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J
Vf l / ; rodu(~.1•.Lon. Patnologic nianifestations of live E. coli organism shock

in the canine species inc~ude progressively developing hypoglycemia , systenn c

hypotension and liver dysfunction (1,2). Recent reports from this laooratory

~iave Hnked s~rviva 1 of the dog in shock to leukocytosis , normoglycemi a and

sus~ained gluconeogen ic function (3—6). Sublethal intravenous injections c~

E. co~i endotoxin in the awake dog produce marked leukocytosis (3-6) ano s~o-

sequen t surviv~i of 2xLD100 injections of either E. coil organisms or en io-

‘~cx~n (3-5). These studies reveal accelerated glucose utilization in zne

•
~
j
~~cy~tOtiC blood compa red with r~ormocy~otic blood following incubatior~ wit~

~ive !T. coli organisms in vitro (4). The neutrophi l’ s phagocytic activity nas

~ cV er~ impl i cated as the primary factor accounting for this elevated glucose

upt~~e (4).

Circuiat~rig neutrophils play a key role in host defense against ~ac~er~~

~~~~s~ s i~i S~~~~C shock ( 1 — 9 ) .  \eutrc~ihi QySiUfl Ct~ Ofl can adverse:y ~~~~

~~~ vc~y ro~ bacterial infection a~d shock (~3 ,1 l ) ,  anc i ncreased conce~~~ —

~~~~ o~ neu~io~)hlls are app~rentiy critical in reducing mortality (4,~).

I, ri~v~nous ~er~ obarbi tai anesthesia causes a significant decrease in

uL~c:y ce conccnLration in dogs (12), a~c various barbiturates have cytcc ica~
e~~ec~s on Lissue-cuiturcs of rat lymphocytes (13). General anesthesia

~~~~~~ ~~~ibits ~ 4agocytosis by neutrophi ls in vitro (14), while halothar~e a~~s-

t.~~~~~incrcases mortality in mi ce subjected to fecal peri tonitis (15).

Sir ,c~� invest~cj at ions employing anesthesia duri ng septic shock may have c

c~,.. h-’(,.~~CQ host-defens e, the present study was designed to determine if

£odi~~ pentob~rbital anesthesia depresses glucose metabolisi~ 1eukocytes, 
~
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af~ects survival of neutrophi ls or modlfi~s the survival rate of live E. coli

organisms added to blood in vitro.

1~Icthod.~. Twelve awake adult mongrel cogs of either sex were used for

these studies . Dogs were selected for freedom of clinical signs of disease ,

ausonce of ~icrofilaria of heartworms, treated for intestinal parasites , and

stabilized for 3-6 weeks in our animal research facility .

Anima ls were divided i nto two groups of six dogs each . Group 3, experi-

mc:ital dogs , received E. coli endotoxin (Difco ; Detroit , Mich.), O.0C3 .-.;c~/ k g

on Days I and 2, and 2.25 mg/kg (LD 103) on Day 3. Group A , control &ni~u1s ,

received equal volumes of saline or, Days 1 , 2 and 3. On Day 4, blood for the

in vi ~ro studies was drawn intravenously into plastic syringes wet with

heparin (1000 U/mi concentration) from awake dogs in Groups A and B. The

dogs in Group B were then anesthetized wi th sodium pentobarbital (28-30 mg /kg)

and allowed to stabilize 30 minutes , at which time a second blood sample was

coi ccted.

iaimediaiely following each col l ection , blood was divided into 10 ml

volumes in separate sterile plastic tubes , each containing 0.1 ml heparin

(20,000 U/ mi), capped , gently m xed and placed on ice. The blood from Group A

dogs (s~iline-pretreated ) was separated into two l O—ml aliquots and desi gna;e~

as Tubes Al and A2 while blood from Group B dogs (endotoxin-pretreated) was

separated into two 10-mi volumes before anesthesia and designated Tubes 33

H an~ ~4, and after anesthesia, B5 and B6 (see Figure 1). Live E. coli organisms

were prepared as previously reported (16,17) and a LD100, 0.25 ml (8.0x10
9

— —~~~~~~~ - _ _ _ _ _ _ _ _——— - - — 
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~‘j .~: : ~~s/m1 concentration ), was added to Tubes A2, 84 and 86 whi le e~u~1

volui cs of sal ine were added to Tubes Al , 83 and 85. The 1G-ml aLquczs

were s ura~e~ into 5-mi volumes and one set of tubes , Al througn i~ , was

si~~it~neously placed in a 37—38°C water bath , incubated and gcn~iy ~~~~~

r 3  ~-c dura~ion of tne experiments. In vi cro blood glucose concentrat u~

~~re ccter,n~nud hourly with a Deckmari ~~ucose analyzer (Beckman i r i s t r u ; , c r .~ s;

Fu lcrton , Calif.) possessing an accuracy of ±3 mg~, and each experi~..en.

w~ tec~;inated when blood glucose fel l to an average concentration of 12 ~~~~

Tn2 extra set of tubes (Al through B6) was sampled initially for E. coli

vi~bi 1it y counts , glucose concentration , total leukocyte and differentiu

1eukocyte concentrations , and discarded. In all three tubes cor .tainirg

E. coli , glucose reached a mean of 12 mcj% in an average of +2 hours of l~ cuau-

tion and at that time the final sample for total leukocyte , differential

leukocyte and E. coi l concentrations was drawn . Initial and final wh i te blood

cell (~iRC) counts were measured with an automati c particle counter (Coulte r

Z- ; hiale ah , lb .), the WBC differential by microscopic examination of bloou

smears stained with Wri ght’s stain , and E. coli viability using standaro

serial all u Lior1 and pour —piate techniques.

I~e LD- 00, l.25x10
10 organisms/kg, determined in the earlier in viv o

~; L J U 1 t ~~ (4), was calculated for use in the present in vitro studies by

assum ing an in vivo blood volume of 90 mi/kg and instantaneous mixing of

or~jnr~ si~is in vivo , and the in vitro organism concentration thus selected was

l .4—l .S x l O organisms/ml blood .

Tsie leukocytotic blood from each experimental dog (endotoxin-pretrea ted),

a lter ~ne separate additi ons of either live . coll organisms (L0100) or

P 
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i;.~ in v it ro , was used to test the iffec; of sodiu m pentobaroitai anes-

Oh g lucose upta ke , total leukocyte concentra t ion , differential ~euko-

cyte cc~centr~tion and E. cci i viabil ity .

~ sult s from all experirn~nts were analyzed using tne “t ” test for ?a;rea

O~ u1~~u1r’(~d uuta .

~~~~~~ able ~ snows th~ effect of ~od um per.toburbital anest hes ia

url u ~ve L. C O l  organi~;;s on tota ’ ~euKocy~e concentration . Sua~e;na~

.rjections 0 L. ccli encocox~r. for tr.r-ce consecutive days caused a slgr i;-

c~ r.t ~~ikocjtosis ( 2 ~ , iU 3/ .;~~) ii Group 8 dogs co~pared with the l3 ,3~C/ .,~
lew ocy~e Count ~fl the sal ine- pretrea~eo a.,i~:als (Group A).  ~nen tne c.oc ~

ro.~ ~~ es ~ and ~ are co. ;?are~ wi t h  ; r u~ ~~~ Tubes 84 and 86 , it c~ , a~

~ at Sociu~i pentobarbital reduced (p<0.&i ) the circulating ie~kocyte

CC: ,cL~~~Ca L I O ~~. Althougn ~r.e addition of live organisms in v itro cuas~a a

o~c ’ -~~se (p~.u.uu~ ) ifl to~a leuKocytes (Tu~es A2 , 84 and Bc), ~~ r~ecn

L:~Ac L1un 0c c -c anestneslu (—d800 i.~ Tuac 34) was not s ta t isc i ca ly G~ 11~~r_~ t

;ra~ ~ne ~eun ciecrease ai~er anesthesia (-l0 ,Duu i n ~U~ e 3a).

Inc c~ FecL af pentobarbi~ al anesth esia ~nc E. coli organ isms on neu~~~;rii

~~~~~~~~ in  y i ro are shown in Ta bles IA , b and IC. Gifferent ial le~~ocj~.c

co~ . :~ snow that the leu~ocytos is was prir~ar1 ~y due to an e~evatec ~a~urc

, . -~~nil coa t (24 ,1O3/r~n
3 ) although irr~cature neutrophi ls were also increcscc

( i~-~i.~I~~) w~er compared wi th saline controls. As a function of the decrease

~~~ circu~ating leukocytes after anesthesia (see Table I), mature r,e~trc-

;~~
,.

- c r~ r ion is signific antly reduced (p<O.02 ) Tubes 83 and E~4, 2~ ,l C3

2.’~,G3O , I/ / IT ,~i 3 , compared wi~h Tubes 6~ and 66, 20,730 and 20,900, ~/c~~)

_ _ _ _ _  
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(T~~I~ IA). Reault s snow that sodium ~~r t o ~arbita l anc~th~Sj u coec r.~~ ul tur

L~.c :,~~;‘V val Ic 01 muture Or immature nc-utrophi is during the e~n 2-~~ar

v i L , -o c>~ usure Lime. Addition of I .  coi l  orgunisrns ir. L~ 100 Cu. e~. ..re-

ti~ ; .rkediy decreases the numbers of mature neutrophi ls (p<C.&2) a d

u UV .~~~ c t: ,c nu L e - s  of degenerated neutrophils (p ~~.02 ). Al tho~~h L;,~ That..

o.  ~c~ ui ’c neutrophi ls ~s signif icant ly greater (p~~.05 ), -7o3u in .a~~ ~~.

~~u -.~1 uU i~ cue 86 ~n encotox in -pretrc~ted blood compar ed w~ t n c~ hcc -

~~-cr.:aLe ~ uiocd (—2800 in Tube A2 ), there is no difference j r 
~1cutru~Jhi

~ncs ~~~~~ the mean in vi tro exposure time of 2 hours j r blood drawr, ~Ju’~
or ~F u r  ~o uHc crtobarbitai inj ect ion. There were no s ign if ic a nt  ~~~~~~
i i  :: u: ocy~ e o ’  lymphocyte concentrat ions in tubes containing 1 H

ofgd r l l Imi w nether blood was sa l ine-pretreated (normocytot ic) or endotoxi r.-

pru~ cL~~ed ( leukocytot ic) befo re or uftor anesthesia.

F~gurc 2 i l lustrates the effects of v i t ro l ive E. coli orga nisms

(Lt ) . 
~ - , )  and codi um pentoba rai ~ul anesthesia on mean cumulative glucose uYa~~L

~~~~ f rom three paired ex~cr mei.~ s ( t O L A 1  , N 36 ; i .e. ,  3 5C0S of 12

y, ,nr;,, ’ i L ;  ( ‘ach ). The ca i i r~e—pr c~ rc~ teu uog blood (Tubes Al and A2) wa s

L~~~~~u I I • ( ,  f ’ m i Hx an imals u~d either LU..00 l ive E. coi l  organ isms or snl~~ e

~-n. . c .~~:n to sepa rate tubes i~ vi tro i nmed~ately before zero time . T1it~

ct~~uLu x i n-prLLr eOted dog blood was ObtainCu fro six animals before a,ies-

c~ . ( u~nm~ 83 and 84 ), from the came six dogs after anesthesi a (Tubes a~.

a d  d l ) ,  anu aga in either LU.03 l ive C . ccli organisms or sal ine was addec.

He ~~d tior i of  l ive organis : m (upper t ; c ~e curves ) results in a marked ly

c t e v a c t ..l g lucose uptake during all time per iods (r~ 0.OS ) compared with each *

i rc cu l ir ic contro l tube. The ~dc ir~istrat ion of sod ium pentobarbital in

v~vo a id not change the rate of g lucose uptake when tubes conta ining sa1in ~

__________ __________ — __________ - — - ~~
—— 
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or cn .ca in ing H ccl i  (~.4-b~ ) were ccmpa reu. Glu cosc - uptarm~ w~s

c eve ccu ().C.Ci ) che enuo toxin-pretreacea ‘cukocyto tic blood in tr ~

:-QSLnCe Ut ye OC~ 0c i c~~S , c. c’s u4 unc cC., com parea w it r  saline -pr r~~ ccc

nor::aejtoHc n oou w: t h  ~ . C C . i  odaca (~~be A2).

~ :: O c J ~ ces Ice ef fi~Ct s  of in v ivo ares che s ia on E. ccli mortal ; t j

H v ; ~~’c . Ic Jo  neucrophil~ c blood from ecc otox i ;— pretreate o cog s , c . ~
j
~ vu L. cc l i  o rga n imm ooth be orc- and alter scG;um cI~c’~~t~l

.. . c c c . c ~~ a v ,nc s;gr. icuc c~y re~ccc -a (p< C. G ,, fra u l .5x C8 to i .6x1G °

UL ure uf l c ’ S  u ;Lsi a an~ from I . 4xi08 to I . 6x 13 ° after ares ~resia , C C . p a r L a

. 1  ~: c rcanc~ ;or or L 5x , 6 8 to .4x~07 c ,-ga nisms/ mi ;n the c 000 ~-,;cr f~.~er

.~~ U : ’O c , s ‘a. . ca ice -pc c- c ’cated unimal s. no E. coil morta . ity rotc

or c r c  ~-hcur .ncuoat ;on perioc was 99/a before and alter unestcLs~~

H’ cec ~rophi I Ic blood , w r,ich wa s a greater red-acti on ( p<O.C 05) t ro ;  in

cc i I u - p r c t r e A c e d  (no a nesthesia)  n ood of g la. he percent reduct ;on ;r.

L. cot ; in u~ three LuOCS ur.aerscores tne neutropn’ l’ s ~rco z

~~~~~~~~~ or m ; t ( - l  ~l p ngonJtoc~ s.

;1I ; , c I n c ,~ b of cue in vi c u  red b l oon cell (R UG) concentrations docu L.~~~~~d

y i . c c  i.i vHro system for the 2—hour incubation period; init ;aI

n~C cac cect ra t ions  were not signif ~cant ly al tered in any of the s ;x

~~~~~ ~ , 12 , 83—86).

~~~~~~~~~~~~~~~~~~~~~~~~~ Role of r. o~hilc in chock. Neutrophils perform a key

‘He In ti c’ cleara nce of bacterial organisms in septic shock (7— 5 )  a;u tiiHr

/ c i u : C~ ] Ofl  can dave rcely inf luence the course of bacter ial infections ( 0 ,li,.

1 ;) ~ rerl .ly greater rurcbers of reutrophi IS  improve survival rate in se..cic snock

(4 ,u ,i , but the adequate provision of host-defense may exact an increasea c~tabo l~c



1

Cub. ,  (4 , s , l u ) .  Icce Intruvenoas sod H1 pccLaHrbi~~ i anes~rcc ia in

s i p  luau I ruduc lion in ci i’cul uting leukocy tes and grunui ocy~cc

1 2 : , ~ h ,  CjOl l . ’c ane sthesia in, t u f l  i rd in i  ts phugocytosis of ncucrc ~,.i is

v -n ~I T )  , LH ,) rcc c l t  study W uS desi gned to c’v~ Iuu~~ 1,2  eff ~cc of c~ .~iam

,~:i L ) b ~~’ Lu! .~~ C5 L 12S1O Ofl ~ i UCOSC uct a bo.  isri of lethocytes , s . rv i  vc. . rates

of ~~~~~ 15 ~~I morta lity race of live C. coli organisms in vitro.

- . - ‘ t . ;  
~~~

‘ e cshccia on s ’~u ’vival ra ~e of lcukoc~j tes and neu~ro~s . - f f .:.

~n ..,:c~,er ~r ch prev ious reports from cms lcboratory , intrave nous cc..~ n;s-

L I . L , H d , i j  s .b leL ~H toses of C. cc l i  endotoxin caused a marked le~,ko-

sea for mH r.Iy by an i rs c ceas. ~ in mature and i c a t u ’e n~~tr’o-

Alt hough in v iv o  acClnn is l rat ion of sodiu m pertobarbital  cc~ s - . a

in I e kocy 1~ concentr uLion , as previously reporced ( 1 2 )  , Ice I

510  u. .ilond in v i t ro from botn a ne st hec ized or unanest hetized dogs in ~r e

of C . coil organis ms does not af fect the surviva l rate of leukocy ce s.

,- . . . ‘. t . ~~;. of l y e  f .  col i to blood markedly decreases the concentrat i on of

. I , m C / c : 5 , cut  the leukocyc e loss was not s ignif icantly different ueiorC a ’

~ 0:’ ‘ cu, tu :s

: 5 ,  c r t r i ) p i c occ ount. d For 87% oF the total leukocyte cou.;t in c c

lcu :u cyLotic notoxin-p rotreuted nioou ;n contrast to 57% in nor iocytot ic

a mers of mature neucroph~ 1s in a 1 tubes were signi f icant ly I’C~~~..CL~~

ii Le e i i ~5eIiLe oF C . cc li , but th is loss in v itro was similar before a r c

~fl~r . : s t h c : ~ ia . A si grrif ica iL increase ii degenerated neutrophils was s~e;

re.i ii C e of C .  coli which was urii 111 ucriced by anesthesi a. baboon

ulnoe ni bjec Led to l ive C. co I l  a lso demon strated signif icant aecreuses I;

, , I r u  neut rophils and increases in degenerated neutrophils (17).
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• e a S). Ha on isa ~Ho 1 a al Sj  of ~~~~~ S ro~ P. 1 1 .  Pr cv • u u

l a V a  s H5 ectcd Lhat ircr~ased r umours of neutrophi is prose ct cn .,~~ls

i- rn j•~~~ - . ccl i  eni doLrJ xin (n ,61 or vu L .  cce i o r g a r i  sms (4,5), ~

5 .]  j  use ore sub strate in the proces s (3-6 ,16 ). Glucose ~o ca ~ e ;.~ s c lso

u ’:.c . Tj  u l e v . L e d  in the prese nt study a ,t e r  addi t ion of C. ccl i  in. ccc ’

( . 110t.c ect ’npni l ic)  blood compared wi th  the normocytot ic blood ( 4 .  F i r . L.-

sc 5 cj ss~i , :,u ICvcr , that pentobaroita l anesthes ia did not a lter g lucose ~~~ ~f

H :~~~ - : r. I r e  p resen ce or abse nce of l ive E. coli organ i s i s .

H e , : if r L I  . ;C I z  On 1?. coH j u2 ’OaJa , rar- .~. C. co l i  mortal icy was

51~ .- i c c n t j  i r iC r Q d Se u  fl loch cncoL oA n—pre treutea or saii: e—prc ’tr~

dl non , a t ho u ih  it was higbe r in the presence of increased ru lers of

a .  Iro ci ls. tc, uI.uu per. lobarbi lal anesthesia did not alter C. ccl i  crtH

r.~.e i tt~ i.~u Kocyt oc ;c  blooc .

I :1, u ’ cAaeccI.ecta a,.r! / a i~ rm.iCj cOc1c ~‘c vitro. Al thoucjo f indin gs n

Irs p res en t  stuny reveal rcuuctions in leu~ocyte are neutrophi l concer,cra:iccs

: I l ’ e .  a , these decreases d.c not a l ter  g lucose uptake , r e u t r ’ c p r . l  loss

t i e  ii ii,re c loon syste or I. coi l  1 0  c C l  I ty. The accelera L’d g~ucose

• I Hra reut rophi I loss and Ii vu HH arcH i ty were greater ;

.s~ ucropr ic ulood w i th  H co I l  adced , su~ j Lsc ing nig hcr races of ph~.5acyc~sic .

P i . I L J .  D..~ta reveal that sodiu m pertobarbita l ~nesth eS la ~oeo nut

. ‘cs - . gI cose uptake of neutrophi ls st imu lated by the acd it ion Of lIVe

2 . c c i i .  E. cc li viabi l i ty was reduced equally in blood obtai .ca before usc

m r  .011 c l  ;)entoba rbi tal anesthesia. Pre- and post—anesthetic blood s~c p l cs

ml H cc l i dH ,•d showed comparable decreases in mature neutrophi ls arid d c —

v. L10r 5 ii ru lers of degenerated neut rophi ls. These data suggest that the

H i  cj of tie neutrophil to phagocyt ize is not affected by sodium pentobarl; Sal

..~~i5 .h~siu

.- 
~~~~~~~
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FiGU I~E LEG NDS

Figure 1. iIl ~.~strates the pretreatm~nts of blood donor dogs and treatmen~s

of blood samples for study in vitro. Group B, experimental cogs ,

received E. coli endotoxin , 0.003 mg/kg , on Days 1 ano 2, anu

2.25 mg/kg (L3100) on Day 3. Group A, control an imals , receivcu

equa l volumes of sal ine on Days 1 , 2 and 3. On Day 4, blood for

in vitro studies was drawn from unanesthetized dogs in Groups A

and B. Then dogs in Group B were anesthetized w1th sod~um pei’~;o-

barbital (28-30 mg/kg) ard allowed to stabilize 30 minutes , at

whi ch time a secono blood sample was col l ected.

Figure 2. Effect of SOdju~i pentobarbita l anesthesia and E. co1~ orga~iis ms o.~

cumulative glucose utili zation in whole blood in vitro following

previous suDiethal injections of E. coli endotoxin in vivo

(N= 6 in each group ; total N = 36). E. coli or saline was adc~~

to each test tube immediately ~efor e zer o time ; l .Sx lO ä 
~~~~~~~~

ml of blood . Blood was drawn from saline-pretreated dogs with ~C

anesthesia and crO~ endotcxin-pretreated dogs before ana after

~r’sesthesia (see Fig. 1 for details). Glucose concentra;ior.s

(mean±SE) are plotted ar.d syr ;bois (
~, ~ , 0) located next ~o

P values show paired statistical comparisons of Tubes Al to A2 ,

83 to 84, and 85 to 86. The symbol (o) located next to P values

indicate unpaired statistical comparison of Tubes A2 to 84 and 36.
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