
AD—AO ’eO 815 ARMY MEDICAL RESEARCH INST OF INFECTIOUS DISEASES FR—ETC F~G 6/1

HOST METABOLIC ALTERATIONS DURING VENEZUELAN EQUINE ENCEPHALITI— ETC (U)

JUN 7? H A NELFELD. N C POWANDA . A DEPAOLI

UNCLAS :F~~D

_  

END 

r u .
___________ DATE

r IL ME U

I
$
1I



t~~ p2
I. I ~~

.

tu tu8

11111’ 25 lluI~ uuu~
~&N ~J t I~ N U



~~~~ r r ’ ~
-
~

-
~-_ : ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ 

_____
--

UNCLASSIFIED
S !CL ~~ ITY CLASSIF ICATION OF T HIS PAG E (Wh en Pete F,,t.r. d~

REPORT DOCUMENTATION PAGE BEFORE COMPLETINIT. ORM 2”
1. REPORT NUMBER 12. GOVT ACCESSION NO. 3., ’~~~~ IPIENT S C A T A L O G  NUMBER j  / 

/

- / 
/ 1-

/ 4. TITLE (end Subtitls) ‘>—... .._~~~~~~~~ . - O’F RrP~~~~~~~~~~~~~~~~ 1~~~~~ REO 
—

_ __
~~~~1 ~~ I J‘

~~
— IHost Metabolic4lteratins During Venezuelan Equine / Interim / ,/‘;~~~~~~ /

~
j  ~Encephalitis in the Rat. - P~~~FORN/GORG.~~~EPORT.4~ JM~~ER

r’ •. CONTRACT OR GRANT NUMBER(a)

(}arold A.,4Teufeld, Michael C./~owanda, Alexander
tt~ePaoli , Judj th A ./~ace~~.eed Peter B./Jarhling / 7)
I. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM EL ME .PROJECT , TASK

~~ U. S. Army Medical Research Institute of ..—
~~~ 6ll02B

Inf ectious Diseases , SGRD—UIP—S ,‘~~~ (
,i~,i 3Mi611o~BSO3 01009

‘ii. Fort Detrick, Frederick, MD 21701 L~,./ 
-

~~~~~~~~~~~~
‘

It. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
1U. S. Army Medical Research and Development 2 June i~77 /

Command , Office of the Surgeon General ~ WU~~~~~~O~~~~~~ES

‘~ Department of the Army , Washington , DC 20314 20 + 4 f igures
14. MONITORING AGENCY NAME & ADORESS(IS different (rem Cozatroltjna 0(1) cc) ¶ 5. SECURITY CLASS. (of thi. r epor t)

/~ I Unclassified

~ ;f / ISe. DECLAS S IF ICAT ION/OOWN G RAO ING
SCHEDULE

14. DISTRIBUTION STATEMENT (ot U.) . Report)

Approved for public release; distribution unlimited. 
~~~ ~

) “~
17. DISTRIBUTION STATEMENT (of  th. abetted entered In Block 20, ii different from Report) 

rJUN 22 1~ 1

II~~~dL~LJ II j

*9. SUPPLEMENTARY NOTES

Reprints bearing assigned AD number will be forwarded upon receipt.
To be published in JOURNAL OF LABORATORY AND CLINICAL MEDICINE .

19. KEY WORDS (Continue on revere . side II n.c.e.asy end identity by block number)

Venezuelan equine encephalitis (VEE) Plasma zinc Ketone bodies and
Rats Copper free fa t ty  acids

> Viremic Albumin Hepatic concentration of
Fever Trans ferrin ‘4 (CJ— amino isobutyrat
Neutrophilia Seromucoid

20. A ST RACT COOUm4 . en ,.v ren .14. H n.ceesary end idenlifr by btock number)

I~ 1~ Although an effective vaccine exists to protect agains t Venezuelan e~ uine
= encephalitis (VEE) , not all peop le who may be exposed to this diseas~~ ara likely
L.L. to be vaccinated. The disease most o f ten  presents as a short febrile\ i l lness

but the convalescence period may be protracted , and death due to encej~~alitis
C... does occur in a small percentage of those infected. Knowledge of the ihç~abolicalterations which occur during VEE may materially aid in its t reatment .~~~Use of
~~~ the ‘.1— 198 strain of VEE in the rat produces a uniform model in which to study

PD ~~:‘;-~ ~473 EDI nON OF * NOV 6S IS OBSOLETE UN CLA SSIFED
~~ *r3 -/ UCuRfl V CL*3SIF,CATIO PI OF ~ NIS PAGE (W)ren Date Entered)



_ _ _ _ _ _ _ _ _ _ _ _ _ _

ITNCTA~~~IFIFD
SECURITY CLASSIFICATION OF THIS PAGE(W hw Data Entered)

~.anetabolic alterations. Changes that occur early in the disease include viremia
neutrophilia, a decrease in plasma zinc ~nd transferrin and increased amino
acid uptake into liver. Plasma zinc depression persists into the later stage
of the disease, but to a lesser degree. An increase in plasma copper and
seromucoid occurs late in the disease concurrent with the development of
pronounced encephalitis. Hypoalbuminemia and decreased ketonemia occur during
both the early and late stages of the disease. Taken together, these
metabolic alterations chronicle the development of VEE in the rat and thus
may be useful as prognostic indicators, in formulating supportive therapy ,
and as monitors of potential antiviral therapy.

-

I U~’4i’ C~~~f~

— - 

0

‘I T  ~.. 

-

—

I. ~I?J ~~
- $~~~~~j4/ /

IJNCLASS IFIED
SECU R ITY CLASSI F ICA T ION OP THIS PAGE(W ?.r ,  fl,r. Entered)

-~~~ -. - -  - ~~~~~~~~ 
-—



a—- ~-;4-.---

Host metabolic alterations during Venezuelan equine encephalitis in the rat

HAROLD A.  NEUFELD ,, MICHAEL C. l’OWANI)A , ALEXANDER DePAOLI , JUDITU A. PACE ,

and PETER B. JMIRLINC F rede r i ck , Hd .

From the Uni ted S t a t e s  Arm) ’ Medical  Research I n s t i t u te  of Infect ious

Diseases , Fort Detr ick , F rede r i ck , M d .

Running Title: Metabolic alterations during VEE in the rat

The views of the author do not purport to reflect the  p o s it i o n s  of t h e

Department of the Army or the Depar tment  of Defense .

In conduc t ing  the  research described in this report , the  invest i ga to r s

adhered to the “Guide for the Care and Use of Labora to ry  Anim~ils , ” as

promulga ted  by the Commit tee  on the Revis ion of the Guide  fo r  Labora to ry

Animal Faci l i t ies  and Care of the I n s t i t u t e  of Labora to t -v Animal

Resources , Nat ional  Research Counci l .  Tho f a c i l i t ie s  arc fully

accredited by the Amer ican  Assoc ia t ion  for  A c c r e d i t a t i o n  of Labora to ry

Animal Care.

Approved fo r  publ ic  release — d i s t r i b u t ion  u n l i m it e d

2 June 1977

- - -- -- --- - -  ---  ~~~- ~~
- -—-——

~~~~~~~
- -- -—---

~~ ~~~~~
- 

~~~~~~~ 
---

~~~~~~~~~~~~~~~~~~~~~
—

~~ 
- -  -



-
~~~~~~~~

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

— ---- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _____ 

.— — ----—----—- 

~

—

S

Send correspondence concerning this paper to:

Dr. Michael C. Powanda
Biochemistry Branch
U.S. Army Institute of Surgical Research
Fort Sam, Houston , Texas 78234

Send reprint request to;

Dr. Michael C. Powanda
d o  Commander
U.S .  Army Medical  i n s t i t u t e  of In f e ctiou s Disea ses ,
Fort D e t r i c k , Freder ick , MD 2 1701

— -~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~ _—.—~~~— - --



- - ~~~~~~~~~~~ ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ 

—-—- ‘—- .
-

~~~~ 

-..-- ——- -

~~~

2

Abstract-

Although an effective vaccine exists to protect against V en e z u e l a n

equine encephalitis (VEE), not all people who may be exposed to  t h is

disease are likely to be vaccinated . The disease most o f t e n  p re sen t s

as a short  f e b r i l e  illness but the convalescence period may he p r o t r a c te d ,

and de at h  due to encep h a l i t  is does occur ~in a small  pe r cen t ;t ge  of those

infected . Knowl edge of the m e t a b o l i c  a l t e r a t i o n s  w h i c h  occur ( l u r i n g

VEE may m a t e r i a l l y  a id  in i t s  t rea tment . Use of thc V—19 8 s t ra  iii of

VEE in the  ra t  produces a u n i f o r m  model in which  to stud y met tbol  i c

a l t e r a t i o n s .  Changes t h a t  occur ea r ly  in the disease include v i  remia

neutroph i l i a , a decrease in plasma zinc and t r a n s f e r  in and increased

amino ac id  up take  in to  l ive r .  Plasma z inc  depression p e r s i s t s  i l it o  t h e

later s tage of the  disease , hut. to a lesser degree .  An in cr ea se  in

plasma copper and ser omucoid occurs  l a t e  in the dise;i~.t ’ co n cu r r e n t

wi th  the d evelopment  ol pronounced encep hial  i t  is . flvpoa 1 bum inca  i a

and decreased k e to n em i a  occur d u r i n g  b o t h  t he  e a r ly  and l a te  st ~g & s

of the disease. Taken t oge the r , t hese iie t abo I ic a l t  era t ion c i  y~ ’U I c i  ~

the development of VEE in the ra t  and t In i ~ nay he usel LII  05 p ro~ n o s t  h o

indica tor s , in forumlat  ing suppor t i ve  t h e r a p y ,  and a~; men i t  or s  of

potent ial  a n t i v i r a l  the rapy .
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Venezuelan equine encephalitis (VEE) virus causes con~.ider~~.le

morbidity in man , about 5 to 10% encephalitis and about 0.5 to 1%

mortality, with death generally due to encephalitis. Although VEE

generally presents as a short febrile illness, convalescence may take as

long as 3 weeks.1 Although an ex tremely e f fec tive vacc ine has been

developed ,
2 it is not feasible to vaccinate all people who may be exposed

to the disease. For those who became ill only symptomatic therapy is

presently available. Effective supportive , in Contrast to symptomatic ,

therapy depends on knowing the e f f ec ts of the disease on the phys iology

and metabolism of the host. Concern with host metabolism during VEE

also reflects the fact that potent ia l  antiviral  agents , such as

stabilized poly(ICLC), induce metabolic alterations themselves which

3,4may have to be taken in consideration when such drugs are used .

Also, it has been suggested that certain metabolic alterations which

occur during the acute phase of an illness, notably those ind uced by

leukocyte derived factors , may be a part of the overall host defense

S . .system. If this is so, then a knowledge of the metabolic sequelae of

VEE may aid in formula ting appropria te supplemen tal , suppor tive therapy ,

such as parenteral alimentation solutions, to hasten convalescence

and/or treat specific aspects of the disease. For example, knowledge

• of the alterations in amino acid metabolism which occur in patients

with chronic cirrhosis has allowed development of alimentation solutions

which provide adequate nutrition without resulting in hepatic

encephalopathy 6

The present animal model was thus devised to allow us to correlate

the observed pathology with virologic manifestations and host metabolic

alterations. The rat was chosen as the host , In par t because I t is one
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of the best studied animals as regards its metabolism and because

previous studies indicated that metabolic alterations could in fact

be related to a specific aspect of a disease7 and be used as prognostic

indica tors8 during bacterial illness. The V—198 strain, of those

strains of VEE tested , was found to produce the most uniform pattern of

disease culminating in encephalitis and death (Jahrling et al.

manuscript in preparation). This paper reports on certain of the

host metabolic alterations which occur in rats following exposure

to the V—l98 strain of VEE virus. In—depth presentations of the

virologic and pathologic manifestations are in preparation . 
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Materials and methods

Male, Fisher—Dunning rats, weighing approximate ly  240 to 270 Cm.

were purchased from Microbiological Associates (W alkersvi l le , M D ) .  The

rats wei~e maintained in light and temperature controlled rooms [12 hours

light (0600—1800 hours), 12 hours dar k, 25° C.] for one week before use.

They were fed Purina pellets ad lib . until initiation of the experiment.

One day prior to the initation of the infection the rats were injected

subcutaneously ( s . c .)  with  2 u Ci .  of [ 14CJ am i no i sobutyric  acid ( [ 14C ]A IB )

per 100 Cm . body weight (New England Nuclear , Boston , Mass.). On the

day of initiation of infection the rats were assigned to one of three

4 . 1groups: a) fas ted  rats  receiving 10 - plaque forming units (p . f . u .)

of the V—1 98 s train of VEE virus s .c . ;  b) fa s t ed  r a t s  r e c e i v i n g  the

same dose of hea t—ki l led  V—198 s train vi rus , and c) fed r a t s .  Eight

rats each from groups a and b and 4 r a t s  f r o m  g roup  c were studied on

1, 2, 3, 4, and 5 days after the initiation of infection in group a.

Eight fed rats were also stud -led on day 0. Rectal t empera tu res  were

recorded (Yellow Springs telethermoneter) and then the ra t s  we r e

exsanguinated under  halotb ane anes thes ia  by t ransec t ing  the vena cava

and collecting the blood f rom the pleural  cavi ty .  Ileparin (100 un I t s

per 10 m l . )  was used in collect ing the blood . A blood sample was taken

to determine white blood cell and differential counts and viremia. The

rest of the blood was then c e n t r i f u g e d  to obta in  plasma wh ich  was

exposed to u l t r a v i o l e t  l i ght  t o i n a c t i v a t e  the  vi rus.  The p l as na w as

anal yzed for z inc  and copper , 9 seronueoid , 10 albumin a nd t r an~~f c r r i n ,~~

free fatty acids 12 and ketone bodies.13 A 1—Cm. por t ion  of the l iver

was also removed (after perfusion wIth normal saline) for assessment of

14 14• hepatic ( C]AIB upt .ikc .
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Strain V—l98 VEE virus, third mouse brain passage , was used .

The inoculum , 4.3 log10 p.f.u., was contained in 0.2 ml. of 1 per cent

bovine serum albumin in Hank ’s solution, pH 7.6. Inactivated virus was

obtained by heating the virus inoculum suspension at 80° C. for 60

minutes. Viremia was determined by titra ting 0.2—ml . blood samples

on duck embryo cell culture monolayers grown in 10—cm
2 wells of

plastic plates. The duck cells were maintained under media containing

1 per cent agarose in a 5% CO 2 atmosphere;  p . f . u .  were counted and

compared with those produced by stock suspension containing known

amounts of virus)5

Statistical significance was de termined by one way analysis of

variance. The fed rat control data did not display any s ignif icant

daily variation and so were summed together and shown as a stipled

horizontal bar in the accompany ing f igures .  
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Results

The s.c . inoculat ion of 4 . 3  log10 p.f.u. of the V—198 strain of *

VEE virus eventually results in dea th  to all ra ts  which were Inocula ted

(Table I). Food was prov ided ad libitum after day 6 to obvi ate deathP
due merely to s t a r v a t i o n .  Providing food to i n f e c t e d  r a t s  f rom the

time of i nocu l a t i on  of the  v i rus  does not a l t e r  the t ime to death.

h i s t o l o g i c  a n aly s i s  reveals  lymphoid n e c r o s i s  on day s 1 , 2 , and 3.

By day 3 there  Is evidence of encep hial  i t i s  w h ich  increases  in  sev e r i t y

t h e r e a f t e r  (Dc Pool! et al.  manusc r i pt in p r e p a r a t i o n) .

The c o n c e n t r a t i o n  of v i rus  present in the blood at various times

a f t e r  the  i n i t iat i o n  of the i n f e c t i o n  is depict ed in Fig .  1. I’eak

vlremia occurred on or be fo re  day 1; by day 3 only 25 per cent  of t h e

rats were viremic and by day 4 no v i r u s  was d e t e c t a b le  in the blood .

Virus was found in th ymuf ; and b r a i n  d u r i n g  the  later stages of the

disease (JahrlII1g t~ t a l .  m a n u s c r i p t  in p repa ra t  ion). A significant

increase in rectal temperature was evident as con y as ~ia v  1; the

temperature  became f u r t h e r  elevated on days 3 and 4. By da y 5 the  body

tempera ture  in both f a s t e d — i n f e c t e d  ~ud f a s t e d — c o n t r o l  r o t s  began to

decline (Fi g. 2 top l e f t ) .  Pronounced n eu t r o p h i l  ia was evident  on day

1, but the percentage  of n eu t rop hils  q u i c k l y returned to normal levc1~

(Fig. 2 bottom left).

Plasma zinc was signif ican t ly decreas ed in i n f ec t ed  ra ts by day 1

and remained low t h r o u g h o u t  the expe r imen t  ( F i g .  2 top r i g h t ) .  F a s t i n g

by i t se l f  e v e n t u a l l y  a l s o  r e su l ted  in a dec l ine  in plasma z inc  v : i lu e s .

Plasma copper values In the In f e c t e d  r a t s  were somewhat be] ow th ose  of

the fasted rats during thu first 3 days of i l l n es s , but Incre ased

• signif icantly over fasting values on days 4 and 5 (Fig. 2 bottom ri ght ) . 

- 
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[14C ] A IB  u p t a ke  b y l ive r is presen ted  as per cent  of f a s t ed  con t ro l

values because the  t i s sue  con ten t  of ( 14CJA111 dccr e~ises w i t h  t ime  in both

fasted and fed control ,  r a t s  ( F i g.  3 top l e f t ) .  Peak r i o onse occurs  on

day 2 and t a p e r s  o f f  t h i e r a  f t t r  . P l asma seromu co Id con e  ent  r at  ion appea r s

to peak on dziv 4 and then decreases  (Fi g. 3 to t ) r i gh t ) .  A l b u m i n  i n

cont ras t  begins  to dec 1 tue by day 2 and I~cina ins be] ow f a s t  log vol ucs

t hroughiout the study . Fast  ing i t s e l f  h as  l i t t l e  el f e et  on a i h u m i  ii

concent r a t  ion (Fi g. hot  to rn  left) . Trans ferr in concent r • i  t i on  dec l e a se s

wi th  f a s t  l ug ;  infect ion produces a f u r t h e r  dccl inc on days 2 and 3 and

4 an increase on day 4 (Fig. 3 bottom right).

Plasma keton e  body concen t  rat ion was si g n i f i c a n tl y  decreased

w i t h i n  one clay of exposure as compared t o  fasted—c ent rol rats , was

fu r t h e r  depressed ~n day 2 , rebounded t o w a r d  fast lug values en day  3 ,

but was depressed ~i~~a i n  on day 4 and 5 (Fl a .  4 t o p ) .  1’] asma f r ee  fat t v

acids or e dec re ased  s i  t h i n  onc~ d i v  of f a s t  ing . m Ice tion causes a

slight but in si gnificant addit ionai decrement (Fi g.  4 bottom)

Discuss ion

The s .c.  i n o c u l a t i on  of 4 .3 log 10 p . f . u .  of t h e  V — 1 9 8  stra in of

VEE virus in ra t s  resu l t s  in l ymp hoid n e c ro si s  fol  los’ed by encep hial  i t  is

and d e a t h .  The met abe t i c  al. t er a t  ions in i i i  is st u dv t lien r e f l e c t  chang es

in an ima l s  for  whic Ii &le i t  ii is  Ins ine rt  t ; t l i i i  I. he v-i his s w i i  1. net  be

distort ccl or skewed by t lie p resence  of s u r v i v o r s .  SI nec vi  rem i a and

neutroph il. is q u i c k  lv  ( I I  s ippea red and f e v e r  was a I w ay s  pre  sent , more

select lye m d  Ices of t h e  st age of I l l  ness were soug ht  . Taken l i t  cone e rt

the met aho.1 Ic a it e r a t  ions  tie ocr  I bed here a ~‘pc•~ r to  cli ron i c he t i r e

sequence of pat h1e I ) h ) vs  i i  l o g ic e v e n t s  that I cad to  deat  i t .

- 

~~~~~~ iIi1M1th~~ 
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Pekarek and coworkers
9 

noted small but s i g n i f i can t  decreases in

plasma zinc concomitant with fever in volunteers who received l ive ,

attenuated VEE virus vaccine and who subsequently became ill. An

increase in plasma copper was also noted w h i c h  began when fever  was

subsiding. In rats , plasma zinc was significa ntl y decreased within one

4 day after exposure to the v i r u l e n t  virus and plasma copper was

significantly elevated on days 4 and 5. In those infections in which it

has been studied , it appears that the zinc which is removed from the

plasma is taken tip by the liver .7 The up take  of z inc by the liver may

be related to the increase in plasma acute phase globulins and the r i e

zinc appear s to play in nucleic acid , protein and amino acid rne ta ho list- ..
5’7

The r ise in plasma copper is usually associated with an increase in

. 16 . . .cer ulop lasinin indicative of acut e— pn ase  g lobul in  r e l ease  or increased

synthesis .

An increase in amino acid uptake by liver has been note~ d ur ing  a

number ef in fe ctions7’14 ’17 
and appears to reflect a redistribution of

• . . . 17 ,18
amino acid s from muscle to liver , perhaps to supply substrate for

19increased gluconeogenesis  and /or  increased a c u t e — p hase globulin

synthesis.
5 

It is not certain whether the transient aspect of this

metabolic response is a true r e f l ec ti on  of the events t ak ing  p lace in

the animal. Conceivably the depletion of the amino acid analogue , which

is not metabol ized but  is excreted , 2° precludes de tec t ion  of increased

amino acid u p t a k e  late in the  disease.

Consonant wi th  t h e  idea of increased acu te—p hase globulin syn thes i s

a n d / o r  release it t  the later stages of the disease is the increase in

seromucoid . A 2— to 4—fold increase in seromucoid is associated with

most in f e ct i on s . 21 in man t ire serornucoid f r a c t i o n  is comprised of

~ 
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a1—~~id~
g]~ycoptote~m , haptoglobin, ct

1—antitrypsin and a number of other

carbohydrate—rich proteins which are normally found in small amoun ts
22 .In plasma. The composition of tire seromucoid fraction may vary from

species to species, yet It appears to be a good indication of infection

and/or inflamnation. 7 ’8 ’~~~ Lust 23 observed an increase in hepat ic

inicrosornal protein synthesis  in the la te  stages of the disease in

mice given the Trinidad strain of VEE . These find ings could represent

increased plasma protein synthesis , since plasma proteins are formed on

the bound ribosomes24 
which would be precipitated along with microsomes.

Decreased plasma albumi n is a concomitant of most infections.
21

The presen t da ta clearly indicate that this decrease is not a function

of fasting. Whether the decrease in albumin represents increased

degrada tion , decreased synthesis and/or altered distribution 25 
has not

yet been sa ti s fac tor ily determined . It has been suggested that albumin

func tions , as a storage form of amino acids.26 ’27 If so the decrea se

in albumin may make amino acids available for the synthesis of more

critically needed proteins and/or gluconeogenesis. Transferrin which

along with albumin has been considered an indicator of nutritional.

status28 and which is of ten decrea sed in infec tions 21 was decreased in

part by fasting and somewhat more by infec tion early in the d isease , but

there was a slight indication of an increase in this protein late in

infection , The significance of these changes remain to be ascertained.

As In pncumococcal sepsis , murine typhoid and tular emia ,29 
there

was a decrease in plasma 8—hydroxy butyrate and total ketone bodies

compared to f a s t i n g  levels desp i t e  t i re  f a c t  that the infected rots were

also fasted . This i n h i b i t i o n  of ket os is  is not simp ly a function of

reduced availability of fatty acids as s u b s t r a t e  since t h r e t - c  was no
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difference between fasted—infected rats and fasted—control rats in regard

to the plasma free fatty acid level. The mechanism of this inh ib i t ion

of ketosis may be related to the seemingly inappropriate increase in

plasma insulin , which often occurs during severe Infections ,
30 32

or to some reorientation of hepatic metabolism .32’33 Of more interest

Is the role of this phenomenon In the host response to infection. It

has been postulated that  the inhib i t ion  of ketosis would allow the

muscle to be catabolized 34’35 to provide amino acid s for the increased

• gluconeogenesis which seems to occur dur ing infec tion and for

increased acute phase globulin synthesis.5 It stay thus p lay  a

permissive but v i t a l  role in the hcst  response to infection .

Based on preliminary pathology findings one could conceivably

divide the illness into at least two phases, an early phase (days 1, 2

and 3) in which lymphoid necrosis is quite evident and a second phase

(days 3 to 5) in which encephalitis is present and develop ing.

Conceivably there could be a third phase when dea ths beg in to occur but

we do not have such data as yet. If one accepts this designation , one

can observe that there are qualitativ~ and quan tita tive d i f fe rences  in

regard to metabolism between these two phases (Table II). For example ,

amino acid up take by liver is only sign if ican tly increased and tr ans fe r r in

s igni f icant ly decreased in phase I . The plasma copper , seromucoid and

transferrin increases are only evident in phase I I .  The p lasma zinc

depression , though present in both phrases , is d iminished in phase II ,

as compared to the fasted controls. Inhibition of kctosfs Is

prominent in both phases , perhaps Indicating that it is a fundamental

aspect of the host response to infection. It thus appears that a

progression of met:abol Ic events does occur which could he used as an 
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indicator to monitor the efficacy of potential antiviral agents and

alternative the rapies. If the self—same progression occurs in humans

with this or other encephalitic diseases , then these metabolic sequelac

could also be used as prognostic indicators if the disease is not

uniforml y fatal . 
-
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Table 1.. IncId ence of mortality in rats exposed to VEE

~~~~ Postexj~~ Number I k a d/ 2 0

5 0

6 6

7 11

8 11

9 11

10 11

Il 12

12 12

13 14 H

14 16

15 17

16 20
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Table II . Summary of me tabo l i c  a l t e r a t i o n s  d u r i n g  VEE in t he  ra t

Occur relic e

Response Phase I Phase II

@
~x~ 1-2) (

~~i2~ 2-k)

Plasma zinc depression .4-4- +

Plasma copper increase — -H-

Repatic amino acid uptake ++ —

Plasma seromucoid increase  — -4-f

Plasma a lbumin  decrease + -H-

Plasma transferrin decrease -1-f —

Plasma t r a n s f e r ri n  increase — +

Ketonc body inhibition ++ ++

— = No change; + = moderate change ; ++ = Marked change .



- - 

~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ — -~- ~~~~~~~~~~~~ —.- ~~~~~~ - - -~~~~- - -~ _ _ _ _ _ _;~,_.

20

LEGEND S

Fig. 1. Viremia in adult white rats inoculated s.c. w i t h  ~~~~~ Flu

V—198 VEE virus . Eight rats were sampled at each time0
period . The number in pa ranen thes i s  ind ica tes  the  number

with de tec tab le  v i remia .

Fig. 2. Rectal temperature (top left), percent neutrophils (bottom

left), plasma zinc concentration (top right), pla sma copper

concent ra t ion  (bot tom r i g h t) .  Data from the fed c o n t r o l s

(28 animals)  are represented as a stip led hor izon ta l  bar .

There were e ight  i n f ec t ed  and eight fas ted  contro l  r a t s  per —

point per day .

Fig. 3. [‘4C}—aminoisobutyrate uptake by l iver  ( top left), plasma

seromucoid concentra t ion ( top righ t ) ,  plasma a lbumin c o n c en t r a t i o n

(bottom left), plasma transferrin concentration (bottom righ t ) .

Data from the fed controls (28 animals) are represented as a

stipled horizontal bar . There were eight infected and eight

fasted control rats per point per day.

Fig. 4. Plasm., ketone body concentration (top). Plasma free fatty

acids (bottom). Data from the fed controls (28 animals) are

represen ted as a sti p lcd horizontal bar . There were ei ght

infec ted and eight fas ted con trol ra ts per po int  per d a y .
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