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/ ABSTRACT

)~Recent studies reveal that endotoxin-pretreated awake dogs become

-• 
~• markedly leukocytotic and survive superlethal endotoxin challenge without

- •

• • 
hypoglycemia. 111~~~5Urpose-ofjhis study 4~e~~to determine if leukocytosis

protects the liver and alters survival in endotoxin shock. Studies were

ID 
—~~~ conducted on awake, healthy dogs with the endotoxin group ~~=5) injected

L~
j.v. with l/ l , 000~~~~~~ E. ccli endotoxin on daysland 2, tD1od~ on day 3

and 2 x ~D10~j’-~on day 4. The control group ~ J-”~~ received equal volumes of

saline on days 1 , 2 and 3 , but on day 4 received 2 x LD 10~ endotoxin. All ~~

saline-pretreated dogs died within 7 hr following superlethal endotoxin

challe nge . ~ Since in parallel studies all endotoxin-pret reated dogs (n=ll)

lived 30 da ys ,~ each animal in the experi menta l group was sacrificed at the

t ime of its l)aired saline control’ s death for a comparison of liver pathology .

1~n d otu ~~in  c x p cr i m c n t a l  an imals  exhibited a marked leukocytosis (39 ,000/n

(l~
1) . l)O i) 1)1) day 4 compared w i t h  sal i ne— p retreate d controls. At ‘tbe~~ ime of

I i vc r  &lIz y nses arg in a ~;e and SCP’I’ were elevated (p<~ -~-02~~ in the saline

controls compared w i t h  endotoxin-pretreated dogs. Histological findings

• for sal inc-pretreated animals ranged from marked to massive hepatocellular

necrosis , while endotoxin-pretreated dogs ’ liver pathology consisted of mild

centra l lobular congestion and necrosis..- ~esult~ suggest~that leukocytosis

protcct~ l iver  function and enhanceJ survival~ in endoto~cin shock.

IN D EX TERMS : canine , endotoxin shock , liver function and leukocytes
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Alterations in carbohydrate metabolism have been recognized to play a

pivotal role in host defense against shock; therefore, the hepatosplanc)rnic

region may become the focal point determining circulatory and caloric hoineo-

stasis in shock. Recent studies have documented pathophysi~ logic manifesta-

t ions in canine endotoxin shock or live E. coli septicemia including hypo-

glycemia, systemic hypotension , hepatosplanchnic dysfunction and death (3 ,18 ,

21 , 22) . The progressively developing hypoglycemia has been proposed to result

mai nly from depressed liver and kidney function , particularly gluconeogenesis

(2 , 11, 14 , 18) , although accelerated glucose uptake of blood has been impli-

cated (2,22).

White blood cell (WBC) phagocytotic activity has been suggested as the

primary facto r responsible for the accelerated glucose uptake of blood follow-

ing in vitro incubation of endotoxin and live E. ccli organisms (22) . Endo-

toxin  is known to be eff icient ly phagocytized by polymorphonuclear leukocytes

(6 , 7 ) ,  and an associated increase in glucose utilization by neutrophils has

be ’n repor l  (‘(I to occur (26 , 27 ) .  A recent report has shown circulating neutro-

phi  Is to be ot  major i mportance •in the clearance of bacterial organisms (25) .
- Recen t resul ts  from this  laboratory have shown chat dogs become markedly

l eukocytoti c when administered sublethal intravenous •injections of endotoxin

and subsequently survive a 2 x LDiO~ endotoxin , in contrast to control ani-

mals challenged with the identical superlethal dose (23 ,29). It was hypo-

thesized that effective phagocytosis in the buffy coat could spare the liver

and reticuloendothelial system the stress of endotoxin detoxification and

prevent depression of gluconeogenic function (23 , 29).  Blood glucose concen-

trat ions were found to decrease during early leukopenia but returned to norma l

in the “protected” endotoxin-pretreated group , suggesting an association of

leukocytosis with preserved liver function (23 ,29) .

-
~ 

_
~~

_ __ 1_ _ ~
_
~• • - -

~~
•
~~~~~~~~~~~~~~~

—
~~~~~~~~~~

- - —
~~~

•
~~~~

•-
~~~~~~~~~~~~~~~~~

. —- •
~~~~~~~~

- —
~~~~~

- • • - - - • .•~~~~• - -•~~~~~~ - • ~~~~~~~~~~~~~ ——



2

- • 
• 

The purpose of the present study was to explore a possible protective

role of the leukocytes against the lethal effects of shock and the altered

gluconcogenic capacity of the liver.

METhODS

• Eleven awake mongrel adult dogs of random seo , free of disease , were

- 
• used in the present study . All animals were treated for intestinal parasites

and dogs with heartworm microfilaria were eliminated . Animals were allowed

a stabili zaton period of 3-6 weeks and only those with initial white blood

cell (W13C) counts between 7 ,000 and 20 ,000/ mm3 and hematocrits exceeding 37%

- were u t i l ized . Experiments were designed to follow alterations in peripheral

white  blood cell  (WBC) counts , rectal temperatures (TR) ,  serum insulin , blood

glucose , arg inase and serum glutamic pyruvic tran saminase (SGPT) during

adminis t ra t ion  of sublethal and superlethal doses of E. coli endotoxin (Difco ,

Det ro i t )  wi th out  the influence of anesthetics. Other parameters monitored

were concentr a t  ions of potassium , sodium , serum glutamic ox~ lacetic trans-

a i n i n : i s e  (SC O l) , l ac ta te  dehy drogenase (LDH ) and fractionated-lactate dehydroge-

n~~;c (l~- I D I I ) , us ing a Technicon SMA 12/60 and 6/60 system “Chem 18” (Technicon

Instruments  Corporation , Terrytown , New York) .

Dogs were divided into sal ine control and endotoxin experimental groups .

The endotoxin group received sublethal doses of endotoxin of 0.003 mg/kg body

weight on days 1 and 2 ( i .e. , 1/1 ,000 LDlo~) ,  3 mg/kg on day 3 ( i . e . ,  LD100)

and a chal lenge dose of endotoxin of 6 mg/kg on day 4 ( i . e . ,  2 x LOlOO) . The

control group received equal volumes of saline on days 1, 2 and 3 , but on

day 4 received a 6 mg/kg challenge dose of endotoxin ( i .e . ,  2 x LD 100) . The

LD100 of E. col i  endotoxin (3 mg/kg) had been previously established in a

group of approximately 25 dogs . White  blood cell counts , rectal temperatures
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(T R ) ,  insulin , gl ucose , arginase , SCIPT, and Chem 18-surveyed agents were

measu red in i t ia l ly  ( i .e . ,  before endotoxin or saline inj ection) during each

of 4 days of observation . WBC , TR and glucose values were measured at one

and 6 hours post-inj ection on days 1, 2 and 3 , while Chem 18 values were

• taken at one and 6 hours on day 1 but only at 6 hours on day 3. Recent

studies f rom this laboratory documented that all dogs given sublethal injec-

tions of endotoxin survive a superlethal endotoxin shock (N=ll) , while 100%

die when “pretreated” with saline and then chall enged with th e same super-

lethal dose of endotoxin (N=ll)  (23 ,29) . Therefore on day 4 terminal blood

samples were collected in both groups at the time of each saline-pretreated

animal ’ s death , the endotoxin-pretreated dog was sacrificed , post-mortem

examinations were performed and tissues were evaluated by light and electron

microscopy .

The WBC counts were measured with an automatic particle counter (Coulter

Z 1~; l l i a l c a h , F lor ida) . Blood glucose concentrations were determined using a

R cc L man ~I i icose  a n a l y z e r  (Beckma n tn slrum ents;  Fullerton , Ca l i f . )  with an

;Ic i~r acy ol ‘3 ing~~, and rectal temperatures were obtained using a Tele-

Thermometer probe (Yellow Springs Instruments; Yellow Springs , Ohio) . Serum

i n s u l i n  values were determined by the Phadebas insulin test (Phar*~acia;

Ilpp sa la , Sweden) as previously reported (2 ,3). Arginase and SGPT values were

determined usi ng Chem assay k i ts  (Pitman Moore , m c ;  Washington Crossing,

N . J . ) .  Blood samples were obtained by venipunctures of the jugular vein ,

then placed in vacutainers containing ethylenediamine-tetraacetic acid (EDTA ;

B eckto n -D ickinson)  or clot tube vacutainers . The injection of saline or

endo tox~n was by the intravenous route u t i l i z ing  the cephalic vein. Results

were analyzed using the t test for paired or unpaired data. 
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RESULTS

~tC .1 Table 1 presents WBC (/mm 3) and blood glucose (mg/ l00 ml) data obtained

from an imals receiving single sublethal injections of endotoxin on days 1,

2 and 3, and superlethal administrations of E . coli endotoxin on day 4. Daily

values were obtained prior to inj ections of endotoxin in the experimental and

control groups and are seen to reflect the effects of previous injections on

days 2 , 3 and 4. Significant leukocytosis (p cO .O2) is observed in the experi-

mental group on days 2 , 3 and 4 , with an initial value of 38 ,700/mm 3 at zero

time on day 4 , which is significantly elevated (p <O.OO 1) when compared with

the control group . Following superlethal endotoxin challenge on day 4 , mean
I’ glucose concentrations rose higher in the saline-pretreated group , although

d i f f e rences were not stat ist ically significant due to variations between

- 
* animals.

• 2.. Results from Table 2 demonstrate significant increases in rectal temp-

eratures ( °C) in dogs administered sublethal to lethal injections of endo-

tox in .  Elevat ions  in temperature were observed between one and 6 hours

a f t e r  sub le tha l  inj ections of endotoxin on days 1-3 (p<0 .OS) in contrast to

the contro l an i mals in which rises were not seen . Superlethal challenge of

endotox in on day 4 e l i c i t ed  sig nif icant  increases in temperature (p<0.02)

in both experimental and control groups.
•

Alterations in serum levels of arginase , glutamic oxalacetic tran saminase

and g lu tamic  pyruvic transaminase in response to sublethal and super].etha l

. . ..~
. in jec t ions  of endotoxin are presented in Table 3. Arginase l evels are s imilar

in both the endotoxin experimentals and sal ine controls for days 1-3 , whi le

on the  fourth day after superlethal endotoxin challenge concentrations of

the enzym e in the control dogs are s igni f icant ly  higher (p C O.O2)  than in the

endotoxin -pretreated group at both one and 6 hours post-endotoxin . On day 3

and at the day 4 in i t ia l  samp l ing , concentration s of SGOT and SGPT were

increased ~~<O.025) in the .ndotoxin-prftroated animals , but by 6 hours after



F— —
~

- -----—- - T _:____.- --

I
superlethal endotoxin challenge both SGOT and SGPT were markedly higher

(p<O.O05) in the saline-pretreated control group.
- .  

Morpholog ic changes of the liver observed with light microscopy in~

5 of 6 animals in the sal ine-pretreated group ranged from marked to massive

central lobula r necrosis throughout two-thirds or more of the individual

lobuh.s with central lobular congestion in the same 5 dogs . The 6 endotoxin-

pretreated dogs exhibited minimal to mild central, lobular congestion while two H

animals showed early minor central lobular necrosis. Liver sections from both

groups contained minimal to mild numbers of polymorphonuclear leukocytes

within  the sinusoids.

Table 4 i l lustrates chan ges in serum concentrations of LDH and F-LDH in

response to endotoxin. On day 3, LDH was significantly increased (p<0.Ol)

in the control animals as compared with the endotoxin-pretreated group. Mean

LDII concentration increased in the control group at the initial sampling on

day 4 as compared wi th  day 1 , but this rise was not significant. On day 4,

LDI I and P - l OF t values rose rapidly in the controls in response to superletha l

endotoxin injection (p<O.O1) and notably exceeded the increases in the endo-

toxin-pretreated group at one and 6 hours after endotoxin (p<0 .OOl).

Fluctuations in serum insulin and potassium concentrations in response

to sublethal and superlethal injections of endotoxin are arrayed in Table 5.

On day 4 at one hour after 2 x LD100 endotoxin injection, serum insulin had

decreased significantly (p<O.OS) in the endotoxin-pretreated group but had

risen sharply (p<0.O2) in the control animals. The 254 l*U/ml concentration

• observed in the control group is markedly above (p<O.Ol) the 10 pU/mi value

seen in the experimental animals. Mean insulin values remained at the high

level in the controJ group although variations in individual animals rendered

this increase statistically insignificant . By day 4, control potassium con-

centrations were lower in experimental animals (pcO.Ol) than the initial
_ 

-
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day 1 control values. In the control animals, potassium values increased

from 4.5 to 8.7 mEq/L (p<O.Ol) by 6 hours in response to superlethal endo-

toxin challenge , while the experimental group showed minimal changes.

DISCUSSION

Results from the present experiments reveal a rapid leukopenia (p<O .05)

followed by a leukocytosis in response to sublethal and superlethal injec-

-
• tions of endotoxin. In recent studies (23,29) ,  all animals receiving daily

sublethal injections of endotoxin survived superlethal challenges of endotoxin

and were permanent survivors. Recent data (23,29), as well as results from

the present study, show that animals not receiving sublethal endotoxin injec-

tions are very susceptible to the adverse effects of endotoxin and die in an

average time of 6 hours. Normoglycemia was observed in the “protected” ani-

• mals in contrast to hypoglycemia seen in the saline-pretreated control dogs

at 5 1/2 hours post-endotoxin (29). The sharp contrast in blood glucose

concentration and 100% survival versus 100% mortality observed between the

two groups led us to speculate that the circulating neutrophil was playing a

liv cr-spa riii g role. In order to test the hypothesis that the circulating

leukocvte i s  [ l i e  h o s t ’ s f i r s t  l i n e  of defense and that the leukocytosis seen

in  c n d o t o x i n -p r e t reated dogs may protect the liver in its ability to perform

gluconeogenesis , a battery of liver-specific enzymes as well as light micro-

SCOPY of liver sections were studied .

The increased numbers of neutrophils seen in the present study may have

effected an efficient and rapid clearance of endotoxin since Cline and co-

workers  (6) and Cohn et al .  (7) have documented that neut rophils  phagocyti ze

endotoxin . Increased phagocytosis could account for the significant differ-

ence in the specific liver enzyme values observed between endotoxin- and

saline-pretreated animals in response to 2 x LD100 endotoxin injection . Six
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hours after superlethal endotoxin challenge, SGPT values were 265 Units in

the saline-pretreated animals compared with 100 Units (p<0.OO1) in the endo-

toxin pre-injected dogs. Cornelius et al . (8) documented that elevated serum
I.

concentrat i ons of glutamic pyruvic transaininase (GPT) are a sensitive specific

test for liver necrosis since GPT is found in hi gh concent rations in can ine

hepatic parenchymal cells. Arginase is found in significant concentrations

w i t h i n  the liver of the dog (9), and therefore a marked elevation (p <0 .OS) in

plasma arginase activity from a mean of 9 at control to 296 , as seen in

response to 2 x LD100 endotoxin in the saline controls, indicates a necrotic

process within the liver. The “unprotected” saline group in the present study

sustained more severe liver damage than the endotoxin-protected dogs in response

to superlethal endotoxin challenge , as indicated by elevat ed serum arginase

and GPT values as well as morphologic examination of liver tissues . These

results  are supportive of the hypothesis that the initial increased numbers

of whi te  cells (38 ,700/mm 3) through phagocytosis may be th e most ef fecti ve

defense against the hepatic dysfunction observed in shock.

in  tin ’ pr esent  study marked cellular damage was sustained by the saline-

pretreatccl a n i m a l s  in response to superlethal endotoxin compared with endotoxin-

• pretreated dogs , since SGOT, LOU and F-LDU concentrations are significantly

elevated at 1)0th one and 6 hours post-endotoxin (p<O.Ol) . Elevations in SGOT ,

LDH and F-LOU have been documented in the cases off diseases of the heart , liver

and even skeletal muscle (4,30). An additive factor conceivably contributing

to l e tha l i t y  may be the significant increases (p < O.O l )  in serum potassium seen

in  the saline-pretreated dogs in response to 2 x LD 100 endotoxin compared with

the endotoxin-pretreated animals. These elevations further support the present

enzyme data suggesting notable tissue damage and reflecting a generalized

loss of intracellular potassium .

Although other factors may have performed key functions in the surviva-

bil i ty to endotoxin in the present study, the primary purpose of the present
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study was to assay the role of leukocytes in the host-defense mechanism.

I t has been suggested that the host ’s primary defense mechanism against micro-

b i al infections depends upon phagocytosis and intracellular killing by poly-

morphonuclear  leukocytes (25). The present study suggests the protective

inf l uences of leukocytosis as stimulated by sublethal injections of endotoxin.

Leukocytosis associated with endotoxin has been reported to occur via entry of

new l eukocytes from the bone marrow into the circulation (19). h-Jollingsworth

and Beeson (24) hav e shown that if rabbits are transfused with healthy leuko-

cytes , injections of E. co li are cleared normally despite the fact that the

transferred leukocytes have disappeared from the peripheral blood .

Since surv ivab il ity has been associated wi th leukocytosis (23,29), there

are possible therapeutic implications regarding the role of the white blood

cell in endotoxin shock. Recent reports have described beneficial effects

of transfused white blood cells as a treatment for septicemia in neutropenic

patients (17) and dogs (12,13). Graw et al. (17) reported a significant

• in crease i n  surv i val rate in patients with gram-negative sepsis when trans-

fused w i t h  granulocytes.

[n the  present  study rectal temperatures markedly increased (p<O. 02) in

• both s a i in e ~ and endotoxin-pretreated dogs following superlethal endotoxin

ch allenge although there were no significant differences in febrile response

hetween t he  groups. Studies in rabbits administered endotoxin have shown

that neut rophils release a pyrogen producing a febrile response (16). Other

rcI~
orts have produced evidence that endotoxin elicits fever by a direct

action on the brain (15). Rabbits rendered leukopenic with nitrogen mustard

and then gi ven endotoxin exh ibited a rapidly developing fever (16). Apparently

t he febrile response as observed in the present study played no role in deter-

mining lethality since the “protected” dogs spiked fevers equal to the “non-

protected” animals; in fact, the febril e response may perform a beneficial

_ _ _ _  _ _ _ _ _ _ _ _ _
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role in enhancing metabolic activities of the white cells (23) in the leuko-

cytotic animals  or improving hepatic blood flow on the basis of decreased

blood viscosity, as well as through the release of a pyrogen derived from

the leukocyte (16) or endotoxin itself (15).

Buchanan and Fi lkin s  (5) have documented in rats that any condition

associated with elevated insulin secretion increases lethality in endotoxin

shock , whereas lethality is reduced in situations of depressed insulin secre-

tion. In the presen t study a marked hyperinsulinemia (p<O.02) was observed

in the saline-pretreated control dogs after superlethal endotoxin challenge,

and all animals died . 1-liebert et al. (20) compared insulin secretory rates

(ISR) in dogs and monkeys subjected to hemorrhagic shock and found a six-fold

increase in shocked dogs after glucose loading with no ISR response in monkeys .

Glucose d is appearance rates during intravenous glucose tolerance testing in

the hypotensive dogs and monkeys were not different, suggesting that the alter-

at ions in glucose metabolism during shock in the dog might be mediated prin-

‘ c ip a l ly  throug h per ipheral factors of “insulin resistance”, whereas the monkey

- .. was influenced more by altered insulin secretion (20). Insulin values of

2S~ ~U/m l in response to blood glucose concentrations of 140 mg% in the present

• study are excessive when compared with results from a study of burn patients

in w h i c h  Allison and co-authors (1) reported higher than normal insulin

responses of approximately 250 pU/mi to a glucose load of 450 mg%, suggesting

— an insulin resistance. A hyperglycemia of 140 mg% with an excesssive insulin

release was observed in the present study one hour post-endotoxin , bu t blood

glucose remained at 142 mg% after 6 hours, further suggesting the presence

of insulin resistance.

Normally, the early hyperg lycemi a of en~~toxic , septic and hemorrhag ic

sh ock (3,5,10,14,20,21) has been attributed to sympathetically-stimu lated

glycogenolysis and aipha-adrenergic suppression of beta cell insulin release

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_
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f rom the pancreas (10) . Data from the present study in endotoxic shock

• suggest that the dog escapes catecholainine-induced insulin suppression in

accordance with data reported on the canine species in hemorrhagic shock (20).

Resu l ts from the present study show that the dog may be protected against

the lethal effects of endotoxin shock (2 x LD100) by prior treatment with

sublethal intravenous injections of endotoxin; data suggest that the febrile

response is not a factor determining lethality and that the neutrophil may be

the host’s first natural line of defense against infection (28); and therefore

leukocytosis plays a significant role in protecting the liver against damage,

enhancing survival in endotoxin shock.
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TABLE 2. Effect of endotoxin on rectal temperature in dogs

Time (hours) *

Day Group 0 +1 +3 +6

C-I- 38. 3 38.4 38.3 38.3

1 E-I- 38.1 38.7 39.5 38.8

• p1
~ 

.001 .05

C 38.1 38.2 38.2 38.2

2 E 38.2 39.0 39.5 38.6

p .001 .001

C 38.1 38.2 38.1 38.1

3 E 38.4 39.2 39.7 39.9

p .001 .001 .001

C 38.2 39.8 40.2 39.9

4 38.8 40.3 40.0 39.7

.05

TR = °C. Total of ii dogs; 5 pretreated with endotoxin and 6

with  sal ine.  Experimental animals received sublethal doses of

E. co i l endotoxin ; 1/1 ,000 LD 100 on days 1 and 2 , LD100 on day 3,

and 2 x LD100 (6 mg/kg) on day 4. The contro l group received

volumes of saline equal to endotoxin solution on days 1, 2 and

3, and 2 x LD100 on day 4. *Hours post-injection;

control group receiving saline only on days 1, 2 and 3.

tE = mean of experimental group; C = mean of control group .

= unpaired comparison between control and experimental groups.
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Recent studies reveal that endotoxin-pretreated awake dogs become markedly leuko-
cytotic and surv ive superlethal endotoxin challenge without hypoglycemia. The purpose

• of this study’ was to determine if leukocytosis protects the liver and alters survival
in endotoxin shock. Studies were conducted on awake , healthy dogs with the endotoxin
group (N=5) injected i.v. with 1/1 ,000 LD 00 

E. coli endotoxin on days 1 and 2 , LD
on day 3 and 2 x LD 100 on day 4. The conh-oi group (N=6) received equal volumes

• saline on day s 1, 2 and 3 , but on day 4 received 2 x LD 
0 

endotoxin. .-\1l saline-
pretreated dogs died within 7 hr following superlethal ~n~otoxin challenge. Since
in parallel stl.dies all endotoxin-pretreated dogs (N=li) lived 30 days , each animal
in the experimental group was sacrificed at the time of its paired saline control’ s
death for a comparison of liver pathology. Endotoxin experimental animals exhibited
a marked leukocytosis (39,000/nun 3) (p<O.OO l) on day 4 compared with saline-pretreated
controls. At the t ime of death liver enzymes arg inase and SGPT were elevated (pc0.02)
in the saline controls compared with endotoxin-pretreated dogs. Histological find-
ings for saline-pretreated animals ranged from marked to massive hepatocellular
necros is , while endotoxin-pretreated dogs ’ l iver pathology consisted of mild central
lobular congestion and necrosis. Results suggest that leukocytosis protects liver
function and enhances survival in endotoxin shock.
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