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1 Dogs treated with lidocaine (1 mg kg-' h-1) or indomethacin (1.5 mg/kg) before and after
an LD60 dose (1 mg/kg) of E. coli endotoxin survived for at least 72 h.
2 Although all dogs in both treated groups survived, only those treated with indomethacin were
significantly protected against the fall in the arterial blood pressure 1 to 2 min following endotoxin
administration.
3 Endotoxin increased the plasma prostaglandin F2Q (PGF2,) concentration in the control and
lidocaine-ireated groups, however, no increase was observed with indomethacin treatment.
4 Neither lidocaine nor indomethacin alone had any significant effect on the parameters measured
in this model.
5 Following the administration of endotoxin, lidocaine-treated animals had significantly decreased
plasma fibrinogen concentrations when compared to the other groups.
6 This study suggests that lidocaine, a local anaesthetic and a drug widely used for cardiac arrhyth-
mias, might offer protection in endotoxin shock.

ImtrodUctiom

Previous work in this laboratory (Fletcher, Herman
& Ramwell, 1976a; Fletcher, Ramwell & Herman,
1976b; Fletcher & Ramwell, 1977) has documented
increased plasma prostaglandin concentrations fol-
lowing the administration of endotoxin intravenously
in dogs and primates. The increases in prostglandins
were related in time to changes in circulatory func-
tion. Therapeutic doses of analgesic-antipyretic drugs
given before and after administration of endotoxin
diminished the early haemodynamic changes and pre-
vented the increase in the prostaglandins, but failed
to improve the survival in the lethal (LD1oo) baboon
model. In contrast, in the LD50 dog model, these
drugs did improve the survival and the early circula-
tory function while inhibiting the synthesis of the
prostaglandins. Although the prostaglandins were ele-
vated as early as 1 to 2 min after the endotoxin ad-
ministration, their relationship to the pathophysio-
logy of endotoxin shock is unclear.
The analgesic-antipyretic drugs do improve circula-

tory function and survival in canine endotoxin shock
but the exact mechanism by which they exert a benefi-
cial effect is unknown. We demonstrated (Fletcher &
Ramwell, 1977) that while indomethacin or aspirin
1 Present address: Georgetown University Medical Center,
Washington, D.C. 20007 U.S.A.

prevented the increase in plasma prostaglandins fol-
lowing the administration of endotoxin, only indo-
methacin clearly improved the haemodynamic events.
This observation suggested that some effect of indo-
methacin other than the inhibition of the prosta-
glandins should be considered. One possible explana-
tion of the improved circulatory function with indo-
methacin in canine endotoxin shock is that indometh-
acin may potentiate vascular smooth muscle re-
sponses to catecholamines (Zimmerman, Ryan,
Gomer & Kraft, 1973; Kadowitz, Joiner & Hyman,
1975). The increased catecholamines present in endo-
toxin shock (Hall & Hodge, 1971) may improve circu-
latory function in the presence of indomethacin by
improving venomotor tone and thereby increasing
venous return to the heart. A decline in venous return
in canine endotoxin shock significantly contributes to
the impairment of circulatory function (WeiL Mac-
Lean, Vischer & Spink, 1956).

Lidocaine, a widely used clinical drug, may also
increase vascular smooth muscle sensitivity to cat-
echolamines (Altura, 1967; Somylo & Somylo, 1970).
In addition, lidocaine stabilizes cell membranes (Rit-
chie & Greengard, 1966; Seeman, 1972) and decreases
membrane permeability (Scherphof, Scarpa & van
Toorenburgen, 1972). Interestingly, lidocaine has been
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used successfully, as a local anaesthetic, on the coeliac
ganglion to prevent mesenteric vasoconstriction dur-
ing endotoxin shock in dogs (Hauman, 1968; Wan-
gensteen, Geissinger, Lovett, Glen & Lefer, 1971).
Thus, lidocaine might provide protection during
endotoxin shock.

This study was designed to (i) compare the circula-
tory function in untreated controls given an LD60
dose of endotoxin with those treated with indometha-
cin or lidocaine, (ii) evaluate the effects of pre- and
post-treatment- with indomethacin or lidocaine on
prostaglandin release and on survival, (iii) determine
the effects of lidocaine or indomethacin on the white
blood cell, platelet, and coagulation changes seen in
canine endotoxin shock.

Methods

Adult male mongrel dogs (15 to 23 kg) were anaesthe-
tized with sodium pentobarbitone (30 mg/kg, by in-
travenous administration), intubated and allowed to
breathe spontaneously. Indwelling catheters were in-
serted into the femoral and pulmonary arteries
through a cut-down in the right groin. The position
of the pulmonary artery catheter (Swan-Ganz thermo-
dilution) was monitored by pressure tracings and the
femoral artery catheter was advanced into the de-
scending aorta. The animals were kept in a supine
position.,Cardiac output was measured by the ther-
mal dilution method and calculated on a computer
programme utilizing a PDP-12 computer (Digital
Equipment Corporation). Systemic and pulmonary
artery pressures were measured with transducers
(Sanborn models 267AC and 267BC) and an 8-chan-
nel recorder (Sanborn model 958-100). All parameters
were measured just before giving endotoxin and then
1 to 2, 15, 60, 120 and 240 min after the administra-
tion of endotoxin.

Blood analysis

Blood samples for prostaglandin analysis were col-
lected from the pulmonary artery, and then immedi-
ately centrifuged at 4°C at 2450 rev/min, The plasma
was then removed and frozen (- 20°C) until analysed.
The thawed plasma (2 ml) was extracted with redis-
tilled ethyl acetate (2 x vol x 2) at pH 4.0. The
dried ethyl acetate extract was reconstituted in ben-
zene, ethyl acetate, methanol (60:40:10) and separ-
ated on a silicic acid column (0.5 g). The prosta-
glandin F (PGF) fractions were eluted with 5 ml ben-
zene, ethyl acetate, methanol (60:40:30). Recovery of
prostaglandin tracers added to plasma was 75 to 85%
for PGF2,. PGF2,, antiserum was obtained from Dr
H. Behrman (Yale, New Haven, Conn.). Radioim-
munoassay was performed on the PGF fractions at

two dilutions. Plasma standards were extracted with
each group of unknown samples. The coefficient of
variation for between, and within, assay reproducibi-
lity was required to be no greater than 10%. Data
were calculated by the Rodbard and Hutt computer
programme and expressed as pg/ml of plasma.
Mixed venous platelet counts were determined by

an electronic particle counter (Coulter, Model ZBI).
The one-stage method of Quick (1966) was used to
assess the prothrombin time (PT). The activated par-
tial thromboplastin time was performed with Celite-
activated phospholipid (Nye & Graham, 1962) and
fibrinogen was measured turbidometrically (Parfent-
jev, Johnson & Clifton, 1953). Quantitation of the
fibrin-split products was carried out by the Staphy-
lococcal clumping test (Hawiger, Niewearoski,
Gusewich & Thomas, 1970).

Intravenous injections

Endotoxin (E. coli 0 55:B5, Difco) was reconstituted
in Ringer lactate solution on the day of the experi-
ment. An LD60 dose of endotoxin (1 mg/kg) was pre-
pared in sterile Ringer lactate solution on the day
of the experiment. Indomethacin (2 mg/ml) was pre-
pared in sterile distilled water by the addition of an-
hydrous sodium carbonate on the day of the experi-
ment. Lidocaine hydrochloride (10 mg/ml) was
diluted in Ringer lactate solution to provide a con-
tinuous infusion of 1 mg kg-1 h- . Endotoxin, indo-
methacin, and lidocaine were given intravenously.

Three groups of animals were studied. Group I (10
dogs) was given only an LD60 dose of endotoxin;
Group II (10 dogs) was treated with indomethacin
(1.5 mg/kg) 45 min before, and 3 h after, an LD60
dose of endotoxin; Group III (11 dogs) received a
continuous infusion of lidocaine from 45 min before,
to 2 h after, an LD60 dose of endotoxin.
No attempts were made to resuscitate the animals

after endotoxin. All animals received a total of 400
ml of Ringer lactate solution during the study. Upon
completion of the experiment, the dogs were placed
in a recovery room, observed for 72 h and considered
to be survivors if they were alive and well at this
time.
Each dog was observed during a control period

of 45 min before the administration of the endotoxin.
At the end of the control period, baseline values were
determined and endotoxin was injected into a peri-
pheral vein. At the time of the first fall in blood pres-
sure, measurements were taken and haemodynamic
parameters assessed. In the indomethacin{Group II)
and lidocaine4Group III) treated animals, there was
an additional 45 min time period between giving the
drugs and the administration of the endotoxin. Stat-
istical analysis was performed by the paired two-
tailed Student's t test for the difference between the
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Figure 1 Mean cardiac outputs during endotoxin
shock. Group I animals that lived (0) and died (0)
consisted of 10 animals given endotoxin alone.
Group II (A) consisted of 10 dogs treated with
indomethacin (1.5 mg/kg) 45 min before, and 3 h
after, an LD60 dose of endotoxin. Group IlIl (A)
consisted of 11 animals which received a continuous
infusion of lidocaine (1 mg kg-' h-1) from 45 min
before, to 2 h after, an LD6O dose of endotoxin.
The times indicate the following: 45 min (baseline
measurements for all animals); 0 min (measurements
in all groups immediately before endotoxin; in
Groups II and IlIl the values indicate the direct
effects of indomethacin or lidocaine). The values
represent mean results from all animals in each
group; vertical lines show s.e. means.

baseline values and the experimental values in the
same animals and the unpaired two-tailed t test for
the difference between the groups. Chi square analysis
was used to compare the survival data of the groups.

Results

Survival

All animals that received indomethacin (Group II) or

lidocaine (Group III) survived, compared with only
40% in the endotoxin alone group. The survival rates
were significantly (P < 0.05) different between the
controls and the treated groups (II and III).

Haemodynamic parameters

Cardiac outputs for the three groups are shown in
Figure 1. Neither lidocaine nor indomethacin had any
significant effect on cardiac output. After endotoxin
administration, cardiac outputs for the controls and
the lidocaine-treated dogs were significantly
(P < 0.01) less than the baseline values for the first
2 h. Interestingly, the cardiac outputs were greater
during the first 30 min in those control animals that
lived when compared to those that died. Lidocaine-
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Figure 2 Mean systemic arterial blood pressures
(mmHg) in dogs given only endotoxin (lived, o;
died, *) or given endotoxin and indomethacin (A)
or lidocaine (A). Endotoxin was given to each
group at 0 min. Mean values are shown; vertical
lines indicate s.e. means.

treated animals had cardiac output values that were
not different from control dogs that lived. Indometha-
cin treatment significantly (P < 0.05) improved the
cardiac output during the first hour after the adminis-
tration of endotoxin when compared to the control
group.

Systemic mean arterial pressures (MAP) for all
groups are presented in Figure 2. Neither lidocaine
nor indomethacin alone had any significant effect on
MAP. The animals that died in Group I had signifi-
cantly (P < 0.02) decreased MAP only for the first
30 min of the study when compared to the control
dogs that lived. Lidocaine-treated dogs had similar
MAP values to those control dogs that lived. In con-
trast, indomethacin-treated animals had increased
MAP values from 15 min to 2 h after the administra-
tion of endotoxin when compared to Groups I and
III. The greatest fall in MAP (62 + 10 mmHg; mean
± s.e.) was observed within 2 to 5 min after endo-
toxin administration in control dogs that died. Sur-
prisingly, MAP values in all groups were not different
from the baseline values by 4 h.

Pulmonary arterial pressures (PAP) are shown in
Figure 3. Neither lidocaine nor indomethacin alone
had any significant effect on PAP. Only at 2 to 5
min after endotoxin administration in the control (I)
and lidocaine (III) groups were the PAP values
greater than the baseline values (P < 0.05). Indometh-
acin-treated dogs (II) had PAP values that were sig-
nificantly (P < 0.05) less than the endotoxin alone
and the lidocaine-treated animals at that time.

Systemic vascular resistance (Figure 4) was not sig-
nificantly affected by either indomethacin or lidocaine
alone. In control animals that died, the vascular re-
sistance was significantly (P < 0.05) greater 30 and
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Figure 3 Mean pulmonary arterial pressures
(mmHg) in dogs given only endotoxin (lived, 0;
died, 0) or given endotoxin and indomethacin (A)
or lidocaine (A). Endotoxin was given at time 0.
Mean values are shown; vertical lines indicate s.e.
means.

60 min after the administration of endotoxin when
compared with those animals that lived. The vascular
resistance was significantly (P < 0.01) increased at 4
h with endotoxin and indomethacin when compared
with the other groups.

Heart rates were not affected by lidocaine or indo-
methacin alone. After the administration of endo-
toxin, heart rates decreased in a similar fashion in
all the groups, then returned to baseline values by
the end of the study. There were no significant differ-
ences between the groups.

White blood cells, platelets, and coagulation. Neither
lidocaine nor indomethacin alone altered the white
blood cell or platelet counts; no effect on the coagu-
lation tests were observed. There were no significant
differences in the white blood cell counts between the
groups. Interestingly, a severe leukopaenia was present
within 2 to 5 min after the administration of endo-
toxin in all groups (1500 + 300/pl; mean + s.e.) when
compared to the baseline value (11,706 + 470/pl).
Similarly, a severe thrombocytopaenia occurred in all
groups within 2 to 5 min after the administration of
endotoxin (14.1 + 0.80 x 103/pl) when compared
to the baseline value (210 + 65 x 1034/l). However,
there were no consistent differences between the
groups. Surprisingly, only in the control animals
(both those that lived and those that died) did the
platelet counts return to normal by 4 h. In contrast,
lidocaine- or indomethacin-treated animals had 4 h
platelet counts (53.5 + 5.0 x 103/tl) that were signifi-
cantly (P < 0.01) less than those in the control group
(205 + 50 x 103/pl). The platelet counts were not
different in control animals that lived when compared
with those that died.
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Figure 4 Mean systemic vascular resistance
(dynes cm-5) in dogs given only endotoxin (lived,
o; died, *) or given endotoxin and indomethacin
(A) or lidocaine (A). Endotoxin was given at time
0. Mean values are shown; vertical lines indicate
s.e. means.
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Figure 5 Prostaglandin F25(PGF25) levels follow-
ing the administration of endotoxin alone (o) or
endotoxin with indomethacin (A) or lidocaine (A).
For details of treatment see text. Treatment with in-
domethacin completely prevented the increase in cir-
culating PGF2, that resulted from endotoxin admin-
istration. Baseline = 236 + 31 pg/mI. Mean values
are shown; vertical lines indicate s.e. means.

Prothrombin times and partial thromboplastin
times were prolonged in all groups after the adminis-
tration of endotoxin; however, there were no signifi-
cant differences between the groups. In contrast,
fibrin-split product formation during the first hour
was significantly (P < 0.01) greater in the control
animals that died when compared to those that lived.
Indomethacin-treated dogs exhibited significantly
(P < 0.05) decreased fibrin-split product formation
for the first 2 h after the administration of endotoxin
when compared with the controls and Group III.

Fibrinogen values were significantly less in control
animals that lived (303 + 47 mg %) at 2 to 5 min
after the administration of endotoxin when compared
with control dogs that died (480 + 20 mg %). The
lowest fibrinogen values after endotoxin were present
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in the lidocaine-(III) treated dogs at 2 h (177 + 27
mg %). The fibrinogen values during lidocaine treat-
ment were significantly less (P < 0.01) at all sampling
times when compared with values in controls and in
Group II. In all control as well as all indomethacin-
treated dogs (III), fibrinogen levels had returned to
normal by 4 h.

Prostaglandins The mixed venous PGF2a, concen-
trations are shown in Figure 5. Before the administra-
tion of lidocaine or indomethacin they were 243 +
38 pg/ml. Following lidocaine or indomethacin the
mixed venous PGF2. levels were 224 + 41 pg/ml.
The PGF2, concentrations were significantly in-

creased (P < 0.02, at all sampling times) in the con-
trol and the lidocaine-treated groups after endotoxin.
Indomethacin treatment prevented the increase in the
prostaglandin concentrations after the administration
of endotoxin when compared with the control and
lidocaine-treated groups. The greatest increase in the
PGF2c, concentration was within 2 to 5 min after the
administration of endotoxin in the control group.

Discussion

The important findings in this study are: (i) intra-
venous lidocaine in therapeutic doses was as effective
as therapeutic doses of indomethacin in improving
the survival during canine endotoxin shock; (ii) indo-
methacin and lidocaine afforded significantly different
degrees of attenuation of the haemodynamic events
evoked by endotoxin; (iii) indomethacin inhibited
PGF2<, release after endotoxin, whereas lidocaine had
no apparent effect; (iv) neither lidocaine nor indo-
methacin alone altered any of the parameters
measured in this model; (v) the exact mechanism by
which lidocaine affords protection in this model is
undetermined.
The use of intravenous lidocaine for the treatment

of canine endotoxin shock has not been reported pre-
viously. The facts that both lidocaine and indometha-
cin have been found to increase vascular smooth
muscle sensitivity to circulatory catecholamines and
that improved circulatory function is observed with
indomethacin-treated canine endotoxin shock, sug-
gested that lidocaine might be a logical drug to evalu-
ate in this model. In addition to its reported effects
on vascular smooth muscle, lidocaine has many other
effects. It antagonizes the binding of calcium and
other ions to phospholipids (Feinstein, 1964; Blau-
stein & Goldman, 1966a). Local anaesthetics displace
calcium from red blood cell membranes (Kwant &
Seeman, 1969) and are competitive inhibitors of the
.binding of mono- and divalent cations to submito-
chondrial particles (Scarpa & Azzi, 1968). A decrease
in membrane permeability by local anaesthetics

appears to be related to membrane phospholipase ac-
tivity (Scherphof et al., 1972). Inhibition of the in-
crease in Na+ and K+ conduction in axon mem-
branes occurs with local anaesthetics (Blaustein &
Goldman, 1966b). A lidocaine concentration of 50 jM
inhibits a major prostaglandin degrading enzyme,
15-hydroxy prostaglandin dehydrogenase (Tai & Hol-
lander, 1976). Platelet aggregation and adhesion are
inhibited by local anaesthetics which prevent the
release of the internal pool of Ca2 + (Feinstein,
Fiekers & Fraser, 1976) and compete for the calcium
binding sites on the platelet surface (O'Brien, 1962).
Which of these effects of lidocaine, if any, are benefi-
cial in the treatment of canine endotoxin shock is
uncertain. The findings in this study do suggest that
lidocaine does have some observable effect on the
mean arterial pressure and the cardiac output follow-
ing endotoxin. However, our hypothesis that lido-
caine and indomethacin may have similar effects on
vascular smooth muscle sensitivity to circulating cat-
echolamines in canine endotoxin shock cannot be
strongly supported.
The concentration of lidocaine employed in this

study (1 mg kg-1 h-) was selected because it is in
the low therapeutic dose range recommended for the
treatment of clinical cardiac arrhythmias (Harrison
& Collinsworth, 1974). This in vivo lidocaine concen-
tration is difficult to compare with the in vitro concen-
trations in the studies mentioned above. However, it
is clear that this concentration of lidocaine is suffi-
cient to increase the survival in this model.
The improvement in circulatory function in endo-

toxin shock with the analgesic-antipyretic drugs was
introduced by Northover & Subramanian (1962).
Others (Hinshaw, Solomon, Erdos, Reins & Gunter,
1967; Culp, Erdos, Hinshaw & Holmes, 1971; Green-
way & Murthy, 1971; Parratt & Sturgess, 1974;
1975a, b & c; 1976) have confirmed the original work
and extended it to various species. The concept that
has emerged from these studies and others (Anderson,
Jubiz, Fralios, Tsagaris & Kuida, 1972; Collier, Her-
man & Vane, 1973; Fletcher et al., 1976a, b; Fletcher
& Ramwell, 1977; Parratt & Sturgess, 1977) is that
the arachidonic acid-prostaglandin system partici-
pates in the pathophysiology of endotoxin shock. Our
previous work (Fletcher et al., 1976a, b; Fletcher &
Ramwell, 1977) clearly demonstrated that the prosta-
glandin concentrations were elevated at times when
circulatory function was changing. There is evidence
that PGF2,, participates in the rise in pulmonary
arterial pressure seen following the administration of
endotoxin (Anderson, Tsagaris, Jubiz & Kuida, 1975;
Parratt & Sturgess, 1975a; 1977; Fletcher et al., 1976;
1977; Fletcher & Ramwell, 1977). The pulmonary
arterial hypertension is prevented by treatment with
prostaglandin synthetase inhibitors. Indomethacin,
like most prostaglandin synthetase inhibitors, can
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completely block the cyclo-oxygenase system (Flower,
1974). The measurement of PGF2,., as done in this
study, is only an indicator of the degree of activity
of the arachidonic acid-postaglandin system. How-
ever, it is known (Flower, 1974) that at these doses
of indomethacin, there is also inhibition of the pro-
duction of the endoperoxides (PGG2 and PGH2),
PGD2, PGE2, PGF2,, PGI2, and thromboxane A2.
To state that PGF2. alone is responsible for the pul-
monary vasoconstriction is misleading since the
effects of the endoperoxides and thromboxanes can-
not be excluded. However, of more important interest,
is whether or not the prostaglandins participate as
a cause in the irreversibility of endotoxin shock. Our
previous study (Fletcher & Ramwell, 1977) suggested
that some effect of the indomethacin other than
prostaglandin inhibition may be important for sur-
vival since those untreated animals that lived had
plasma prostaglandin levels that were not signifi-
cantly different from those untreated animals that
died. The results of the present study suggest a similar
conclusion; that is, the prostaglandin levels were not
significantly different between the lidocaine-treated
dogs (of which 100% lived) and the untreated control
dogs (of which 40% lived). In consequence, the pri-
mary factor in survival in this model may not be the
effects of these drugs on prostaglandin synthesis.
We could not demonstrate any effect of lidocaine

or indomethacin alone on the white blood cell or
platelet counts or on the coagulation parameters.
However, following endotoxin there were differences
in the thrombocytopaenia, fibrin-split products, and
fibrinogen concentrations among the groups. Lido-
caine or indomethacin did not alter the changes in
the white blood cell counts following endotoxin. Sur-
prisingly, the platelet counts were significantly less in
the indomethacin- and lidocaine-treated dogs at 4 h
when compared to the untreated controls. Indometh-
acin (Koscis, Hernandovich, Silver, Smith & Inger-

References

ALTURA, B.M. (1967). Evaluation of neurohumoral sub-
stances in local regulation of blood flow. Am. J. Phy-
siol., 212, 1447-1454.

ANDERSON, F.L., JIBIZ, W., FRALIOS, A.C., TSAGARIS, T.J.
& KUIDA, H. (1972). Plasma prostaglandin levels during
endotoxin shock in dogs. Circulation, 45, 11-124.

ANDERSON, F.L., TSAGARIS, T.J., JUBIZ, T.J. & KUIDA, H.
(1975). Prostaglandin E and F levels during endotoxin-
induced pulmonary hypertension in calves. Am. J. Phy-
siol., 228, 1479-1481.

BLAUSTEIN, M.P. & GOLDMAN, D.E. (1966a). Action of
anionic and cationic nerve blocking agents: experiment
and interpretation. Science, 153, 429-432.

BLAUSTEIN. M.P. & GOLDMAN. D.E. (1966b). Competitive

man, 1973) and lidocaine (Feinstein et al., 1976) are
known inhibitors of platelet aggregation, therefore,
less of a thrombocytopaenia in canine endotoxin
shock was expected. Perhaps lidocaine or indometha-
cin have additional effects in vivo that interfere with
platelet production. The effect of indomethacin on
fibrin-split product formation and the effect of lido-
caine on fibrinogen concentrations following the ad-
ministration of endotoxin are unexplained by this
study and require additional detailed studies to deter-
mine the significance of these effects.

In summary, this study suggests that in addition
to the use of the analgesic-antipyretic drugs, another
group of drugs, namely local anaesthetics might offer
protection in human endotoxin shock. Lidocaine is
administered in coronary care units throughout the
world in greater concentrations than employed in this
study (Harrison & Collinsworth, 1974). We utilized
lidocaine or indomethacin prophylactically for canine
endotoxin shock. Additional experiments, in which
treatment is instituted after shock has occurred, are
indicated.

This study was supported in part by the Naval Medical
Research and Development Command, National Naval
Medical Center, Department of the Navy, Research Task
No. MPNO6.01.0041 and ONR contract No.
N00014-69-A-0220-008. The opinions or assertions con-
tained herein are private ones of the authors and are not
to be construed as official or reflecting the view of the
Navy Department or the naval service at large. The experi-
ments reported herein were conducted according to the
principles set forth in the Guide for the Care and Use of
Laboratory Animals, Institute of Laboratory Animal
Resources, National Research Council, DHEW, Pub. No.
(NIH) 74-23. The technical assistance of A. G. Disimone,
G. Wulff, R. Anderson, B. LeTourneau, C. Pickrell, E.
Harris, R. Brown, D. Villalas, and Charlsie Armstrong is
greatly appreciated. For aid in preparing this manuscript,
we wish to thank Nancy Hage.

action of calcium and procaine on lobster axon. J. gen.
Physiol., 49, 1043-1063.

COLLIER, J.R., HERMAN, A.G. & VANE, J.R. (1973). Appear-
ance of prostaglandins in renal venous blood of dogs
in response to acute systemic hypotension produced by
bleeding or endotoxin. J. Physiol., 230, 14-16.

CULP, J.R., ERDOS, E.G., HINSHAW, L.B. & HOLMES, D.D.
(1971). Effects of anti-inflammatory drugs in shock
caused by injection of living E. coli cells. Proc. Soc.
exp. Biol. Med., 137, 219-233.

FEINSTEIN, M.B. (1964). Reaction of local anesthetics with
phospholipids. J. gen. Physiol., 48, 357-374.

FEINSTEIN. M.B.. FIEKERS. J. & FRASER. C. (1976). An
analysis of the mechanism of local anesthetic inhibition



LIDOCAINE OR INDOMETHACIN IN E. coli SHOCK 191

of platelet aggregation and secretion. J. Pharmac. exp.
Ther., 197, 215-228.

FLETCHER, J.R., HERMAN, C.M. & RAMWELL, P.W.
(1976a). Improved survival in endotoxemia with aspirin
and indomethacin pretreatment. Surg. Forum, 27,
11-12.

FLETCHER, J.R., RAMWELL, P.W. & HERMAN, C.M.
(1976b). Prostaglandins and the hemodynamic course
of endotoxin shock. J. Surg. Res., 20, 589-594.

FLETCHER, J.R. & RAMWELL, P.W. (1977). Modification,
by aspirin and indomethacin, of the haemodynamic and
prostaglandin releasing effects of E. coli endotoxin in
the dog. Br. J. Pharmac., 61, 175-181.

FLOWER, R.J. (1974). Drugs which inhibit prostaglandin
biosynthesis. Pharmac. Rev., 23, 33-67.

GREENWAY, C.V. & MURTHY, V.S. (1971). Mesenteric vaso-
constriction after endotoxin administration in cats pre-
treated with aspirin. Br. J. Pharmac., 43, 259-269.

HALL, R.C. & HODGE, R.L. (1971). Vasoactive hormones
in endotoxin shock: a comparative study in cats and
dogs. J. Physiol., 213, 69-84.

HARRISON, D.C. & COLLINSWORTH, K.A. (1974). Anti-
arrhythmic actions of lidocaine. Ann. Rev. Med., 143-
148.

HAUMAN, R. (1968). Effect of celiac blockade on intestinal
arteriolar resistance and critical closing pressure during
endotoxin shock. Surgery, 64, 785-790.

HAWIGER, J., NIEWEAROSKI, S., GUSEWICH, V. &
THOMAS, D.P. (1970). Measurement of fibrinogen and
fibrin degradation products in serum by staphylococcal
clumping test. J. Lab. clin. Med., 75, 93-108.

HINSHAW, L.B., SOLOMON, L.A.. ERDOS, E.G., REINS, D.A.
& GUNTER, B.J. (1967). Effects of acetylsalicylic acid
on the canine response to endotoxin. J. Pharmac. exp.
Ther., 157, 667-671.

KADOWITZ, P.J., JOINER, P.D. & HYMAN, A.L. (1975).
Physiological and pharmacological roles of prosta-
glandins. Ann. Rev. Pharmac. 15, 285-306.

KOCSIS, J.J., HERNANDOVICH, J., SILVER, M.J., SMITH, J.B.
& INGERMAN, C. (1973). Duration of inhibition of
platelet prostaglandin formation and aggregation by in-
gested aspirin and indomethacin. Prostaglandins, 3,
141-145.

KWANT, W.O. & SEEMAN, P. (1969). The displacement of
membrane calcium by a local anesthetic. Biochim. bio-
phys. Acta, 193, 338.

NORTHOVER, B.J. & SUBRAMANIAN, G. (1962). Analgesic-
antipyretic drugs as antagonists of endotoxin shock in
dogs. J. Path. Bact., 83, 463-468.

NYE, S.W. & GRAHAM, J.B. (1962). The partial thrombo-
plastin time as a screening test for detection of latent
bleeders. Am. J. med. Sci., 243, 279-287.

O'BRIEN, J.R. (1962). Platelet aggregation, Part I. Some
effects of adenosine phosphates, thrombin, and cocaine
upon platelet adhesiveness. J. clin. Path., 15, 446-452.

PARFENTJEV, I.A., JOHNSON, M.L. & CLIFTON, K.E.
(1953). The determination of plasma fibrinogen by tur-
bidity with ammonium sulfate. Arch. Biochem. Biophys.,
46, 470-480.

PARRATT, J.R. & STURGESS, R.M. (1974) The effect of indo-
methacin in the cardiovascular and metabolic response
to E. coli endotoxin in the cat. Br. J. Pharmac., 50,
177-183.

PARRATT, J.R. & STURGESS, R.M. (1975a). Evidence that
prostaglandin release mediates pulmonary vasocon-
striction induced by E. coli endotoxin. J. Physiol., 246,
79-80P.

PARRATT, J.R. & STURGESS, R.M. (1975b). The protective
effect of sodium meclofenamate in experimental endo-
toxin shock. Br. J. Pharmac., 53, 466P.

PARRATT, J.R. & STURGESS, R.M. (1975c). The effects of
repeated administration of sodium meclofenamate, an
inhibitor of prostaglandin synthetase, in feline endo-
toxin shock. Circulat. Shock, 2, 301-310.

PARRATT, J.R. & STURGESS, R.M. (1976). The effect of a
new anti-inflammatory drug, flurbinoprofen, on the res-
piratory, haemodynamic and metabolic responses to E.
coli endotoxin shock in the cat. Br. J. Pharmac., 58,
547-551.

PARRATT, J.R. & STURGESS, R.M. (1977). The possible roles
of histamine, 5-hydroxytryptamine and prostaglandin
F21 as mediators of the acute pulmonary effects of
endotoxin. Br. J. Pharmac., 60, 209-219.

RITCHIE, J.M. & GREENGARD, P. (1966). On the mode of
action of local anesthetics. Ann. Rev. Pharmac., 6,
405-430.

QUICK, A.J. (1966). Hemorrhagic Diseases and Throm-
bosis. p. 465. Philadelphia: Lea and Feabiger.

SCARPA, A. & AZZI, A. (1968). Cation binding to submito-
chondrial particles. Biochim. biophys. Acta, 150,
473-481.

SCHERPHOF, G.L., SCARPA, A. & VAN TOORENEN-
BERGEN, A. (1972). The effect of local anesthetics on
the hydrolysis of free and membrane-bound phospho-
lipids catalyzed by various phospholipases, Biochim.
Biophys. Acta, 270, 226-240.

SEEMAN, P. (1972). The membrane actions of anesthetics
and tranquilizers. Pharmacol. Rev. 24, 583-655.

SOMYLO, A.P. & SOMYLO, A.V. (1970). Vascular smooth
muscle II: Pharmacology of normal and hypertensive
vessels. Pharmac. Rev., 22, 249-353.

TAI, H. & HOLLANDER, C.S. (1976). Kinetic evidence of
a distinct regulatory site on 15-hydroxy-prostaglandin
dehydrogenase. Advances in Prostaglandin and Throm-
boxane Research, Vol. 1, ed Samuelsson B. & Paoletti,
R. pp. 171-175. New York: Raven Press.

WANGENSTEEN, S.L., GEISSINGER, W.T., LOVETT, W.L.,
GLENN, T.M. & LEFER, A.M. (1971). Relationship
between splanchnic blood flow and a myocardial
depressant factor in endotoxin shock. Surgery, 69,
410-413.

WEIL, M.H., MACLEAN, L.D., VISSCHER, M.D. & SPINK,
w.w. (1956). Studies on the circulatory changes in the
dog produced by endotoxin from gram-negative micro-
organisms. J. clin. Invest., 35, 1191-1198.

ZIMMERMAN, B.G., RYAN, M.J., GOMER, S. & KRAFT, E.
(1973). Effect of prostaglandin synthesis inhibitors indo-
methacin and eicosa-5,8,11,14-tetraynoic acid on
adrenergic responses in dog cutaneous vasculature. J.
Pharmac. exp. Ther., 187, 315-323.

(Received May 26, 1977.
Revised April 12, 1978.)


