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ABSTRACT

The report discusses the alterations induced by total body
irradiation in patients and in dogs in terms of clinical and hematological
£indings, lipoproteins, and electrolytes.

Studies were made of five patients, selected for their relatively
good condition, who received total body irrediation of 150 r (except for
one case receiving 85 r) delivered to the body through four ports and
generated by a 1 Mevp Resonant generator. Case reports of clinical and
hematological findings discuss the range of depreseion of total vwhite cells
and platelet count, and observations of clinical reaction. Only two
patiente showed evidences of abnormal bleeding in associlation with low

platelet counts.

-

The rationsle for detailed lipcproteln analyses of the post-
irradiation state is derived from animal experiments indicating a post-
irradiation block in the serial comversion (clearing activity) of larger
to smaller lipoproteins as part of the normal fat transport system. The
report describes metnods used for separating lipoproteins from serum,
their subsequent fractionation into three components, and determination
of cholesterol content. The results of lipoprotein determinations are
presented fcr the five patients in terms of changes in clearing activity.

The report of studies of clectrolytes deals with two approaches
exploring possible modifications of cellulsr rembrane ac*ivity
produced by total body irradiation. One jwvolves the rate of exchange
of potassium between the extracellular and i:%racellular pnase and the
other, the glucose assimilation ccefficient. Methods of determination
are set forth. Two different syndrcmes resulting from massive total
body or head irradilation of dogs are descrived. 1In addit.on, studies
have been made in irradiated dogs of the alterations in the mechaniems
of tramspors of electrolytes from the lumen of the bowel to the plasma.
In the post-irradiation state, the conetancy of sodlum transport from
plasma to luren ceases while the pessive diffusion of sodium from lumen
to plasma increases sharply resulting in greater loss of total
electrolytes from the lumen.




PROGRESS REPORT

Introduction

For the purposes of organizetion, this report is divided into three
major sections: 1I) Hematology and clinical findings, II) Lipoprotein
studies, and III) Electrolyte studies.

Selection of Patients

It was felt that only petients with widespread neoplastic disease
were acceptable for this study. This is not an ideal group to compare
to healthy young meles. To make this differential as small as possible,

the following riglid requirements were adhered to before eccepting a

patient for this study.

1. ggperal chemigtries

a. Electrolytes, including sodium, potassium, chloride, CO,,
phosvhorus and calcium, should be within rormel limits.

be Liver function should be biochemically within normal
limits as evaluated by bilirubin, bromsulphslein retention,
ceptalin floculation, thymol turbidity, cholesterol, both
total and esters, protein, albumin, prothrombin time and
alkaline phosphatase. Elevations in the alkaline phos-
phatese would be accentable if it could be shown that this
wvas on the basis of osseous metastases. Slizht deviations
frcw rormal liver function studies are acceptable if these
are established as part of a long-steuding chronic process.

¢. Renal function studles preferadbly should be within normal
limits; however, if there 18 no reflection of abnormalities
in the electrolyte studies mentioned above, a decreased

GFR as evidenced by an elevated blood urea nitrogen or
blood non-protein uitrogen is acceptable.

2. EHematology
All patients should have normal values for hemaglobin, hemato-

crit, RBC, WBC, differential and platelete. Bone marrow aspiration

should be within normal limits.
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3. Particular neoplasms not acceptable.

a) Functioning endocrine tumors.

b) Ileukemias.

c) Polycythemia vera.

d) Lymphomas, unless all the above criteria are fulfilled. 1In
addition, if such rapid breakdown of neoplastic tissue should
occur following total body irradiation that there is a signi-

ficant rise in the plasma uric acid, this case would not dbe
included.

e) Multiple myeloma.
f) Any primary lesion metastatic to the pituitary or hypothalmus.

4. Metabolic condition of the patient.

Patients exhibiting bizarre-metabolic disorders were.not included

in this study.
In addition to those considerations:

a) The batient should be able to maintain fluids and nutrition
by mouth.

b) All endocrinopathies should be ruled out.
c¢) Patient should not be on drugs such as chlorvwromazine,

cortisone, dramamine or any other agent which might mask the
clinical syndrome following total body irradiation.

Method of Irradiation

All irradietions were done with the Mevp Resonant generator at a TSD
of 200 10 cm and a dose rate of approxinmately 6 r/minuﬁe. The irrediations
were accomplished through four ports, upper and lower half of the body,
anterior and posterior with attention being given to the panumbra and
overlap of the upper and lower fields. This resulted in essentially a

uniform dose distribution throughout the body.
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I. Clinical and Hematological Findings

During the year five patients received total body irradiation. Of
these, three were femsles and two were meles. Two of the patients had
generalized lymphoma, one had anaplastic sarcoma--cell type undertermined,
one had inoperable adenocarcinoma of the stomach, and one patient had two
primaries, carcinoma of the lip with pulmonary metastases and adenocarci-
noma of the kidney. All patients were in fair to good general condition
at the onset of treatment.

The data for platelets, lymphocytes, and granulocytes ere shown in
Figures 1-5.

Case Reports

The patient (J.S.) receiving the lowest exposure was given 85 r
total body irradiation. This patient had lymphoma with the presenting
syoptoms of severe unrelieved pruritus, moderate anemia, leukocytosis,
normel platelet count. Post-treatment values indicated moderate depres-
sion of the white cell count fr<= pre-treatment values, reaching a low of
0.5 x 103 cells on the 59th day. Thete'was a broad period of depression
ranging from the 43rd day to the 70th day, at which time the count again
returned to about 2,000. Platelet count also became severely depressed
on about the 4LOth day, reaching a value of less than 20,000 cells per cubic
millimeter. This did not recover until the 75ih day, at which time the
count was greater thaa 100,000. On the 43rd ic the 48th day the patiert
had purpura and bleeding. She received multiple fresh whole blood
transfusions during this time and recovered without untoward sequelse.

It 1s interesting to note that in spite of insbility to relieve her
Presenting, incompacitating complaint by any of the chemotherapeutic agents
or by partial body irradiation, she bhad substantial relief for approximately

three months following total body irradiation.
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In spite of the relatively low dose, this patient bhad marked and
severe depression of the white blood cell and platelet elements. It is
our current belief, as yet unproven, that prior local radiation and
chemotherapeutic agents, as it were, prepared the soil for the insult
received from total body irradiation and contributed to its effect. Both
the severity and the duration of this patient‘'s depression, in our opinioa,
were more than could reasomably be attributed to 85 r total body irradia-
tion.

Four patients received 150 r TB measured in air at the midplane.

One of the patients (W.H.) within one week after completion of radiation
developed svmptoms of partial gastrit obstruction which subsequently pro-
ceeded to complete gastric obstruction and a severe metabolic alkalosis.
Subsequently it was determined that an entirely asymptomatic metastasis
from his carcinoma of the kidney had obstructed the duodenum producing
the above symptoms and ultimately being responsible for the patient's
death. The total body irrediat._on did not modify the course of this
retient's illness in any way, either adversely or favorably. However,
because of this complication which was accompenied *y bleeding, the
hematological data in this patiert are removed from furth.r discussion.

Another patient (S. P.), a LO year-old white female, was admitted
with a diagnosis of carcinoma of the ovary with widespread intra-abdominal
and intrathoracic metasteses. Biopsies taken at this Institution were
interpreted as sarcoma, origin and cell type undetermined. The general
condition of the patient was good and she was subjected to total body
irradiation. There was no subsequent improvement in her cliniecsl
condition. However, her sarcoma wes highly aggressive and growth rate

vas rapid. The white blood cell count showed a drop beginning on the 18th
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dey post-treatment, reaching its minimel value at the 32nd day. There was
a rapid return to normal values by the 4lith day. In accordance with the
pattern seen in earlier patients the lymphocyte count dropped more
rapidly then did the polymorphonuclear count, the lymphocyte count reach-~
ing approximately 50% of the pre-treatazent values by the Lkth-6th day
and remaining low throughout the period of observetion, in this instance
60 days. The polymorphonuclear drop did not begin until the 18th day
and also reached its minimum on the 32nd day.

Platelet counts were substantially in the pre-treatment range until
the 22nd day when they fell rapidly reachirg e value of less than 10,000
on the 24th day. The values then remeined at less than 100,000 until

-

the 42nd day.

On the 30th dey the patient developed epistaxis and minimal purpursa.
The clotting time was elevated to 19 minutes. The patient was then given
SO0 milligrems of protamine zinc sulphete with prompt subsidence of the
bleeding diathesis. The clotting time was within normel limits when it
was determined three days later.

This sequence is perbaps worth additional coument. The rationale
for giving the protaxine sulphate was based primarily upon the lipoprotein
studies discussed elsevhere in this report. It will also be recalled that
Drs. Jacobson and Allan (J.A.M.A., 139, p. 1251, 1949) have reported
upon radiation-induced hemorrhage in laborstory animals, and felt that
protamine sulphate had exerted a beneficial elfect in that setting. Because
in the estimation of the investigatcr the patient's clinical condition
could be disastrously influenced by wolerats “z severe bleeding, it was
deemed yiser to attempt to correct any hemorrhagic tendency rather than to

observe the ummodified syndrome. Protamine sulphate was therefore given
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because of the foregoing observetions and, while we cannot put fdrward
anything other than the suggestion that there may be a cause and effect
relationship, it is our unanimous feeling here that the observation is
worth pursuing further in patients with similar ebnormalities. An attempt
will be made to correlate these with the lipoprotein observations.

Another pstient (K. H.), an elderly white female, with adenocarcinome
of the stomach which was locally unresectable but who wes in excellent
general cordition in spite of ber advanced disease, received 150 r total
body irradiation. The pattern here of response was somewhat different
from that reported Jjust above. Total white blood cell count showed a
relatively early depression reachiné half its pre-treatment value by
the 6th post-treatment day. The minimal values were reached on the 30th
day and were approximately 1/3 that of pre-treatment value. Recovery was
8low but steady and it reached 2/3 pre-treatment value by the 56th day.

The lymphocytes showed an early depression to apprcximately one-~half
the treatment value. The polymorphonuclear cells did not show an early
depression but did show a later one.

The platelet count showed little change until the 17th day post-
treatment at which time it declined agein to reach its miaimum from the
20th to the 32nd day. This value pever fell below 40,000 platelets per
cubic millimeter. Recovery began ou the 35th day and essentiaelly pre-
treatment levels were reached by the end of observation on the 49th day.

Clinically, the patient showed po upset from the reaction. There
wvas no nausea and vomiting. Appetite was good throughout the period
of observation. No purpura developed. Bleeding and clotting times never

exceeded normal limits for this institution.
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The last patient (W. J.), to receive 150 r total body irradiation
was a young, colored male with disseminated reticulum-cell sarcoma.

While the disease was extensive, his general condition at the time he
recei%ed 150 r totel body irrasdiation appeared to be excellent. There

were no immediate symptoms consequent from the radiation. Subsequently,
the patient did develop some bleeding from tioe nose and splinter bhemorrhages
under the pall beds. However, there wasg a ierge tumor deposit here and

this could be adequate explenation fo> the local hemorrhage.

White blood cell count showed the pattern we have learned to associate
with 150 r in humens. The minimal value approximately 1/3 of the pre-
treatment,was reached on the 28th dAy, recovery beginning eround the 4Oth
day, pre-treatment values not being obtained again by the end of treatment
and the period of observation continuing, in this instance, to the 56th
dey. The absolute lymphocyte count was reduced to one-half pre-treatment
value within a few days after the administration of radiationf
Polymorphonuclear counts declined more sedately, reaching their minimal
values at approximately the 28th-32nd day, beginning recovery on the
56th day.

Platelet counts again adhered to the common pattern, little change
being seen before the 16th day, then a relatively abrupt drop to a
minimal value on the 22nd day, recovery beginning on the 36th day with
a velue of 100,000 being exceeded on the 46tL day, pre-treatment levels
being cobtained on the 59th day. Return to pre-treatment levels was a

little earlier than has been noted in other patients.
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Objectively, there was evidence of diminution in the mass of his
reticulum-cell sarcoma. This, however, was transient and there was
soon evidence of increased rate of growth in at least some of hia
tumor deposits.

In summary, then, with the exception of acute and transitory symptoms
of nausea and vomiting, only two patients showed evidences of abnormal
bleeding in association with their low platelet counts. In one vatient
this tendency subsided promptly upon receipt of 50 mgm. of protamine
sulphate. In one patient there wes evidence of objective response in

the tumor process.

-
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IX. Liporvotein Studies

Reason for study: In rabbits receiving high doses of total body

irradiation, an early increase in the serum turbidity (caused by chylomi-
crons) is prognostic of lethal damage. More detailed lipoprotein
analyses have shown that one to two days after irradiation, there is a
block in the serial conversion of larger to smaller lipoproteins which

is a part of the normal fat transport system. Since heparin is involved
in the "clearing factor" mechanism which is responsible for this conver-
sion, heparin deficiency has been suggested.

Changes in lipid transport following severe whole body irradiation
have aleo been observed in dogs. It therefore seemed important to
determine the effect of therapeutic doses on the serum lipoproteins of
platelets.

Methods: In the first series, 13 patients were studied. The results of
this group were included in last ye.r's repcrt. Three of them were
followed through two separate treatments.

In the current series, fasting blood samples were taken before
irradiation and one and three days afterward. Additiona) samples were
taken after further intervals of time whenever it was considered
necessary, especially wvhen the patient showed thrombecytopenia. The serum
was checked for turbidity in the spectrophotometer at 605 m and stored at
4°C. with the addition of 1:10,000 merthiolate for not more than 2
weeks. For the separation of the lipoproteins 7.05 ml. of serum were
mixed with 3.45 ml. of NaCl (density 1.1855) to give a eolvent density
of 1.063. The solutions were then run in the preparative ultracentrifuge

for 16 hours at 40,000 R.P.M., at about 10°C. The lipoproteins of density
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less than 1.063, which were concentrated in the top layer, were collected
with a hypodermic needle and specially designed syringe and transferred
to a 5 ml. graduete. The volume was recorded and the lipoprotein content
measured from the size of the flotation boundariees obtained in the
analytical ultrecentrifuge by the Goffman technique. The lipoprotein
spectrum was separated into 3 fractioms, Sf 2-10, Sf 11-20, and Sf 21-100.
Occasionally a fourth component, Sf 100-4L00 was observed. The calcula-
tions were made by the procedure described in 1952. The total cholesterol
was determined in the whole serum and in the lipoproteins of density
greater than 1.063 (found in the lower layers of the ultracentrifuge
tubes), and the "low-density lipop{?tein cholesterol" calculated by
difference. The calculated low-density lipoprotein cholesterol levels
were usually fairly close to one-third the total low-density lipoproteins
measured in the ultracentrifuge. This agrees with the known chemical
composition of these lipoproteins. It, therefore, did not seenm

pecessary to measure the low-dersity cholesterol directly, since this
would necessitate taking considerably larger samples of blood.

Recently, a second series of experiments has been initiated. The
alpha and beta lipoproteins are separated by Method 10 of Cohn et al.,
and the low-density lipoproteins are separated and analysed as described
above. Cholesterol and phoapholipid are measured on all fractions.

Three experiments are reported here; the "high-density cholesterol" in
this case represents the alpha lipoprotein cholesterol. A fourth

experiment is now in progress.



Results:

The reaﬁlts on the patients studied this year are shown in Figures
5 to 10. One patient, W. H., was studied only on the third post-irradie-
tion day because of the rapld progress of his malignant disease. Of
the remaining four, two patients (J. S. apd S. P.) showed an early in-
crease in clearing factor, one (K. H.) showed no change, and one (W. J.)
showed a decrease in clearing factor early. At the time of the most
marked thrombocytopenia (TCP day), three showed an increase in clearing
factor, and one showed a marked decrease.

Table 1 summarizes all the data obtained to date on patients who
developed a thrombocytopenia and ob whom B-lipoprotein determinations
were dope during the period of the decreased platelets. It should be
noted that one patient developed a severe thrombocytopenia and bleeding
but lipoprotein studies were not done at that time. It should be noted
that only one patient vho showed clinical evidence of bleeding did not
shovw an increase in clearing factor. Moreover, the severity of bleeding

wvas approximately proportional to the increase in clearing factor.*

#*The clinical aspects of this are discussed more fully under “Clinical
Aspects.”
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Table 1
Patient Dose Sex Diagnosis

No clinical evidence of bleeding
MH 150r " F Ca Vulva

KH 150r F

Clinical evidence of bleeding

BC 150r F Ca Cervix
wJ 150r M R Sa

8P . 150r F 4 Sa

Js 85r F 1D

WD 150r M Syroviora

ggr;g

ICP day

+++



Diecussion:

The changes in serum lipoproteins which appear after therapeutic
doses of irradiation are of course not as clear as the changes seen in
animals after lethal doses. In some petients, clearing activity appeared
to have decreased during tbe week following treatment, while, in others,
an apparent increase was seen. Since the circuleting lipoproteins repre-
sent the balance between lipids added to and removed from the circulation,
it would appear that the doses used in these patients can ceuse this
balance to swing sometimes one way and sometimes the other. In rebbits
receiving lethal doses, the 1lipid transport system is ususlly inadequate
for ite load. Whether this is thé'result of a deficiency in the transport
or an overloading of the system is still unknown. The many lipid and
lipoprotein studies now being carried out on animals in connection with
research on atherosclerosis are frequently criticized as not being
applicedble to human physiology. The same criticism might be levelled at
studies of irradiation effectc in animals. One valuable result of the
findings reported in the present study is, therefore, the observation
that the lipoprotein clanges found in humans soon after irradiation
may be similar to those seen in animals.

The second observation of importance ies that several patients who
showed clinical evidence of radiation damage had increases in clearing
factor activity at the time. 1If this 1s the result of hyperheparinemia,
it reinforces the suggestion that post-irradiation hemorrhage i1s also the

result of an excess of circulating heperin or heparin-like compourd.
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IiI. Electrolytes

A. Humen

The objective of this study is to explore the possible modifications
of cellular membrane activity produced by total body irradiation. Two
approaches have been utilized in this study, the first being the rate
of exchange of potaselum between the extracellular anrnd intracellular
phases, and second, determination of the glucose assimilation
coefficient.

In an effort to determine changes in the rate of exchange of potas-
sium, plasma volume was determined by Evans Blue, extracellular fluid
by Inulin; and total body water by Antipyrine. Immediately following
these determinations, total exchangeeble potassium was determined with
radioactive potassium 42, emphasis having been placed upon frequent
sampling of the plasme so that a "fall-off curve" covering 30 hours time
could be accurately constructed. By a modification of the Feather
technique, the component slopes, and compartment sizes were detemined.
This information was then utilized to construct a model the accuracy
of vwhich was tested by means of an analogue computer. With this
technique, it hae been shown in one case that theie has been e small,
but significant, change in the relative compartment sizes, as well as
the rates of exchange of potassium following total body irradiation.

The glucose assimilation coefficient wers determined by the techniques
of Grievol and Basteni, et al, utilizing the intravenous glucose
tolerance test. The modification of Duncan allows for a more accurate
determination of the glucose increment index which gives a quantitative

determination of any changes in the amount: of glucose which leaves or
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enters the circulating blood at any giQen time interval. Blood sugar
was determined by the Nelson mcdification of the Somogyl techniquee.
Again, only one patient has been studled pre- and post-irradiation, and
although the élucose increment index was altered by the irradiation,

it was not & statistically significant alteration.

B. Dog Studies
1. Total body irradiation

Two grodﬁs of dogs have been given large doses of radiation.
One group of animals was given 10 or 12,000 r total body irradiation at
a dose rate of approximately 3Sr/m1nute. Bloods were analyzed at periods
following.this dose for pH, COE, sodium, potassium, chloride, calcium,
phosphorus, magnesium and plasma osmolarity. On some dogs, ammonia and
blood urea nitrogen were elso measured. At this dose of radiation,
tvo different syndromes may be observed in dogs. The first is one
terminating fatally in 28 to 31 hours. The syndrome is characterized
by neurological signs of cogwheel rigidity, twitching, fine tremors,
ataxia and abnormal eye signs. These peurological findings are transitory
and will vary from time to time. Hyperventilation is observed, starting
a few hours before death. The results of such an experiment are shown
in Table 2. As can be sean, the calcium drope sharply from a comtrol
of 10.8 mgm percent to 6.0 shortly before death. This occurs as the
phosphorus rises from control valuea of 6.0 rom percent to lk. A consistent
finding is the development of a respiratory alkalosis with pH's as high
as 7.50 and PCOa's as low as 20. In the experiment illustrated, the pH
was 7.48 4 1/2 hours before death, and the PCO, was 30.8. Another

consistent finding is the fall in Cl to as low as 90 and & consistent rise
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in the plasma osmolarity in excess of what can be calculated from the
electrolytes and the normally measured plasma constituents such as
glucose and urea. In this laboratory, the rise of osmclarity in

excess of calculeted is an ominoug sign, and 1s assocliated always with
respiratory alkalosis whether produced by thyroid storm, ammonia infusion,
or forced hyperventilation. In the posi-irradiation syndrome at these
doses, there is no rise in the plaema ammoniz2, and this cénnot be
indicted as the cause of the resplratory alkalosis.

The second syndrome observed occurred in some of the dogs. This
consisted of a pattern not unlike that seen at doses of 1,000 r and above,
namely, diarrhea, vomiting, dehydrtion and death in 3 1/2 to 5 days.

A second group of dogs was given 15,500 r to the head alone. This was
delivered with the 250 Kevp machine with a BVL of 1.0 mmcu, and the

dose rate was 150r/minute. The dogs convulsed during the irresdiation,
and convulsions might be expected anytime after 10,000 r. In this
setting of irradiation of the read alone, all dogs showed massive
convulsions during the first day, with periods of quiet between them.

In all cases, & marked respiratory alkalosis developed before the
convulsions occurred. The results of a typicd experimert are shown in
Table 3. Here the pH, while no%t changing dranatically the partial
pressure of CO,, fell from a normal control of 40 ul. of mercury to as
low as 27.8. In thie setting there were no changes observed in calcium,
phosphorus or other electrolytes until the terminal phase. The terminal
changes were those of dehydration. Again, a marked rise in plasma osmo-

larity was observed as early as 3 hours after the start of irradiation.
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Following the first period of 8 hours, the pattern of events varied in
different dogs. The characteristic patterr wes one of lethargy, rigidity
end, on occasion, small tremors. The time to death varied considerably,
one animal dying one hour after completion of radiation, and another
animal being sacrificed after a 10-day period.

It is not knowawhether the respiratory alkalosis is the cause of the
convulsion or not. It might be noted in passing that in similar settings
of respiratory alkalosis, as mentioned above, convulsions of this
character are noted.

Efforts are under way at the moment to delineate this problem.

2. Bowel Studies

As reported in last year's report, the normal transport of
electrolytes in the Jejunum and ilium are characterized by the fact that
sodium is transported from the plasma to the lumen of the bowel at a
constant rate, independent of the concentration of sodium within the
lumen. However, the transport of sodium fr.m the lumen to the plasma
would appear to be one of passive aiffusio:, and 1s proportional to the
concentration of sodiun within the luusen.

Three days following 1500 r to the isolated loops ~f bowel, these
mechanisms are severely altered. The heretofore observed comstancy of
sodium transport from plasma to lumen ceases and transport is inversely
proportional to concentration of sodium within the lumen. The transport
in the other direction, from lumen to plasma, seems to remain one of
passive diffusion. However, the rate is sharply increased. The
combination of these twvo mechanisms results in a much greater loss of

total electrolytes from the lumen in the post-irradiation state.
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It is reasonable to assume that this loss of electrolytes is in
excess of what would be observed in diarrhea from other causes.

The return to normal is variable and whether the differences seen
10 days post-irradiation are significently different from control values

is yet to be established.
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Table 2
1.2 x lohr to Total Body of Dog
Status Tine pH 002 ECO, Ca P Cl OSMOL Resp
Control 0 T-4%  22.3 32.4 10.8 6.00 116 291 24
P 12,000 r T.44 7.%2 18.5 28.8 9.4 9.00 118 302 22
4 1/2 nhr. p death 23.7 7.48 23.1 30.8 6.412.3 96 316 21
1/2 br. p death 28.3 7.45 16.2 22.9 6.0 14.0 97 330 154
Teble 3
1.56 x 10%r to Head of Dog
Status Time pB COp FCO, Ca P . . OSMOL
Control 0 7.41 26.1 40.5 10.8 4,66 299
Pre convul-
eion P 12.7 7.45 17.8 25.4k 11.4 2.80 305
12,470r
p 15,600r
Convulsing 3.25 T.41 18.1 27.8 10.7 2.73 312
Opisth otonos
FNo convulsion 173 7.36 23.8 bi.s 10.1 520 390
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