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ABSTRACT

C3HeB/FeJ and RML Swiss-Webster mice were given
various doses of indomethacin.

Concentrations of

500 ug/mouse and greater proved to be toxic when

injected 3 times a week.

These strains of mice were

pretreated with indomethacin and given 2 MLD^q doses

of Salmonella Minnesota 1114 WT bacterial LPS.

The

indomethacin had no effect on the lethal effects of

bacterial LPS.

RML mice, pretreated with indomethacin,

were given a primary and secondary injection of E.Coli

0113 bacterial LPS.

The indomethacin had no effect

on the ability of RML mice to elicit normal humoral

antibody responses, although the indomethacin treated
mice showed a higher secondary peak titer than the

control mice; this was clinically significant.
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LITERATURE REVIEW

A.

INTRODUCTION

It has been shown that some of the biological

•

activities of bacterial endotoxins (LPS) may be medi

ated by prostaglandins.

Synthesis of prostaglandins

is found to be widespread in many tissues and there
fore may be an important determinant of various biolog
ical activities.

Evidence has been presented specifying

that prostaglandin inhibitors alter biological activities
mediated by prostaglandins. (1,
B.

2,

5,

8,

12, 13).

BACTERIAL LIPOPOLYSACCHARIDES

Bacterial endotoxin (LPS) is one of the major
structural components of gram-negative bacterial cell

walls (17).

Through the development of many different

procedures, LPS can be extracted from the cell wall,
although its final form will depend upon the method

of extraction used (3).

Its orientation within the

cell wall give the particular species of bacteria

its O-antigenic properties which are used in serological
classification of bacteria (3, 4).

Although LPS from different species of bacteria
are chemically distinct, the gross chemical composition

is basically the same (17).

All LPS molecules can be

divided into three major regions:

1) lipid A, 2) the

core region, and 3) the O-antigenic determinant (3, 17).
The lipid portion is linked to the polysaccharide core
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which in turn is attached to polysaccharide chains
that make up the O-antigenic determinant (3).

Physical

analyses have revealed this molecule to be a large com
plex macromolecule with a quaternary structure of dis•

The molecular weight ranges

sociable subunits (17).

from 500,000 to 1,000,000 daltons and each subunit

has a molecular weight of approximately 20,000 daltons
(17)..

The lipid A contains a backbone of glucosamine
molecules which are linked to various fatty acid re

sidues at the hydroxyl positions (3, 4).

While other

portions of the LPS molecules vary between species of
bacteria, this region remains constant (3).

The backbone of the core region consists of L-

glycero-D-mannoheptose(heptose) and 2-keto-3-deoxyoctonate (KDO)

(3, 17).

The KDO is bound to the lipid A

portion and the heptose is attached to other carbo
hydrate molecules, some of which serve as the 0-anti-

genic determinant (3, 17).

Thus, the core region

serves as a bridge between the lipid A moiety and the

0-antigenic determinant (17).
The 0-antigenic determinant is made up of repeat

ing units of polysaccharides (4).

The units are

usually linear trisaccharides or branched tetrasaccharides
or pentasaccharides, and may repeat up to 25 times (4).

It is the difference in these terminal sugars that

gives a bacteria its serological specificity, but for
2

a given LPS, the type and sequence of these sugars are
constant (3, 4, 17).

LPS produces a wide array of biological activities

Among these are production of endotoxic shock, hemor•

rhagic necrosis of tumors, production of a characteris

tic antibody response, pyrogenicity in rabbits, a
characteristic Schwartzman reaction, enhancement of

antigenicity of proteins, leukopenia followed by leu
kocytosis, and altered resistance to bacterial infec
tions .

One of the most noted activities of LPS is its
ability to produce endotoxic shock.

It has been found

that injection of purified gram-negative LPS produces

a two-phase hemodynamic response (6).

The first phase

occurs within minutes after injection and is marked by

a reduction in arterial blood pressure (6).

This

begins to return toward normal within 15 minutes (6).
The second response is characterized by a slow reduc
tion in mean arterial blood pressure with evidence of

cellular damage that eventually leads to death (6).

LPS is an excellent antigen and stimulates the
production of very high titers of agglutinating and

precipitating antibodies (3, 4, 19,

20).

The LPS

molecule has the ability to produce a primary level

of antibodies when injected into an organism and upon
rechallenge with the same type of LPS, produce a
secondary level of antibodies

3

(19, 20).

The size

of the secondary response has had a range of 10 to
50 fold above the level of the primary response (17).

Previous experiments have shown that the lipid A por
tion of LPS is needed to stimulate the secondary re

ft

sponse (19, 20).

As already stated, the 0-antigenic

determinant is necessary for production of antibodies
specific to LPS molecules from different strains of

bacteria.

An area of special interest with regard to the

biological activities of LPS is that of its potent
antitumor effect.

It has been shown that when LPS

is admixed with viable tumor cells and injected into
mice, a reduction of tumor incidence occurs (18).

Also, hemorrhagic necrosis of transplantable tumors
already established has been observed (17).

The

mechanism by which these phenomena occur is not known,

but for regression of murine tumors, it appears that
an elicitation of a host mediated response is nec

essary

(18).

That is,

the LPS itself does not cause

regression or suppression of tumors, rather LPS pro
vokes a system within the organism's body to attack
the tumor cells.

LPS participates in another activity known as
*

the Schwartzman reaction (9, 16).

This reaction is

produced by injecting an active material into the

skin and 24 hours later provoking it with the same or

another suitable material (9).
4

Within 2 to 6 hours,

a lesion of hemorrhagic necrosis appears at the site

of the intradermal injection (9).

It was found that

this phenomena could be elicited by LPS, and is used

as a method for titrating the activity of LPS (3, 9,
16) .

C.

BACTERIAL LIPOPOLYSACCHARIDES AND PROSTAGLANDINS
Many hypotheses have been developed to explain

the biological effect of LPS.

One of the hypotheses

being intensely investigated is that LPS acts through
prostaglandins.

It has been shown that the presence

of LPS increases prostaglandin formation (16).

Pre

vious experiments have indicated that biological
activities of LPS such as pyrogenicity, induction of
diarrhea, and abortion can be ascribed to the action

of prostaglandin (16).
One particular experiment demonstrated that the

local Schwartzman reaction may be partially mediated

through prostaglandins (16).

In this experiment, it

was found that injection of PGF2a or PGE2 produced a

local Schwartzman-like phenomena similar to that of

LPS (16).

Thus it has been suggested that the pro

voking action of LPS may partly be related to increased

production of prostaglandin by LPS (16).
Another case where LPS activity may be mediated

by prostaglandins is in the area of pyrogenicity.

Through the use of antipyretics that inhibit the

production of prostaglandins,

5

investigators have been

able to inhibit the pyrogenicity of LPS (15).

Admin

istration of PGE^ and PGE2 has been known to elevate

body temperature in rabbits (15).

Therefore prosta

glandins may be the chemical mediator through which
LPS causes fever.

Although there is much evidence that supports
the hypothesis that prostaglandins mediate some bio

logical activities of LPS,

there exists a number of

examples in which the role of prostaglandins is unclear

For example, investigators have examined prostaglandins

as both etiologic agents of endotoxic shock and as
possible therapeutic agents for treatment of endotoxic

shock (6).

Experiments using prostaglandin synthetase

inhibitors have shown that the primary response of
endotoxic shock is abolished (6).

Thus, it appears

that prostaglandins are necessary for endotoxin to

cause

the first phase of endotoxic shock (6).

On

the other hand, some investigators have found that
increased levels of prostaglandins enhance survival

when animals are subjected to endotoxic shock (6).
Thus, there is a degree of uncertainty as to the role
prostaglandins play in the biological activities of

LPS .

D.

PROSTAGLANDINS

As early as 1930,

investigations revealed

materials that contained substances showing

high physiological potency (13).

6

The first original

source of these substances, later called prostaglandins,
was the seminal vesicles;

but later they were found

in many other body fluids and tissues,

menstrual fluid of women.

including the

The body produces these

highly potent substances in very small amounts.

In

man, a tenth of a milligram of the two most important
prostaglandins is synthesized per day (13).

The en

zymes involved in their synthesis have been found

to be dispersed throughout a variety of tissues
(13).
Prostaglandins are produced from prostanoic acid,

which is derived from arachidonic acid by a membranebound complex of enzymes termed prostaglandin syn

thetase (1).

The main source of arachidonic acid is

the phospholipids which constitute a principal com

ponent of the cell membrane.

This conversion process

may play an important role in the regulation of the
membrane's function.

It seems that the cell membrane

is a prime site for prostaglandin synthesis.

Prosta

glandins are not stored in the cell, but rather produced
when needed (13).

In macrophages, prostaglandins are

synthesized efficiently and the rate of incorporation

of arachidonic acid into prostaglandins is considerably
increased when these cells are activated.

Investiga

tions have shown that incorporation of labeled

arachidonic acid into prostaglandins is markedly
increased in mouse peritoneal macrophage cultures
7

activated by streptococcal cell walls (1).

In a

typical tissue, one microgram of prostaglandins per

gram of wet tissue is found (13).

However, in seminal

fluid, or an extract from the seminal gland, one
hundred times this concentration is found (13).

It

is this rich source that led to the discovery of

prostaglandins.

Prostaglandins are a family of chemically similar

fatty acid derivatives of a molecular weight ranging

from three to four hundred (1).
rapidly inactivated.

They are all

The half-life of some of

the highly active intermediates is only a few min

because they are broken down in the body by

utes

catabolic enzymes (1, 13).

Bergstrom and Sjovall

crystallized two prostaglandins called PGE-^ and PGF^a
and determined something about their structure
and three dimensional configuration, using gas chro

matography, mass spectroscopy, and x-ray analysis
Samuelsson and others worked out structures of

(13).

several additional prostaglandins (13).

They were all

close in structure, but a slight structural change is
responsible for quite distinct biological effects (13)
q

It is now well established that prostaglandins,
which are synthesized in the body from certain poly

unsaturated fatty acids, are twenty carbon carboxylic
acids.

It is synthesized by the formation of a five-

member ring, incorporating a
8

COOH group and three

oxygen atoms at certain positions (13).PGE and PGF
are primary prostaglandins.

PGE has an oxygen

attached to the cyclopentane ring at carbon site nine,

whereas the PGF structures have a hydroxyl (OH) group

at the same site (13).

Dehydration of a PGE molecule

leads to either a PGA or a PGB compound (13).

After

primary prostaglandins have been formed from fatty

acid precursors, such as arachidonic acid, they can
be converted into other members of the family by
changing the primary structure (13).

PGE2 or PGF^

can be formed directly from arachidonic acid, where

as PGE- or PGF-

can be formed from a closely related

fatty acid precursor (13).

PGE1

Tests have demonstrated that the prostaglandins

are among the most potent of all known biological
materials.

Extremely small doses produce marked

effects, and their existence in the body is remark

ably ephemeral.

After a radioactively labeled prosta

glandin is injected intravenously into a subject’s arm,
the injected material is metabolized very rapidly; in

9

as short a time as a minute and a half, ninety per

cent of it is dispersed in metabolic products (13).
Prostaglandins have a wide range of effects.

The effects themselves may be very specific.
general, prostaglandins’

broad powers:

In

effects are based on certain

regulation of the activity of smooth

muscle, and regulation of secretion, including some

endocrine glands or blood flow (13).

Prostaglandins

have specific effects on the female reproduction
system (13).

They may also play an important role

in parturition (13).

Other biological activities

of prostaglandins include the possible prevention of

peptic ulcers and the improvement of airflow by re
laxing the smooth muscle of the bronchial tubes (13).

Other prostaglandins in the body normally help

to regulate blood pressure.

PGE2 lowers blood pres

sure, and PGF2aj which is closely related to PGE2,
raises blood pressure (13).

Tests have demonstrated

that the infusion of PGA can lower blood pressure
in patients with essential hypertension (13).

applied topically to the nose, PGE^

When

has been found

to widen nasal passages by constricting the blood

vessels present (13).
PGE^ has shown the ability to counteract the
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effects of many hormones in stimulation of metabolic

processes, such as the breakdown of lipids in fatty

tissues (13).

Prostaglandins play a fundamental role

in physiology.

A clear interrelation has been shown

between prostaglandins and neurotransmit tors (13).
Infusion of PGE2
phrine

inhibits

in response

the release of norepine

to nerve

stimulation

(13).
They are

Prostaglandins are mainly active locally.
produced by one cell and create their effects in

the same cell or on neighboring cells (1).

They are

not only important mediators of inflammation,

but are

also involved in bone resorption and can influence
cyclic nucleotide levels in other cell types (1).

There is a possible connection between prostaglandins
and the formation of cyclic AMP (cAMP),

the second

messenger, which is being recognized as a key factor
in important functions such as translating the mes

sages of specific hormones and regulating the growth
and differentiation of cells (13).

Evidence is accumu

lating that while prostaglandins of the E and F groups

are able to reproduce the vasodilation characteristic
of inflammation, the transient intermediates, including

PGG2 and thromboxane

, are much more active in in

creasing vascular permeability and in producing pain as

well as platelet aggregation (1).

Casein-induced rat peritoneal macrophages in
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culture, exposed to a prostaglandin, produce and re
lease large amounts of cAMP (1).

When guinea pig

peritoneal macrophages were cultured with products
of activated lymphocytes, adenylate cyclase activities
were increased(1).

Prostaglandins may be important

mediators by which macrophages regulate the prolifer

ation and synthetic activities of other cell types.

Such effects may be stimulatory; for example,PGF2a

activates DNA synthesis in quiescent mouse 3T3
fibroblasts, whereas PGE^ and PGE2 are less effective

(1).

In other systems, they may be inhibitory; for

example, prostaglandins inhibit the division of cul

tured human fibroblasts and embryonic bone cells (1).
Prostaglandins also inhibit responses of T and B
lymphocytes to antigenic and mitogenic stimulation

(1).

The suppression effects may be mediated through

cAMP (1).

Data indicate

that prostaglandins play

an essential role in the production of collagenase
by endotoxin stimulated mocrophages (21).

Exogenous

di-M-PGE2 had a beneficial effect in prolonging skin
allograft survival in mice (2).
Results have been obtained that suggest the

anti-inflammatory action of aspirin and certain other

agents may be explainable on the basis that they block
the synthesis of prostaglandins (13).

anti-inflammatory drugs,

Nonsteroidal

such as aspirin, indomethacin,

and phenylbutazone, inhibit the first enzyme of the
12

synthetase complex of prostaglandins, known as cyclo

oxygenase (1).

Addition of nonsteroidal anti-inflam

matory agents to Ml cells in suspension cultures in
hibited the induction of differentiation by glucocor
ticoid (dexamethasone) or a protein inducer (8).

The indomethacin-mediated inhibition was counteracted
by PGEt or PGE2 (8).

As stated earlier, there are prostaglandin inter

mediates that are more active in increasing vascular
permeability and producing pain and platelet aggrega
tions.

Concerning these side effects,

there is current

interest in drugs that can divert prostaglandins from

these undesirable intermediates rather than merely
blocking cyclooxygenase activity (1).
Prostaglandin synthetase inhibitors significantly

enhance both natural and anti-body dependent lymphocyte

cytotoxicity (5).

Enhancement appears to reflect an

effect on the target cells, presumably by an inhibi
tion of prostaglandin production (5).

Indomethacin

can significantly enhance, in vitro, lymphocyte

blastogenic response to concanavalin A and purified
As stated earlier, exogenous

protein derivative (12).

di-M-PGE2 tends to prolong the survival of skin allo
graft in mice.

However, the administration of

indomethacin shortened the allograft survival period,

and this effect was completely abrogated by concurrent

injection of di-M-PGE2 (2).
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It is evident that prostaglandins may effect the
rate of tumor growth.

Indomethacin was continuously

administered in the drinking water of inbred C3H mice

given grafts of syngeneic 3-methycholanthrene induced

fibrosarcomas (11).

The tumor growth rate was signifi

cantly slowed, and growth recommenced rapidly after
drug withdrawal (11).

E.

HYPOTHESIS
While analyzing the current literature we found

numerous contradictions concerning prostaglandin re
search.

In view of this conflicting data, the follow

ing hypothesis was formulated.
shown to suppress tumor growth.

Bacterial LPS has been

The addition of LPS

in vivo consistantly elevates prostaglandin levels.

Indomethacin, by inhibiting prostaglandin synthesis,
may: 1) diminish the ability of LPS to suppress tumor
growth, 2) reduce the lethal effects of LPS in vivo,

and 3) effect the humoral antibody response of mice
to LPS.

14

MATERIALS AND METHODS

A.

MICE
C3HeB/FeJ (FeJ), a C57BL/6 x DBA-2 cross (BDF1),

Rocky Mountain Swiss-Webster (RML) outbred mice from
the Rocky Mountain Laboratory stock, and all biological

materials were all generously donated by Dr. Kenneth

B. Von Eschen of the Rocky Mountain Laboratory,
Hamilton, Montana.

The FeJ mice were female and the

BDF1 and RML mice were male.

All mice were 6-12 weeks

old.

B.

TUMOR CELLS
Fibrosarcoma tumor cells (designated MC-93),

a specific fibrosarcoma for FeJ mice, were origin
ally induced in a C3H/HeJ mouse by 3-methylcholanthrene

(18).

Mc-93 cells were cultured in vitro in tissue

culture medium (Minimum Essential Medium, Eagle,

Microbial Associates, Bethesda, MD)

Supplemented with

107. fetal calf serum, penicillin (100 units/ml),

streptomycin (100 ug/ml). and 15 mM Hepes (Sigma

Chemical Co., St. Louis, MO).

The cells were sub

cultured every 7-10 days (18).

EL-4 tumor cells, specific for BDF1 mice, were

originally isolated from a lymphoma induced in a
C57BL/6 mouse (Gorer, 1950).
cultured in vitro

These cells had been

in RPMI-1640 medium (Microbiological

15

Associates, Bethesda, MD) supplemented with 10%

fetal calf serum, penicillin (100 units/ml), and
lxlO~^M 2-mercaptoethanol (18).

C.

BACTERIAL LIPOPOLYSACCHARIDES

E scheri chi a coli 0113 (Ec434), Braude strain,
was cultivated, fractionated, and extracted as de
scribed by Fukushi et. al.

(20).

Briefly, this

includes disruption of cells in a refrigerated cell

fractionator and separation of the cell walls from
the protoplasmic fraction by differential centrifrigation (20).

LPS from E. coli 0113 was extracted

from the cell walls by the phenol-water procedure

(20).

Another bacterial endotoxim used was Salmonella

Minnesota 1114 WT LPS.

All bacterial extracts were resuspended in a

phosphate buffered balanced salt solution (PBBS),
incubated at 37°C for 30 minutes, briefly sonicated,

and stored at -20°C until used (18).

Both bacterial

LPS are known to suppress tumor growth but are lethal
above certain dosage levels.

D.

DRUG TREATMENT

Indomethacin (l[p-Chlorobenzoyl]-5-Methoxy-2Methyl Indole-3-acetic acid, Sigma Chemical Co.) is
an inhibitor of prostaglandin synthetase.

From crys

talline form, stock solutions of 500 ug/ml, 750 ug/ml,

16

1 mg/ml, and 2.5 mg/ml were made up and stored at 4°C.

In various experiments the desired dosages were
obtained by giving 0.2 ml in jections, i .p . ,

stock solutions.

of the

The dosages required were 100 ug/

mouse, 150 ug/mouse, 200 ug/mouse, and 500 ug/mouse.

Preparing solutions involved dissolving the indo
methacin in a 7.5% solution of NaHCO^ in a volumetric
flask, filtering the stock solution through a 0.45um

bacteriological filter, and refrigerating the solution

until use.
E.

INDOMETHACIN TOXICITY
Using FeJ and RML mice,

toxic responses of the

two different strains were tested with different dos

ages of indomethacin.

Each dosage injection was re

peated 3 times a week and continued for 3 weeks.

With

the FeJ strain, 4 mice were given 100 ug doses, 4

mice were given 200 ug doses, and 3 mice were given
500 ug doses.

With the RML strain,

5 mice were given

100 ug doses, 6 mice were given 200 ug doses, and 4

mice were given 500 ug doses.

F.

INDOMETHACIN AND LETHAL DOSES OF LPS
The effects which varying dosages of indomethacin

had upon mice who were given a lethal injection

of Salmonella Minnesota 1114 WT LPS were observed in
FeJ and RML strains of mice.

With the FeJ mice, 10

were pretreated with 100 ug of indomethacin 3 times

a week and 4 were pretreated with 200 ug of indometh-
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acin.

With the RML mice, 5 were pretreated with 100

ug of indomethacin 3 times a week, 6 were pretreated

with 200 ug, and 2 were pretreated with 500 ug.

All

mice were then injected, 1.p. , with Salmonella Minnesota

1114 WT LPS at the minimum lethal dose (2 MLD^q)
according to the particular strain.

Percent dead was

calculated after 2 days (see Table 2 and Table 3).
Actinomycin D was not administered to sensitize the

mice to the LPS.

The MLD^q (one half the minimum lethal dose)
was

determined by giving FeJ and RML mice injections

of different concentrations of LPS,

graphing the re

sults of the percent dead after 2 days, and finding

the MLD^ofrom the plotted dose response curve (see
Fig.

1 and Fig. 2).

Two times the MLD^q of LPS has

been shown to kill 100% of the mice having no chemical
pretreatment (unpublished observation, Rocky Mountain

Laboratory).

G.

INDOMETHACIN AND PRIMARY AND SECONDARY ANTIBODY
RESPONSES TO LPS
Using RML mice, 10 were pretreated with 200 ug

of indomethacin 3 times a week and 13 mice, used as
a control group, were not given any injections.

Those

receiving indomethacin continued receiving injections
throughout the experiment.

All mice were first bled

on day 0 and afterwards were given a 10 ug injection

They were then bled 5 more

of E.coli 0113 LPS, i.p.
18

times over a period of 16 days.

At this time, on day

16, they were all given a second 10 ug injection of
E.coli 0113 LPS and bled 3 more times over a period

of 12 days.

Bleeding was accomplished by cutting across the
large vein in the tails of the mice and collecting

the blood in heparinized capillary tubes.
spun down in a centrifuge at low speed.

These were
The serum

was collected and frozen until the completion of the
experiment.

At that time, immunoassays were done to

quantitate the appearance of humoral antibodies pro

duced in response to the LPS.
The procedure used was an anti-0113 titer.

Anti

bodies specific for the 0113 determinant were measured
by a passive hemagglutination test using sheep red
blood cells (SRBC) coated with LPS which was extracted
from E.coli 0113 as the indicator cells.

Sensitized

SRBC were prepared by combining 0.25 ml of packed
washed SRBC (Colorado Serum Co., Denver, Co), 9.0
ml of phosphate buffered saline (PBS), and 1.0 ml
*
of boiled LPS.
The mixture of SRBC, PBS, and LPS

was incubated at 37°C for 30 minutes, washed 4 times
in PBS, and resuspended in microtiter diluent (1.07o

normal rabbit serum in PBS) to 0.5% (5.0 ml/O.25ml packed
cells).

The sensitized SRBC were used within 24 hours

Boiled LPS was made by dissolving 1 mg of LPS in 1 ml of 0.1 M PO4 buffer (pH=7.4) and then placing the
solution in a boiling water bath for 2| hours (17).
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after preparation as indicator cells in a passive
hemagglutination test.

To all but the first well of each row in a
microtiter plate (Linbro Cemical Co., Inc., New
Haven, CT), 0.025 ml of diluent was added.

Then,

0.025 ml of test serum (which had been incubated at

52°C for 30 minutes to inhibit complement) was added

to the first well of every row.

Serial two-fold

dilutions were made using 0.025 ml dilutors (Cooke

Engineering Co., Alexandria, VA).
dilutions were by one half.

Therefore, all

Next, 0.025 ml of the

sensitized SRBC, suspended to a final concentration
of 0.5% were added to each well and the plate was
agitated gently, covered, and allowed to incubate

at room temperature for 24 hours before final readings

were taken (17).

A titer is the reciprocal of the highest dilu
tion of serum to give positive agglutination of LPS-

SRBC.

Humoral titers are expressed as values of x,

derived from the equation x=log2(HD/1), where HD
is the titer number.

Thus, the titer is the well

number at the endpoint when the first well contains

a h dilution of antiserum (20).
H.

INDOMETHACIN AND TUMOR SUPPRESSION BY LPS
The FeJ mice were divided into 4 equal groups:
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Mice in Group A were given

Groups A, B, C, and D.

only Mc-93tumor cells by a subcutaneous injection on

the sternum.

Ec434 LPS.

(200 ug,

Group B mice received tumor cells and

Group C was pretreated with indomethacin

3 times a week for 2 week), given MC-93

The indomethacin injections

tumor cells, and LPS.

continued but at 100 ug doses, 2 times a week.
Group D was also pretreated with indomethocin in the

same manner but was administered only MC-93 tumor
cells with continuing indomethacin injections.
Table 1. - Experimental Design:
Tumor Suppression.

Effect of Indomethacin on LPS

Four groups of mice were designed, each receiving
different treatment. TC=tumor cells, LPS=bacterial
endotoxin, INDO=indomethacin
TREATMENT
GROUP

TC

A

+
+
+
+

B
C

D

LPS

INDO

+

+

+
+

The MC-93 tumor cells were harvested from a

tissue culture flask, washed 3 times in PBBS, and
then PBBS was added to obtain a concentration of 2.0
x 10^ cells /0.1 ml.

With dye exclusion trypan blue

and a hemocytometer, the viability of the cells was
discerned to be less than 2 57..

For the groups receiving tumor cells and LPS
(Groups B and C), the Ec434 LPS was dissolved in the
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tumor cell solution at a concentration of 200 ug /0.1
ml.

Therefore, all mice received injections of 0.1 ml.

Groups A and D received 2.0 x 10^ tumor cells in this
amount and Groups B and C received 2.0 x 10^ tumor

cells plus 200 ug of Ec434 LPS.

After tumor growth

occurred they were to be measured by diameter twice a

week.
Another trial of this experiment was run using the
same experimental groups and methods but using BDF1

mice and EL-4 tumor cells.

The same LPS, Ec434, was

used in both experimental trials.

The EL-4 cells were

washed in PBBS and PBBS was added until obtaining a
concentration of 1.0 x 10^

cells/0.1 ml.

was dissolved in the tumor

cell solution at a concen

tration of 200 ug/0.1 ml, so

The Ec434 LPS

with 0.1 ml subcutaneous

injections, Groups A and D

received 1.0 x 10^ tumor

cells while Groups B and C

received 1.0 x

10^ tumor

cells plus 200 ug LPS .

Groups C and D of the BDF1 mice were pretreated with indomethacin at a concentration of 150 ug/mouse
for only 4 days, over an 11 day span, before receiving tumor cells or LPS. Indomethacin injections
were continued throughout the experiment.
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RESULTS

A.

INDOMETHACIN TOXICITY
The results, given in Table 4 and displayed in

•

Fig. 3, showed that after 3 weeks all of the mice, FeJ
and RML, receiving 100 ug or 200 ug doses were still
alive; the indomethacin showing no outward physical
effects on the mice.

ing 500 ug doses,

However, of the RML mice receiv

50% were dead after 3 weeks and 100%.

of the FeJ mice receiving 500 ug doses were dead also
after three weeks.
B.

INDOMETHACIN AND LETHAL DOSES OF LPS
The results, given in Tables 5 and 6 and displayed

in Fig. 4, show that in the FeJ strain, treatment with
100 ug of indomethacin resulted in 75% dead.

Those FeJ

mice treated with 200 ug of indomethacin resulted in

90% dead.

In the RML strain, mice treated with 100 ug

of indomethacin resulted in 80% dead, those treated
with 200 ug of indomethacin resulted in 33.3%, dead,
and those treated with 500 ug of indomethacin resulted

in 100%, dead.
C.

INDOMETHACIN AND PRIMARY AND SECONDARY ANTIBODY
RESPONSES TO LPS

•

Quantitating the time of appearance of

antibodies in the two groups of mice after both pri
mary and secondary injections of LPS, the kinetics of

the appearance of antibodies were represented as in
23

Fig. 5.

It was observed that both groups of mice had

similar rates of increase in humoral antibodies in re

sponse to the primary injection.

The peak titers to

the primary injection were also similar between the

indomethacin treated group and the control group (7.1

and 8.1, respectively).
In response to the secondary injection the rates

of increase in humoral antibodies were again similar,
although the indomethacin treated mice did not begin
an increase in antibody production until after day 18

while the control group began after day 16, the day of
the secondary injection.

The indomethacin treated mice

also displayed a clearly higher peak titer than the con

trol mice after the secondary injection (12.9 and 10.0

respectively).

Further, at day 28 the control mice dis

played a leveling off of the appearance of antibodies

while the indomethacin treated mice showed no such de
cline in the increase of humoral antibodies due to the
secondary injection of LPS.

D.

INDOMETHACIN AND TUMOR SUPPRESSION BY LPS
Two systems were devised in this effort to observe

the effect of indomethacin on the known suppression of
*

The first system, with FeJ

tumor cells by LPS (18).

mice, MC-93 tumor cells, and Ec434 LPS failed to show

any tumors in any of the mice after 3 weeks.

The second

system was then put into effect using BDF1 mice, EL-4
tumors, and Ec434 LPS.

After 3 weeks, 2 tumors developed
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out of the 40 mice; one in Group A (tumor

and one in Group B (tumor cells and LPS).
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cells only)

Table 2.

LPS DOSE TOXICITY:

C3HeB/FeJ MICE WITH

Salmonella Minnesota 114 WT LPS.

LPS DOSAGE
(mg/mouse)

NUMBER
OF
MICE

5.0

2

0

2

2/2

100

2.5

3

1

2

3/2

100

1.25

3

0

2

2/3

66

0.625

3

0

1

1/3

33.3

Table 3.

LPS DOSE TOXICITY:

LPS DOSAGE
(mg/mouse)

NUMBER
DEAD
DAY 1

NUMBER
DEAD
DAY 2

TOTAL
DEAD

PERCENT
DEAD

RLM MICE Salmonella Minnesota 114WT LPS.*

NUMBER
OF
MICE

NUMBER
DEAD
DAY 1

NUMBER
DEAD
DAY 2

TOTAL
DEAD

PERCENT
DEAD

5.0

4

4

0

4/4

100

2.5

5

1

2

3/5

60

1.25

4

0

0

0/4

0

0.625

5

0

0

0/5

0

* This data was compiled by Dr. Kenneth B. Von Eschen at the Rocky Mountain Laboratory,
Hamilton, Montana.
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LPS DOSE RESPONSE CURVE:

C3HeB/FeJ MICE WITH

PERCENT DEAD

Salmonella Minnesota 114 WT LPS.

Fig. 1.

The data graphed was compiled in Table 2, The MLDgg is
found by using the point at which 50% of the mice died and

dropping down to the X-axis to find the corresponding LPS

dosage. For the C3HeB/FeJ mice the MLDgg was 0.916 mg/mouse.
This is one half of the minimum lethal dose.
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LPS DOSE RESPONSE CURVE:

RML MICE WITH

PERCENT DEAD

Salmonella Minnesota 114 WT LPS.*

Fig. 2.

The data graphed was compiled in Table 3. The MLDgg is
2.2 mg/mouse.

* After work done by Dr. K.B. Von Eschen of the Rocky Mountain Laboratory.
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INDOMETHACIN TOXICITY. Groups of mice were given different
dosages of indomethacin 3 times a week for 3 weeks, after which the
percent dead was calculated for each group.

Table 4.

STRAIN OF
MICE

C3HeB/FeJ

RML

Fig. 3.

INDOMETHACIN
DOSAGE (ug)

INITIAL NUMBER
OF MICE

100
200
500
100
200
500

4
4
3
5
6
4

PERCENT
DEAD
0
0
100
0
0
50

PERCENT DEAD DUE TO INDOMETHACIN TOXICITY: The data graphed
is from Table 4. ------------------- C3HeB/FeJ,-------------- RML.
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Table 5.

LPS TOXICITY WITH INDOMETHACIN PRETREATED C3HeB/FeJ MICE.
All mice were injected with 2 MLD^q of Salmonella Minnesota 114 WT LPS.

MLDgg was determined in Fig. 1 and 2 MLDgg = 1.8 mg/mouse.

INDOMETHACIN
PRETREATMENT
DOSAGE (ug)

INITIAL
NUMBER
OF MICE

100

10

200

4

Table 6.

NUMBER
DEAD
DAY 1

NUMBER
DEAD
DAY 2

TOTAL
NUMBER
DEAD

PERCENT
DEAD

5

4

9/10

90

1

2

3/4

75

LPS TOXICITY WITH INDOMETHACIN PRETREATED RML MICE.
All mice were injected with 2 MLDgg of Salmonella Minnesota 114 WT LPS.

MLD50 was determined in Fig. 2 and 2MLDgg= 2.2 mg/mouse.

NUMBER
DEAD
DAY 2

TOTAL
NUMBER
DEAD

PERCENT
DEAD

1

3

4/5

80

6

2

0

2/6

33.3

2

1

1

2/2

100

INDOMETHACIN
PRETREATMENT
DOSAGE (ug)

INITIAL
NUMBER
OF MICE

100

5

200
500

NUMBER
DEAD
DAY 1
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PERCENT DEAD

DEATHS DUE TO LPS FOLLOWING INDOMETHACIN PRETREATMENT

Fig. 4.

Percent of mice dead 3 days after injection with Salmonella minnesota 1114 WT LPS.

Symbols;-------represents C3HeB/FeJ strain pretreated for 8 weeks with Indomethacin
and injected with 1.83 mg of LPS;------- represents RML Swiss Webster strain pretreated

for 5 weeks with Indomethacin and injected with 4.4 mg of LPS.
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PRIMARY AND SECONDARY ANTIBODY RESPONSES TO LPS

Fig. 5.

Antibody titers of RML mice to E. coli 0113 LPS. Each point represents the
average titer of 7—10 mice and the bars indicate the ranges.

Sympols: ♦--------- ♦ control mice injected on days 0 and 16 with 10 ug of LPS;
•--------- • mice pretreated with indomethacin, injected with indomethacin (200 ug)
on days 3, 6, 8, 10,13, 15, 17, 20, 22, 24, and 27, and injected with 10 ug of LPS
on days 0 and 16.
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DISCUSSION AND CONCLUSION
Our original intent was to study the effect of
indomethacin, a prostaglandin inhibitor, on the known

suppression of tumor growth by bacterial LPS (18, 11).
Small amounts of LPS have been shown to inhibit or

suppress tumor growth but use of larger doses become

lethal to the experimental animal.

It was discovered

that there were already high concentrations of prosta
glandins in many tumors (10) and that the presence of

LPSresulted in elevated prostaglandin levels

(16).

Therefore, it has since been postulated that perhaps

prostaglandins are important regulators of immune re

sponses (12). Since the findings on prostaglandin levels
(10, 16)

seemed to contradict each other somewhat, our

question was what effect indomethacin, a prostaglandin

synthetase inhibitor, might have upon tumor cell treat

ed animals and upon animals treated with both tumor
It was hypothesized that

cells and bacterial LPS.

indomethacin would lower the prostaglandin level
and therefore suppress the

activity of the LPS in

inhibiting tumor cell growth.

It seemed possible that

for those mice treated with tumor cells and LPS, the

indomethacin would lessen the lethal effects of LPS
by lowering prostaglandin levels and were curious as

to how LPS accomplishes tumor suppression by manip
ulating prostaglandin levels.
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Our first system of mice, tumor cells, and LPS

failed to develop tumors in any of the mice.

This

can be explained because the viability of the tumor
cells was less than 257O before injection.

The ap

parent reason for this seems to be that the cells
were removed from liquid nitrogen storage and brought

on ice to our laboratory from the Rocky Mountain
Laboratory,

3 hours away.

Live tumor cells are very

sensitive and their decrease in viability is a reason
for failure of the experiement to operate as planned.
Another system was put into operation at the

Rocky Mountain Laboratory using different mice and
different tumor cells (at a very high viability per
centage).

When this was completed the mice were trans

ported back to our laboratory.

growth inhibited our experiment.

Again, lack of tumor
Since only one con

trol animal (injected with only tumor cells) developed

a tumor, there was no basis for further speculation
on any other results.

The reason for failure of this

tumor system to develop successfully in this strain of

Regardless, investigating the

mice (BDF1) is unknown.

effects indomethacin may have on tumor growth is wor
of further research.

Such research may also demon

strate the effect of indomethacin when combined with
tumor cells and bacterial LPS.

This is significant

because LPS suppresses tumors but raises prosta

glandin levels.
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A problem existing in LPS tumor suppression re
search is that bacterial LPS has reduced the growth

of tumors (18) but the LPS itself exhibits biological
and lethal effects in vivo.

Therefore, we tested mice

treated with different doses of indomethacin against
injections of LPS at the minimum lethal dose for each

particular strain of mice.

Thus, if LPS does increase

prostaglandin levels (16) and if this is responsible

for the lethal effects of LPS, then indomethacin should

reduce this effect.
however.

Our results did not support this,

In the RML strain of mice, those given the

lowest dosage of indomethacin (100 ug)

dead after a lethal dose of LPS.

showed 807.

Those given a moder

ate dose (200 ug) experienced only 33.3% dead but
those given the highest dosage (500 ug) showed 100%

dead after the lethal LPS injection.

The FeJ mice

were similar, with those receiving a lower dosage of

indomethacin (100 ug) showing 75% dead while those
given a moderate dosage (200 ug)

showed 90% dead.

One setback in these results was the small number
of mice used in the experiments.

used,

Since few mice were

the percentage of dead mice is not nearly as

significant.

However, even with the number of mice

used, it appeared that the indomethacin had no effect

in protection of the mice against the lethal effects

of LPS.

In the RML strain, both the lowest and high

est dosage levels of indomethacin resulted in a sig35

nificantly high percentage dead.

The middle dosage

level seemed to maintain a lower percentage of deaths,

but it was not significant since the FeJ mice at that
dose of indomethacin showed a very high percentage of

dead.

If indomethacin can suppress the lethal effects
of LPS then lower levels of prostaglandins exist in
this suppression.

This may be an area for further

research that could possibly be applicable to the
study of human cancer.

Since bacterial LPS do sup

press tumors it would be profitable to discover how to

remove their lethal effect.

Although it was found that indo

methacin provided no protection against the lethal

effects of LPS alone, it should be noted that other
research has shown that there is a suppression of LPS

lethal effects by indomethacin when the injection is

of LPS sensitized by lead acetate (11).
here is that with sensitized LPS

The problem

cannot discern

exactly how the suppression is brought about.

these lines, after LPS injections
lethal amounts

Along

not necessarily of

glucocorticoid antagonizing factor

(GAF) is found in substantial amounts and it enhances

and antagonizes the effects of LPS (11).

though
the

indomethacin has been found to

release

of GAF,

the

suppression

Even
suppress

is

not physically apparent with injections of LPS alone.
Further research is necessary to discover an actual
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working model of the mechanisms involved in both bac

terial LPS lethal effects and in the suppression of
these effects if the LPS is sensitized with lead
acetate or actinomycin D.

In order to determine that the indomethacin it
self was not toxic and to discover doses suitable for
the mice, different dosage levels were administered to

the mice.

This showed that doses of 100 ug or 200 ug

given 3 times a week did not prove lethal to either

strain of mice providing that after preparation the
indomethacin was filter sterilized and stored at 4°C
in sterile containers.

With the 500 ug dose given 3

times a week, however, there was a 507. and 100% inci
dence of death in the RML and FeJ mice, respectively.
Although this may be due to toxic effects of indomethacin

alone, it is more likely due to a cloudy impurity which
developed only in the 500 ug solutions.

No 500 ug

deaths were observed while the solution was clear and
uncontaminated.

A simple test for the presence of

bacteria proved negative and the impurity appeared

to be some sort of a precipitate .

The con

stitution of the contamination is unknown.

If it

is found that indomethacin itself will inhibit tumor

growth in vivo , it may become applied to human cancers
and indomethacin toxicity itself will become a problem
necessary to resolve.
Another

system of

immunity
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that indomethacin might affect was observed in quan
titating the time of appearance of humoral antibodies

against a specific bacterial LPS antigen.

Previous

experimentation showed that the same strain of mice (RML)

exhibited

a very normal primary and secondary response

to LPS injections

(20).

In our experiment, both the

indomethacin treated mice and the control mice display
ed similar primary and secondary response curves.
Therefore, in gross observation, the conclusion would

be that indomethacin has little effect on RML’s ability
to elicit a primary and secondary humoral antibody

response to LPS.

One could also conclude that lower

levels of prostaglandins do not increase or decrease
the humoral antibody response.

In closer analysis,

the antibody response curve showed some slight dif

ferences, the most noticeable being that the indometh
acin treated mice took longer to react to the secondary

injection of LPS. Also on the last day of antibody mea
surement they had a higher antibody peak titer than
the control mice and had not yet leveled off in their

antibody production (see Fig.

5).

The difference in

secondary peak titers is clinically significant but

it only shows that indomethacin may perhaps have in
creased the ability of the mouse immunity system to

recognize the antigen.

This response, however, took

longer to occur than in the control mice.

Overall,

in spite of the difference, indomethacin had seemingly
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little effect upon the mouse humoral antibody responses

From our experimentation it was discovered that
indomethacin may be toxic at concentrations of 500 ug/
mouse and higher.

It was also shown that indomethacin

treatment has no part in protecting mice from the
lethal effects of LPS alone and it has no effect on

the ability of mice to elicit normal primary and sec
From this it

ondary humoral antibody responses.

can

conclude that lowered levels of prostaglandins would
have the same effects in these situations, due to the

fact that indomethacin is a prostaglandin synthetase
inhibitor.

Research done by other

investigators, showed LPS

raising

pros

taglandin levels (16), LPS suppressing tumor cell

growth (18), high levels of prostaglandins existing
in tumors (10), LPS causing lethal effects (11), and

indomethacin protecting mice only against sensitized
LPS (11).

One would be inclined to propose that LPS

has its effect of suppressing tumors and causing death
at certain concentrations by its overall effect on
the level of prostaglandins present.

our hypothesis but all our

This was also

data shows indomethacin,

which would inhibit and thus lower the prostaglandin

levels,

LPS.

had no

effect

on

the actions of bacterial

Further, one study cited showed many tumors to

have high concentrations of prostaglandins present.
Therefore, while LPS may have an effect on pros-
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taglandin levels

by raising the levels

, it does not

seem likely that it is specifically this effect which
gives it its lethal activity nor its ability to sup
press tumors.

It is very likely that prostaglandins

may play a role in tumor cell growth and in LPS activ
ities, but these roles have not yet been discovered.
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