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ABSTRACT OF MMSULMTS

A. ineoo start of. ro.jeot:

Chromatographic analysis of the blood of normal rats and

rats infected with Bacteorium tularense has shown that during

infection there is a pronounced decrease of 12 free amino

acids in the blood of the infected animals.

Ohromatographio analysis of the urine of normal and infected

animala has demonstrated the presoncep. in low concontratiun, of

seven to nine amino aoidse, NoH significant. differences could

be deteoted, in the number or..conoentration of these c.ompounds

in eithor theb normal. oý infeotoed picture.

Preliminary s~tUdio s also, have shown that there is a pro-

nounced-deprease of non-protein nitrogen and a slioght dooroaie
of urea nltrigon in the blood ofr infected animals as compared

"to blood samples_ for normal rats..

B., DurinG current report period:

Further studios have confirmed the preliminary observation

that the non-protein nitrogen and urea nitrogen lovols are

depleted in the blood of infocted rats as compared to normal

anima h

By other clinical blood tosts it has been possible to show

"that the total serum protein also is depleted in infected

animals, and nearly all tularomic rats exhibit a modorato

hypoglycemia. Furthormoreo evidence that liver dysfunction



ooo•tua is provided by tests which demonstoatod that tho ictoric

index was abnormally high in infected rats, iany of which aloo

Savo a direct test for bilirubin in the blood.

No significant hematological changes occur durinG infection.,

but rats recovered from tularomia exhibit a loucoycto count

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

rats, and in animali durinG the course of the infection.

Biochemical tests of blood from recovered rats which woro

roinfootod, with Baoterium tularonse domonstratod that the

clinical picture was identical to that of normal animalsi thus

omphas±zing the high degree of immunity to tularomia acciuirod

by rat's that have survived the infection.

Administration of amino acids by intraperitonaal inoculation

durinS infection has Zno sianificant effect on the avora~o day

of death or on total deaths due to tularemia' No difforono

was observed in the avorago day of death or on total deaths,

among three groups of tularomic rats maintained on a protein

doficiont, nomali or protein enriched diet, rospoctivoly.

PLAN FORl TIM FUTURE
A.,. 1=ýoiatp *

Studios are now in progress in an attempt to determine the

"• j offoot of bactorium tularonso on the metabolic activity of

I of the liver. Investigations of amino acid oxidaso activity,



and the utilization of glucose and Tricarboxylic acid cya'1n

compounds by livor homogonatos with the Warburg tochnique

will be continued from the present time until torminatr.tor

of this contract August 313 1954,

A similar Invostigation should be made using animals which

aro highly susceptibloe and which build up little or no

immunity to tularemia. Laboratory animals such as teo guinea

pig or rabbit would bo idoal for such a study. It is quite

likoly that a comparison of the biochemistry of the disoaso

in susceptible animals with that of the rolativoly resistant

r'at wouldi-ash4 now light on tho meechanisms by which Baotorium

tularonso exerts a damaginG influence in its hosts) and also

would be valuable in dotormininG stops to bo taken in the

managoment of the disoaroa

II
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The following constitutes a report on work done under Navy

Contract -Tcnr-6l1(02) from Janu,ýry 1, 1953 to December 31, 1953.

PERSOIUNEL

Research Assistants

Mr. Anthony J. Sbarra, B.S. 1948, Siena College, Londonville,
.1 New York

A.B. 1949* University of Indiana,
Bloomin ton, Indiana

M.S. 1951, Untiversity of Kentucky
Lexington, Kentu6ky

Candidate for Ph.D. degree. Started
work September 1, 1952. ResignedI ,September 30, 1953 having completed all
S requiroments for the Ph.D. decree except
final dootoral examinations.

Mrs. Mary Williamson Mayhew, A.B, 1i9"_, University of Kansas,
Lawrence, Kansas

Candidate for the Master of Science
de ree. Started work October 1, j,1953.

Animal Care

Mr. Richard Rosa was employed on an hourly basis for feeding and

care of our animals until October 1, 1953.

Mr. 1Iilliam Smith replaced I1ro floss from October 1, to December

12, 1953.

Mr. Wi~l!iarr Medley was employed as a replacement for NIz'. Smi th

J'anuaiy l1 1954.

Preventive Immunlzation

11rs. Mayhew gives a positive skin reaction when tested with Dr.

"Foshayts skin test vaccine. Since she worked with B. tularense

while at Kansas it is possible that she may have contracted an in-

apparent infection at that time. We do not consider it necessary,

or desirable, to proceed with her vaccination,

-1-I



SUPPLI.21 AN'D C',TJIPMENT

Supplies: Once again, the major purchnses bhrve been made for ratv.

Early in the year we obtained rats weighing 180 - 200 grarms for 95

cents each* More recently we have been able to buy 1 iistar rats

from a local source for 75 cents apiece4 In additicn, the Universii-y

ot" Tennessee Department of' Animal Husbandry has supplied us with

more than 200 surplus rats free of charge. These have enabled us

to extend our studies to good cvvantage.

Other supnlies have been obtained from the Bacteriology

Department with the exception of a Hicro-Waring Blender which was

purchased for the preparation of normal and infected rat tissue

homogenites for larburg studioe.

TECIRTICI.L REPORT

As stated in our first roeort, the chief object of the work

described in this paper has boon a study of the effect of Bacterium

tularense on the amino acid metabolism of rats infected with this

organism. In the work previoutsly reported we observed a di'Jturbance

of amino acid balance in the blood of tularemic rats. The major

aim of subsequent research has been an attempt to dotormine the fate

of the free amino acids shown to be depleted in the blood during

infection by techniques described below. Also, we have m;ade sub-

sidiary investigations of the clinical blood picturo such as com-

plete blood counts, ictoric indez; and blood glucose levels in normal,

infected, recovered and in reinfocted recovered rats.

A limited investigation of nutrition with relation to tularemia

in -atu was also conducted.

-2-



G0, IE I ,ITiHODS

Tochniques describod in our previous report will not be

duplicated here.

Clinical blood and urine tests:

Bq l n rgtoin Nitro,-en

Th0 Blood Non-Protein Nitroeon (hereafter to be rolorrod to

as NIPN) was determined by the nothod of Folin an WJu (1919).

Blood Urea Nitrogen

For the determination of the Blood Urea Nitrogen (horoaftor to

be referrod to as BUN) the method of Karr (1924) was employed.

Urine Urea Nitroan

The urine urea nitrogen was deotonrined by tho method doscribed

in the Macnual of Clinical Laboratory Methods by Heplor (1951).

Blood Glucose

Blood Glucose levels wore determined by the Method of Folin

and 'Iu (1920).

: Iocto ri• Inde2;
The: method described in Praoticyl Phys1olical Chomistry by

i Hawkp 0set., and Surmnorson (1948) was employed for the, determination

of the Ictoric Indoex

Van don Dorf~h
STho Van don Bergh test for 'bilirubin was ,conducted -asing the

method of Van don Borgh (1921).

Total Sorum Protoin

The method of Greoriborg (1921!.) was usoc'. for 'o dutoriwiination

of the total serum protein.

"-3-
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IH oo

Oxalatod blood, colloctod as previously described was usod

for all hoemotological dotorminations except for the loucocyte

differontial count, in which whole blood was used*
! Ho•mor.lobin Cop ontratj~n~

: Tho Hem.oalobin ooneentration was datorminod by .tho nothod of

Karr adClark (1941).
Ervthrevyt~o and- Lau--oopvto Counts

The nrythrocyto and Loucocyto counts (horoaftor to bo referred

to as RBC and WBC respectivoly) wore performed as dos otibcd in tho

Manual of Cl-Inioal Laboratory- I.:otods by Hoplor (1951)

Di~fotrntial Louoooyte Count

Tho loucocytos wore difforontiatod in accordance with the

classification of Schilling as roeportod in the oanual of Clinical

Laboratory IMethods by Hoplor (1951).

Nutritional Studios

This phase of the work was divided into two parts# tho first

part doalt with the administration of a mixturo of amino acids and

also of cystoine and arginino singly by an intraporitonoal. route to

rats infected with tularomia', Throo daily injoctions wore given

each rat of oethor the amino acid nixture or tho individual amino

acid* The mixture of amino acids was composed of those previously

identified in the serum of the normual rat. The concentration of

each aicino acid was 1 rag. per ,lU

The second portion of this 'iork was concerned with a group of

rats fed ad libitum on diets containinrg[ 5, 20, and 30 per cant

4 i..



protein for a period of 21 days. The oompositlor of the diets are
as follows:

Per cont Protein
5 2. C0.W~esson Oil •5

Pearl Corn Starch 69.2 6 45 55;0
Casein 4,5 23:.25 3305
Mineral Mixture .5. 5. 5.7
Yeast (Brewers) 3. 3. 3,
Choline 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 Mag.
Vitamin B1 50 ma.
Vi~tamin' B6 o .

v l ex~n50 mag.
Pantothenic Acid 100 Mg.
Polio Acid 50ý mg.
Vitamin B1 2 1 Mg.
VitaminX 5 Mg.Para Amino Benzoic Acid 100 Mng.

EXPERIWDNTAL RESULTS

Clinical Stedies of Blood and Urine in Normal Rats and in Rats
lnected ... itha Baoterjum tularenre-.

Observations 'of the decrease in the free amino acid level in

the blood of rats infected with tularemia suggested an investigation

of the effect of the infection on the clinical blood and urine

picture of the normal rat as compared to the rat infected with
Bacterium .tularense.

Non Protein Nitrgone- and BLood Urea Nitroaen Levels

Several experiments were conducted using a total of 38 normal

and 37 infected rats for the dotormlinations of blood NPN levels.

A total of 46 normal and 33 infected rats were used for the doter-

minetions of the BUN levels. The BUN and NPN determinations were

made simultaneously on the blood sample from each normal and infected

rat, The results of these dotorminations are presented in Tables

l and 2.

'I



It is ovidont that thoro is a dofinito docroaso in the NPN

lovol in the infocted animals. Thoro is also a statistically

significant dooroaso in tho BUN lovel of tho infoctod c.nimals,

Total Soru Protgign Lovols

Sinco a disturbance of the NPN and BUN levels has boon obsorvod,

it soomod of intorost to determine what offoct the infection had on

the total soreum prqtpin. A group of 10 normal rats and 10 infectod

rats woro used& The rosults of this oxporimont are shown in Tablo L,

A doeroaso in the serum protein of tho infootod rat is ovidon~od.
SUrIne Uroa Nitrogmn

In an attempt to dotormino if an accoloratod protein motabolism

occurs during infootionp as ovidoncod by an incroasod urine uroa

nitrogon, an analysis was made of tho urine of 27 normal rats and

30 infected rats, Table 3 shows tho rosultz of thoso invosti-ations.

Apparontly, thoro is no significant difforonco in the urino uroa

nitrogen of tho normal rat as comparod to the infootod rat.

Blood Glucose Levels

A dooroaso in the froo amino acids in the blood aooompaniod

by no incroaso of those compounds in tho urine concoivably may be

attributod to a doamination. Koto analoguos, or glucose synthesized

from thoso molotios possibly might bo found in the blood of infected

animals. A comparison of tho glucoso lovols in the blood of infoctod

animals with thoso of normal animals might bo indicative of this typo

of synthosis as ovidoncod by a hynorglucomia. Exporimonts involving

28 normal rats and 40 infoctod rats woro porformod. Howovor, the

f!atta prosontod in Tablo 5 indicatos that a hypoglycouda rosulLod.

-.6-



Liver Function Tost

Sinco tho organisms tend to localive in tho liver, it is

possiblo that livor dysfunction rosults.

Consequently, an oxporimont was dovisod in which 45 normal and

34 infected rats woro used. Rosults tabulated in Tablo 6 indicate

that tho Icteric Index was elevated in the irifeoted rats. The Van

"den Berth tests were positive with a "direct reaction" from 15 of

the 34 infected rats, in contrast with a negative reaction in all of

the normal rats as shown in Table '7,
H -eQt~log

A secondary anemia has been reported in tularemia in humans by

Pullen and Stuart (1945). Liver dysfunction as evidenced by an in-,

creased serum bilirubin indicated that a hematological investigation

of the infected rats might be profitable. The results of such

studies are recorded in Table 8, A total of 10 rats were used. No

appreciable hematolog':al chanae was observed, in the i;infected rats.

A Study of the Clinical Blood and Urine Picture In Recovered Rats

and in Those Reinfectsd wi t Bacterium tularense

Previous results demonstrated that reinfection with the Sm

strain does not alter the concentration of free amino acids in the

blood of animals recovered from the disease. It seemed lo^ical that

no abnormal blood chemistry would be detected in the reinfected rat*

The blood of reinfected animals should be very similar if not identi-

cal to that of the recovered rat. Accordingly$ blood chemistry

determinations were made on recovored and reinfected rats. Groups

of 10 rats were used for NPN, BUll, serum protein, Ictor•ic Iae.ex,

4



Van den Bergh and Blood Sugar Dotormination8. Results are r-o.dcd

in Tables 9 to 14. In no instance was there a statistically s;lgni-

ficant difference in the blood chemistry of recovored rats and those

reinfected.

Chemistry of the Urine o_ -Recovered and Reinfected flats

Urine Urea Nitrogen levels in recovered and reinfected rats

were determinedo No significant change in these levels occurred in

the reinfected rats, as is indicated in Table 15.

SHematoloaf of Recovered and leinfected Rats

Complete blood counts were performed on the blood of recovered

and reinfected rats. Once again no significant hei'iatoloeical change

was noted in roinfected animals, as shown in Table 16.

Nutritioalý3 Studiesa

Since it has been shown that the free amino acid level in the

infected rat is depleted, treatment uith a mixture of tlv3 amino

acids found in the free state in the blood of the normal rat seemed

advisable.

In addition, the effect of InfectinC animals maintained on a

5, 20, and 30 per cent protein levols was assayed. Table 17 lists

the results of experiments directed toward ascertaining the effect

of injocting the rats with a mixturo of amino acids or some single

amino acid at the time of infecting and 2 daily intraperitonoal in-

jections of the amino acid misturo or cystoine and arginine alone as

compared with the control Group Givuii p...ysioloica . alino nnd :sub

Jected to no treatment.



Table 10 contains the results of oxporiments involving animals

maintained on various levels of dietary protein. No significant

difference in the average day of death was observed, this despite

the fact that animals maintained on a 5 per cent protein regimen

lost approximately 10 grams; those provided with 20 per oont protein

maintained their weight; those given 30 per cent protein diets gain-

ed approximately 5 grams each*

DISCU3SION

Previously we reported a depletion of free amino acids in the

blood of rats infected with Bacterium tuarense. Several explana-

tions for this phenomenon may be considered. It seen's p, *)ible that

since the organisms tend to localize in the liver and sal.cn they

may utilize the free amino acids directly from the blood as it is

filtered tlhrough these organs. This utilization may account for the

depletion of these compounds during infection. The fact that cystine,

which is an essential metabolite for Bacterium tularense, disappears

from the blood of infected animals lends further support to tho

suggestion that the organisms utilize the free amino acids of the

host.

It is possible, also, that the organisms exert a damaging effect

on the liver in such a manner as to stimnulate enzymatic activity in

the degradation of these compounds. In either instance, it follows

logically that the free arino acid level of the blood would be dis-

turbea, Consideration also must be given to the concept tbat, during

-19'-



infection, there may be interference with other metabolic activýties

such as collulcr respiratory functions of the liver.

In an attempt to elucidate this "depletion mechanism" attention

was first focused on the non-protein nitrogen and blood and urine

urea nitrogepns levels of the normal rat and of the infected rate The

terms non-protein nitrogen$ includes the nitrogen of the blood which

is not precipitated by the usual preoipitating agents. It is a

heterorenous mixture of compounds including urea, ammonia, amilino acids,

creatine and creatinine, as well as other nitrogenous substances which

are usually spoken of as an undeternined nitrc 3n. They represent

intermediary products of protein metabolism in the process of trans-

portation, or end products of metabolism en route to excretion.

Knowledge of the levels of the NPN, BUN, and UUN may, therefore,

serve as an indication of the state of protein metabolism. The re-

sults indicated that the NPN levels of the infected rats were lower

than in the normal rats, The difference is of statistical signi-

ficance as evidenced by the 90 per cent confidence interval of the

difference of the mean, which rejects the null hypothesis that

?.I-- o(V = moan of normal, SI Since the free amino acid level in
Smoan of Ineted)j "

the serum of the rat was shown to be depleted during infection, this

result was not unexpected. The decroase in the NPN level may be

) attributed, at least in part, to a corresponding decrease in the

free amino acid level.

It is quite conceivable that doamination of the amino acids in

the liver of the infected rat is accelerated, and that the deaminated

resldues are converted to carbohydrate, ketone bodies and obhor corm-

-10"
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pounds in preparation for dissimilation at a higher rate than ii tl'i

liver of the normal rate If an accelerated deamination occurs it

could be expected that an increased BUN and UUN would folloe due to

an increase in aimonia which is then converted to urea.

The BUN levels of infected rats were found to be slightly lower

than those of notiatal animalds Those data indicate that the depleted

amino acids are probably not converted to urea, The tU levls' of

the infected rats are hot significantly different from those of the

normal rates Thesesfindings suggest that there is no apparent in-

crease in tissue catabolism.

Since amino acid4 constitute the "building stones" for the

synthesis of proteins it appokrod advantageous to determine the

effect the infection has on the total serum protein of the host*

Our results show that the infected rats had. lower total serum pro-

tein level than did normal animalse

If there is an accelerated docmination it follows logically

that the doaminatod residues may be synthesized to Glucmos, and thus

a hyperglycemia might be expected, Apparently this is not the ease,

since a hypoglycemia was observed in infected animals, The ability

of the liver to store glycogon may bo reduced$ or the koto analogues

may be used directly by the organisms in tho liver, Possibly both

mechanisms are involved.

The data thus far obtained indicate that the organisms tharn-

solves may utilize the amino acids and/or the koto acids. Support

for this hypothosis may be derived from the chromatographic analyses

previously roportad.

- l1-



Cystine, an essential motabolito for the organimsm froequently

was missing completoey from clhromatograms of the serum of infected

ratse It appears that the organism prefers to use for its food

supply easily accessible, low molecular weight compounds, in prefer-

once to the more complex proteins of the host. Since digestive pro-

.osses would be involved requirinG much energy for protein breakdown,

the organisms probably prefer the path of least resistance such as

assimilation of the smaller oompouncis.

Since the organisms tend to localizo in the liver a disturb-

ancoe of liver function might be expected. The Ioteric Indices and

Van don Borghis tests indicated that a liver dysfunction occurred

during infection. According to tho "direct reaction" obtained by

the Van don Bergh test an obstructive jaundice was presents Under

these oonditions the excretion of bilirubin is blocked duo to the

obstruction of t)re biliary passages.

According to Watson (1946) the bilirubin-globin complxo is made

from homoglobin in the ret ioulo-ondothelial system. Since hemoglobin

is thus implicated, eompletb blood counts were performod. The re-

sults of those determinations demonstrated that there was a slight

decrease of hemoglobin in the infected rats, evidenced by a higher

color index as compared to that of normal animals.

Also of importance is the observation that rats recovered from

infection exhibited a pronounced increase in loucocyto count as com-

pared to normal animals and animals having an acute infoction. It

seoms that the relatively high loucocyto count is definitely associ-

atod with the high degree immunity to tularomin oxhibitod by recover-

odod rats. Further investigation of this phenomonon should be con-

-12-



duotod although the scope of this project doos rnot includa imliune-

logical studies.

Tho results of' the oxportmonts on tho offoct of administering

amino acids singly and in a mixturo on the course of infoctionp ro-

Veal 'Uhat the average day of doath was approximately tho same in all

grouxps. It may be soon,, ho-oovor$.that the total number of c~nimcals

dead irl, the group of rats reooivinr, the amino acid mixture and'

I.approsimatolY 3*5 X7 103 organisma/zi. was slightly hi,.,shor 'than tho

corrosponding group roocibin8 only physiologicalsaio This m~y
indicato that the fortification of the host with amino acids may

provide the organism in tho host with a readily available sa~up-ply of

nutrients, If' truej, L1'5, conooivably could onhanco their virulonco

by aithior-selecting moro ý,irulont forms, in which case the amino

acids would be acting as seloctive agents,, or the amino acidsoen-

ablod the organism to motabolizo much more rapidly thus bocomý,ng

much more dostructivo. Attempts to dotoct colonial variants of

Bacterium tularonso isolatod from trio infoctod animals were, unsueo..

coasful,.although this docs not eliminate tho possibility of selection

of a mere virulent population..

The results of the offoct of various diets on the course of

infection shows that tho avoraco day of death is not altered siani-

4 1 ficantly rogardloss of diet. - From this it appears that the state of

nitro~on balance of the, host may not bo of primary importcanco as far

as the disease is concernod.

The data roported in this -).por havo not onablod us to dotormir~ro

the fate of the froo amino aciots of tho bloocd of' tularamiAc rats*



Nevertheless, valuable information has boon obtained conoorning.

motabolic changos during infoction. For th- first time a systematic

study has boon made of tho clinical biochemistry and hematology of

tularemia in oitkr animals or humans. The data obtained will serve

as a basis for similar studios on other animals and also for con-

tinuod rosearch on tularomia in the white rat,
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Tablo 1

STATISTICAL EVALUATION OF TIM NON PROTEIN NITROCEN
DUTERM1INATIONS FOR ITOfIAL AND RECOVRED RATS

90 per. ent 90 par cont
NPN confidenoe confidenco

Number Condition mgm per Vari- Standard interval interval of
of of cent anco Deviation for moan the differ -Animals Animal once of the

110moans

38 Normal 13.20 3.12 1.76 12.72-13.60

37 Infectod 10.70 3.96 1.99 10.15-11.25

00mputat9ons0t
Variane = S(- X1,,2 90 per cent

N : Iconficonco
Interval o + t90 S
Sfor moan n

Deviation =S(x - X)2
N- I 90 per cent

• confidonce
interval of = f .t +Z90 X

' the difference
of the noanis y

i+

,• , i. • w .' 1 i • ll 1 1 -TT-l• l m mrw mlmmallp ll~ lP..~I='iii•,1+I
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i
Tablo 2

STATISTICAL EVALUATION OPP THU BLOOD UREA NITROGEN
.DETEMINATIONS FOR IM'AL AND INFECTED RATer.

BUN 90 per cont 90 par cent
Mo an confidence confidence

Numbor Condition mgm interval interval of
of of per Varn- Standard for moan the differ-

Animals Animal cent anco Doviation mgm par cent o.ncto of the

46 Normal 11.30 7.90 2.82 10o59-12.O1

33 Infocted 10.10 3.34 1.82 9.56-10.64 I.

C Computations same as on Tablo 1.



!I

Tabla 3

STATISTICAL EVALUATION OF TIH URIME UREA NITROG"MT
DETETRMINATIONS FOR ITO flIAL AIID INFECTE, D RATS*

IUN 90 par cent
Moan 90 por cent oonfidonco

Number Condition mem confidenco intorval of
of of per Vari- Standard intorval;, the diffor-

Animals Animal cent anco Deviation for moan :.-onco of the
,______,.__nmo ans

27 Normal 11.6o 8.10 2.84 io.66-12.5L,

30 Infoctod 12.20 11.8 3-.3 111.11-13.26

*Computations same as Tablo 1.

it



TableI STATISTICAL EVALUATIOI OF TIM SERUMI PROTIN
DTEMRMINATIONS FOR ITOiM-AL AND INFCTED W$AT$*

90 per cent
Total conifdonce
Protoin 90 por cent intorval of

Numbor Condition Mean confidonco tho differ-
of of gm por Vari- Standard interval once of the

Animt'ls Animal cant anco Doviation for moan moan

10 Normal 5s90 0.57 0.25 5.76-6.o4 0.60.±"

10 Infocted 5.30 0.017 0.13 5.22-5.38

-Computationa samo as on T~ablo 1.

I-



Table 5

STATISTICAL 1VALUATIOT OF TIM BLOOD GLUCOSE.
IDET8RHI1VNTIONS FOR ITOfrJ,1iL AND INEITED RATS*

Blood 90 per cant
Glucose 90 per cont confidence

Number Condition Moan confidence interval of
of of mgm per Vari- Standard interval the differ-

Animals Animal cent anco Deviation for moan once of
the moans

28 Norma.1 1o8 48.6o 6.90 105.79-
110.21

17.00-3.16

40 Infocted 91 n06 10.30 88.26-
93.74

*Computations same as on Table 1.



' I !

- Table 6

STATISTICAL EVAL#UJTI0N OF TIO IO.W.PRia INDIC23- FOR
NOPMAL AITD INFECTED RATS*

90 por cent
confidonce

90 per cont interval of
Numbor Condition Ieoeric -onfidenco the differ-

of of index Vari- Standard in'eorval once of the
Animals Aan ance Deviation gor mean -o a-.

45 Normal 6.5a' 3.90 1.98 6000-7.00 6.80240

34 Infoctod 16.30' 69.1 8,34 13.99-18.71

*'Oomputations snme as on Table 1.



Tab3.o 7

RESULTS OF VAN MIN MRGH MTERMINATIONS FOR
BILIRUBIN IN NOMlIAL AND INPECTED RATS

Number M,' Condition

Animals oif Animal Result N

34 Normal Ne ative

34 Infoctod 15 direct
reaction

19 Nlogative



' Table 8o

COMIPLETE BLOOD COUNTS OF I1OR4AL AND ;.NFECT2D RATS

Number- Condition
of of Red Blood Coil White Blood Coll

Animals .Animal Aout Count ogmoR.Lobina

Mean Rango Mean Range Mo an Range

10 Normal 6,641,000 56450,000 6230 4,500 3 4 60. 79*5• to, to to
8,21o, o00 9,200 %

i0 Infectod 6070000 5s800,000 8,36 4 6,200 82.2% 79.5Sto, to to
8'0I00,000 10,300 86%

Number Condition Dforota
of of So gmentod

Animals- An~imals ... color Index Noeutro~kiles. _L7nnphocytos

Mean Range Mean Range Moan Range

10 Normal 1.56 1.26 - 33 32-40 66 60-70

10 Infected 'I,3•
1.92 34 28-4o 65 60-71



ifI
vi•

Tablo 9

STATISTICAL EVALUATION OF TIM, BLOOD NON PROTEIN NITROGENll
FOR RECOVERED AH,1 TMINFECTED RATS*

90 por cent ;
c onfi do nce 1

NPN 90 por cont intorval of ...
NRiutbor ConditionMa confidence tho differ- !

of of mgm per Vari- Standard intorval onco of
.Animala, Animals -cent. aneo_ _Doviation for moan tho moans i

38 Normal 13,20

10 Rocovorod 12&90 0.75 0.87 12.t40-13.40O 0.20-0.62

10 Roinfeotod 13.10 0.68 0.83 12.52-13.58

*Computations samo as on Tablo 1.

'I'



Tcablo 10

STATISTICAL 'EVALUAIION OF THE BLOOD UTMA NITflOG-N
?O RECOVOflED lAND REIR'EOTED RATS*

90 pox' oent
confidonco '

BUN 90 pox' cant intorval of
Numbor condition Moan cant idonco tho diffor-

of of mgm per Vari- Standard intorval oneo of the
Animals Animalg 0at anco Doviation fpr moan, og

46 Normal 11300

10 lo'covorod 11950 o,866 0,1930 10.96-i2*04 0106

10 Roinfoatod ii,.6o 0,,600 0.78o 111.14-12,06

*Computatione samo as on Tablo 1.



Tablo 11

STATISTICAL EVALUATION OF THI SERUM PROTEIN DETTEIIIJINATIONS
FOR RECOVE.RED AITD RnTINFCTED RATS*

90 per conoi
confidaoncec

90 per cont intorval of
Numn ,r Condition Moan confidonce tho diffor-

of of gm par Varn- Standard intorval onco of theAnima,' Animals- eont anco Doviation for moan moafns

10 Normal 5.90

10 Rocovored 5.80 o.o6i 2.245 5.66-5.94 0.10-1.63

10 Reinfectod 5,90 0.038 o.197 5.78-6.02

*Computations sarmo as on Tablo 1.



Tablo 12

STATISTICAL EVALUATION OF TMr ICTERIC INDICES FOln
.ICOVERED ANID R.INFECTED RATS*

00 por cont
confidonceo

Moan 90 por cont intorval of
Numbor Condition mgm co.Cfidonoo tho diffor-

of of per Vari- Standard intarval onco .of tho
Animals Animals gont xco _ Doviation for- moan moans

45 Normal 6.50

10 Rooovorod 6.60 0.62 0.73 6.18-7.02 oqloko.49
10 noinfoctod 6.50 0.27 0.53 6.18-6.82

*Computations samo as on Tablo 1,



Tablo 13

RESULT$ OF VAN DEN BERGH EETERMINATXONS -FOR .BILIBUBIN
OF R]ECOVERED !dTD REINFECTED RATS

Numbor of Condition of
ijAnimals Anxmal flo suit

10 Rocovorod Nogativo

10 Ploinfoctod Uo -at ivo



Tablo 14+

STATISTICAL EVALUATION OF TIT BLOOD SUGAR DET•PRIHIATIONS
FOR RECOVERED AND RINFIECTMD RATS*

90 per cent
confidonco

Moan 90 por cent intorval of
Numbor Condition mgm confidonco tho diffor-

of of por Vari- Standard intorval onco of tho
Animals Animals cont aneo Doviation for moan moans

28 Normal 108

10 Rocovorod 109.04 59.60 7.72 104.59-113.41

10 Roinfocted 105.03 22.50 4.75 102.34-107,66

*Computations samo as on Tablo 1.



Tablo 15

STATISTICAL EVALUATION OF, TM,~ URINS! U1FEA NITROGEN
DflMR1MINATIONS FOR REMCOV.HED AND REMINMICTD RlATS*

90 por cont
confidonco

UUx 90 per cont intorval of
Numbor Condition McIan confidonco tho diIfTor- *

of of mgm par Vari- Standard interval onco of tho
Aiao--_ A nial co anp Dviation for moan r~io an

27 Nomalc 11.6o

12 flocovorod 11,7). 0.25 0.50 1144ýI-12.00

12 Iloinfoctod 12.20 0*.5 0,76 12.00-12-70

¶*Computations sp~mo as on Tablo le



Tablo 16

COMPUMTS BLOOD COUNTS ON 117ý1OVERED tND REIN' CmirD flAT~c*

Nuombor of Conditioln ;f Rod Blood Whi-te Blood
An&Majo- Animale Co.1l Count Coil Count, Uargoalobin

Mo an Rango Me an. Rango Moan. Rango

10 Norital 6,641,000o 5,14Soooo 6p730 4500 811-.6% 79-.5
'to to to

0,21.0,000 9200 88%

10 Roeovorod* 6,029,000 5,070,000 13,1v30- 9#800 85,4$ 76
'to' to to

7t2809000 13,500 105

10 floinfootod 6#583,,000 5,900,000 11,109 8,900 66o5%, 77
to -to to

7,220$000 13v200 97%

Numbor of Condition..of
Animai5 AnIgmaly Color- kndox - Di~for'ontial

$ ogm 1n00
noutrophi Xe Lymoph7cyto s

Moan, Rango Moan Rango Moan Ranje

10 Niormal 1-56 1.26 to 33% 32%to 66j,1 60o71%
1:*960

10 Recoverod 1.43 i.o6 to 35% R9 to 64% 58-70%
1.89 41%

10 Reinlfoctod 1-53 1.37 to 36% 3Oto 6355 59-67%
1.734%

*Computoationa a-amo as in Tablo 1,



/

Table 17

EFFECT OF ADMINISTERING AMI!O ACIDS ON TIM COURSE OF LIUTPCTON

Met .; Aditional a a
_niq Dose Troartmont 1 2 3 -5 - 6 7 9 10. 1 12 .ADDb

35lQ4
0 a0L 03.68

3.5oX104 Amino 0 o 1 4

3.5XI10I1 mixturo 0 0 3.68
3.5X803  P/s 30 30 30 30 30 30

acid in it 4 9090

3.5X103 mix 00
P/sa 76

3.5X10 2  Amino o o o 6

3o5"102 mi:z 0 0 o 6 lo 6.oo

3,.5X101 no.. 0 0o 40 T

3 #511Aio00A #9
. Acid mix A3.1x0o, P/a 12 1

-- S 0.00
3.5 0 00

-.5 Amino 0 0 0.00
Acid mix " Z

3.,5 P/SS U 0 000

Cystino 0 0.00

-- Arginino 0 0 0.00

- Amino 0 0 C.00
Acid mix M7•

- P/ss 0 0 0.00

l ty to= oad b)ADD= Avorago clay of death

c) P/sa = Physiological salino solution

,Concontration of organismsn.



Table 18

EFOECT OF VARIOUS DIET ON Tr-., COURSE OF INFECTION

InWeoting Days
Dose Por sont

3-5=l3 20)%43

3.5xio3 300-' 7g 1 3.70

3*5X1O3 Nor'mal 6 3.86I3#5XlO2 5%, -j 4.70

3..Io2 20o6 - ,. 6'1.:IO Noma 17 4.00
I,~- -___44___
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