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LITERATURE REVIEW: 

Though it has been over 50 years since their dis-

covery, prostaglandins have only recently entered the field 

of biomedical research with their deserved prominence. 

Indeed there are few physiological phenomena in which prosta-

glandins have not been implicated. It is now known that 

prostaglandins are very widely distributed in mammalian 

tissues and body fluids, e.g., kidney, lung, thymus, spleen, 

iris, thyroid, adipose tissue, uterus, placenta, gastro-

intestinal mucosa, central nervous system, adrenals, ovaries, 

menstrual fluid, amniotic fluid, etc. 

This general acknowledgement of prostaglandin dis-

tribution evolved from the work of Raphael Kurzrok and 

Charles Lieb at Columbia University in the early 1930 1 s. 

While working on female sterility, they reported that human 

seminal plasma contracted uterine smooth muscle. A few 

years following this report the Swedish scientist, Ulf S. 

von Euler, demonstrated the activity of stimulating smooth 

muscle and lowering arterial blood pressure with injections 

of seminal fluid from the monkey, sheep, goat, and extracts 

of sheep seminal vesicles in experimental animals (3, 28). 

Subsequently, von Euler showed that the biological 

activity of this seminal fluid was associated with a frac-

tion containing lipid soluble acids and that this activity 

was not due to any of the already known naturally occurring 

substances. In fact, it was von Euler himself who coined 

the term 1 prostaglandin 1 in the belief that the biologically 
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active substance found in the seminal fluid was a secretion 

of the prostate gland (20). 

Even with such numerous physiological implications 

it was not until 1960 (with a $100,000 grant from the 

Upjohn Company) that the first prostaglandins were isolated 

by Sune Bergstrom and Jan Sjovall. They showed, in their 

work with Bengt Samuelsson and Ragner Ryhage, that prosta

glandin was not a simple substance, but a family of several 

chemically related compounds derived from the hypothetical 

prostanoic acid. Subsequently, large-scale biosynthesis 

began to make these compounds available to a great number 

of investigators (3). Hence, prostaglandins entered into 

an explosive realm of scientific research and a wealth of 

knowledge has been gained as to their structure, synthesis, 

actions, and effects. 

The prostaglandins are naturally-occurring, cyclical, 

unsaturated fatty acids which contain 20 carbon atoms, a 

cyclopentane ring, two aliphatic side chains, and a terminal 

carboxyl group of the parent prostanoic acid. There are, 

classically, fourteen known naturally-occurring prostaglandins 

categorized into four series: E, F, A, B. Classification 

is based on the type and locus of chemical functions and 

the degree of unsaturation, although all prostaglandins 

have a C-13:l4 double bond and a IS-hydroxyl function which 

appears to be essential for prostaglandin biological activ

ity (3). 
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The letters E and F in prostaglandin nomenclature 

refer to an early finding that PGE and PGF compounds could 

be partly separated by extraction with ether from phosphate 

buffer. The PGE compounds mainly appeared in the ether 

phase, whereas the PGF compounds mainly stayed in the phos

phate (fosfate in Swedish) buffer. The letters A and B 

in PGA and PGB refer to the formation of these derivatives 

from PGE compounds by acid and base treatment, respectively 

( 1) • 

It is primarily this series of PGE compounds, or 

more specifically the series type PGE 2 , which will be further 

discussed. Prostaglandin E2 has become prominent recently 

due to its effects on the circulatory and reproductive 

systems as well as its infamous hypothetical role in tumor 

immunology. 

Prostoglandin E2 has been shown to be enzymatically 

converted from the essential fatty acid, arachidonic acid, 

by the enzyme complex, prostaglandin synthetase. This 

complex is generally considered to be membrane-bound though 

there is a report of its solubilization. In nature, poly

unsaturated fatty acids (PUFAs) are mainly found incorporated 

into phospholipids in cell membranes and released by the 

action of phospholipase A2 • Esterified PUFAs cannot enter 

into the reaction catalyzed by the prostaglandin synthetase 

enzyme complex. Hence, the schematic pathway of prosta

glandin biosynthesis shown in Figure 1 evolved (3). 
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Subsequent investigation showed that the biosyn-

thetic reaction is not as smooth as it appears in Figure 1, 

but proceeds in a series of steps. A recent mechanism of 

action has been proposed which consists of three consecu-

tive enzymatic steps. The steps, as well as a graphic 

illustration (Figure 2), are as such: 

i. two-fold oxygenation 

ii. reduction of the IS-hydroperoxy group 

iii. enzymatic isomerization or reduction of the 
9,ll-cyclic endoperoxide (27). 
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Once formed by this pathway, prostaglandins of the 

E-type are extensively taken up by the many organs and 

tissues of the body, but primarily the liver, kidney, and 

lungs. The mammalian organism possesses an extremely effi

cient mechanism for the catabolism of PGEs and hence their 

biological inactivation. The efficiency of certain vascular 

beds, for example the lung, in inactivating PGE-type and 

other prostaglandins, is skillfully illustrated by the ob

servations of S. Ferreira and J. Vane, who found that more 

than 95% of infused PGE2 was inactivated during one circu

lation through the lungs and by those of M. Hamberg and 

B. Samuelsson, who showed that only 3% of an intravenous 

bolus injection of tritiated PGE 2 remained in the plasma 

after 90 seconds. After 4.5 minutes there was no detect

able PGE 2 • 

This rapid inactivation is the result of relatively 

few metabolic steps, such as dehydrogenation, reduction, 

and beta oxidation. Such metabolic mechanisms exist whereby 

the biological activity of the PGE molecule is rapidly 

destroyed, the metabolite being excreted in the urine after 

successive modifications of the native structure (9). This 

major urinary metabolite of PGE 2 catabolism has been iden

tified as 7a- hydroxy-5,ll-diketotetranorprostane-l,16-

dioic acid (1). 

Broadly speaking, these enzymatic reactions are of 

two types: an initial (relatively rapid) step, catalyzed by 
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PGE
2 

specific enzymes, whereby the PGE2 molecule loses most 

of its biological activity, and a second (relatively slow) 

step in which those metabolites are oxidized by enzymes 

probably identical to those responsible for the S- and y-

oxidation of fatty acids in general. This sequence of re-

actions has been investigated in man and the enzymes re-

sponsible for the degradation of PGE 2 are, in sequential 

listing, IS-hydroxy prostaglandin dehydrogenase (PGDH), 

prostaglandin l36reductase, and Sand 0)- oxdizing systems 

(9) • 

Even with such a short metabolic life and rapid, 

efficient catabolism, PGE2 possesses an extremely potent 

pharmacological ability and probably acts at or near its 

site of synthesis. As such, PGE 2 is found and involved in 

the maintenance of adipose tissue homeostasis by means of 

a physiological negative feed-back inhibition mechanism. 

It inhibits the adenylate cyclase enzyme complex which is 

responsible for catalyzing the cyclization of intracellular 

ATP to cyclic-AMP. It is this cyclic-AMP at optimum levels 

that in turn activates the fatty acid-producing enzymes, 

triglyceride lipase and phosoholipase A2 . Thus, when PGE
2 

levels build utilization of triacylglycerides and phos-

pholipids decreases (3). 

Prostaglandin E2 also stimulates smooth muscle con

++ traction by increasing the Ca release from the sarcoplasmic 

reticulum. As such, PGE 2 has been associated with parturi

tion and has also been used to induce therapeutic abortions. 
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This has been shown to be successful when PGE2 was applied 

intravaginally, but the severity of the side effects will 

probably limit the applicability of this method until there 

is made available an analogue preparation free of such side 

effects (36). 

In addition, PGE 2 is a known potent vasodilator and 

has been implicated with the phenomenon of inflammation. 

By increasing the blood flow through various vascular beds, 

inflammation can sometimes be an indirect result when the 

vascular permeability is increased. This action is thought 

to be both by a direct relaxation of the vascular smooth 

muscle beds and also by inhibition of the sympathetic 

neuro-muscular transmission (1). 

With all these physiologic phenomena that PGE
2 

plays 

a role in perhaps its most intriguing and controversial role 

is in tumor immunology. The critical feature of cancer is 

invasiveness, i.e., infiltration of normal tissues by 

metastatic tumor cells. However, implicit~ in this invasive 
~ 

quality are the two concepts of cell proliferation and host 

immune competence since malignant cells cannot form tumors 

unless they proliferate, yet cannot exist without over-

corning the immune response of their host (3). 

Our immune mechanisms fall into two major classes: 

firstly, reactions of humoral immunity involving the genera-

tion of antibodies by bone marrow derived thymus independent 

lymphocytes (B-Iymphocytes); secondly, reactions of cellular 
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immunity involving the generation of lymphokines by thymus 

dependent lymphocytes (T-Iymphocytes). Lymphokines are 

macromolecular agents, probably glycoprotein, which affect 

a range of cell types, including macrophages, neutrophils, 

lymphocytes, osteoclasts, and vascular endothelium. With-

in this general framework there exists a range of cell/cell 

interactions to both specific antigens and nonspecific 

stimuli of lymphocyte function leading to the generation 

of antibodies or lymphokines. As well as mediator release 

in response to antigen stimulus, T-Iymphocytes are involved 

in the control of antibody secretion. Macrophages also 

serve to regulate the secretion of lymphokines or antibodies. _ 

In addition, *activated macrophages have been implicated 

as having an important surveillance role in differentiating 

normal from transformed cells and in selectively killing 

transformed cells by a nonimmunologic contact-mediated 

approach. Neutrophils, eosinophils, and basophils are 

usually considered to be involved in immediate hypersensi

tivity anaphylactic type reactions though involvement in 

other responses may be more than incidental (2, 31). 

As stated previously, tumors cannot exist without 

overcoming the immune response of their host. The immune 

mechanisms briefly described above must somehow be suppressed 

*mature macrophages in a metabolic state caused 
by various stimuli, especially phagocytosis or lymphokine 
activity (35) 
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in order for a tumor to survive and its cells to metastasize 

throughout the body uninhibited. Tumor cells such as these 

are "foreign" to the body and should be recognized as such 

and consequently eliminated. What, then, enables a tumor 

to suppress an immune system that otherwise enables us to 

successfully deal with countless, life-threatening disease 

states'? 

It is in search for an answer to this question that 

the previously described arachidonic acid metabolite, PGE 2 , 

has come under intensive investigation. Prostaglandin E2 

has been shown to enhance tumor survival and numerous in

vestigations suggest that it may do so by suppression of the 

body's defense mechanisms to cancer via cyclic nucleotides 

(levels of AMP, ATP. etc.). Conclusions such as these 

were drawn from an experiment performed to determine the 

effects of prostaglandins on tumor transplantation (23). 

The experiment was carried out on male albino mice as fol-

lows: (1) A group of mice received only the diluent and 

served as controls (2) Syngenic mice were treated topically 

with 0.2m of 0.4% acetone solution of 3-methylcholanthrene 

(MCA) on their dorsal skin, three times weekly. Six months 

later, carcinoma developed. After histological diagnosis 

established the tumor as a squamous cell carcinoma grade I, 

small fragments were removed from the tumor under sterile 

conditions. (3) The tumor fragments were soaked in 0.9% 

sodium chloride, and penicillin and then transplanted into 

the interscapular area of mice from the same strain. They 
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were observed for six ... reeks (4). Mice transplanted with 

fragments from the same tumor and having a similar cellular 

pattern (squamous cell carcinoma grade I) were injected 

intramuscularly three times weekly with 10~g PGE 2 and 

PGF2a for six weeks. Both PGE2 and PGF 2a were dissolved 

'--before-injection-in a-mixtnre~of 0.-62% sodium 'carbonate-and 

absolute ethanol (9:1). At the end of the experiment (six 

weeks) and two hours before sacrifice, six mice from each 

group received an intramuscular injection of 7~Ci/g body 

weight tritiated-thymidine to study DNA synthesis in trans-

planted tumor-tissue of mice treated with prostaglandins. 

Radioactivity measurements were made with a nuclear liquid 

scintillation counting system and results were expressed 

as counts per minute per gram of homogenates (mean ± SEM). 

The specimens were prepared for light microscopy and auto-

radiography to determine the number of labelled cells/ 

total number of cells counted in 2,000 or more consecutive 

cells in the basal layers of control mouse epidermis or 

in the neoplasms. The percentage of labelled cells was 

also recorded. 

The results showed that large and invasive tumors 

occurred in 87% of the tumor-bearing mice which were treated 

with PGE 2 and PGF2a • Tumors from the groups of mice with 

transplanted cell carcinoma treated with PGE
2 

or PGF
2a 

were larger (3,850 ± 201mg) and exhibited a solid, meaty 

consistency, as compared to the much smaller tumors (721 ± 

70mg) of soft consistency in the group of mice with 



Table 1 

The incidence and average weight (mean ± SEM) of transplanted tumors in mice following 
PGE 2 and PGF2a administration. 

) 

Group Treatment Time No. of 
mice 

Type of tumor Average weight % of 
of tumors, tumors 

mg 

p values 
(compared 

to 
controls) 

1 controls + sol- 6 months 
vent 

15 
(O) 1 

2 MeA + solvent 6 months 15 squamous cell 760 ± 85 53 <0.001 
( 8) carcinoma (grade I) 

3 transplanted 6 weeks 15 squamous cell 721 ± 70 40 <0.002 
squamous (6) carcinoma (grade I) 
carcinoma + 
solvent 

4 transplanted 6 weeks 15 invasive fibrosarcoma 3,015 ± 178 73 <0.001 
squamous cell (11) squamous cell 
carcinoma + PGE

2 carcinoma (grade IV) 

5 transplanted 6 weeks 15 invasive fibrosarcoma 3,850 ± 201 87 <0.001 
squamous cell (13) squamous cell 
carcinoma + carcinoma (grade IV) 
PGF2a 

The data presented are based on count of tumors visible to the naked eye as well as 
diagnosis made by light microscopy. 

IThe numbers in parantheses represent the mice with tumors. 

...... 

...... 
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transplanted squamous carcinoma treated with solvent. No 

signs of infection or other adverse reactions occurred at 

the site of transplantation. Investigations with radio

isotopes revealed a marked increase in the tritiated-thymidine 

incorporation in transplanted tumors of mice treated with 

prostaglandins as compared to those of control mice. 

With microscopic observations there was revealed 

a bizarre histologic pattern in those mice implanted with 

squamous cell carcinoma and treated with PGE 2 and PGF2~. 

These cells were highly anaplastic, predominantly elongated 

or spindle-shaped, disorderly arranged, and devoid of 

intracellular bridges. In addition, there was an abundance 

of rough endoplasmic reticulum, polysomes, and nuclei rich 

in chromatin. This advanced atypicality with frequent 

mitosis resembled invasive fibrosarcoma. These findings 

demonstrate that PGF2u and PGE 2 significantly increased 

the transplantability of methylcholanthrene-induced tumors 

Transplantability increased from 40% in nontreated to 87% 

in prostaglandin-treated mice. Furthermore, they enhanced 

the cellular atypicality from grade I to anaplastic squamous 

cell carcinoma. 

Other methyl cholanthrene-induced tumors (sarcomas, 

Ehrlich carcinoma) in guinea pigs or mice became more readily 

transplantable only when the immunological capacity of host 

animals was reduced by immunosuppressors or in thymus

deficient mice. It is possible that PGF2~ and PGE 2 decrease 

the immunological competence of host animals and their 
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surveillance mechanism, thus significantly increasing the 

tumor transplantability. Recently it was found that certain 

tumor cell lines produced excessive amounts of PGE 2 and 

PGF
2a

• Prostaglandin E2 added to in vitro cultures of 

tumor and spleen cells exerted a suppressive effect on the 

generation of cytotoxic T-Iymphocytes. These immunosup

pressive effects of prostaglandins can explain the enhance

ment of transplantability and cellular atypicality induced 

in this investigation. The autoradiographic and ultra

st~uctural investigations revealed that PGF2a and PGE 2 

markedly increased the DNA synthesis in mouse transplanted 

squamous cell carcinoma and also accelerated the cellular 

evolution tmV'ards anaplastic fibrosarcoma. It is a note

worthy phenomena that PGE 2 and PGF2a , which are tissue 

hormones, significantly influence transplantability and can 

change morphologically the squamous cell carcinoma into 

fibrosarcoma in mice, and consequently can play an important 

role in tumor transplantation and the cellular i~mune 

mechanisms. 

One aspect of these cellular immune mechanisms, 

that of macrophage tumorcidal ability, has been the object 

of numerous studies. As stated previously, macrophages 

serve to regulate the sec~etion of lymphokines or anti

bodies and, when activated, have been implicated in having 

a surveillance role in differentiating normal from trans

formed cells and in selectively killing transformed cells 

by a contact-mediated approach. In addition, macrophages 
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display a number of other properties, including increased 

phagocytosis, degradative enzyme activities, ability to 

destroy facultative intracellular parasites, secretion of 

a number of biologically active products, and the ability 

to regulate cell proliferation. 

But reports have sho~~ that prostaglandins of the 

E series have the capabilities to exert inhibitory effects 

on these and other macrophage functions. Enhanced random 

locomotion, lessened production by macrophages of plasminogen 

activator and colony-stimulating factors for macrophage 

stem cells, and prevention of lymphckine-induced inhibi-

tion of macrophage migration can all be mediated by prosta·-

glandins of the E series, n~~ely that of prostaglandin E2 • 

Activated macrophages do possess a marked capacity 

for prostaglandin E2 production. Normally, this phenomena 

serves to properly regulate the immune response so that 

the activation of macrophages and cytolytic T-Iymphocytes 

does not surpass the need at hand and the overabundant pro

duction ultimately harm the body. This released prostaglandin 

cOuld act locally in negative feedback inhibition to limit 

cell activities and prevent repeated stimulation of macro-

phages in such a manner as to leave the body with greatly 

depressed immune mechanisms (31). 

A study of the regulation of macrophage tumorcidal 

function found that prostaglandins of the E series car. 

reversibly inhibit the ability of *interferon-activated 

*a heterogenous group of low-molecular-weight 
proteins that have the ability to activate macrophages {35}. 
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macrophages to kill lymphoblastic leukemia cells in vitro. 

Non-induced peritoneal cells were harvested from a group of 

male mice with heparinized medium and seeded into wells 

with a standard growth medium. After sufficient incuba

tion nonadherent peritoneal cells were removed and the 

adherent cells (macrophages) were overlaid with growth 

medium. Interferon was added to the macrophage cultures 

at specific concentrations. Again, after sufficient incu

bation, the ~acrophage cultures were washed to remove inter

feron and the macrophages were then overlaid with MBL-2 

lymphoblastic leukemia cells and incubated. 

Using this procedure, it was found that resident 

macrophages from untreated mice did not influence MBL-2 

leukemia cell proliferation. However, when macrophages 

were exposed to partially purified interferon for 16 hours 

and washed prior to addition of MBL-2 target cells, the 

macrophages suppressed the leukemia cell growth at 48 hours 

by 67.1 ± 3.4 percent. Macrophage tumorcidal capacity 

was accompanied by increased spreading of macrophages on 

plastic and increased adherence of tumor cells on macrophage 

membranes. 

When prostaglandin El or E2 were added simulta

neously with interferon to resting macrophages the inter

feron induction of tumorcidal macrophages was inhibited -

although the macrophages were observed to be activated as 

defined by morphological criteria and fully viable. Both 

prostaglandins of the E series showed similar kinetics of 
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inhibit1ng cytotoxic function with suppression of macro

phage function at a concentration of more than 10-
7

M. In 

contrast, PGF
2a 

was ineffective at all concentrations tested. 

The ability of prostaglandin E, especially PGE 2 , 

to act as a biologic "resistor" that limits the expression 

of tumor killing by activated macrophages may have con-

sider able importance in understanding why certain tumors 

progress even though they contain a high macrophage con-

tent. It is of interest that cells transformed by chemical 

carcinogens or viruses produce sevenfold more prostaglandins 

than their untransformed counterparts. These released 

prostaglandins could subvert macrophage function at a 

critical time when the tumor burden is low. That such 

inhibitors exist has been suggested by observations that 

macrophages from animals implanted with syngenic tumors 

developed depressed chemotactic ability in vivo and in 

vitro and that surgical removal of tumors results in a 

rapid enhancement of monocyte chemotaxis. 

Not only does PGE 2 directly affect macrophage func

tion, it appears to act on both B- and T-cell functions 

as well. It has been found that PGE
2 

probably directs its 

effects both at the time of induction and at the time of 

expression of lymphocyte cell function (39). This ability 

may occur by the activation of the lymphocyte subset re-

ferred to as the *T-suppressor lymphocytes. This activation 

*a subset of T-Iymphocytes that suppress antibody 
synthesis by B-cells or inhibit other cellular immune reac
tions by effector T-cells (35) 
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has been found to be the responsibility of PGE 2 at high 

concentrations. These T-suppressors display the same charac-

teristics as those of the *concanavalin A-activated T-

suppressors which are defined by several characteristics: 

(1) They inhibit T- and B-lymphocyte proliferation and 

B-lymphocyte maturation. (2) Their potential suppressive 

activity disappears after in vitro incubation. (3) Their 

effect is radiosensitive, like those of the T-Iymphocytes 

bearing Fc receptors for IgG, which indicates that cell 

divisions could be required for the activatl0n process. 

Finally, it has been shown that Con A-activated mouse 

T-suppressor lymphocytes release a soluble immune response 

substance (SIRS) that possibly acts on macrophages in 

addition to the direct effects of PGE 2 on macrophages. 

-The suppressor activity exerted by these "short-

lived" T-suppressor lymphocytes and human monocytes appear 

closely linked, as their kinetics, cell requirements, and 

suppressive effects were shown to be identical. Prosta-

glandin E2 , which is a main mediator of monocyte suppressor 

activity, is also required for the activation of T-suppressor 

lymphocytes by Con A. Monocyte suppressor activity mediated 

by PGE 2 and Con A-activated "short-lived" T-suppressor 

lymphocyte activity thus belong to the same pathway of 

nonspecific immunoregulation. 

*a lectin which is derived from the jack bean and 
predominantly stimulates T-lymphocytes (35) 
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One can presume that many in vivo conditions that 

enhance the release of PGE2 by macrophages, such as lympho

kines, immune complexes, or endotoxin, may result in the 

generation of T-suppressor lymphocyte activity. Prosta

glandin E2-mediated monocyte suppressor activity appears 

to be under the control of "short-lived" T-suppressor lympho

cytes, which suggests that such a feedback mechanism repre

sents a self-limiting process of T-suppressor cell activa

tion. This bidirectional relationship between monocyte and 

T-suppressor lymphocyte may have important implications in 

the pathogenesis of diseases in which an excess or lack 

of T-suppressor activity has been proposed (8). 

Drawn from this information and numerous other doc~

mented studies, PGE 2 , at high concentrations, has a strong 

suppressive effect on our immune system. It limits the 

expression of (but does not block) the cytolytic activity 

of macrophages (37). It activates T-suppressor lymphocytes 

which in turn inhibits T- and B-Iymphocyte proliferation 

and B-cell maturation (8). This, in turn, limits our anti

body response as well as the cytolytic activity of cytotoxic 

T-Iymphocytes (the CTL cells). 

As stated previously, PGE2 is an immunoregulatory 

sUbstance that plays a vital role in our immune system. 

Only when present at high concentrations, beyond that of 

the body's normal maintenance level, does it exert detri

mental effects on our ability to fight tumors present in 

the body. How is it that these high concentrations are 
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ever attained and, in turn, the tumor able to protect it

self against an otherwise efficient immune system? 

Indeed, it is the tumor itself that secretes the 

levels of PGE 2 that, in combination with the PGE2 secreted 

normally in the body, may produce the suppressive effects 

required for tumor cell proliferation and survival. In 

one study performed to determine the presence of PGE in 

lung tumors from normocalcemic patients all of the tested 

extracts revealed the presence of PGE in both tumor and 

normal lung tissue, but the levels were significantly higher 

in the tumor tissue. All of the tested tissue culture 

media from the tumors and all but one of those tested from 

normal lung revealed the presence of PGE, the levels were 

significantly higher in tumor tissue media as compared with 

that of normal lung. There was no correlation between the 

level of PGE production and subsequent development of 

hypercalcemia, bone metastasis, or the duration of survival 

as was believed before this study. 

In brief review, prostaglandins of the E series 

have been implicated in the pathogenesis of hypercalcemia 

of malignancy. In the animal tumor models HSDM fibrosar

coma of the mouse and VX2 carcinoma of the rabbit, PGE
2 

has been convincingly demonstrated to be the humoral factor 

responsible for the hypercalcemia. Evidence for the in-. 

volvement of prostaglandins in the pathogenesis of hyper

calcemia. of human malignancy is based on (1) response of 

hypercalcemia to treatment with prostaglandin-synthetase 
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inhibitors; (2) elevated plasma PGE levels; (3) elevated 

urinary levels of 7 a-hydroxY-5,11-diketotetranorprostate-1, 

16 dioic acid, the major metabolite of PGE; of (4) elevated 

PG levels in the cancer tissue from hypercalcemic patients. 

As pointed out by other investigators, control data using 

tissue from normocalcemic patients were lacking in these 

studies and" elevated PGE levels in the media from short

term renal cell carcinoma culture from normocalcemic pa

tients had been reported. It is thus possible that prosta

glandin production by the tumor cells is a phenomenon in

dependent of their capacity to produce hypercalcemia. 

Conclusively, studies were undertaken to examine 

the PGE production in tumors from normocalcemic patients 

with lung cancer (21). Tumor tissue was obtained from male 

patients undergoing surgery for lung cancer (13 patients) 

or at autopsy (1 patient). Eight patients had squamous 

cell carcinoma, four patients had adenocarcinoma, and two 

patients had large-cell anaplastic carcinoma. All patients 

had normal serum calcium levels and there was no evidence 

of bone metastases at the time of initial evaluation. At 

surgery, tissue was obtained under sterile conditions and 

kept on ice in cold tissue culture medium. At autopsy, 

the tissue was obtained within 24 hours after the death of 

the patient. Whenever possible, normal lung tissue was 

also obtained for comparison. Within one hour of collection, 

the tissues were cultured in tissue medium. The media was 

harvested at 24 and 48 hours and pooled. This media was 
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then extracted and assayed for PGE content by radioimmuno

assay which utilized an anti-PGE bovine serum albumin anti

serum. The results appear in Table 2. 

As can be seen in Table 2, prostaglandin E or E2 

was elevated in all of the tested tumor extracts and tissue 

culture media from malignant lung as compared with normal 

lung. A followup study showed that two patients subse

quently had hypercalcemia and bone metastasis; however, 

their tissue PGE levels were not different from those of 

the rest of the group. In this study, the levels of prosta

glandin E or E2 were clearly elevated in the extracts and 

culture media of the tumors from normocalcemic patients 

with lung cancer. Unfortunately, no tumors from hyper

calcemic patients were available for comparison. It is 

possible that tissue prostaglandin levels are higher in 

tumors from hypercalcemic patients. However, in this study, 

tissue prostaglandin E levels were not any higher in two 

pateints in whom hypercalcemia subsequently developed as 

compared with those in whom it did not. Therefore, the 

presence of prostaglandins in the tumor tissue from a 

hypercalcemic patient cannot be taken as an evidence for 

the involvement of prostaglandins in the pathogenesis of 

hypercalcemia. 

Conclusively, this study demonstrates that signifi

cant amounts of prostaglandins are released from the tumor 

tissue of normocalcemic patients with lung cancer. These 

findings are similar to that of other investigators who 
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Table 2 

Levels of Prostaglandin E or E2 in Tissue Extracts and Culture Media from Tumor and 
Normal Lung Tissue and Follow-Up Data on Survival and Development of Hypercalcemia 
and Bone Metastases 

Extract Media* Follow-UJ2 Datat 
Patient (J2gLmg wet weight} (pg/mg wet weight/ Alive/Dead Hyper- Bone 

No Tumor Lung'!' 48 hours} (mo) § calcemia Metastases 
Tumor Lung 

PGE** 

1 246 43 478 32 Dead ( 28) No No 
2 202 153 1,322 665 Dead (26) No No 
3 115 49 972 294 Dead (18) No No 
4 741 84 5,659 1,060 Alive ( 26) No No 
5 137 17 4,341 985 Alive (26) No No 
6 131 48 805 156 Dead (8) Yes Yes 
7 69 71 1,140 386 Alive (23) Yes Yes 
8 425 24 2,169 ° Dead (12) No No 

Mean ± SE 258±79.2tt 61±15.2 2110±665.6tt 447±146.2 

PGE ** 
2 

9 55 ND 2,129 47 Alive (21) No No 
10 63 3 791 18 Alive ( 16) No No 
11 27 17 4,089 125 Dead (8) No No 
12 43 36 ND ND Autopsy No No 
13 82 23 2,036 182 Alive ( 12) No No 

·14 41 16 532 265 Alive (10) No No 

Mean ± SE· 52±7.8tt 19±5.4 1915 ± 630. 9tt 127±44.9 IV 
N 
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Table 2 - Continued 

*Tissue culture media collected at the end of 24 and 48 hours were pooled. 

tAll patients were normocalcemic and free of bone metastases at the time of the 
initial removal of the tumor. 

~Adjacent normal lung tissue obtained at time of surgery or the autopsy. 

§Number of months since tumor removal. 

**PGE or PGE2 determined by two separate radioimmunoassays. 

ttSignificantly greater (p < 0.05) than the corresponding value for normal lung. 

ND = not done. 

N 
W 
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demonstrated that production of prostaglandin is a common 

phenomenon in tumors of epithelial origin. From the limited 

follow-up data, there appears to be no correlation between 

production of prostaglandins by the tumors and subsequent 

development of hypercalcemia or of bone metastases. Although 

further studies would be needed to establish this pOint 

firmly, this study does clearly indicate that the presence 

of prostaglandin E in the tumor tissue from a hypercalcemic 

patient may not necessarily implicate it in the pathogenesis 

of the hypercalcemia in that patient. 

In another experiment with human bladder tumor cell 

lines similar results were found: prostaglandins were ob-

served to be produced by these tumor cell lines and, more 

importantly, levels of prostaglandin production were in

creased markedly when tumor cells were exposed to lympho

cytes (5). Tumor cells of the bladder tumor cell line, 

T24 , and a bladder epithelial cell line, HCV
29

, were cultured 

in a tissue culture medium. The ability of these tumor 

'cells to produce prostaglandins was first tested by incu

bating the cells, after they had reached confluence, with 

arachidonic acid (the PGE2 precursor) in phosphate buffered 

saline. At two, five, and ten minutes, the supernatant 

was removed and assayed for PGE2 • It was found that both 

cell lines in this investigation produced PGE
2 

when incu

bated with tissue culture medium and arachidonic acid. 

Plateau levels were seen as early as two minutes after addi

tion of arachidonic acid to the tissue culture medium and 



were maintained through the ten-minute time period. T24 

cells manufactured twice as much PGE 2 as did the HCV29 

25 

cells. Both cell lines also produced PGE2 when incubated 

in fresh tissue culture medium with 10% fetal calf serum 

that was not supplemented with arachidonic acids. In these 

instances, plateau levels were seen at two hours of incu-

bat ion with'T24 cells, but levels continued to increase 

through 16 hours of inc~bation with HCV29 cells. Amounts 

of PGE 2 seen with each cell line were much less than those 

produced when arachidonic acid was present . 
• ,1, 

OTZ4 

o HCVz. 

G 10 

TIME (MINUTESI 

_ Production of prostaglandin Ea by bladder tumor cells incubated with arachidonic acid ill' 
vitro. Bladder tumor ceUs Tz. and HeYn were incubated at 37"C with arachidonic acid, and after 

, varying ptriods of time the 5upemates were assayed by radioimmunoassay for the production o!_ 
, prostaglandin E., Both ceU lines were cap-able of producing significant levels of prostaglan«;iin Ea at the 
times indicated, Sample~ \\iere tested in duplicate ~d comparable_cell numbers were used In each ~~ple. 

Figure 3 

Studies were also done to determine the effect of 

lymphocytes on the production of prostaglandins by tumor 

cells. Purified peripheral blood lymphocytes were obtained 

and incubated with the tumor cells. At various times the 
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supernatant was removed and again assayed for the presence 

of PGE
2

• It was found that addition of the lymphocytes 

to the tumor cell monolayers led to a striking increase in 

the amounts of prostaglandin production by T24 cells, though 

significantly increased amounts were also produced by HCV29 

cells. Tumor cells incubated alone in such experiments 

also produced increased levels of prostaglandins after a 

change in tissue culture medium. However, in T24 cells 

these levels were 1/5 to 1/10 as high as levels seen in 

the presence of lymphocytes, and in the HCV29 cells the 

levels were only 1/2 as high. 

The effect of exogenous prostaglandins in concentra

tions normally produced by the target cells on cyclic AMP 

levels in lymphocytes was also tested. These levels were 

found to rise early in response to exogenous PGE2 , the highest 

levels occurring between five minutes and one hour after 

addition of these prostaglandins to the assay tubes. 

Thereafter, intracellular cyclic AMP levels decreased through 

16 hours of incubation. 

The findings in this experiment suggest the possible 

existence of a mechanism by which tumor cells may modulate 

a cellular cytotoxic attack directed against them. This is 

based on several considerations. First lymphocytes induced 

a greater production of prostaglandins, especially PGE 2 , 

than did a simple change of tissue culture medium. Second, 

levels of prostaglandin production by tumor cells were found 

to induce significant increments in intracellular cyclic 
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AMP in similar lymphocyte preparations. Third, the accumu

lation of cyclic AMP in lymphocytes has been associated 

with the inhibition of lymphocyte activity in this and 

previous assay systems. 

Numerous studies have shown that intracellular 

cyclic AMP accumulation in lymphocytes as well as in macro

phages coincides with the inhibition of activity of both 

types of cells. Studies of blastogenesis, cell activation, 

tumor-directed cytotoxicity, and production of cytotoxic 

materials are all inhibited and to some extent coincident 

with the accumulation of cyclic AMP. Moreover, it was demon

strated in the study described here as well as other docu

mented expe~iments that the effect of prostaglandins in 

inhibiting cytotoxicity in the present system appeared to 

be mediated by a direct effect on lymphocytes, presumably 

via cyclic AMP accumulation, and not by any effect on the 

tumor target cells. Indeed, when the production of prosta

glandins was inhibited by prostaglandin synthetase inhi

bitors, lymphocyte-mediated cytotoxicity directed against 

the tumor target cells was significantly enhanced. This 

enhancement appeared to be mediated by a direct effect on 

tumor target cells, presumably via the inhibition of prosta

glandin production rather than by an activating effect on 

the lymphocytes. Also, drawn from findings in other cell 

models, this may indeed be a generalized phenomenon. 

Hence, the ability of tumor cells to produce prosta

glandins may establish a means by which these cells subvert 
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the effects of the cellular and humoral immune response 

that is directed against them. And too, the immune response 

can be either partially or fully restored upon administra

tion of prostaglandin synthetase inhibitors. 

Perhaps the most widely studied prostaglandin syn

thetase inhibitor is the aspirin-like drug, indomethacin. 

Due to its aspirin-like qualities, it possesses the charac

teristics of the non-steroidal, antipyretic, anti-inflam

matory drugs. As such, it has a high chemical reactivity 

towards proteins and has the capability of inhibiting a 

great number of enzymic systems in vitro (7). The prosta

glandin synthetase system is thought to be inhibited at 

the dioxygenase step of the pathway: that being the conver

sion of arachidonic acid to prostaglandin G2 by way of two

fold oxygenation (Figure 2) (3). With this ability to 

inhibit prostaglandin production indomethacin is able to 

enhance both the body's humoral and cellular immune re

sponse after it has been subjected to prostaglandin-mediated 

suppression. 

In a study conducted by o. Plesica and K. Grinwich 

it was shown that indomethacin blocked the immunosuppressive 

activity of a growing tumor and enhanced the antibody re

sponse to sheep red blood cells (SRBC), which served as the 

antigen (15). Syngeneic MC16 tumor cells were injected 

subcutaneously into a group of mice while the control group 

received only diluent. Ten days after this tumor implant, 

both normal and tumor-bearing mice were immunized with 108 
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Table 3 

Effect of Indomethacin on Tumor-Mediated Suppression of the Antibody Response to Sheep 
Red Blood Cells (SRBC) in C57B1/6J Mice 

Mice/Group 

5 
5 
5 
5 

Tumor 
implanted (a) 

day 0 

+ 

+ 

Indomethacin (b) SRBC (10 8 ) 
treatment injected i.v. 

day 10 

+ 
+ 

+ 
+ 
+ 
+ 

Antibody response to SRBC(c) 
Titer(d)· % of control 

1050 
1000 

500 
<100 

100 
95 

100 
<20 

(a) Syngeneic MC16 tumor cells (10 6 ) were injected s.c. in the left lower quadrent. 
Control animals received diluent. 

(b) Beginning on the day of tumor implant, and daily for 10 days thereafter, both 
tumor-bearing and normal control mice received by i.p. injection, 125 ~g indo
methacin in 0.1 ml volume. Control mice got diluent. 

(c) Seven days after being immunized with SRBC, the mice were bled and the serums 
were pooled according to group prior to assay for SRBC-binding antibody. 

) 

Cd) Dilutions of test pools of serum were incubated with SRBC for binding of antibody, 
after which the SRBC were extensively washed with buffer, and resuspended in rabbit 
anti-mouse IgG and guinea pig serum complement for lysis of the IgC-sensitized . 
SRBC. Lysis was monitored in terms of hemoglobin release, measured by its 
absorbance at 541 nm. Absorbance ~ serum dilution plots were used to determine 
antibody titers, as the reciprocal of the serum dilution calculated by inter
polation to lyse 50% of the SRBC. 

N 
1.0 
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SRBC intraperitoneally. Of these mice, some received, 

intraperitoneally, 125 ~g of indomethacin per day for ten 

days beginning on the day of tumor implantation, and others 

received an equal volume of diluent. They were bled seven 

days after having been immunized, and their sera pooled 

according to groups and assayed for SRBC-binding antibody. 

As shown from the table, the untreated tumor-bearing mice 

lost the capacity to make antibody to SRBCi whereas the 

tumor-bearing mice which had been given indomethacin daily 

for ten days, starting on the day of tumor implant, re

sponded normally to an SRBC antigenic challenge. This study 

thus provides strong support for the ability of the prosta

glandin synthetase inhibitor, indomethacin, to positively 

influence the immune response. 

While this study dealt more with the humoral immune 

response, being that of antibody titers and activity, 

numerous others have been conducted that have dealt with 

indomethacin's effects on the cytotoxicity of T-Iymphocytes, 

macrophages, and the cell-mediated immune response. With 

these, the results were similar: indomethacin enhanced the 

body's response to antigenic challenge. Its activity is 

probably mediated by "turning off" the suppressor macro

phages, the identified indomethacin-sensitive suppressor 

cell line (11). By "turning off" this macrophage cell line 

the cytotoxic T-Iymphocytes would in turn be able to exert 

their toxic effects since they would no longer be under the 

suppressive control of these macrophages. Thus, with 
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prostaglandin synthesis inhibited and the suppression lifted, 

the cytotoxic T-Iymphocytes, activated tumorcidal macro

phages, and the complete host of specialized cells making 

up the immune response are again put into positive action 

to lethally deal with antigenic challenge, in this case 

being that of tumor cells. 

with such effects on humoral and cell-mediated 

immune responses, indomethacin would, hypothetically, be 

able to inhibit tumor growth. Indeed, this has been shown 

to occur. In one such study conducted by N. Lynch and J. 

Salomon tumor grafts were performed by the introduction 

of small pieces of nonnecrotic tumor subcutaneously via a 

trocar needle (24). The tumor cells used were of the McC3-I 

fibrosarcoma cell line. Indomethacin was received by the 

mice of the experimental group in their drinking water, 

whereas the control group received only the alcohol vehicle. 

The tumor killed all of the control animals at 50 ± 2 days 

after grafting (Figure 4A). A low proportion of animals 

in the indomethacin group died at approximately the same 

time as the controls (Figure 4B). The growth rate of most 

of the tumors was substantially slowed by drug administra

tion (Figure 4C) but rapidly recommenced after removal of 

the drug on day 65. This subpopulation of mice died 89 ± 3 

days after they were given grafts. A minority of the 

indomethacin-treated animals developed small tumors but 

completely rejected these and remained tumor free after the 

removal of the drug (Figure 4D); this response was never 

seen in untreated animals given trocar grafts. 
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Figure 4 

The oral administration of indomethacin on alternate 

weeks was shown to significantly decrease the mean tumor 

diameter as compared to the control mice that did not re-

ceiveit. Tumors of the indomethacin-treated group measured 

15.6 ± 1.5mm while the control group's tumors measured 

21.2 ± 2.2mm. These measurements were taken at day 35 in 

groups of ten animals. Continuous oral administration of 

the indomethacin produced tumor diameters of 11.2 ± 2.5mm. 

When 100 ~g of indomethacin was regularly injected intra-

peritoneally three times per week into groups of mice, the 

mean tumor diameter was significantly lower than control 

values (14.4 ± 1.0 vs. 21.6 ± 1.4mm at day 29). This was 

also reflected by the tumor weights at this time (1.5 ± 0.4 

vs. 4.2 ± 0.6 grams). 



Table 4 

Influence of intial cell number and indomethacin on tumor establishment and growth. 

a 

b 

c 

Treatment group 

Control 

Indomethacinb 

Control 

Significagce: 
Indomethacin 

106 

8/8 
(8/8) 
6/8 

(5/6) 

27.1 
19-33 

Results with No. of tumor cells injected sc 

2x10 5 105 4x10 4 

Tumor establishmenta 

8/8 6/7 
(7/8) (5/6) 
8/8 4/4 

(7/8) (3/4) 

Tumor diameter, nunC 

18.4 14.0 
4-24 0-21 

7/8 
(6/7) 
7/8 

(6/7) 

P<0.004 P<0.003 NS 

12.9 
0-22 
NS 
9.7 
0-16 

8.8 9.4 10.0 
0-24 0-16 0-18 

104 

0/8 

0/8 

o 

o 

Proportions of mice in which tumors became palpable at any time after grafting. 
Numbers in parentheses are the proportions of these that grew to kill the animal. 

Indomethacin was administered in the drinking water (20 ~g/ml) from the day before 
grafting to day 42. 

Mean tumor diameters and ranges at day 42. NS = not significant. 

, 

w 
w 



-

34 

Lynch and Salomon further concluded the most common 

effect being that of a slowing of the tumor growth rate 

until the withdrawal of the drug, after which growth rapidly 

recommenced. As a result of this study and the conclusions 

drawn thereof, the investigators suggest that the systematic 

investigation of nonsteroid, anti-inflammatory drugs in 

human cancer therapy may be justified, particularly if one 

considers their well-documented clinical manipulation. 

But indomethacin is far from being the "miracle 

drug" that is now so desperately sought. True, it has shown 

promising results in the numerous studies conducted to learn 

more of its potential, but it is not without its share of 

side-effects, which can, in some instances, bring quicker 

demise than the cancer itself. It has been credited with 

numerous adverse gastrointestinal effects including single 

or multiple ulcerations, perforation and hemorrhage of the 

esophagus, stomach, duodenum, and small intestine, nausea, 

diarrhea or constipation, and dyspepsia. It may also 

affect the central nervous system causing depression, head

ache, dizziness, muscle weakness, mental confusion, and 

involuntary muscle movements. Consequently, fatalities 

have been reported in some instances, but these have in

deed been few (19). 

Indomethacin is a dose-dependent drug. The afore

mentioned adverse effects are usually only seen at large 

doses, therefore, every effort should be made to determine 

the smallest effective dose for the individual patient. 
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With proper dosage and careful observation of the patient 

by the physician the adverse effects are minimal. 

In addition, improper dosage may not alter the 

immunosuppressive effect observed in tumor bearers. There 

is a limit that the body responds to and administering 

either too much or too little obliterates any positive 

effects the drug may exert at proper dosage levels. 

As stated previously, indomethacin is not a "miracle 

drug", but its effects on tumor growth and metastasis are 

not to be taken lightly. It has proven to be an inhibitor 

of the prostaglandin synthetase system, one of whose pro

ducts is the immunosuppressive factor, PGE 2 . As was dis

cussed, this product, normally produced by our own cells, 

is an immunoregulator. It is also produced in high quanti

ties by tumor cells causing a state of immunosuppression 

in the host. The ability of indomethacin to inhibit the 

prostaglandin synthetase system can result in a restoration 

of the immune response to the antigenic challenge of the 

invading tumor cells. It is still possible that PGE2 is 

not solely responsible for the immunosuppression accompanied 

with tumor growth. In fact, a phenomena as complex as the 

immune response is unlikely to be controlled by a single 

compound, but PGE 2 is a powerful compound and one that is 

constantly prevalent in our system. 

No, indomethacin is not the miracle, but it does 

hold promise and that is really the only qualification needed 

to warrant further investigation. Perhaps, in combination 



with other compounds, treatments, or methods of surgery 

it can someday be part of a joint miracle! 

36 
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INTRODUCTION: 

As was drawn from the preceding literature review, 

prostaglandin E2 plays a direct role in tumor development 

and metastasis by adversely affecting the immune response 

in the tumor bearer. Several investigators have shown that 

both the cellular and humoral responses are suppressed by 

a tumor-derived, soluble suppressor factor identified as 

prostaglandin E2 and that this suppression reciprocally leads 

to enhanced tumor development (5, 8, 31, 37). Macrophage 

tumoricidal ability was shown to be considerably suppressed 

in the presence of prostaglandin E2 • In addition, prosta

glandin E2 was shown to be responsible for the enhanced mi

gration of macrophages and the lessened production (by macro

phages) of the plasminogen activator and colony-stimulating 

factors for macrophage stem cells. It has been shown to 

prevent the production of lymphokine-induced inhibition 

factors produced by T-lymphocytes which are responsible for 

macrophage migration and inhibit both B- and T-Iymphocyte 

proliferation and B-cell maturation. This, conclusively, 

limits the macrophage tumoricidal abilities, antibody re

sponse, and the cytolytic activity of the cytotoxic T

lymphocytes of the tumor bearer. 

Evidently, if prostaglandin E2 levels were somehow 

reduced in tumor bearers restoration of the immunological 

response would be observed and the tumor bearer would thus 

be able to successfully protect himself from the invading 

tumor cells. Upon observation of the molecular composition 
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and synthesis of prostaglandin E2 it was found that such a 

reduction in serum prostaglandin E2 levels could be achieved. 

Being that prostaglandin E2 is enzymatically converted from 

the essential fatty acid, arachidonic acid, by the prosta

glandin synthetase enzyme complex it is possible to subvert 

this enzymatic conversion by way of a prostaglandin synthetase 

inhibitor.· Indomethacin has been found to be such an inhibitor. 

Indomethacin is a non-steriodal, anti-inflammatory, 

aspirin-like drug that has the capability of inhibiting a 

great number of enzymatic systems in vitro, including the 

prostaglandin synthetase system (7). Several investigators 

have shoWn that by incorporating such an inhibitory drug 

into the therapeutic treatment of tumor-bearing mice the 

longevity of the mice was markedly enhanced (24). This 

longevity correlated with a substantial decrease in the 

mean tumor diameter when compared with that of the controls. 

The investigations proceedingly described were modeled 

after such research. In these investigations, I proposed 

to correlate the effects of indomethacin on tumor develop

ment and longevity of the tumor-bearing animals. Investi

gations were also performed to study serum prostaglandin E2 

levels in tumor bearing animals receiving varying concen

trations of indomethacin. The effect of administering high 

concentrations of prostaglandin E2 to tumor-bearers and sub

sequently observing development of metastases was also 

examined, but technical difficulties were encountered • 
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The investigations of the effect of indomethacin on 

tumor development are presently described. 
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MATERIALS AND METHODS: 

Mice: In all of the described studies 6-8 week old 

female C57131/6 mice were obtained from the colony of Dr. 

R. Young of the Ball State University Medical Center. 

Tumor cells: Lewis lung carcinoma (LLC), a spon-

taneous lung carcinoma derived from the mouse strain C57B1/10, 

was maintaihed by in vitro culture in RPMI 1640 medium con-

taining 10% fetal bovine serum (FBS) (Grand Island Biological 

Co., Grand Island, N.Y.). 

Implantation of LLC in mice and administration of 

indomethacin: Groups of mice received subcutaneous implants 

of 10 6 LLC cells that had been cultured in vitro. Indo-

methacin was then dissolved in 95% ethyl alcohol and was 

added to the drinking. water of the LLC-implanted mice at a 

-5 concentration of 4 x 10 M. The control group of mice 

received the placebo treatment of drinking water containing 

the alcohol carrier alone. 

When primary tumors became palpable the mice were 

anesthetized and the tumors were surgically removed. The 

tumors were then washed in a phosphate buffered saline solu-

tion and separately weighed. Weights of tumors of indome-

thacin-treated and the control mice were compared. Recurrent 

tumor weights were also measured in this manner. 

Tumor cell metastasis to the lungs was also observed 

in mice treated with indomethacin. In this experiment the 

mice were injected intravenously into the lateral tail vein 

with the tumor cells and then fed indomethacin. They were 
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sacrificed in the fourth week following tumor implantation 

and the lungs were injected with nigrosin dye in order to 

be able to observe tumor metastases. 
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RESULTS: 

Experiment I: Trial I 

EFFECT OF INDOMETHACIN ON TUMOR DEVELOPMENT 

Concentration 
of Indomethacin 

Individual tumor 
weights in 
grams 'x 10-2 

Average tumor 
weight in 
grams x 10-2 

Experiment I: Trial 

Concentration 
of Indomethacin 

Individual tumor 
weights in 
grams x 10-2 

Average tumor 
weight in -2 
grams x 10 

Experiment II: 

II 

None 4 x 10-5 

25.2 8.7 
24.5 6.4 
21.3 5.5 
14.8 4.0 

5.9 2.0 

18.3 5.5 

None 4 x 10-5 

14.6 12.7 
14.4 7.8 
5.8 5.0 
4.8 4.7 

4.7 
4.6 

9.9 6.6 

42 

M 

M 

EFFECT OF INDOMETHACIN ON RECURRENT TUMOR DEVELOPMENT 

Concentration None 4 x 10-5 M 
of Indomethacin 

Individual tumor 135.2 36.0 
weight in -2 47.7 30.4 
grams x 10 

Average tumor weight 
in grams x 10-2 

91.5 33.2 
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Experiment III: 

EFFECT OF INDOMETHACIN ON LUNG METASTASIS 

Concentration None 6 x lO-5M 
of Indomethacin 

Number of tumors 
observed per 
lung 

5 
2 
1 

2 
1 
o 

43 
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CONCLUSIONS: 

It is evident from the results obtained that indome-

thacin does indeed have an inhibitory effect on tumor develop-

mente In experiment 1, the average tumor weight recorded 

X 10-5 M -2 for the 4 indomethacin was 5.5 x 10 grams while 

that for the group of mice not receiving the indomethacin 

possessed average tumor weights of over 3 times that of the 

group receiving indomethacin. 

Observation of recurrent tumor development and lung 

metastasis led to similar conclusion: indomethacin inhibited 

the phenomena of tumor development in the experimental 

animals. In addition, palpable tumor development was re-

corded to be much more pronounced in the control group 

receiving no indomethacin than in that of the experimental 

group. 

Conclusively, the results obtained from these inves-

tigations are in agreement with those documented studies 

discussed in the literature review. The use of indomethacin 

to suppress tumor development and tumor cell metastasis in 

the afflicted individual does indeed warrant further inves-

tigation, for it is one drug that holds considerable promise 

in the fight against cancer. 

,~ 
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