era in Malaysia, more than 1400 isolates
of bacteria from the fecal flora of 128 persons have been ob-
tained from 4 isolated communities in East Malaysia (Sabah).
These villages are not known to ever have received any anti-
biotics with the exception of a total of 19 injections of pen-
icillin in 1959. The antibiotic sensitivity of the organisms
is in the process of being determined., Tests will be performed
to determine if any multiply resistant forms can transfer their
resistance to suitable sensitive strains.

Summary and Conclusions.

a. Diarrhea is common in Malaysian aborlglnes and entero-
pathogens can be isolated with relative ease from both sympto-
matic and asymptomatic individuals.

b. Enteric pathogens were cultured twice as frequently
from individuals in fringe communltles as from those in the
deep jungle.

c. Shigella spp represent over 60% of enteric pathogens
in both types of communities. Salmonella spp were rare in
deep jungle communities but made up 40% of positive isolates
in fringe communities.

d. Only one multiply resistant erganism has been found
thus far. This is an S. infantis that was obtained from 13
hospitalized diarrhea cases.

Publications.

None.
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Project 3A013001A91C, IN--HOUSE LABORATORY INDEPENDIIIT RESEARCH
Task 01, In-House Laboratory Independent Research

Work Unit 129, Retrieval of Data in Tropical Disease Bulletin

Investigators.
Principal: Mrs. P. Parkins
Associate: Miss L. Schultz, Biological Abstracts

Description.

The purpose of this investigation is two-fold. The first is to put
into digital form all the information contained in the Tropical Dis-
ease Bulletin, Volumes 1 through 63, so that digital searching and dig-
ital display of eppropriate abstracts can be achieved. The second ob-
Jective is to develop capabilities for the handling of full text on a
file of limited but yet significant size,

P

Progress.

The author entries for all issues of the Tropical Disease Bulletin
have been completed as have all of the subject indices. All but 10,000
titles have likewise been completed, although there is some additional
proofreading to be done on the completed titles. All microfilming has
been completed. Volumes 1 through 44 are therefore in a form which can
be converted into the existing Biological Abstracts system. The full
text of Volumes 45 through 63 have likewise been completed and there-
fore, in addition to being available for inclusion in the existing Bio-
logical Abstracts system, are ready for full text searching. Future
work visualizes staying current with the Tropical Disease Bulletin as
it is published.

Summary and Conclusions.

This work is proceeding well. The speed of input has been such that

the building of - the full text system rather than an abbreviated text
system appears feasible as a result of the detailed instructions gener-
ated for the typists. Further work on input variations is expected to
lead to additional improvements. The availability of the Tropical Dis-
ease Bulletin in digital form is expected to improve WRAIR!s coverage

of both tropical diseases and geographic areas.

Publications.

None.
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(U) TECH OBJECTIVE - YO ESTABLISKE PCCERM METHCLD
FUGR TRALC METALS IN HEALTH, DISEASE AWD YCXJICCLUG

(U)  APPROACH= UTILI2ING ATONIC ABSCRPTICN SFEC
COlCENTARATVIONS OF TRACE ELTMERTS KILL BE CEFIMNED
[NTERACTIGN WITH SUBSTRATES. EMPHASIS WILL ec PL
LITH RELATED GROUPS GF ELCMENMYS. INITIALLY, EFFC
FOF ELEMTNTS~ MANGANESE, CCPPTR,y 2INC, SELTHIUY,

(U) PRCSRESS = JUL 67 THRU JUN &8 ACCITICHAL PR
YANY TRACE METALS IN BIOLCGICAL FATRICES USING C
SP=CTRCPHOTOMETRY AND NHEUTRLN ACTIVATICN ANALYSI

i PANGANESE ANALYTICAL PETYHCDCLCGY. ANALYTICAL TEC
i TRACE MITAL METABCLIC MALFUACTICN SUCH AS HILSON
il REDIOPROTECTIVE ORUGS AND LIVER MANGANESE GIFFSR
ij SIRAING UVILIZATICON CF THCESE PRCCEBURES IN SUFPC
E THE KALTE2 REED GEMERAL HCSFITAL IS MNCY WELL EST
HANNUAL PROGRESS REPORTy 1 JUL 1567 - 30 JUN 19€8.
i

1

1

1 2.

S CF CUMLITATIVE AND QUANTEIVATIVE AMALYSIS
CY WITHIN THE ARMY MEDICAL SERVICE.

TRCHETRY ANC NEUTRON ACTIVATION ANALYSIS,
bi TER"S OF SITES OF ACYIC! AND CATALYTIC
ACEC Qit AMTACGHISTIC OR ACOITIVE EFFECTS
RES LILL BE LIMITCD TO THE FOLLOWING BLOCK
VANZDIUMy CO3ALY ANC IOCINE,.

CCECURES HAVE BZEN DEVELOPED FOR ANALYSIS COF
EMICAL METHOUSy ATOMIC AQSTRPTION

Se ENPEASIS HAS BEEN PLACED ON COPPER AND
FNICUSS KAVE BEEN UTILIZ2EC IN THE STUDY CF

S CISZASZ, VARIATIGNS PROCUCED BY

ENTES IN NICE AS A FUNCTVICH OF AGE AND

RT CF CIAGROSTIC AND CLINICAL SSRVICES AT
MELISHEL. FOR TECENICAL REPORTS, SCE WRAIR

1A

17, SO TIONICAT 273 SECURITY . 2. 035 co0E 33. BUDGET COOT
) .

corzez oo 5. NOT
I’Q L ) 0 Rldes gn 1
I3 svssion oot 3. PARTICIPATION
i

13 BEQUESTING ASENTY 3. SPECIAL (PUIPM!’(?

NA

e g ven o

re0ees o on Bd sar

@ ais o e oa.

[P p——

et T R LT S p—

T EsT.PUSNZS G- [RPPTYRENY 3.

Fors
I €S

[
‘.

ian REPLACES EDITION OF 1 JUN 68
".'90"?1

WHICH MAY BE USED (items 1 1o 28 ideatizc! te NASA Form 1122)

161




Project 3A013001A91C, IN-HOUSE LABORATORY INDEPENDENT RESEARCH

Task 01, In-House Laboratory Independent Research
Work Unit 170, Trace metal concentrations in biological matrices

Investigators. ]
Principal: LTC Dorsey T. Mahin, MC
Associate: LTC Charles R. Angel, MSC; Robert T. Lofberg, Ph.D; Elvio
A. Levri, MS; Mr. Billy G. Bass, BS; Ann R. Berman, BS;
CPT Robert M. Donati, MC; Mary M. McLaughlin, MS; LTC |
Lallayne R. Stromberg, MC; Nuclear Medical Detachment,
USéﬁEUR: LTC Worthen Boyce, MC; Dept of Gastroenterology,
WRGH. .

Description.

The objective of this work unit is the quantitative determination
of trace elements in defined biological systems. Comparative studies i
with other biochemical moieties are an important part of the work unit.

Progress.

1. Methodology.

In the following studies, several techniques have been employed.
Considerable effort has been expended to improve our capability to make
precise measurements of trace elements in biological systems. We have
utilized neutron activation analysis, flame photometry, and atomic
absorption techniques in these studies and have concentrated our atten-
tion on methods to measure iron, copper, magnesium,and zinc. We are now
able to make reliable and reproducible measurements of these trace ele-
ments in biological systems to a precision of plus or minus three per-
cent. We have performed these studies on the following biological
materials: plasma, urine, gastric juice, saliva, tissue biopsy samples,
fingernails,and hair. A method has also been developed to digest entire
r?ts and mice permitting measurement of total body content of these trace
elements. ' i

2. Biological studies.

a. Neutron therapy of human disease..

Boron has a great physical capacity to absorb neutrons and
concentrate the physical and tissue damaging effects of neutron irradia-
tion. It is highly desirable to find ways to concentrate boron selec-
tively in tumor tissues so that relatively high radiation dosage might
be delivered to tumor tissues. The performance of meaningful studies in
- this area depends upon development of methods to measure tissue concen-
tration of boron.
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We have attempted to develop a sensitive procedure to measure boron
concentrations in biological tissues. The method of Solway and besser
(Anal. Chem. 36, 433, 1964), has been modified to permit the safe use of
50% H,0, as an ox1danc after charring with fuming sulfuric acid. The
reactioh of iron in the ferrous state with 1,1-diathrimide produces a
color that can be measured at 620 mi]]imicrons. The method is sensitive
to amounts of boron as low as 0.08 micrograms. This colorimetric measure-
ment is linear up to boron quantities as great as 15 micrograms. The
concentration of exogenously administered sodium borate appears to be
relatively uniform in all mammalian tissues.

Polyvinyl alcohols are reported to stabilize borates in tissues.
We have performed studies to determine borate fixing properties of
polyvinyl alcohols which produce selective retention of borates in par-
ticular biological tissues. The results of our experiments are not
encouraging; they seem to indicate that polyvinyl alcohols stabilize

-retention of borates in all tissue equally and are not likely to be use-
ful in neutron therapy.

b. Tracer studies using cold stable nuclides.

Recently, investigators elsewhere have utilized enriched stable
nuclides %O study metabolism in newborn premature human infants. Highly
enriched °“Fe was administered orally to infants and blood samples were
drawn thereafter. These samples were exposed to neutron flux in a reac-
tor, and the induced radionuclide, 59Fe, was measured. This method per-
mits study of metabolism without exposure of the infant to irradiation
and can be applied to pregnancy states in females as well. During the
past several months, we have conducted pilot experiments to develop the
techn1ques necessa % to perform such studies with our nuclear reactor

utilizing 58Fe and The latter nuclide may be useful in studies of
calcium metabolism in pregnant women and infants.

¢c. Sodium-potassium content of dietary seafood and fish.

We have undertaken the following program in trace element anal-

ysis at the request of the Dietician, Food Service Division, Walter
Reed General Hospital.

A number of fresh-caught seafoods are reported to be acceptable for
use in diets of patients on restricted sodium and potassium intake. Most
of these fish products as received by the hospital food service have been
processed and/or frozen and are not fresh-caught. Commonly used chemical
preservatives, such as propionates, and other additives commonly used in
processing, contain sodium or potassium salts. Consequently, the rela-
tive dietary suitability of "fresh frozen" and 'fresh processed" seafood
and fish products is uncertain. In order to evaluate sodium and potas-
~sium content of these standard processed menu items, fresh frozen and

processed seafood products will be chemically analyzed for total sodium
and potassium content. Essential to this study is the development of
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techniques for digesting znd solubilizing tissue samples in a way that
will not result in losses of sodium and potassium by volatilization of
anion complexes of o0ils &nd Tats. Tne samples received for study are
lobster, shrimp, scallops, perch, szlmon, sole,and halibut. This proj-
ect is expected to be ccipleted in three months or less. :

d. Cystic fibrosis.

Studies elsewhers report increased sodium concentration in the
fingernails of newborn human infants with cystic fibrosis. Activation
analysis techniques are being develcped here to reproduce these findings.
We are now able to deterrine sodium concentrations reliably in 1-3 milli-
grams of nail tissues, and hope to offer this simple diagnostic test to
pediatric services in all Ary Medical Hospitals.

e. Iron metabolism in infection.

The role which the normal bacterial flora play in iron metabo-
lism is poorly understood. A known complication of infection is anemia.
This anemia is associated with aiterations in iron metabolism which are
characterized by hypoferremiz, shortensd plasma iron clearance, a slight
increase in plasma iron transper: rzte,and a moderate decrease in red {
blood cell radioiron inccrporation. Studies in germfree mice made pos-
sible examination of the effact of the germfree state on ferrokinetics.

We have performed studies of plasma radioiron clearance rate, 18-
hour red blood cell radiciron incorsoration, and tissue distribution of
9Fe in germfree mice. In addition,the amount of iron in the spleen,
liver, and plasma was determined by means of atomic absorption spectrometry.
In a separate group of experimerts total plasma iron concentrations were
determined by standard chemical methods for comparison,

The results (Table I) demonstrated slight increase in the total
plasma iron concentrations in .the ¢arm¥ree compared to the convention-
alized mice and excellent correlation detween values obtained by the
atomic absorption spectrcmetry tachnicue. The splenic and hepatic iron
concentrations were lower in the germfree mice.

Table Il shows the tissue distritution of an injected tracer dose of
radioiron in germfree and conventicnalized mice. In the germfree animals,
radioiron was more rapidly concentrated in the liver until 18 hours at
which time there was no significant ditference. The mean percent of the
administered dose of radioiron in the spleen was greater in the conven-
tionalized mice at all time intervezl<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>