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ABSTRACT OF RESULTS

Since stert of project:
Ohrometographic analysis of the blood of normal rats and
réts infected with Bacterium tularensse has shown that during

infeoction there is a pronoﬁﬁcéd decrease of 12 free amino
‘selds in the blood of the infected anivals,

Ohfcmatographic analysis of the urine of normal and 1nrecte&
animdlg,hag_damongtpabed’ﬁhg presonce,, in low concontrat;un, of
seven to nine amino aclds., No significant differencos could
be de%edted‘in the ﬁumber or. concentration of'theseiéompoundé

in either the’ normnl o} infectod ploture..
Prelbninary studies alao havo shown that there 18 a pro-

0y

~nounced decrease of nonuprotein nitrogon and a slight decroase "

of urea nitrogen in- the blood of" 1nreoted animals a8 ocompared
l
to blood samples for normnl rats.. '

. During current report period'

Further studios have ¢onfirmed the preliminary observation
that the nonnprotpin nitrogen and ure& nitrogen levols are
deploted in the blood of infectod rats as compared to normal
animel o |

By other clinical blood tosts it has boen possible to show
that thg total serum protoin also i1s depleted in infoctod
aﬁimals, and nearly all tu}aromic roats exhibit a2 mederate

hypoglycemia, Turthermore, ovldenco that liver dysfunction
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eocuirs 1s provided by tests vhich demonstoatod that tho ictoriec
index was abnormally high in infected rats, many of which alaso
gave & direct test for bilirubin in tho bloed.

No slgnificant hematplogical changes occur during infoctilcen,

but rats rocovered from tularomis exhlbit a loucoycto count

:which is nearly twice as high as that found in both normal

rata, and in animala. during ‘tho course of the infoction.

Bioohomical tosts of . blood from recovored rats which Wore

 re1nr6otad with Bactorium tularonse demonstratod that tho

olinical picture was idontical to that of normal animala, thus
‘ 'emphas1zing the high degroo of immunity to. tularemia aequired
-¢,by rats that have surv1vod the infoction.

AdministratLon of amino aclds by intraperitoneal 1nocu1ation

1rg‘uduring infection has no sirniricant erfoct on the avorago day

of doath or on totsl doaths due to tularemia. No difforoneco

‘was obsorvod in the avorage day of death or on total doaths

among threo groups of tularomie rats maintained on a protoin

doficiont, normal, or protoln onriched diet, reapoctivoly,

PLANS FFOR TIE FUTURE

Studios are now 1n progross in an attempt to detorminoe tho

offoct of Hactorium tularonsc on tho motabollc activity of

L of tho liver. Investigatlions of amino aeild oxldaso activity,
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and thoe utilization of glucoso and Tricarboxylic acid cyeln
compounds by liver homogonatos with tho Warburg tochnique
will be continued from tho'prosont time until torminatlor
of this gontiact August 31, l95ha. h
Ranget

A:éimilgr invostigation should bo mado using anim@ls which
aro highly susceptible, and which build up littlo or no
immunity to tularomla, iabq;atary animals such as the guinoa
plg or rabbit would 50 1dou11rbr such a study. It is quite

1ikoly that.a comparison of tho blochomistry of the disoaso

 1in susceptible animals with that of tho rolatively rosistant

'rat wottld: shad now light oh’thcﬂmechanisms by which Bactorium

tularonso oxorts a damaping influence%in its hosts, and also

would bo valuable in dotormining stops to bo takon in tho

managomont of the diszocasos
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The following constitutes a renort on work done under Navy

Contract Nenr-811(02) from Janucry 1, 1953 to December 31, 1953.

PERSONNEL
Renearoh Asslstanta

Mr. Anthony J. Sbarra, B, s. 19&8, Siena College, Londonville,
New York

A.B, 199, University of Indiana,
Bloomﬂngton, Indiana

M.8. 1951, University of Kentucky
Lexington, Kentucky

Candidate for Ph.D. degree., Started

work Sevtember 1, 1952. Reaigned

September 30, 1953 having completed all

requirements for the Ph.D. decree except

final dostoral examinations.

Mrs. Mary '741liamson Mayhew, A.B. 195.. niversity of Kansas,
' ‘ ' Lawrengce, Xlanses

Candidate Iur the Master of Scilence

degree, Stoerted work October 1,
1953,

Animal Care .

Mf. Richard Ross was employed'on an hourly basls for feeding and
care of our animals until October 1, 1953.

Mp. V/illiam Smith replaced lir, Rbss from October 1, to December
12, 1953, " |

Mr, V7illiam Medley wes employed as a replacement for lr., Smith
Januaby 1, 195l.
Preventive Immunization

Mrs. Mayhew gives a positive skin reaction when tested with Dr.
Foghay's skin test vaccine, 8ince she worked wlth B. tularense
while at Konsas 1t 1s possible that she may have centracted an in-
apparent infgction at that time. Ve do not consider it necassary,

or desirable, to procesed with her vaccination.
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"~ more than 200 surplus rats free of charge. These have enabled ﬁs

SUPPLIZS AND ECUIPMENT
Supplies: Once again, the major purchases hnve been made for rat:.
Early in the year we obtained rats weighing 180 - 200 prems for 95
cents eachs More recently we have been able to buy ‘istar rats
from a loecal source for 75;cents apileces In additicn, the Upiversi*y

oﬂ"Tennessea Department of Animal Husbandry has suppiied us with

B T

to extend our studles to good cdventage.

Other supnlies have been obtained from the Bacteriology
Department with the exception of a Micro-Waring Blender which was
purchased for the preparation of normal and infected rat tissue
homogenates for ‘arburg studies.

TECIITIC,.L REPORT

As stated in our first ronort, the chief object of the work
described in this paper has beon a study of the effect of Dacterium
tularense on the amino acid iietabolism of rats infected with this
organism. In the work previously reported we observed s diuzturbance
of amino acid balance in the blood of tularemic rats. The major
aim of subsequent research has been an attempt to dotermine the faﬁe
of the free amino acids shown to be dewleted in the blood during
infection by techniques described bLelow. Also, we have made sub-
sidiery investigations of tho clinicel blood nictursc such as com=-
plete blgod counts, icteric index and blood glucose levels in normal,
infected, recovered and in reinfocted recovered rats.

A limited investigation of nutrition with relation to tularemia

in rabts was also conducted,

-




GUNDRAL IEITHODS
Toochnicues describod in our previous roport will not be i
duplicated here. !
Clinical blood and urine testa: | %
{

Blood Non-Protein Nitroggh'

Tho Blood Non~Protein Nitrojen (horecafter to bo roforred to ;
as NPN) was detoermined by tho iothed of Folin an Vu (1919).

Blood Uron Nitrosen

For the determination of the Blood Uroa Nitrogen (heroafter to
be reforrod to as BUN) tho mothod of Karr (1924) was omployed.

Urine Urea Nitrogen

Tho urine urca nitrogen was dotormined by tho method doscribed

in the Manual of Clinical Laboratory Mothods by Henler (1951).

;Blood Glucose

Blood Glucosc levels wore dotcrminod by the Mothod of Folin
and ' (1920).

Iotorie Inde
Tho mothod described in Practical Physiolomical Chomistry dby

Hawk, Oscr, and Summorson (1948) was omployod for tho dotormination
of tho Ictoric Indox.

Van don Dorsgh

Tho Van don Bergh test for Lilirubin was conduected using the

mothod of Van don Borgh (1921).
Total Sorum Protein

Tho mothod of Greonborpz (192l) was usod for o dotorudnation

of the total sorum protoin,
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Hometolopy
Oxelatod bloed, collected as proviously decscribed vos usod

for all homotologieal dotorminations excopt for the loucocyte
difforontial count, in which whole blood was used.
Homorilobin Congontratuion

The Homoplobin soncontration was detormined by tho mothod of -
Karr and Clark (1§h1). H ;
Erythroeyto and Leucocyte Counts ' ; f

The Erythrocyte and Louooo&to counts (horoaftor to bo rFoforred

to as RBC and WBC reospectivoly) wore performed as doscribecd in the
Manual of Clinicel Laboratory liothods by Hoplor (1951).
Difforontial lougoeyte Count - Pl

Tho loucoeytos wore difforontiated 1in accordance with tho

classification of Schilling as ronorted in tho Manual of Clinical

Laboratory lothods by Hoplor (1951).

Nutritional Studios .

This phaso of the work was divided into two parts, tho first
part doalt with the administration of a mixture of amino acids end
also of cystoine and arpginino singly by an intraporitonocl routé to
rats infoctod with tularomic. Throo daily injoctions wore civon
oach rat of oithor the amlno acid mixture or the individucl amino
peids The mixture of amino acids was composed of thoso nroviously
identifiod in the sorum of the norual rat. The concentration of
ecach mmino acid was 1 mge. por wl,

Tho socond portion of this work was concorned with a group of

rats fod cd 1ibitum on dlets contnining 5, 20, and 30 por cont

-), !,'-
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. Clinical Studies
ected wit

protein for a period of 21 days.
a8 follows:

The composit;on of the diets are

Per cent Protein

2C____ 30 _
Vlegson 01l . 5 -
Pearl Corn Starch 86,2 " 67.45  5L.0
Casein L.5 23425 33475
Mineral Mixture 5. S. Se
. Yeast (Brewers) 3 3. 3.
Chiline chloride 0.1 0.1 0.1
Vitamin A (stabilized) 6000A 0.1 0.1 0.1
Vitamin D (stabilized) 2000D 0.1 0.1 0.1

Per 30 Kilos

Riboflavin 100 mg.
Vitamin Bi 50 mg.
Pantothenic Acid 100 mg.
Folic Acld 50 mg.
Vitamin Byp 1 mg.
Vitamin K S mg.

Para Amino Benzole Acid 100 mg.

EXPERIMINTAL RESULTS

Aﬂlﬁiﬂﬁiﬂl

um tularegae

Rats and in Ragg

e i e S o oA o 1

Observations of the decreaae 1n the free amino acid level in
the blood of rats 1nfacted with tularemia suggested an investigation
of the effect of the infection on the clinical blood and urine

picture of the normal rat as comvared to the rat infected with

Bacterium 21 rense
Non Protein Nitrgg n and Blood Urea Nitrogen Levels

Several experiments were conducted using a total of 38 normal
and 37 infocted rats for the dotorminations of blood NPN levels.
A total of [i6 normal and 33 infectod rats were used for the doter=
minetions of the BUN lovels. The BUN and NPN determinations were
made simultaneously on the blood sample from each normal and infected
raty The results of these detorminations are presented in Tables
1 and 2.

S
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It 1s ovidont that thoro is a dofinito decroase in tho NFN
lovol in tho infoctoed animals. Thoro is also a statistically
significant doocroaso in tho BUN lovol of tho infoctod cnimals,

Iotal Sorum Protoin Loyols

Sinoo é'disﬁufﬁanoo of thg NPN and BUN lovols has boon obaorvod,
it soomod of intorept‘to dotorﬁino vhat offoct tho infoction had on
tho total sorum prqtoin. A group of 10 normal rats and 10 infoctod
rats‘ﬁoro ugod.‘ Tho rosults of this oxporimontvaro sﬁown in Table L.
A docroasc in the sorum protoin of tho infocted rat is ovidongod.

Urino Uros Nitrosen

In an attompt to dotermino 1f an accoloratod protoin motabolism

~ocours during infoction, as ovidoncod by an inorcased urine uroa

nitrogon, on aﬁalysis was mado of tho urine of 27 normal rats and
30 infoctod rats, Tablo 3 shows tho rosul@g of thoso invostigntions.
Apparontly, thore is no significant difforonco in tho urinc uroa -
nitrogon of the normal rat as comparcd to tho infoctod rat.
Blood Glucoso Lovels

A docroaéo in tho frooc amino ccids in tho blood accomnanicd
by no incroaso of those compounds in tho urino concocivably may bo
attributod to a doamination. Xoteo analogucs, or gluéoso synthoslzed
from thoso moiotlos possibly might bo found in tho blood of infoctod
animaols, A comparison of tho glucoso lovols in thoe blood of infoctod
animals with thosc of normal animals might boe indlcativo of thils type
of synthosis as ovidoncod by a hymorglucomias Exporimonts ipvolving
28 normal rats and [0 infoctod rats woro porformcd. Howovor, tho

Aata prosontod ln Tabloe 5 indlcatos that a hypoglycomla rosuliod,

l"6-
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Livor Function Tosgt

Since tho organlams tond to localinc in tho liver, it 1s
poasiblo that liver dysfunction rosults,

Consoquontly, an oxporimont was dovisod}in which 45 normal and
34 infoctod rats woro usod, Rosults tabulated in Tab1§'6 indicate
that the Icterie Index was elevated in the iﬂfeotgd'r&¥s.' The Van
den Bergh tos£s'were'positivo with & "direct reaction" from 15 of
lthe 3L infected_rats, in contrast with a negative reaction in all of

the normal rats as shown in Table 7

Hematology

A secondary anemia has been renorted in tularemla in humens by
Pullen and Stuart (1945). Liver dysfunction as evidenced by an ins
creased serum bilirubin indicated that alheﬁatological invegtigation
of the 1nf§cted rats might be profitable. The results of such
studles are recordec¢ in Table 8+ A total of 10 rats were useds ﬁo
appreciable hematolog. zal change was observed. in the;infected rats.

A Study of the Clinical Blood and Urine Picture in Recovered Rats
and in (hose Reinfected with Bacterium tularense

Previous results demonsfratéd that reinfection with the Sm
strain does not alter the concontration of free amino acids in the
blood of onimals recovered from the disease. It seomed 1oﬁical that
no abnormel blood chemlstry would be detected in the reinfectsd rat,
The blood of reinfected animals should be very.similar if not 1denti-
cal to that of the recovered rats Accordingly, blood chemlstry
determinations were made on reoovgred and relinfected rats. Grogps

of 10 rnts were used for NPN, BUN, serum protein, Ictoric Index,

-




. - 3
R

Van den Bergh and Blood Sugar Detorminations. Results are resnirdad
in Tables 9 to 1. In no instance was thore a statlistically signi-
ficant difference in the blood chemistry of recovered rats and those

reinfected.

Chemlstry 62 thp}Urino of Recovered nnd Reinfected th

Urine Urea Nitrogen levels in recovered and reinfected rats

‘were determined, Mo sighificant change in thege levels ocgurred in

the reinfected rats, as 1s indicated in Table 15.

cose—,

ggmgtglggy of Recovered and Reinfected Rats
Complete blood counts were performed on the blood of recovered
and reinrecte& rats. Once again no significant hematologlcel change

was noted in reinfected animals, cs shown in Table 14,

Nutritional Studies

Since it has teen shown that the freo amino acid level in the
iﬁtected ret 18 depleted, troatmont with a mixture of the uminér
aclds round.in tho free state in the blood of the normal rgt scemed
advisablo.

In addition, the effect of infecting animels maintainéd on a
5, 20, and 30 per cent protein lovols was asseyed. Table 17 lists
the results of experiments dilrccted toward ascertaining tho effect
of injecting the rats with a mixturo of amino aclds or some single
amince aclid at tho time of infecting and 2 daily intraperitoncal in-
Jections of tho amino acid misturo or cystelne and arginlne alone as
compared with the control group gsivon physiologlcal salince and sub=

Jected to no troatment.

w0



Table 18 contains the rasults of exporiments involving animals
maintained en various levels of dlotary protein., No significant
differenco in the average day of dosath wes obsorved, this despite
the faot that animals maintained on a S per cent protein regimon
lost approximatoly 10 grams; those provided with 20 per vent protein
maintained thoir weight; those givon 30 per ocent protein diots gain-

ed approximately 5 grams oach,

DISCUSSION

Previoualy we reported a depletion of free amino acids in the
blood of rats infected with Bacterium tulagense. Several explans-
tions for this phenomenon may be considemed. It seems p»> 3ible that
since the orpganisms tend to localize in the liver and sploen thoy
may utilize the free amino acids directly from the blocod as it is
filtered through these orgens. This utilization may account for the
depletion of these compounds during Infectiones The fact'that cystine,
which is an essential metabolite for Bacterium tularense, disappears
from the blood of Infected animals 1eﬁds further support to the
suggestion that the organisms utilize the free amino acids of the
host.,

It is possible, also, that the organisms exert & damaging effect
on the liver in such a manner as to stimulate enzymatic activity in
the degradation of these compounds. In elther instance, it follows
logically that the free amino acid level of the Dblood would be dis~

turbed, Consideration also must be given to the concept thnat, during

By 1
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infection, there may be interferonco with other metabnlic artivities
such as cellulcr resplratory functiona of the liver.

In an attempt to slucidate this "depletion mechanism” attention
was first focused on the non-protein nitrogen and blood and urine

urea_nitrosens levels of the normal rat and of the infected rats The 5

. term, non-protein nitrogen, includes the nitrogen of the blood which 5

1s not precipitated by the usual preoipité%ing agenﬁs. Ip is o !
heterogenous mixture;of_compounds ineluding urea, ammonia, euilno acilds,
creatine and creatiﬁine, as well as other niltrogenous substances which
aré usually spoken of as an undetermined nitrc »n. They represent
1ntermedi§ry'pr6ducts of protein metabolism in the process of trans-
portation, or end products of metabolism en ;gggg to excrgtion. »
Knowledge of the levels of the NPN, BUN, and UUN may, therefore,
gserve as an indication of the state of proteln me tabolism. The re-
sults indlcated that the NPN levels of the infected rats were lower
than in the normal rats., The difference is of statistical si;ni-
ficance as evidenced by the 90 per cenﬁ confidence interval of the
difference of the mean, which rejects the null hypothesis that |
X - Rt=0o(R = = moan of normal, ?i_ Since the free amino acld level in
moan of infeoted

the serum of the rat was shown to bLe depleted during infection, this
result was'not unexpocteds The decrpase in the NPN level may be
attributed, at least 1ln part, to a corresponding desrease in the
free amino acild level.

It 1s quite conceivable that doamination of the amine acids in
the liver of the lnfected rat is accolgrated, and that the deominated

ragiduas are converted to carbohydrato, ketone bodies and othor com-

10"
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pounds in proparation for dissimiletion at & higher rate than iu ib»
liver of the normal rat, If an accolerated deamination occurs it
could be expected that an increasod BUN and UUN would follow due to
an increase in ammonia whieh 1s thon converted to urea.

The BUN lewels of infected rats were found to be slightly lower
than those of noridl animals. Thoso data indicate that the dopiéted
amine céids are probably not coenvorted to ureay The HUN levels:of
the infocted rats are nhot significontly different from those of the

normal ratse¢ Thess findings supgest that there is no apparent in-
creease in tissue catabolism,

~ Since amino acid: constituto the "building stones" for the
synthesis of protoin, it appomred advantageous to determine the
effect the infection has on tho total serum protoin of the hoste
Cur results show that the infected rats had lower total sorum pro-
tein level than did normal animalse _

If thore 13 an aceselerated doocmination it faollows 103§cally
that the deeminated residues may bo synthesized to glucéao; and thus
a hyperglycomia might be expectods Apparently this is not the case,
sinco & hypoplycemia was observed in infected animals, Tho ability
of the livor to store glycogon may bo reduced, or the keto analogues
may bo used dircctly by tho organisms in tho liver. Possibly both
mechanisms arc involvod.

The data thus far obtained indlcate that the organiams thome
solves may utilizo the amino acids ond/or the keto acids. Support

for this hynothosis may be derivod from tho chromatographic analyses

praviously ronortod.

~11m
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Cystine, an essontial motabolite for the organlam, froguently
was misaing completoly from chromctograms of the serum of infoctod
ratss It appeers that the orgenism profers to use for its food
supply easlly accessible, low molooular welght compounds, in prefor-
ence to the more complex protoins of tho host. S8ince digostive pro-

cosses would be involvod requiring rmch energy for protein broakdown,

' ‘the orgenisms probably prefor tho path of least reaistapc@ such as
assimilation of the smaller compounds,

Sinco the organisms tond to localize in the liver a dlsturb-

¢ S 2 i =Skt e o T e A

ance of llver rﬁnction might bo o#pocted. The Icteric Indicos and

Van don Borgh's tests indicatod that a liver dysfunction occurred

| during infoction. According to tﬁo "direct roection" obtainod by B

the Yan don Bergh tes£ an obatructive jaundico was prosonte Under

these conditlions. tho oxcretion of bilirubin is blockod duo to the : f

obstruction of tﬁq biliary passagos. ‘ | |
According to Watson (1946) tho bilirubin-globin complox.is mado

from hemoglobin in the reticulo-ondothelial systom. Since homoglobin

is thus implicated, complets blood counta wero porformod. Tho re-
sults of those determinations domonstratod that thero was a slight
docroaso of hemoglebin in the Infocted rats, ovidoncod by a highor
color Index as compared to that of normal animals, |

j Also of importance is tho obsorvation that rats rccovorod from

P infoection oxhibited a proncuncod incroasc in loucocyto count as com=
'; parod %o normal animals and anlmals having an acuto infoction. It

' gooms that tho rolatively high loucoeyto count is dofinitoly associ-
atod with the high degroo immunlty to tularomla ocxbhibitoed by rocovor-

odod rats. Furthor investigetion of this phonomonon should bo con-

-12~
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dusted although the scopo of thia projoct doos not include immuno~
logical studies.

The rosults of the oxporimonts on tho offoct of administoring
aminoe acids singly and In a mixturo on tho course of infoction, ro-

voal vhat tho avorage day of doath was approximatoly tho samo in all

groupss It may be scon, hoﬁQVOr,.that tho totel numbor of cnimols

deaduimAtho group of rats‘rocoiving tho amino acid mixturo and
approsimatol? 345 X 103 orgenisms/ml. was slightly hi“hor'bhan the

oorresponding group rocoibing only physiological saline. This may

indicato that the fortification of the host with amino acids may

l

provide the organism in tho host with a roadily availablo aupoly of

nmutrionts. If true, Lris concoivably could enhanco tholr virulonco
by cithbr-aolooting more v}rulont forms, in which caso the cmine
aclids would be acting as séloctivo agonts,,or;tho amino nclds on-
ablod tho organiam to motabolizc much more rapidly thus bocoming
much more dostructive. Attompts to dotoct colonial variants of
Bactoripm tularonse isclated from the infocted animals woro unsuce.

cossful, although this docs not climinatoe tho possibility of soloction

of a more virulont population, .

Tho rosults of tho offoct of various diots on tho courso of
infoction shows that the avorapo day of doath is not altorod sipgni-
ficantly rogardloss of dlot, . From this it appoars that tho state of
nitrogon balanco of the host may not bo of primary importanco as far
as tho discasc is concornod.

Tho data roeported in this »epor havo not onablod us to dotorming

*ho fato of tho froo amino acics of tho blocd of tularcrile rats,

=
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Novortholess, valuable information has boon obtainoed concorning
motabolic ochongos during infoction. For the first timo a sjstomatic
atudy has boon mado of tho clinical bilochemlstry and hematology of
tularomia in oither animals or humens, Tho data obtainod will sorvo
as & basis for similar studics on othor animals and also for con-

tinucd research on tularomia in tho whito rat,
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Tablo 1

STATISTIOAL»EVALUATION OF' THE NON PROTEIN NITROGN
DETERMINATIONS FOR ITORMAL AND RECOVER®D RATS

90 per;éont éo por cont

e N AL T TR TR} NIRRT
13

b NEN confidonce  confidence
D Number Condition mgm per Vari- Standard interval intorval of
C of of cont anca Deviation for mean tho differ-
P Animels Animal once of the
i, ) ' noans :
‘ 38 Normal - 13.20 3,12 1,76 12,72-13.60 |
2050£0.73 :
37 Infoetod 10,70 3,96 ; 1.99 10.15~11,25 i
.i
Computations: i
Varience = s(y . x}2 90 por cont :
‘ « 1 conficonco .
: Intorval =X % tgo s
, for meoan ‘n
‘ . Standard  [mm——_——-
Deviation =!S(X - 32
V N - 1 : 90 per cont
Jj confidonce -
Ll intorval of =X - %t ¥ Zgq X

the gifforonce

of tho means ., .
T
N P




3
Table 2 ] %
STLTISTICAL EVALUATION O THE BLOOD UREA NITROCEN l!-
DETCRMINATIONS FOR IORIIAL AND IMFTCTED RATSH
BUN : 90 per cont 90 por coent ‘ :
Mean confidence confidence ; g
& Numbor  Condition mgm interval interval of : 1
4 of of per Vari~ Standard for moan the differ- i
Animals Animal cont -anco Doviation mgm por cont onco of the ! :
moLng '
: L6 Normal  11.30 790 2.82  10,59-12,01 t .86 |
1.10 & 0.
L 33 Infocted 10.10 3.3k 1.82 9.56-10.6L.
L, _ # Computations semo as on Table 1.
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Tablo 3

STATISTIOAL.EVALUATION OF THE URINE UREA NITROC:N
DETERMINATIONS FOR ITORMAL AlD INFECTED RATS#

o

T

B il S U

UuN : 90 por cent
S Moan 90 por cent oconfidonce
Numbor Condition mgnm confidence  intorval of
of of por Vari« Standard interval. tho diffor-
Animals Animal  cent anco Doviation for mean vonce of tho
moons
27 Normal 11,60 8.0 2,84  10,66-12.5L 604135
0,00%1,.3
30 Infoctod 12,20 11.8 3.43  11.24-13.26

e mow

#Computations asmo as Tablo 1.
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ra
|
P -_
' 3 :
| P
N Tablo U 3 ;
' | |
! STATISTICAL BVALUATION OF THE SERUM PROTEIN ; f
B DETERMINATIONS FOR MORMAL AND INFECTED RATS# ] ;
90 ner cent 1
Total confidonece !
Protein 90 vor ccnt intorval of
Numbor Condition Mean conf'idonco tho differ-
of of gm por Vari- Standard intorval onco of the ;
Animols Animael econt ance Doviation for mean moan :
10  Normal 5,90 0.57 0,25 5.76=640l . ;
0,60=0, 4l
¢ 10 Infocted 5-30 0.017 0.13 5.22-5038 ~
i
s:Comoutations samo as on Tablc 1.
1 !




- Table §

STATISTIGAL EVALUATION OF THI BLOOD GLUGOSE
DETERUIN/ TIGNS FOR NORM/L AND INFECTED RATSH

L

Blood - 90 vor cont

Glucoso 90 por cont confidence :
Yumber = Condition Moan confidence  intorval of 3
of of mgm per Vari~ Stendard intorval tho differ- ]
Animals Animal cont anco Deviation for moan onco of ! ‘
_ tho moans E
28 Normal 108 48,60 6.90 105,79~
110.21
17,00-3,16
Lo Infoctod 91 106 10,30 88,26~
9347

s*Computations samo as on Tablo 1, ;




Table 6

STATISTICAL EVALUATION OF THE IGTPRIC INDICLS POR
A NORMAL AD INFECTED RATS* ;

90 vor cont
confidencs
- ' , 90 per cent intecrval of
Number Condition Ieteric sonfidence tha diffor-
of index Vari- Standard interval encc of the
‘Animals Anima; _Mean ance _Doviation for mean moans
45 ' Normal 6,50 3.90 ' 1.98  6,00-7,00 .80-2
. , . «80=~240
3l Infoctod 16.30 69.1 - 8,3 13.99-18.71

*Gomﬁutations same as on Table 1,
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Table 7

RESULTS OF VAN DREN EBRGH.HETERMINATIONS FOR
BILIRUBIN IN NORIIAL AND INFECTED RATS

Number 6&' Condition
Animals of" Animal Result
3l Normal Nepative
3k . Infocted 15 direct
reaction

19 Negative
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Tablo 8

COMPLETE BLOOD COUNTS OF NORMAL ANL NFECTED RATC

P, . 4

o)

s

Number  Conditicn | o
of of Rad Blood Cell  White Blood Coll .
- Animals _ Animal .Gount . Count e Jomoplobin

Moan ‘ Range  Mean Rango . Moaon Range
10 Normal 6,647,000 5,150,000 6,730 l,500 8L 7945
- Yo to

L vd e ACErEEEEe e

to :
8,210,000 9,200 88% :
20  Infected 6,870,000 5,600,000 8,360 6,200 82,24 79.5 :
BN to’ to - to :
8,100,000 10,300 86% ;
Numbor Condltion ' : Difforontial :
of of Sogmented :
Animals imals ~.Color Indox _ Neutropkiles _ Lvmphocytes j
' Mean  Rango Mean Range Moan  Range E
10 Normal 1.56 1.32 - 33 32-40 66  60=70 i
1,9 :

10 Infocted ‘ 1:3 -

_ “ 149 3 28-40 65 60=71

P T
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Tablo 9

STATISTICAL EVALUATION OF THE BLOOD NON PROTEIN NITROGEN

POR RECOVERED AND NEINFECTED RATS:H

90 por cent
conf'idonce
NPN 90 per cont intorval of
Numbor Condition Mean confideonco the diffoer-
of of mgm per Vari- Standard intorval oncc of
Animals Animals _cent anco  Doviation for mean tho moang
38 Normal 13,20
10 Rocovored 12.90 0,75 0487 12,4,0-13.4.0
, 0,20=0.62
10 Roinfocted 13,10 0,68 0,83 12,52-13.58

#Computations samo as on Tablo 1.
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Tablo 10
STATISTICAL’EVABUAﬁION OF THE BLOOD UREA NITROGEN E
70R RECOVERED AND REINFECTED RATS: i
90 por cent
econifidonce f
_ BUN 90 per cont intorval of !
Number Condltion Moan eonfidenco the diffor- =,
of of mgm per Varl- Standard interval onco of the ;
Animals Animals cont anco Doviation for moan moansg
W6 Normal 11,30
10 Rocovored 11,50 0,865 0,930  10,96-12,0k 6
Cel-0,b2
10  Roinfoctod 11,60 0,600 0,780  11.14-12,06
‘F ’ #Computations samo as on Tablo 1.
;"_'(1
i
i
|
|
1
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Sl Moo irabmnestovariidorivires g st fmp e nntery el
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Tablo 11

STATISTICAL EVALUATION OF TilE SERUM PROTEIN DETRRLIINATIONS
FOR RECOVERED AlD RGINFECTED RATS#

90 vor conk

3

i
it
W
X

-eonf'idonca

: - 90 per cont intorval of

Yuni.or  Condition Mean confidonco  tho differ-
ot of gm per Vari. 3Standard intorval oenco of tho i
Anima.y _ Animals cont eanco _Doviation for mecan _ moans .
10 Normal 540 | |
10 Rocovored 5480 0,061 2,245 5.66-5,9. f
‘ 0¢10-1.63 :

10 Reinfocted 5490 0,038 0.197 5.78-6.02

#Computations scmo as on Tablo 1.




Tablo 12

STATISTICAL EVALUATION OF THE ICTERIC INDICES FOR
*  RECOVERED /ND RUINFECTED RATS#

e — . ———————— oy

00 por cont

confldonce
Moan 90 por cont Iintorval of

Numbor  Condition mgm confidonco tho diffor-

ol of por Vari- Standard intorval onco of tho
Animals _Animals _cont _ &anco Doviation for moan moans

L].S Normal 6.50 .

10  Rocoverod 6,60 0,62 0.73 6.18-7.02

‘ , ' 0,10%0,49

10 Roinfactod 6.50 0.27 0,53  6,18-6,82

#Computations samoc as on Tablo 1.
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Tablo 13

RESULTS OF VAN DEN BERGH DETERMINATIONS .FOR .BILIRUBIN
OF RECOVERED AND REINFECTED RATS

Nupbor of ' Condition of
Animals Animal Reosult

10 Rocovored Nogative

10 ' Roinfoctod Mogative

i
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Tablo 14

STATISTICAL EVALUATION OF TIT BLOOD SUGAR DETURMINATIONS

FOR RECOVERED AND RRINFECTED RATS#

90 por cont

confidonce
Mcan 90 por cont intorval of
Numbor Condltion mgm confidonco tho diffor-
. of of por Vari-  Standard intorval onco of tho
Animals Animals  cont anco Doviation for moan moans
28 Normal 108
10  Rocovorod 109,04 359.60  7.72  104.59-113.41
10 Roinfocted 105,03 22,50 e 75 102, 34-~107.66 b5

#Computations samo as on Tablo 1.
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Tablo 15

STATISTICAL EVALUATION OF THT URINE UREA NITROGLM
DETERMINATIONS FOR RECOVRRED AND REINFECTED RATS:

90 nor cont

confidonce
UUN 90 por cont intorval of
Numbor Condition Mcan confidonco tho diffor-
of of mgm per Vari- Stendard interval once of tho
Animals Andmals cont cnco  Doviation for mean riean
27 Normal 11.60
12 Rocovered  1l.71 0s25 0,50 1l.4l-12,00 N
- 0550“0051
12 . Tolnfoctod 12,20 0,57 0,76  12,00-12.70

#Computations semo as on Tablo 1,
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Table 16

COMPLITE BLOOD COUNTS ON IUSCOVERED AND REINFECTED RATS:

Fambor of Gonditlon of  Rod Dlood Whits Blood
Anima A Lo C unt Call Coun H ob
‘ T Moan Rango Moan  Rango Méan. Range
10 Normal 6,641,000 5,450 000 6,730 usoo 8li..6% 72;5
G, ?10 000 9200 88%
10 Rocovorod 6,029,000 5,270 »000 11,130 9,800 85.4% Zg
7,280,000 13,500 110.5%
10 Roinfooted 6,563,000 5.900,000 11,109 eégoo 86455 ZZ
7,220,000 13,200 97%

Numbor of Condition of
Animals Apimels Color Index Difforontinl
Sogmonvod
noutrophiles  Lymophycytes

Moan  Rango Mean Rango Moan Range

10 Normal 1656 1426 to  33% ﬁz to 668 40-71%
1,96 0%

10 Resoverod Tel3 1,06 to 358 29 to 6bLEX 5B-70%
1,89 L1%

10 Reoinfoctod 1.53 1.37 to  36% ﬁo to 639 59-67%
1,73 1%

T — TS e e e vy

*Computations samo as in Tablo 1,
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Tablo 17

EFFECT OF ADMINISTERING AMIINO ACIDS ON THE COURSE OF LUFCDCTTON

——— . s

Tnfect- Addltlonal e
ing Doso Troatment 1 2 3 L 5 6 7 -8 9 10 11 12 » 15 ADDP
.sx1olt . o8 6 Lo .68
jzzi Amino 5§5§%% % 6§% i% §'§ 0 §Z.oo
tias 181983 B ioch ie 15 18 5
3.5%100 nixture _0 0 15 27 29 29 30 30 3.68
P/ss - HG 30 30 30 30 )30 30 30
3.5%X103  aw 0 010 2836 L2 5% sl 4e90
3.5X103 Amilne o 92 ?0 52 22 20 98 20 81 8 : L.90
3.5x103 ggid ﬁg%ﬂg 1%%?{% 1%1; 1%2 12312% 0 Ta% 5'60
‘5x102 P/ss 78’7?7% %%7??5?%9% %%% %6.5
ot e BEERAT EE U 2 e
e . EEEEEEEOESE 8
o« Ddv mizx .
3.53:10‘ - 58 75 =9 Eﬁé‘%?‘éﬁé‘% - | 0.. 2%5.5
. 88 : : .
3,5 - :332'5 Qf = =2 -’ ; : zg 0.00
245 Amino 9 .0 0.00
N 2 0400
— Cystine :g :g 0.00
- Arginine T% Ig 0.00
— Amino 0 0 .00
. Acdid mix 20 20
el P/SS _1_8 1% 0.00
=====""77) Mortallty ratio= Dead BIADD. Averago day of death

Total Tooted
¢) P/ss = Physiologicnol saline solution

#Concontration of orgonisms,.




Table 18

EFFECT OF VARIOUS DIAT ON TH® COURSE OF INFRCTION

-y s b e e e g et o —— b ot mon

:oting Por .cont ] ~ peys
o Brotein Y 2 3 I 5 b6 7 B 910 1i Y2 15 Il 15 ADD
3.5X103 5% % 1'8 1%1%1% 1%3.2&
3.5X103  2nd 1‘8 I& réi%ﬁr& 'i% I%u.z,o
3,5X103  30% rg ‘I% I%I%I‘% 1%3.70
3.5X103  Normel 1'8 1'8‘ I%T%I%Tg' TSB'%
S & R T L 4
vt g 3 444 5
A L+ B o 5
} 3,54102 Normal 4 3 ‘5"3“‘3‘1% Ii&u.oo

!
!
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