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Introduction. Patnologic manifestations of live E. coli organism shock
in the caninc species incliude progressively developing hypoglycemia, systeiic
hypotension and liver dysfunction (1,2). Recent reports from this labcratory
have linked survival of the cog in shock to leukocytosis, normoglycemia and
suscained gluconeogenic function (3-6). Subletnhal intravenous injections oF
£. coii endotoxin in the awake dog produce marked leukocytosis (3-6) and sud-

saequent survival of ZXLDIOO injecticns of either E. coli organisms or endo-

woxin (3-5). These studies reveal accelerated giucose utilization in the
ieukocytotic blood campared with normocycotic blood foliowing incubation witn
Tive L. coli organisins in vitro (4). The neutrophii's phagocytic activity nas
peen impiicated as the primary factor accounting for this elevated glucose
uptake (4).

Circulating neutrophiis play a key rcie in host defense against odacteria.
orgadisins in sentic shock (7-9). Neutrcphil dysfunction can adversely aviict
recovery vrom vacterial inTection and sinock (10,11), ana increased concentra=-
Sions of neutrophils are apparentiy critical in reducing mortality (4,3).
Incravenous poncobarbitai anestnesia causes a significant decrease in
Lcukocyte concentration in dogs (12), anc various barbiturates have cytociGal
eiffeces on tissue-cuitures of rat lymphocytes (13). General anesthesie in

WL innibits puagocytosis by neutrophils in vitro (14), while halothane anes-

taesia increases mortality in mice subjected to fecal peritonitis (15). ;:—-—‘
Since investigations employing anesthesia during septic snock may have s E
conpronised nost-defense, the present study was designed to determine i7 .
sodium pentobarbital anesthesia depresses glucose metabolisi 7 leukocyies, | wem ; }
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atiects survival of neutrophiis or modifies tne survival rate of live E. coli

organisms added to blooad in vitro.

Hethods. Twelve awake aduit mongrel dogs of either sex were used for
these studies. Dogs were selected for freedom of clinical signs of disecse,
absence of microfilaria of heartworms, tircated for intestinal parasites, and
stabilized for 3-6 weeks in our animal research facility.

Animails were divided into two groups of six dogs each. Group 3, experi-
meatal dogs, received E. coli endotoxin (Difco; Detroit, Mich.), 0.0C3 wmg/«g
on Days 1 and 2, and 2.25 mg/kg (LDIOO) on Day 3. Group A, contro! animals,
received equal volumes of saline on Days 1, 2 and 3. On Day 4, dlooc Tor the
in vitro studies was drawn intravenously into plastic syringes wet with
heparin (1000 U/ml concentration) from awake dogs in Groups A and B. The
dogs in Group B were then anesthetized with sodium pentobarbital (28-30 mg/kg)
anu aiiowed to stabilize 30 minutes, at which time a second blood sample was
coiiected.

Iinmediately following each collection, biood was divided into 1C ml
volunies in separate sterile plastic tubes, each containing 0.1 ml heparin
(20,000 U/ml), capped, gently mixed and placed on ice. The blood from Group A
cogs (saline-pretreated) was separated into two 10-m1 aliquots and designatec
as Tubes Al and A2 while blood from Group B dogs (endotoxin-pretreated) was
scparated into two 10-m1 volumes before anesthesia and designated Tubes 33
and 84, and after anesthesia, BS and B6 (see Figure 1). Live E. coli organisms

were prepared as previously reported (16,17) and a LDIOO’ 0.25 ml (8.0x10g
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organisims/ml concentration), was added to Tubes A2, B4 and B6 whiie equa’ ﬁ
volunes of saiine were added to Tubes Al, 83 and B5. The 10-ml aliquots

v

were separaied into 5-ml volumes and one set of tubes, Al through 36, was

.

siinuitaneousiy placed in a 37-38°C water bath, incubated and gentiy tumsled
for tne duracion of the experiments. In vitro blood glucose concentrations
ware cetermined hourly with a eckman glucose analyzer (3eckman Instru.enis;
Fullerton, Calif.) possessing en accuracy of +3 mg%, and each experiment

was teriiinated when blood glucose feil to an average concentration oF 12 mg%.
Tne extra set of tubes (Al through B6) was sampled initially 7or E. coli
viability counts, glucose concentration, total leukocyte and differential {
icukocyte concentrations, and discarded. In all three tubes containing :

£. coil, glucose reached a mean of 12 mg% in an average of +2 hours of incuoa-

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

ieukocyte and E. coli concentrations was drawn. Initial and final white blood
cell (MBC) counts were measured with an automatic particle counter (Coulter l
ZF; fiialeah, Fla.), the WBC differential by microscopic examination of biooa
siears stained with Wright's stain, and E. coli viability using standara
serial dilution and pour-piate techniques.

e LD-

00° 1.25x10'0 organisiis/kg, determined in the earlier in vive

————

swuaies (4), was calculated for use in the present in vitro studies by

—_—

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

organisms in vivo, and the in vitro organism concentration thus selected was

i.4-].5x108 organisms/m1 blood.

The Teukocytotic blood from each experimental dog (endotoxin-pretreated),

after tne separate additions of either live C. coli organisms (LDIOO) or

o e gend @ BunC
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séiine in vitro, was used to test the effect of sodium pentobarbital anes-
thesia on glucose uptake, totai leukocyte concentration, differential 1euko-
cyte concentration and E. coli viability.

Results from all experiments were andlyzed using the "t" test Tor pairec

or unpaired data.

Results. Table I shows the effect of sodium pentobarbital anesthesia

enu ive £. co.i organisms on total leukocyte concentiration. Subletnal

-

injections oi E. coli encotoxir for three consecutive days causea a signivi-

o L el Tl S SR AL - o e 3
car.t icuxocytosis (28,100/imm”) in Group 8 dogs compared witn the 10,300/aam

leukocyce count in the saline-pretreated animals (Group A). Wnen the biood
from Tubes b3 and B5 are compared with That Trom Tubes B4 and B6, it can be
seen that socium pentobarbital reduced (p<0.07) the circulating leukocyie

cenceniration. Altnougn tne addition of live organisms in vitiro caused &

decrease (p<0.003) in total leukocytes (Tubes A2, B4 and BG), tie mean
recuction bevore anesthesia (-8800 in Tube 34) was not statistically diviercat
“u

Tron the mean decrease afier anesthesia (-10,500 in Tube B6).

The eifect of pentobarbital anesthesia and £. coli organisms on neutropnil
SUrvivai in viiro are siown in Tadies IA, iB and IC. Oifferential leuxocyte
cournts show that the leukocytosis was primariiy due to an elevated niature
neutropnil count (24,100/mn3) although immature neutrophils were aiso increased
(p<0.09) wnen compared with saiine controls. As a function of the cecrease
in tocal circulating leukocytes after anestnesia (sce Table I), mature neutrc-
5007 concencracion is significantly reduced (p<0.02) Tubes B3 and B4, 24,1C0

wnd 24,000, #/mm3, compared wich Tubes 55 ard B6, 20,700 and 20,500, # )

—— - g— — e —agg—




ts show tnat sodium pentovarbital anestnesia does rnct alter
tiic survival rate of mature or immature ncutrophils during the mean 2-hour
in vitro exposure time. Addition of E. coli organisms in a LDy g Concentra-

5\

ti0n werkedly decreases the aumbers of mature neutrophils (p<C.02) and
eievates the numbers of degenerated neutrophils (p<0.02). Aithougn the lcss
07 mature neutrophils is significantly greater (p<0.05), -7500 in Tube 34
ana =8700 in Tube B6 in endotoxin-pretreated blood compared with saline-
pretrcated blocd (-2800 in Tube A2), there is no difference in neutrophil
16ss during the mean in vitro exposure time of 2 hours in blood drawn before
or after sodium pentobarbitail injection. There were no significant changes
in monocyte or lymphocyte concentrations in tubes containing iive E. coil
organizms wiether blood was sa.ine-pretreaced (norimocytotic) or endotoxin-
arecrcaied (leukocytotic) before or after anesthesia.

Figure 2 iilustrates the effects of in vitro live E. coli organisis

(LJ)CG) and sodium pentobarvital anesthesia on mean cumulative glucose uptasc
in 0iood from Lhree paired experiments (tocai, N=36; i.e., 3 sets of 12
experiments each). The saline-pretreatea aog blood (Tubes Al and A2) was
ovtaincd Trom six animais and either L0500 live E. coli organisms or saline
wos auaed Lo separate tubes in vitro immediately before zero time. The
endocoxin-precreated dog blood was obtained from six animals before anes-
chiesta (Tubes B3 and B4), from the same six dogs after anesthesia (Tubes G35
and B86), ana again either LD.

10
fhe acaition of Tive organisms (upper thiree curves) results in a markedly

g ‘ive E. coli organisms or saline was addec.

clevated glucose uptake during all time pericds (p<0.05) compared with each
paired saline control tube. The admwinistration of sodium pentobarbital i

vivo did not change the rate of glucose uptake when tubes containing saline
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(63-05) or containing E. coli (G4-B6) were ccmpared. Gliucose uptake was
cievaced (p<0.01) ia the endotoxin-pretreated lcukocytotic blood in the
nresence of Tive organisms (Tubes B4 and 36) compared with saline-pretreated

normocytotic blooa with £. coli added (Tube A2).

Vabie i1 aepicts tne efvects of in vivo anesthesia on E. coii mortaiity

in vicra. In che neutrophiiic biood from endotoxin-pretreated ¢ogs, tne
auiber o7 live E. coii organisms both before and after scdium pentoversital
8 « G

anostiesia was signiticantly reduced (p<0.01), from 1.5x10° to 1.8x10

o
8

pefore anestnesia and from 1.4x10° to 1.6x10° after anestnesia, comparcc

. ] e > 7 - - ‘ = N
witn chie reduction of 1.5210° to 1.4x10° organisms/ml in the blood with fewer

neucropiniis firom saline-pretreated animals. The E. coli mortality rate in

viire Tor tne 2-hour incubation period was 99% before and after anesthicsiu
for neucropniiic blood, which was a greater reduction (p<0.C05) than in the
saiine-pretreated (no anesthesia) blood of 91%. The percent reduction in
nuaons of E. colioin all three tubes underscores the neutrophil's great
capacicy Tor bacterial phagocytosis.

Mieasurcmenc of the in vitro red blood cell (RBC) concentrations docuwciived

Lie Seabilicy of whe in vitro system for the 2-hour incubation period; initial
it Tinae oG concentrations were not significantly altered in any of the six

wbes (Al, A2, B3-B6).

Diceussion. Role of neutrophils in shock. Neutrophils perform a key

role in the ciearance of pacterial organisms in septic shock (7-9) and their

~

dysfunction can adversely influence the course of bacterial infections (i10,11).

Apparently greater numbers of neutropniis improve survival rate in sepiic shock

(4,5), but the adequate provision of nost-defense may exact an increased metabolic
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cost (4,5,16). Since intravencus sodium pentobarbital anesthesia in dogs
Causes a signiticant reauction in circulating leukocytes and granulocyces
(12) ana general anesthesia in man inhibits phagocytosis of neutrcphils in.
vitro (14), the present study was cesigned to evaluate tne effect of soaiun
peatobaroital anesthesia on glucose metaboiism of leukocytes, survival rates
Gi neucropnils and mortalily rate of Tive £. coli organisms in vitro.

Lffeets of anesthesta on survival rate of leukocytes and neutrophils

Ia agreciient with previous reports from this laboratory, intravenous adninis- ;
:
tration o7 daily sublethal coses of £. coli endotoxin caused a marked leuko- {
1

cytosis accounted for mainly by an increase in mature and immature neutiro-
siias (5=6). Although in vivo acministration of sodium pentobaroitai causcs a
~eduction in lcukocyte concentration, as previously reported (12), the incuba-
tion of Dlood in vitro from botn anesthetized or unanesthetized dogs in ine
wooence of E. coli organisms does not affect the survival rate of leukocytes.
iceition of Tive E. coli to blocd markedly decreases the concentraticn of
icukocywes, but the leukocyte loss was not significantly different before cor

arter anesthesia.

Meture neutrophils accounted for 874 of the total leukocyte count in tae

jeukocyiotic endotoxin-pretreated vlood in contrast to 57% in norwmocytotic

biood. Numbers of mature neutrophils in all tubes were significantly recuccc

in the presence of E. coli, buc this loss in vitro was similar before arc {
arter anestiesia. A significant increase in degenerated neutrophils was sccn

inoLne prescence of £, coli which was uniniluenced by anesthesia. Baboon

olood subjected to Tive E. coli also demonstrated signivicant decreases in

wature neutrophils and increases in degenerated neutrophils (17).

-



‘feet of anesthesia on metabolie activity of neutrophils. Previcus

scucies have suggested that increased numbers of neutrophils protect animals
from 2xLD. ~n C. cOli endotoxin (3,6) or live E. coli organisms (4,5), &lthough
trhoy may use wore substrate in the process (3-6,16). Glucose uptake was a.se
markedly elevated in the present study after addition of E. coli in the teuxo-
cytotic (neutrophilic) blood compared with the normocytotic blood (4. Fina-
ings show, sowever, that pentobarpital anesthnesia did not alter glucose uptaxe

-

plood in the nresence or absence of live E.

coli organisnis.

Effect of anesthesia on E. coli survival rate. E. coli mortality was
significantly increased in botn enuotoxin-pretreated or saline-pretreaccd

Gog blood, although it was nigher in the presence of increased numbers of
neutvopnils.  Sodium pentobarbital anestnesia did not alter E. coli mortaiivy
race in the Teukocytotic blood.

Lffect of anesthesia and leukocytosis in vitro. Althougn findings in

the present study reveal reductions in leukocyte and neutrophil concentraticas

cf

after anesthesia, these decreases did not aiter glucose uptake, neutropnii i3Ss

in the in vicro blood systei or E. coli mortality. The accelerated glucose

uptake, wature neutrophil loss and live E. coii morcality were greater in tae

aeutropnilic blood with E. coii adced, suggesting nigher rates of phagocytos:is.

Sumnary.  Data reveal thet sodium pentobarbital anesthesia does not

aepress glucose upiake of neutropnils stimulated by the addition of live

coli. E. coli viability was reduced equaliy in blood cbtai.ed betore ana
weer sodiun pentobarbital anesthesia. Pre- and post-anesthetic blood sampies
wilh L. coli added showed comparable decreases in mature neutrophils and ele-

vitions in nuinbers of degenerated neutrophils. These data suggest that the

Wbitity of tne neutrophil to phagocytize is not affected by sodium pentobarbita

aneschesia.
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Figure 1.

Figure 2.

FIGURE LEGENDS

I1lustrates the pretreatments of blood donor dogs and treatments
of blood sampies for study in vitro. Group B, experimental aogs,
received E. coli endotoxin, 0.003 mg/kg, on Days 1 and 2, and

2.25 mg/kg (LD]OO) on Day 3. Group A, control animals, received
equal volumes of saline on Days 1, 2 and 3. On Day 4, blood 7or

in vitro studies was drawn from unanesthetized dogs in Groups A

and B. Then dogs in Group B were anesthetized with sodium pento-
barbital (28-30 mg/kg) and allowed to stabilize 30 minutes, at
which time a secona blood sampie was collected.

cffect of sodiui pentobarbital anesthesia and E. coli organisms oa
cunulative glucose utilization in whole blood in vitro following

previous subietnal injections of E. coli endotoxin in vivo

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

to each test tube immediately oefore zero time; I.leod ovgatisus/
ml of blood. Blood was drawn from saline-pretreated dogs witn nc
anesthesia and Troa endotcxin-preireated dogs before and after
anesthesia (see Fig. 1 for details). Glucose concentrations
(mean+SE) are plotted and symbols (9, &, Q) located next ©o

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

B3 to B4, and B5 to B6. The symbol (¢ ) located next to P vaiues

indicate unpaired statistical comparison of Tubes A2 to B4 and 6.
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