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SUMMARY COF ZXFERIMENT

The purpose of this investigation is to evaluate the
response of capillary endothelial c2lls to negative pi mesons.
A model has been developed at Colorado State University using
the eves of beagle dogs to examine effects o beta and x

radiation on capillary endothelium at the limbus. This in
vivo experimental system can be used to estimate the RBE

of high LET radiation for endotheiial cells. This has impor-
tant clinical implications because effects oﬁ capillaries may
deternine the response of dependent tissues late after a
course of radiation therapy. Additicnal stress to irradiated
tissues may cause injury to fine vasculature leading to
degeneration and necrosis. It is difficult to study radiation
dose response and repair capability of nonproliiferating or
slowly proliferating mammalian tissues. However, knowledge
about radiation repair by normal tissues becomes critical

when considering use of radiation therapv techniques which
mav alter this capability.

During tite past two years single- and split-dose techniqucs
have been used to establish Jdosc-effect curves and to juanti-
tatively evaluate repair capabilizy of éndothelial cells. The
proposed study at LAMPF will Dbe only ox single Joses initiallyr
to detormine the dose responsc of cndethelium to neguative

o1 mesons. Tiis will be foliowed bv a spli:t-dose assav 0

deternine effocts on repair capability.
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FROPOSAL INFORMATION

Beam Area: A East
Beam Requirements:
These~requirements are as previously established for
human radiobioliogy experinents on the bio-med channel.
This has been discussed with Jim Bradbury on February 25,
1975 via phone conversaticn. he peak region of the
pion beam should be at the surface of the evye. Tiese
experiments should be Jdone when a dose-rate of upproxi-
mately S50 rads per minute in the peak is available.
Running Time Required:
Installation Time: 2 hours, Experiment 1; 3 hours, Experiment 2
Data Runs: 6 hours, Experiment 1; 9 hours, Experiment 2
Scheculing: 1 day in October, 19735 or as beam of required
‘intensity is available for Experiment 1; 2 days
approximately one month later for Expefiment z.
Space Required:
1. 10' x 10' area to-perform surgical procedures.
L. M. Holland, H-4, has becen contacted concerning
special equipment and anesthesiology support.
2. Housing facilities for 15 Jdogs for 1 day for Experi-

ment 1; 3 davs for Experiment 2.
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DETAILED STATEMENT CF THE ENPIRIMINT

1. Purpose:

The long-term goals are to Jetermine alterations in the
respense of capillary endothelial cells induced by high LET
as comparea to low LET radiation. Radiation effects on fine
vasculature may be the determining factor in late response
of organs composad mainly of slowly-or non-proliferating
ceils. Endothelial response to pion irradiation will be
evaluated for exposures before and after stimulation of
capillary proliferation. A comparison of these cata with
those for beta and x-ray expecsure are cof prinme intarest.
Split-dose studiss will be perscrmed later to establish the
repair capability cf endothelial cells exposed to fractionated
doses.

2. Background:

Tﬁe literature on radiation patiiclogy has been based
largely on responses to either large single doses of radiatien,
protracted radiation within a narrow dose range or on clinical
observations following radiotherapy. This material does not
lend itself to critical assay of dose response or of capa-
bility of mammalian tissues to repair radiation damage. The
latter poin: is extremely impcrtant in radiotherapy since thé
assumption of repair capability of normal tissues is the basis
for fracticnated dose reginmens.

'In recent vears radiation response has scen Jetorained

for rapidly-proliferating tissues in rodents such as bone
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marrow, skin, gut and spermatogonia (1,2,3.4,3). Skin and
gut appear to have a largs capabilityv to repair radiaticn
damage. Techniques for similar stucdies of nonproliferating
or slowly oroliferating tissues are much more difficult to
develop. “

Late conmplications from radiotherapy may be the resul:
of either continual degeneration or regressicn of fine vas-
culature and,/or continued proliferaticn and condensation of
fibrous tissue in the irradiated area (6). Marked changes
in dependent tissues can be caused by radiation induced
changes in finz vasculature and interstitial tissue. This
damage instituted by irradiation may ultinately lower re-
sistance to additional injurvy. Adled injury such as sub-
sequent trauma or infection mav cause tissues to undargo
acute necrosis long after irradiatien. Brain, heart, and
kidrney are critical organs commonly in radiation therapy
fields and whose sensitivity may be determined by the sen-
sitivity of capillary endothelial :cells.

In recent vears techniques have been devised to study
the effects of radiation on endothelial cells. Van den
Brenk et al. (7) used the Seyle pouch technique to stimulate
angiogenesis and growth of the repair blastema in rats.

They measured radiosensitivisy of capillary blood vessels
in the subcutis. They obtained a R of 240 rads based on
colony counts and 4 recovery capapility of 130 rads based on

tt~dosc radiation studies. Ther2 was no significunt

-

sp

differcnce in response to single doses of radiation given
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either shortly pefcre or after raising tie pouches, however,
a delay of two or three weeks berore raising the pouch2s
caused an increase in the dose required to produce 3 given
effect.by 550-625 rads for singlie doses in the range of 13500-
1800 rads given to intact skin. his amount of ''repair”
could have been influenced by a number of factors including
the possibility of endothelial proliferation induced by
radiation.

Reinhold and Buisman (8) studied vascuiarization in sub-
cutaneous air pouches in rats. They obtained a quantitative
indication of the vascular index related to the local amount
of an intravenously injected tracer. A "survival curve”
based on the amount of tracer as a function of radiation
dose gave a D° value of abcut 170 rads and a Dq of 330 rads.
ITradiation was done immediately following stimulation of
capillary proliferation. Split-dose experiments with an
initial dose of 500 rads followed by a variable test dose
23 hours later gave a D, - D1 of about 290 rads. When they
irradiated prior to stimulation of proliferation they'obtained
a Do of 237 rads (9).

At Colorado State University a method has been developed
to assay response of proliferating and nonproliferating endo-
thelial cells. A lamellar keratectonmy is performed in the
center of the cornca to induce superficial neovasculariza-
tion. Neovasculurization is Jetacted by 2 redness of the

limbus produced bv the presence of blood in the newly formed

(1]

vessols. Irradiaction of the linmbus was done cither beror
or after induction of proliferation. The parcentage of eves
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with neovasculari:ation within one week following surgerv
was plotted against dose. Split-dose stucies were carried
out to determine the radiation repair capability of endothe-
lial cells. Split-dose studies done either before cr after
induction 8f capillary endothelial proliferation indicated
that the radiation repair capability was approximately 310
rads in either case.

Methods have now been developed to utilize a modif
Chalkley poiat-nit type evaluation to determine survival
curves following radiation (l10). Histologic sections are
made from superfici;l layers of the cornea near the limbus.
The newly formed capillaries are present in this tissue
in less than one week following the partial keratectomy. An’
estimate is made of the percentage surface area occupied by
capill;ries.. This has been found to be inversely propor-
tional to radiation dose and is probably related to the nunm-.
Aber of endothelial cells surviving irradiation. Experience
at Colorado State University was obtained in this type of
analysis on a study of the microvasculature of tumecrs at
variable intervals following irfadiation (11,12).

3. Preliminary Data:

Split-dcse studies for beta radiation have been conm-
pleted. For irradiation immediately Following surgery the
dosc required to prevent neovascularization in 50% of the
irradiated eyes (NVDSO) is 934 rads (Table I}. The NVDSO

or of capillary proliferation was 1000

ya

6 nours after induc

rads and at 24 hours arfser inducticn was S$64 rads. The
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Figure 1

2~ B HOURE POST ELREBERY

T |
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BETH IRRADIATION LREDS
Beta radiation dose-effect curve wihich is related to endothelial
cell survival. Capillary space represents the log of the mean of
four estinates of the fraction cf total tissue volume occupicd by
capillaries. Coracal sections were taken ncar the limbus 10 Jdavs
following inducticn of capillary proliferation. Tie cves were
irradiated 0 iours ufteor induction. The ”Do" is 260 rads.
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: TABLZ 1
b
.
NVDsc Values for Single Dose Beta Irradiation
After Induction of Capillary Endothelial Proliferation
Time Aftar Iaduction NVD., (rads) 953% Confidence Linits
(hours) >
0 954 733-1152
6 1000 789-1209
24 864 660~ 939
42 1397 1179-1635
TABLE II
. NVDSO Values for Single Dose Beta Irradiation

Before Induction of Capillarv Endothelial Proliferation

7ime Before Induction NVD.0 (rads) 93% Confidence Limicts
(hours) >
24 1375 1236-1672

43 1391 1136-1629

TABLE III

Split-Dose NVD50 Values for Beta Irradiation Befcre
and After Induction of Capillary Zndothelial Proliferation

Time of I, Time of D, NVD;, (rads) 958 Confidence Linits
(hours: (hours) = (S3°+ D.)
0 sostinduction 6 gostiaduction 1355 1126-1540
43 preinduction 24 preinducticn 1746 1545-1912
COM il + DR
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NYDSD 48 aours after induction was 1397 rads. All these
postinduction xvasos are within approximately the same range
except the 18-hour NVDSO. The nigher 48-hour postinduction
NVDSO may have been due to cellular proliferation and a
greater nunmber of celis.

Irradiation was done prior to surgery to determine the
response of slowlv-proliferating cells. The NVDSO 24 hours
preinduction was 1473 rads (Table II). The NYDSO 48 hours
preinduction was 1391 rads. The NVD¢os are significantly
higher than those following surgery except for the i§-hcur
postinduction NVDSO. These single dose experiments indicate
either some capability for radiation repair or é_decreased
sensitivity of slowly-proliferating endothelial cells possibly
due to an increased D,-

A split-gose study was done in which a first dose of
500 rads was giveh immediately post surgically and yariable
second doses were given 6§ hours after surgery. The SVDSO
was 1353 rads (Table III). This was approximately 350 rads
greater than either the .immediate post surgical or é-hecur
post surgical single-dose NVDSOS' A split-dose experiment
before induction of cndothelial pr-liferation was Jdone. The
first dose of 300 rads was given 48 hours before induction
and the variable second doses given 24 hours preinduction.

his split-dose gVDSD was 1746 rads. This was 271 and 355
rads grcater than the 2d4-hour and 48-hour single-dose KVDsos.
Tacrefore, the repair capability appears to be about 333 rads
as Jetermined cither before or af:er induction of eadothelial

proliferation. Single-dose NVD.,s for cells prior to inductiscn
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of capillary proliferation mav indicate an increascd resis-
tance of the slowly-proliferating cells.

Recently, a modification of the Chalkley point-hit
method for determining the percentage surface area occupied
by capillaries near the limbus of the eye has been used to
obtain data for survival curves. The method is to remove a
tissue layer from the cornea and make a cross section parallel
to the limbus of the eve. The percentage capillary surface
area is inversely proportional to dose. The sections are
evaluatad using a light nmicroscope. The eyes were irradiatad
with beta particles from a 90Sr source. The survival curve
determined 6 hours after ianduction of proliferation has a
D° of 260 rads (Fig. 1). Data has been obtained for survival -
curves following x irradiation, and are presently being
analyzed. .

4. Methods To Be Used:

Male and female beagle dogs between 8 and 14 montis
of age will be randomly seslected to examine the response of
conjunctival endothelial cells to negative pi meson irradia-
tion. It is proposed to use five levels of radiation with

~exposure of four to six eyes at each dose. The range will be
from 230 to 10090 rads.

The first experinmental protocol will be to irrndia:g
the eves 438 hours prior to lamellar Xkeratectomies. An
8 mm diameter central limellar keratectomy with a corneal
trephine set <o a Jepth of 0.3 mm nroducos superficial
necvasculariation at the linbus of the eve. A 3 mm distance

between the circulur incision and the limbus permits evaluaticn
. - - [ I, i COP;&.L'?DR
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The corneal epithelium will be scraped frem the lesion
each 2av to insure capillary infiltration. <Corneal tissue
will be collected 10 davs post-ihduction and sections j;re-
pared for microscopic examination of capillary invasion.

Data analyéis will include: (1) Dose-response curves,

(2) Dose required to reduce the capillary ratie by S0% (CDSG),
(3) Comparison of these data with those from beta and x-
irradiation studies.

For.Experiment 2, a constant dose of 300 rads will be
given to each eve 18 hours prior to induction ¢f capillary
proliferation. Variable seccnd doses will be given 21 hcurs
later in the range o6f 200 to 200 rads to determine repair
capability.

4. Facilities and Equipment Required:

Space will be required for a surgery table, gas anes-
thesia machine and an operation microscope. All of the equip-
ment will be furnished by Colorado State University. The

working area need not be more than about 10 fee: square. Temporary

facilities will be required for housing 135 beagle dogs.
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