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I. INTRODUCTION
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INTRODUGTION

. When Roentgen discovered the X-rays
in 1895 little did he realize the extent to which

these reys would be used. They ars now in-

gorporated in every phese of science, and re-
search is constantly being carried on to inorease

their appliceation. In the field of medicine
they serve as both therapeutic and diagnostio
agents.

It is the purpose of this paper to
discuss experiments with X-ray therapy and

specifically peritonitis with its compliceations.
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II. DEFINITIONS AND DESCRIPTIONS




DEFINITIONS AND DESCRIPTIONS

There are three terms which should be clari-
fied as to their meaning and importance. They are
Roentgenotherapy, Peritoneum and Peritonitis.

According to Stedman (1), roentgenotherapy is,
*The treatment of diseases by meens of the Roentgen raye',

One of the best descriptions of the peritoneum
is given by Hertzler (2). He states, "The peritoneum-ie
& serous membrane whioh covers the viscera and lines the
walls of the abdominal cavity. It is coextensive with
the cutaneous surface of the body, each comprising about
25,000 square inches. It is composed of a oovering layer
of flat, serrated ocells, variously c&lled endothelial:.or
mesothelial, beneath which is a basement layer of con-
nective tissue. With the peritoneum must be reckoned al-
80 the blood vessels and lymph&aticos which lile beneath the
basement membrene, which give to it meny of its funotibns
end fix its importance in pethology and clinical :surgery.
The two chief functions of the peritoneum are (a) its
power of absorption and exudation, by virtue of which the
visceral coats are maintained in & condition which permits
them to glide over one &nother without friction, and (b)
its ability to form adhesions when injured, either

mechanically or by infections.®
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tively harmless for the time being.

Spreading peritonitis is exactly as the name
implies. It is bound in only by the walls of the loocal
organs and the adhesions between them. The appendix is
the most common offender, The end result is that either
the process becomes localized or the patient dies.

Diffuse peritonitis consists of rapidly spread-
ing baoterial process as & result of a sudden pouring in-
to the peritoneal cavity of a large amount of infectious

material, There has been no preparatory reaction either

due to the sudden onset or a lack of proper body defenses,

JPeritonitis is still a very important disease in spite of

recent chemotherapy. Sulfonamides have markedly reduced
the death rate in this disease and show definite promise
of even greater advances. Nevertheless, patients still

have peritonitis and some of them still die from it.
Definite figures vary in different localities and in

-different hands.

Harvey (5) states in an article published in
February of 1942 that the need for new means of prevent-
ing postoperative peritonitis in abdominal surgery is
still great in spite of advances in surgical technique

and pre- and postoperative care during the past decade.
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At the Presbyterian Hospital in the period 1933 to 1939
inclusive, 316 radical resections were done for carcinoma
of the rectum and colon. The post-operative mortality in
five of these years lay between 13 and 19 percent, but two
- bad years raised the average to 20.3 peroent. This repre-
sents the work of the staff as a whole. One member,
Charles L., Janssen, who did nearly one-half of the abdo-
winoperineal resections for carcinoma of the rectum, had
a mortality rate whioch was about one-third that of the
steff as & whole, and in the last three years of his life
performed 27 operations with but 1 death. But the reocords
of a few specially trained and gifted operators do not
represent the diffioulty experienoed by the surgical pro-
fession the ocountry over in preventing postoperative deaths
after major operations on the intestinal tract.

It is imperative that we continue our search for
therapeutic improvement, especially from & prophylaoctic
standpoint. It is with this in mind that we investigate
the possibilities of roentgenotherapy.




ITII. HISTORY
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HISTORY

In order to become established, any means of
therapy in any field must first go through the experi-
mental and research stage.before it can be given any
actual application as a therapeutic agent. The medical
profession have & high regard for the individual., For
that reason all early research and experimentation &are

( done on animels rather than men. This has its disad-
ventages in that first there are inumerable types and
species of animals used, and second, it is not always
possible to transpose the results of the animals upon
the human, Nevertheless, it is interesting to review
briefly the animal experiments of peritonitis in general
which have gone before, in an attempt to find and evalu-

ate the most effective means of therapy.

Issaef (6) showed that intraperitoneal injec-
tion of many foreign substances in a guinea pig gave them
an immunity to cholere orgenisms which were injected
several days later. The substances experimented with in-
cluded serum, broth, urine, &nd & 2 per cent nusleic acid

. solution. The degree of protection was at no time more thi
15 times the amount whioch would produce death in & normsl

animal,
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Harvey (7) in his survey of the history of
peritonitis states that Mikuliez in 1904 reported Miyake's
experiments in which intraperitoneal and suboutaneous in-
Jections of various substances were shown to give protec-—
tion against organisms of the colon group or intestinal
oontents introduced intraperitoneally afterwards. Von
Mikulioz had used nucleic acid, neutralized in 2 percent

strength subcutaneously in fifty-five human beings before

|
abdominal operations, end was pleased with the postopera-
tive course. He explained the beneficial effect by the
leucooytosis which the nuoleic acid called forth. He tried
one intraperitoneal injeotion of this substance, but 1t
causeéd so much distress that he did not att;mpt this route
again, :

Herrmann (8) in 1928 was able to ﬁroduoe a cer-
tain amount of immunity by means of a mixed%streptooocoue
and oolon vaccine given intraperitoneally.

In 1932 Steinberg &nd Goldblett (§) published
their experimental work on dogs. They prodﬁoed a b#oterio-
gen oomposed of gum tragacanth, aleuronat, and the vacoine
of a special strain of E, Coli. This was given intra-
peritoneally and produced & sterile peritonitis. They re-
ported a definite peritoneal immunity. |

WW.n



Seley (10) in 1939 produced & suppurative peri-
tonitis in ocats by suspending & humen strain of B, Coli
in gastric mucin., He used no therapy but demonstrated
that an equal number of B, Coli were not lethal unless
suspended in gastrio mucin.

Harvey (11) and his coworkers attempted to meas-
ure the comparative value of different types of therapy in
peritonitis produced in animals, by intraperitoneal injec-
tion of living orgenisms. They used mice and guinea pigs
for this part of the experiment. They used five methods:

1. Proteoction by means of living organisms.

2. Protection by filtrates.

3. Sera from rabbits and horses previously

innoculated with E. Coli.

4, Vaccines prepared from intestinal organisms.

5. A variety of substances including typhoid

vaccine, broth, saline solution, acetic aoid,
staroh mixtures and sulfanilamide.

As & result he states: "In general, the dagree
of immunity we obtained was highest when the peritopeal
reaotiog_was most intense, In fact, animals that were made
80 siock by the preliminary injection that they appeared a-
bout to die often withstood the largest doses of infeoting
organisms. Suoch intense peritoneal reaction could be pro-
dLoed by nonspecific substances like aleuronat and starch
mixture, or by becterial products like E, Coli vaccine, and

the protection afforded by each was in general .the same.
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4We therefore look on this protection &s a function of the
intensity of the peritoneal reaction, short of aotuaslly
ctusing the death of the animal, and &lso as & nonspecifio
phenomenon, whose efficacy against any infecting organisms
is independent of the substance used to produce it., An
exception to this statement is the protection afforded by
E. Coli, bacteriophage, which was effective against its own
homologous strain of E, Coli, but ineffective against other
strains of coli or ageinst other organisms. The protection
obtained by drugs may also be of a different nature."
He drew the following oonclusions from the mioce

and guinee pig experiment:

1, Any substance injected into the peritoneal
cavity of mice or guines pigs produces a
peritoneal reaction.

2. If the reaction is severe enough, it is ac-
companied by & measurable degree of immunity
against subsequent intraperitoneal injection
of various orgénisms.

3. The immunity appears to.be nonspecific, except
in the case of certain substances like baoterion-
phage in which the protection afforded appears
to due ohiefly to its specific baoteridical
property.

4, The degree of immunity obtained may reach several
thousand minimal lethal doses ageinst relatively
virulent orgenisms, such as strains of E. Coli
whose virulence has been artificielly raised, &.
Coli, enterocococi, Cl. welohii, and other in-
testinal orgenisms, &s obtained from the intest-
inal tract or from pus, &re in our experiences
always of low virulence, and against these strains
the degree of immunity is usually of the order of
ten minimal lethal doses. This is true also of
intestinal ocontents, filtered through cotton.

www.manaraa.com
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5. He found no single protecting agent that was
of outstanding velue,

Harvey later used dogs. The peritonitis was pro-
duced by ligating the appendix and the blood supply about
4 om from the tip. The appendix was then opened &nd the
fecal contents removed, after which the appendix was placed
back into the peritoneal cavity. A T tube was then placed
into the midportion of the small intestine for enteral ad-
ministration of drugs, and brought out through a close-
fitting separate trect. The results are briefly:

Total No. Per Cent

Agent Used. Doga.  Survived

Control 16

Bao teragen 10
—Sulfathiazole (enterally) 12

Sulfathiazole (intraperitoneal) 6
Sulfa pyridine 8
Sulfanilamide 4
Sulfenilamide (intraperitoneally) -]
E. Coli vaccine 8
Bacteriophage 2

Mischtschenk0 (12) in 1935 reviewed the situation
at that time in an article entitles "Experimental founda-
tions of roentgen therepy in acute inflemmatory disease®,
His oonclusions bear repeating &t this time., They are:

l. "In roentgen therapy of acute inflammatory
proocesses, severel factors are of importance; the guality

of radiant energy, the correot dosage, and time of irradia-
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tion. Optimum doses for inflammatory fool are 80 per cent
s.e.d, for rabbits, 60 per ocent for guinea pigs, 20-30 per
oent for humans. The beginning stage requires higher dos-
ages, whereas the healing stage requires weak dosages, in-
tensive radiation during the regenerative stage being only

detrimental,

2. Morphologioc examination of the blood and the
locel cell reactions in the tissues of acute inflammation
show that irradiation produces an increase in destruction
of leukocytes, an increase of phagooytosis and of the histio-
cytio reaction. These correspond to the clinical course |
whereby the inflammatory foous becomes smaller and the re-
covery period is considerably shortened. Very high doses
cause & break in the defense barriers, a further spread of
the inflammetion, the development of phlegmons and finally
generalized spreed and sepsis.

3. Irradiation calls forth nonspecific antibodies
in the blood.

4, Roentgen rays influence colloids so that there
is & lowering of osmotic pressure, & lessening of exudition
and wandering oells, and & conversion of surface tension.

5« &mino acids in inflammatory foocl are increased
by irrediation and, perallel with this, there is an increase..
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in trypsin. In irradiated inflammatory areas, there is an
inoreased content of total protein, especially of its g&gpu-
lin fraction. The variations depend upon the degree of hyper-
emiea in the tissues., Pepsin is not demonstrable.,

6. Investigetion of the vascular resstion of in-
flemmed tissues (rebbits' ears) under the influence of vary-
ing doses of roentgen rays given for fifteen to sixty minutes
showed no evidence of direct irradiation effect on the blood
vessels.

7. The pain-relieving action of roentgen rays in
inflammetion is due to the influence of stored protein-split
products and l1lipoids on the nerve endings, by lessening the
tension and edeme, transforming the tissue juices obtained
from the colloids &nd solution of the orystalloids, Irradia-
tion causes, therefore, an interruption in the pathways of
the pain reflex."

Manges and Smith (13) in & review of the literature
up to 1935 on experimental roentgentherapy stated that most
of the work up to that time had been done on smell animals
such as mice, guinea pigs and rabbits. Dogs were seldom
used. In most cases the amount of radiation was extremely
high in comparison to doses given in actual treatment of

infections of inflammations, so that some o0f the results
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must be necessarily questioned.

"Meny of the authors approached the subject by
way of & study of the radiation effect on the blood, the
blood forming orgens, and antibodies produced by the blood,
and the effect of radiation on specific immune bodies. There
is rather definite agreement that the lymphocytes and
reticuloendothelial cells &re most easily destroyed by
radiation and that the polymorphonuclear cells &are most re-
sistant to radiation, and naturally radisation even in heavy
dosage over small areas of non-blood forming organs has
little effect whereas totel irradiation or irradiation over
the important blood forming orgens has merked effeot. There
is, too, pretty general:agreement that irradiation has
little or no effect on antibody fo tion in any but massive
doses 1if radiation is given after t e process of formation
is established."

They drew the conclusion hat at that time, clini-
cal data was of far greater importa ce than experimental
data. Probably because there was s h & variation in the
amount of x-ray given, the type and size of animals and the

uncertainty of some of the results.

¢ www.manaraa.com



17

The reaction which oocurs when the body cell is
subjected to x-ray is still a mystery. We do know differ-
ent cells react differently, and thet the same cell under
different circumstances will show & variety of results,
Diseased tissue and neoplasms have & different response
compared to normal tissue, This reaction may be altered
by di1ff rent physical agents and the condition of the body
locally and generally.

In an attempt to straighten out the conflicting

of the previous éxperiments and statements 1t‘1n

ry to attack the problem from & more fundamental
basis. Namely, whet 1s the effesct of x-ray upon the indi-
viduel cell, tissue &and orguns? How do different amounts
of x-r y effeot the body tissue? ‘How long after exposure
to x- y does the tissue show the greatest resistance? If
we can answer questions by means of experiments thin we are
closer to the aotual solution and evaluation of x-ray therapy
in inf octious diseases in general and peritonitis especially,

As pre iously stated we will not involve any experiments or

| .
disous ions about neoplasms,
|

In 1926 Ewing (14) felt thet x-ray therapy was ef-




18

1

fective only in the total amount given. He stated that im-
mediately following & treatment there was a change in the
tissues whioh a8 yet could not be definitely deseribed but
it appeared to be generally an engorgment which was great-
est from about 48 hours to 72 hours after the treatment.

Lewis (15) in 1927 compared the local effect of

histamine and x-ray upon the skin. He desoribed the hist-
amine reaction &s & “triple response"”,

The first component of this reaction is & local
dilatation of the "minute vessels" of the skin, resulting
in a red spot at the site of the histamine injection. The
seoond phase is & widespread dilation of the neighboring
"strong arterioles" ocausing & bright scarlet red halo known
a8 the flare. The third part of the triple response con-
sists of & local inorease of permeability of the walls of
the minute vessels. This results in the formation of & wheal
at the site of the red spot described above. The first and
third parts of the triple response are due to the direct ac-
tion of histamine on the walls of the "minute vessels®. The
second part (i.e. the flare) results from.the activation of
the local axon reflex by the histemine which in turn causes
an active arteriolar dilatation. Flushing of the capillary
bed supplied by thegse dilated arterioles then follows, and it

www.manaraa.com
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is the distension of these minute vessels with bright arterial
blood which is directly responsible for the flare,

Lewis (15) as reported by Sheffer (16) pointed out
that any type of injury to the skin gives rise to the local
formation of & histamine-like body (this hypothetical factor
may be & single substance of a number of substances) which he
calls "H-substance®, When an acute injury is produced, &
rapid release of "H-substance" follows. This results in a
high local oconcentratioh of this factor with consequent full
reproduction of the triple raspbnse. In chronic injury, on
the other hand, such &8s is induced by mild burns or freezing,
or in injury with long latency such &as develops after expos-
ur of the skin to ultraviclet rays, roentgen rays, or radium,
th resp se is quite modified because *H-substahoe' is slow-
ly relea ed and is sigultaneously absorbed over & long period,
80 that high concentration is never present at any one time.
It is, therefore, quite obvious that in injury of the skin re-
8 ting from roentgen ray or radium exposure, the triplo rée-
sponse is only partially developed and usually consists of
redness, slight edema and only & suggestion of a flare. 1In
feot, if this injury is sufficiently mild, ocliniocally, at

least, only slight erythema may be present.
In 1927 Pohle (17) showed by means of a capillary
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microscope that after administration of one arythema dose of

roentgen rays the capillaries of the skin did not return to
normél even after & period of 1 or 2 years.

Chrom (18) in 1936 injected & special strain of
living bacillus intravenously. This was proceeded by a dose
of x-rey varying from 10 to 75 r and ranging in time from a
few hours to several deys previcus to the innoculation. He
was unable to show any leukooytosis or decreased septicemia
compared with the control animals and drew the definite ocon-

clusion th&t mild doses of x-ray have no effect upon the

reticulo-endothelial system as to function or structure.

Stone and Aebersold (19) in 1937 reported work
done with 200 and 1,000 kilovolt x-ray. In their summary
they stated, "Experimental data has been collected on the
recovery of human skin from roentgen &nd gemme irradiation.

*It 18 shown thet if sufficient radiation be ad-
ministered in a given time to produce the threshold effeot,
within the experimentel limits investigated it makes no dif-
ference whether it is delivered in small doses with short
intervals, or in larger doses W th longer intervels,

"It 1s further shown hat if the rediation be ad-

ministered in a given period, i makes no difference, within

the experimental limits investi ted, whether it is delivered

www.manaraa.com
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in long treatments of low intensity or in short ones of low

intensity."

They showed &lso that the term "saturation method
of dosage" is not acourate when a oonstant daily recovery
factor is assumed. Since the amount of recovery decreases

from day to day, it 1s necessary to know the correct re-
covery faotor for every day.

Crowther (20) in a paper read in England in 1937
pointed out the wide vari%tion in the effeot of x-ray upon
the individual cell, He Tentions that a dose of only 40 r
will kill half the individuals in a clutoh of Calliphora
eggs. A dose of 330,000 r is required to produce 50 per cent
of deaths in a oulture of Colpidium. Mitosis is inhibited in
a tissue culture by a dose of 120 r, but 13,000 r are re-
quired to produce even a delayed lethal effeot,

Barker (21) in 193& felt that the evidence at that
time demonstrated that the first and most important effect of
x-ray was destruotion of some of the infiltrating leukooytes,
espec ally the lymphooytes which are most sensitive to radia-
tion. With the destruction of the cells he theorized that
the a ti-bodies, ferments and other protective substances with-
in th oell were liberated and mede available to the local

and the general circulation. The destruction of the
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cells he believed was increased by the infiltration
of leukooytes, and the phagocytosis carried out by them.

The foregoing is his basis for the beneficial results ob-

tained, with the early relief of pain, He further feels
that this 1s the reason that x-ray is effective in small
doses. Doses which are too smell to have any effect on‘
normel tissues. He enthusiastically stetes that he has
shown recovery in ceses of mastoiditis, hyperthyroidism,
pelvic inflammatory diseases, thrombophlebitis, gas
gengrene, oarbunclee; furmncles, prostatitis, erysipelas,

keloid formation, eczems, acne, aotinomycosis, uterine

hemorrhages, pneumonie, &and reliefvof symptoms in all-
ergic hay fever, hodgkins diseese, leukemias and gonorrheal

aerthritis.
Tb determine the effect of therapeutic irradia-

tion on the erythrocytes and hemoglobin of the ciroulat-
ing blood &8s revesled by the red cell count and hemo-
globin determination and the effect of irradiation on the
leukocytes &s determined by the white cell count. Kom-
blum (22) and his eassociates in 1938 performed suoh
studies bvefore and after irradiation on 100 unselected
patients with benign and malignant conditions, the latter

predominating. Roentgen and radium irradiation as app-
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lied therapeutically has no significant effect on the
red cell ccunt or the hemoglobin content of ths blood.
Am mia alone is not & contraindication to radiation
therapy. Therapeutic irredistion tends to lower the
leukooyte count. The greatest decrease oocurs in the
lymphooytes and then in the neutrophils, with the norm-
ocytes and the eosinophils being the least affeoted.
There was no apparent relationship between the effect
on the k ukocytes and the part of the body treated, the
amount of irradiation and the period of time during
which the patient was irradiated. Kornblum concluded
that from & practical point of view the effects of ire

radiation on normal blood as determined by the blood

count, are of little clinical significeance.

Shaffer (16) in 1940 reported some interest=
ing work which he had done in attempting to determine
the relationship of histemine to any substance which
might be liberated when small doses of x-ray are given,
He demonstrated this very interesting fact that if hist-
emine were injected subcutaneously two to five days after
& single or three daily doses 0f 125 r, both the flare
gnd the wheal were smeller on the exposed skin than on

the non-radiated site. He also produced a papule by

www.manaraa.com



24

injecting & mixed ceztarrhal veccine. He claims that the
reaction around the pepule was greater on the x-rayéd
surfece than on the normal skin., This sounds somewhet
contradictory to other experimsnts but actually on an
averageé the radiated papules healed more quickly than

|
the non-radiated ones, He gives the following theories

to substentiste his laboratory findings:

"It is generally agreed that roentgen rays pro-
duce destructive effects on the cellular components of
the skin, Theoreticelly this results in the release of

"H-gubstance"” and the products of protein decomposition.
"The present study of the behavior of the hist-

emine wheel on roentgen rayed skin indicates that within
- forty-eight hours the permeability of the cepillaries

falls below normal; and this relative refractory state
is maintained at a more or less constant level for a

period of at least four days. From the evidence of in-
vestigators, it may be concluded that this refractory
state‘eventually becomes more pronounced and may even
become absolute after the roentgen ray reaction has
péssed 1its peak,

"The capillary dilatetion which has been ob-

served as early as four hours after & single roentgen

anal
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ray exposure proceeds in a series of waves for a period
of several weeks, at least.
"The present study of the behavior of vaocine

papules on roentgen rayed skin suggests that skin exw

posed to fraction8l doses of roentgen rays is in & state
of latent if not actual leucoocytic mobilizetion. The
chemotactic influence of the products of protein decom-

position, resulting from the action of the absorbed roen=
tgen réys on cellular protoplasm, is the mechanism which

offers the most probvable explanation of this effect.

"It is possible that the phenomenea described
above are able to explain, in part, at least, the bene=-
ficial effects of roentgen rays on inflammed conditions
of the skin and suboutis. A review of the literature
dealing with this problem emphasizes certain facts and
reveals that small doses of roentgen rays produce only

& local effect on the tissue abscrbing the radiation and

that there is no direce effect on bvacteria, antibodies,

or enzymes in vitro. Most investigators agree that small
doses of rcentgen ray stimulete the reticuloendothelisal
system; but workers deeling with other pha&ses of the in-
flammatory reection &re not in g nersl agreement, These

discordant results may possibly e accounted for on the
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baesis of widely divergent condition under which the diff-
erent studies were persued. At any rate, such faotors &s
non=gpecific pretein effect, non-specific mobilization of
antibodies, increased blood flow, and the local destruction

end mobilization of the cellular ingiltrate, were empha-

sized by various authors &s ecocounting for the favorable
effeots of roentgen reys in inflammatory states."

It is his opinion that the changes in perm-
eability and dilatation of the oapillﬁries resulting from
the release of "H-gubstance®™ and also the changes in the -
cellular infiltrative reaction of the skin due to the re-
lease of decomposed proteins with its consequent non-
gpecific shock=protein effect are able to account for the
verious phenomens in the experimental investigations de-
scribed above., In this way, many apparently contradictory

mechanisms and results can perhaps be brought into harmony.
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Among the more recent experiments in the field

of Roentgenotherapy we have & report by Soto, Brunochwig,
and Schultz (23) in 1938. Their technique was to pro-
duoce two skin lesions on the body surface of the same
enimel, One lesion was used &s & control, the other was
treated with x-ray, While they did not work with peri-

tonitis it is interesting to note their conclusions,

because any reaction in the skin might be quite similar

t0 the peritoneal reaction. In & series of experiments
based upon 105 rabbits &nd in which non-radiated control
lesions were produced in every instance in the same animal
that bore irrediated lesions the following conclusions
were reached?

l. Moderate doses of 200 kv, x-radiation filtered .
by 1 mm, Cu plus 1 mm,., Al, 1.6, Qgg~£, reduce the severity
of ascute pyogenic infections in the skin and subcutansous
tissues but do not necessarily hasten the final healing of
these lesions; indeed, in & smBll percentage of cases the
irresdiated lesions healed more slowly than the controls.

2. No evidence was obtained that the beneficial

effects of x-radietion in inflammatory processes are due
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28

to widespread destruction of leucocytes, especially lympho-

cytes, in the field with liberation of antibecterial fer-
ments, In fact the exudate in the irradiated lesions was
praotically identicel with that in the cotitrols.

3. The optimum opportunity for beneficial effects
is obtained when the irradiation is given shortly after
the injection of orgenisms ( within five hours) and de-
creases &s the suppuretive phase (abscess formetion) of

the infection becomes more prominent, Irrediation twenty
four hours prior to bacterial injection did not inhibit
the severity of the subsequent lesions; indeed, some of

the lesions in such areas healed more slowly then the

controls.

4, Evidence is presented to indicete that a
faotor in the mechanism of the benefiocial action of ir-
rediation is an effect upon the capillery bed of the field
which results in more rapid abscorption of soluble sub-
stances from the inflammed areas, This wculd permit of a
less intense leucocytic mobilization necessary to cope

with the infection.
Altmeir and Jones (24) were the first to re-

rort in the literature any experimental roentgenotherapy

which dealt solely with peritonitis. They used full
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grown raébbits &nd gave them approximately 90 per cent of
& humen erytheme dose of x-ray (630 r) over the entire
aspect of the abdominal weall. They used the following
factors in treatment; voltage 200 kilovolts, rate 25
milliempers, filter 00.5 mm. of copper with 1 mm. of
aluminum, skin terget distance 50 cm. and intensity 42
roentgens per minute. The only ocomplications ware an
occaésional diarrhee,

With the rabbit under drop ether anesthesia
they opened the abdominal oavit& and the in%$meperitoneal
iﬂi&é was examined before, and after the roentgen treat-
ment. TIwenty-four and, more r84 noticeably, forty-eight
hours after the application of x-rays over the abdomen,
the tissues were found to be markedly hyperemic, the
vessels being dilated and engorged. The entire thickness
of the anterior abdominal wall was two to three times
greater than before. This thickness was principally due
to the edema of the muscle layers, &lthough the edema
extended into the subcutaneous and subserocsal layers of
the abdominel wall as well, Little cellular infiltration
was seen in the abdominal wall, but occasionally areas
of eosinophilic infiltration were noted., The blood

vessels were dilated and engorged. With the exception

araa.



of the merked edeme &nd congestion, there was nothing
reme.rkable in the seoctions studied.

At varying intervals after the roentgen
therapy, these animels were given a single intraperi=
toneal injection of 3 cc., of & four to seven day brain
broth culture of virulent bvacteris., This culture was
obtained in & fatal case of peritonitis and it con-
slsted of Bacillus coli, aerobic nonhemolytic strep-
tococcus, Bacillus pyocyaneus, Bacterium melaninogeniocum,
anaerobic streptococcus, and Clostridium sporogenes,

Judging from & previous study, this culture was rather t

typical of severe &cute perforated appendicitis with

peritonitis,

?ertz\)(tua 0\ q\\'\\‘\t\s
Suwivine badena) hje.z\im.
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In summery Altemeir and Jones (24) found that
a group of forty-two rabbits treated with approximately
90 per cent of an erytheme dose was inoculated intra-
peritoneeally with equal amounts of mixed highly virulent
vecteriel oultures. It wes found thet the degree of
protection of the treated animals rose sharply three
weeks after irradiation and reached its meaximum between
the fourth and the sixth, A study of our experiments

and & review of the literature have failed to explain

\}

the manner in which this protection is brought about,
“In the olinicel series of patients with

carcinome of the reotum or rectosigmoid reported by

Pratt, an interval of from four to six weeks elapsed

between the time of roentgen therapy &nd operation.

This was the periad of time arbitrarily chosen as
necessary to allow the patient to recover sufficiently
from any deleterious effeots of the x-ray., On the
basis of our experimental work, this interval seems
to have been wisely chosen since it also confers the

highest degree of proteation from peritonitis. They

drew the following conclusions:
1. High voltage roentgen irradiation is valuable

as an immunizing agent against experimental
peritonitis in animals,
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Furthermore, our observations suggest thet pre-
operative irredietion is velusble in preventing
postoperative peritonitis in humen beings.

The dosage employed was 90 per cent of & humen
erythema dose.

The maximum degree of immunity in animals oo~
curred from four to six weseks after the ir-
radiation.

The manner in which this protective action is
brought about is unexpleined.

The experimental results presented in this paper
further justify the continuation of preoperative
roentgen irradiation in contemplated resections

of the ocolon and rectum.
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The author, under the supervision of Dr. J.
Dewey Bisgard, aided by Wilbur Overmiller, Oliver Horak
and several other fellow students, wishes to present the
results of the experiments which we have done here at the
University Hospital. It is thought that they may be of
some velue as & basis on which to base some therapeutio
rules, It is also fitting that we thank the Department
of Radiology, the Department of Baocteriology, and the
Department of Administration for their necessary supplies,

cooperation &and édvioo.

Only the most important and relevant experi-
ments are included in this report. The results do not
agree in many phases with the preoeediné reports of other

writers, but that is to be expected 1puiny new field as

is this one.
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EXPERIMENT NO,I

The object of the experiment was to:

1., Determine the value of x-ray therapy in
treatment of peritonitis in rabbits.

2, Establish the optimsl amount of x-ray,

3. To deoide the most effective time to give

the treatments, relative to the inooulation.

The general procedure was to first obtain forty-

eight rabbits, all of approximetely the same weight, and
from the same source of supply. These forty-eight rabbits
were divided into eight groups of six rabbits each. The

first group was used as oontrols. The second group was

“treated with x-ray one hour after inooculation. The re-

meining six groups were managed as follows:

Group A 12 weeks between last treatment and inoculation.
Group B " " "

Group ¢ 4

Group D 1 "
Group B 3 days
Group F 24 hours

Eaoh group was re-digided into three groups of
two rebbits. Group 1 received 102 r each day for 6 days

over the anterior abdomen. Lead shields were used to pro-

teot the thorasioc and inguinel areas. The therapy machine
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¢ ,
was set at 140 Kv,.0, with a filter of % mm, §i2§f§2; and
1 mm.%éﬁ”puwf”ion 15 x 13 om., 15 millienB, time 6 minutes,

102 r per treatment or & total of 612 r.
Group 2, received three identical treatments on

the 2nd, 4th, and 6th day or a total of 306 r.

Group 3 received only 1 treatment on the 6th day
or 102 r. The interval between treatment and inooculation
was measured from.the time of the last treatment.

The rabbits were inoculated intraperitoneally
with & special strein of hemolytic colon bacillus suspended
in 20 co. of gastric musin. All rabits including the con-
trols were injected on the same date and time. The solu-
tion was thoroughly mixed so that each rabbit would re-
ceive the same amount. Suffioient number of orgenisms
were used to cause death in an untreated rabbit within 9
hours. The Sultures were carefully checked to be sure of
the purity and virulence, &s well as the hemolytic proper-

ties before each series of injections.

An autopsy on each rabbit was done immediately
or death and a reccrd was made of the condition of the

peé itoneum and the fluid in the peritoneal ocavity. Accurate

re ording was also made of the survivel time after inoocula-

ti n, percentage which survived, and the relation of the

www.manaraa.com
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amount of x-ray received in .eash group to the number of

survivals., The results were:

Grous Lived Dieg Av::ag; Per Cent
Group A 1 5 ks hrs. 16.6%
Group B 0 6 5 hrs. 0.0%
Group © 1 5 54 hrs. 16.6%
Group D 1 4 W4 hrs, 20.0%
Group E b 1 6 hrs., 80.0%
Group F 3 3 7% brs. 50.0%
Group G o} 6 7 hrs. 0.0%
Controls O 6 6% hrs, 0.0%

Graph No.2 on the following page illustrates
the relationship between the total amount of x-ray given

to the number of survivals,

It 1illustrates olearly that there are no mathe-
matical relationship between the total amount of x-ray and
the results.

This helps to illustrate the fact that the time
interval between inoculation and therapy is more important
than the totel amount of x-ray given.,

Conolusions?

1. Roentgenotherapy is helpful in ocases of

peritonitis produced in rabbits.

www.manaraa.com
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2, The most effective time to administer x-ray
is about two or three'days before inoculation. (See graph

No. 1)
3. The total dosage of x-ray is not as important

as the time interval between the last dose and the inocula-

tion. (See Graph No. 2)



EXPERIMENT NO, II.

The following experiment was done &t & later
date to verify the previous work. The cultures of Hemo=-
lytio Colon baoilli were rechecked for their virility and
purity. The same procedure wes used &s in the previous |
experiment: The colon baoilli were suspended in 20 oc.
of gastrio mucin and given intraperitoneally, as before.
Twelve rabbits were used this time, and divided into the
following groups. |

Group I. Controls, 3 rabbits. They received no therapy.

Group II. 2 rabbits whioh received two 103 r doses of
x-ray in congecutive days. The last treatment was 3 days
previous to the inoculation.

Group III. 2 rebbits received one dose of 103 r vhsee
days previous to the inoculation.

Group IV. 3 rabbits received one dose of 103 r 24 hours
before the inoculation.

Group V., & rabbits received one dose of 100 r 15 minutes

fter the inoculation.
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Results:

Average Per Cent
Lived Died val T Survival
Group I Controls O 3 g hrs. 45 min. 0%
Group II 1 1 5 hrs. 30 min, 50%
Group III 1 | 7 hrs, 10 min. 50%
Group IV 2 1 5 hrs. 10 min. 66%
‘Group V 1 2 5 hrs. 33%
Qe.vo.e-(‘fusc oX ’“nima\s
.Suﬂln'l/l'ni.
100 %f
75% }
50%} - )
as%}
4L{ '\1 /ﬁ
|5?u’vi ﬁlln. ﬂ;}» 2 Dt”&
-
Jf:, 40\1& ln{tr\l;\ \:z‘\'ueen X-nj’rrc.d'meh*'
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EXPERIMENT NO, III

This experiment was done to determine the value
of gastric mucin in our peritonitis experiments. The hem=
olytic colon bacilli were suspended in gestric mucin in
the previous experiments becé&use it was thought that it
would speed up the reaction, &and increase the ebsorption,
Seley (25) was &able to show a definite increesed mor-
telity by using gestric mucin in producing experimental
peritonitis in ceats,

The procedure was to take two groups of three
rebbits. The first group was given & suspension of the
hemolytic colon bacilli in gastric muoin intraperiton-
eelly. The second group received the same number of
bacilli suspended in normel saline. At the same time
two controls were injected with the same amount (20 oo.)

of gastric mucin which contained no bacilli.

Results:®
Average Per Cent
Lived Died Survivel Time Survivel
Group 1. ) 3 6 hrs. 10 min. 0%
Group 2, 0 3 9 hrs. 15 min. 0%

Control (Mucin only) 2 O  No signs of  100%
apy illness.
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It is quite evident that gestric mucin intma-

peritoneally seems t0 enhance the &ction of colon
bacilli in peritonitis. This alone may account for the

severe reacotion following perforation of a peptic ulcer,
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EXPERIMENT NO, IV

As has already been discussed the three main
causes of death in aocute peritonitis are: 1, Septicemis,
2. Toxemie, 3. Shoock. The fcllowing experiment was
done with the purpose of determining if injecting a
sterile toxin from the Colon bacilli used in the pre-
vious experiment would be lethal and if so would x-ray
have any beneficial effect.

Part 1,

Four rabbits were injected intraperitoneally
with & heet-killed suspension of the speciel hemolytic
colon bacillus used in the previous experiments. The

toxin was prepered by suspending an estimated lethal
dose of living organisms in normal sealine. It was
necessary tc suspend the bacilli in normel saline be-
cause heat causes coagulatién of the gestric mucin.

The container was then immersed in & beaker of boiling
water for 12 minutes. Several samples were taken to be

certein that the solution was sterile, A sample of the
solution was then taken &t the time of injection and

found to be sterile.

Results: All four rabbits died. Average



survival time waé five hours and ten minutes.
Part 2.

Five rabbits were given 103 r. in one treat-
ment in exectly the seme menner &s the previous ex-
periments., Forty-eight hours later they were given intra-
peritoneally 20 cc. each, of the heat-killed toxin, pre-
pared exactly the same &as above. Two controls were also

injected at the same time.
Results: Three out of the five animals lived.

Both controls died.

The experiment was repeated at a later date,
The seme colon becillus culture was used. It was re-
. cheoked for 1fs purity &nd virulence and found to bve as
lethal as previously,

Six rabbits were x-rayed identically as before -
140 Kv., 15 Ma. end filter of % mm. Al and Cu. Forty-eight
hours later they were injeoted with 20 co. normal saline
suspension of the heat-killed orgenisms. The solution was
checked at the time o0f injeotion and found to be sterile.
Each rabbit as before received 20 co. of the'solutioﬁ intra-

peritoneally. The results were:

Per Cent
Lived Died Averasge Survival Time Survival
X-rayed Group 4 = 2 & hours 45 minutes 66%

Controls O 2 & hours 30 minutes 0%
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All of the animals which died in this experi-
ment were autopsied &8s soon after death &s possible. 1In
ell but one the large bowel was distended. The only thing
of any significance found was that in the rabbits whioch
had been x-rayed the peritoneum was less inflammed and that

there was less fluid in the peritoneal cavity.
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EXPERIMENT NO, §

The question now was whether the funotion of
x-ray in the previous experiments waes local or systemic.

To determine this, rabbits were given the usual
treatment of x-ray (103 r.) in the identicel procedure
used before. Forty-eight hours later they were bled.
The blood was allowed to coagulate. The clots were broken
up and then centrifuged. An average of 22 oco. of serum
per rebbit was obtained in that menner. The serum was
then mixed with & lethal dose of & normal saline sus-
pension of the hemolytic colon bacillus and injected
intraperitoneally, intravenously, or subcutaneously into
another rabbit. A control was run in each oase to be

certein of the virulence.

X-rayed Serum Normal Serum
Date Lived Died Lived Died

10-23-41 2 (I.P.) 0 0 1 (I.P.)
12-1141 2 (I.P.) 0 0 1 (I.P.)
12-15-41 0 1 (IV.) o© 0
12-17-41 1 (I.V.) 1 (I.V.) 1 (1.v.) o
1-3-42 2 (Subout.) O 1 (Subout.)O
1-16=42 1 (I1.P.) Q 0 1 (1,P,)
Totals 8 2 2 3
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Controls ‘

Date Lived Died
10-23-41 0 1 (1.P.)
12-11-41 0 2 (I.P.)
12-15-41 0 1 (I.V,)
12-17-41 0 1 (I.V,)
1- 3-42 1 (Subout.) 1 (Subout.)
1-16=42 0 1 (I.P.)
Totals 1 7

Per Cent Survivals
x-rayed sérum . . . . . . . 80%

normel SeF M . . . . . o o 40P

contr°1s s @ @ & & * o o 12*%

49
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EXPERIMENT NO. 6

Since the previous experiments indicate that
there is & definite advantage in administering serum
from x-rayed rabbits into other rabbits who have been
inoculated with either & living or & killed suspension
of & strain of hemolytic colon becilli, it was thought
that perhaps it might have & similar action against
other toxins, Diphtheria toxin was obtained from the
Eli Lilly Leboretories at Greenfield, Indiana. Its
specificetions were: 42 Lf units, M.L.D, 1/2100, and
I+0.035. This toxin was diluted 1:1050 which made 1t
equivalent to 2 M,L.D, per cc. of solution.

The rabbits were divided into four groups.
Eech rabbit was given 4 M,L.D. per Kilo of body weight.

The toxin was mixed with the serum and allowed to stend
for one hour befors injection. The first group received
serum from normal rebbits, plus diphtheria toxin as
stated. The second group received serum from x-rayed
rebbits plus diphtheria toxin as stated. The third group
received x-ray cnly, plus the diphtheria toxin &as stafed.
The fcurth group were used &s ccntrols, receiving no
therapy, only the diphtherias toxin &s stated. In all

ceses the toxine-serum solution was given intreperitoneally,
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The results were:

Date of Normal Serum X-rayed Serum
Injection Alive Deed Alive Dead
1-19-42 0 0] 0] 0]
1-21-42 0 0 0] 0]
1-29-42 0] 2 0 2
2-3-42 0 2 0 o)
2-13-42 0] o 0] 0
Totals 0 4 0 2
Date of X-ray Only Controls
Injection Alive Dead Alive Dead
1-19-42 0 0 0 2
1-21-42 1 2 o) 2
1-29-U42 (0] 0 o 0
2 =342 0 0 0 0
2-13-U42 1 5 0 3
Totals 2 7 0 7

Per Cent Survivals
Normel Serum o « « . » 0%
X-rayed Serum . . . . 0%
X-ray Only « « . . . 22.2%
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EXPERIMENT NO, VII

This experiment wes done exactly the same &s
Experiment No, VI, except th&at the amount of diphtheria
toxin wes reduced to one-half of the previous dosage.
Therefore eech rabbit in this group was given 2 M.L.D,
per kilo, of body weight,

The results were:?

Date of X-ray only  X-rayed Serum, Controls
Injection Lived Died Lived Died Lived Died
2-23-U42 5 3. ‘ 4
3y 3 .2 2
3=22=U42 1 4 2
Totals 5 3 4 6 o - 8

Per cent survival:
X-rayed Serum 40 7%
X-ray only 62¢ %
Controls 0 %
Autppsies were done on &all rabbits immediately
after death. The only significant finding was that
in all cases there were numerous sub-mucosal hemorrhages

on both sides of the pylog?;. The stomach was full of

food material and the pyloric valve was.oontracted.
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Ve SUMMARY AND CONCLUSIONS
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SUMMARY AND CONCLUSIONS,

A survey of the literature on experimental
roentgenotherapy and experimentsl peritonitis has bemn
presented. All of this work has been done on animals
‘There is & wide variation of opinions as ﬁo'the actual

functions of X-ray. Some suthors ciaiming little
or no locel effect of aild doseslof X-ray, while others

meintein that it produces chenges in the cells &nd

tissues. The most recent and best established theory

is that forty-eight to seventy-two hours sfter ex-

posure to x-rays the tissues show & definite hyper-
emisz and leukocytic infiltration. There is probably
& release of "H" gubstance which mey have some anti-
genic propertieé. It is also cleimed that X-ray 1in

mild doses will dacrease permesbility of the capillieries.
A series of seven experiments done here atv::

the University Hospitel haes been presented. One
hundred and fifty-six rabbits were used. The effect

of mild X-ray doses on experimen:al peritonitis and

toxemia cases was found to be beneficial,

Serum taken/frOm x-reyed animals was found to be of

some value but not as effective as direct administration.
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CONCLUSIONS

1. Roentgenotherapy in mild doses has & definite pro-
phylactic vealue in ceges of experimental psritonits
or toxemis.

2. Mild doses of X-ray causes & liberation into the

"blood of some generelized entitoxin which is probebly
the "H" gubstence.
3, The period of greatest efficiency of the X-ray
theraepy is from forty-eight to seventy-two hours
before inoculation.

Reme.rks;

While it is often ridiculous to prognosticate

it is thought by the author that in the future,
patients will receive X-ray therapy previous to any
operation which shows & high incident of peritonifis .
Also blood donors will be given small amounts of X-ray
before giving blood fof & trensfusion.

It is al1so suggested that X-ray may heve a
definite value in preventing shock by decreasing the
capillary perme&bility; This may be true also in Z

burns where there is & great loss of serum from the

'%m o

subcutaneous capillaries.
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