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The pre s~~~~in vitro study was conducted to explore influences modifying

glucose uptake in canine blood administered an estiit~ ted B. coli endo-

toxin. Particul ar emphasis was given to assay the role that leukocytes

perform in glucose utilizatio n. Results show significant increases in glucose

uptake and lact ic acid production 1-3 hours following endotoxin addition.

Accelerated glucose uptake greatly exceeded basal values and was attributed

to increased activity of the white cell. The excess glucose required by the

white cell was independent of temperature between the range s of 34351 ‘~~.

Endo toxin , however , sinvl taneo usly exer ted adverse effects by depress ing

glucose metabolism below predi cted values on the basis of 0,io findings and

increased white cell mortality rate. Blood pretreated with sublethal doses of

endotoxin in vivo was studied under in vitro conditions . All endotoxin-

pre treated animals survived superlethal doses of endotoxin. Pretreated

blood studied in vitro exhibited accelerated hypoglycemia when subjected to

endotoxin , êactivation~ of the blood elicited by increasing nunbers of white

blood cells ra ther than by enhancement of individual cell activity.

INDEX TER~~: endotoxin, leukocytes, glucose metabolism, blood and endotoxin,

canine endotoxin sbock , in vitro endotoxin, Q,io
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iwn~owcrric*i
4 The seriousness of septic shock has been emphasized in a recent report

estimating 132 ,000 deaths a year from a total number of 330 ,000 cases (22) .
The incidence of septic shock has increased almost twenty-fold over the past
20 years (22) , and therapeutic procedures have not been generally successful
(4) . Special effor ts have therefore been made in recent years to determine
its underlying mechanisms in order to develop a successful therapy.

Ibcunented pathop hysiological mainfestations in canine endotoxin shock
include progressiv ely developing hypoglycemia correlated with systemic hypo-
tension , hepatosplanchnic pathology, and death (21). It has been proposed
that hypoglycemia results from the adverse effects of iii~aired liver function
on gluconeogenesis (4 ,9 ,16 ,17 ,23) and from increased glucose uti lization
(1, 26) , including an accelerated glucose uptake by the blood (1 ,21) . Mminis-
tration of 50% glucose was found to significantly benefit endotoxin-shocked

animals (20 ,21,26) . These recent findings suggest that the degree of lethality
may be directly related to the extent of the discrepancy between the production
of glucose and its uti lization dur ing shock .

The present studies wer e designed to explor e fac tors infl uential in modi-

fying the uptake of glucose by the blood itself following administra tion of

endo toxin. Finding s reveal both acceler ative and depressant factors slinul-

tane ously set into motion by endotoxin which may directly involve leukocyte

participation and significantly influence the lethal outcome of shock.

~~~~OS

Bxperiment~ were designed to assay factors influencing the metabolism of

certain blood constituents , especial ly the white blood cells , in the presence

of endotoxin. Studies were carried cut on blood s~~~1es fn* 30 donor dogs.

4 - 
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Mult mongrels of r andom sex , selected for robust health and absence of heart

worms , were treated for intest inal parasites and conditioned in the animal

facility for 3 to 6 weeks prior to in Vivo and in vitr o exper iments . Studies

were divided into paired control and experimental groups in which responses to

E. coli emiotoxin (Difco , Detroit) or saline could be recorded and compared .

An in vitro system served as the pr imary model because of its demonstrated

usefulness (21) and simplicity of experimental, design , and because the disappear -

ance rate of glucose after endatoxin closely compares to the rate of development

of hypoglycem ia after endotoxin in the dog deprived of the organs of gluconeo-

genesis (1,26) . Blood for n vitro studies was dra wn intravenously from

unanesthetized , non-fasted donor animals with plast ic syringes wet with heparin

(1,000 U/ml concentration ). Blood samples were divided into 10 ml volumes in

separate plastic test tubes to each of which was added 0.1 ml heparin (20 ,000 U/al),

followed by incub ation in a water bath at predetermined controlled temperatures

for a 3-7 hour observation per iod . End otoxin was added to the experimental

tube of each group at a calculated LDj O~ concentration (0.025-0.035 n~/ml) (2l) ,

while the control tube of blood from the same animal was administered an equal

volume of saline . Blood was centrifuged in some exper iments , and red cells ,

buff y coat , and plasma were separated . Red cells were then washed with a glucose -

saline solution and resuspended in sal ine with normal glucose concentrations .

Parameters monitore d included red and white cell counts (Coulter Counter) ; blood

gases and pH (Inst rumentation Laborat ories Anal yzer ) ; glucose (Beckumn Glucose

Analyzer , accuracy of ±3 mg%) ; and lactat e (lbhorst , H. J., Methods of Enzymatic

Analysis, H. V. Bergmeyer , Ed., Pcademic Press , New York , 1965) .

Exper iments were designed to assay the role of the blood in the hypoglycemic

response to LD~oO endotoxin by measur ijg the rate of glucose disappearance ~~

vitro in blood receiving endotox in or saline separately. In vitro studies
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defined two conditions of glucose uptake : (a) basal metabolic requirements

and (b) “excess” glucose requirement for white cell activity due to endotoxin .

In vitro blood samples receiving saline of equal volume as that of endotoxin

served as indicators for basal metabolic processes . The quantity of glucose

disappearing in the control series was subtracted from that disappearing in

the endotoxin group , providing an estimate of excess glucose utilized as a

resul t of the action of endotoxin.

In the first series of experiments , metabolic responses of normal canine

blood were studied including glucose uptake and lactic acid production. Factor s

modified during the experiments were temperature and blood constituents ir~ luding

red blood cells , plasma, and buffy coat . Possible detri mental effects on white

blood cell fiz~ction and longevity were assayed . In a second series of experi-

ments , blood was obtained from animals previously receiving sublethal injections

of endotox in and studied in vitro. These studies were conducted to determine

if certain blood constituents , particula rly the white cells , were “activated”

by prior sublethal endotaxin exposure . Statistics were carried out including

paired and unpaired data ana lysis utilizing the t test . Twenty-two in vitro

experiments on effects of temperature , 21 experiments on metabolic responses ,

12 activation studies , and 12 animal in vivo experiments were included in the

study .

RESULTS

The first series of in vitro experiments was carried out to examine

metabolic changes in whole hepar inized canine blood following addition of

~~~ 1 LD100 ~~. coli endotoxin. Results from 18 exper iments in Table 1 show that
-

~~~ endotox in elicits a significant increase in glucose uptake by the blood ,

in cc.~ari son to the control ser ies (pcO.OOS) receiving sal ine instead

of endotoxin during a 3-I~~ar period . Comxmitantly there is a

I”
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notable increase in lactic acid and decrease in pH, as compared to the saline
control group (p<O.Ol) . Changes in glucose and lactic acid produced by adiulnis-
tration of endotoxin could not be altered by addition of insulin (Table 1)
when the existing blood concentration of insulin was raised by 0.7 U/mi . ~
These findings suggested that glycolytic activity is elevated above the basal
metabolic level of the control blood samples when endotoxin is added, although
the responsible blood components are not identified.

Studies were then designed to identify the specific blood components
responsible for the accelerated uptake of glucose after endotoxi.n. The upper

~k_. 2. portion of Table 2 illustrates the n vitro response to endotoxin by washed red
blood cells suspended in a saline-glucose (approximately 100 mgi) solution.
Results show that endotoxin does not cause an increased disappearance of glu-
cose above that of the control administered saline alone with no emlotoxin.
Table 2 illustrates the effects of incorporating plasma or buffy coat into the
washed red blood cell (RBC) suspension following addition of endotoxin, after
estab lishaen t of base-line values. Mdition of plasma to the RBC suspension
produced no change over that of the RBC suspension alone . The combination
of RBC ’s, buffy coat in small volume of plasma , and endotoxin elicited notable
increases in glucose disappe aranc e as indicated by the rapidl y declining
value s of glucose concentrat ion in the test tubes . These findings indicated
that the primary cellular components essential for accelerated glucose dis-
appeara nce after endo toxin are in the buffy coat. To evaluat e the possible
role of the white blood cell as a component of the buffy coat responsi ble for
the elevated glucose uptake after endotoxin , an in Vitro experiment was con-
ducted to manipulate whit e blood cell (WBC) concentrations. Varying amounts of
buff y coat (a~~ruximately 0.5 ml) were added to the blood prior to addition of
LDIOQ endotoxin. Glucose uptake increased rapicily after e~jotoxin ~~ ~~it~ blood

—
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cell concentration increased in the range of 11,900 to 34 ,500 WBC/um3 . These

observations implicated the WBC as being responsible for the increased uptake

of glucose after endotoxin administration in vitro.

Preliminary observations suggested that elevated temperature enhanced

the disappearance rate of glucose after addition of endotoxin in vitro, and

since experiments described below document a profound febrile response to

endotoxin n vivo, the effects of temperature and endotoxin on glucose uptake

1I~LtP~ ‘3 and metabolic rate in vitro were determined . Table 3 arrays the results from

32 in vitro experiments carried out at 34°C and 41°C and illustrates changes in

glucose concentrations for a 1-hour incubation period under four conditions:

temperatures of 34°C and 41°C and endotoxin vs. saline additions to in vitro

blood. Pindings document an increased uptake of glucose as a function of

elevated incubation temperatures in both the saline controls (p—0.OOl) and

endotoxin series (p—0.OO l) , thus supporting an important metabolic-accelerating

effect of elevated blood temperature on the cellular components of the blood.

It was also noted that glucose uptake is significantly higher when endotoxin is

added to the blood vs. saline alone at each temperature (p—U. 005 at 34°C and

p.0.02 at 4loC). Additional data on metabolic rate were obtained in order to

relate the magnitude of the increases in metabolic rate between the endotoxin vs.

saline series. Q1() calculations were carried out for both control and experi-

mental groups . Mean Ql0 values were 2.78 in the saline series and 2.12 after

endotoxin , which were significantly different (p.0.05) . Data from Table 3

illustrate independent effects of blood temperature and exxlotoxin: an accelerat-

ing action on glucose uptake , elicited separately by’ elevated temperature and

endotoxin , and a concomitant depressant action on metabolism by endotoxin, as

revealed by the smaller increase in metabolic rate (Q,]o) in the endotoxin series

as compared to the saline control group.
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Findings from the present study ~uggest that the white blood cell is the
primary component of the blood responsible for the accelerated uptake of
glucose following endotoxin addition. Studies were conducted to quantitate

glucose consumption per WBC, including the added influence of altered tmi~era-
lIatott 4 ture. Table 4 displays the excess glucose uptake on the basis of a single white

cell. Data were obtained by subtracting the glucose uptake in the control

(sal ine) series from the endotoxin group. This was done to remove the quantity

of glucose consumed by cellular canponents of the blood in the resting sta te ,
in order that the additional glucose drain required for phagocytosis or addi-

tional cell activity may be quantitated . Three sets of experiments at varying
temperatures were carried out with blood in vitro to which LD100 endotoxin was

added . Data were obtained for the period 0-60 minutes post-endotoxin, and

consideration was given to the loss of IVBC ’s during this period (Table 3)
in calculating excess glucose consumption per cell at the end of one hour of

incubation. Glucose uptakes at 34°, 38°, aM 41°C were 6.8 X iO~~, 9.5 X iO~~,

and 6.7 x io~ mg,’WBC/hr , respectively, and indicate relatively constant

quantities of glucose regardless of the existing incubation temperature.

Data suggest that the excess glucose used after endotoxin administration does

not vary as a function of temperature, although total energy requirements

(resting plus active state) increase with temperature elevation (Table 4).

Preliminary observations suggested that white blood cells may be destroyed

by endotoxin, and in vitro experiments were carried out to assay this possibility.

~~~~ S Results fran 22 separate in vitro experiments are shown in Table S which illus-

trate the effects of endotoxin on WBC survival in a 4-hair period . Incubation
I.

temperatures were selected in order to include both hypothermic and hyperthennic

phases of shock. Results show that WBC concentrations significantly decrease



after endotoxin in blood incubated for 3 hours at 38°C (p—0.0]) and by 220

minutes at 41°C (p.’O.02) in comparison to the control, saline-administered

~ “ies. Since the rate of cell destruction was appreciably less in blood to

which saline alone was added (Table 5), a WBC-destroying action of LDio~ endo-

toxin is established .

Two mechanisms responsible for accelerated uptake of glucose in blood

after endotoxin have been identified in the present study: one is the energy

cost for increased white cell activity and the other is elevated total metabolic

demand because of increased temperature. An additional possible added energy

drain on existing metabolic requirements to be explored was a possible activated

state of white blood cells. Experiments were designed to study the rate of

glucose disappearance brought about with experimentally modified WBC activity.

Twelve unanesthetized animals were studied during a 4 -day period: six “acti-

vated” animals receiving daily sublethal intravenous injections of endotoxin

and six “non-activated” animals receiving saline inj ections for a 3-day period .

(~ the fourth day, but before endotoxin or saline administration , venous blood

was removed from both animals , heparinized, transferred to the n vitro system,

and studied as described above . Endotoxin (LD100) was administered to both

~‘e.. i activated and non-activated blood in vitro (Figure 1). Results fran six paired

exper iments demonstrate a rapid acceleration of glucose disappearance from

activated blood (endotoxin pretreated) in both contro l and experimental blood

samples studied in vitro. Blood glucose concentrations fell more gradually in

non-activate d blood in a separate series of six exper iments (FIgure 1). Blood

glucose concentrations at 60 minutes in activated blood were significantl y

lower than the non-activa ted blood when compared between both saline control

(pa0.005) and endotoxin-treated (pa0.001) groups. Glucose uptake in the acti-

-- ---
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vated blood given endotoxin was greater than its saline control at 120 minutes

(p’O.OS) .

An analysis of data shown in Table 6 from the same studies as depicted

in Figure 1 indicate that glucose uptake per WBC is not accelerated in the

activated state (pretreatment with endotoxin) above that of the non-activated

group (saline pretreatment only) . Subtracting glucose uptake in the in vitro

saline experiments fran that in the ezxlotoxin (lDlOO) group provides the esti-

mate of glucose requirements for increased WBC activity: in the activated group ,

4.3 X 10 9  mg glucose/WBC/hr was used while in the non-activated series the

mean value was 7.2 X l0 9 mg/WBC/hr , no significant difference being observed

between the two (p>0.O S) . The WBC concentrations in the activated series

averaged 40 ,400/sin3 while those from the non-activated group averaged 11,700

WBC/nsn3 at 60 minutes post-endotoxin, and these were significantly different

fran each other (p .0.02) .

Parallel responses of the una nesthetized dogs which provided blood for

the in vitro studies described in Figure 1 and Table 6 , which sinialtaneously

received 2 X LD100 intravenou s endotox in injections on the fourth day , are

shown in Figures 2A , 2B , and 2C. Mean change s in blood glucose , WBC concen-

tration, and body temperature in six activated and six non-activated dogs are

presented in paired exper iments . All animals in the activated group (N-’ô)

survived a 2 X LDi0~ endotoxin administration (30-day survival period) , while

all dogs in the non-activated group (N 6) died in an average survival time of

_________ 7 hours. Figur e 2A arra ys mean blood glucose concentrations in six activated

and six non-activated unanesthetized dogs administered 2 X LDj~jç) endotox in

following base-line control values. Mean glucose concentration fell from

approximately 90 mg% at zero time to about 55 mg% for the first 2 hours in the
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activated group Q< 0 .005), while it rose from 90 mg% to approximately 120 mg%

in the non-activated group (p>O.05), where it remained at that level for 2 hours.

The 2-hour glucose values were significantly different between the two groups

(p =0.O0S) . Glucose concentrations steadily rose in the activated dogs from the

low value of 50 mg% at 2 hours to the control value of 90 mg% in 8.5 hours

(pc0.OO1), while glucose concentrations progressively declined in the non-

activated group from about 120 mg% at 2 hours to a mean of 55 mg% at 7 hours

(p>O.OS) in two survivors of the six non-activated animals. Figure 2B provides

LE~ mean changes in WBC concentrations in activated and non-acttvated dogs given

2 X LD~jçj endotoxin . Initial mean base-line control WBC concentrations were

approximately 43 ,000 and 13 ,000/sin3 in activated and non-activated dogs ,

respectively. One hour following endotoxin, marked leukopenia was observed

at its greatest extent in both groups (approximately 5 ,000 counts/sin3). Fran

one hour to 8.5 hours, WBC concentrations prog ressively rose to near contro l

value s in the activated group and to above the mean control value in the non-

ZC . activated series . Figure 2C presents mean changes in body temperature in

activated and non-activated dogs receiving 2 X LDj.g~ endotoxin. Febrile

responses are seen in both groups, with temperatures approximately equal at

3 hours post-endotoxin (40°C) , both elevated fran starting temperatures of

39°C (p<O .OOl) and 38°C (p<0.005) in activated and non-activated animals ,

respectively. Fro m 3 to 7 hours t’~mperatures remained elevated in the non-

activated group (above 40°C) and prog ressively fell in the activated serie s to

the control value of 39°C. Temperatures in the activated group were signifi-

cantly lower than the non-activated series at 5.5 hour s Cp’.0.~0Q5) and 7 hours

(p— 0.02) .

-
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DISCUSSION 
. . .Progressively developing hypoglycemia in dogs administered endotoxin has

been recently documented and found to be associated with systemic hypotension,

hepatospl anchnic pathology , and death (20) . The cause of hypoglycemia has’ been

the subject of much recent research in shock. Impaired glucose production as a

result of depressed hepatic function has been suggested as a primary factor in

the developmen t of hypoglycemia because of adverse effects on gluconeogenesis

(4,9,16,17 ,23). It has not been possible to clearly ii~ç1icate increased glucose

uptake in endotoxin shock as a major factor accounting for hypoglycemia except

for recent reports indicating an accelerated uptake of glucose by the blood

itself (1,21).

The first aim of the study was to identif y the particular component of the

blood primarily responsible for the previously reported accelerated disappearance

of glucose in the blood after endotoxin (1,21). Findings suggested that the red

blood cell alone , or in combination with plasma , was not responsible for the

increased uptake of glucose after endotoxin. &iffy coat added to red cell and

plasma resulted in a notable acceleration of glucose uptake when endotoxin was

added . Further, increasing white cell concentration by adding buffy coat

elevated glucose uptake in direct proportion to white cell count. The possi-

bility that red cell metabolism may be accelerated in the presence of white cells

and endotox in was not evaluated .

Assumptions made in the present study are that glucose is the primary fuel

utilized and that the white blood cell is the chief unit present in the buffy

coat , which demonstrates acceleration of cell activity following endotoxin

administration in vitro. In substantiation of these assunptions , it has been~
pointed out that glucose is necessary for the supply of energy required during

phagxytosis (7), and that endotoxin injection in rabbits results in an increased
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utilization of glucose by circulating leukocytes (8). In addition, circulating

neutrophils have been identified as the key factors in the clearance of bacterial

organi sms from the blood of dogs (27); leukocytes detoxify endotoxin in vitro

in rabbit serum (28); and blood fran endotoxin-treated rabbits possesses a

significant phagocytic capacity (24). The addition of endotoxin to human blood

stimulates its metabolism, which was concluded to be due to increased respiratory

activity of the leukocytes (29). Finally, Braude ’s group traced the early

disappearance of radioactively-labelled endotoxin into the buffy coat of rabbits,

where it then passed into the liver during the leukopenic stage (3) .

Data fran the present study suggest that the white blood cell is the pri~~ry

blood constituent responsible for the excess glucose uptake exceeding basal

values following addition of endotoxin in vitro. Further, the marked increase

in lactic acid suggests utilization of the glycolytic pathway in phagocytosis

as described by others (7,8). The increase in glucose uptake over basal values

in the in vitro studies is probably due to accelerated activity of the white

cells in response to endotoxin exposure. The additional “excess” glucose

required in this instance may result from increased phagocytic activity of the

white cell although other possible energy-requiring functions of the various

particulate constituents of the blood may have been stimulated by endotoxin.

The unanesthetized dogs of the present study administered a lethal dose

of endotoxin demonstrated increases in body temperature averaging 2.5°C. This

rise in temperature , occurring during the early phase of shock when glucose

disappearance takes place at an accelerating pace in vitro, suggests that fever

may add an additional drain to the available glucose. Therefore, the effects

of elevated blood temperature on the rate of glucose disappearance in vitro

after endotoxin were studied to determine the influence of accelerated metabolic

-4
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need on glucose uptake . Results show that uptake for basal requirements was

significantly increased by t~iq)erature elevation with or without endotoxin;
however , the excess quantity of glucose required only after endotoxin addition

was independent of temperature. This observation suggests tha t a constan~
level of white cell phagocytic energy processes may occur within a wide range of

temperature , while basal metabolic requirements obey the expected Oj.o relationship.

Qlo values after LDiOQ eixlotoxin in vitro averaged about 2.1 , and in the saline

controls approx imately 2.8 during the first hour . A substantial quantity of

additional glucose ~~uld therefore be required for basal metabolic purposes
0 during the febrile phase of shock , particular ly when one takes into account the

probable increased glucose demand by sessile cellul ar components of the RE system.

This increased fuel requirement might exert a significant drain on the available

glucose stores , particularly in the presence of severely depr essed hepato-

splanchnic blood flow and the ensuing liver dysfunction in canine endotoxin

shock (4,9,16,20).

Although tempera ture elevation increased white blood cell metabo lic rate ,

the introduction of endotoxin limited the extent of increase . Thiring the first

hour of exposure to endotoxin , there was an approximate 40% depression of total

white cell metabolism in contrast to the saline controls , as estimated from the

differ ence in Qi.o find ings ( 1.8 - 1.1 X 100). This apparent depression of

function ~~uld be present during the leukopenic phase of shock, possibly contri-

buting to the pat hogenesis of hepatic dysfun ction (4 ,9 ,16,20) . Endotoxin added

to blood in vitro re sul ted in the death of approx imately 10% of the WBC , a rate

significantly greate r than the saline controls. However , th is rate appears less

than that in vivo due to the absence of cell migration . Also , the time course

of in vitro studies (3-4 hours) limited the time of cell exposure to endotoxin

in contrast to the in vivo state. Other limitations of the in ‘Vitro system were

- -



that tissue sources for the re lease of toxic factors and adrenerg ic agents

4 ~ were excluded , thus sparing the white cells from possible adverse factors

contributing to their premature death.

An additional energy drain on the existing metabolic requirements of~white

blood cells in shock might be due to a change in the state of “activation” of

the cell . Experiments conducted in the present study to modify white cell

metabolic activity revealed that sublethal injections of endotoxin given daily

to unanesthetized dogs elicited rapid leukopenia and fever , followed by pro-

gressively developing leukocytosis. On the day of challenge, lethal doses of

endotoxin were simultaneously administered in Vivo and in ‘Vitro. Results demon-

strate a markedly accelerated uptake of glucose in vitro both in the presence

and absence of endotoxin , with the greatest glucose uptake occurring after

endotoxin. The data suggest that “activation ” of the white blood cells as a

result of sublethal endotoxin pretreatment is elicited on the basis of increased

nunbers of cells , rather than increased metabolic activity per cell. Of interest

were the protective aspects of endotoxin pretreatment : activation of blood

protected the animals completely fran the lethal action of emiotoxin, even at

superlethal levels. Activated blood subjected to LD100 endotoxin in vitro

demonstrated a markedly accelera ted uptake of glucose on the basis of total

glucose utilized. However, “excess” glucose (above basal) expressed per white

cell was found to be a constan t quantity in both activated and non-activated

blood , thus suggesting that sublethal pretreatment with endotoxin may protect

against a lethal insult by mobilizing greater iunbers of white cells. While

blood glucose concentrations fell extremely rapidly in vitro after LDj~ Q endo-

toxin in the endotoxin-pretreated blood , glucose levels n Vivo declined

gradually during a similar period in intact animals pretreated with eiklotoxin
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following 2 X LJ )j ij() endotoxin and then progressively returned to nonimi. In

contrast , control an imals not pretreated with endotoxin demonstrated hyper-

glyceinia for the first 2 hours post-endotoxin followed by progr essively developing
hypoglycemia and death . Al]. animals pretreated with endotoxin survived for 30

days and all not so treated died within a mean time of 7 hours. Endotoxin pre-

treated animals had minimal diarrhea and within 9 hours after endotoxin were

eating and drinking and were mentally alert . Whit e cell concentrations were

significantly elevated in the endotoxin-pretreated group; since animals were
notably protected against the effects of massive endotoxin challenge, there is

a possibility that the greater number of circulating white cells effected rapid

remova l of circulating endotoxin . Leukocytes have been reported to exert a

significant role in phagocytosis , al though serum and opsonins may al so perform

key roles (28 ,30) . Increased resistance to endotoxin occurs on the basis of

an increased functional capacity of the RES to remove bacterial toxin from the

blood , and protection is not related to antibody formation (2) . Tolerance to

endotoxin involves increased RES activi ty as well as other factors (5 ,6,19,25)

and is not pas sively transferred with serum fran resistant animals (6). In one

study, endotoxin detoxifying activity was not found in cell elements of the

circu lating blood (11), although species difference s may have explained these

observations . It has been proposed that it is not really an increased RES

activi ty which produces tolerance to endotoxin but a grea ter stabili ty of carbo-

hydrate metabolism in the liver (13). •The accompanying febrile response may

perform a beneficial role in enhancing metabolic activities of the white cell

or in~mving hepatic heinodynamics through the release of a pyrogen derived

from the leukocyte (14) or endotoxin itself (12) . Braude and others have traced

the passage of radioactively-labelled endotoxin fran the p1a.~~, but not the



red cell , to the Ixiffy coat and final ly to the liver during the early cleara nce
period associated with leukop eiua , fever , and diarrhea (3) . It seems likely
that if phagocytosis in the buffy coat were sufficiently effective , the liver
might be spared the added stress of endotoxin detoxification (9) and possible
depression of function as a direct action of endotoxin (17) ; and as a result
the maintenance of normal gluconeogenic capabilities (13,16) would be preserved
dur ing the subsequent period of shock.

This study suggested the protectiv e influences of leukocytosis stiimilated
by sublethal injections of endotoxin. Since survivability seemed to be so

a 

strongly associated with leukocytosis, there are possible therapeutic implica-
tions regarding the role of the white blood cell in endotoxin shock. Recent
reports have described beneficial effects of transfus ed white blood cells as a
treatment for septicemia in neutropenic pati ents (15) and as a therapy for
Pseudomonas septicemia in neutropenic dogs (10) . Increa sed survival has been
documented in patients thus trea ted and the numbers of bacteria in septic
animals were greatly diminished following white cell transfusion therapy.
Mministration of hypertonic glucose has resulted in an increased clearan ce of
E. coli from the blood of dogs (18) , suggesting that supplying substantial
metabolic support for accelerated leukocyte activity may enhance survival in
septic shock.
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TABLE 2. Effect of blood constituents on glucose uptake
after E. ~oii endotoxin (LDi~Q) In vitro

Glucose uptake by red blood cells after endotoxin

Glucose (mg/100 ml)a
Rncb + Saline RBC +

Time (mm ) (No Bndotoxin) Endotoxin

&pt. 1 0 91 91

+60 70 69

+120 60 61

+180 54 56

+360 40 40

Glucose uptake by red blood cells in cmbination with
plasma or huffy coat after endotaxin

Glucose (mg/lO0 jnl)a

RBC + RBC + Plasma R.BC + Buffy CoatTime (ann) Endotoxin + Endotoxin + Endo toxin

Thcpt. 2 Pre-Ezxlotoxin
0 93 93 93

Post-Endotoxin
+120 62 62 61

0 d 9

+180 47 60 41

+240 42 52 9

+360 36 44 1

~ cpt. 3 Pr e-~~dotoxin
0 78 78 78

Post-Endotoxln 
0 0

+60 58 56 21

+120 43 41 11
4

+180 29 30 11

+300 20 16 . 6

aAbsolut. concentrations of glucose are shown at Indicated times bWashed red
~lood cells , suspended in sal ine and reconstituted with glucose. °Sal ine added .
Plas.a added. ‘&iffy coat added (with minimal plasma).
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Pi~zre 1. Effect of E. coli endotoxin (LDiOO) in blood on glucose uptake
in vitro in activated vs. non-activated blood . Activation was
produced by prior sublethal injections of endotoxin in vivo
(see text), carried out during a 3 -day period in unanesthetized
dogs (non-ac t ivated blood was obtained fran arthnals receiving
saline inj ections instead of endotoxin) . Results depict mean
in vitro blood glucose concentratio ns in two groups of 6 blood
studies. The lower two curves give values for the in ‘~itro
blood given an LD100 endotoxin (lower curve) and saline (upper
curve) administered to the activa ted blood while the upper

curves provide resu lts in the non-actIvated blood , following

addition of LD100 endotoxin or saline.
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Figure 2A. Effects of intraven ous pretreataent with sublethal B. coli

endotoxin in vivo on blood glucose concentrations following

2 X LDj~~ E . coli endotoxin . ?‘~an results from 12 dogs ar e

depicted ; 6 fran group pretreated with sublethal endotoxin

(activated)** and 6 control animals receiving saline injections

in place of endotox in (non~activated)*. Both groups received

2 X U)i~ endotoxin on day of challenge (day 4). Statistical

significances between groups are indicated..

a.



5-—

bO.000
X BaRn. Prs tr uat •d Dogs
I Endo toz in Prst rs als d Dog ••

40.000 ‘ I%s\ 
-
: ~ 

T
30.000 . // I, / I  

-

mm3
p. 002

20 000 
2

/e /j
io.ooo \/  /

\~~~~
_-~e

I -~~I. -2 , X LO lpO EndoIe ~ ln glvsn
0 S •~~~~~ /,6 I  I

co nIrol 1 2 3 4 5.5 1 8.6
TIME (hrs )

Figure 2B. Effects of intravenous pretrea1~~nt with sublethal E. coli endo-
toxin in vivo on white blood cell concentrations following

2 X LD100 B. coli endotoxin. (See Figure 2A for detai ls of

experiments.)
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