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1. 

ABSTRACT 

Origin and function of the tissue mast cell remain 

unsolved problems. In part this has been due to the 

problems found in attempting to establish adequate 

counting methodology. Tissue mast cells have usually 

been counted with the assumption that a Poisson distri

bution would fit their arrangement in tissue, and yet, 

an evident correlation exists with such tissues as blood 

vessels and nerves that do not have this distribution. 

Free peritoneal mast cells can be quantitated more ac

curately, but their existance outside tissue presents a 

classification problem. 

Based on some prior evidence and for the above 

reasons, the choroid of the albino rabbit was studied to 

learn whether a mast cell density gradient could be es-

tablished. Several unique ~natomic~l features exist in 

the rabbit eye. 

A density gradient that could be fitted to a simple 

exponential equation and that had several regions useful 

for statistical analysis, was demonstrated. Furthermore, 

it was reproducible and had a counting variance which 

was adequately constant for biological data. 

From birth to maturity, a similar gradient was pres-

ent. A weight range (age) from just before maturity was 

selected as a control group for the assay of several 

agents (radiation and adrenocorticosteroids) that are 

thought to affect mast cells. 

Both radiation (gamma) and cortisone acetate were 

found to r~duce the number of uveal mast cells by a 

statistically significant level, but they did not 

eliminate them even at unusually high dose levels. 

2_. 



I. Quantitatiori ·of· Uveal Mast Cells and ~- Relation 

to Growth 

A. Introduction 

Flat t_issue preparations, standard histologica.l 

sections, and. peri to neal washings for free cells have 
. .' tf\/ •'. 

been used by ~arious investigatois in an attempt to 

determine if the eff~ct of various ageqts can~lter 

~his c~ll population. Tho~gh obscure in function-~pd 

origin, they contain potent pharmacoiogic agents and it 

is not difficult. to ascribe various roles to t.hem (~ichels, 

1938; Selye, 1965; Riley, 1959; Asboe-H_ans.en, _19 54). 

Without ~n ~dequa,te method of separating this cell . ,. 

from circu1.ati~g· basopll:i.ls, a stab!~ compartment. ha:s_b.ee~ · 
. . 

assu~ed for counting purpos~s. Anato~ical varia~i~ns ar~ 

recognized, but. no ·~n~ has 'been able to define. a popula

tion density ~o~ ·s~mpling. This pap~r. in part,;wiil~ 
describe a un~que density gradient that exists iri'the 

rabbit's ·choro~d '(uvea). 

Mast ce,lls ·are found in connective tissue. coricentra,

ted along str~ctures which lorm a tissue interface. These 

are principally blood vessels and_ nerve fibers (Riley, , 

1953, 1961). Therefore, their density {n any sample is·-~

depend~nt on the lo~al distiibution of these struc~ures. 

A smaller number of cells are found at a distance Jrom 

the~. Anatomic landmarks may be used in _the hope that 

samples ~aken from approximate areas will contain.the same 

number of cell~ (Selye, 1965). 

Standard histological sections are .subject to addi

tional error introduc.ed from volume changes such as fixa,-; 

tional shrinkage Dr expansion, tissue edema, loss of oth~r 

cellular components such as lymph cells from radiation. or 

fat cel1s from starvation, and irregul~t cel1 diameters " 

(Padawer, 1963; Liebo'w and co-workers, 1.949). Some correc-

tion can be made usin~ th~ f~rmula (Erank8 and Kohlberg, 

1955): 

3. 

where 

an 
N = 

a + 2r-2k 

N = number/mm 3 

a "' 

r·= 

k = 

section thickness 

radius of particles 

vertical height of the 
ment o~served 

smallest frag- .· 

n = count.ed niJmber of particles/mm 3 tissue. 

Considerable erro~ is intr~duced when the cell radius. 

is much gr~ater than the section thickness or when th~ 

section thickness ls irregular. Hellstr8m and Holmgren 

(1950) achieved_ some __ cor_rection by using thick· section's 

and counting only .those cel,ls })resent in every fourth 

section. .Varif!:bility in. ~.ec_~ioning, se_condary volume. 

changes, and ana.tomic v_a:ri~'ti~n still were not corrected. 

In fact, their samples had a 490% numerical. differenc-e.· --. 

betwee~ the largest -~~d- .small~~t number. Ti-ssue· markers, 

when presen~, can be used for establ!shing a correction 

factor for voiume ·c~anges but dimensional. change does not·';. 

aiwa,ys occur equally _along .~hree axes (Padawer, 1963; 

Valtonen, 1961). Th,_e·_ use of free 'peritoneal mast cells 

for quantitaiio~ appears to be a more exact ~ethodology 

(Padawer, 1963). Th~ princi-pal assumptions are thai these 

cells are the same as ~~ose present in tissue and that 

extra-compartmental exchange is relatively slow;. Questions 

concerning the above ar~ pr~sently unanswerable, but there 

is some evide~ce that exchange may be slow. 

Absolute counts are. necessary_ (Seeley and coworkers, 

1937; Padawer, 19~3) because only a small ascitic~fluid 

yolume exists and any increase or decrease in this volume 

can cause ~ignificant errors if only count~ per un~t vol

ume are determined. Some .~ut.hors such as Ito (195l) have 

not be·en aware of this. A large volume of wash fluid in 

comparison to the p~ritoneal fluid will negate this error. 

. 4. 
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Flat preparations have sever~l advantages. They are 

only subj~ct to two dimensional axis changes and th~ cell 

population exists in the tissue. Usually, samplings are 

taken from subcutaneous connective tissue, h~mster ch~ek 

pouch, and the per~toneum (Bates, 1935; HellstrBm and 

Holmgren~ 1950; Smith and Lewis, 1955b; and others). Wide 

anatomical variation is present even when similar sites 

are sampled. 

The eye has several tissues that can easily be pro

cessed for flat preparations. Only the uvea contains an 

adequate number of mast cells for study. Among the mam

mals, the_rabbit has a unique vascular supply with the 

choroidal blood supply entering along a horizontal raphe 

and extending toward the periphery in a linear fashion 

(Prince, 1964; Prince and coworkers, 1960). Albino ~ni~ 

mals offer us the potential for observing these cells 

without their being obscured by pigment. Retinal vessels, 

extending only as two small horizontal twigs over the 

myelinated retinal fibers, are readily observed landmarks 

and aid the dissection. 

Smelser and Silver (1963) reported the high choroidal 

concentration of these cells and also noted that their 

numbers were greater toward the posterior pole. Levene 

(1962) also noted an increased density posteriorly. On 

the basis of their work I examined this tissue to see if 

a reproducible density gradient for choroidal mast cells 

was present. Once established, this gradient could be 

5. 

used to assay the effects of such agents as ionizing radi

ation and corticosteroids on the mast cell. The albino 

rabbit, because of its distinct uveal blood supply, was 

selected, and rabbits in newbo~n and later stages of d~vel

opmerit were included to dete~mine whether this cell was 

present at birth and whethe·r changes occur with growth. 

B. ~xp•rimentation 

Commercial hous.e-bred albino New Zealand male rabbits 

were divided into groups based on weight. In TABLE I these 

are listed as: group A, newborn 0.1 kg (mean weight); 

group B, unweaned 0.5 k.g; group C, young adult 1.8 kg; and 

group D, 3.5 kg adult rabbits. The animals were killed by 

•injecting 1 ml of solution containing 0.390 gm sodium pen

tobarbital, 20% propyleneglycol, and 10% isopropyl alcohol 

(Euthenol-6) into a marginal ear vein, and the eyes were 

immediately enucleated. 

Flat preparations were made according to the methods 

of Smelser and Silver (1963) with a slight modification. A 

vertical strip was cut through the choroid using the reti

nal vessels as landmarks (Fig. 1). The optic disc area was 

included in every section and the retina can easily be 

pee~ed away. Several cuts were made in the uvea to flatten 

the tissue and identify direction. A linearity of the 

choroidal vasculature, extending toward the periphery is 

apparent. 

Fixation and staining were done according to the pro

cedure described by Smith and Atkinson (1956). With this 

procedure mast cell granules are well preserved and the 

highly acidic toluidine blue will stain only these granules. 

After clearing, the mast cells stand out w~ll and are easily 

counted. 

ous 

Co~nts were obtained by counting all cells in continu

high power fields (magnification 440x) starting at the 

disc and proceeding superiorly and inferiorly. 

C. Results 

Figure 2 shows the density distribution for mast cells 

in each weight class (age). A definite increase in cell 

number occurs with development, and at birth a few but de

finite cells are present in the choroid. The mean weight 
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and.varianc~ fur each gro~p is given. in TABLE I. 

TABLE. I 

Rabbit Wei'ght (in kg) 

Arith-
me tic Standard Standard 

Group · ·· Mean. " '' variance Deviation Error. 

'A •·'l) .10 0.0005 0.024 0.008 
B 0.55 0.025 0 •. 05 O.Oi2 
c 1.8 ·. o·.6 0.25 0.4 
n '.3. 5 2.5 0.5 0.1 

Se~eral relationshipk might be useful for co~pari-. . . ·. 

son.purposes~ Each of these density distributi~ns was 

plot~ed on semi-log paper (Fig. 3); the data fit (a first 

orJer appro~imation) a series oi positiv~ ~nd negati~e 
exponentia-l functions of the form Ao(e-k 1 r 1 -~~k 2 r 2 ) ~ .The 

. . . . .·. ~ ... ' . . 
values for the respect.ive constants ate listed in TABLE II. 

TABLE II 
Constants for Exponential Functions 

Aot~~-kir1_e-k2rt~ 

Gro.up Ao kl r1 k2 r2 

A 2 5.15 1. J.5 1. 39 5.00 
B· 29 3.02 2.30 2.90 2.40 
c 81 2.90 2.40 1. 33 5.20 

·D 90 2.72 2.55 1.25 5.55 

The peak of this density grad~e~i approximates a · 

gau~sian curve and might be useful. in q9antitative ~tudies. 

The c6unts made in the fields 4-11 were averaged for the 

1.8 kg and 3.5 kg series (groups C and D respectively) and 

are given in TABLE III. 

TABLE III 

Fields 4. through 11 (Peak Region) for Groups C and D 

Arith-
med.c Standard Standard 

Group Meari Nu~ber 
"' V.ariance Deviation Error. 

c 19.29 308 113.01 10.63 
.D. .23. 32 26.7. . 18.4 •. 28. 13. •. 58 . 

(Means separate at the 1% level, t test,) ~umbe'r of ani

mals 5 number of fiel~s. In a few instances <8 fields were 
8 

c~unted because of tissue folds. 

·Furthetmore, the segment of ~ach curve including 
., · .. : ; ...... ' 

consecutive field~ seven through 20 approximates a 

striight line; a best-fit least s~uares line~was deter

mined for each group (TABLE IV, Fig. 4),. and in each 

case th~ fit .was ~~gnificant at the. 1% level Jith a ~ 
. . ,, " . 

test. Thes~,.,,regions· are outlined in Figure S, .and the 

hyperboiic confidence limit for .group C can. ll.e seen .. in 

Fig. 4. 
. ·,· 

Figure ~ shows the standard ~rrdr of the mean which 

exists for the counts per high power field.at that 1is

tance from th~ opi~c disc. This particular ~r9up will 

be used as a cdntr~l for the radiation and steroid studies. 

In. TABLE V th~e 95% con£ idence limit is given for: ., 

the s~_ope of· the le~st squares line for each '.g~oup .• · An 

increas~rigly nega,tive·slope occurs with gro'l.'th; an? by 

0.5 kg the confidence limits (95%) no ie>nger irtclude the 

·zero point •. · 

TABLE V 

Confidence Interval for Least. Squares Line, 
Non-Irradiat~d Group · 

. ;.~ 
95% Confidenc~ Limits of Slope*, 

~~~------------~~--~--~~~----------~~· ~ 
0.19 < < +0.66 A - B ... 
o. 98, ·< < -0.56 B - B < <; 

c - 1.26 < B < -1.08 
.D - 1.64 - B - -1.43 

* Derived from e2 

sb = 
y - b2 

92 
X 

. N-.2 
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D . . Discussion 

A r eproduc i.ble density distribution for choroidal _ 

mast cells which varies with weight (age) is present in 

the uvea of the rabbit (Fig. 2). It can be described 

with a famif~ of exponential functions (Fig. 3), and 

several areas under the curve are useful for analysis; 

for example, the area under the peak, represented from 

4 through 11 for group C in Fig. 5, was ranked accord-

ing to.counts per high power field. 

histogram and cumulative frequency. 

Figure 6 shows its 

An adequate approxi-

mation for a gaussian distribution exists in this seg-

ment of the distribution. A straight l~ne, fitted by 

the method of least squares, was fitted to the segment 

from 7 through 20 with an agreement at the 1% level (! 
test). These lines for groups A through Dare given 

in Fig. 4, with the hyperbolic confidence limits for 

group C represented. The slopes, intercepts, and other 

data for the least square lines are given in TABLE IV . 

Figure 7a shows representative photographs of the mast 

cells near the peak (maximum density) and Fig. 7b those 

toward the periphery. Granules stain metachromatically 

and the nucleus is seen as the central empty space. No 

other cells are stained. 

This preparation demonstrates a reproducible den

sity gradient with several regions which are useful for 

statistical analysis. Quantitative comparisons should 

be possible to demonstrate the effect of various agents 

on these cells. 

Mast cells are closely rel~ted to blood vessels 

(Riley, 1953, 1961). Their distrib~tion in this region 

closely follows the vascular distribution and is depen

dent in part on the functional and anatomical variations 

of the overlying retina. The choroid thickness and mast 

10 • 
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ce~l d · .· ensity are maxililum just under the rudimentary. macu-. · 

lar area of the rabbit r~tina. ~hese cells, because of 

their association with ~as~ular walls~ may act as mar-

kers. for the bloqd supply. The rabbit has a unique 

vascular di~};,:ribution in the retina and choroid with the 

·uv.eal. ve~sels "entering i.n the horizo-ntal raphe posterior

ly and ext_ ending toward th·~ ·periphery (Prince, 1964). 

The exponential falL of the ~ast cell distribution maj 

represpnt an exponential fall of vessels as t~ey eipand 

and supply an enlarging area toward the periphery. Many 

reports deal with the s.tage or time after concepti,on but 

"prior to b.irth.when .mast ce.lls are fi-rst_ seen in mammals 

(Alfejew, 1924; Arvy, 1956; Fish, 1949; Ramsay, 1935; .. 

Ferrata· and Michels,_ 1923; Gari<folfo, 1924; Lombardo, l906; 

Lehner, 19243 Knoll, 1936). Very few screntists have 

attempted to determine the. relation of numerical changes 

to growth and.development. 

Webb (1936) reported an ~ncrease followed by ~ de

crease in the rat subcutaneous mas~ cell_during the gesta

·tional period, but ot~ers (Lindholm, 1959; Grahne, 1959; 

Zachariae, 1964), in ~amples of other tissue and in the 

human fetus showed a steady increase that coitinued.to-

~ard a maximum af~er birth and was f 11 d o owe by ~ slow .de~ 

cline. Padawer and Gordon (195~b) demonstrated an in

crease with weight (age) after birth in rat peritoneal 

mast cells. After gro~th ii completed, .a slow dec~ine in 

number may oceur during the~~dult years (Constaninides 

and ~utherdale, 1957; Hellstr8m and Holgren, 19~7; Grahne, 

1959; Lindhoim, 1959). One ~uthor (Nozaka, 1962) fel: 

that an increase in mast cells occurred with aging but 

that this may_ have been due ·to i an ncrease secondary to 

chronic inflammation to hi h h w c_ t e region sampled (huma~ 

cervix) is ~ubject during adulthood. 

,· 

In the~e rabbits, an excellent growth pattern can 

b~ seen (Fig. 2) with~ famii~ of density distributions 

observed increasing t6~ard a maximum during ~evelopment. 

Mast cells were found in th~ uvea of new~orn rabbits and 

increased. with gr~wth (weight). . The effects of .senes

cence could not be evaluated becauie only a few_rabbits 

among the 3. 5 kg group· w~r~ in this eye range (> 4 kg) 

and bec•use 6f the diifi~ulti in obtaining old house-bred 

animals. 

This cell gradien~ should be useful to es~ablish 

the effect of various noxious agents on m~si ~eli number~. 
to correl~t~ tisiue-histamine concentration vi~h mast 

. . 

cells because a "similar curve should be present-, .to study 

m~tabolic cha~ges during and afte; the growth pha~e or 

b~~ore ~nd after perturbing the system, an~ to correlate 

.a similar. concentration curve for the s.ulfated acid. - ' ( . : .. - . 

mucopolysaccharide associated with mast cells. 

\. 

12. 
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II. EFFECTS OF RADIATION 

A. In:trod'uc·t ion 

Among papers concerned with the effect of radiation 

on t~ssue mast cells, no agree~ent can be found about 

the ~ensitivity of this cerl to ionizing radiation. In 

part, this disagreement is attribut.ble to the differ

ent types of radiation used, the lack of uniformity in 

the dose administered, the variation in sampling times, 

and the different laboratory animals and anatomical 

sites selected. No trend is evident among the various 

reports, ~- pe~haps because of the inherent sampling 

error in the usual assay for tissue mast cells. 

When the m~st sensitive cells degenerate after ir

r~diation, a net loss of volume occurs in lymph nodes, 

spleen, and thymus. More resistant cells have a relative 

increase in number because the tissue volume in which 

they exist is reduced. It is not unexpected therefore 

13. 

· tha~ studies of acute radiation effects on this form of tissue 

report that mast cells increase in number. Atomic bomb 

casualties (Liebow and coworkers, 1950), x-irradiated 

hamst~rs (Kelsall and Crabb, 1952; Crabb and Kelsall, 

1956), and x-irradiated rodents (Arvy and coworkers, 1952; 

1954~, 1954b), exhibit this relative increase in hemato

genous tissue. Althou~h an actual increase in mast cells 

might occur, more likely t.his finding represents a 

shrinkage of tissue with survival of a more resistant 

cell type (mast cells). The dose rang~, exclbding those 

who succ~mbed to atomic bomb radiation, was from 1000 to 

2000 rad. 

Opposing results are reported by Ito (1957). He 

found that 1'n the 1 h d f ymp no es o rats receiving 700 rad 

whole-body irradiation ther~ was a decrea~e in mast cell 

number. However, his tissue fixation was in 10% forma

lin, which is inadequate for proper fixation of these 

cells. Viklicki and Trebichausk/ (1970) examined mouse 

spleens after 400 or 800 rad of gamma radiation and noted 

a decreased mast cell p~pulation. In mice, chronic, 

whole-body gamma irradiation will cause an increase in 

mast cells per unit volume in this type of iis•ue, but 

in those animals where leukemia develops, the count de

clines as the tissue volume expands or cell observation 

becomes more difficult (Spargo and coworkers, 1951). 

Graham and Graham (1968) reported an increase in 

.mast cells alo~g radiation fistulas in biopsies obtained 

from patients. They felt that radiation was an actual 

stimulus to mas~ cell reproduction in exposed areas. 

Their assumptions ignore the increase in mast cells seen 

with chronic inflammation or the possibility that vascu

larization, with its closely associated mast cells, could 

account for an increased accumulation of these cells 

(Riley, 1953). 

Flat preparations such as peritoneal spread or the 

hamster cheek pouch have been used for radiation studies 

by Choi and coworkers, 1966; Oh and coworkers, 1964; 

Michels, 1933; Conte and coworkers, 1956; Smith and Lewis, 

1953, 1954a; Smith, 1958). Doses ranged from 25 to 1200 

rad (measured as whole-body irradiation), and either the 

14. 

rat or hamster was used in their experiments. To determine 

mast cell counts, these investigators sacrificed the animals 

from minutes to several days after irradiation. Mich~ls 

felt that the mast cells seen in peritoneal spreads were 

radioresistant at 400 rad and at 750 rad. Choi and cower-

kers (using phase contrast microscopy) did not see any mor

phological changes. Curiously, in another publication 

(Oh and coworkers, 1964), the same investigators reported 

a dec~ease in peritoneal mast cells after approximately 



the same dose of radiation. Adren-alectomy prevented the 

loss of mast cells and, in the- non-ad'renalectomlzed 

animal, cell count recover·y was complete by three days. 

Smith and Lewis (1954a) rep~rted similar results (600 

~~d) in the hamster· cheek 'pouch, and later Smith (1~58) . *~ . 

reported that antihistamines ha'd a _radiopr.otective ,ef-

fect. In three other reports by the same authors (1953, 

1955a, 1958) they felt mast cell couni:s were i'nconclu_

sive, because of tissue variation, _and reported a radi

ation effect based on percent of abnormal cells_ noted. 

Conte ~nd coworkers (1956) obsery•d a transient incre~se 
.• 

after ju~t 75 rad was received by the perit~neum. Higher 

doses (150 to 600 rad) did not pro,duce any change''in 

these eells. The studi~s of Dutta-Choudhuri and Ray 

(1959), and Detrick (1963), using similar doses (600 rad) 

were based on morpbolo~ical changes. 

Free peritoneal mast cells c~n be counted fairly 

accurately -if absolute co_unts are used. Ito (1957), and 

Bercovici and Graham (19~4), inc6rrectly used relative 

counts, and Ito used ~nappropriate fixation. 

Morphological changes were seen in tissue mast cells 

after the internal a~ministration of radioactive isotopes 

(Sanders and Adee, 1969; Guimaraes and Taylor, 1957; Fan 

and Sikov, 1958). The usual increase ~n number was ob

served in_ hematogenous tissue (Guimaraes and Taylor), and. 

Fan and Sikov f~lt a ~ecrease occurred in subcutaneous 

cells. 

Fettersson (1954) attempted an e~tensive study in 

th~ subcutaneous tissue of the guinea-pi&· He assumed a 

Poisson distribution of these cells but did obsei~e a 

difference in concentraiion b•tween skin regions. His 

comparis~ns were theri made within regions, and he. did not 

consider- volume change~ tba·t could be caused by ~dem~. 
He felt that ~ 50% reduetion of mast cells occurs after 
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600 rid and that doubl~ng -th• dose to 1300 .rad does not 

in.crease -their dec.line. His controls were the same ani

mals bi6psied prio~ to irradiation and a group of non

irradiated animals~- Multiple biopsies might also alter 

the number p,f mast· c:ells present~ either from repeated 

tr-auma or from: induced inflammation. 

Becaus,e.the above res-ults are often contradictory 

between investigator,s, and at times among the same ones, 

further work seemed worthwhile -on radiation ,effec'ts on 

mast cells. Th~ choroidal distribution of-~ast cells 

offered a met._hod for analysis._. 

B. Experimentation 

Al-bino ·male N=ew Zealand rabbits ill the weight range_ 

from 1.5 ~~ 2.0 ki were randomly grouped in this pari: of 

the studj. They were kept in a lighted room and allowed 

r~bbit ~how an~ water ad libitum. 

Orbital ·irradiation was accompl_isbed with a Co 60 

sour~c·e o{·l,SOO Ci at· a distan.ce of 42 em from the sour·_ce, 

at a ·dose rate of· 250 rad/min. The dose-was measured 

with a Victore~n chamber (100 Roentgen) placed in a 

cadaver socket. -A 3/~~inch sheet of plexiglas was used 

as an absorber for secondary radiatio_n. Lead ,bricks (15 

em thick) were used for shielding, and only th• head. re:-

mained in front of the source. Though only the right eye 

~as exp6sed, beeause of the size of the anima~ and the 

len*th of exposure, a considerable dos~.was received by 

the other orbit. For these reasons an unexposed group 

of equivalent ~eight W~S used as a control series •. · 

Rabbits were ex~osed for the full dose at ~ne time. 

The range of d~~es given and the number of animals in~ 

each group are indicated in TABLE VI. The rabbits were 

sacrificed at 3 or 8 days after exposure by injecting 
. . . . 

1 cc of Euth~n'ol.::6 into a marginal ear vein. The right 
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eye was enucleated, fixed and stained by the methods 

identical to those described under Part I. Cell counts 

were ~ade in the same.way. 

Two small series were given 850 r air-dose to their 

abdomens ~ith similar shielding in reverse to their 

heads. This was to test whether an indirect mechanism 

~i~ht act to reduce mast cells. 

C. Results 

The counts per high power field for the area be

tween the fourth and seventh high power fields of the 

mast cell distribution curve (Fig. 5), were averaged and 

the mean compared with group C (1.8 kg). Above 600 rad 

(orbital), a noticeable drop in mast cell number occur-

red on the third day after irradiation. The comparison 

of sample means between those sacrificed 3 days after 

irradiation and the non-irradiated groups was signifi

cant at the 1% level (~ test) for all animals receiving 

more than 600 rad except those whose orbital dose was 

7,300 rad (TABLE VI). The latter group had a separation 

of the sample means significant at the 5% level. 

The same dose range was given to a series of rabbits 

sacrificed on the eighth day after irradiation. One 

group C 9, 700 rad) had a mean count for the same region 

which was less than the non-irradiated control group 

(1.8 kg), the difference being significant at the 1% 

level. The other groups were not significantly differ-

ent from the non-irradiated controls, except for one that 

was higher; the 4,800 rad eight-day group had a mean 

count that was higher than that of group C, the differ

ence being significant at the 2% level of significance 

(TABLE VI). 

The data for the best fit least squares line de

termined from the linear portion of the uveal mast cell 
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distribution curve (F_ig .. 5, from the seventh through 

the twentieth consecutive high power fields) are_ given 

in TABLE VII. The lines for those groups ~eceivirig or-. 

bital irradiation are show~ in Fig. Sa· ihrough Bi. 

TABLE VII 

Least Squares Line Data, Irradiated Group (Orbital) 

Dose 
-(rad) 

0 
600 
600 

2,400 
2,400 
4,800 
4,800 
7,300 
7,300 
9,700 
9,700 

14,600 
14,600 
19,400 
19,400 

Time 
after Ir
radiation 
(Days) 

0 
3 
8 
3" 

·a 
3 
8 
3 
8 
3 
8 
3 
8 
3 
8 

12.8 
14.5 
13.4 
8.8 

12.0 
10.8 
1S.4 

9.6 
13.8 

9.9 
8.5 
6.5 

14:5 
7. 8 

12.0. 

Slope Y Intercept 

-1.17 
-1.39 
-1.49 
-0.64 
-1.40 
-0.95 
-2.10 
-1.35 
-1.64 
-1.21 
-1.20 
-0.89 
-1.24 
-0.87 
-1.46 

28.60 
.33.26 
33.49 
17.49 
30.80 
23.50 
46.70 

"27.83 
35.90 
26.24 
24.64 
18.50 
31.26 
19.44 
31.67 

22.6 
35. 9. 
42.3 \ 

7.8 
32.9 
15.4 
76.2 
31.5 
48.6 
25.1 
26.7 
13.6 
.32. 0 
13.5 
36.8 

s \ 
yx 

0.63 
2.11 
2.49 
1.04 
1.08 
0.93 
2.13 
1.12 
2.16 
1.10 
1.83 
0.93 
2.67 
1.13 
1.48 

For all groups: N = 14, i = 13.5, 9 2 16.25, and fit 
X 

to straight line significance at the 1~ level. 
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Above 600 rad all lines (for those sacrificed at the third 

day after irradiation) have a lower y intercept, have a 

lower mean i value, and have a less negative slope than 

those satrificed at the eighth day after irradiation. 

T.he one exception is the 9,700 rad series. 

The 95% confidence interval for the slopes' is given 

in the following table (TABLE VIII) along with the con

irol group (1.8 kg). 

Fot most doses above 600 rad, the slopes for those 

animals sacrificed on t-he third day after irradiation were·. 

£lattened (less negative) bel~w the sl6pes f6r those 

sacrifice~ at the eighth day and those of the control 

group. A drop in the ~'peak"- region is _111-ore easily ob

served becau;!;e -of .the number· of cells present in ,this. 

region, and this explains the change in the slope pres

ent at the third day after irradiation .. 

TABLE VIII 

Do"se Time after 95% Confidence Interval 
.b .rad Irradiation £or Slopes 

.-1. 26 < B 
<" -1.08 0 0 < < . 600 3 -1.72 B- -1.06 

~1.88 < B < -1.10 . 600 8 
< < 2,400 3 -0. so < B < -0.48 

2,400 8 -1.57 < B < -1,22 
4,800 3 ~1.07. < B <·. -0.82 
4,800 8 -2.44 B 

< 
-1.76 

< :-1 •. 14 7,300 3 -1.57 
< 

B < 7,300 8 -1.98 < B < -1.30 
9,700 3 -1.38 < B < -1~04 
9,700 8 -1.49 < B <: -0.91 

14,600 ,3 .. -1.03 - B < -0.74 < 14,600 ··a -1.65 < B < -0.82 
19,400 3 -1.05 < B < ·~o. 68 
19., 400 8 -1.70 - B -1.22 

Since a n~mbei of studies (see above) have us~d ab

do~inal irradiai{on to ~i~duc~ ~ ra:J{aiion effect on 

mast celli, 850 rad were given to a group of ra~bits 

whose orbits were shielded and kept out of· the tadi-. 

ation cone. This was done to test ~hether an indirect 

effect might be the cause of a mast cell decrease. The 

dose selected was near the usual one in the above studies~ 

Animal~ were sacrificed on the first and thi~~ day~after 

irradiation, ·:and no difference could be seen between 

their mean tou~ts-(area 4 through 11) and. those of the 

non~irradiated group in the comparable weight range 

(TABLE IX). The best fit least squares.data are:given 

in TABLE· X .and the 95% confid.ence intervals .. of .the·'· slopes .•.. 
in TABLE XI. 
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TABLE IX 

Sample Means, Area 4 through 11, Abdominally Irradiated 
Group vs Non-irradiated Group of the Same Weight Range 

Time Stand-
Dose aft.er ard Stand-
in Irradi- Num- Devi- ard 

21. 

Sepa:t,.. 
at ion 
of 

rad ·· at ion -Mean her Variance at ion Err.or Mean* 

0 0 12.29 308 113.01 10.63 0.61 
850 1 19.04 79 154.28 12~42 1.41 NS 
850 3. . 20 •. 88 _ lll . 97.15 _ 9.85 0.94 NS 

* NS not significant (5% level). The least square lines 
for this series are shown in Fig. 8H and the data for these 
lines in TABLES X and XI. 

TABLE X 

Time 
after 

Dose Irradi- y 

in a·tion Inter-
rad (Days) y Slope cept a2 s 

- y yx 

850 1 11.40 -1.40 30.30 37.04 2.24 
850 3 11.73 -1.70 34.68 51.34 2.00 

For all lines: .N = 14; Y = 13.5; 0 2 y = 16.25; straight 
line fit significant at the 1% level. r and cov 
calculated according to the formulas xy xy 
under TABLE IV. 

TABLE XI 

95% Confidence Interval for Slope of Least Squares Line 
Abdominal Irradiation (850 rad) 

Time 
after 
Irradiation 
(Days) 

1 
3 

95% Confi.dence Limits of Slope* 

-1.76 
_...;_2. .:o2-

~ B < 
- B ~-

:..1. 05 
-.1._38 

* Calculated from formulas given at the bottom of TABLE 
v. 

D. Discussion 

The ~ontradi.ctory results published on the effect 

of ionizi"ng radi.ation on mast cells indicates at least 

that the cells-are radi.ore~istant. In none of these 

papers was a complete loss of tissue mast cells observed 

after irradiation. Morphological changes were frequently 

reported as a radiation effect, but among non-irradiated 

uveal preparations an e~ormous variation in morphology 

could be seen and changes of this form could not be 

quantitated. After receiving over 19,000 rad, countable 

mast cells still can easily be demonstrated in the 

choroid. 

A fall in the cell count was observed in relation to 

the control grouy (1.8 kg weight) at three days after 

irradiation in each of the above groups that received 

600 rad. The differ~~ce between the arithmetic means 

for the peak areas were significant at the 1% level for 

all but one, and that group had a significant decrease 

22. 

at the 5% level. By the eighth day, recovery to a normal 

cell count level occurred in all but one group (9700 rad). 

This indicates a rate of recovery faster than that of 

Fawcett (1955) and of Smith and Lewis (1954a). Abdominal 

irradiation at 850 rad with the head shielded, did not 

produce a drop in choroidal mast cells, thus indicating 

that the observed decrease may be a primary effect. 

Recovery may occur by three mechanisms, either by 

cell division and repopulation, by migration into the t~s

sue from the blood elements, or by a restoration of dam

aged granules. Radi.ation can depolymerize mucopolysac

charides and a loss might occur from the cytoplasmic 

granules (Jooyandeh and coworkers, 1971; Detrick, 1963). 

Granule repair might account for the recovery, and the 

increased count may be simply a return of metachromasia. 
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Though douhts exist_about th~ m~st cell's ability to 

under·go mitotic division, ~i.tofic figures have been s~en by
1

,a 

~umber of workers (Michels, 1938; Fawcett~ 1953; Allen~ 

~961, 1962b). Padawer alone or with cbworkers (1955, 1963, 

and 1966) watched thousa.nds of free ~eritoneal cells 

trea~ed with colchicine. Drastic altera~ions in cell 

structure were observed, but even with this mito~tatic 

agen~ he was never ~ble t~ observe mitotic figu~es. 

Similarly, in cell~ ob~erve~ under the phase-contrast 

microscope, Choi and coworkers (1966) never saw evidence 

of mitosis. Further c~nfusion exists because fibroblasts 

can phagocytize mast cell granules and their appearance 

is identical to that of the otiiinal cell~ (Higgiri~ot~om 

and coworkers, 19S6). It would be impossible to deter-

mine if the observed mitosis were in fact that of a 

fibroblast with phagocytized gtanule~. 

Tritiated thymidine labeling can be seen but the per

centage labeled has been· reported as 0.38% (Walker, 1961), 

1.7% by Padawer (1961, 1963), and 5.7% by Allen in 1962a. 

The latter author (1962a} found thit 75%.of the thimidine 

labeled cells were also. synthesizing DN• (fulgen-methy~ 

green method). 

Other evidence'of mas.t ~ell division is indicated by 

~he pathologic conditions of mastocytoma (Bloom and co

workers, 1960; Orkin, 1967) an~ of urticaria pigmentosa 

(Caplan, 1965; Klaris and coworkers, 1965). Also, tissue 

cultures have b~en athieved (Ginsburg and Lagunoff, 1967; 

Ginsburg, 1963). 

Even with the above evidence it seems likely that 

differentiated mast cellS! have little ability to undergo 

mitotic division. Questions concerning their origin have 

not been· resolved (Selye, 1965). Replacemen·t may c·ome 

from the circulatory ba~ophils or from undiffereritiat~d 

pre.cursor cells in connecti.ve tissue. Although the 

consideration of tissue cells as separate entities from 

circulatory basophils is accepted, in practice it, is 

difficult ~0 find any distincti.ve feature between, them. 

Quantitati.On studies are. subject to th.e .upcertainty that 

a continual entrance and exit may occur. 

F~rth~r st~dy·of sever~l factors should be interest~ 

ing, in particular that of a radioactive su,lfur uptake 

before and after irradiation and a tissue histamine-deter

mination. Histamine is bound in some fashion to mast 

cell granules (Riley, 1959) and is rapidly released by a 

nu~b~r of a~ents (Selye, 1965). A ~radient that should 

parallel the mast cell gradient in the chorpid may.be 

demonstrated, and !~radiation mjy alfer it. A histamine 
. - .. 

decrease in tissues expo~ed ~o irradiation has.b~en re-

port~d {Eisen and Wilson, 1957; B~sen and coworkers, 1956; 

~Feldberg and Loeser, 1954), and if a gradient:could be 

~established in the uvea it would be an ideal model ·for 

studying this effect. Studies which could be._carr:.ied out 

,with such,_~ model include among others ~he rate of recov

ery of histamine after degranulation and autoradiography 

with t~itiated thymidine during the growth.phase as well_ 

as after irradiation. 

29. 
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III. EFFECTS OF CORTISONE 

A. Inttdduetion 

Evidence exists that adrenal cortical steroids ex

ert .. an effect on mast cells_ (Selye, 1965;. Asboe-Hansen, 
. tl't-. 

lt54b, 1958; Boseila, 1963). Typically, morphologic 

. 25. 

changes occur after cortisone or hydrocortisone adminis

tration. These are described as: irregular siie, shape 

and density of cyto,lasmic granules, cytoplasmic vacuola

tion, degranulation, decrea~ed cell diameter, and a 

change to orthochromasia in the granules (Wegelius and 

Asboe-Hansen, 1956; Smith and Lewis, 1954b, 1955b; Asboe

Hansen~ 1js2; Cavallero and Braccini, 1951; Stuart, 1951; 

Zachariae and Moltke, 1954; Boseila, 1963). In disagree

ment with the above are the following investigators: 

Baker (1953~ Baker and coworkers (1951), and Devitt and 

coworkers (1953), who report that no alteration in mast 

cell morphology can be seen after cortisone or hydro

cortisone administration. 

In addition, Wenk and Speirs (1957) felt that in their 

experiments mast cells were neither reduced nor increased 

in number as a response to the steroids. Wenk and Speirs 

used periidneal wa~hings, one of the best methods for 

quantitating mast cells, and also followed blood basophil 

counts. Basophils were reduced in number after steroid 

administration. 

Among those who noted alteration in mast cell morph

ology as a steroid effect, Smith and Lew~s (1955b), and 

Zachariae and Moltke (1954), felt that neither could 

these cells be counted with any accuracy nor had any evi

dent change occurred. 

A reduction in mast cell count wa; thought to occur 

in the reports of Kelsall (19.61), Asboe-Hansen (1952), 

Cavallero and Braccini (1951), Englebreth-Holm and Asboe-

Hansen and Zachariae (1955). A relative increase in 

.mast cells is seen in lymph nodes after adrenocortico

tropin treatment in rats b~cause of the loss of volume 

as lymphocytes regress (Baker and coworkers, 1951). 

In further support of a steroid effect is the di

urnal variaiion in circulating basophil counts, the re

duction of the basophil count after steroid administra

tion, perhaps the reduction of radioactive sulfur uptake 

in mast cells pre-treated with adrenocorticosteroids, 

the decrease in mast cell tu~or (mastocytoma) size in 

response to steroids, perhaps the decreased production 

or binding of new hi.stamine in mast cells after steroids 

have been given, and, lastly, some indication of a di:urnal 

.cha:nge in mast cell activity (Niebroj, 1958; Code and 

Mitchell, 1957; Codt and coworkers, 1954; Boseila, 1958a, 

1959a, 1959b; Schayer and coworkers, 1954; Wenk and 

Speirs, 1957; Bloom, 1952; Osada, 1954, 1956; Asboe

Bansen, 1954a~ James and coworkers, 1956). 

Only a few of the above authors have attempted any 

quantitation. The choroidal density distribution of 

mast cells seemed a better system in which to observe 

and quantitate the effect of cortisone acetate on mast 

cell number. This steroid was given intramuscularly to 

a group of rabbits at several doses and for varying 

periods of times. 

B. Experimentation 

Albino, male New Zealand rabbits were randomly 

selected in the same weight range of 1.5 to 2.0 kg and 
·, 

kept in an illuminated room. Rabbit chow and water were 

available ad libitum. 

Intramuscular injections of cortisone acetate were 

given in the thigh muscle~ for one or five days with 

either 50 mg per kg or 200 mg per kg, as the dosage. The 

26 . 
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rabbits were kill•d by the inje~tion of 1 ml of Euthanol-. 

6 into the ~arginal ear ~ei~ the next day after their 

last steroid· injection. Fi.xation. staining and counting 
. . . . . . 

were the ~ame a• de~cribed·in preceding paragraphs. 

C. Res·u-Tts 

·Cortisone acetate administer~d in·one i~jection at 

a dose of .either 50 mg/kg·or of 200 mg/kg did not redu~e: · 

th~ mast c~ll choroidal pop~lation among rabbits in this 

weight r~ng~.- Administering a daily steroid injection 

for S days results ifi ~ dec~ease of the ~ast cell popu• 

lation. significant at the~% level (~A~LE Xi~). 

TABLE XII 

Number Stand- Level 
of Arith- ard Stand- of 

Dose Inj ec- me tic Devi- ard Signifi• 
mg/kg tions He an Number Yariance at ion Error cance* 

50 1 21.81 174 
50 5 11.55 128 

200 1 21.30 76 
200 5 .15. 90 273 

• NS not significant. 
(1.8 kg)~ 

164~54 12.82 0.97 NS 
58.68 7.66 0.67 1% 

122.37 11 .;06 1. 27 NS 
198.40 14_. 08 0.85 1% 

Separation of mean from group C 

The best fit feast squares .lines for th• region inclu~ 

ding the 7th to the 20th consecutive high power fields are 

represented in Figure 9 and in TABLE XIII. In both in

stances. those animals that received a daily injection for 

five days had a lower Y iritercept and ~ean i value than 

those receiving only a si.ngle injection. In addition. 

they had values below those of the contr~l series (group c). 
The animals receiving one injection had Y intercept and 

average i values comparable to those of group C. 

. -~~ 

··nose 
mg/kg 

50 
50 

200 
200 

No. of 
Injec
tions 

1. 
5 
1 
5 

TABLE XIII 

Cortisone ~cet~te Series 
RegressLori Lines 

y 
Inter·-

y .slope ... cept· 

12.1 ..;1.64 34.22 
8.0 -0.85 19.47 

12.6 -1.31 30.31 
9.5 -1.2.7 26.60 

., 

£ e Syx 
y 

46.75 1.63 
12.85 1.00 
30.32 1. 54 
26.89 0.92 

For ~11 groups: x = 13.5; N = 14; significance of 
fit to a straight line = 1%; 6y 2 = 16.25-, {Calcula
:~~ons are the'sam• as in prior footnotes.-to T•bles.) 

The 95% confidence ~imits are given in the Table 

below: 

TABLE XIV 

95% Conf-idence Limits for Slope of Least'-Squares Lines 
_Cortisone Acetate_ Group 

Dose mg/kg Nu.ber of Injections 95% Confidence Interval 

50 1 -1.91 
< 

8 
< -1.37 < < 50 5 -1.03 < a < -0.67 

200 1 -1.55 < a < -1.07 
200 5 -1.41 - a - -1.12 

D. Discussion 

Even excludirtg t~ose studies in which a,ntimerical 
·.·.· 

change in ~is~ue mast cells occurs b~cause of a large 

loss of ~ther'co~ponents such as lysis of lymphocytes.in 

lymph no~es following steroid administration (Jaker and 

coworker~ •. 1951; Kelsall and Crabb. 1952). or the loss 

of lipid cells with starvation (Baker. 1~53). there ~e~ 
mains a large inde~ermirtate ~rror in the counting and 

28. 
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preparation of mast cells to determine the effect of 

various agents on them. Merely a slight mechanical 

trauma, such as pinching or teasing tissue, can lead to 

degranulation (Higginbothe~ and Dougherty, 1956), and 

it is. not unexpected th.at conflict exists concerning 

the tissue mast cell steroid effect. 

29. 

w Adrenocorticosteroids or adrenocorticotropic hor-
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mone (ACTH) have a direct action on the mucopolyaacchar

ides of connective tissue (Seifter and coworkers, 1953). 

A ~imilar pharmacological action might be present on 

tissue mast cells or circulating basophils by an effect 

on the acid mucopolysaccharide of the granules. This 

cytoplasmic element, the granule, defines this cell; 

its loss could ~ccount for any morphological changes or 

diminished counts.observed. R~generation of the granules, 

not the cell, might be the mechanism for recovery. Smith 

and Lewis (1954b) feel that morphological changes do 

occur a£ter ACTH administration, but uveal mast cells are 

too variable in form to use for quantitation purposes. 

Cortisone acetate and related compounds reduce cir

culating basophils along with eosinophils (Code and co

workers, 1954), but a direct lytic action ~ay not be the 

cause of their decline. Other factors, alone or in com

bination, such as a decreased production (or release) in. 

hematopoietic tissue, margination and storage in blood 

capillaries or sinuses, increased phagocytosis of work 

out basophils, and movement of these cells into tissue 

spaces (Wenk and Speirs, 1957), could be the reason a 

decrease in circulating basophils occurs. The latter 

factor, an increased movement of cells into tissue spaces, 

might even lead to an increa~ed mast cell count in tissue 

after adrenocorticosteroid administration or stimulation. 

In this study, cortisone acetate administration for 

five consequent days at a dose of 50 mg/kg or 200 mg/kg 

led to a statistically significant fall in choroidal mast 
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cells of the rabbit. This action might be explained as 

a ceil lysis, a loss of granules, a decreased production 

of these cells, and so forth. It seems that a d.rop in 

basophils resulting from ~dministration of cortisone 

could not be explained either by an increased margina

tion or by tissue entranc~ ~s an increase in the tissue 

count might occur. 

A decreased radioactive sulfur incorporation into 

the cytotlasmic granules was reported by Asboe-Hansen 

(1954a) after cortisone treatment and a reduced ability 

of mast cells to bind new histamine (after prior deple

tion) with steroid administration (Schayer and coworkers, 

1954; Goth and coworkers, 1951) indicates an effect by 

steroids on mast cell granules. The granules contain a 

sulfated acid mucopolysaccharide (Schiller, 1963) that 

apparently binds histamine with a weak ionic linkage, 

and histamine is released by such agents as BW 48/80 

(UUnas, 1958; Riley and West, 1955). A depletion of this 

mucopolysaccharide could decrease histamine storage. 

Further study would seem appropriate on the choroid

al histamine level before and after steroid administra

tion, and also on the radioactive sulfur uptake under the 

same circumstances. Because of the reproducible density 

gradient of mast cells in this tissue, a~ excellent op

portunity exists to establish a similar gradient for the 

heparin-like acid mucopolysaccharides and histamine of 

the mast cell. Though excellent evidence exists for the 

occurrence of these two potent agents in mast cells, 

distribution studies of these cells and the extraction 

of them from tissue is not parallel in all instances 

{Jaques, 1961). This tissue seems to represent such an 

opportunity. The growth pattern (Section I) offers the 

additional chance to ex~mine this distribution during 

growth. 
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.Figure 7A. Photomicrograph (x400) of mast cells 

near the region of maximum density. The central 

unstained region of the cell is the nucleus. Cells 

outside of the plane of focus are seen as indis

tinct forms. 
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Figure 7B. Photomicrograph (x400) of the peripheral 

choroid. Flat mast cell preparation. 
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