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INTRODUCTION

In the mind of the average medical practitioner as
well as the mind of the laity, the idea of radio-therapy
has been linked with the treatment of malignancy. 1In
this field, X-ray and radium have shown their effective-
ness and have been quite generally accepted as being of
definite value. However, many physicians do not realize
the fact that great strides have also beén made in the
treatment of inflammations and that at the present time,
its value has been proved by roentgenologists in both
Europe and the United States. In some conditions, such
as post operative parotitis, acne vulgaris, unresolved
pneumonia, erysipelas, tinea tonsurans, mycosis fungoides
and carbuncles, it is practically considered a specific.

There are several reasons for the slow acceptance
of this form of therapy in inflammations, The one of
greatest conseguence is likely the fear of deleterious
effects such as have followed cancer therapy in certain
cases or following over-exposure to the rays. The
therapy of malignancies requires the administration of
the maximum dose that the surrounding normal tissues
will tolerate and this margin of tolerance may be over-
stepped unless great skill and judgment is used. Therapy

of inflammations, on the other hand, requires small, mod-

1.



2.

erate doses and if properly administered by a competent
roentgenologist, the danger is practically nil., To fur-
ther illustrate the point, the following observation may
be mentioned. It has been noticed in the literature that
often the first indication that radiation may be of value
in a given inflammatory condition has come as an unex-
pected clinical improvement after the brief exposure to
X—rays'required for radiographic diagnosis or "check-up."
Such was the case in the treatment of mastoiditis for
example. (1)

Two other factors are: The over-enthusiastic radiolo-
gists who have exaggerated the possibilities and have at
times brought radio-therapy into disrepute by practicing
a type of "quackery;" and the uninformed members of the
medical profession who have discountenanced its use, in
the face of abundant evidence as to its definite value in
inflammatory conditions.

With these points in mind, I have attempted to re-
view some of the literature with particular reference to
the proper use of X-radiation indications, contra-indi-
cations and correlated treatment in spécific inflamma-
tions. Such a review may’be of value because the present

status of radiation therapy is largely on a basis of



: clinical results, even though much has been learned as to

some of the mechanisms involved.
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I HISTORICAL SURVEY
William Konrad Rontgen on the eighth of November,
1895, while working alone in his laboratory with a

Crooke's tube, noticed the fluorescence of a distant card

coated with platino-barium-cyanide. He found that the

rays which supposedly were the cause of the fluorescence

could penetrate cardboard, wood or paper and proceeded
to discover their properties which set them apart as a

form of radiation which had never been described before.

. 4.

X-rays had previously been produced by William Crookes

seventeen years before. However, he failed to recognize

them, Hertsz, Lenard and others also produced the rays
in their experiments but did not recognize the unusual
force at their finger-tips. \

In Rontgen's original announcement (2) he very com-
pletely described the rays and many of their properties
which he had determined. He insisted on checking all
his observations as far as possible by means of photo-
graphic plates.

It is remarkable how quickly the news of one of the
mo st beneficient miracles of science was accepted al-
though peculiarly opposed to universal experience.
Skepticism was silenced by confirmation from reliable
sources on every hand. Since that time, extensive

experimentation has been carried out by scientists in



all parts of the world attempting to determine the effect
of the rays on both normal and pathological tissues as
well as upon micro-organisms. Within a few months after
Rontgen's announcement, their possible therapeutic value
was being tested both in the United States and in Europe.
Much of the advance made in X-ray therapeutics has been
by trial and error methods with the consequent trail of
success and failure and also the development of errone-
ous ideas which later had to be discarded. |

It was difficult to correlate the results ob-
tained in different cases because of the variability of
X-ray apparatus in use and the lack of a suitable stan-
dard of dosage. This inability to reduplicate the treat-
ment as given by another investigator, held back the
progress of evolution of this new weapon against malig-
nancy and disease, Many different dosimeters were de-
signed with various degrees of success.

The "erythema dose" was one of the common methods of
measuring the radiation given but there has been very
little agreement among roentgenologists as to the factors
of this biological unit, Patients do not react alike to
radiation and various parts of the same individual give
a different reaction to the same intensity of radiation.
In spite of these disadvantages, the erythema dose has

continued to be used.

5.
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Then in 1914, the Coolidge thermionic tube was de-
veloped, which made possible a constant source of radia-
tion. It made available large quantities of radiation
which could be duplicated by other operators and well
controlled. With this new development, it has become
practicable to standardize the "erythema dose" or give
the amount of radiation intensity it represents in terms
of definite factors. This is done by means of a standard
secondary ionigation chamber and the dose is then deter-
mined in terms of "roentgens." The roentgen was defined
in 1928 by the International Roentgen Ray Committee as
#the quantity of roentgen radiation which, when the se-
condary electrons are fully utilized and the wall effect
of the chamber is avoided, produces in one cubic centi-
meter of atmospheric air at zero degrees Centigrade and
76 centimeters of‘mercury pressure, such a degree of con-
ductivity that one electrostatic unit of charge is measured
at saturation current." (3)

Soon after Rontgen's discovery in 1895, several physi-
cists began to experiment with various substances to de-
termine whether similar rays might be emitted by chemical
bodies spontaneously. Henry Becquerel experimented with
various substances which fluoresced and found that salts
of uranium produced a penetrating radiation. He then

postulated a new property of matter--radio-activity. (4)
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Pierre Curie and Mme. Curie studied the activity of
the uranium compounds and found that it depended entire-
ly on the amount of uranium present. This led to the con-
clusion that radio-activity was an atomic phenomenon and
not influenced by chemical combination or external con-
ditions. Finding some uranium ores which were more radio-
active than either pure thorium or uranium, the Curies
were inspired by the thought of & new element. In July,
1888, polonium was identified and also radium. This was
announced before the Academy of Science of Paris in
December, 1898,

In 1902, Rutherford and Soddy worked out the theory
of successive transformatlions of radio-active elements.
Mme. Curie devised a method for determining the quantity
of radium present in a substance by means of a radio-
active gas produced by its disintegration. This was
called "emanation,®

The first experiments to determine the biologic pro-
perties of radium were made in France from samples ob-
tained from the Curie laboratory. These were so en-
couraging that a new phase of medicine became established.(5)

X-rays, gamma rays and Grenz rays are all a part of the
electromagnetic wave spectrum of which light, ultra-violet,
infra-red, radio or Hertzian waves and cosmic waves are

also members. There has been some controversy as to the



difference in biological effect of the three radiations
first named.

Holthusen (6) in 1933 came to the conclusion that
radium radiations or gamma rays do not act any different-
ly than roentgen radiations. However, in one series of
experiments, he finds that when X-rays of equal intensity
to a given radium pack, as measurdd in roentgen units to
the area, are applied, the erythema reaction produced by
the radium is about 20% stronger than that of the X-ray.
According to clinical observations made by Kaplan (7)
the biological effect of radium is the greater. However,
many others do not agree with him on this point. Never-
theless, it is more or less generally agreed by most au-
thorities that both radium and roentgen rays bring about
their biological action by means of ionization and that
there aré only minor differences, if any, in the results
obtained. (3)

Filtration of these radiations has a definite effect
on the quality of rays allowed to pass through and affect

wl
the region treated. ‘Aluminum,-giruosampieyuﬁii*ETE“U!r

2 copper filtersg

off the soft rays or longer wavelengths, Thus, the X-rad-
iation may be varied to considerable extent and made to
simulate gamma radiations of radium, (3)

Surprising as it may seem, the use of X-rays and gamma



rays in treatment of inflammations has been carried on
almost from the time of their discovery. Within a few
months after Rontgen's announcement, their therapeutic
value was being tested.

TUBERCULOSIS: Experiments of Lortet and Genoud in

1896 (Tuberculose experimentale attenuee par le radia-
tion Rontgen, Arch, d'electr. med. 4:466-467) showed a
favorable influence of the rays on tuberculous adenitis.,
Also the clinical reports of Rendue and Du Castel (Sur

un cas d'application des rayons rontgen au traitement

des phlegmasies aigus de l'appareil thoracique, Bull, et
mem, Soc, med. d. hop de Paris 14:41-55, 1897) and others
indicate that in certain cases roentgen rays have a de-
finitely beneficial effect on the tuberculous process. (8)

NERVE INFLAMMATIONS: In 1897, Gocht H. (Therapeu-

tische Verwendung der Rontgenstrahlen Fortschr. a.d.

Geb. d. Rontgenstranlen I 14-23, 1897-1898) reported
analgesic effect in three cases of trigeminal neuralgia
and two of mammary cancer. 8Since then a large number of
cases have been reﬁbrted in which roentgen rays have
abolished neuralgic pains and pruritis in many different
conditions, (9) Paravertebral irradiation was first used
in the treatment of angina pectoris in 1933 and was re-
ported by Groedel (Rontgenbehandlung innerer Krankheiten,
J. F. Lehmann p. 209, 1923). Over 100 cases have been



‘reported in the literature with favorable results. (10)

BRONCHO-PNEUMONIA: Rendue and Du Castel in 1897
(Bulletin Medicale Jan. 17, 1897) reported the use of
X-rays in a case of bronchopneumonia with apparently
favorable results. (11)

ARTHRITIS: The first report of the use of roentgen
therdpy in the treatmqpt of arthritis was that of Sokolow
(Roentgen Rays, Russky Vratch, 1897) also (Fortschr. a.d,
Geb. d. Rontgenstrahlen 1:209, 1898) who used it for re-
lief of pain in articular rheumatism. (13) (13)

DERMATOLOGICAL CONDITIONS: As early as 1896, Ullman

{System of Instruction, Monell, 1903) reported a cure of
acne treated by X-rays. In 1898, Gautier (System of In-
struction, Monell, 1902) treated three cases with good
results. (14) (15) Since that time, many cases have been
treated and hundreds of cases reported with such out-
standingly good results that Tobias (18) makes the state-
ment that there are only two agents that will cure acne--
nature and the roentgen ray. Since nature allows un-
necessary scarring, the roentgen ray is the best method
to secure permanent cure with the minimum amount of scar
formation.

Freund is also among the first to apply the rays to
- dermatological conditions. Their use in tinea tonsurans

(ringworm of the scalp), favus and sycosis was suggested
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by him in 1897 (Wien, med. Wochens XLVII p. 858, 1897).

~ Some successfully treated cases were reported as early
as 1889 by Freund and Schiff (Fortschr. a.d. Geb. d.
Rontgenstrahlen iii p. 109, 1899). Kummell, at the 22nd
Congress of the Deutsche Gesellschaft fur Chirurgie.
April 233, 1897, gave a report on the treatment of lupus
and Gocht (Fortschr. an. dem Gebiete der Rontgenstrahlen,
Sept. 1897) reported six cases of lupus. (11)

Dr. R. Hahn claims priority in radiotherapy of
eczema. 1In 1898, he reported two cases successfully
treated, at a meeting of the Medical Society of Hamburg
(Fortschr. a.d. Geb. d. Rontgenstr. 1901 pp. 39-41). (17)

TRACHOMA: As far back as 1902 Mayou recorded sixteen
cases of trachoma which were treated with X-ray. Using
one eye for a control with the usual copper sulfate treat-
ment, the other irradiated eye healed in much less time
and gave a complete cure in five cases while nine were
favorably improved and the remaining one was still under
treatment. (18) (19)

ACTINO&YGOSIS: Harsha successfully treated a case of

actinomycosis with X-ray, drainage and iodides in 1904,
(20) Many cases have been reported since that time which

were treated only with X-ray and possibly surgery. (21)

PNEUMONIA--Delayed Resolution: In 1805, Musser and

Edsall (22) suggested the use of X-ray in cases of unre-
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solved pneumonia on the basis that it would probably aid
the autolytic process. With this idea in mind, they treat-
ed one case of unresolved pneumonia with rapid improvement
at the end of a week. A. J. and W. A. Quimby (23) report
twelve such cases and make the statement that "no patholo-
gical process in the body responds more quickly to X-ray
exposure than non-resolution following pneumonia." Other
cases have been reported by Krost in 1935 (24), Torrey
in 1927 (25) and Merritt and McPeak in 1930. (26)
NEPHRITIS: Pescarolo and Quadrone (Risultati favor-
evoll della roentgenterapia nella nefrite parenchimatosa
cronica, Rif. med. 33: 1031-10233 Sept. 15, 1907) treated
a woman with nephritis. The symptoms included edema,
ascites and hydrothorax. Upon treatment, the condition
of the patient began to improve immédiately and a complete
recovery followed. Several cases with oliguria or anuria
and other symptoms of renal insufficiency have been re-
ported, in which rapid and marked improvement followed
irradiation of the kidneys. (27) (18)
\ PELVIC INFLAMMATORY DISEASE: Wegner (Die Rontgen-
therapie der entzundlichen Erkrankungen in der Gynakologie.
Strahlentherapie 24: 53-72, 1936) reports 350 cases of
acute, subacute and chronic inflammations of the female
genital structures with exceptionally favorable results

with the puerperal form of parametritis and also gonorrheal
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infection. (27)
SUPERFICIAL PYOGENIC INFECTIONS: Morton in 1903 tried

radiation on an extensive carbuncle of the neck with marked
success and rapid recovery. (13) The literature contains
many reports of success of radiation in the condition as
well as furunculosis and onychitis, etc.

PAROTITIS: The first record of the influence of X-rays
in the treatment of acute parotitis seems to have been made
by Heidenhain in 1926 (Rontgenbestrahlung und Entzundung.
Strahlen-therapie 24: 37-51, 1926). (28)

To Heidenhain and Fried belong the credit of having
created a more general interest in the radiation therapy
of inflammation. In more than 1500 cases they have proved
| the effectiveness and have helped to place the matter of

dosage on a scientific basis, (13)



II GENERAL EFFECTS ON INFLAMMATION

A, PROPHYLAXIS

There has been some controversy as to any possible
prophylactic action of X-rays. Much of the work done in
this direction has been along the line of noticing the
effect of irradiation on the heeling time of wounds, with
and without the subsequent introduction of infection.

Haberland in 1923 (Klin Wehnschr. 2:353, 1923) ir-
radiated Thierschgrafts in dogs and found delayed heal-
ing. The dose used was probably 1/3 to 2/3 of a skin unit
dose. Podesta (Riv. di. radiol. e. fis. med. 2:448, 1930)
used a simple epilation dose causing a severe radio-derma-
titis and noticed delay of healing ranging to complete
lack of closure. (29) Pohle, Ritchie and Wright in 1931
found that if the exposure of the wounds was made 24
hours after incision there was definite retardation of
healing but it did not interfere with the final formation
of a smooth scar. However, they used 1000 r. in one sit-
ting which is well above the therapeutic range. (30) In
1933, Pohle and Ritchie (31) on experiments with 78 rats,
in which half of each wound was irradiated and the other
half protected, found by means of daily microscopic sec-
tions, that there was delay in healing in wounds treated
after 24 hours and this became evident 3 to 4 days after

the wound was made.

13,



On the other hand, Cazzamali (Abst. Clin. chir. 4:781,
1928) injected trypan blue into tissues a few days before
and immediately following wound production. He concluded
that rﬁdiation caused an earlier mobilization of reticulo-
endothelial elements in the healing process. Freudid
(Strahlentherapie 33:375, 1929) and Fukase (Virchows Arch.
F. path. anat. 273:794, 1929) found that 400 r. applied to
freshly made wounds, accelerated the healing with a de-
crease in inflammatory exudate, particularly leucocytes.
Businco and Cardia (Riv., d. radiol. e, fis. med. 2:378,
1930) using 1/3 erythema dose (about 150 r.) on dogs,
concludes that there is a stimulation and acceleration
of healing. D'Istria and di Bello (Actinoterapia 9:95,
1930) reported an acceleration of healing by using doses
ranging from 63 to 1000 r. They conclude that the smaller
the dose the greater the acceleration within this dosage
range. (29) Leopold Freund in 1898, noticed the beneficial
influence of X-rays on keloids and bad scars. Since then
he has gotten very good results by the irradiation of the
open wound for several days after the removal of a tumor
and before the wound was covered with skin. Clinically,
he has observed many times the acceleration of healing
of wounds after exposure to X-rays. (32) Then Franz.
Freund in 1939 reports a series of experiments on rabbits.

He incised the skin of the abdomen and irradiated part of

14,
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the wound. . This part healed by first intention and with
granulation. The edges closed on the 5th day while on the
non-irradiated side the wound was still gaping. He also
showed that fractures heal more quickly and wounds on the
cornea of frogs'! eyes heal more readily after irradiation.
He concludes that the use of irradiation prophylactically
is justified. (33) These results have been confirmed by
Tannenberg and Bayer in 1933, (34) They carried out simi-
lar experiments and found that the irradiated wounds began
to heal 3 to 20 hours earlier. The healing was also more
quickly accomplished,

Ritchie draws the following conclusion from a survey
of the literature. "Thus in spite of somewhat conflict-
ing evidence, it appears that a small dose stimulates
the healing process and a large one causes delay.® (29)

In regard to the introduction of infection on prophy-
lactically treated animals, Quadrone in 1905 ( Centralbl.
f. inn. Med. 26:593, 1905) concluded that mice and guinea
pigs which had been exposed to X-ray showed greater re-
sistance to infection than did normal animals, Heile
(Verhandl., d. Deut. Gesell. f. chir. 34th Congress, 1905)
produced a local leucocytosis in the peritoneal cavities
of rabbits by injecting aleuronat and then injected B.
Coli. The animals were divided into two groups and one

exposed to X-ray. The other group died of the infection
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while the irradiated group survived. Werner (Munch. Med.
Wochenschr., 53:1625, 1906) produced turpentine abscesses
and later injected them with bacteria. One-half of the
animals were irradiated and recovered. The rest died from
progressive inflammation. Heile and Werner explained their
results on the theory that the X-rays destroyed the leuco-
thes in the peritoneal cavity setting free substances
which were bacteriocidal in action upon the organisms
present. (35)

In the case of tuberculosis there has been much ex-
perimentation tending to prove that resistance of most ani-
mals is lowered. This is explained on the basis of lympho-
cytic destruction. The lymphocytes being thought to re-
present the natural resistahce of the organism to the
tubercle bacilli. Murphy and Ellis have reported such
- experiments (36) as well as Morton in 1916 (37) and Corper
in 1918. (38) Spies (39) found a diminution in the number
of lymphocytes and a relative increase in polymorpho-
nuclear leucocytes after irradiation.

Kellert in 1918 (40) failed to confirm Morton's work
and Kessel and Sittenfield (41) found that irradiated
tuberculous animals lived on an average of 15 days longer
than those not exposed. The conflicting reports may be
due to differences in irradiation technic. The early

investigators undoubtedly used lower dosage due to the
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limitations of their apparatus, so perhaps a lymphocytosis
was produced with consequent ihcrease in resistance to T.B.
(40)

More recently Kissele (42) (in 19368) after experiments
on 54 guinea-pigs and 500 white mice comes to the follow-
ing conclusions:

1. X-rays in doses of 100 K.v., 4 ma., 3 mm.
Aluminum increase both local and general
resistance to infection.

2. The local increase of tissue resistance
after doses of 1, 3/4 and 1/4 skin ery-
thema continues 3 to 4 weeks and gradually
declined to normal.

3. General resistance is favored when con-
siderable portions of the body are ir-
radiated.

4. Smaller doses have little, if any, effect
on resistance,

In regard to gas gangrene, Kelly and Dowell (43)
come to the following conclusion after treating a series
of 56 cases: X-ray therapy is indicated in gas gangrene
and should be started as soon as the disease is suspected.
B. THERAPEUSIS

1. ACUTE INFLAMMATIONS

In general the action of X-rays applied in thera-

peutic doses to superficial inflammations is: (a) Possible
exaggeration of symptoms during the first 12 hours, (b)
Relief of pain within the first 24 hours, a drop in tem-

perature and improvement of appetite, (¢) If the process
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is treated early with irradiation, it may be aborted, i.e.,
abscess formation may be prevented expediting involution
and without scar formation, (d) If irradiated late after
abscess formation has begun, the suppuration will be
hastened and free drainage may occur spontaneously. The
course of the condition is materially shortened.

The above description may be found thréugh\out
the literature--Lewis, 19233 (44), Hodges, 1924 (45), 19235
(46), Lawson, 1926 (47), Andrews, 19239 (48), May, 1930 (13),
Friedman, 1934 (49) reports the following general results
after the treatment of 2306 cases of carbuncles. Pain was
relieved in 24 hours. The temperature dropped in 36 hours.
There was spontaneous healing if no liquefaction was present
at the time of treatment, If suppuration occurred before
treatment a stab incision was made and the course was con-
siderably shortened.

Hodges (50) reports Mitfermaier as summarizing
the action of the rays thus: (1) Early--an increase in
edema but a tendency to check abscess formation. (2) later--
after reparative processes have begun, these processes are
accelerated. (3) Inflammation ceases to spread. DisinQ
tegration of tissue in the process of destruction occurs
more rapidly and time of recovery is shortened.,

Gerber (51) adds one more point in the effect on

the healing process after suppuration and drainage have



occurred. Granulation tissue is promoted and'a better

19,

scar is produced. Lewis (44) describes the scar as figmooth,

soft, not depressed and distinguishable from other tissues

by its pallid color."
In 1933, Thorsness (53) after experimenting with

absorption thru the pyogenic membrane of irradiated experi-

mental abscesses, concludes:

(a) Non-irradiated abscesses show no absorp-

tion for months.

(b) Abscesses, if irradiated 1 or 2 days
after formation will collapse after 6
days.

(c) If irradiated after 7 days, there is
little or no effect. He used dosages
probably equivalent to 1/4 to 1/2 ery-
thema dose for human beings.

2. CHRONIC INFLAMMATIONS

The chief effect of X-radiation upon chronic in-
flammatory processes is one of resolution of the fibrotic
‘process. The most.outstanding example of this occurs in
the treatment of unresolved pneumonia. In 1907, Edsall |
and Pemberton (53) reported five cases in which consoli-
dation had been present for at least 7 to 10 days and
radiation gave good results. In 1916, Quimby, A.J. and
Quimby, W.A. (23) come to the conclusion that "no éatho—

logical process in the body responds quicker to an X-ray

exposure. " Krost in 1925 (24) reports 13 cases with which

he conclusively demonstrates the resolving effect of ir-
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radiation. He took radio graphs to prove the presence of
'eonsolidation before and the absence of consolidation after
treatment. Torrey (35) describes & case which had a patch
of unresolved consolidation from a pneumonia of 5 years
previous. This responded immediastely to treatment. Merritt
and McPeak, 1930 (28) report that parenchymal resolution
occurs rapidly while hilar lesions are slower to respond.

In tuberculosis, particularly cervical adenitis
the effect is usually quite definite. Leonard as early as
1910 (54) reports three cases irradiated with good results.
Kessel and Sittenfield in 1914 (41) tried Xprays on ex-
perimental T.B. and found fewer fibrosed tubercles with a
less amount of caseation. Reeves (1933) (55) after treating
141 cases of tuberculous cervical lymph nodes states that
small doses used at intervals of less than 3 weeks appear
to shorten the course and favor resolution.

Arthritis has been treated on the basis of analgesia
and also resolution of fibrotic processes. Anders,.Daland
and Pfahter in 1906 (56) reported good results in 2 cases
of Arthritis deformans, After 16 treatments, the joints
were practically well. Garland in 1935 (12) treated 30
cases of Gonorrheal arthritis and reports 13 cures, 15 im-
proved and 2 not improved. Rohr, H. O. (Die Rontgenther.
der chr, arthritiden. Strahlentherapie 42:435, 1931) re-

ported 40 cases of chronic arthritis with good results,(12)
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Carl Fried (57) reports results on 135 cases of arthritis
deformans, the greater number of which required only one

irradiastion series for marked improvement. Arthritis in

the hip joint showed the largest percentage of-failures.

He states that chronic articular rheumatism even with

stiffening and contractures can be improved and even cured.
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I1I SPECIFIC EFFECTS
A. PHYSICO-CHEMICAL EFFECT

Ionization is the only thing to which all the effects
of irradistion may be attributed., The seguence of events
may be assumed to be: (a) Ionization of the tissues, fol-
lowed by (b) Chemical changes and then (c¢) Biological
changes. There may then be further chemical changes as a
result of the first biological changes, etc. This view
accounts for the latent period in the appearance of the
effects of irradiation in the living organism.

In general, the tendency in this process of chemical
recombination, after ionization has occurred, is to trans-
form complex molecules into simpler compounds. For example,
water may be decomposed into hydrogen and oxygen but at
the same time some hydrogen peroxide is formed. (58)

Doub, Bolliger and Hartman in 1935 (59) found that
during the first hour following irradiation there is an
increase in phosphorus and a decrease in amino acids and
non-protein nitrogen within the nuclei of the cells., They
also described the production of a distinct alkaelosis of
the blood on the theory that it was brought about by nuclear
destruction which yeilded purine bases., Then, if the dosage
had been moderate, there was a compensatory acidosis within
24 hours. They also found a rise in Wlood sugar, with a

fall and a secondary rise on the third day following the
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irradiation. This was probably due to the hexoses formed
from the destroyed amino acids and the deaminization of
amino acids by increased enzymic action.

Many divergent opinions are held regarding the change
in hydrogen ion concentration of protoplasm after irradia-
tion. It is reasonable to expect, however, that if the
radiation is intense enough, the cells are severely in-
jured the Py will turn to the acid side due to the decom-
position products. (60)

Beta,gamma rays and X-rays when applied to positively
charged lyophobe suspensoids-cause a precipitation while
positively charged lyophile suspensoids set to a gel.
Emulsoids such as proteins are denatured by X¥-rays or gamma
rays whether positively or negatively charged, but only
after prolonged radiation. This denaturization is ac-
companied by an increase in viscosity and a decrease in
surface tension and is more marked in globulins. (61)

In regard to intracellular proteins, most investi-
gators are agreed that irradiation causes first a de-
crease in viscosity or coagulation (61) the cell meta-
bolism reduced or brought to a standstill. (82)

One of the most obvious and clearly attested physical
phenomena resulting from irradiation is the increased
permeability of cell membranes and probably also of the

nuclear membrane. The swelling of the nuclei and the



a4,

ballooning of the cytoplasm are most easily interpreted

as an increased capacity of the structures to absorb water
thru an altered membrane. Assuming the simplest cause, one
must suppose that intracellular chemical changes produce
new electrolytes by decomposition of salts, proteins and
fats and water is drawn in by simple osmosis. (62)

There is reason for believing that the plasma membrane
of the cell is in part at least, a calcium gel. Release
of calcium would presumably liquefy or weaken such a gel.
Hence, it is understandable that radiation should break
down the cell membrane. Moreover, in view of the fact
that calcium, more than any othér ion, is responsible for
the semipermeability of the membrane, it is readily con-
ceivable that release of calcium from the cortex of the
cell or from the membrane might cause the permeability
increase as noted above. These facts are in accord with
the observations which show that calcium is set free from
plant and animal tissues after irradiation. A similar ef-
fect has been described for proteins and it may be inter-
preted in terms of a known action of rays on the carboxyl
bond of amino acids. (63)

"The coagulation produced by radiation is evidenced
' morphologically by the appearance of vacuoles within the
cell., Experimental evidence is in favor of the view that

the calcium released from the membrane differs to the in-
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terior of the cell and causes the ultimate coagulation of
the main mass of protoplasm." (63)
B. EFFECT ON CELLS

Ewing, 19236 (62) describes the primary effect of radia-
tion as an enormous swelling of the cell with hyperchromatism
of the nuclei especially after large doses., He suggests
that the mechanism consists of an inbibition of water by
the nucleoproteins, probably at the expense of the cyto-
plasm which is not simultaneously increased. This has also
been described in section III A. in regard to the change
in permeability.

Packard, 1931 (80) regards the cellular changes after
radiation as the same as those accompanying degeneration
by other means, "When the short radiations are absorbed
by the cell they quickly change the rythm of mitosis, The
cells which are about to divide are prevented from begin-
ning that process. Unless the radiation is very intense
or long continued they suffer no visible injury and begin
to divide soon after the exposure stops, This temporary
check in the onset of mitosis is followed by a consider-
able increase in the number of dividing cells, the result
being that the total number of divisions occurring within
the space of a few hours after exposure is about normal.
This is due to the fact that cells already in mitosis
when irradiation begins, complete the division which they
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have started.

Clark (84) from his survey of the effects of X-radia-
tion gives the following primary effects: (a) Increase in
PH (b) Increase in cell membrane permeability (c) Increase
in viscosity of the protoplasm. The secondary effebts which
come as a result of the primary are: (a) Inhibition in sub-
sequent growth and development (b) Shrinking and clumping
of chromosomes (c) Rate of cell division is depressed.

There appears to be a correlation between the rate of
division after exposure and the ability to recbver. Cell
reparative processes after radiation go on more readily
when all division is checked. (60)

It should be mentioned also that heavy radiation may
affect the distribution of the chromosomes within the nuclei
of the cells and thus change the inheritance values, This
effect is probably upon the chromosomes themselves or upon
the surrounding protoplasm. Much of the work along this
line has been done on the Drosophila or fruit fly., (65)
Reviews of this effect are described by Packard (60), Clark
(64) Dobzhansky (66) and Schultz. (67)

Accordihg to Doub (59) effects of radiation may be
counteracted by substances which protect the cell; for
‘example--ether anesthesia, morphine, glucose and calcium
lactate. |

"Radio-sensitivity seems to be an inherent quality of
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the cell and may vary even in individuals of the same
species.” (68) This naturally is dependent upon many fac-
tors in the constitution of the cell such as: (a) The pres-
ence of certain proteins, inorganic ions and enzymes (b)
The permeability of the membrane and (¢c) The relation to
its source of nutrition., In general, however, rapidly
growing tissues are highly susceptible. So also are cells
in which differentiation is not great. The same amount of
energy is absorbed by all kinds of cells but the different
quantitative effects may be due to the chemical make-up of
the cells or to the relative stability of the compounds
or to the difference in regenerative power. The experi-
mental proof for this idea is not abundant because of the
difficulty of carrying out investigations along these
lines. (B80) The order of cell sensitivity to radiation is
generally accepted to be as follows:

1. Lymphoid cells

2. Polymorphonuclear and eosinophilic leucocytes

3, Epithelial cells

(a) Basal epithelium of certain secretory
glands-~-for example, salivary glands

(b) Basal epithelium of testes and follicular
epithelium of ovary

(c) Basal epithelium of the skin, mucus mem-
branes of stomach and small intestine

(d) Alveolar epithelium of lungs, epithelium
of bile duct
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(e) Epithelium of kidney tubules

4. Endothelial cells of blood vessels, pleura
and peritoneunm

5. Connective tissue cells

6. Muscle cells

7. Bone cells

8. UNerve cells (64)

The most resistant cells are listed by Warren (69) as:

1. Adult thyroid

3. Adult pituitary

3. Brain and nerve cells

4, Nerve trunks and nerve endings

5. Tendon and joint capsules

6. Adult sperm cells

7. Red blood cells

The red blood cells are the most resistant.

In regard to stimulation of cell activity as a possible
effect, Packard (60) makes a very clear summary of the pre-
sent status of this idea. "The term is unfortunate because
in its proper sense, it means any change in the state of
the organism, whether excitation or depression. Its use
in radiological literature has been to refer to a reaction
favorable to the organism as an increase in growth or an
increase in functional activity. Many experiments show

that weak radiations may accelerate the rate of mitosis



and of growth in animal cells. In most cases, this reaction
is short lived or terminates in an obvious injury. The evi-
dence now at hand points to the conclusion that radiations
do not directly stimulate the normal activities of the cell.
Their primary effect is always an injury from which the

cell may recover perfectly. But the degeneration products
which arise after irradiation may temporarily quicken the
tempo of some normal processes such as mitosis and proto-
plasmic streaming. Such reaction is secondary and is not
true stimulation in the sense of the word used in radiologi-
cal literature."

In contrast to this view, Isaacs}(70) (71) nas been pro-
mulgating the idea of stimulation of cells as being the
primary effect of radiation. He has studied a large num-
ber of cases (some 1800) from the standpoint of blood find-
ings before and after radiation. He concludes that stimu-
lation is the primary action and that the results depend
upon the stage of development of the cells at the time of
radiation. "Cells in the myoblastic, lymphoblastic or
younger stage are stimulated to rapid reproduction. Wheresas
cells in the myelocytic stage or medium-sized lymphocytic
stage are stimulated to grow thru the rest of their life
history because normally they <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>