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SUMMARY

The various subjects covered in this report are listed in the Table of Contents,
Abstracts of the individual investigations are included on the DD Form 1498
introducing each work unit report, and names of investigators are given at the
beginning of each report,



FOREWORD

In conducting the research described in this report, the investigators ad-
hered to the "Guide for Labotratory Animal Facilities and Care," as promul-
gated by the Committee on the Guide for Laboratory Animal Facilities and
Care of the Institute of Laboratory Animal Resources, National Academy of
Sciences - National Research Council,
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Project 3A061101A91C IN-HOUSE LABORATORY INDEPENDENT RLCZARCH
Task 00, In-House Latoratory Independent iecocar -

Work Unit 010, Hypercensitivity in the immuropatbology of nhelrinthi -
intections

Investigators
Principal: k. H. Cu:iun, “¢.D., Lib. Doc.
Associate: M. Alkawa; J. parvaro; MAJ k. J. Colwell, MO Foodd, ey
MEG R, W. dore; SPS J. k. Ortaldo; M. J. Cchoentechler:
J. ©. Williame

1. A radicactive antigen microprecipitin acsay i'or cohictoromiaci..

Many usetul technics are -currently availavle to deteect and moarur

antibodies developing as a recult of paracitic infectionc.  In vitro toote

such as the precipitin, agglutination and complement rixation t-te have
been classified by Minden as ceccndary reacticon. . Theoo teotn frequently
fail to detect cignificant aricunts of antitody demonctrat e ty jrimary
binding tects. The primary antigen-antivody interaction i: the tirst
step in a serie. of bicchemical and biolopic proccoces which may or may
not subsequently recult in a cecondary manitiectation. This interaction
can he dcetected by qualitative procedures sucn ac radio immunoclectro-
phorecis and immunofluoresceonce or quantitative tests such as equilibrium
dialysis, fluorcicen.. nuenching or antlgen binding capacity of anticerum
by the uie of radioactive labeled antigens.

Procedures meacuring the primary antigen-antibody interaction were
first uced only wit! haptens and later with relatively pure protein an-
tigens. Despite tne sensitivity and precision of quantitative procedur::
to detect the primary binding and precipitation of antigen by antibody,
these methods have been negiected by those studying recistance to para-
sitic infection probatly in part because it is difficult to iodinate
relatively labilc antipens and partly because there are co many antigenc
in crude extracts o! animal para:ites. Although the immune response to
schistosomes has been measured by a variety of tests, a test cystem
which measures a primary antigen-antibody interaction is not available.
The present invertipations were decigned to develop a radioactive antigen
micro-precipitin ascay and to compare the result: with thoce in the sol-
uble antigen fluorercent antibody and passive cutaneous anaphylaxis terts,
The results demonstrate that a radiocactive antigen micro-preciritin assay
which measures bindin- of antigen by antibody is a sencitive indicator of
the immune responsc to cchistosomiasis in a number of hoste.

I. Antigens

Lipids were remcved {rom lyophylized Ochistosoma mancsoni cer-ariac
and the lipid-trec antigen was fractionated by gel-filtration chromato-
graphy. Ten ml of the lipid-free preparation containing hWh.h mg or




protein were placed on a 2.5 em x 100 cm Sephadex (-200 column and eluted
with 0.14 M phocphat: buttered saline.

Based on optical lencity units, two distinet protein fractions were
obtained, the first fraction contained 32.47% o the protein and fraction
2 contained 62.07 of the protein. Each fraction was reduced to a 10 ml
volume by pa.sing it throucth an Amicon Cell using a PF 20 membrane. The
eftTluent from the concontration was then reconcentrated by positive
pressure using celluloss acetate tubling, and the amount of protein in
cach was Ietermined by the Lowry method. Fraction 1 contained 1.25 mg
protvin/ml, fraction 2 ~ontained 2.33 mg protein/ml and a trace amount
of rrotein was rocoveored !rom the »ffluent f£rom the Amicon Cell.

Lipid-free antiven, rraction 1 and fraction 2 were labeled with
radiocactive iodine (ld”I) arcoriing tce the technice ot McConahay and
Uixen. The 1291 labl.a anticens were divided into aliquots sufficient
For dach, ¢sperdmen. aa St pred at-ﬂ’oc until used, Titratione were done
with »a~h now 1o ot "I .ab-1led antipgen to Jdetermine the decired di-
luticn of antiy-n to obtain the optimal reactivity.

IT. Jerunm
a.  Human Jource

A total of 10l sorum specimene from individuals infected with
schictosomiacic livinge in ondemic areas was studied. All diagnoses
wors conlirmed by the jroscnec of eggs in the stools. Of these L8
wore obtained in arcac of Low endemicity (Saint Lucia, BWI) and 56
in arcas o! high ead-micity (Beypt, UAR)., 1In addition, 90 specimens
f'rom healthy indivi lialc r'rom nonendemic areas, 85 specimens from
persons with znown rTaracitic intfections other than schistosomiasis
and c 3 cpecimens rom person. with viral, bacterial or mycotic in-
focticons wore used ac specificity controla.

Lo Andimal Sogroe

Arl corsouses in the e coxperiments were obtained from young adult
animalc. Rablits, wore Irmmunized by inoculating 10 mg of the lipid-free
cercarial anti.~n .t 1 ml of complete Freund's adjuvant into the foot
pade. The animal: w1 challenged with 10 mp lipid-free cercarial
antiven in saline intradermally 10 and 17 days later and bled at the
appropriate time..

Rhevus monde vo wer vxposed to ¢ither 100, 500, 800 or 1,000
‘oreariac and YLt at weedly intervalc throughout the experiment.

Jome chimvancees were oxposed once to either 500, 1,000 or 2,000
crocariac whi.e others were exposed monthly to 250 cercariac. All
anirals were bloed at O w ek intervalc throughout the experiment.



Mice were oexpouoce: too . Ceomanoonl cercariac ccach ana bicd av
weekly interval:,

c. rFractionaticn

Poolea human anti-J. nmanccond cera were jrecivitats oowitn 07 Catu-
rated ammonium culfat. -uv tialyce . arainct ceveral chanes o o,
phosphate butteres (4 7.0 ) oaline, Column frocticnuticon on . RAR Ao
was perform=a co.eonbially o0 feseribed Ly Ichivara., G0 thee L Jractlons
collected from th LELL - uao. one wae deripnate ! ac fraction 1 oans Ll
other I wers pool-d uni -crn. nirated Ly pooitive preccurs aialyci. . The
concentrated pool.. Ura-ticn war Lhen refracticnat:: by chromutorrar ny
on Sephadex U-20c cocentiodly o deseribee by Zvaivior and hobineon.
The four fraction: Ui, otualned were fesignateet ac Fracticens LI, T11.
IV, and V. These, a. weld oo the firct fraction rom LEAE chromat crapny
(Fraction 1) were then infdviauasly concentirote: betore testine o antie-
body activity.

ALL Sera acea Ln freeces cxperimente were cntained Creon Lleod whien
was allowed to clot ot reewm temperature Por approximately one hour ant
then placed in a » triceratoer (UOG) to comt lcte retraction ol the clet.
The serum was coecaral-o within 0 howrs afier collection and ctora al
-290¢

4. Reduction anug Alxylation and Hewd, Treatnent

Aligucts of antiserum (0.0 wl) were dialysed apainst S50 ml of
0.1 M Z2-mercaptoethancl for - reurs at room temperature and then dialyzed
in 500 ml 0.02 " iodcaretamide for b hourc. Thece sera and their control:
werce then dialyzod apain.t sevoral chanpes of 0.14 M phocphate buftered
saline pH 7.2 auv 44 Sontaet o antiverurn were heated at 09 in a water
bath for 4 hours. Upbea<ei camples served ac controls.

¢. Absorption Exyerimentco

Antisera were ubsorbed with U, mansoni antigen by diluting the
nonlabeled lipia-irce antisen 1:10 and then preparing two-fold diluticn:
in triethanolamine bumirered caline (TRC), 37 7.¢.  The immune and normal
serum samples ware gbocrbed witn the antipen dilutionc as follows: 00 wl
of immune or normal .orum wae placed in a L0 x 79 mm grlasc tect tube and
300 ul of the Jilution ot antigen wao added, mixed well and incubated at
iOC for 1& hourc, ai'ter whicn they werce centrifured at 250 x G .and the
supernatant fluia was vemoved for vecting: in the KAMP ac ay.

Immune rabuit .orum ~ac absorbed by adding 0.1 mi ot yoat anti-
rabbit I E serum tc 0.0 nl c¢f the immune corum and incubating the mixture
at 37°C for 30 minutec. e camples were Lhen centrifuped at 290 x G
and the supernutant corticn wac trans{erred to a ciean test tube ana
reabsorbed two more tin.o. The {inal cupernatant fiuid was remcved and
divided into aiiguot: {or tectine.




III. Antibody Doterminaticon

a. oadlic Ancticon o dlaereocent Antlibody

Cher OAFA Lot v enautte foac descerioed Cor schistosomiacic.
The titers wers oxrrecc-ot ac the reciprocas of the highest dilution
glving a geoitivee o i,

b. Pa.oive “itan i Anaphylaxis (PCA)

e

PCA teats L owoneeys wers uertormed ac deccribed by Sadun, in
ratbits a. weeocriter oy Jvalsler and becker and in mice as described

vy Mota. In all sty ooociel ot arndimalr PCA reacticns were induced

7. hours atter oo itication, ant the reacrtions were recorded 30 minutes
atter inj> rincs anticon. o vositive reaction was recorded when the

ar2a o ctane o oSulne wwe o creater than 5 mn o in diameter,

=

Do tizhe oo o e tine »a nyrainet the lipid-tree antigen and
both o the Trections oot Trom G-200 chromatograrhy was carried
cut by the retnod o e sion with minor medifi-ations.’ Ouchterlony
Rl 2E e Tredred e pigecLpeone SLidoE using 9 ml o a 1/, agar. A
numtb er oonee cors ooy wn Wet to preepars: the wells which were spaced
onee diametor araet. fa: owelio wero refilled once, 2h hours after the
first fil.iac. Lo .atne s were incubated tor U8 hours at room temper-
atur-, then thot ravdpee i o thar the precipitin bands could be compared.

.

Mi 'po-precipitin Assay (RAMP)

Y, Ralicar v Anctioon

The teon oo s wunleen wore (iluted in a 10100 homologous nor-
mal cerwoin o oi. Lo 0=TRC), A 300 ul aliquot of each serum dilution
was trapslerr 0 o LI lyvropylene micro-tost tube. Twenty ul of
LT race o oantd [T+ As) tilution were sdded to the serum using an
Broondort micrcrizertoe, DL tubes were then capped and mixed well with
a pockman rmodel oo oediocre-miver,  After 18 to 24 hours incubation at
WO, 4the carc lees owore condriturel in a Reckman microfuge model 152 at
19,000 ron (arrrexirately 000 3':s) for 5 minutes at room temperature.
The supernatant o uia was car~tully removed and transferred to another
Goean micro-to o o fato, Tieoamounts of I¥ Ag in the precipitate and in
Lt aupernatant Ciul i owere etermined by means of 1251 activity in a
Ngird-atord o M bl 700 acllenyie ramma counter. Washing the precipitatens
aid not ciemittocarc iy v due the ralioactivity of the precipitate.

Boaonins were sxprecso doas g pereent of the total precipitable
radicactivity obtain ! vy aldines 100 ul of 20" trichloroacetic acid

to ol o antl o inoch g, or 1010 normal serum diluted with 1:100
DOSThOL 0 Jixty to ciwto-tive rercent of the radioactive satigen was

rrecivitated with o7 sriWlercacotic acid; a serum sample which pre-

I S A (4 < e radioactive antipgen was considered

6
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Imprmoprecipivin tooto wers conducts oo e 1ipda-0ree anti, on
and frad¢t..nt ! oant § ollalnesr al'ter écog et L Wi e ge
column. Three i tin v o Corne s b tween fre dpmune corn mng L
lipid-free antigrng wlo v only o band Qa0 preoongss sepeain, b e nion !
and 2 bande aruln.t ractian o,

IV. DRARN Wssay D O e s ok onla. 1

a. Eflect o DiVCeroas Antdipenic Prodaration:

Bre UViimimars Jarp e Hpoci@iager thint Gl BAEED alddd mite Tide
extracte of Uy may onld reariae oo antl, nooconyd ol Pilere mt et s Lot
sorun :f;n'c:irrrn. © oM e o, dnbandioeo or Angeo o animeds af: 48 i
normal contre.. . A ovier ot exyeriments owar et oy te coriare b
relative efdetioon oo of covoral antipgenic projarations. Licloe-vre
Lo omansoni cercevias ortract and the © fractions obtainel atter oo
araticn in 2 Jothader G-000 celunn (Fig. 1) were iodinated ant res e
arainct  serur from o Dreundicoe f, in® cted ard unintete laninacc, The
recults ovtalned In v drdrent experiments were eccentiadly cindlian
and hav. been owpeamavice s in Juble D00 Diferentiation between dntheetso
and normad corn owas o cerved with oteo of e antipens tecte s oo,
recuats wers ot sine oo when tne firct fraction collecoted fromothne
Cevhader G=0u0 R Wat L wE oantipen. THic 10 Woown by the Rish
ratio of unsieen seegditg tatvel 1y SelisteFoninsis anfiseta as o aried
Lo that orecliitoter 0y eyt cora, A preater rercoontacs of antiven
precipitaticn woo cbteerve o with the Corun from ivewnizeoo aninal:.
ged on the reo oot teadner Ly lrmunodisfucion and in 1 oootin
Giifopent oreparst i o i o FAME aocwy, fraction !owse uoer alo b
anbipo ot theoag e b U Coolowing eaperiment.,

Naenty

SH G- 005 e TUHED N I -+ o varicus ceran and antige:n al
Proce iy, e Cpecimens from o lntected and normal
Monkey™ NerT il Ut e B oW, ieee a1 LokG widlh, TRG mlawe, @R ol

Dohe vovine v atienin or YRS plue uorrmal monkey serun inoaicterens
concentration.. Ao indicatea in larde 2, bect results (ratio 7.1) wer
cvtalned when toe ceram wae diluter in TR 5 lus 10100 neormal monkey corun,

Tl R T et L

Optimal e oo owere brainod when teot cera were 1nitially dilutod
L0 with Leloo il -0 o0 Two-told serial dilutions were mag to otormine
el polnt reastion, .

rar



Table 1 Relative efficiency of different radioactive iodinated antigenic preparations of S. mansoni cer-
carial antigen in the RAMP assay.

Sephadex G-200 fractionati

Lipid -free extract First fraction Second fraction
Serum source % ppt Ratio® % ppt Ratio % ppt Ratio
Rabbit immunized 63.4 07.9 6.4
7.8 13.4 1.1
Rabbit normal control 8s 7.3 8.9
Rabbit infected 34.3 934 ND
4.1 12.8 ND
Rabbit normal control 8.5 -0 13 ND
Monkey [nfected 40.4 72.0 8.4
. 22 67 1.8
Monkey nonnal control 18.5 10.7 8.7

¢ Infectad/control,
ND = Not done.

Table 2 Effect of serum and antigen diduent with serum dilutions in the RAMP assay.

Per cent antigen precipitated with monkey serum at given dilution:

1:10 1:20 1:40
Diluent Infected  Noemal Ho® Infected Normal Ratio Infected  Normal Ratio

TBS + 1:100

Normal monkey sesum 68.6 0.6 7.1 4.8 10.8 3.3 16.1 . 8.3 1.7
TBS + 1.10

Normal menkey seeum 55.2 12.8 4.4 21.2 11.0 1.0 6.1 7.8 08
TBS 4 0.5% RSA 40.0 9.6 42 as.1 10.9 3.2 16.7 0.4 1.8
TBRS only 8.7 10.0 3.8 33.3 10.3 3.2 19.0 1.1 1.7

¢ Infected/contrul.
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b. Effect of Specific Antibody Absorption

To determine whether the RAMP ascay ic lue to a cpecitic antiyen-
antibody reaction, attempt: were made to remove antivody iy atrorption
with two-fold dilutions of the non-lateled antipen prior to teoting. Ali-
quots of the same sample of antiserum were mixed with iucreacine arcunt:e
of antigen and then assayed against I* Ag for their ability to react.
The results of tecting antisera after variouc degreec of atsoryption arc
shown in Fig. 2. The percentage of rediocactive antipen precipitatea iy
the antiserum decreaced in'direct proportion to the concentration cf
antigen used in absorting it betore testing in the RAMP arcay. Incu-
bation of immune serum in TBS alone failed to roduce its abtility to
precipitate radioactive antigen.

c. oSensitivity and Specificity of the RAMP Assay with the Joera
from Different Speciec of Infected Animalc.

To stndy the sensitivity and specificity of the KAMP accay with
S. mansoni antigen, serum from animals of diff'erent species experimen-
tally infected with 5. mansoni and S. haematobium, scra from imnuniucu
rabbits and ncrmal serum controls were tested at a conctant dilution
of 1:10 (Table 3). Except for mice, positive results were obtained
in all specimens from infected or immunized animals regardless of the
schistocome specic:s with which they were anrected. Of the YU cpecimens
from infected mice 17 showed borderline reactivity. None of 50 opeci-
mens from noninfected mice reacted in this assay.

d. Sensitivity and Specificity of the RAMP Acsay with Hwnman Scra.

Serum camples from patier*s with proven schistosomiacis, from
patients with a variety of infections other than schistosomiacic and
from patients with degencrative diseases were assayed for their abil-
ity to react in the RAMF assay. Of the 104 schistosomiasis patients,
48 were from areas of low endemicity and 56 from areas of high en-
demicity. All samples were diluted 1:10. As shown in Table U, pos-
itive reactions were ottained in 81 percent of the serum samples
from schistosomiacis patients. Conversely, no reactions were obcerved
with 90 sera from healthy persons. A few positive reactions were ob-
tained among the sera from individuals with various parasitic, bac-
terial, mycotic or viral diseases. Of these, most occurred in persons
with syphilis.

e. Reproducibility

In order to obtain some information on the reproducioility of
results, serum pools from infected and normal rhesus monkeys and from
immunized and normal rabbits were divided into aliquot: and trected at
different times with different lots of radioactive antigen. Ac indi-
cated in Table 5, :he results were highly reproducible. All o1 the
specimens from infected or immunized animalc reacted and none ot the
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specimens from normal controls reacted.

The labeled antigen appeared

to be stable for at least 4 months when frozen at -70°C.
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Ficure 2. Per cent of radioactive antigen pre-
cipitated with antiserum after absorption with var-
ious nonlabeled antigen concentrations.

Table 3 Sensitivity of RAMP assay using S. mansoni antigen in sera of immunized and experimen-

tally infected animals.

Mesn %
Number Number antigen
Serum snurce specimens reactive ppt Ratio®

Rabbits immunized lipid-free antigen 14 14 95.0

8.9
Rabbits normal controls 14 0 10.8
Monkeys infected with S. haematoblum 71 7 69.5

a5
Maonkeys normal controls 23 0 10.7
Monkeys infected with S. mansoni 158 158 62.9

59
Monkeys normal controls 23 0 107
Chimpanzees infected with S. haematobium 53 53 38.8

3.3
Chimpanzees normal controls 14 0 11.7
Chimpanzees infected with S. mansoni 28 28 41.6

3.6
Chimpanzees normal controls 14 ] 11.7
Mice infected with §. mansoni 80 17 ‘ 11.1

1.7
Mice normal controls 30 0 0.5

® [ facted/contrnls.
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f. Effect of Hydrogen Ion Concentration

To determine the possible effect of hyuropen ion concentretion
on the antigen-antibody reaction, experiments vere condu-te: with csera
in which the pH varied from 6.0 to 8.5 by adjusting it with NaOH or
HCl. The results indicated that although the RAM? assay could be-
performed successfully at all the hydrogen ion conceitrations testea,
a pH of 7.0-7.2 pave optimal antigen-antibody interacticn.

g. Effect of Nonspecific Proteins

The effect of nonspecific albumin and gamma globulin on the re-
sults of the RAMP assay was studied., Varying amounts of normal rabbit
gamma globulin or bovine serum albumin were added to a constant dilu-
tion of sera from infected and immunized animalc and their controls,
and assayed. The presence of albumin or gamma glcbulir. in the amount
up to 8 mg/ml had no demonstrable effect on the reactivity of the
various sera tested.

Table L4  Sensitivity and specificity of RAMP dssay using S. mansoni antigen with human sera.

Reactive Nonreactive
Number Number Mean % Number Mean %
Diagnosis samples samples ppt Ratio® samples ppt Ratio
lealthy 80 0 80 9.5
Schistosomiasis 104 84 28.0 29 20 12.9 14
Low endemicity 48 30 253 2.7 18 12.8 1.9
High ¢..demicity 56 54 20.5 3l 2 140 1.5
Other parasitic 85 13 17.7 1.9 72 114 1.2
infections
Nonparasitic 59 8 17.6 19 51 119 1.3
infections .
Syphilis 14 7 17.0 1.8 7 11.2 1.2

® Infected/continls.

Table 5 Reproducibility of results with different lots of S. mansoni antigen.

Number times reactive at 1:10 dilution:
Number expressed in per cent precipitated Ag
times
Serum source tested . Nonreactive 15-34 35-54 85-74 75-94 > 03
$. mansoni infected monkey 14 0 — 10 4 — -
Normal monkey 14 14 —_— — —_ —_— —
§. manson immunized rabbit 18 0 — — 7 11 —
Normsl rabbit 18 18 - —_ —_— —_— —_




V. Characterization of Antibodies in RAMP Assay

A series of investigations was conducted to define some of the
properties of the antibodies which reacted in this assay.

a. Serum Fractionation

Ion-exchange chromatography and molecular sieving were employed
in an attempt to separate some of the antibodies present in sera from
infected human patients. The pooled serum was separated into 5 frac-
tions by DEAE chromatography. Fraction I contained most of the protein
and was testea as such. The other I+ fractions were pooled and passed
through a G-200 Sephadex column. Four fractions were eluted and
designated as Fractions II III, IV and V (Fig. 3). Immunoelectro-
phoresis showed that Fraction I contained most of the IgG and IgA
immunoglobulins; Fractions IT and III contained a trace amount of
IgG and Fractions IV and V had no precipitin lines against any of
the immunoglobulin cleasses. All of the SAFA activity was found in
Fraction I. PCA activity was found only in Fractions I and V with
the strongest reactions in Fraction V. All five fractions reacted
in the RAMP assay and Fraction V produced the strongest reactlons
(Table 6, Fig. 3).

Tablc 6 Results of fractionation of immune S.

mansoni human sera (pooled).

RAMP PCA SAFA

% pint activity titer
Imnwine serum 43.7 4+ 1:128
Immune globulin 55.0 4+ 1:128
Fraction 1 218 2+ 1:128
Fraction 1l 22.1 —_— -—
Fraction 111 17.3 — —_
Fraction 1V 19.8 — —
Fraction V 374 4+ —_

11. Charocterization of antibodies in RAMP assay

A series of investigations was conducted to
define some of the propertics of the antibodies
which reacted in this assay.

L. Effect of Heat, Reduction and Alkylation

The offect of heat, reduction and alkylation was studied with
specimens from an immunized rabbit, experimentally infected chimpan-
zeez and naturally infocted human patients. The results (Table 7)
show that heat and treatment of serum with 0.1 M 2-mercaptoethanol
followed by alkyiation with C.02 M iodoacetamide destroyed the reaginic



antibodies as detected by PCA and reduced the reactivity with the RAMP
assay. Conversely, similar treatment failed to decrease the reactivity
of the fluorescent antibodies in any of thc sera.

Similar results were obtained with 20 serum samples from infected
patients and 6 from uninfected controls tested nonheated anu heated for
4 hour= at 56°C. Befcre heating, all of the specimens from the infected
patients and none from the controls reacted in this assay (28.3 and 10.07
precipitate, respectively). After heating all 26 samples gave negative
results (13.0 and 9.0% respectively). The addition of fguinea pig serum
as a source of complement after heating failed to recctore the reactivity
of the sera.

c. Serum Absorption with Monospecific Antiglobulin

Absorption of rabbit antiserum with goat anti-rabbit Igk serum
markedly reduced the reactivity of the whole serum in the RAMP acsay
(from 82.1 to 53.2 percent) and eliminated its reactivity in the PCA
test (from 4+ to negative), but the titers in the JAFA test were not
reduced,

d. Correlation of Results with PCA Activity in Human Sera

PCA activity was determined in 85 SAFA reactive human schisctosomiasis
sera using rhesus monkeys, and the results were compared with the antigen
binding of RAMP assays. As shown in Table 8, L8 specimens were positive
in both the RAMP and PCA tests. Whereas only 3 sera in which reaginic
antibodies had been detected failed to react in the RAMP assay, 17 which
reacted in the RAMP assay, gave negative results in the PCA test.

Table T  Effect of heat, reduction, and alkylation on immune sera in the RAMP, PCA, and SAFA
tests.

Immune rabbit Infected chimpanzees Infected patients
trgmnt RAMP PCA SAFA RAMP PCA SAFA RAMP  PP'CA  SAFA
Untreated 821 4+ 102 47.7 44+ 1812 437 4+ 1:128
56C—4hr 251 -  L22 1.3 — 1:512 108 — 1:128
2 Mercaptoethanol + indoacetamide 4768 —  1:32 303 — 1:512 137 — 1:128
Iodoscetamide 697 4+ 133 408 44+ 1512 494 44 1:128
PBS dialysls (only) 738 4+ 1:23 09 44+ 1:512 3668 44 1:128

Table & Correlation of results obtained with
PCA and RAMP tests in scra from infected patients
reactive in the SAFA test.

RAMP assay reactivity

Posiive Negative  Total

Pos. 48 3 51
PCA
activity
Neg. 17 17 34
Total [} 20 88
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VI. RAMP Assays with Sera f'rom Experimentally Infected Animalc

To determine the time-course development of antibodio. det teg iy
the RAMP assay, chimpanzees, monkeys and mice were infected with oither
S. mansoni or S. haematobium. Sera taken befor: exporur: to infvticn
and at rcgular intervals afterwards, were tected by the RAMP accoay ard
the results were compared with those obtained in the varcive cuton ono
anaphylactic and fluorescent antibody tests.

In the first experiment, 4 chimpanzees were expoc:d cne to 0G er
2,000 S. mansoni cercariae each. Serum specimons from 5 of fh(“w aniral
gave positive PCA reactions within 3 to ! months and remaincd o1 vat
through 18 months., Fluorescent antibodies were observed in all nr the
animals within 2 months after exposure to infection, rrachod a pear in
6 to 10 months and remained clevated throughout the rtudy. Antibouio:s
were detected by the RAMP ascay in all the animals ac carly ar one montl
after infection, rcached a peak after approximately one year ani then
decreascd as the infection progressed. The pattern obtaincus on onc
infected chimpanzee is typical of the group and shows the three curve
of antibody development (Fig. 4).

z 3
-9
Qa a. a
. 3 u W
2 dq o t
o 0n -
0ol » 1024} T S ST ..s“f s it
E f
90| S is2f /
5 /
a0 4 1236f :
b I
TOF o & |28} f
8O- 4 | b= !
mL 1:32F
3 F /
40 H6p ! |
g \
soF 2+ 18- [/ ] i
1
20} rar [ f \
1} i \
op 2f ;| i
i
o ll_..JII_]_J_I_l_IJ_l_I_J._LJ.I.J..I

Mrg Mgl 2 4 6 8 10 12 4 16 18 20 2 24 26 28 30 R M4
MONTHS FOLLOWING EXPOSURE

Ficure 4. Representative time-course development of antibodies in one chimpanzece exposed to 200
cercariae of S. mansond,




In a subsequent experiment, 4 rhesus monkeys were exposed to 800
S. mansoni cercariae and challenged with 5,000 cercariae ten months
Tatcr. The PCA antibody response rollowing the primary exposure varied.
PCA antibodies were detected in 2 of the 4 animaic as early as 2 months
after exposurc. Fluorescent antibodies were demonstrable in all of the
infected animals 2 monthe after infection, reaching a peak almost im-
mediately and remaining elevatei throughout the study. Antibodies were
detected by the RAMP acsay in ull of the animals as early as one month
after infection and reached a peak almost immediately afterwards. As
the infection progresced, there was a diminution of reactivity in these
sera and no indication of an anamnestic response in the CAFA and RAMP
assay was detected rollowing reinfection. A representative pattern of
time-course development of antibodies in these animals ic chown in
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Ficure 5. Representative time-course development of antibodies in one rhesus monkey exposed to 800
S. mansoni cercariae and challenged with 5,000 cercariae after 10 months.

In a thir! ~xierimeat, + rhecus monkeys and P chimpanzees were ex-
posed te £, haematobiwyg coveariac. Ar chown in Fipure 6, 2 monkeys were
expoced to Ju0 vercariae, O oto 00 cercariare and 2 to 1,000 cerrarise,
Ot the A chimpanzec , W recedivet a single oxposure of 1,000 cercariae
ant orecedvod omenthly cxiocures of 250 cercaria~ each. RAMP antibodies
were dotected ac cardy uo one month following exposure in all of the
mendocys s reached o e Jhorsly adterwards and Jdecreaced gradually for

th- wuration of the «xrori--nt. A higher percentage of precipitation
arc cctecteer ot all tive in ot nonkeys with the heaviest infections.
N~
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These antibodies developed slower in chimpanzees than in monkeys and a
lower percentage of precipitation wac cbtained. In all unimasls with
single exposures there was a reduced reactivity ac the infectien pro-
gressed. In animals with multiple cxposurez antibody activity remaineu
elevated throughout the experiment.

Similar rccults were obtaineuy in & chimpanczees exposed once to
2,000 S. haematobium cercariac. The time-cource development of luo-
rescent, reaginic and RAMP antibodices in one of these o chimpanzecs i
shown in Figure 7.

Similar ~xperiment. were ~onaucted with mice exposed to 200
S. mansoni cercariac each. The mice were bled at weerly intervaic after
exposure to infcction. Ten individual sera of ~ach weekly bleeding wer
pooled and us~+d in th- RAMP acsay as well ac in tecto for “luorercent
antibodies and PCA reactionc. Althourh fluorcs-ent artibodics (Fip., #)
appeared relatively early during the course of the infection, no PCA
activity nor cignificant RAMP reactivity could be demonctrated.

Schictosoma manconi antigen labeled with radioactiv: iodine com-
bines with antibody in the ccrum from infwected pationtc and animalc.
The technic which is relatively rapid and highly reproducible, requires
very little antigen berause of 1ts extrem: senzitivity. Our findingc
agree with observations reported by Minden et al., who compared primary
binding tests to d-tect the primary binding of anticera directed againct
bovine serum albumin. '

The percentare ot antipen bound by antibody wac remarrably concis-
tent for variou: .erum dilutions at a given antigen concentration. Be-
yond a certain dilution, however, the reactivity decreased greatly. A
pH of 7.0-7.2 wa: Jcund Lo be optimal for the RAMP ascay which is in
agreement with Gleich and Stankievic in their radio-immune precipitation.
However, contrary tc their results, heating of immune sera resulted in
marked decreaced in tinding activity. Antigen binding did not depend on
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Firoune 6. Time-course development of RAMP
antibodies in monkeys and chimpanzees exposed to
varying nuimmbers of S. hacmatoblum cercariae.



complement since trosh complerent added to heated sera failed to restore
RAMP reactivity. hodiction and alkylation alco lowered considerably the
reactivity of .cera in this test. Increasing the albumin or gamma globu-
lin concentration neithor reduced nor increased binding significantly.
This assay, however, {irffers from other cerological tects for parasitic
infections both becauce it may measure the primary binding of antigen

by antibody and because the end points can be determined on the basis

of measured raiicactive antiren content rather than on subjective visual
determinations., Jemi-quantitative tests expressed in terms of a serum
dilution end point lc not provid:.: precise data concerning the quantitv
of' antiyren bouna by antibody as does the test descrited here.
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Ficune 7. Time-course development of anti- WEEKS AFTER EXPOSURE
hodies in one chimpanzee exposed to 2,000 S. Ficune 8. Time-course development of anti-
haematobium cercarise. bodies in mice exposed to 200 S. manson{ cercariae
each.

The value o!' this asray lies not only in itc sensitivity and its
useruiness in makinge accourate quan'itative determinations, but also in
its capability of croviiine a meanc of measuring antibodies in dif-
rer-nt immuesiovulin coacees,  Comparicen of the results of the RAMP
assay with thooe obtainet with the CAFA test indicate that there are
many featur o lictingudohing these antibodies in schistosomiasis.
Uvidence that thic o0t measures antibodies in all immunoglobulin
‘lacses ani ;artl wilaely In Io® was obtained indirectly by noting
Wsteren s in the arves of time-cource lzvelopment of antibodies
8 vhe RAMP accay Cron thooo of the TAFA test., Moreover, fluorescent
amtive i wers bent ctabkl, not sensitive to 2-mercaptocthanol and
ariear-c ! in the Lod Uractien, whereas heating, reduction and alkylation
~limi¢w‘~: croconcibracly refue-d the antigen binding capacities of
aric oo inothis o oot. A ronarkable similarity of results was ob-
Cayvseotowlt b e RAME wooy and the passive cutaneous anaphylactic tests
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with sera from humau natie: ts and exyperimental animalc. However, antigen
binding activity in the RAMP accay apypearcd earlicr and persisted longer
than PCA activity.

Abosrptior of iprmune rabbtit serum with anti-ra:tit Igk cerum com-
pletely removed FCA activity and reduced tne antipen tinding activity of
the RAMP assay, but faiied to decrease the CAFA titer.

Radioimmuric precirvitin tests have teen employoo cauccecsUully in
patients "ith atopic aiceare:r ty Hancen and Gledceh ang Ly Neweomb and
Ishizaka to examine thr immune recponce to diphtheria tox-ic. The
allergen binding activity o antitollcs acgsociated with diftferent in-
munoglobulin classeo in cerum fron atopic patient: wao Studivd vy
Ishizaka et al. They also zound that essentially all ckin sensitiziug
activity in the scrum -pecimens wac removed by aboorbing witl anti-IgE
serae and that their skin sensitizing activity corrclatet with antiyen
binding valucs of IE cut not with thrse of other lemuroplolulius.
Bandilla and McDhuf®ie¢ dnaicated that IgM and IpA precominat.: in the
primary responce- while IpgG predominates in the cecondary recponse.  Our
studies indicate¢ that the RAMP ascay ran be used effectively to meacure
antibodies in alli immunogicbusiin clacces and particularly in I¢E, and
is a means of demon:trating primary binding of anti;on by antibvody in
schistosomiasis,

2. DGpecificity ot in vitro leukoryte-mediated histamine roleace with
helminth antipgens in rabbit trichinosis and c-ohistosomiacis.

Periphera. loukoceytes ovtained from rabbits infected with
Schictorona maiconi hoeve veen shown to be actively censitized, ac mea-
sured by an in vitro antiren induced histamine release from rabbit
platelets. Thi. interaction of leukocytes from sensitized ratbite
with platelets has been confirmed by Henson as well as Diracaniam and
Osler ucing ap entir=ly iifferent antigen-antibody syctem. Clubsequent
investigations o “arbaro and Schoenbechler on the mechanism of thic
immune reaction inui ate that antipen is bound to treecific receptor
sites on the son-iticed leakoeytes, resulting in "activation” of the
leukocytvs. The release of histamine trom platelets recults from the
interaction of zctivated leukorytes with platelete, either directly by a
cell to cell contact or indirectly as reported by Henron, through the
relescse of 4 soiubze ractor from the leukocytews,

The prirvose of vhic dinvestieation was to oxamine the orecificity
of this in vitre leukocyte-mediated hirctamine release in two rabbit
helminth infection. and to compare these resultc with the rpe-cificity
of passive cutancou: anayhylaxic (PCA), complement fixation (CF) and
the solutle artiv-n flucroccent antibody (CAFA) reactions.




Experimental iniections. Albino rabbits were intectoed with
S. mansoni by cutan-our exposwr te 25,000 viatle cercariac, or with
Trichinella spirali- by the cra’ alnivictration of pepsin-dipests of
infected rat muscle containin: 10,000 larvae. Irichinclla and
Schistosoma iafectet rabbite were testel 3-4 weeks and 15-19 weeks post
infection, respectively, tor in vitro nistamine release and PCA reactions.
The "GuiZde for Latoratory Faciiities and Care” as promilgated by the
Committee of the National Acalomy of feicnee - Nationa. Becearch Council
were obcerved,

Antigens. Antieernc concictel of lipiu-free cxtracts of 5. ma..oni
(cercariac), O, japenicum (aluits), T. spirali (Javvac) and Dirofilaria
immitis (aiulrr) prepaced according to chaffee et a.. In addition, an
adult Meleher's extract of Paragsoninus wactermani and a {reeze-dried
preparation of ccolice. ol Dohinococcus granulosis were emoloyed. Each
antigen preparation wao ctanlarceice: at 10 me of ary weight per nml.

PCA reactionsc.  Intralerrcal injections cff J.o ml of cerially di-
luted rerz cobtained treer th: intectel anlmals were alministerced to the
tacks of frocbly chavon norma. rabblto. After a latent reriod of 72
hours, one ml (10 m- protyin) of antiyen mixed with 1.5 ml of a 5% pon-
tamine cky vlue colition was intravencusly injected.  Thirty minutes
later, th> reaction. were cuvcserved and a positive reartion was defined
as the hirvkheot lilution accociatad with cutancou. bluine of at least

mm liametoer,

Complement t'ixation reaction. These tests were perfermed as
described by Kent andg Fito,

.-

Joluble Anticon F.iucrescont Antibody Reaction. These tests were
conducted as Aocerived by Jalun and Gore.

In vitro hi.tardine assay. The procedures ter this acray are simi-
lar to those vrevicucly roverted, and are summarized as rollows. Peri-
pheral blood trrom int +te i rabbits wao collected into siliconized glass
syringec containin. L.: M thylenedlaminetetraacetate (EDTA) and centri-
fused in the old al 170 = o for 19 minutes, The oupernatant was
diccarded ant £ Lo 1y vacxked celle were resuspended to the initial
volume with Tyrod- ' coluvieca centawning 0.005 M FEDTA. The coll sus-
rene ton wee ther alie: &G o relumes of & Lh dextran (MW Q_L,OOU) and
ndyed well.,  Twoorort. of Lo extran-=blood mixture war cently layered
aver one part ot L0 Fleoil. After the apglomerated rod cells had
cottled In bhe biecs . layeor, tne supernatant was aspirated and centri-
e Lhyoo ieloay 17, 2o ror 10 minutes, cach time diccarding the
cuernatant ane e endine with Tyrode'c-EDTA solution.  The cells
woers then crreror D oln g ialn Tyrode's solution without EDTA, counted

wish thee Couly e sess ctrend cardi e eounter and ctandardired at
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For the preparation of purificd jplatelot cucpencion., tloou ron
normal rabbits was collected by intracariiac puncture into ciliconic
syringes containing EDTA and centrifuged at 175 ¢ for 19 minut-o. it
platelet-rich, leukocyte-poor supernatant wa. aspirate: with 1lactic
pipettes, addid to an «cqual volwie ¢f Tyre: ' -LIDTA celuricn an o
tawdge-.  The platyiot preparaticn; woer cosuri. pooy opuams hevc. o
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Ond: D wid @1 IeOAt . et @t e o Wi B e e etlds G e

B P AT W T B T It I i g L S O T DR N o RN A ' T o P e P

Torous or het colerous antisen aragarabicn e - wdeta, gt 0T roy
hictamine reloace.  Atter incubotion, i rontlen e oo iy
in the colt ant the histamine eontent o the uprnotant woe oo nr o

the luorcretric wthod of Vhor ot al, o oo bovin o osnown nioteidne
~tandard. The total hictamine content ot the oot b ani/or o)

preparations usea in these experiment: were wloo ot reine:. Thee ol ta-

mine roleas was cxpresoedl oanoa pereenty celative to ot total oroiat.
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histamine content.  Any redease aieve 1o o0 nt s oncler oodonl I-

cant.
Control.: incluied leukoceyte. oo rtuinedt fron norral rabbit., jricr
intection with T. spiralis, which were incutatea with ncreal datelot,

and the varicus helminth antirenc.

Antipen Induced Hictamine Relcace

The derree of leukooyte-mediat.f hictarine release from normad
rabbit platcsiots prior to infection war detormined with lcukocytes ot -
tained f'rom non-int'eceted rabbits. Theoo leurccytoes were toecter with
T, spiralic, J. manconi, D, impmitic, K. cranulosus ang [, wertermani
antigens, and only one demonctrated littl.-, but cirniricant histamin:
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40)
relea®e | e e tham BJai) sith e 1. spiralic. o mosceni asa B w % e

antigens, However, it chould t0 not--:r that e icukoeytes treon Ui,
1

rabbit al.o ~aured an unrucually hich cpontanecus eloens frov
without the addition ot antiyen.

All rabbite intected with 1. opirali. ons . omanocond domonstrest
ciynificant loukoceyte -pediat. | histamine re-. oo whel footoet with te
homolorou. antigen.  Tablo o licte b rorcent relews cutaine s it
Trichinedta sroup with the woroloicws nnti oo wedt oo the o
obtainut with the hetercicoous helewind i antdeens . T e

rabbit. inteetoar with Ty ocplratis cle=s v woos peretivic o Wl Lo ond
Sl st i

anti;vn.o.  In addition, Fouroeyter Srors twe o Lhe o e its Poi e
Aetdd owd Bh St L. dpindttiis O . TRl oL . Deede gt et e g
pabbit. that dl: et Foo. -t Wit _ 0 BT M LT
Do Immitdi. one the copent biofurdin o 0o s W et LR i

obtaira with the horoloc o anti on.



The results obtained from rabbits infected with S. mansoni are
listed in Table 10. Similar to the Trichinella group, all 10 Schistosoma
infected rabbits demonstrated significant histamine release with the hom-
ologous antigen. The histamine release ranged from 34 to 82%. Eight of
the 10 also showed cross reactions with S. japonicum antigen and the mag-
nitude of release was similar to that obtained with the homologous antigen.
However, in contrast to the Trichinella infected group, the Schistosoma
infected rabbits showed no cross reactions with T. spiralis antigen. Two
of the Schistosoma infected rabbits demonstrated cross reactivity with
P. westermani antigen.

Table G

In Vitro Hivtamone Relesac wirth Homologows and Heterologons Antigens in Rabbits Tnfected
with Trichinella spiralis

H|slamme release with indicated antigen

Ratlit no. T spiralis = camm = - P, westermani
S.omanseni S, jupnmrum D.immitis  E. granudosus
Tl Tt 4 N & 0 0
T2 65 17 ND 0 0 0
T3 6 0 3 61 2 3
T4 60 D 0 4 21 4
TS 39 H \ND 16 1 0
T 5} Oi 0 0 0 1
17 BE] 0 (] 3 0 0
TS 32 b 0 1 0 0
Ty IN 0 0 0 0 0
TI0 15 0 0 3 0 0

+ Pereentage of release (0 or grenter considered significant release).
* Not done.

Table 10

In vitro Histamone Belease with Homologows and Heterologous Antigens in Rabbits Infected
with Schistosoma mansoni

2 Histamine release with indicated antigen
Rahbit no N mansoni = — e

— E. granulosus
S ].mmu um T. sp:mlu P, cvestermani D, immilis
bl N2 Y| 0 0 0 0
=2 ™ &Y 0 0 0 0
N3 i s 5 25 2 o
hE! it} X 10 44 f 0
~5 o= M 0 0 0 2
St 8 (b4 0 0 4 2
~7 2D 44 8 5 10 1
bt ] o 44 1] 3 1 0
=4 5 ) 1 0 0 0
~10 34 } 0 ) 0 0
a Poreentage of release
I}
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infected rabbits would be only 5% if comparcd a-:ording to renus rather
than species. In this ctudy, positive CF rractions with heterologous
antirens were obcerved in almost all the cerwn pecimens cbtained from
infected rabbits. The few remaining sera were anti-complementary.
Previous reports by Kidd and Friedewald hav indicated that the CF tec
with rabbit sera is unreliable because of frequent non-:o:ecitic pocitive
reactions. In the latter studies, it was denonstrat.of that normal adult
rabbit sera contained natural antibodies which could t'ix complement when
mixed with saline extracts of norral homoloyrous rabbit tic.oues.

Table 13

Composihe of the Lvsidis of th Histanione Rl Pas voe € tanena Anaph o v ploweut Foratoon
and Nolubile Antogen Plooceaon Vutehody Reas taon aerh Vacooo Y opn
Soomancens et I ol infeqrad
Antigens -
H R [ Y <l S\ H K (Y 'l SAEA
N omdnsand 10 10 S0 (It 10 10 At {0 NN 10 10
Noyupentenon N0 110 U] ~ 1o (1N TR [ 310
li ~;:lrtl/l~ (I (1] o 10 A T 1 1o NIl NN 10,10
I !llrluu/n\//\ 010 0H 010 Rl 1 1o 0 [ 0O 10
1) twemitss 010 0, 10 gRY] ND 210 TR ND
1 westerman 20 010 N NDh u 1o ({1t} NIy ND
Toral heterologans re 10 50 1 50 SR IN 30 Ny 0o RO 14730
actions
Pereent 20 2 {15} ] 14 ] NS 44
Postiive resetions no, tested,

The phenomenon of non-reciprocal cross-reactivity between T. spiralis
and 5. mansoni has been reported in previous serological studies and in
the cross adsorption studies of Arderson et al. The lacr of reciprocal
cross-reactivity bvetween these helminth antigens in the in vitro hista-
mine assays of the precent study tupports and evtendc the carlier obser-
vations.

Although the specificity of the in vtiro leukocyte-mediated antigen-
induced histamine release is not absolute, the frequency and magnitude
of positive reaction with heterologous antigens is far lers than that
obtained with current serological tests now available. This acsay pro-
cedure, in addition to increasing our undercstanding of the immunological
aspects of helminth infection:s, may be of practical interest in several
respects. The leukocyte-mediated response requires minute quantities
of antigen to trigger histamine release trom platelets, (choenbechler
and Sadun showed that antigen concentration in nanogram amounts were
sufficient to induce significant histamine release from ratbtits infected
with S. mansoni. This extremely sensiti—re technique might prove useful
in detecting small amcunts of circulating antipen in heimintn infections.
Finally, this procedure might be applicable to the standardication of
antigens prepared by difterent physicochemical method..
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5. Interaction ol rabtit platelot. and leukocyte. tor release of histamine:
bLocctron microscopic observations

coveral inveoticator. bave studied the mode of allergic histamine
:onew Pror the platelet. of rabbi-s which hao been immuniced against
verad GiUrorent antlpens.s o JCheso tudice on releace ol hictamine re-
galeed the rresonce of complemert.  Gichoenbechler and Sadun were the
Clrototo weronctrate that anti;cen-induced histamine releacse from well-
e ;latwl.:: ot rabbits infectot with dchistosoma mansoni necessi-
Lt toonly Lo slucdion of feurocy oo from the inteceted animals,

cntiy .ini:ar ;1a‘~:ct hi tamin: releace from the rabbit immunized
Goadnot o rrotedn anticons cuch gao borine cerum altbumin and horse spleen
crrivin has beernoaccompdisher by the aadition of these sensitized leu-
<oyt . The cxact noe off nictanine release from the platelets mediated
GJUer by e rrecsucotion o a colubee tactor trom the activated leukoeytes
er oty it cell to el dnteracti oo remains unsottlod.,

-

nicocormundention o wlocvite oot dinteracstion between the platelet:
e activate r loukocytes by o ctvon nderorcopy in an attempt to ched
Lirht on the =echaniom favolve ¢ in aivtamine releacs from the former.

The treparation of loeuxkoeyleos and of platelets trom rabbits were
Coooribed jrevioudly. The proceciur e are briet'ly outlined as follows,
Thee deugecytes rromocchictocome ingocted rabtbits were obtained relatively
Cree o e Lan& eolls by means or dextran agelutination.  The major
cortion ol Lhe atelety trom the loukeeyte preparation were removed by
firs renting ~n111 ‘wation. Pure ymrhoecyte cuspencsions were snlso made
crployine 2 crar: bewd column, ibe platelets used in this experiment
wore cbtainea trom nermal rabbits, int were cscsentially free of leuko-
Yyl o ALL oxerivent. wers coniueoed with loukoeyteo (sensiticed) from
ind o1 ractits ang nornal rabbit latelets washed thiree times with
Syrote's bul'ter o as to enture the abrence of free plasma. The buffer
u.r ¢ Lhrowrhout thi nxpcriw~nt Jas ‘Tyrode'. solution. Four ditferent
oncinations or the various o1l ou pensions of these platelets, leuko-
vt and antisoen were made as tollows:

oy GE lilerEhs jeialfl L + LA sieic o L ouRoGytTE (control group)
iroup . Nermad plateolete v oceroitizod leukoeytes + antigen

IrOud Lormal platolete + oan iren-activated leukocytes

iroup b:  dirma: platelets + an-igen-activated leukocytes + antigen

Theoactivateed pocuro vt were wale 1y incubating censitized leukocytes
~iti an equal velur:  foantleen. A ter incubation the activated leuko-

v wers wache 1 twiee with Tyrode's bufler

[heese tour tyje . of eodl cusper. ions were tixed in 1.2%% glutaral-
¢y, b osu pose dn 0.0% M phoophete buffer (pH 7. 4). The fixed material
snc wwoner in .00 M opnosphate burrcr ana were postfixed in 1% 0.0 The
Crooarations were benyirated in the: seriec of ascending ethyl alcohols and
Sy iene oxide und were finally emt caded in Epon 812, The resulting

cueeree ca, with x4 Porter-tlum MT-2 ultramicrotome and were stained

#e
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with 1% uranyl acctate and leal citrate. Sections trom 1 Llock:s of cach
proup were examined with a Jicmens Elmickop 101 elecetiron micro.copr.

Morphology of rabbit platelet. and leukocytes

The morphology of the normal rabbit platelets will be deseriten
briefly since their ultrastructural charactericticr are pertinent o
this study. Rabbit platelets are clongated or ovoid in chape and poi-
secs ceveral cytoplasmic organclles (Figs. O and 13). They contain
mitochondria, large round to oval clcctron opaque alpha-granule:, crall
"very dense" granules, vesicles, microtubules, glycogen particlec, cndo-
plasmic reticulum and ribvosomes. The alpha-granule:s are abundant and
measure 200-300 mu in diameter. Each granule ic surrounded by a unit
membrane; the matrix in general i uniformly clectron opague and occa-
rionally is separated (rom the surrounding unit membranc by a narrow
translucent zone (Fig. 10). The "very dense" granule: arc cmaller than
the alpha-granule:s and measure about 200 mu in diameter. They o't n
appear as round vesicles in which a very dence particle off 100 mu iv
situated cccentrically. On rare occasion the entire matrix ix completcly
occupied with very clectron dence material.

The vesicles vary in shape and are limited by a unit membrane., ihe
matrix is clectron transparent and doec not contain any stainable rub-
stance (Fig. 10). The microtubulec arc usually located ncar the plaima
membrane (Fig. 10 ) and measure about 200 A in diameter.

The leukocytes seen in these preparations are small lymphocyter,
monocytes, neutrophils and eosinophilc. The small lymphocytes arc round
and contain a large round nucleus which occupies about 80% of the cell
body (Fig 11). A narrow rim of cytoplacm surrounds the nuclcus and con-
tains several mitochondria, numerous ribosomes, microtubulec and infre-
quent smooth endoplasmic reticulum. No rough endoplasmic reticulum is
evident. The monocytes are larger than the small lymphocytes. The
abundant cytoplasm nad the presence of the rough endoplasmic reticulum
together with larger cell size helps to differentiate the monocytce: from
the small lymphocytes. The granulocytes arc round with irrepular micro-
villi extending from their surface (Fig. 9). Tk  -anulocyte cytoplasm
contains a large number of electron dense pranul.. of various size ard
shape as well as ceveral nuclel.

Interaction of platelets and leukocytes

In the suspension of platelets and sensitized leukoecytes, in Tyrode's
solution without antigen (Group 1) numerous platelets, loukoeytes and
erythrocytes are randomly distributed in the thin sectionc (Fir. )).

There ic no apparent interrelationship or close contact between the leu-
kocytes and the platelets. No morphological changes are observed in
thece cells,

1y
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Fif . Y—~Cen suspension composed of platelets, and sensitized leukocytes of rabbits with-
out tne presence of anticen (proup 1). Small lymphocyte (L), granulocyte (G) and erythro-
cytes (R) are interminpied with platelets (P). However, there is no physical interaction
between these cells (x 12.000).

Fig. 10—Higher- magnification electron micrograph of platelet from control group. It pos-
s#sses several electron-opaque » granutes {(AG), mitochondria (M), vesicles (V) and micro-
tubules (MT). * -y dense granules are not observed in this platelet (x 43,000).

71 -, 11—Small lymphocyte from proup 1 containing large nucleus (N) surrounded by nar-
row rim of cytoplasm (C). Cytoplasm contaiis a few mitochondna and ribosonies. Endo-
plasmic reticulum s sparse (x 15,000).
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Conmbination. of the platelets ana concitico: Lowrocyt o with Lh
addition ot antiren (Group £) or activatoa bowio -yt anag :latedo b
without antigen (Croup 4) or with antis«u (Grou:. h) oron-trat:- r mari-
able chanres in thelr phyvieqa! relationsnipy ac weell ac tledr norihelory.
These changres are most pronouncea in Group 4 (rie, 1) The v ure wnany
ayprecater ol platelet: interminecled with I urzocytes una ceilula

r v bri.
(Fig. 12). 'The centers of thcce aprr ot

!
are o compo. o ol u W sl

Fig. 12—cCell suspension consisting of platelets and activated leukocytes with added antigen
(group 4). Arpregpation of platelets (P) surrounds small lymphocvte (L) These platelets
are intetminpled with cell dehris. Each platelet extends long pseudopods and some of them

are in direct contact with small lymphocyte (arrcw). A few granulocytes (G) are seen in
periphery of this agpregate (x 10,000).
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lymphocytes and monocytes which are surrounded by numerous platelets.
Many o' these platelets are irregular in shape and pocsess pseudopods
(Fir. 13) cxtending toward the centrally located lymphocytes and mono-
'yt2s.  Often these pseudopods are in close contact with these leuko-
cytes and some protrude into the leukocyte cytoplasm at the base of the
microvilli (Figs. 16 and 17,. Thus, the pseudopods of the platclets and
microvilli of the lymphocytes and monocytes are interdigitated. The tips
of th poeudopods of the platelets are often inserted into the cytoplasm
of' these leukocytes, forming a cytoplasmic anastomosis (Fig., 18). No
limitin: membrane can be seen in these arcas. These platelets demonstrate
turther morphological changes.

Ihe cytoplasmic matrix of a platelet located near the leukocytes
become moce electron opaque than the control group (Figs. 16-19). The
alpha-yranules are decreased in number with the appearance of increascd
numbers of vesicles. The remaining alpha-granules occasionally undergo
changes in which their matrices become partially electron trans’ucent
(Fig. 14). It would appear as if the matrix is in the process of dis-
charging its contents. The very dense granules are also decreased in
number. The cell debris intermingled with these platelets often consists
ot electron opaque granules similar to the alpha-granules and very dense
granules (Figs. 11 and 15). These changes appear to be more prominent in
the platelets which are in contact with the lymphocytes and monocytes; than
those situated at the periphery of the cell aggregates. However, tlrere
arec no lysed platelets observed in our preparations. The lymphocytes and
monocytes appear to maintain their morphology with the exception of an
increased number of microvilli. Although granulocytes are always present
in the vicinity of these aggregates, their intermingling with platelets
is minimal.

It has been shown by several investigators that a suspension of
sensitized leukocytes and platelets of rabbits release histamine from
the plaetlets when antigen is added to the suspension of these cells.
Sensitized platelets of rabbits alone were unable to release histamine,
even in the presence of antigen. On the other hand, the activated leu-
kocytes are capable of causing histamine release from rabbit platelets
in the presence or absence of antigen. These findings indicated that
activated leukocytes in some way interact with the rabbit platelets
causing the release of histamine irregardless of prior activation. The
present study clearly demonstrated that a physical interaction occurs
between the activated rabbit leukocytes and normal rabbit platelets.
Of particular interest is the formation of platelet pseudopods and the
insertion of these pseudopods into the leukocyte cytoplasm with the
concomitant decrease in number of platelet granular inclusions.

PO V.




Fig.13Higher magnification photopraph of platelet (from Group 2) with an extended
long pseudopod (arrow). Platelet has many vesicles and vacuoles with two o pranules (AG)
and a very dense granule (DG) (x 46,C00).

Fidg,.lu-—Platelet with a vacuole (arrow) partially filled with electron-opajue material, the
ensity of which is similar to that of the « granule (from group 3) (x 42.C00).

Fig. 15—G|obule (arrow) similar to » granule is observed outside plateiet (from group 2)
(x 60,000).
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Flg-ll-\-Another example (proup 2) of physical interaction between pseudopods of platelets
(P) and lymphocytic cytoplasm (L). fips of platelet pseudopods insert into cytoplasm of
lymphocyte (arrow). Cytoplasm of both cells merge, and that of platelet appears to vacuo-
late {V) (x 55,000).

M'Lg . Lf—Preparation consisted ot platelets, activated leukocytes and antigen (group 4).
Platelet (P) with tv.o extended pseudopods is in direct contact (arrow) with cytoplasm of
lymphocyte (L). Cytoplasmic organelles are absent within platelet (x 50,000).




Fig. 18

—Higher magnification micrograph demonstrating physical interaction between
platelet (P) and small lymphocyte (L) (from group 4). Pseudopod tip of platelet inserts
into the lymphocytic cytoplasm (arrow). Plasma membrane of both cells is not apparent
at junction () 71,000).

Fig. 19 .—Another example of interaction (arrow) of platelet (P) pseudopods and lympho-
cyte (L) (from group 3) (X 52,000).



Although the fine structure of the rabbit platelets under various
experimental conditions has been described by many workers, the formation
ol' pseudopods by the platelets during antigenic reaction has not been
reported. Pseudopod formation and its insertion into leukocytes indi-
cates that cytotaxis of the platelets toward the activated leukocytes
occurs in the presence of antigen. The factors controlling the cyto-
taxis of the platelets is not obvious.

The close physical interaction between the sensitized leukocytes
and the platelets noted in this study is not entirely in agreement with
the tindings of Henson. He rarely observed an interplay between the
rensitized leukocytes and the platelets, when he studied preparations
of' rabbit cells which had been sensitized to bovine serum albumin and
horse spleen ferritin. Since he did not regularly discern the associa-
tion of the leukocytes and the platelets, he suggested that this contact
wac not necessary for the release of platelet histamine. TInstead, he
obtained a soluble factor from the reaction of platelets, entigen and
sensitized leukocytes which he found caused histamine release. Althourh
Barbaro and Schoenbechler were unable to obtain evidence for the produc-
tion of a soluble factor, they have not ruled out the possibility of ito
existence. It is possible that both physical interaction of the plate-
lets and sensitized leukocytes and a soluble factor from these leukocyters
may be involved in the release of histamine.

Release of the platclet constituents under various conditions has
been described. Virus, bacteria, antigen-antibody complexes and non-
tiological particles coated with gamma-globulin are reported to cause
rolease of platelet contents. Similarly the release of cytoplasmic
orianelles of platelets after interaction with sensitized leukocyte:
were reported by Henson, and are likewisc presently observed. Fackh:
¢t al. reported that the mechanism by which platelets lose their con-
stituents involved the formation of holes in the platelet membrea ..
They demonstrated lysed platelets by clectron microscopy. Thouwrn wo i,
not observe lysed platelets, the loss of the plasma membrane at the ti:
of the pseudopods of the platelets after its insertion into th- leurc-
cyte cytoplasm may be the site from which platelet components leak out.

Although serotonin has been shown to be localized in the "very
dense" granules, a specific organclle site t'or the storage of hista-
mine has not conclusively been established for the rabbit platelets.
DePrada and his co-workers fractionated rabbit platelets and separ-
ated the organelles by differential centrifupation. By this method
they rfound high hictamine activity in the layer which is predominantcly
composed of the "very dense" pranules and vesicles. Thus, they sug-
prected that tho hictamine ic precent either in the very dense granules
in association with cerotonin or in the vesicies. On the other hand
cince the morphology of the rabbit platelets, which is unique in that
Lthey contain larece amounts of histamine, is not radically different
from those animals which contain small amounts of histamine, it is
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Project 3A061101A91C IN-HOUSE 1ABORATORY (30l ir oo N - Wb ARCH
Task 00, In-House Laboratory Independent Koo o
Work Unit 012, Enzyme activity measurements bv conteitugul chemistey

Investigators.
Principal: LTC Charles R. Angel, MSC
Associate: LTC Douglas J. Beach, MSC, LiC Tiny-¥ai Li, M,
MAJ Lawrence Lumeng, MC; MAJD Jame . B. cow 11, MC

DESCRIPTION.

The technical objective of this work wit i+ to detine, categorize
and evaluate enzyme methodolougies as applied to centrifugal chemistry,

PROGRESS .

The concept that centrifugal force can be employed Llu mix and trans-
fer reagents in cuvettes and to measure, simultaneocusly, the sequential
reaction of multiple samples represents the first new departure in auto-
matic chemical analysis in the past 15 years. A prototype instrument,
called the GeMSAEC Fast Analyzer, was built by Dr. Norman Anderson at
the 0ak Ridge National Laboratory in 1969, and it was the gceneral im-
pression that such an instrument can be readily developed for routine
clinical use. The obvious advantages are: 1) microsamples, 2) simul-
taneous measurement of multiple samples for volume work or profiling,

3) multiple-point rate measurements, 4) automatic blank correction,
5) automatic operation with a minimum of techmical treining, 6) computer
compatibility, 7) small size and mubility.

To date, three commercial companies arv Lo ddirg teMsALC instruments,
and much progress has bes=n made toward o e liaivic, a corate, and auto-
matic systew. The Division of Hihewintiy iian oot cne such instru-
ment with the specific mis<ion of further deveicping the iastrumentation
and methodologies such that the centrifugdl «hewa oty y.ten can be
reliably utilized in the diverse Army wedical Vaboralory cnvironments.

The following gcals have thus far been attained: 11 Lhe precision of
the instrument has been improved ta + 0.0 hombance wrots by the use
of a time averaging device, 2) proper mixing of e tanples dfter trans-
fer of reagent and serum into the cuvetlc o medus o oo vacaum pulse,

3) installation of UV optics to allow mea niemenis Int tne near ultra-
violet region, 4) control of the temperal ot of the cuvette, The de-
velopment of an automatic sampler-diluter and vesgent dispenser is in
progress.

Methods for the assay ot gluccse-6-phuspnate dehydrogenase, methemo-
globin reductase, and glutathione reductase were developed. Other enzyme
assays found compatible with the instrument are icctic dehydrogenase,
glutamic-oxacetic transaminase anc glutamii-pyruvd  Lran.ainnase,

4t




SUMMARY .

Using centrifugal chemistry techniques, assays for G6PD, MHb reduct-
ase and glutathione reductase have been developed. The experiments are
in progress to incorporate the assays fo~ other enzymes.
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Project 3A061101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH
Task 00, In-House Laboratory Independent Research

Work Unit 013, Biochemical measurements in the field interfaced with
Mini-computers

Investigators.
Principal: LTC Charles R. Angel, MSC
Associate: LTC Douglas J. Beach, MSC; B. G. Bass, M.S.

DESCRIPTION.

The technical objective of this work unit is to develop interface
methods for utilizing mini-computers with biochemical instrumentation
systems for application in the field and the analytical laboratory.
Included in this objective is the modification of excess DOD surplus
computers for use as instrument controllers and the developmert of
techniques such as time sharing of digital computers for use in the
clinical laboratory.

PROGRESS.

A total of nine computers have been obtained from DOD surplus
stores. Three of these computers were obtained from the Frankford
Arsenal when the IDEEA Project (Information Data Exchange Experimental
Activities) was phased out. Six of the computers are the guidance con-
trol devices from the U.S. Air Force Minuteman ICBM that have been re-
placed by newer models and are now available as surplus.

The purpose of the program is twofold: (1) develop an in-house capa-
bility for interfacing small general purpose digital computers to medical
research laboratory instrumentation, and (2) demonstrate applications in
the research laboratory or clinic for very expensive computers that have
been declared obsolete by DOD agencies.

Efforts have been directed toward adapting the M-18 FADAC (Field
Artillery Digital Automatic Computer) system to a gas chromatograph
system. The FADAC is a better documented system than the Minuteman
computer. This documentation made possible a potentially greater use-
fulness for the amount of effort that could be applied.

During the past year, numerous subroutines have been written and
tested on the FADAC. These routines are listed below:

Digital clock read and print
Display and trace

Resident and restore

Relocation

Memory dump and punch program tape
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OCTAL to ASCII convert

Teletype output

Data coupler output

ACT output

ACT input

OPLE generator

Calculator program

Read/write on bulk storage

Bulk storage unit error interpreter
Bulk storage read/write interpreter
Floating point add

Floating point subtract

Floating point multiply

Floating point divide

Floating point absolute value
Floating point normalize

Floating point output routine

In addition to the above subroutines, a number of other software
developments are in progress. An interface unit has been designed for
coupling the gas chromatograph to the FADAC. Hardware fabrication and
checkout is in progress. Data will be transmitted via intralaboratory
telephone links from the instruments to the FADAC. This approach is
believed to be a unique combination of the time-sharing and on-tine
techniques that are now being exploited successfully in commercial
systems. '

The D-17 computer from the Minuteman I ICBM guidance system has
been powered and an interface design has been evaluated for coupling
the computer to a Technicon AutoAnalyzer System. The actual hardware
fabrication has been limited to procurement of bit parts at the present
time. A considerable amount of time has been spent in defining the
system requirements fo the D-17 due to the fact that documentation for
this unit has been limited.

The FADAC is to be evaiuated as a field tested medical laboratory
data processor. The Minuteman computer is to be evaluated as a field
instrument controlier.

An automated gas chromatograph system utilizing a Hewlett-Packard
2116 mini-computer as the instrument controller has been leased for use
in evaluating small laboratory computers in an analytical laboratory.
This instrument will be utilized in support of the drug and antimalarial
screening and research mission of the NRAIR.

Extensive utilization has been made of various time-shared computer
systems for the processing and analysis of WRAIR generated data. One
system is the GE-645 time shared computer system at Rome Air Develop-
ment Center. Another is the local commercial GE system called DIALCOM.

W~
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A third system is the GE BASIC I computer program teaching system where
individuals learn computer programming by a computer assisted teaching
routine. This routine has been used for two WRAIR sponsored classes.

A total of 90 physicians and laboratory officers have participated in
the exercises. So far the acceptance of this technique has been favor-
able. Future use of this. technique as an educational device will be
encouraged.

SUMMARY .

Extensive efforts have been made in the acquisition and utilization
of DOD surplus computer equipment in the analytical laboratory and the
development of methods of using on-1ine or time-shared computers in the
medical laboratory. These computer systems have been used in analysis
of medical research data and the training of medical personnel in the
programming of digital computers.

Walter Reed Research Reactor Dismantling Project.

Detailed plans and procedures have been completed for the dis-
mantling of the Walter Reed Research Reactor. Meetings have been held
with U.S. Atomic Energy Commission personnel, Department of the Army
(ARCHS) personnel and Department of Transportation personnel for the
purposes of reviewing and modifying the plans. Arrangements have been
made for the return of the nuclear fuel to the U.S. Atomic Energy
Commission for reprocessing. The expected project completion date is
1 October 1971.
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Project 3A061101A91C, IN-HOUSE LABORATORY INDEPENDENT RESEARCH
Task 00, In-House Laboratory Independent Research

Work Unit 015, Treatment of pain states arising from peripheral nerve
injuries by transcutaneous stimulation techniques (TST)

Investigators.
Principal: CPT J. Richard Jennings, MSC
Associate: Howard F. Fields, M.D.; Norman A. Krasnegor, Ph.D.;
Harold F. Lawson, B.S.; CPT William C. Orr, MSC; David L.
Winter, M.D.

Description.

Causalgia, a state of local hypersensitivity causing chronic pain,
is associated frequently with peripheral nerve injuries inflicted by
high velocity missiles. A number of clinical cases suggested that cau-
salgia may be relieved by transcutaneous stimulation techniques (TST).
The neurological, physiological and/ - psychological bases' for the
analgesic effect of the low-level elecirical TST remain unidentified.
The examination of these mechanisms and the development of an optimum
clinical treatment method are the primary goals of this project.

Progress.
1. Clinical testing

A field team of neurological specialists tested the method clini-
cally with peripheral nerve injury patients at Walter Reed General
Hospital and at Camp Drake, Japan. At both sites, low-level electrical
stimulation of nerves innervating the hypersensitive area led to relief
during and after stimulation. Relief after stimulation varied from
minutes to two or three hours. Extensive clinical testing had been en-
visaged at Camp Drake; however, a recent drop in casualty rates and
changes in evacuation policies forced a change in this plan.

2. Laboratory verification using normal volunteers

Pain is not only a physiological condition but also a highly sub-
jective psychological experience. Many analgesic methods have-been
discarded after initial enthusiasm because their effect was found to
be psychological rather than physiological. Laboratory testing of the
analgesic effect of transcutaneous stimulation has three goals: 1)
verify that the method has a physiological as opposed to psychological
basis; 2) develop the optimum technique for clinical use; and 3) under-
stand the mode of action of the transcutaneous stimulation.
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These goals are Leing pursucd oy first uringing the pain state
under experimental contral using povebophysical technigues.  Normal
volunteers are exposed 1o d thermal pain stinulus (Herdy, Wolff &
Goodell, 1967) and are trainei to o urately describe different levels
of pain. (Care has heen taken Lo o hiteve a method which eliminates the
possibility of tissuc damage duc o Lué thermal stinulus.) The volun-
teers are then stinmuiated using e¢roner the true transcutaneous stimula-
tion technique or a placeno *echinig.e.  Pain judgements are reassessed
after both types of stimulation. [ 15 procedure ol lows an objective
assessment of any analgesic errects of 157,

An initiai altempt to under<tard the physiorceical effect of TST
has been made by mnitoring the galvanic ckin response. This peripher-
al indicart of the sympathetic necvous system 1s impiicated in clinical
causalgia. Causalgia patients show o chronic galvanic skin response,
or sweating, in the affected arec. (linical observations suggest that
the sweating di.appears upon apiite {oon of TST.

Results of the first complete - tudy ot TST 1n normal volunteers
have not yet been analyzed. Tilet work cn three volunteers (investiga-
tors) indicated that normal persons do show analgesia in response to
TST and do show an inhibition of the galvanic skin respor.¢. The pat-
tern of these recults and others 1.0 the Titerature suogested the via-
bility of the physioiogical model ot pair proposed by Meirack and Wall
(1965). Such findings will provide an insight into the psychological
and neurophysinlogical mechanisins avsociated with this most painful
condition. In addition, this infornation and these techniques may
provide a non-surgical or non-medicina® means of handiing other forms
of intractable pain.
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Project 3A061101AS1C, IN-HOUSE (ABORATORY INDEPENDENT RESEARCH
Task 00, In-House Laboratory Independent Research
Work Unit 015, Treatment of pain states arising from peripheral nerve
injuries by transcutaneous stimulation techniques (TST)
Literature Cited.
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Project 3A061101A91C [N-HOUST LA3ZCRATORY INDEPENDENT RESEARCH
Task 00, In-House Laboratory Independent Research

Work Unit 097, Transpart of essential m- tals in simulated biological
environnents

Investigators.
Principal: u. L. Rollinson, Ph.D. (University of Maryland)
Associate: LTC L. R. Angel, MSC

DESCRIPTLON.

The purpose of this contract 1s to perform kinetic studies on the
interaction of trace metals with tiological materials such as amino
acids and hormones by sequential cialysis.

PROGRESS .

[n previous studias under tht. contract, many biological substances
were shown to be effective ligands for Cr (III); in the present investi-
gation, histidine, gluconate, saccharate . id threonine were found to
have great coordinating tendency. The P043- ion itself is quite effect-
ive particularly at high PO43=: 01 3% ratios; it is tentatively concluded
that the products formed ir P043- buffered ligand solutions are mixed
P043- ligand complexes. Sequential dialysis is as applicable to Fe (III)
as to Cr (IIl), and probably to other essential metal ions; effective
ligands for Fe (III) are ADP, pyrophosphate, triphosphate, citrate, iso-
citrate, saccarate, mesoxalate anc oxalate. Some comparison of membranes
was accomplished. Silver membranes are not useful because even the
smallest pore diameter available (0.2 u) is too large. Membrane filters
are satisfactory but expensive anc 1t is iripossible to decontaminate
them sufficiently to permit their re-use. Regenerated cellulose is by
far the mest satisfactory membrane but some lack of uniformity was ob-
served.

SUMMARY ,

A number of potential lidands have been studied for chromium (III)
and iron (IIl). Notatly Fe (1IT) ligands are more rapid in reaction
than chromium. Phosphate ion wher uced as a buffer was found to be
reasonable ligand material at low concentrations.

This contract was tevainated ¢n 31 Auqust 1970,
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Project 3A06110TA91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH
Task 00, IN-HOUSE LABORATORY INDEPENDENT RESEARCH

Work Unit 099, Further Studies on the Hazards of
Microwave Irradiation as Indicated by CNS Neurotransmitters

Investigators.,
“rincipal!: solomon . Snyder, M.D.
Assoclate: Joseph C. Sharn, Ph.D,;MAJ J.L. Meyerhoff, MC
The objective ot this research is to investigate the nature
and extent of hazards to the central nervous system (CNS)
and its tunction due to insult by microwave and radio-
frequency cnergy. The effects will be ussayed by chemical
determinations of changes in CNS levels uand turnover rates
of i1mportant ncurotransmitters involved in thermoregulation
as well as levels of consciousness and bchavioral excita-
tion, it.e., serotonin (s-hydroxytryptemine) and norepineph-
erine. lLarlier studies have shown that serotonin turnover
is depressed by chronic microwave irradiation and by chronic
heat stress. LExtension of these studies suggests that
chronic irradiation with low levels (10 milliwatts per
square centimeter) may have a signiticant thermal component
and that drowsiness and related central effects reported
in man may be related to effects of S5-HT metabolism. The
final repert on this vork will be published during the last
half of CY 1971.
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Project 3A061101A91C IN-HOUSE LARSRATORY INDEPENDENT RESEARCH
Task 00, In-House Llaboratory Independent Research
Work Urit 109, Nuclear-cytorlasm..: transplantation

Investigutors.
Principal: Richard D. Estenser., M.D.
Associate: Howard E. Noyes, Pr.D,

Preliminary work at WRAIR confirmed observations by Carter (1967)
that the drug cytochalasin B (CB) had two dramatic effects. First, at
doses of 1 ug/ml in cultures of mouse fibroblasts (L-cells) the drug
stopped cytoplasmiec division (cytokinesis) while allowing nucienr
iivision (karyokinesis) tp proceedi. Second, at doses of 10 ug/ml a sig-
nificant number of cells were enucleatel, leaving nuclei surrounded by
plasma membrane and intact cytoplasm in a culture. The latter observa-
tion served as u basis for the suggestion that nuclear transfer or
cxchange might be accomplished through the use of Sendai virus cell
fusion (Okada, 1962). Investigations since the beginning of the contract
in August 19€9 have been ‘lirected toward determining the feasibility of
this methodology. Three areas have been studied. 1) the mechanism of
cytokinesis through the use of lcw doses of CB; 2) nuclear transfer
through the use of CB in high dos>sj and 3) 2ffect of CB on human poly-
morphonuclear leukocyte phagoeytcsis.

1. Mechanism of cytokinesis -- Two experimental systems have been
used to study low dose (1 ug/ml) =ffects of CB: (1) N1S1-67 (Novikoff
rat Hepatoma) cells; and (2) Xencpus laevis embryos. Experiments on
N1S1-6T7 cells in culture have shcwn that the drug prevented cytoplasmic
division (cytokinesis) while allcwing nuclear division to proceed.
N151-67 cells exposed to 2.1 X 16-6 M did not undergo cytoplasmic division,
but cell volume and number of nuclei per cell increased at rates compar-
able to those of countrols. Isotcpe studies suggested that the increases
represented true nuclear and cytcplasmic growth., These results suggest
that inhibition of macromolecular synthesis does not account for the
action of CB and that inhibition of membrane fusion is a possible mode
of acticn, Work on Xenopus laevis showed that fertilized eggs failed to
complete cleavage although nuclear division and furrowing occurred
normally. The effects of varied Jose levels and changes in timing of
exposure to CB indicarted that a rool of substance(s) needed for sub-
sequent cleavages becomes availatle for CB action Just before first

cleavage.

2. Nucleo-cytoplasmic transfer -- The concept of fusion of cyto-
plasm and free nuclei treated with CB needed several exploratory steps.
First, a plasma membrane was necessary for fusion to take place. Ultra-
structural studies demonstrated the presence of a plasma membrane surround=-
ing the extruded nucleus. Further, cells treated with CB could be fused
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with Sendai virus. It was possible t2 enucleate cells and to fuse
enucleated cytoplasm to chicken red cells. The resultant hybrids

showed incorporation of RNA precursors indicating that the cytoplasms

were capable of supporting & transplanted nucleus. However, the final
step remains to be accomplished, i. e., the transfer of enucleated nuclei
from one cytoplasm to another. The technique offers exciting possibili-
ties of study of nucleo-cytoplasmic iateractions as well as possible
therapeutic applications, e. g., restaring loss of enzyme or other activi-
ty in patients by transplanting competent nuclei intc their own cytoplasms,

3. Inhibition of human polymorraonuclear leukocyte phagocytosis
Phagocytic mixtures containing CB at a concentration of 10 ug/ml showed
little phagocytic activity. Oubsequeat experiments indicated that CB
affected leukocyte phagocytosis by .innibiting bacterial uptake, CB had
no effect on opsonization of bacteria., The effect of the drug was rapid
and relatively complete and reversible., Cytochalasin B could inhibit
phagocytosis by one of three mechanisms: (1) prevent attachment of
opsonized bacteria to the cell surfac-:, (2) prevent movement of the cell
around the attached bacterium, or (3) prevent fusion of membrane surfaces
after the membrane has moved around tne adherent bacterium. Direct
microscopic examination of phagocytizing PMN's and thin sections of
similar cells suggested that bacteria did attach normally to the PMN
surfaces, Data reported did not distinguish between the latter two pos-
sibilities,
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Project 3A061101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH
[1sk 00, In-House Laboratory Independent Research

Work Unit 115, kffect of physiological and psychological stress
upon infection and disease

I nvestigators,
Principal: John W. Mason, M,D,; COL Edward L. Buescher, MC

Description,

This studv was designed to explore the possibility that stress-
related, pre-illness changes in hormonal levels may play a
contributory role in the pathogenesis of acute respiratory infoc-
t:ons, The feasibility of the study was suggested by the high
incidence of acute adenovirus infections in Army recruits during
basie training in the winter months at Ft, Dix, New Jersey,
Purthermore, the great majority of such illnesses usually are
clustered during the third and fourth week of basic training,

Tt was, therefore, possible to study a population in which a very
high incidence of respiratory illness could be predicted within

1 designated two-week period,

P rogress,

All hormonal and statistical analyses on this project are now
complete,

Summary and Conclusions,

Recause of several striking pre-illness hormonal differences in

the sick and control groups, it is felt that the findings of this
<tudy merit publication and preparation of the manuscript is now

tn progress, It is planned that work related to this project in-
volving the study of host resistance will be resumed by Dr, Benjamin
Matelson who will be arriving in July 1971,
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the point of compari: ~1th gas liquid chromatography (morphine). llectrophorotic
eparation of lipoproteins and isoenzvmes continued. Automated svstems o reasurement
pf 2,3-DPG, G.=-h=-PD, OH proline and siallc acid were assembled and corparative studies
completed. There are now five cart mounted AutoAnalvzer systems. A dotfooti n rethod
or tetrahydro cannabinol (THC) was established on the gas chromatograph-mass spe to-
Eeter (GLC-MS). Work continued on GLC-MS analysis and fdentiflcation ot drugs

buse. For technical report, see Walter Reed Army Institute of Resear ' Annua. Progress
Report, 1 Jul 70 - 30 Jun /1. 63
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Project 3A061101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH
Task 00, In-House Laboratory Independent Research
Work Unit 170, Biocnemical methodology and laboratory automation

Investigators.
Principal: LTC C. R. Angel, MSC

Associate: LTC D. J. Beach, MSC B J. Boone, Ph.D.;
N. D. Brown, B.S.; Copeland, Ph.D ;
J. I. Davis, B.S.; B. P. Noctor, Ph.D.;
C. E. Emery, B.S.; L. ¥azyak, B.S.;
J. A. Kintzios, B.S , CPT P. A. Kramer , MSC;
CPT M. P. Kullberr, MSC; E. A. Levri, B.S.;
R. T. Lofberg, "n.D.; E. J. Matusik, B.S.;
J. E. Matusik, B S.; CPT W. L. Miller, MSC;
2LT P. E. Nino, “4SC; N. M, Papadopoulos, Ph.D.;
R. C. Permisohn, B.S.; CPT G. A. Peyton, MSC;
J. T. Piechocki, B.S.; MAJ J. B. Powell, MC;
P. M. L. Siu, Ph.D.

DESCRIPTION.

The purpose of this project is to evaluate the existing techniques
and methods for accurate, rapid and reproducible determinations of chem-
ical compounds, enzymes and other body constituents which are of clinical
and research significance. All available instruments, tests and chemical
reactions are employed. Efforts are directed toward the conversion of
these assays to automated systems. Use of computer programming for
rapid and efficient dissemination of data thus obtained is included.

PROGRESS.

]. Micro-Analytical Measurements of Trace Minerals using Atomic
Absorption Technigques.

The use of atomic absorption techniques for the trace mineral
analyses in biological specimens is one of the integral parts of auto-
mated instrumental analysis of clinical chemistry. This in turn is
intended to support other basic and applied military medical research
and development projects. The following projects were carried out
to this end.

a. In collaboration with LTC E. P. Quarantillo, Chief, USAMRT,
WRAIR (Japan), sixty samplas consisting of serum, red blood cells, and
tissues were analyzed for zinc contents by atomic absorption techniques.
The samples were prepared by two different methods of comparative pur-
noses. The results obtained were compatible with the expected values.

b. The atomic absorption technique was applied to the measure-
ment of the mercury contents of urine samples obtained from clinics.
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This method was found to be sensitive and accurate at the 0-10 nanogram
level and the results were reproducible at +57 level.

c. Two samples of lyophilized serum containing ivon, which will
be employed for inter-laboratory testing by the Worid Heslth Organiza-
tion, were compared with versatol A by the ¢tomic absorpticn method.

The results were in full agreement with the expected values, thus
facilitating the standardization of these highly valuable samples.

d. The application of atomic absorption techniques to the
determination of cadmium, copper and magnesium are being investigated
at the present time.

e. A specially modified electrode (Orion Model 99-20 serum cal-
cium flow through system) was designed to meet the requirements for
accurate determination of total and ionized serum calcium. In order to
apply this technique, the procedures for the preparation of samples were
also modified to ascertain the highest level of accuracy, reliability
and reproducibility.

2. Consolidation of Clinical Analyses Services Rendered for In-
House Research Investigations.

The service support activities of clinical chemistry were con-
solidated from their respective locations within the WRAIR and Ward 30
into one large activity within the Division of Biochemistry. This con-
solidation of support and developmental activities has provided closer
control of production, more efficient use of available instrumentation,
and a better atmosphere for the AutoAnalyzer training program now in
effect. The establishment of a policy of providing instrumentation,
training, supervision and maintenance of equipment for any automated
analysis requested by other divisions within WRAIR has been put in
operation and is being further expanded. The requirement tha* all
military personnel newly assigned to the division undergo a period of
training in automated analysis has generated a pool of personnel capable
of maintaining this policy.

Continuation of the use of modular analyzer units mounted on
carts has permitted greater flexibility in the laboratory. The multi-
channel digitizer for peak height analysis continues to provide a great
deal of time savings. Modified, high rise carts are in use and provide
more efficient use of laboratory space compared to the larger horizontal
carts.

An inventory of Division of Biochemistry AutoAnalyzer equipment
was completed. Equipment requiring repair or replacement was identified
and an equipment exchange system for supporting equipment. loaned out
(i.e., Ward 30) is now in effect. Close contact has been maintained
with the WRGH Clinical Chemistry Unit. It is anticipated that further
close cooperation with both of these areas will result in more coopera-

tive invastigations.

G



3. Evaluation of Methods for the Determination of Glucose.

A compliete evaluation of the methods available for the determina-
tion of glucose was carried cut in order to incorporate them into the
general scheme of automated instrumental analysis. This evaluation in-
cluded studies of interference of such compounds as uric acid, creatinine,
lactic acid, fructose, urea, etc., in glucose determinations. Results
show that the ortho-toluidine and glucose oxidase methods most accurately
measure true glucose levels. In uremics, the glucose oxidase method is
the only valid method. Less desirable methods are ferricyanide and reo-
cuproine methods.

4. Studies on Screening Tests for Sickle Cell Hemoglobin.

The existing test for Sickle cell hemrglobin, i.e., the "Solubil-
ity Test" developed by Dr. H. Itano of NIH, was modified in order to make
it available as an inexpensive screening test. This modified method was
compared with Sickledex™ and electrophoretic analysis and found to be
in excellent ayreement. In addition, a microtiter plate test method was
developed and vound to be highly accurate. These methods were evaluated
and modified in o“der to make them applicable for large numbers of tests
ir the military wedical program. Proper and accurate evaluation of inci-
dences of this disease can now be performed.

5. Evaluation of Blood 2,3-Diphosphoglyceric Acid Determination
Methods.

Several available methods and the one developed in this division
are presently under extensive evaluation for incorporation in overall
programs. Preliminary results are very encouraging and it is anticipated
that a method for the determination of this compound will be integrated
in the very near future.

6. Studies on the Determination of Sialic Acid Conterts of Vaccine
Samples.

Meninqo.  _al vaccine, developed and studied extensively by
the Department of Bacteriology, DCD&I, WRAIR, contains sialic acid poly-
mer as a presumed active component. An accurate and rapid determination
of this compound thus becomes imperative in order to follow the various
stages of purification of this antigenic component. Extensive evalua-
tion of the available methods was carried out. The selected modified
method was further altered and is now successfully adapted for analysis
by the AutoAnalyzer. It is hoped that this effort will increase the
pace of research on meningococcal vaccine preparation.

7. Studies on Genetic Diseases.

"Maple Syrup" disease is a genetic abnormality observed in new-
torn infants. The genetic defect is the lack of enzyme(s) for the
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decarboxylation of branched chatin amino acids (valine, isoleucine and
leucine). These amino acids are accumulated in the blood stream to «
toxic level and eventually results in death. Prompt dc ection and care-
ful dietary planning can prevent this complication.

In collaboration with Dr. Giacoia, DeWitt Army Hospita., tort
Belvoir, a complete screening system has been set up to identify these
amino acids. Quantitative analyses further characterized the approach-
ing toxic levels. One infant under the care of Dr. Giacoia was assisted
by this system. In addition, several other Army installations have been
using this test system on a routine basis.

8. Multiple Use of Commercial and Non-Commercial T4 Resin Columns.

This project compares the practicality in cost and convenience
of reusing differint pre-packed and laboratory-packed thyroxine determi-
nation resin columis. Implicit in the development is also an efficiency
rating of the kits «ffered under normal use.

Due to the undesirable serum constituents left on the column after
elution of T4 and T3, the project utilizes an in-column regeneration and
a stronger follow up method to enable cleansing of the anion-exchange
resin.

Completed deveiopment  will demonstrate to any thyroxine testing
laboratory how to decrease the cost of each determination from approxi-
mately $.91 to approximately $.08 each and will also allow the center to
"customize" their system to avoid commercial error for a more precise
T4 value.

9. Modifications and Improvements in Automated Clinical Chemistry.

Improvements and modifications have been made in inulin, para-
amino hippuric acid, micro blood urea nitrogen and creatinine, simultan-
eous glucose and lactic acid determinations in order to improve the
methods and increase their efficiency.

The following table shows an example of the workload carried
out under this program.

In addition, approximately 110 complete amino acid analyses
were carried out as per equivalents for various on-going research pro-
jects.

It should be emphasizedthat these and other analyses were per-
formed primarily for methodological improvements, research and clinical
studies and not for routine clinical purposes. The improved methods are
continually made available for routine clinical tests to various labora-
tories and clinics in the Army Medical Department.

67



CLINICAL ANALYSIS WORKLOAD

Test Number Performed
Inulin 4777
Para-amino hippuric acid (PAH) 3944
Blood urea nitrogen (BUN) 931
Creatinine 1076
Hydroxyproline 5168
Glucose 2197
Lactic acid 2120
Sodium (Na) 327
Potassium (K) 327
Ammonia (NH3) 667
Triglycerides 180
Dapsone 153
Sialic acid 1600
Chloride (C1) 217
Methemoglobin reductase 2786
Hydroxyproline (by amino acid analyzer) 1560 .

28,030

10. Studies on Marihuana.

In conjunction with behavioral studies conducted by the Division
of Neuropsychiatry (Dr. Elsmore) on monkeys given a9 tetrahydrocannabinol
(THC), urine collected from these animals has been analyzed for unchanged
drug as well as the hydroxylated metabolite of THC. Ethyl ether extracts
of the urines have been chromatographed by thin layer, paper, and gas
chromatography. After numerous attempts to isolate the metabolite
proved unsuccessful, a group of urine specimens from one of the animals
produced consistent indications of minute amounts of unchanged tetra-
hydrocannabinol which is presumed to be the A9 isomer. Detection of
the THC was accomplished by mass spectrometry in the combined gas chro-
matograph-mass spectrometer. Before any definite conclusions can be
advanced, efforts are being directed toward confirmation of these find-
ings in the urine specimens of other monkeys that received similar doses
of the drug. [f labeled A9 tetrahydrocannabinol can be ohtained, quanti-
fication of this compound in the monkey urines will be attemptec in
order to determine if any correlation exists with the behavioral data.

11. Laboratory automation.

With the acquisition of automated gas chromatography equipment,
the development of an automated toxicology laboratory will proceed with
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particular emphasis on rapid determination of narcotics, amphctamines,
and barbiturates in urine specimens.

Progress to date has been mainly in the area of sample prepara-
tion where a reduction in the volume of solvent used for extractions has
reduced the analysis time without decreasing the recoveries of the drugs
or quantitative accuracy of the procedure. The smaller solvent volume
is a significant improvement for those extracts that must be concentrated
fortanalysis by gas chromatography which is the nucleus of the autemated
system.

With the reduced solvent volume principie, amphetamines can be
re-extracted without an evaporation of the solvent, and the determina-
tion can be completed within about 5 minutes. If no other compounds are
required to be analyzed, amphetamine analyses could be performed at a
rate of 80 to 100 specimens a day. With proper coordination of the
system, the combined amphetamine-narcotic determination will be made at
a rate of 40 to 50 specimens in an 8-hour day. As a definitive analyti-
cal scheme for reference purposes, the system ought to be able to serve
as a back up for a screening operation capable of processing several
hundred specimens per day. :

12. Computer Programs for Toxicologicai Information Retrieval.

A registry of human toxicoloty is being maintained at the WRAIR
Computer Center (Division of Biometrics) for the purpose of providing
information on drug levels in various organs and body fluids of deceased
individuals suspected of drug overdose. Various laboratories including
the Army Area Medical Laboratories are contributing to this data bank,
and the information is available to these laboratories as well as to
pathologists and clinicians who must evaluate cases of drug intoxication.
This program and the existing file is a result of efforts by this labora-
tory to promote an information exchange and data compilation service to
rapidly update files by computerized systems, and to provide toxicologi-
cal information rapidly when requests are received. These effcrts are
primarily directed toward new drugs or drugs and compounds for which very
little information now exists. With the introduction of new drugs every
year by the pharmaceutical industry and the use of certain non-propriet-
ary drugs, centralized data banks are the most effective means of collect-
ing and dispersing this vital information to those chemists and physicians
who need it. : :

13. Studies on Electrophoretic Analysis of Serum Lipoproteins.

The electrophoretic method for the fractionation of serum lipo-
proteins was further developed in order to determine a larger number of
samples for screening purposes and to provide more details of 1ipopro-
teins and better clarity of patterns for practical aoplications. With
the present method 8 samples can be determined simultaneously; in
addition to the beta and alpha lipoproteins, one, two and three pre-beta
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lipoproteins can be demonstrated. In collaboration with the Cardiology
Service, WRGH, the method has been applied in studies of correlation of
serum lipoproteins with clinical (cardiovascular) conditions.

Lipid abnormalities have been associated with cardiovascular di-
sease (CVD) and myocardial infarction (MI). Therapeutic measures using
diets and drugs have been astablished by other workers and are utilized
to treat and prevent CVD.

Attempts have been made to identify the 1ipid abnormality and
study the mechanism of the abnormal process in order to provide early
diagnosis and proper treatment to victims of the disorder.

Serum 1ipoprotein fractionation has accurately classified indi-
viduals into specific lipoprotein types (according to the Fredrickson's
classification). Some of these types are high risk candidates for MI;
a screening program could identify them and therapeutic measures could
be obtained.

Some information has been obtained by studies of lipoprotein
patterns in the serum of 50 patients with MI. Two pre-beta lipoproteins
have been found in these patients. This finding raised the question
whether they are the result of MI or an indicative risk factor of MI.

Pre-beta lipoproteins are formed in the liver. The clear demon-
stration of several pre-beta bands by this technique allowed the study
of serum lipoprotein patterns in the serum of patients with Tiver disease.
One hundred samples were analyzed and the most significant findings were
as follows: absence of pre-beta lipoprotein in cirrhosis, disappearance
of pre-beta lipoproteins during the acute phase of hepatitis and re-
appearance during the recovering phase; increased amounts of the beta-
Tipoprotein in primary biliary cirrhosis. These findings could be used
for developing simple methods for differential diagncsis of liver disease
and hepatitis in particular.

14. Assay System for Detection and Identification of Narcotic Meta-
bolites in Biological Fluids.

Antibodies are made to an antigenic complex of the drug of inter-
est. The drug is spin-labeled with an appropriate nitroxide spin label.
ESR observation of the spin labeled drug - antibody complex reveals
strong immobilization of the label. When this compliex is exposed to body
fluids containing the drug of interest, some of the labeled drug is re-
leased from the complex. The increase in signal observed is proporticnal
to the body fluid concentration of the drug of interest.

The Free Radical Assay Technique (FRAT) was developed by SYVA
Corporation, Palo Alto, California. Our evaluation is continuing and
current studies indicate a considerable variation in the amount of spin-
labeled morphine released from the morphine-antibody complex upon
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exposure to normal, morphine-free urine. Other drugs such as Tigan and
Thorazine may influence this background level.

To date, only commercial spin labeled morphine and antimorphine
antibody have been tested. We are developing techniques for spin-label-
ing morphine free base and in cooperation with Dr. Donald Catlin of
the Division of Medicine, WRAIR, are preparing antimorphine antibody.

After the technique has been developed for morphine assay, we
will extend it to other drug classes. Evaluation of the commercially
available system will continue.

M 15. Role of Inorganic Ions in the Physiology and Biochemistry of
an. .

During this year, the electrochemical technique of the measure-
ment of serum ionized calcium as reported last year was further developed
and a reproducible method establisked. The means of sample collection,
the effect of storage, electrode standardization and the influence of
various electrode parameters were evaluated. The range of normal values
was determined using sera from 397 healthy adult volunteers. A value of
1.22 + 0.09 mM (mean + 2 S.D.) was obtained. The normal value for total
calcium, as measured by atomic absorption spectrophotometry, was deter-
mined concurrently as 2.29 + 0.24 mM (mean + 2 S.D.).

Using this method, studies of the variations of serum ionized
calcium in various disease states and therapeutic situations were per-
formed in collaboration with the Division of Medicine. It was found
that (1) serum ionized calcium represented a more accurate means to
diagnose primary hyperparathyroidism. In 15 patients admitted to the
Endocrine-Metabolic Ward, WRGH, for evaluation of this disease, serum
ionized calcium values ranged from 1.40 - 1.98 mM, well outside the 3
S.D. of the mean value for normals. In contrast, 5 out of 15 patients
had values well within the normal range. On operation, parathyroid
adenomata or adenomatous hyperplasia were identified in all 15 patients.
Thus it is apparent that the high diagnostic accuracy of the method pro-
vides an important clinical diagnostic tool for parathyroid disorders,
particularly in instances of normocalcemic hyperparathyroidism.

(2) Immobilization of patients, e.g., in treatment of fractures,
results in a rise of serum ionized calcium. Ten patients have been
studied by sequential measurements of ionized and total serum calcium
values. It was found that 24 of 38 measurements of ionized calcium were
abnormally high (outside of the 2 S.D. of the normal mean) while only 3
of 38 total calcium values were abnormal. To better define the chronol-
ogy and physiology of the serum ionized calcium rise, 8 normal male
volunteers have been studied in detail under controlled conditions of
intake and output. Immobilization produced a rise in serum calcium by
the fourth day of bedrest. In marked contrast, total serum calcium was
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normal although urinary calcium excretion was greatly increased. Thus
serum ionized calcium more clearly reflacts the alteration in calcium
metabolism associated with immot 11ization, and should be useful in
further defining the mechanism of the calcium loss of immobilization.
As a corollary, caution must be used when ionized calcium values are
used diagnostically in patients at bedrest.

(3) Transfusions can dramatically lower serum ionized calcium,
but in spite of this, no clinical evidence of tetany occurred in infants
undergoing exchange transfusion. The effects of using heparinized versus
citrated ?ACD) blood upon serum ionized and total calcium values were
compared as well as the effect of administering calcium gluconate to
counter the fall in ionized calcium. While heparinized blood produced
negligible changes, ionized calcium fell dramatically with ACD blood.
Administration of 0.1 g calcium gluconate per 100 ml1 ACD blcod exchanged
was unable to maintain a normal ionized calcium concentration, but total
calcium rose to hypercalcemic levels. Since the ionized calcium values
did not correlate with the clinical state, the established use of cal-
cium gluconate during exchange transfusions certainly will need re-evalu-
ation.

16. Evaluation of a New Fluorometric Method for Determination of
Cortisol 1n Serum.

Although fluorometric methci< for the determination of serum 11-
hydroxycorticosteroids have been available for many years, only those
which involve lengthy chromatographic separation and purification methods
have been shown to possess specificity for cortisol or corticosterone.
In 1969, Ciark and Rubin (Anal. Biochem. 29: 31, 1969) described a new {
method which is simple and rapid, yet purported to retain the specificity
and accuracy of lengthier procedures. The method utilizes the initial
conversion of cortisol and corticosterone to the 17-g-carboxylic acid
derivation with metape-iodate, extraction of contaminants and fluoro-
metric analysis. [f this method can be documented to be specific, it
would be of great practical value for serum cortisol determinations.
Hence an evaluation was conducted in collaboration with the Division of
Medicine, comparing this method against others, including the Porter-
Silber method, competitive protein binding method, and the double iso-
tope derivative method which chromatographically separates cortisol from
other derivatives. Sera from patients known to have low, normal and
high cortisol values were employed. It was found that of all the
methods examined, the Clark and Rubin method correlated most closely
with true cortisc! values as measured by the double isotope derivative
method. Thus this fluorometric method can now be the one routinely
used with confidence in clinical laboratories for the diagnosis of
adrenocortical abnormalities. It is simple and rapid. Forty samples
may be analyzed in 8 hours with minimal glassware and equipment.




SUMMARY .

Analytical chemistry methodology development and application to
clinical use and research is being pursued. Atomic absorption spectro-
photometry was developed for the measurement of Zn, Hg, Fe, Cd, Cu, As,
Ca and Mg. Specific ion electrodes were utilized to determine ratios
of ionized calcium to total calcium. The development and utilization
of ESR for detection and identification of drugs of abuse began and
progressed to the point of comparison with gas liquid chromatography
(morphine). Electrophoretic separation of lipoproteins and isoenzymes
continued. Automated systems of measurement of 2,3-DPG, G.-6-PD, OH
proline and sialic acid were assembled and comparative studies com-
pleted. There are now five cart mounted AutoAnalyzer systems. A de-
tection method for tetrahydrocannabinol (THC) was established on the
gas chromatograph-mass spectrometer (GLC-MS). Work continued on GLC-
MS analysis and identification of drugs of abuse.

73



Project 3A061101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH
Task 00, In-House Laboratory Independent Research
Work Unit 170, Biochemical methodology and laboratory automation

Literature Cited.

Publications:

1. Battistone, G. C., Levri, E. A., and Lofberg, R. T.: A simplified
ultramicro-determination of copper in biological specimens by neutron
activation analysis. Clin. Chim. Acta 30: 429, 1970.

2. Lofberg, R. T.: Gas chromatographic analysis of aminothiol radio-
protective compounds. Anal. Letters 4: 77, 1971,

3. Li, T.-K., and Piechocki, J. T.: Determination of serum ionic
calcium with the ion-selective electrode: Evaluation of methodology and
normal values. Clin. Chem. 17: 411, 1971.

4, Llow, J. C., Schaaf, M., Earll, J. M., Piechocki, J. 1., and Li,
T.-K.: The value of serum ionized calcium in the diagnosis of primary
hyperparathyroidism. Clin, Research 19: 375, 1971.

5. Heath, H., Earll, J. M., Schaaf, M., Piechocki, J. T., Li, T.-K.,
and Baker, G. [.: Abnormal serum ionized calcium with immobilization and
bedrest. Clin. Research 19: 477, 1971.

6. Maisels, M. J., Li, T.-K., Piechocki, J. T., and Werthman, M. W.:
Effect of exchange transfusion on serum ionized calcium. Ped. Research,
May 1971,

7. Powell, J. B., and Djuh, Y.: A comparison of automated methods
for glucose analysis in patients with uremia before and after dialysis.
Am. J. Clin. Path. 56: 8, 1971.

8. Kazyak, L., and Permisohn, R. C.: Retention indices for compound
identification by gas chromatography. J. Forensic Sci. 15: 3, 1970.

9. Papadopoulos, N. M., and Kintzios, J. A.: Human serum lipoprotein
pattern varieties by agarose gel electrophoresis. Clin. Chem. 17: 427,
1971.

10. Papadopoulos, N. M., and Charles, A.: Serum lipoprotein patterns
in liver disease. Proc. Soc. Exp. Biol. Med. 134: 797, 1970.

11. Papadopoulos, N. M., and Bedynek, J.: Serum lipoprotein electro-

phoretic patterns in patients with myocardial infarction. Lab. Med.
2. 38, 1971,

T4




t AGERLY AC (.“'0" LT Rd K14 hl-l.'r X RGroet oareoL are 1
RESEARCH AND TECHNOLOGY WORK UMIT SUMSARY IR o RV TSN
’ s o
S SATE PAEL LFAY [0 BIND OF Bunsser S Summafy sLt'vP B PORS SECUM Y atessmec?  Pos ouse meve s Ioh veg 1prc Gate o ieee. o s w
LIRS NN I
vn T y) V. Chuspe " | S T Ik
19 w0 /coous ® PROGRAW §LEuEnT PRO.ECT wuNBER Tasa AREL wumeen | wcRn s N mBe®
4 —
& Smmany C1101A LR, Y RN St
5 CONTMOuTIng
€. CORTMQVTING 3
11 TITLE Presods ©1® Jomrtn Clossihesiian Code ©
(1) Migrat ey Aol Taces D gl Tarvey TA
12 0CIOMTIPIC AMD TECHNOLOGIC AL ARGalS Tt T
PO e L gy
T ATARY BTV s NIV watib cous . T7ion BATE T PunDing dodmCy Y Fieaviemie & WiVeor "'
veo 7 CONT "k -
T —— = O R -
T CoOnTRACT SRaw W Agsoua & PRCIENORS. Wam BT | A FUNTR | Peewrm)
. oaraser 0/ temaavion TRy - T - - -
b wyudta® Pisc o '
< Teveg 4 swOum® vesn [eowmyey o T - { N B —+
@ NIND OF awaRD fLeus amY | ’ : J
OO OO Ohean:faY.on l I B PERIOAMNEG ORGAN JA TIEN I I
wowg® Witer bl Apmy T TUROT T T TRGONTL s R RN o T G e . 7
aooages ® Wnshington, 1. 15 asonsu ° i Vs Vrar o
& 0 PaL INVERTICATOR Puwied AN 1L 8 210800 . [retiteiiam
BEIPORSIBLE MO VIOUAL | wawg® Yt e ) 3
s ® b
wawe Pyeschorp, OO W, Y, ve.eononte
TeLaPnONE =5 h=t ] BOCIAL BRCUMTY ACLOUNT BUNDES
B efniaa, uis ABOCIATYE W BBYICATONS
Forelgn Intelligen~e Not Tonsidered sane
nang
PrTVRTETRERE Tl SR R el eta Bl
(U) Ornithology; (U) Migration; (V) Vectors
§ YacamcaL 00saCTive. B . 28 YT -
23, (U) Particuiar intere:t i3 in the role of migrating nnimuals in thee *ruscr re €
disense.
2Lk, (U) Major effort will be on bire banding and recovery ir vari o~ arens ¢ UCRA,
Ectoparasites will be collected, blcod and tissues will be eaxamin-l. Aren  srervo i |
will be from Bangkor.
25. (U) 70 97 - 71 0 Current report of activities is not yet avai.ubie from FEb .
; 13
ammd

OITIONS OF THiD PORM ARE OBSOLETE OO FORME 14004 ' NOv 08
1 WMAR 98 FPOM ARMY UIR ostoLeTE




RESEARCH AND TECHNOLOG WORK UNIT SLasARY

L}

a.tm oAl Pgyhm

'TLEE]
Iat}

oRTRUL STEEOL

‘ad Akl Ap

S DAt PML. s was ¢ 8- o8 wmtcr 13 b wwss RN TIIRA S ® (48, 0r bue
Ju ul Ul 0", ol . i ' \ L A wnas umt
A e o e ————-
9 w0 L nes® L Y o T T BRI R amta v ubrn [ OIS W T T ]
_ Pl == Bl —-
_I KB DRI 0 175
[y S e .T-..—.__.—..--—......w....m...q
+- - - ao =2 ¢
A
-
= ! T S N T L] B ) R |
Tobo-aarer e T3 0 400 TTa e m e el T TS Ve T man e m o0
o o L= !
=% '
i g - - = S
i Ll R TS (XX ZRRTE b [SETRT IS
R TN L A B o 1ee wav = TREYRL +
. ]
u.,..--’_;" ;‘ ’ s aca ,'
god booo mwi i
ooQ , Vel g Lo
e e (VIR v 000 | . " | 05
. - e 8 o e ‘
1 o Al e e PaTiUN
frida e
LTI R SR 3 0 EH Lt AT SRR | ;""' rdeastly ol leylane
CosCUBIVEL R o St Loper g, L 00 7en
s P “ate g ® Fummist Man T 4 8 edee  (ms 'R t8m,
ETNo 06 oo T A .M
ot D g . v rreome ERARTVIELL PN
LT 5 s L, ' [ T Y I (CuamT . wer®
E' aras  yr AR 40E . fa weTORS
1]
| wame Sugel, PToov, R
Elar- ana e Loy et Vot e od i e 1
L DA P e AN e ‘I.-\d seeWog -::"
L) Chenstry; () Analvti b Cemt o trvy () “focnemtstry; (U) X-Ray; (U) Pharmacology

BV mm g T aF T 1 PeEraca ) P8 BN Pum i B PO aPEs el 164 Wb bt Pruredn 190! of 900h BIB Berwity (lomsiBcotion Code |

S Ty sty cheacoal strn ture and analogue o of chenical compounds and the products
ctotoe bter st ot Loy coaunds ta Bochem. Ty oamporoant svatems, to learn more
CePATTR Lo Specit 1ty oot oy it Lo treattont of 4isease.
2a. Yo it Tar oSt e ant, St st 0 venttgarations of the chemical
molesvies which e onoo frote 0 sl capacdts e thae hiente sl and to estahlish sufficient
reference fata ro cvaludace stroctare-activity relation hiips.

o ong y

. = 7102 e ventiact

wias eateaded without odditiunal obligation of funds

unt1l L oh 28, ALLD the structure detteed Juting previous reporting reriods have been
processed and the tindings 17e beilng asserbled {n 1 tinal reports For technical report
see Wiiter Keed Army institite of Remearch Annual Progress Keport, ! Jul 70-3C Jun 71,

-

.

T 6
CuB B F O8NS L% " B PR ARE DBBCLT X LO FOMMS 14884 ' NOV 08
AND 408 ' ) MAR ¢ FOA AkmyY EF SRME NN L ATYE



Project 3A061101A91C IN-HOUSE LABORATORY INDtPENDENT RESEARC!
Task 00, In-House Laboratory !ndependert Research
Work Unit 175, X-ray diffraction studies ot biological nteres!

Investigators.
Principal: J. M. Stewart, Ph.D (University of Maryland)
Associate: LTC C. R. Angel, MSC

DESCRIPTION.

The single crystal X-ray diffraction studiec on the antimalariale,
their analogues and their products of interaction in bioligical syste:,
were carried nut under this contract. These studies arc intended o
relate the specific confiquration of these chemicel compounds to thes
protective effects as antimalarials in biclogical systens.

PROGRESS.

The crystal structures of the antimalarials diaminodighenylisultone,
chloroquine diphosphate, methylene blue, and 1-(3'4'-dichlorotenzyloxy)-
2,2-dimethyl1-4,6-diamine-1,2-dihydrotriazine hydrochloride have been
determined, providing much information about molecular geometry, hydro-
gen bonding, and molecular packing 4s well as, in some cases, anion-
cation interactions in the solid state.

The structure of a complex formed between 8-aminoquinoline, an anti-
malarial precursor and zinc (Il) chloride has been deterrined, with
some difficulty, to provide information about coordinati.n geometry of
the 8-aminoquinoline class of antimalarials. Also determined is the
crystal structure of another antimalarial precursor, 2-(2,4-dimethyl-
pnenyl)-3-methyi-6-chloro-7,8-benzoquinoline-4-carboxylic acid.

The structural studies efforts are summarized in the accompanying
tables. Table I is a list of solved antimalarial structures. Table [l
is a list of other solved structures. Table Ill is a list of structures
under investigation.

Table |
SOLVED ANTIMALARIAL STRUCTURES

1. 4,4'-sulfonyldianiline Dickenson Intramolecular
H-bonding; molec-
ular geometry

2. Chloroguine Phosphate H. Preston Side chain con-
figuration; phos-
phate binding and
H-bonding network



~

Methylene Blue H. Marr
(hydrated)
2-(2,4-diamethyl t. Boonstra

phenyl-3-methyl-6--
chloro-7,8 benzo-
quinoline-4-carbox-
cyclic acid methyl
ester

Ethyl-5-phenyl-2- L. Plastas
imino-4-oxo0-1-

imidazolidine car-

boximidate

1-(3'4'-dichloro- L. Plastas
benzyloxy)-2,2-

dimethyl-4,6-di-

amino-1,2-dihydro-

triazine hydrochloride

Transaquobis (8-amino- C. Kerr
quinoline) Zinc (11)
Tetrachlorozincate 111

Table 11

OTHER SOLVED STRUCTURES

Picryl Chloride J. Willis
Sodium Chloride E. Boonstra
Pentacarbonytri- H. Plastas
phenylphosphite-

chromium (0)

Pentacarbonxyltri- H. Plastas
phenylphosphine-

chromium (0)

},1-dimethyl-3- W. DeCamp
pnenylipyrazolium-

5-oxide
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Location of charge on
cation; H-bonding
interactions

Antimalarial precursor

Antimalarial and
Iwitterionic effects

Molecular geometry

Chelation geometry of
8-aminoquinoline

Densely packed explo-
sive substance

Diffractometer align-
ment check

Backbonding theories

Backbonding theories

Antipyrine structural
isomer




[=0}

10.

1.

12.

14,

15.

txu-1-chloro[2.1.1]
bicyclohexane-5-car-
boxylic acid

5-Phenylpseudo-
hydantoin

2-Methyl-5-bromo-7-
trifluoroacetyl-3-
az0-2H-3-pyridine

Thiepin-1,1 dioxide

3-methyl-6-isopropyl
5'-parabromobenzoyl
8H-azuleno[1,8-bc§
thiophene

5-phenyl-2-imino-4-
oxo-1-imidazolidine

Tetracarbonylbistri-
phenylphosphie
chromium (0)

3-methyl-pyrazolin-
5-one

l.3-dihydr0xy-2-CH3
Z-nitropropane

bis (triphenyl-
phosphine) diphenyl-

acetylene platinum (II)

Table III

© e i o}

~

. Watts

. Plastas

. Watts
. Ammon

Ammon

. Watts

. Ammon
. Watts

. Chastain

. Preston
. Plastas

. DeCamp

. Marr

. Plastas

Parent (2.1.1)
bicyclic compound

Iwitterionic effects

Determination of
positions of substitu-
tion

Aromatic character
determinaticn

Identification of
molecules

Blocking agent in
protein degradation

Coordination back-
bonding thecries
Parent of many

steroids

Geometry in di-
alcohols

Coordination geometry

STRUCTURES UNDER INVESTIGATION

1-hydroxy-2-methy] -
2-nitropropane

Trans-iridium (I)
Chlorocarbonyl
Bis[tri(o-tolyl)]
phosphine

H.

Marr

W. DeCamp

Geometry in mono
alcohols



Diphenyl-dimethyl H. Plastas Coordination geometry
phosphine chloride

2-methyl-4-amino P. Watts Accurate bond lengths
quinoline C. Kerr to give geometry and
bond order of the 4-
aminoquinoline system
Quinine Sulfate P. Watts Absolute configuration
C. Kerr and conformation; in-
teraction between qui-
nine and the anion
Primaquine Phosphate C. Kerr Side chain configura-
tion; phosphate binding
and H-bonding network
11-Bromoundecany] W. Pangborn  Structures of membranes
anhydride
Ethylene didodecanoate P. Watts Structures .of membranes
W. Kopecky
4 -hydroxypyrimidone W. Kopecky Structures of membranes

Intensity data have been collected for quinine sulfate and 2-methyl-
4-aminoquinoline and attempts are now in progress to solve these two
structures; both are acentric structures and are offering some resist-
ance to solution. Only preliminary cell data have been collected for
primaquine diphosphate, which crystallizes in extremely thin plates un-
suitable for an intensity study.

Complexes of chloroquine with cobalt (II), copper (II), and zinc
(I1) salts have been prepared and preliminary conductivity and spectral
measurements have been made. The preparation of c¢omplexes of quinine,
chloroquine, and primaquine with organic and organophosphoric acids is
in progress; subsequent structure determination should yieid further
valuable information as to the binding capabilities of these drugs.

The spacific mission of solving the structures of antimalarial com-
pounds has required a parallel effort in the field of crystallographic
computing. A major problem arises in the structure determination of
optically active (therefore acentric) 1ight atom drugs. The method of
solution being developed for these acentric compounds is similar to
that presently used for compounds crystallizing in centrosymmetric
space groups, but is more complex and has required a major computationa)
effort. A new program has been developed for acentric phase determina-
tion and has been used recently for the solution of two previously
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unsolved compounds. Five noncentrosymmetric light atom structures have
now been solved.

Review of quality of the programs in the X-ray crystallographic
computing system continues and several new programs have been added.
This system is distributed for use in other laboratories throughout the
world and has, in fact, been referenced in approximately 107 of the
articles appearing in recent i>sues of Acta Crystallographica.

SUMMARY .

This cortract was terminated on 71 02 28 and this report constitutes
the final surmary of the accomplishments under this project. Studies of
correlation of structure and function of antimalarials will in the future
yield worthwhile knowledge in understanding of their mode of action. X-
ravdiffraction studies will be a fruitful tool for structural determina-
tion of antimalarials.
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27, (1) To study chromiam merabol ism on nerme!, diabettc and elderly human subjects and
to blochemticallv detine defects in absorption, handling and oxcretion of chromium assoc-|
iated with impaired gluccoe metabolism. To identity the nature ol the circulating chro-

mium complex whirh appedrs in the plasma tn vesponse to glacose ingestion,

2o, (U) Cral oncomina=51 wiil be administered and plasma and urivar, Chromium-51 corcen-
tratfons wiil be determined at 1atervales por thieo ofass, Hae same messuremcots will Lo
made tollowfny lut:avencus {njection of Chrenguva=3/7. Comparison ol especimentdl data
will allow assessment of intestinal abserption, plasra helr - 11te and excretion an all
three types ot subjects. Studies of the pature of caivealating chromiue witl inttially
use animals. Electropheoretis patterns ot chromium containing plasma tractions, betore
and after a zlucose icad, will bhe compared aad the elutes tractiors tested tor bio-
logical activit; !n che epraldymal tat pad assay.

25. (U) 70 07 - 71 62 he atudy has been grried out in two parts lhe organ and intra
cellular distiihutiote it chromfum ie the rat under varying dretarv and hormonal chro-
mium in nceraal aad Lesuora regulving diabeticos Absorptian ot 2-7 time the quantity
of chromium {n ffarrtice 1n conrast to normal absorption 1s vep orted A concomitant
increase in urindt” excretion ta- been documented. A final repurt has been prepared
and disseminated., For technical report see Walter Reed Army Institute of Research

Annual Progress Report, 1 Jul 70-30 jun 71.
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3A061101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH
Task 00, In-House Laboratory Independent Research

Work Unit 180, The impurtance of chromium in disorders of carbohydrate
metabolism

Investigators.
Principal: Fk. J. Doisey, Ph.D. (State University of New York)
Associate: LTC C. R. Angel, MSC

DESCRIPTION.

Previous investigations under this contract suggested that chromium
deficiency may exist in the elderly population. Impaired glucose toler-
ances in some elderly subjects were normal after supplementation of their
diet with trivalent chromium. Tests on oral Sl¢y absorption suggested
no evidence of malabsorption of chromium in elderly subjects. However,
it was observed that insulin-requiring diabetics appeared to absorb
more chromium than did maturity-onset diabetics or normal subjects.

PROGRESS.

a. Clinical Studies.

Oral administration of a tracer dose of 5]CrC13 has shown that
insulin-requiring diabetics absorb two and one-half to seven times the
amount of chromium than normal subjects absorb. It is not known whether
the increased absorption reflects possible tissue deficiency or not.

The increased urinary excretion observed may be due to the increased
absorption, or due to impaired metabolism of the ingested chromium.

Intravenous administration of 5]Cr into normal subjects and
juvenile diabetics demonstrated that the diabetics again lose more chro-
mium in the urine than do normal subjects or maturity-onset diabetics.
This finding clearly suggests that the insulin-requiring diabetic is
unable to metabolize chromium in a normal manner. Whether this is a
cause or result of the disease is not known.

b. Animal Studies.

The organ and intracellular distribution of 5]Cr in normal and

diabetic rats were determined. Attempts to alter the distribution of
51Cr by dietary and normal influences are described.

SUMMARY .,

This contract was terminated on 31 July 1970.
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Project 3A061101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH
Task 00, In-House Laboratory Independent Research
Work Untt 18!, Development of a menlngococcal lmpunizing agent

Investigators.

Principai: Malealm S, Artenstedn, M5,

Assoclate:  Freserro Ay Wyle, MAT, MO, Brenda L. Brandt, M,S5.;
tdmund ¢, Tramont, MAZ, MC; Lennis [, Kasper, MAJ, M(:
Wendell D Zellinger, CPT, MSu; tharles Harkins;
Richard L. Cohen, Ci'I, MSC: Benjamin E. Hoover, SP5;
Juseph R. Pinson, Ir., PFC; Eugene k. lLimberg, PFC;
and Adam . Drozd, Sk

Descripticn.

Meningococcal polysacoarfce vaccines have been developed against
erganisms of serogroups A wnd . [he group C vaccine has been proven
to be safe and effective {n nreventing discase and has been used for
prophylaxis this past winter in 5ix basic training posts. The group A
vaccine i{s safe and fmmunogenic Hut has not as vet been field tested
for efiicacy since group A discasc has been nonexistent in CONUS for

nany vears.

Isolatf n and purification of a group B polysaccharide has been
accomplisheu this past year. The results of animal and human
volunteer immunizations have been rather disappointing, as will be
shown, and suggest the need for other approaches to the problem.

Progress.

1. Puritied group B polysaccharide vaccines.

Lot B-! vaccine was tevted initially in six laboratory
volunteers (intradermally, 50 m crograms) with the following results
(Table 1).

The inftial testing with the FAB assay indicated that all six
volunteers showed antibody response within two weeks of injection.
One volunteer (MP) also showed HA-B rise. The initial high titers
of HA antibody, however, make this method rather difficult to
interpret. Sera of three subjects (MSA, BLB and MP) were tested by
FAB using serogroup A and C antigens with no titer increases
demonstrable. Thus the group B rise was specific. Jesting with the
B-Farr technique at a much later time showed no antibody i1ncreases in
any of the volunteers. This ansav is the mont sensitive vet devised
to detect antipolvsaccharide antibody and, theretore, is preterable
for vaccine studies. However, despite the rather o¢lear cut negative
response one .s f1cei with a ditfioulty in {nterpretation of the data
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Table 1. Antibody response to group B vaccine (Lot B-1),
November 1969,

Serum date

N Test 0 I wk 2 wk 3 wh ' wk 6 mo.
MSA FAB-H 112 1:4 1:32

HA-B 1:64 1:b4 l:64

R-Farr 4.4 1.3 5.0 ' ' .0
il.D. rAB-B L:4a 1:64 1:64 Lot

HA-B 1:32 l:64 1:64

B-Farr 2.5 5.h 6.8 7.) 9.0
H.N, ~An-B 1:2 1:4 d

HA-HB 1:32 132 1:32

R-Farr 1:5 1% 0.0 0.
KI5 FAB-H g R 1:8 - |:H | :25%0

HA-8 1:64 1:64 1:64

B-Farr 6.4 7.6 4.4 5.1 4.5 v b
A FAB-B 1:4 - 1:16 1N e

HA-B 1:128 - 1:128

B-Farr 1.1 - 12.5 10,7 1.6 9.8
M.P. FAB-B 1:2 1:8 1:32 1:16 1:8

HA-B 1:64 1:64 1:256

B-Farr 3.8 3.3 2.7 3.1 2.4 2.1

*FAB-B = tluorescent antibody, B organism
HA-B = hemagglutination, B antigen

B-Farr = radioactive gp B binding assay, 7 binding
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since the B-Farr test was performed over a vear after the sera were
collected and the specimens had teen thawed and refrozen many times.
This type of treatment, however, has not noticeably reduced anti-C
antibody in several individuals previously vaccinated with group C
vaccine.

Subsequently, two laboratory volunteers were administered 250
micrograms of ot B-1 polysaccharide by the subcutancous route.
Twenty-four hrs. later erythema measuring 2 to 3.5 c¢m was visible
but tenderness was verv minimal; the local reaction disappeared with-
in the . 20 hrs. Antibody response was as follows (Table 2).

Table 2. Antibody response tu 250 mcg group B vaccine (Lot B-1),
January 1970.

Titer at indlcated week

Name 0 1 2 4 8 13 16
MD FAB-B 64 128 128 128 128 64 -

B-Farr 8.1 10.5 13.1 14.5 10.8 - -

JS FAB-B 16 16 16 64 64 - 32

B-Farr 0.9 0.9 0.0 1.6 1.5 -

JS showed a 4-fold FAB-B titer rise at 4 weeks; MD had no titer
increase but his initial titer was high. Subject MD showed a
suggestion of increased binding of the radioactive B antigen.

After these preliminary studies a titration of Lot B-1 was
approved and carried out ~* Fort Bragg, N. C. beginning 25 Feb 1970.
Two hundred and seventy-five recruits in reception week underwent
venipuncture and nasopharyngeal cultures. Of these men, 183 voluntecred
to receive the group B vaccine and were divided into four groups, each
of which received a different dose administered subcutaneously,
Following this injection each man received the mandatory influenza and
tetanus-diphtheria inoculations. Local reactions observed at 24 hrs
were minimal (1 to 3 cm erythema) and were correlated (Table 3) with
dose administered.
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Table 3. Local erythema following group B vaccine
(Lot B-1) administered suhcutaneously.

Dose No. men reacting/No. men vaccinated
10 mcg 0/48
t0 meg 3/49

100 ncg 8/54

250 mcg 8/32

Carrifer cultures and blood speciens were obtained at two week [ntervals
from the entire group.

Meningococcal carrier surveys showed very little group B trans-
mission but serogroups C, Bo and nongroupable organisms were eventually
carried bv over 60 percent of the men.

The antihody response to the vaccine was interpreted with the
knowledge that the FAB test system detects antibody crossreactive with
other serogroups. Therefore, the data on vaccine response was also
tabulated after deleting all men who were carriers of any meningococcal
serogroup.

The results of FAB and Latex-B tests on these Individuals are
shown in Table 4.

Table 4. Antibody responses to graded doses of group B polysaccharide
vaccine (Lot B-1, Ft. Bragg, Feb. 1970).

Total Non-curriers
e Date ot non-
Dose No. Pos.*/No. Tested No. Pos./No. Tested varrier rise
10y 15/34 2/8 Week 43 )
50y 9/24 4/9 2 at wk 4;
2 at wk 7
100y 9/138 1/18 Week 2
250y 8/130 1/16 Week 2
L.x and FAB pos,
No 2/14 0/8

vaccine

*4-fold or greater increase in titer by FAB-B and/or Latex-B tests.
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Although many men showed significant titer rises in the FAB test
relatively few individuals who never acquired a throat culture
positive for meningococci developed arcibody increases. Only two
individuals in this latter category developed a titer rise within
two weeks and onlv cne of these two rises was c.ontirmed by latex
test. 4 total ¢! 6 FAB positive subjects were hecked by the Lx
test and onlv the above nmentioned individual shewed a rise (2 tubes).
Even if all antibody rises in noncarriers are taosulated (8/41 = 20%)
the response © B-1 vaccine must be considered pour. In additfon the
response seemv.i unrelated to the dose administered.

Two more experiments were carried out in lab volunteers when
preliminary results on the recrult sera suggested a very poor
response. These were done in order to determine whether the group B
vaccine had deteriorated during storage. In April 1970, seven
subjects received a triple vaccine consisting of 50 mcy doses of
each pulysaccharide, A, B and C, given by subcutaneous route. Results
of antibody tests are shown in Table 5.

Of this group, five showed antibody rise to A polysaccharide,
gix to C polysaccharide, but only one responded to the B component
(R. Sco.) by FAB. This same individual, however, showed no antibody
response in the Latex-B and B-Farr tests. Subject Maci.., who showed
no response in the FAB-7 test, showed a low level, but consistent
titer increases in the Lx-B and B-Farr assays, both within the first ’
week following injection.

One more group of lab volunteers was injected with monovalent
Lot B-1l vaccine, 50 mcg subcutaneously, in May 1970. Antibody
responses of these seven subjects are shown in Table 6. None showed
antibody rise by the FAB-B technique.

Five subjects failed to show antibody change by B-Farr test;
Br. showed a4 falling titer and one individual, Ry., showed a low
level but consistent antibody incr:ase by this technique.

One further group of laboratory personnel were immunized with
triple vaccine (Lot A-7, B-1 and C-8, 50 micrograms of vach mixed
together and injected subcutaneously) on 30 July 1970. local
rea tions were negligible; antibody responses to A and C components
were demonstrated in each of the six volunteers.

Four subjects showed no antibody response in the k-Farr test
over a two month period; three of these were alsou tested by lLx-B
and were negative. Two volunteers became serogroup B carriers four
months after vaccination and their antibody studies arce shown in
Table 7. On the same date, two months after immunization, both
subjects showed significant group B antibody increases by the Farr
test, one also showed a Lx-B increase. Both men had negative throat
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Table 5. Antibody responses to triple vaccine.

FAB
Week after B
Name vaccination HA-€ A c B repedted Lx-B  B-Farr %
Adk. 0 8 4 16 16 32 <2 8.3
1 128 16 128 8 - -2 6.0
2 256 128 128 16 - <2 5.7
5 4. <) 5.8
8 lo <2 0.4
Chad. 0 <2 16 Y] 32 3 8 12.0
1 16 16 16 32 3 8 13.4
2 32 32 32 8 64 8 13.0
4 32 8 1352
8 64 8 10.8
D.Sco. J <2 32 8 64 32 2 .
] 8 32 8 32 - 2 (e
2 le 128 8 32 - > 4 20
I §2 oy l.9
8 64 g 4.4
Macl.. 0 16 8 16 64 32 % 8.
1 32 32 32 32 - 8 14.3
2 32 32 32 32 - 8 11.0
4 64 8 10,
g* 32 8 9.2
R.Sco. 0 <2 8 2 4 4 <2 0.
1 32 32 32 2 - <2 0.1
2 32 32 16 16 - 2 0.0
4 16 <2 0.0
8 8 2 0.0
R.Coh. 0 2 4 4 <2 4 <2 1.7
1 64 32 32 <2 - <2 ]
2 64 32 64 <2 - 2 0.4
4 4 <2 0.4
8 4 00 L0
Rea. 0 2 8 8 4 8 2 1.1
1 8 8 64 4 2 0.4
2 32 8 64 2 - 2 3.2
4 8 2 0.7
8 8 2 0.8

*Nasophiaryageal culture revealed four colonies ot group Y meningococcus.
All the other cultures were negative.
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Table 6. FAB titers following vaccination with Lot B-1
vaccine.
Serum titer (reciprocal)
at indicated week
Antibody
Volunteer test 0 1 2 3
Tr. FAB-B 16 32 16 16
Ae., FAR-B 32 16 16 16
Je. FAB-B 16 16 - 16
Pa. FAB-B 32 8 8 32
Fo. FAB-B 32 - 16 32
Br. FAB-B 16 32 16 -
B-Farr (X) 24.3 21.7 18.5 10.1
Ry.* FAB-B 64 32 32 64
B-Farr (%) 12.3 14.0 17.8 18.2

*Carrier of serogroup X.

Table 7. Antibody response of two subjects who received
triple vaccine and subsequently became
nasopharyngeal carriers.

Serum titer

Week after Carrier B-Farr

Subject vaccination state test (%) lL.x-B
J.W. 0 - 1.8 <1:2
1 = 2ex2 <1:2
2 - 2.7 “1:2
4 - 2.6 «1:2
8 - 7.7 <1:2
16 B 6.8 <1:2
37 B 6.6 <1:2
A.D. 0 - 21 <1:2
1 - 6.4 15212
2 - 4.3 1:2
4 - 3.9 1:2
8 - 25.7 1:8
16 B 6.7 1E2
37 B 8.0 12
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cultures at this time. When next tested two and seven months later
both were found to be group B carriers (it should be mentioned that
both had laboratory exposure to group B organisms). Antibody titers
of A.D. fell markedly to prevaccination levels despite the fact that
be remained a car ter. J.S.'s antibody titers did not change very
mnch Jespite pro. aged meningococcal group B carriage.

Al{tempts to produce a larger molecular weight B polysaccharide
baged upon harvesting cultures of different ages culminated in the
preparation of five different group B antigens labelled B-3, 6 hr.,
8 hr., 10 hr., 12 hr., and 14 hr. (Fig. 1). From this figure it is
apparent that the peak of sialic acid shifted to the right (smaller
MW) in the polysaccharides prepared from older cultures.

Prior to studies in recruits, six laboratory volunteers were
{noculated with 3-3, 8 hr. vaccine by the intradermal route. Results
of untibody tests are shown in Table 8.

Although two of the six volunteers (Rom. and Hoov.) showed
cupgestive FAB-B rises within one week following vaccination these
were not coufirmed by the other two assays.

All five B-3 vaccine preparations were tested in Fort Dix recruit
volunteers (50 micrograms subcutaneously) with throat cultures and
serum specimens being collected at two week intervals. No adverse
reactions were noted. Antibody studies are summarfzed in Table 9.

Table 9. Antibody resporse to group B
vaccines of different
molecular size (Lot B-3,

Ft. Dix).
Vaccine No. tested No. pos. by FAB-B

6 hr. 17 2
8 hr. 11 1
10 hr. 10 0
12 hr. 7 0
l4 hr. 5 0

Total 50 R
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Table 8. Antibody response to group B vaccine (Lot B-3,
8 hr., 50 micrograms, intradermal).

Antibody titers vs.
indicated antigen

Week after el — S

Subject vaccination FAB-B Lx-B B-Farr (%)
0.Br. 0 8 2 &7
1 16 <2 S0
2 16 <2 5.5
4 <2 J.6
VanD. 0 32 <2 1.3
1 32 <2 1.2
2 32 <2 0.6
4 32 <2 e 9
Rom. 0 8 <2 0.8
1 32 <2 0.9
2 32 <2 1.5
4 <2 0.1
Hoov. 0 8 <2 11.3
1 32 <2 13.3
2 32 <2 9.2
4 <2 14.3
Dal. 0 16 4 13.8
1 16 4 16.1
2 16 4 14.2
4 4 12.2
Sang. 0 16 4 13.8
1 32 4 14,7
2 16 4 17.1
4 4 15.9




Fifty subjects whose throat cultures failed to yield meningococci
at two and, in many cases, four weeks after vaccination were tested
for antibody response. Three individuals showed a rise by FAB-B test
and these results were reproducible. However, none of the volunteers
were positive by latex-B test. Forty subjects who received the 6 hr.
vaccine were tested by the B-HA assay, only one person showing a four
fold increase in titer. This subject and eight others failed to show
any antibody increase when sera were tested with the B-Farr antigen.

The results of the above studies suggest that group B polysaccha-
ride vaccines can be produced with varying molecular size; but even
those with the largest sized molecules are extremely poor immunogens
in man.

Further studies were carried out with a fourth lot of group B
vaccine made with a more highly buffered medium (B-4, 3XCA) containing
thr.e times the standard concentration of casamino acids. Eight
labcratory volunteers received 50 microgram doses of vaccine (four
intradermally, four subcutaneously). Sera obtained at weekly intervals
were tested for B-Farr and Lx~B antibody; none showed significantly
increased titers over a four week period. Four moniths later three of
these volunteers were injected again with the same vaccine; none showed
B-Farr antibody titer change.

2. The use of adjuvants to enhance the immunogenicity of group B
meningococcal polysaccharide antigens.

As evidence mounted that the meningococcal group B purified
polysaccharide vaccines were not immunogenic in man a series of experi-
ments were carried out to test the combination of polysaccharide with
various adjuvants.

a. Studles in rabbits.

The following adjuvants were prepared:

Name Preparation
Alum Al Cl3.6Hp0 12 gms/L 5 ml B4 vac.ine

add 0.1M NaOH 1.8 vol to 1 ml Al Cljy

1 vol Al Cl3 for pH 7 1.8 ml NaOH

2.2 ml Hp0

Methylated Methyla~zed bovine albumin Equal vol mixed
albumin 50 mcg/ml water with B4 vaccine
Influenza A2/Jap/305/57 Mix equal vol
virus E-1C Allantoic fluid with B4 vaccine
B4 vaccine Lot B4 - 3XCA Dilute 1:2 with water

to equal 50v/0.4 ml
95



In addition, various crude preparations of group B polysaccharide
were also tested (Table 10).

Table 10. Chemical characterization of group B polysaccharides
tested in rabbits.

Sample % protein X nucleic acids % sfalic acid®
B-36 crude 47.3 6.6 52
B-36 sevag 14.5 1.6 91.0
B-35 FP 0.84 : 1.07 94.0
B-36 FP-1 0.57 0.72 99

*% of a standard preparation.

Two kilogram male rabbits were injected into the rear footpads at
weeklv intervals for three weeks, rested two weeks, injected again,
rested two weeks and injected a final time. Vaccines were refrigerated
the first week and subsequently frozen between injection dates.

Results shown in Table 11 indicate that the three adjuvants were
approximately equal in their effects, namely very low anti-B antibodies
were induced at four weeks which, in the few animals tested, could not
be boosted by a sixth injection. Purified polysaccharide alone, B-4
or B-36, were essentially nonimmunogenic but cruder antigens induced
very low levels of HA-B antibodies. One injection of live group B
organisms intravenously gave serum titers of 1:8 after one week.
Subsequently, injection of viable organisms, three times in a weck,
produced HA titers from 1:64 to 1:1024 in all rabbits regardless of
previous group B antigen injections. After a one month rest period,
these titers declined significantly but were rapidly boosted by 2 I.V.
injections of live organisms. The low levels of antibody in rabbits
who had not received live organisms fell even lower or became neglig
negligible during the one month rest period and were returned tu the
1:5 level by two injections of sensitized latex particles.

In a subsequent experiment, B polysaccharide vaccines were
prepared with an improved alum (Merck furmula), latex or mixed with
typhoid vaccine and injected into rabbits three times at weekly
intervals. Only the rabbit given latex-B developed a trace (1:4)
of anti-B antibody.

Thus, extracted and purified (crude or with adjuvants) group B
polysaccharides were poorly immunogenic in rabbits. Titers could
not be boosted with purified polysaccharides even when attached to
latex particles. However, live group B organisms injected
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intravenously produced prompt, high titers of group B antibody. These
data suggest that the group B polysaccharide in its native state is
significantly different from the purified products tested.

An ' ronative explanation of the results, however, would be that
{mmuno.o e 4l tolerance, or paralysis, to the polvsaccharides has been
inducced sa) that the: (an be breken by the antigen when presented as a
large savtto le (vhole oreanism).

b, Stodies {0 Poman volunteers.

Based upon the rabblit data which showed a slight response
to group B polysaccharlde mixed with influenza virus, four laboratory
voluateers were fnoculated with a mixture of influenza vaccine and
zroup B meningococcal vaccine to determine antibody respouses.

Influcnra vacoine was Lederle Bivalent containing A2 and B
artigens. Lot B4-3XCA meningoce (u” group B vaccine (0.2 ml
containing 50 micrograms) was mixed with 0.5 ml flu vaccine and
injected together bv the subcutaneous route. Throat cultures and
serum speclmens were collected prior to vaccination and at weekly
iatervals.

e duntecrs, E.ho, ROW and J.P., developed local eryvthema
which measured trom 1 em, to 6,5 cm. in diameter after 24 hrs.  K.W.
also complained ot dizziness and feeling weak shortly atter injection
but this was transient. Three of the volunteers recelved booster
injections ot freshlv mixed vaccine three weeks later,

Antibody studies are shown in Table 12. Only one subject, R.W.,
showed an antibodv response to the group B polvsaccharide. Booster
fujections had no effect (n elevating antibody titers.

-

studies of greup B polysaccharide vaccines iu human volunteers
have been disappointing in that antibody rises were infrequent
(Table 13). Initfally {t was believed that the vaccine could bhe
improved in terms of molecular size and concentration of antigenically
active material. This was achieved by changes in culture conditions,
but even the best preparations were not satisfactory immunogens. When
improved serological assavs were developed these results were
confirmed and antibody responses were even more uncommon.

Attempts to (mprove the {mmunogenicity of the purified poly-
saccharides by use of adjuvants in rabbits ylelded very low grade,
1lthough definftely positive responses. The final study presented;
ie, influenza and meningococcal vaccines combined, provided only one
detinite antibody response in a total of four subjects, an

L Tuive result
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Table 12, Group B meningococcal antidody response to
influenza -group B polysaccharide vaccine
combination.

Ant ibody test

Serum date Throat B-Fara

Volunteer (week) culture Latex-B Z binding
1. G.L. 0 C 2 .
1 C 12 WK
2 - 152 ]
e + 4.4
6 + 4.6
2. E.D. 0 - <1:2 0.5
1 = 352 2.0
2 - 0,7
3* 4 o0
4 - 0",
6 0,0
3. R.W. 0 - 1:2 12.6
1 - T 13.48
2 - 1:2 s0.7
3 = 1:4 29,4
4 = 1:4 6.8
5 - 1:4 37.5
4., J.P. 0 B :8 11.9
1 B 1:8 13.4
2 Ro 1:8 12.9
* 15.8
4 NT 16.1
5 + 14.3

*Booster injection
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There i8 some evidence tna' the immune response in man to group
B !nfection is different from that with group C organisms, at least
in terms of antipolysaccharide untitody. Only about 10 percent of
group B carriers develop antipolysaccharide antibodies. Blood
stream inoculation, hcwever, is an effective stimulus both in man
(cases) and rabbits.

These data sugtest either a different host immune mechanism for the
group B organism or perhaps an important alteration in the poly-
saccharide molecule when extracted from the intact organism.
Ongoing and planned studies will consider these problems.
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Project 3A061101A91C [IN~-HOUSE LABORATORY INDEPENDENT RESEARCH
Task 00, In-House Laboratory Independent Research

Work Unit 182, Correlation of performance aggression, stress, combat
and group position with testicular and adrenal secretion

Investigators.
Principal: Irwin S. Bernstein, Ph.D.
Associate: Robert M. Rose, M.D.

DESCRIPTION

Dr. Rose, Dr. Bernstein, and Mr. Gordon at Yerkes Regional Primate
Center continued a systematic evaluation of the relationship between
plasma testosterone levels and dominance rank and aggressive behavior.
They demonstrated that exposure of adult male rhesus monkeys to recep-
tive females resulted in a two to three-fold increase in endogenous
testosterore secretion. This is the first documentation of stimuli
resulting in increased testosterone secretion in primates., Preliminary
evidence also was obtained, suggesting that exposure of an adult male
to a strange group of other males resulted in dramatic suppression of
testosterone which lasted for many weeks. This suppression was asso-
ciated by withdrawal and a decrease in motor activity in the male who
is a stranger to the group. Further studies were done on endocrine
responses of animals subsequent to exposure and confrontation by two
intact but separate groups of rhesus monkeys; this data awaits analysis.

In collaboration with CPT Frank Sodetz, Department of Experimen:al
Psychology, animals of both high and low dominance rank were studied
during Sidman shock avoidance. This will provide information on the
relationship between aggressive behavior, dominance rank, performance,
and endocrine response under stress,
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Project 3A061101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH
Task 00, In-House Laboratory Independent Research

Work Unit 182, Correlation of performance aggression, stress, combat
and group positirn with testicular adrenal secretion

Literature Cited.

Publications:

1. Rose, R.M., Holaday, J.W., and Bernstein, 1.S.: Plasma testos-
terone, dominance rank and aggressive behavior in male rhesus monkeys.
Nature. 231: 366, 1971 '
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Project 3A061101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH
Task 00, In-House Laboratory Independent Research
Work Unit 183, Diseases of military animals in Southeast Asia

Investigators:

Principal: MAJ D. L. Huxsoll, VC

Associate: LTC P. K. Hildebrandt, V'; L. N. Binn, Ph.D.;
MAJ M. G. Groves, VC; MAJ J. L. Brown, VC;
MAJ D. C. Zeiler, VC; CPT H. L. Amyx, VC;
CPT G. L. Dennis, VC; CPT R. L. Becker, VC;

CPT S. A. Ruark, VC CPT A. J. Johnson, VC;
CPT J. E. Hooks, ; CPT R. C. Giles, VC;

E. S. Windham, MS MAJ D. S. O'Leary, MC;
LTC D. B. Tuthill, MC; I. E. Hemelt, AB;

A. R. Warner, Jr.; E. C. Lazar, BA;

COL E. W, Grogan, VC

Description.

To define, study, diagnose and control known and potential infectious
diseases of military dogs in Southeast Asia and other tropical and
semi-tropical areas of potential military significance. The major
effort is directod toward the cause, pathogenesis, treatment and
control of tropical caniue pancytopenia, which has jeopardized the
operational efficacy of military dogs in Southeast Asia. Studies

are also being conducted on the epidemiology, treatment and coatrol
of Babesia and other parasitic infections which are medical problems
in military dogs.

Progress.
I. Tropical Canine Pancytopenia (TCP)

The history of tropical canine pancytopenia, the clinical and patho-
logical descriptions of the natural disease, transmission studies Tni
etiology have been described in detail in previous Annual Reports.
During the past year the investigation of TCP has included studies on
the ultrastructure of the causative agent, pathogenesis of the disease
in both intact and splenectomized dogs, chemotherapy and chemo-
prophylaxis, tick transmission, and in vitro cultivation of the
causative agent, Ehrlichia canis.
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1. Pathogenicity of Ehrlichia canis, the Causative Agent of
Tropical Canine Pancvtopenia, i German Shepherd Dogs.

A. Introducticn

Tropical canine pancytcpenia (TCP) vas observed as early as 1963 in
Southeast Asia in British military d<ogs in Singapore. Between 1963
and 1968 this disease was responsible for the death of numerous mili-
tary and privately-owned dogs in Singapore and Malaysia.3’ 3 In the
Republic of Vietnam TCP was first recognized in 1967 in several
Labrador Retrievers which had previcusly bheen trained as tracker dogs
in Malaysia.b During tie following year an epizootic of the disease
occurred in Vietnam among German Shepherd dogs which had originated in
the United States. To date over 20¢ U.S. military dogs have died of
the disease in Southeast Asia, TCP has also been reported in military
and privateiy=-owned dogs in the Car.bhean.’ %

Specimens from affected dogs from geographically isolated areas in
Southeast Asia as well as Puerto Rico, the Virgin Islands, Florida,

and Panama were used to transmit the disease to laboratory dogs.
Ehrlichia canis, a member of the farily Rickettsiaceae, has'been identi-
fied as the etiologic agent of TCP.® Iransmission studies provided
preliminary evidence that German Shcpherd dogs experimentally infected
with the agent developed signs of d:.scase identical to those of the
natural disease; whereas the diseas¢ in the experimentally infected
Beagle was milder and clinical signs of hemorrhage were not observed.

The current study was initiated to cetermine the pathogenicity of
Ehrlichia canis in mature and young German Shepherd dogs.

B. Materials and Methods

Two groups of German Shepherd dogs vere used in the study. The first
group consisted of 1l mature dogs 2-3 years of age, and the second
group was made up of 6 immature dogs 12-14 weeks of age., The dogs
were inoculated intravenously with ml of whole blood collected in
sterile sodium citrate from a commor donor dog infected with Ehrlichia
canis. In the first group 8 dogs wire infected and 3 were retained

as uninfected controis. 1In the seccnd group 4 were infected and 2
were used as controls.

Two weeks of baseline data were coliccted on each dog prior to inocula-
tion. Fach dog was examined and it: temperature recorded daily. Blood
was collected twice weekly for WBC, RBC, PCV, hemoglobin, erythrocyte
sedimentation rate, differential, SCPT, BUN, thrombocyte, bilirubin

and reticulocyte determinations. It addition, blood was taken weekly



for coagulation studies. Serum was collected once a week for serum
protein studies and serologic examinations. Each dog was weighed
twice weekly., Bone marrow specimens were taken periodically. When
pussille urine was collected for routine urinalysis and urobilinogen
studles, Standard procodures were used in all tests., A complete
necropsy was performed on all dogs that died and dogs that were des-
troved at the termination of the study,

C. Results

Analvsis of results has not been completed. All infected dogs

developed a conjunctivitis accompanied by an ocular and nasal discharge.
Other consistent clinical signs were pyrexia, anorexia and weight loss
fTable 1), Anemia, ieukopenia and thrombocytopenia characterized the
infected dogs (Fig. 1-5). A high erythrocyte sedimentation rate was
also characteristic of the disease. Most dogs showed an elevation

of SGPT during the course of the disease; however, no alteration was
noted in BUN. During the course ot the discasc¢ an increase in reticulo-
cytes was noted in all dogs.

The variation in response of indivicual dogs is evident in the extent
of fluctuation in red, white and thrombocyte count, relapses and

length of time between inoculation and death. Some dogs showed no
evidence of recovery from the initial phase of the disease and died

as ecarly as HU days post inoculation (Fig. 1l). Other dogs, as illus-
trated in Fig. 2, showed an early drop in red, white and thrombocyte
counts, followed by a return to near normal values and then relapsed
with a severe recurrence of ecarlier signs. A few dogs as illustrated

in Fig. 4 showad early signs but ternded to vecover, and when the study
was terminated 147 days post inoculation, blood values were near normal,

D. Discussion
The thrombocyte count appeared to be a sensitive indicator of the
status or prognosis of the disease. In all instances there appeared

to be a sharp drop in thrombocyte ccunt early in the disease, The

slope of the curve suggests a complete cessation in production or
release of thrombocytes io the bone marrow. ilowever, the fact that all
dogs showed an increase in the reticuelocytes provides evidence that the
ervthroid elements of the bone marrcw are functional. 1In addition,
increases in white cell counts observed in many of the dogs suggest

the myeloid elemente are also functional.

The mechanism  wherzlhy the bemopeletic syaten is altered by the

Tnteotion taostyllouandos otudy,
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Table 1. Summary of Clinical Signs in German Shepherd Dogs
Experimentally Infected with Ehrlichia canis
Mature Young
German German
Signs Shepherd Shepherd
Ocular & Nasal
Discharge 8/8 4/4
Weight Loss 8/8 4/4
Death 5/8 4/4
Epistaxis 5/8 1/4
Melena 7/8 0/4
Septicemia 2/8 1/4
Vomiting & .
Diarrhea 1/8 1/4
Skin Lesions 2/8 0/4
Hematuria 1/8 0/4
Hyphema 1/8 0/4
Corneal Opacity 1/8 0/4
*
Edema 1/8 0/4

*

Hind limb & scrotum
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2, Pathogenicity of Ehrlichia canis in Newborn Beagle Pups

A, Introduction

In endemic areas TCP is most often observed in aged, purebred dogs.
Information is lacking on the disease in the very young puppy. It
has been speculated that the disease in the young puppy may be less
severe and often not recognized., Such findings would have epidemio-
logic significance. The study w4as iritiated to determine the patho-
genicity of E. canis infection in young, nursing puppies.

B. Materials and Methods

A litter of 5 Beagle puppies, 7 days of age, was used in the study.
Three puppies were inoculated intravenously with blood collected in
EDTA from an acutely affected dog. The remaining puppies were

retained as controls. Baselinc data were collected prior to inocula-
tion. Each dog was examined, weighed, and rectal temperature recorded
daily., BRlood was cotlected twice weekly for WBC, RBC, PCV, hemoglobin,
and erythrocyte sedimentaticn rate, Peripheral blood smears were
prepared twice weekly,

C. Results

All inoculated pups had a severe nasal and ocular discharge 11 days
post inoculation. Clinical signs of anemia were evident at 14 days,
This correlates with the low pscked cell volumes of the infected dogs
14-21 dogs post inoculation (Fig. €). The infected dogs also showed

a severe leukopenia, During tle course of disease the infected

puppies gained little as compared with the uninfected controls which
showed a normal weight gain (Fig. 7). During the acute phase of the
disease morulae of E. canis could readily be demonstrated in peripheral
blood smears.

D. Discussion

The pattern of diseasc in the rewboern Beagle puppy is similar to that
observed in experimentally infected mature Beagle dogs. The signs

of anemia and the nasal and ocular discharges could easily go unrecog-
nized in natural infection, Tre difference in weight gain is more
evident, Many natural infecticns of E. canis in adult Beagle dogs are
not recognized. Ailthough the ciscase i morc severe in the young
Beagle puppy, it mimics other pruppy diseases and a specific diagnosis
of E. canis may not be msde,
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3. Pathogenicity of Ehrlichia caris in Splenectomized Dogs.

AL introduction

The hemorrbay ic signs of 1CP are associated with severe thrombocytopenia,

Tu dops with cpistaxis the platelet counts are often iclow 5000/cu mm
ot blvod and in manv irstances no platelets are observed. 1In dogs with
thrombocytopenia purpura removal f the spleen will cause the platelet
Couats to rcturn to normal.  Spleractomy has been used in treating
hemorrbage in dogs with TCP. Hewever controlled studies in splenec-
tomized Jdogs have not been donce.

A study was initiated to determine not only the pathogenicity of
Lo ocanis intection in dogs, but alse the etrect of splenectomy on
the severe hemdtological clanges waiich occur in the course of this

discase.

B. Materials and Methods

Four german Shepherds and four Beailes were used, Two of the German
Shepherds and two of the Beagles wore splencctomized while the other
two in ecach group were ieft intact., The baseline data were collected
for 39 days at which time the porpal WBC, RBC, PCV, ESR, thrombocyte
count, hemoglobin, SGPT Llevels, BUV levels, and temperatures were
determined for each doy (Table 2).

All ecipht dogs were inoculated with 5 cc of whole blood from a Beagle
which wis in the acute phase of TC?. Temperatures were taken daily
for the first 9 days, twice dailv for the next 10 days, and daily
thereatter. The dogs were bled th-ee times weckly and the following
were determined:  WEBC, RRC, PCV, kSR, thrombocyte count, hemoglobin,
SGPT and 8UN icvels,

Six days atter splenectomy, the th-ombocyvte counts increased nearly
=4 fold in the Beagles and 2 told in the Cerman Shepherds.

C. Results
Following inoculation the two intact German Shepherds and one of the
splenectomized Beagles showed socondary infections, One intact
Shepherd (#42) 14 daws post inocolition developed an anal gland abscess
that healed completely by the 37th day with no treatment, The other
intact Shepherd @433 developed a ievere case of spirochetal trench
mouth 25 davs pest o ieoccasation and was treated with furdcin and 2%
indine solutiong, e mouth still showd some mild inflammation 115
duvas post inoculdation, All dogs a:veloped nasal and ocular discharge
1t 17 davs which <icaved up in all except Beagle 270, by 30 days post
ioooalation,  Splerectomized Beagl: 270 showed signs of an upper
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respiratory infection at 15 days which subsided without treatment by
59 days post inoculation.

On the 1llth day, all dogs were considered infected when the morula
stage of Ehrlichia canis was found in monocytes from a capillary
smear. The morulae were observed in monocytes up to 66 days post
inoculation, but were not seen in capillary smears after day 66.

Two to 4 days post inoculation there was a sharp decrease in the
platelet counts of the intact dogs, whereas the splenectomized dogs
showed no decrease until the seventh day (Fig. 8-11), The low point
in the splenectomized dogs during the acute phase occurred at the 1llth
day post inoc:lation with a sharp rise on 14-18 days. The intact
group reached a low point on the 14-18th days post inoculation but
have not demonstrated a sharp risc except for German Shepherd #43.
German Shepherd 43 demcnstrated a sharp rise at the 56th day and has
maintained counts within the norm:1 range.

All dogs showed a decrease in the WBC, RBC, and PCV but the degree of
decrease was less in the splenectomized dogs. All showed nearly the
same amount of increase in ESR although the rise was delayed in the
splenectomized dogs by 12-14 days.

BUN levels remained normal in all dogs, whereas the SGPT levels showed
slight elevations in all dogs beginning approximately at 11 days.

Two of the German Shepherds died. One was splenectomized and one was
intact, Th.. intact dog died 72 dcys post inoculation with epistaxis.
Internal hemorrhages were marked in the intestine, mesenteric lymph
nodes, kidney, spleen, liver, and lungs. The splenectomized German
Shepherd died 102 days post inoculation showing epistaxis and internal
hemorrhages. The intact dog lived 12 days with a platelet count of
zero, the WBL dropped :o 410 cells, and the PCV was 9%. The splenec-
tomized dog had a platelet count of 5000 which had been under 10,000
for 14 days, the WBC was 3400 and the PCV was 30%. No deaths have
occurred in the Beagles.

Further studies are in progress.

D. Discussion

At onset of infection,the splenectomized dogs all had higher plafelet
counts than the intact dogs. Howcver, all dogs showed a sharp decrease
in platelets. This decrease may be due entirely to ar alteration in
the production or release of platclets,

Soon after the initial sharp decline, the splenectomized dogs all

demonstrated a sharp rise., The intact dogs remained low with one
exception. In this case, the intact dog demonstrated a sharp rise on
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day 56 as compared ro day 14 tor the splevecromzed Jous,

Due to the low WBC, unem:a and  aonweictoe | sgeopaar, :ntectiops are
characteristic In TCP. Thi 2 eatly (devar 4 WO vomstiate that
the dogs still have tbe abilviv @0 crspoad Lo 500 nddey auvader s,

G. Electron Microscopic LEaamination oo Philichia can

Cavsative Apent of TOP

A, Introduction

Ehrlichia canis, the causative vraunism of TCP, is characterized by
the intracytoplasmic incluvsions which it produces in circalating mono=-
cytes, Iynphecytes and rarely nout~ephile,. Blood tilms propared trom
acutely ill dogs and stained with any of tt ¢ Feaanowsky stains usually
contain mononnclear cellys with cingle o poitip’e morula=~like colonies

which apparent!ly copsist of agsregates o woaller olosentary bodies,
Although these worulae can be demonatrateld more readily in impression
smears preparecd from lung tissue, the truc origin of these infected
mononuclear cclls and the site «f multipiicavion have not been well
e¢stablished.

Ehrlichia canis has been iucluded in the tamily Rickeftsiaccac on the
basis of its morphologic characteristics and arthropod transmission,
The organism has not bheen adequately compared to other microorganisms
within the greup, All observations have been made by means of light
microscopy which doe: not suffice in disclosing the true structure of
the agent, Electr.a microscopy has hecs bunpered by the tact that
the organism has not been grown in any host system orher than the
dog avd attempts to concentrate the crganes, fron dog tissues have
been unsuccessful, FEarly in the course of the dizecase small blood
vessels in the lungs often containcd nune: vy infected menonuclear
cells. 1In the lumina of these sime vesscls organisms were found
frequently in what apreared to te sloaghine cndothe!ial cells, 1t
became apparent that the aumber af irteet o cclls in th 5e areas
mipght permit electron wecrosconic =tudi,

B, Matcrials and Methods

A young adult Bz2agle dog wag inccutated with 10 ml ot whele blood
collected jo EDTA from an o, :telyv i)} coy. AL i davs post incculation
when eariy signs ol iofection w re ocvident tne duy was “il'lea, The
lungs were removed snd perfused with plutacaldehyde. Moitiple sections
of the lungs were made aad stain2c wits denmatvaylin aqwd erogin to deter-
mine areas ot high conceatration of 1aivotoa o wmelear ¢olls,

Opposing surfaces of (ixed luny :ontaiing cumerces tate ted cells were
selected for electron microscopi- examination. The tissue was processed
by standard methods and after stdinine with, &0 load ac tate was examd ned
in a Siemens klmiskok-1A electror mizrogucr. ot #ii hv,
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C. Resylts

Elementary bodies of Ehrlichia caniy were detucted in endothelial
celis,  The round to ovoid particles ranged in size from 0.5 u to

1.5 and were enclosed in a membrane-lined vacuole adjacent to the
nucleus ot the host cell, In some instances the vacuole membrane was
not discernible. The number of par:icles in each vacuole ranged from

2 to 40; however, this is dependent on the manner in which the vacuole
is sectioned., FEach particle or elenentary body was bound by two
distinct membrancs, each of which wis tri-layered. The outer membrane,
the cell wall, tended to be rirpled while the underlying plasma membrane
appeaced to be fused to the underlying constituents of the particle.
The inper structure of each particle consisted of dense and pale areas
intermingled with each other. The rnore dense areas contained ribosame-
liike granules.

D. Discussion

This is the first reported electruon microscopic observation of E. canis.
The ultrastructure of the organism (s similar to that which has been
duscribed for the rickettsiae and i1irge pavticles of the Chiamydia
group. 10

ft is apparent that the inclusions or morula: observed by light micro-
scopy consist of a group of individual elementary bodies within a
cytoplasmic vacuole. A cycie of development similar to that which has
been described for the Chlamydia was not evident in this study; however,
only a limited number of observatious were made avnd all specimens were
taken trom a single dog, 10 days podst inoculation. Determining the

true cycle of developrnent may await electron microscopic studies of
intected cells grown in cell culture systems,

e

5. Prophylactic and Therapeutic Va.ues of Tetracycline on TCP.

A, . Introduction

Ehrlichia canis, the causative agen  of TCP, has been identified in
dogs in diverse geographical areas, In Southeast Asia as well as in
other areas ot potential militdry s . gonificance the utilization of
military dogs is dependent on estab.ishing means of testing and con-
trolling this discase.

Autibictics as well 43 sulfonamides have been used in attempts to
tveac Fhrlichia canis infection. Cirmichael and Fiennesll reported
that sullapyridine was effective in treatment of the disease, Malherbe
found penicillin to be ineffective ulthough he reported good results
with sulfamethazine., Later Bool and Sutmoller! reported sulfapyridine
and sulfamethazine to be effective .luring the early ntages of the
Jigcase,  Buckner and Ewingiﬂ tuerd chileramphenicol and oxytetracycline
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te be efficacious in treating the i oo, nd foerellt? bas suggested
that drugs effective in treating U ol o oo sonine complex are
cifective in treatment of canine ohe! oo Moat investigators,
however, agrec thiit relapses occur oni “nfes v ivg s percist following

Lreatment.

Tctracycline was reported to be «iofc. i i vrecacing carly stages

of TCP in military dogs in Southeast wia? 'n addition, preliminary
laboratory studies showed that tetracielju, when administered prophyl-
actically, will prevent infection with BEbrli-nis canis. Based on these
observations the efficacy of tetracyeline as 2 chemotherapeutic and
chemoprophylactic drug wWwas examined i1 cont olled Jaboratory studies.

B. Materials and Mcthods

The isolate of Ehrlichia canis used 13 this srvay was recovered rom

a German Shepherd dog with tvpical «i-ns of /CF in Southeast Asia,

The organism has been maintained bv blond passape 1n laboratory Beagles.
The inoculum for each dog ceonsisted « f 5 nl. ~f whole blood collected

in IDTA from a laboratery Beaglce acut v (11 with the disease. The
inoculum was determined to be foce o f Bebos o aad Hemobartonella by
passage in splenectomized dogs.

Purebred Beagle and German Shepherd <ops of Loth sexes were used,
Each dog received distemper, hepatitis. luptosyirosis and rabies
vaccinations according to the standard reconmendations.

All experimental dogs were examined =nd :¢c11! trmperatures recorded
daily. Three times per week 10 ml, of hloed were enllected in sealed
vacuum tubes containing cthylene ‘ian it ot =icotic acid (EDTA) for
clinical laboratory examination. i laboratory tests were conducted
within 3 hours afrer specimens wore colloceed,  White and red blood
cell counts were determined wit! a < leet ~enic coll counter, Thrombo-
cyte counts were made with a phase ~onritast icroscope. A standard
micro~hematocrit centrifuge was usel {or alt PCY determinations,
Hemoglobin deternininatious were made Ty t'o cvonnethemoglobin method,
The Wintrobe tube was used feor deterr tuation o f crythroevte sedimentation
rates. Urograph was employed for doiormination of BUN, and SGPT deter=-
minations were made by the modificd tedran-¥rarkel method, Capillary
blood smears were stained using Cien: 2 awdl Mav-Crunwaid Gicemsa methods.

e

Tetracycline HCl in tablet form was acd i» 211 studies,

Experimental Design of Therapeuti, . .y

Thirteen adult laboratory Beaples cac @ si--oovrh old Sernan Shepherds

were divided into 2 groups: a treat ' i - coasistineg of 10 Beagle

and 5 German Shepherd doee; and an o ¢ ity L ow-vp of 3 Reagle and 3

Cerman Shepherd degs. Al Jdryn o oo ot b eeavenously with 5 ml.
KA
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of whole blood collected in EDTA from an acutely 111 dog. Treatment
was initiated after all dogs had a rectal temperature of 104°F or
greater, and were showing altered hemograms. This was 14 days post
inoculation in the Beagles and 13 days post inoculation in the German
Shepherd. Each treated dog received 30 mg. per pound of body weight
of tetracycline HCl daily for 14 day.. The tetracycline was adminis-
tered orally in a divided dose, half in the morning and half in the
evening. Thirty days after the last day of treatment, 20 ml. of blood
wa: collected in EDTA from eact dog with the exception of 5 treated
and 2 untreated Beagles. The blood was inoculated intravenously into
susceptible laboratory Beagles to determine the infectivity of each
dog. MNinety days after the last day of treatment blood was collected
from the remaining dogs and subinoculated as above., All treated dogs
cleared of the infection were reinoculated with the homologous strain
of Ehrlichia canis to determine suscuptibility to reinfection.

Experimental Design of Prophylactic Study

Ten young adult Beagle dogs were used in the study. Eight were admin-
istered tetracycline prophylactically and 2 dogs were held as untreated
controls. The tetracycline was administered daily in a single oral

j dose at the rate of 3 mg. per pound of body weight. Treatment was
initiated 1 week prior to challenge and was continued 1 month after
challenge, All dogs were inoculated with 5 ml. of whole blood collected
in EDTA from an acutely i1l dog. Each dog was monitored carefully for
30 days after tetracycline was discontinued. Five ml. of blood were
then collected in EDTA from each dog and were inoculated intravenously
into susceptible laboratory Beagles. All protected dogs were reinocu-
lated with the homologous strain of Ehrlichia canis.

C. Results

Therapeutic Study

All dogs developed 3igns of disease within 2 weeks following inoculation,
The signs included pyrexia, anorexia, conjunctivitis, elevation of the
erythrocyte sedimentation rate and a lowering of the red cell, white
cell and thrombocyte counts (Fig. 12-15). Morulae of Ehrlichia canis
were demonstrated in monocytes in casillary blood smears. Twenty-four
hours after initiation of tetracycline therapy the rectal temperature

of the treated dogs had returned to normal (Fig. 14 & 15). During

the following two weeks the hemograms of the treated dogs returned to
normal while the untreated dogs continued to show severe hematological
sigus (Fig. 12-15).

Following the acute stage of the discare the red cell and white cell
counts of one untreated German Sheph2rd (Fig. 12) returned to normal.
Approximately 75 lays post inoculatisn a relapse, characterized by a
rcappearance of earlier signs, was noted in this dog. The dog died
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Fig. 12 Rectal tempcrature, thrombocyte ceunt, leukocyte count,
hematocrit, and erythrocyte sedimentation rate of an untreated
6-month old Germen Shepherd cog following imoculation with

Ehrlichia canip, Dog died with epistaxis 88 daye pust inoculation,
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Fig. 13 Rects]l tempersture, thrimbccyte count, leukocyte count,
hemntocrit, and erythrocyte sedimentation rate of an untreated
v-month cld German Shepherd dog fellowing intravenous inoculation

vith fhriichie canig.
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with signs of hemorriape ¥% Jdgvs post inoculacro o hooveboat the
infection the thrombocvte count remained extremely low ana at the
time o1 death thrombocytes coule not be detected in the hlood, The
red cell oand white cell oocats of a second unticatcd German Shepherd
Faoas 1Y) eradially, vetvened ro oneer necaa! over a nhocal poriodg

however, during this tine torcile episodes were Coeran o b the thrombo-

cyte counts remarned depoossod.

Wit toc exception of o Boanles, the treated dops shiowed no ovicence
of 7 reiapse followine treatment (Fig. 14 o 15).  he 2 vwoavles relapsed
ipproximately one month arte: treatment, o the volay s as in the
case of the untrveasc i Goomaa Shopherd, wors Character (zed b0 reappear-
coarlior sivps. dhrbi hia canis «@as recovored T rhe hilood of

mee o i

these 2 Beagles Ty inoculation of susceptible dopa. Tr0 crpanism was
nnt recove ved feom tne hlead of the 13 troated devs whicn siiowed no
cviderce of relapee Neoo fteroaces vere noted sotweon the erosp of
Beavles sabinocaloton at 50 lavs and the vroap s hinocnlouod at 5o days.
Each eroup contained | dow whien remained intected,

Al dogss cleared o1 thee tatoctar o esponde Lo rolhocucation with the

Rl
homologous strain of Ehrlichia cinis (Fio. 14 & 15).  The sceond
infection was equalls as severe 1s he cnt, and antracytoplasmic

inclusions of Ehrlichia canis were casily demonstrated in capillary
blood simcars of all reindected dogs,

Prophylactic Study

Tetracycline administerca fasiyv 2t the rate o1 3 mg. per pound of body
welpght protectea all oo Ciafection with Ebhrlichia canis, whereas
untreatod dogs deve’ neo rupreal signs of tne disease. The orpdnism

could not be recon toom the slood of treated dogs 30 davs after
the tetracyceline iscontinuel, and the dogs remained tully sus-
ceptible to g SJith o tae howologous strarn of Ehriichia canis.

D. Discussion

The resul Ctese studles indicate that tetracveline (IC1 is an
effectiv cticoapent tor caaine ehrlichiosis and that most of
the trea! oW el ed af thie dinfection, The ase o tetracycline

HCL in treatong Ebriicnna cants, which s classitice 1o the ordrr
Rickettsiales, had 10t beer repo-ted vntil recently when Walke:r and
co=worke s tound tetra veiine oy be effective oo treating carly stages
of TCY. Powever, these investicators made theat observiatlons on tield
cases, and toliowip siulies were not done to determine 1t the dogs had
been (leated ot tne tnflection,

The tetracveline ant hintacs ave been wedeiv ased an troat ey tichel=
tsioses ot man and have been recommended for canine !iLFL‘LLSi('Sih.lR’16
Buckner and Ewim;‘“‘,” veported chat dogs infected with Ehrlichia canis

improve clinically when treated vith chioramphenicol and oxvtetracycline
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but ae not cliarcd ot the infection, In the curroent stvdies 13 of
1o doss were cleated ot the antect on wnen treated with tetracycline
HCY for 14 days. The tetracveline antibiotics are rickettiostatic
ol abeztaroe:dald Jheretose, tee lenpth ot treatment may be

[RGHSRR R e

catye chrboohoosts s toegently ompticated by concurrent infections
With nabesid, vtencobartensl!a or Reoatezeon, The etfect of these con-
corent drtectons oo the citicacy or wvarious antibiotics in treatment
i Lchia Cai, s ot known Inly uncomplicated infections were
caemined 1ot s ady,

Rl

cwotevels o reteac,clioe HOL can be used ettectively as a prophylactic
ot oceraae chrivehiosise wWhen admanistered daily at che rate of 3 mg.
3 poord o boody weant,y tetracye ine rendered all dogs refractory to
Tl clion, Cnce waestaes tor chrodichiosis are not available, the
prophctactr e o u dnabiotne o av represent the onlyv practical
cank fhay e ok Cweas v endemie areas, This mav have
ponvation an Che control ot the lisease o milicary working dogs
where o ich vy suscepeebite dov popalation mayv be deployed in Ehrlichia
endemite woreas. his oy adso he 2 means ot controlling the disease in
Detaon nrsh v o endemic areas. Neioz o and Thomas 19 have reported that in
aveas where o chelbictoroses is endemn o ot s practically impossible to
maint e dovs tor oy Teneth o of tiaes he contihuned deily administration
clotin ot ien s oot crprecedentet, Chlortetracyeline has beén given
nmeeas byt hor s deneestre o amals and human bheings for long
pericds of time with ao deloterivus side ¢ffects noted,

Povn cleared ot intoction with Ehr icivia canis are tully susceptible

o ctien o wirh o the hope toao s strain, This is ia contrast to the
ather o well known rackertsial discase of dogs, salmon poisoning, in
oot rraated aad recovered dogs a e resistant to rcinfection.15 Since
AL e Wit DU baa canas conters o jmmanity to reinfection,
thers apyears o be Lertle hepe e s developmont of a killed vaccine.,
Lot it Lans i esponsiii tor the cite and treatment of dogs in

oo ra eade vic e stonld e ware that apparent relapses in
Crentee Qo ey b doe LA ol L W LHes.,
. e rattiaan, e chebicha v cand s an Sray and Red Foxes

o m m ——— e ——— o - —— T R S— —

Jurins the Tast 1w vears, tne weiispread distributiea of Ehrlichia
ot oantections s hecome cvider o Due to recent isolations of
D odhdad rrem cbrooead o cases op P oin Floride and Texas, veterinar-

IS R R 0 R CPT A Ehriichia infections can bve a
-t Vi ey oot Uil st s, s o well as ovlier countries.,

Wltil aare prroveanacity and ctemrherapy studies have been done, the
Cpraenbotopy o onts liseaso remit s for the most part speculative,
vl ocvoles of raasmission have not heen established,
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Neitz and Thomas have suvgoested thet witd dogs (Lyeaon nictus) served
as a reservoir for kusliclia iy the Kruger National Park {n Africa,
and have reported that the jackel can be infected. The only evidence
of reservoir hosts in tie Unitec Srates was supplied bv Ewing and
co-workers when o o vporimenially o dafected a coyote, Canis latrans.

The r1ed fox, Vulpes fulves, and the gray fox, Urucyon cinereoargenteus
are excellont candidates as potintial reservoirs of Ehrlichia. Thelr
range is spread thrcoehont the Urited States, and population densities
are hich in arcas were Ebhelichia have been identified. In addition,
thev are commenly parasitized Iy Rhipicephalus sanpuineus, a tick which
has recently been shown to transmi: Ehrlicdhia canis. Studies have been
initiated to determine the susceptibility of these two species to
erperimental infection with Ehrlichia canis.

In ovr laboratory, three red feres and one pray fox have boen experi-
mentaily inocelated witho an isorate of Ehrlichia canis. Two fones
(one of cach specics) are bhorng vsed 18 uninfected controls.  Hesults
of this study arcv not vet availanle,

7. Tick Transmission of Fhrlichia canis

A. iIntroduction

Voratien and Lestoguard in 1937 incriminated the common dop tick,
Phipicephalus sanguincus, as the vector of E. gun;s;ll however, others
have not been able to substantiazc this,” Both tick cransmission
studics were done in unzootic ar-as of E. canis, and prior infection
with or immunity to E. canis in he experimental dogs could not be
excluded,

‘ In this laboratory over 150 laboe-atory Beagles have been infected with
E. canis, and «ll "ave been suscptible.  Furthermore none of the
Beagles used as contiols io Ehrl . chia studies have become infected.
Using the laboratory's supply of susceptible, unintected Beagles,
studies to define the role of R. sanguineus as a vector of E. canis
are heinz done.

We have previousiy reported the transtadial transmission of E. canis
by R. sanguineusw ©ne strain of ticks, VN 6, was fed on an infected
dog as nvmphs and subsequently t-ansmitted E. canis as adults. Another
strain, VN 42, transmitted E. cauis as nymphs and adults after feeding
on an infccted doy as larvace.

B. Materials and Mcthois

The establishment of ¢ K. sanguireus colony, colony huspandry, and
feeding methods were detailed in the previous annual report,




lwo strains c¢f K. sdnguineus, VN 6 and V¥ 48, were maintained during
the vee., and one strain, VN 52, was eliminated from the celony. A
tourtn stratn, KM 1, was added to the colony. This strain was obtained
trom the Pocky Mountdin Laboratory, Hamilton, Montana, courtesy of

te WL Burgdosier, The RM 1 strairv waes fed only on rabbits for several
zencrations prior to acgnisition by this 'aboratory,

addrtyonal *ravstadial transmission studies with strains VN 6, VN 48,
in' %t L were done using methods ouvtlined in last vear's report.,

Fony attempts te prove transovarial transmission were dene.  From each
o ditterent snoaps ot adelt ticks which had transmitted E. canis to
voanst L oy s Y eopcrged temal s cach were selected and allowed to
voipesait. Larval oftsprang trem the four ova pocls were then fed

'

supetta by on Soaorral dogs te derermine if rransovarial transmission

GO B

sotte e o hods toport ooy Kured '{l*l; bemelvimph smears were made from
b le vt and ML rsers red cn indected and unintected doegs as larvae
and sympla, Smears were stained wioh Giemsa and examined for E. canis
[ 0001 »MS, ‘

1

C. Resalts

[ick stradns W% b and VN 4% have ean maintained in the laboratory
tho vk tour complere lite cycles ( arvaenymph-adult-ova) and are
cirrently oan tne Drtth geocration,  The RM 1 strain has completed one

‘.l!l' 1‘\\‘1 0

Toaorctiar o anseasae b By canl o occureed din 4 groups of ticks.,
Gie i up viv b ticks ted as larvee on an infected dog trarnsmicted

Loovauany o ceemphs and adadts, aad o gecond group of WN 6 vicks fed as
larvac and aviopas on intected dogs ransmitted E. canis as adults.,

tne group of VI 4e adilis trassmitted E. canis after feedirg on an
tefected Jdog as nvmphs.  Adults of he RM 1 strain trangmitted E. canis
d ter the Lrrval and oyenha! soapes hid  od on infected dogs.,

Transe varal ttaasmicsien of B canits did nnt occur with aay of the 4

) H $ e
T O S S AR N AN

Compaial tve exdnaation ot 3 him tec membes of hemolymph smears taken
com b Lea cred oo tecteu nd aadnde cted tick pools did not
coteat iy sl anciasions 0 difieseaces that would fndicate E. canis

H vioai L .
Coojoer
1 . caobyow s oW tiat Keo8:npugnens ia capeble of transtadial

Fouant s o . oaa, Heths atre o as o1 ciows sequited from dogs in
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Vietpam, VN 6 and "N 49, Have t-aiswiited the disoase f1om stage-to-
stage after feeding on infected Jdogs as botn larvae ot nymphs. More
significantly rthe KM 1 strain wvas also capabhle of tronstadial trans=-
mission even though <ihrese ticvks bod heen maintained o rabbirs {or
several yererations,

The easc with which traastadial transmission occurs 1eadg one to

wonder what other specics ot ticke can transmit E. canis. During the
next vear transmission evperimenats sing the Brown Dog Tick, Dermacentor
variabilis are planned,

The inabality to achicyve transovarial tra- smission of E. canis with

the larvar Hffsoring trom 4 eroops of 30 engorged female ticks does

not climinate the possibitity. The W) female ticks sclected represented
only a small traction ot the toral population of adeit ticks fram which
they were derivee,  Borcause the percentage of infected ticks is unknown,
ounlv g small numser of the maw bundreds of ticks placed or a2 dog may
transmit the discase. v this case it would, therefore, be casy to
sclect only "elean females for studv and cull the small number ot
inte~ted temales ' rorm the colon

During the next year we plan to feed small numbers of adult females
(whose preadult stupes have fed oninfecre d dogs) on normal dogs.

If transmission cccvis, then al temale ticks wiit! be saved and their
otfspring fed on nowmmal doos, '

8. 1o Vitro Stadv of Ehrlichia canis

A. Propagation o1 Infected Monicytes

(1) Procedure

Propagation ot TCV agevt in vitro nas been achicved using the following
monocyte culture technique first described by Nvindo ¢t al. An
acutely affected ¢op with 8 Ligt ervthrocyte sedimentation ratc was
bled using sterile heparinized cyringes for collection. The blood-
filled syiinges were positioned vertically in an incubator at 37 C for
30 to 45 minutes to pernit sedinentation of erythrocytes, The over-
lying supernatant coreistine of plarma, levkocytes, and platelets was
transterred to colture flasks ard frcubated at 37 €. 1In 4 to 6 hours
the supernatant was ‘l2scarded ar! the developing monolaycr was rinsed
with Harks baltincea s8a.t seluticn, T™e cell culture was maintained
with Eaele's minirum easential rodium with Farle's balanced salt
solution containing <¢N7 canire serum plus L-glutamine,

Microscopic examination of cover-glip c¢ultures stained by th. Mav-

Grunwald Ciewmsa method has bern 'sed tor visualization of the agent in
cell culture., Elementary bodies and morulae characteristic of E. canis
may be identified {n an ociasicnal cell by 24 +¢ 48 hours, The percent
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ot infecres cell yradually increases and by 8 to 12 daya E. canis

may bHe tound tn varions developmental stages in cells throughout the
monoalaver,

2y lompar i o aetocted Mediao for Growth of E. canis
——— _——

Selected media were tested for aliility to support growth of monocytes
ind development vy b canis.  The referance medium was Eagle's Minimum
Esscotial Mediun (IMEM) with Earle's Balanced Salt Solutinn supplemented
with =0 canvie secap and 10, L-glutamine, The media tested and the
vesnlts are summarized an Table O, None of the test media was superior
t . the roterence nedium for maintilining monocyte cultures or develop-
rent of Foocanis.

3y Ftrect of Selectea Antiviotics con Development of E. canis
- —

stadies o the proweh of Ho zanis in monocyte cultures were often

Poov hacterial o eontaminition. To overcome this difficulty
selected ant ihioties, either alon: or in combination, were inccrporated
i the media dud theiv eltfect on the development of E. canis determined
tlable 4).

Coraptn Mmoo

At the conceniration of antibioti: tested, only aureomycin completely
suppressed the development of E. canis in monocyte cultures. Although
morulac of F. caais were evident i1n cultures containing the other
antibiotics there was some reduction in percentage of infected cells,
Furtner experiments are in progress to quantitate the effect of anti-
biotics an this organism, The use of monocyte culture appears to be a
practical, inexpensive means of s reening potential anti-ehrlichia
apents, It should be noted that urcomycin, an agent highly effective
against rickettsia-psictacosis organisms was also effective in this
syitem., Furthermore, studies of anti-ehrlichia agents may provide
clues on the taxonowic status of “he organism.

K. Propagation of Normal Monocyt :s

Mouocyte cultures were prepared f.om normal dogs by two modifications
of the previcusly described techn.que., First, twc hours prior to
calli tion of blont the level of  icculating monocytes was increased
by the oral adminisrration of diethylcarbamazine (CaricideR) at the
rate ot 30 my per pound.  Sccond, to praduce rapid sedimentation of
vrvthrocytes the hinod was mixed with a solution of 3% dextran in

G 87 sodiur chiorde in a ratio of 2:1, respectively. The technique
ts completed 25 previcusiy descriled and a confluent monolayer of
ponceyrte s ame formped in 5 o 7 da s,
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Table 3, Comparison of Selected Media for Growth of E. canis
M"ﬁ* Morulae of E. canis
FEagles MEM +
kagles MEM + Glacosc +
McCoy's 5A -
RPMI (1640 +
Medium 199 +

" All media supplemented with 20% canine serum and 1%
glutamine as required.
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Table 4. The Effect of Scelected Autibiotics on the Development of E. canis

Antibiotic (dose)

Aurcomycin (12,5 ug/ml)
streptomvein (U5 ug/ml)
Vancomycin (50 ug/ml)
Fungizone (0.5 ug/ml)

Penicillin (25 ug/ml), Streptomycin (25 ug/ml)
Fungizonce (0.6 ug/ml)

] Vancomycin (50 ug/ml), Fungizone (0.5 ug/ml)
Streptomycin (25 ug/ml)

Morulae of E. canis

0

+

ol &




C. Infectivity of E. canis Propagated in Monccyte Cultures

Non-infected monocyte cultures were infected by an inoculum of infected
cell culturc suspension cuontaining a high concentration of infectious
agent. Flementary hodies and mcrulae could be demonstrated in these
cultures in 10 to 12 days. The percentage of cells infected is varia-
ble as evidenced by cytopathic effect (CPE) and formation of morulae
within the cytoplasm. A satisfactory method of titrating E. canis has
not been developed, but apparently CPE is not directly related to

E. canis concentration in the inoculum. After 3 passages in monocyte
cultures over a 3-month period the agent produced typical signs when
inoculated intravenously into dogs. Reisolation of monocyte culture
was successful.

D. Discussion

Cultivation of E. canis in an in vitro system has provided the means
whereby its basic properties can be investigated. Perhaps of more
practical importance this system may provide a concentrated artigen for
subsequent development of a diagnostic serological test, Taxonomic
classification of TCP has previously been based upon iimited factual
information. A more detailed study of its physical and biuchemical
characteristics will provide the basis for a more precise classification.

9. Comparative Study of Ehrlichia canis and Neorickettsia helminthoeca

A. Introduction

Presently most texts list Ehrlichia canis in the Order Rickettsiales,
Family Rickettsiaceae. The only other rickettsiae commonly recognized
as a pathogen for the dog are the agents clagsiiicd under the heading
salmon (poisoning) disease compiex. The infectious agent usually
incriminated as the cause of salmon disease has been given the generic
name Neorickettsia helminthoeca. Because of its apparent similarities
to TCP the salmon poisoning agent (SPA) was acquired for comparative
purposes.

B. Agent and Disease

Six small trout were obtained from the Washington State Fish and

Wildlife Hatchery. Cathlamet, Washington, These trout were triturated

and fed in equal amounts to each of two Beagles. A [ever developed in
both dogs in 5 days and was followed by typical signs described for

salmon disease., Both dogs died 13 days following infection., Prior teo
death blood was collected from these 2 dogs and inoculated intravenously
into laboratory Beagles. When these doge became acutely ill, they were
killed and the spleen and mesenteric lymph nodes removed. Twenty

percent tissue suspensions of spleen and lymph nodes were made in Snyder's
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solution. The suspensions were rapidly trozer in a dry ice-alcohol
bath and storcd at -90C., “ne intece vitv ol this suspension has
been retained as contimed by its ability to produce typical disease
when inocuiated into laboratorv Beasles,

C. Propagation ot Nepracketlsia helasinthgega in Monocyte Cultures

From an wcutely 2l dop an intectijous agent with morpnulogical
chatacteristies ol a rickettsia was isolated using the same technique
described above tor k. canis. In some cells the organism appeared to
be contiued to vacuoles within the cytoplasm, whervas in other cells
the orcranism was distersed througtout the cytoplasm.  In contrast to
motocyte carlates o UL ocanis in o wnich little CPE can be noted, the
SPA prodice s chatdetc Tiat e ol lular changes which can be readily
obavrved with dight cicioscop o Iafected cell suspensions when
{necuiared antravonousiy 1nto laboratory dogs produced typical signs

o osaamon dyse se,

D, liscussion

Thos study has demon trated the m accvte culture technique can be

used for the iseolatior and propavation of 2 canine rickettsial agents.
[t is possible thet odhior rickertsial acents can be cuiltured in a
similar in vitro svstem,

I1. Buln-b fouis

I, Uxperimental Babesia gibsoni [1feitions in Laboratory Beagles

A. Introduction

Babesia giosoni is a small babesia capable ot infecting a number of
species in the tamily Canidae, Na:urallv occurring infections in the
domestic dog have been reported trom India, Ceylon, Malaysia, and
Korea,

Stwdies to derine B, ogibsony intec fon gn dops have, with one excep-
tion, heen Jdone dn oonzaot e arcas of the parasite either in clinical
situations or with locally procured experimental dogs. Concurrent
discase processes and prior exposu:e to babesia parasites could not
be vuled our. Also detailed blood and urine studies were not done,

Ihe cnrnese of the tollowing report is to define the signs, clinical
pataciogy, and pathberogv of experiental L. gibsoni infections in
laboratory Beag! :s.
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Flg. 16 Corparieon of the me~: :ercent reticulccytes, mean percent
vacked cell vulumes, «nd mean tsbesis parasites/100C red blood cells

of 9 laturatury Benples infectec with Babepia gibson] .
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The recovery tiom (e anenid Was slow.  Adtoughe the Jdogs appeared

clinically normal
mean PCV was 11,
acerbation oooare

tant drep ol POV

A very o dact.ve |

phases ot e ot

patholce,cnd AR

hvpoonremee e ¢
appear iv thee po
ard persaston o,
the time ot stonu
lat oo are alvows
does when

or a POV oor o

A Perarsichic .
patriasiiom vt 1.
slow recover 1o,

\':;L.l;)! st

rod N KO S

Nooaepalie bocros
bil.e P, el
it O dopa voc e
!AUHI\'.}'SA:} otk
ot be gabacnioon
infection uenopst
scrar glutamite o
test.  gloweve s,

woeen e atad s was terninated gt day 90 PLL the
below th presatoction ievel.  Oocasionally parasitic ex-
co o Lndyvoaaal dops by e oners with o a cencenmi-

el R coun s,

erttono et s resoonse duramy the acate and recovery

cote o e e s tror than blood tidms aad hiisco-

Gl ooan. Mool cucatiy e dner 1a was g madcroeytic,
Vpoco. ol nemo LU aisvase. KHetaouioevtes bepan to
PR, b oG totne cutected dors oon way Yo-tn Pl

Lo rorar . o e eRpediment . bt days trom
PuLron te e appeddanee of tetiiculwevien in the circu-
U, emato,ponet ¢ stomalation oceurred an individual

n 03 3 cuooc b e eximarely Comitiion fnC's per onm.
O o BN DO O GoCo Lo oo e dasn ot lowing acuce
R . . '
cotae o as o coad Yy pesponsabie o tac anamic dogs

baminaty n b pcibsen, antoct on resvits trom the
b dms caae proastemia, aned persistonoe o) cver 38

el i

Nl el ddirnent were egrdonced by the SGPT,

S ] Ve ey st caaes 1a o sennn brlirubins

dodny i aca e aosease and can be atoributed to the

s> Lo oan extersive study by others”? of the intluence
the serans enstiwes of dovs, g tétal exporimental

tated Liver snervement as weas e ed oy the SGPT,
Adtacelate trarsaminase, and s rbitol dehydrogonase

Fothe same stucy another tatally intocted dog and twoe

doys who recovered opontancoasl. frow infoction had no evidence of

Liver impagrueat,
intected dops woes

neNdse .,

Also sn the same study, damage to the spleens of
v rdencat v g marked increase in lactate dehydro-

The darkly coforea urire seen 1 thre anfected dops has been 1eported

‘2

by others,=) Some o corceration betweer severaty of anemia and the

tendeney 1ar e

the prisence of u
contrast (o sever
detected. wWoe ad

arcee to e dark was observed, No ocorrelation botween
tobs banopen ane color was noted, however., In marked

+ Balbesia (anie infections, hemogloblinuria vas not
ribute the dact aine coler to Hile proments which

could not be Jdetected wita cul test system.

Splenomeysely i

st dops was b crasistent finging 1o cur ostudy,

Enlaigemeat ol the Spieve an heroprotuzoon discases 18 o notmal physio-
logical resporse due to racivased activity 1n temoving parasites trom
REC's. Hepatomegaiy “wie been reported as beinp present 1n 704 of B,

+

pibsoni infedtaon

sV however, we were unable to dotect enlarped livers

in any of our dnfesteg dops,




Climroal giias orff el U e eria, spoenomegaly, and dark colored
Arine: wedo o wasee, A ovvesia, lircis ssness, fatipue and blanching of
nucons membranes can al' be artributed to anemia. Although low-grade

LU T 0t g et O i were ohaerved during acute infection,
Loy a0 e bl and were frequently within the
LR Fio. Sr aan cecn o to corrvelate change in body
o at e w o o parastt e nambers (Fig, 17). Icterus was
30" Sogzsall 28 20 & SRR T T
LARSE Il U ERORTECY R T B sooabesta {rroctions of animals is attributed
’ i d iries vians with parvasitized cells, cell

A USRI (R SR AR o Th o cloeying canses anoxia, the acenmulation
v o o Ut et oy of canillaries and tissue,  This

da e s sop v ned v U0 cacis intections,
¢ alt P oo dhes ot appear to involve
e G e e T sede e o ingoal disease and pathology in
S oog © roos e veratcd striet by to a prowpressive
o D ] g
Pre ol te o t et A vt parasitiaee RBCTs in the
{ ) - Y " . Gt em
L =3 BT bewva ethsonl Infections in
N e, — a o - oo oS L RSN e = —
PRSI R A
\ AU QSR

A study to derone o0 crons, clhinical pathology, and pathology of
Looaghsoni cntectioes io Diborarery Beagles has been reported (see
curtent an cal fevoots o To vers stady Jogs were inoculated with

et hoed il atiowed U proyres througl the acute disease and

then recover. At Y peak of infection, all dogs were severely depressed
and anemp oo AL ek o0 dearhs ocourred, dops with untreatad infections
teok several months to recover,

lradirional . the cweqaimoet of b, gibson{ has been with the orpanic #rseni-

cal corpoals, lioatment stadies omploying these drugs were usually
udestaken 1o lini ai situations n enzootic areas and detailed blood
studies were oot present- 1. Prover pavasitic cures were never achieved.
Hecoent by two Chemososapo oo ayents, Jimfnazene aceturate and phenamidine
Loethionate, have Reen meoorted to be effcctivg in reducing B. gibsoni
paras.tembiys ir (ohotrotled laboratory studies, 5,31 Neither drug was
capinie of orudac{oe sterile paras tic cures, however, In recent years
St ral pes Jtemotocrasertic apentc have been made available for the
tiedatrnent ot nahest qpn, Hher have g8 ot vet been untried in canine

’ St o nteod R .

- - B

A. Materials and M hods

weary oeara o Meaetea e qged. “he dogs were divided into 5 groups
O U s, Coars 0w ey caeth, were aged to test the 4 drugs listed

145



1 20 parasites, 1000 RBC's 105
1 - = === hodv temperat . re
I
Ll
|
100 ] L 104
¥
rL 4 B |
Wil o 'y f' g ll ]
-4 l 4 1 1 J"
] y ’ q 1
[ 1 L] \ ]
o
2 H“"i I ) ki IJ \ . 103 R
3 I : | i | ! 3
fFe | I i ] i ; ‘-‘I 1 _‘fl to
o ?l\ | i W L] 2 [ V]
X i ¢ i U . 3
|
) i;t \ ; IIIIr | 1 | ; | s
2 a0, 1y S IS L A L2
S ! SET :
W ! \ L i T ]
w50 f 1y N . o ,
a
. P ;
m i v ! v “
B 0 ; P S
‘ a4 . - T L 101 =
';n' ' P
& LI |
s 30 | Iy
43 l..i
20 | L. 100
10 |
~— g e |
10 i 20 40 500

NDays fost Inoculation

Fig. 17 Seopparison of dally fiuctuations in body temperature and
parassites, 100U red blocd cellr of one laboratery Beagle infected
with Baoesia gibsout<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>