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Data were taken, fo11owin irradiation expomure to 
lOOr and 300r cumulative dose, on 39 rabbits of three 
breede that vary 3reatly in body elze. Uernatolo8ioal. 
1ntetinal motility, and ear vasoularity exatnattone 
were performed. Least sqar'e estimatea have been obta1n 
ed and an analysis of variance hae been conducted in 
order ostinate the effeote of breed, aex, radiation, 
and interaction of breed x sex, breed i radiation, aex X 

radiation, and breed x eex x radiation upon each of the 
116 dependent variables used in thia study. 

l3reed differences were found for nuiber of erythro- 
QfteS and the heznoglobin value wherein the araller and 
irternediate bz'eedis showed hther valuee than the l&rer 
breed. The 1arer breed preeented higher blood oreatin- 
Inc. 

The Polish breed shoved a marked initial depreenion 
In soba1a production compared to that of the other two 
breede after ealine. Morphine (1 g/k) produced a iarked 
d.praeston of ecybala production in the Pouah breed. ith 
higher doeos of morphine (2 n/kg) , the Polish and ow 
Zealand breeds pueid a fewer number of ecybala than the 
Flemish iant breed. 

The central artery of the ear of the New Zealand and 
Polish breeds rosonded nore rapidly to the vaaodtlattn 
effect of xylene. 

ortiai nale rabbits showed a hihor nunber of erythro- 
oytea and hemoglobin valeß. 



A atjnificant reduction in number of leucocytes 
oca rred one day after lOOr' until the 10th we& post- 
irradiation period. rhe henatocrit values decreased air.. 

nificantly until the 4th week poet-irradiation period. 
k3lood uric acid showed the highest deproe of radio sens.. 
itivtty. 

rho Fleiieh Oiant. and ?ohts}, breeds showed a greater 
increase in blood ereatine end uric acid one day after 
lOOr as compared with the ew Zealand breed. 

;evere reduction of rythrocytes indicative of anenia 
wee observed after 300r. The anemia appeared to be noro- 
cytic. io recovery proaess wa evident 10 weeks later. 
The leucocytes were severely reduced. The hemoglobin and 
henatoorit values exhibited a significant reduction one day 
after 300r. rho blood croatinine, creatine and uric acid 
values were observed to increase reaching a aximur3 peak 
at about the 4th week. 

A cumsulative dose of 300r potentiated a conetipative 
effect. Control animals were more sensitive to the con- 
sttattve effect of i mnç/kg or aorphine than the Irrad... 
lated aninals. Vasodilatlon of the central artery of the 
ear of the irradiated animals was observed, 

Leuko,enia was mnore evident in the Fle1ah )iant 
breed after 300r, while the hematoorit values of this 
breed were the least affected ay the irradiation. The New 
Zealand showed lese increase In creatinine values conared 
to that of the F1eish Giant ad Polish breeds. 

The constipative effect of a 300r cuaulative dose 
was aore evident in the broods possessing extreme varia- 
tions in body size. orphine (1 t!ilkg) exerted a greater 
conetipative effect on the ?olish and Flemish iant breeds. 

The oetral artery of the ear of the ::ew 2.ealand 
breed wan more sensitive to the vasod1latin effects of 
330r. After xylerìe, the Fletsh Giant breed showed a 
marked vasodilation of the central artery of the ear as 
compared to that of the ew Zealand and oltsh breedo. 

The nrnber of leucocytes and the hemnatocrit values 
showed greater reduction in the females after 300r. ales 
wore more affected by irradiation with respect to the 
blood creatinine and oreatl.ne values. 

The number of ecybala passed by the irradiated females 
was lower than that by the males. rho scybala weights of 
the mnales were heavier. 
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CERTAIN PHYSIOLOGICAL AND PHARMACOLOGICAL 
EFFECTS OF RADIATION ON RABBITS 

INTRODUCTION 

£he problem of physical absorption and transfer of 

energy from ionizing radiations are well understood with 

respect to all simple systems. The attempts to apply both 

the physical and chenical principles to organized living 

materials, however, have not been altogether successful. 

Considering the fact that ionizing radiations, regardless 

of source, cause certain phys1oloic chanee in both multi- 

cellular organisms and individual tissues and organs, we 

can realize that between the time of initial ionization 

and the occurrence of symptoms due to radiation damage, 

several sequences of alterations and changes are involved 

of which we know very little. 

For years it has been known that to produce any ob- 

servable damage the required amount of ionizing radiation 

for the extremes in susceptibility of mammalian tissues 

may vary by a factor of about 1O. The determination of 

threshold dose for either a functional or a morphological 

change is still a complete assumption at present. It can 

be assumed without doubt that aiy amount of ionizing radia- 

tion will produce some changes, and in the absence of sorne 

recovery process, the threshold dose would depend entirely 

upon the sensitivity of the procedures for detecting the 

alterations. :4ost radiation injuries are, at. least to some 
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narrow extent, reversible, and as such, the threshold dose 

for the occurrence of a particular disturbance in a livinp 

system would be the loweet dose which produces damages 

more extensive than the immediate capability of the systen 

for compeneatiriß. 

The present study was designed to investigate the 

initial and delayed effects of ionizing radiations with 

respect to certain cellular and chemical constituents of 

the blood of three breeds of rabbits that vary greatly in 

body size. Investigations were also made to ascertain 

neurological and cellular damages not revealed through 

routine tests and histological examinations by means of 

pharmacological and physiological tools. 

The information from these studies may provide a more 

sensitive method in assessing damages caused by different 

levels of ionizing radiation. 
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REVIEW OF LITERATURE 

1. Blood Cellular Constituents 

The dramatically accelerated radiobiological research 

of recent years has altered but little the old concept 

that, in the lower dose ranße, ionizing radiation exerts 

its main action upon the hematopoletic system. Inhibition 

or arrest of mitosis in bone marrow, spleen, and lyrnphoid 

tissues leads in the peripheral blood to a reduction in 

leucocytes, consequently, this is still the best indica- 

tion of radiation-induced damae. 

Ihe spleen, lymph nodes, and thymus all react to corn- 

paratively small doses of' radiation. Although the radio- 

sensitivity of these organs may vary somewhat among spe- 

cies (nice, rats, guinea pigs, fowls, rabbits, swine, 

burros, man) the nature of the response is essentially the 

same (108, 138, 146, 155). 

G-erstner and Gorman (66) found a relationship between 

various doses of whole-body x-irradiation and leukopenie 

response ii rabbits. Their results revealed the following 

peculiarities of radiation-induced leukopenia: first, the 

leucocyte count moves through two distinct depressions 

before returning to normal; second, the two waves are per- 

fectlj synchronized for the various doses; and third, the 

degree of leukopenia increases approximately with the 
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1oarithin of' dose. The two-wave pattern of' radiation- 

indced leukopenia in the rabbit has been previously ob- 

served by Jacobson (94), and only the synchronization for 

various doses appears to be a new and surprising findin5. 

In highly proliferative tissues, radiation triggers a pro- 

cese that leads, after a latent period, to mitotic inhibi- 

tien followed by recovery. This concept finds strong 

support in the results of histopatho1oic studies on 

rabbits (14, 15). Valentine et al. (149) irradiated six 

cats with 200r and found that the sensitivity of the bone 

inarrow is unaltered to subsequent irradiation when the 

time interval between exposure is sufficiently long to per- 

rait cornDiete recovery of he:natopoiesis. 

There have been reports on the response of the 

peripheral blood to whole-body x-irradiation in the hamster 

(58), and in man after fallout radiation (36). The late 
depression in the ranulocytes, minimal at 45 days, after 
a sublethal dose of radiation in man (175r or less), was 

unexpected. Gersehon-Cohen et al. (63) have studied the 

response of leucocytes in the rat to doses of 85 to 5,000r, 

with the assessment of damage concentrated on counts made 

during the first 24 hours post-irradiation. The early 

prompt lyrnphopenia and neutrophilic leucocytosis were 

again observed. Williams (161) has analysed the values of 

blood studies in protection against radiation injury and 
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has concluded that numerous roitine counts are unnecessary 

where good physical control of the environment was avail- 

able. However, more highly controlled hematologic studies 

were indicated in known radiation areas in order to obtain 

more information on threshold and permissible values. 

Heide (35) and Heide and Wahlberg (86) quantitavely 

related low-level whole body x-irradiation of humans to 

changes in the leucocyte counts. They believe that the 

blood is a good indicator when leucocyte counts are obtain- 

ed at the appropriate time. Ackerman et al. (1) performed 

extensive cytochemical studies on the lymph nodes and 

spleen of rats at various tiaes after exposure to 600r 

whole body irradiation. They found distinct differences 

in dying and survivtn cells. 

Dunlap (42), in his review of radiation effects upon 

the blood, mentions that the number of eosinophils may show 

definite eosinophilia amounting to as much as 10 to 20 per 

cent of the total leucocyte count in a few patients. 

Reports cited as support for the statement that eosinophilia 

may be produced experimentally are those of eosinophilia 

in three doss witnessed a few days after an irradiatlonal 

exposure which failed to cause any reduction of other 

blood cells, as well as in two of four irradiated guinea 

pi"s (9), an animal which is perhaps peculiarly unfavorable 

for eosinophil studies (132). The data of Breacher et al. 
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(20) show a 250 per cent increase In eoslnophlla above con- 

tro]. levels at 28 days (the last day of observation) fol-. 

lowing irradiation of mice with 400r. The response of 

eosinophils in the rhesus monkey was described by Haigh and 

Paterson (79). They found that for at least two days 

following irradiation the nurnber8 of eosinoohlls were main- 

tamed near the control levels; that these cells were 

essentially absent from the 10th to 15th day; and that they 

returned in numbers markedly exceeding control values dr- 

Ing the second, and to a lesser degree, the third month. 

Riopelle and his co-workers (131) also found that eoslno- 

phil levels may rLse to 2,337 cells/cu mm in the sixth 

week following a single irradiation of the macaque with 

350 r. 

Cohn (27) observed that the erythrocyte count In 

female rats of the Sprague-Dawley strain dropped gradually 

to a minimum value of 65 per cent that of the controls by 

the 28th day after being given O0r of total body x-Irra- 

diation. Chanutin and Word (25) found that after 500r of 

total body x-irradiation of inbred male rats of Wistar 

stock, the reticulocytes (control value of 1.9 + 0.4 per 

cent) disappeared during the first post- x-irradiation 

week and slight but definite increases were observed on the 

eighth day; with moderate reticulocytosis present during 

the third week. Lamerton, Elson and Christensen (105) 
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showed that after whole body x-irradiation of albino rate 

with dosages ranging from kOOr to 600r, the erythrooytes 

usually remained steady or tended to rise sli1it1y, pos- 

sibly due to dehydration during the initial weight-loss 

period. Erythrocyte nixnbers began to fall at about five 

to eight days after irradiation and reached a minimum after 
about 20 days. Steady recovery followed the low level 

reached at 20 days. There appears to be a fairly definite 
correlation between the severity of anemia resulting from 

the drop in erythrocytes and the magnitude of the second 

decline in weight. Death occurring in the second weiiht- 

loss period is probably the direct result of the anemia. 

The fall in numbers of erythrocytes is probably largelj 
determined by a previous drop in platelets leading to a 

hemorrhagic state. This aspect has been discussed by 

Lanierton and Baxter (104) and by Baxter et al. (11). 

Fulton and co-workers (58) showed in hamsters that 

following single doses of total whole body x-irradiation 
(600r, l,000r, l,200r, and 1,500r), the erythrocytes re- 

mained within the normal range (5.55 to 8.43 x 106) until 
the eighth or ninth day after irradiations 

although the 

counts were slightly lower at three days than before 

irradiation. Cornatzer, Engeletad and Davidson (34) gave 

six mongrel dogs sodium pentobarbital (20 mg/kgm of body 

weight) prior to 500r whole body x-irradiation. There 
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was a gradual decrease in the number of erythrocytes from 

the day of' treatment up to the 11th day. 'T1th 1are doses, 

anemia may appear early as the result of redistribution of 

intercellular or extracellular fluids (21). iThen doses 

at or near median lethal dose have been given to animals, 

a precipitous drop in erythrocytes has been observed (97). 

This is due to damage of the capillary wall with resulting 

diversion of erythrocytes into tissue spaces and lymph- 

atics, and to hemorrhage. Injury of the circulating erythro- 

cytes has also been demonstrated (141). 

The post-irradiation effects on hemoglobin and 

hematocrit values been studied al. 

on hamsters given different levels of irradiation (600r, 

1,000r, 1,200r, and l,500r). They reported that the hemo- 

globin values in the groups receiving 600r and l,000r 

decreased from pre-irradiation determinations that ranged 

from 22 to 16 gui/lOO ml to post-irradiation determinations 

as low as 11.1 gui/lOO ml of blood after nine days. In the 

l,500r group, the decrease in hemoglobin occurred the day 

before death. The hematocrit determinations followed the 

same general pattern as the hemoglobin values, decreasing 

from a normal pre-irradiation range of 47.0 to 52.0 per 

cent to 28 per cent in the 1,000r group at five to seven 

days after irradiation. Brown and Abbott (21) carried out 

a series of estimations of the venous hematocrit in 11 
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patients after a radiation dose ranging from 275 to 300r. 

Seven of the patients showed a significant downward trend 

after irradiation. The greatest fall noted, when assessed 

in relation to the mean pre-irradiation value, was six per 

cent. In four of the cases this decline was established 

by the end of the first post-irradiation day; in two of 

the remainder it was present in the second day, and in 

the seventh patient, on the third day. The results of 

Cornatzer et al. (34) on the heinatocrit and hemoglobin 

determinations indicated acute irradiation damage when 

dogs were exposed to 500r whole body x-irradiation. 

2. Certain Blood Chemical Constituents 

Creatinine is the least variable nitrogeneous con- 

stituerit of the blood, existing at levels of 1 to 2 mg per 

loo ¡nl of whole blood (83). In early nephritis with 

uremia, values of from 2 to 4 mg are noted, and in chronic 

hemorrhagic nephritia with uremia, values of 4 to 35 mg are 

obtained. An increase of creatinine to 4 to 5 mg or over 

per 100 ini is evidence of marked impairment of kidney 

function. Such high creatinine values in chronic hernor- 

rhagic nephritis indicate an unfavorable prognosis, although 

high values may be obtained in acute cases over lonß 

periods. 

The mammalian kidney is frequently considered to be 
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radio-re8lstant, since impairment of kidney function does 

not contribute to mortality after acute total body x-irra- 
diatlon. The dose required to darnae the kidneys is 
higher than that needed to kill other tissues. l'rarginal 

chances ir) excretory function have been observed in doss 

(117) and rats (135) only after doses delivered to the 

kidney which are several times those considered to be 

lethal if given as total body irradiation. The system 

first developed for studying the accumulation of p-amino- 

hippuric acid in vitro (37) has been used to test the 

effects of irradiation (115, 116). A dose of more than 

lOO,000r was required to decrease by 50 per cent the 

capacity of slices of rabbit kidney to concentrate p-amino- 

hippuric acid. In vivo, a decrease, not statistically 
significant, was observed in rats exposed to 600r (91). 

Although there are few changes in the kidneys within 

the customary 30-day period of observation fo11ow1n acute 

exposure to x-irradiation, histologic effects developing 

several months after exposure have been described in mico 

receiving 500r (60). However, mice enabled to survive 

doses of 800r by the injection of splenic homogenates, 

renal failure was the principal cause of death (28). 

Avian kidneys are much more sensitive to radiation 

damage than are mammalian kidneys. Young chicks die of 

acute renal failure a few hours after total body 
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x-irradiation with 1,000r given at the rate or 40r/rninute 

(138). The effect of x-irradiation is reat1y dependent 

on the dose rate, 8irlce at lower intensities renal failure 

does not develop. To some extent the kidney damage results 

from the marked fall in blood pressure, since shielding of 

the kidney does not prevent renal fail.tre (140). On the 

other hand, local irradiation of the chicken kidney pro- 

duced severe renal necrosis without causing a marked hypo.- 

tension. In the oarakeet there Is evidence of renal damage 

that becomes ororessIve1y worse after exposure to l,000r; 

the birds die of renal failure several months after x-irra- 

diation (133) 

Creatire is present in the blood to the extent of 

about 3 to 5 m/l00 mi, mostly in the erythrocytes. 

Creatine is formed in the body and its most probable site 

of formation is in the liver. In progressive muscular 

dystrophy, in which creatine is always present in the 

urine, the creatine excretion Is increased by the adain- 

lstration of either glycine or arinine (19). Except in 

the case of infants and pregnant women, the amount of 

creatirie in plasma Is quite small. Allinson (2) reports 

values for creatine In plasma ranging from 0.4 to 0.8 mg 

per cent, To s1nif1cant variations have as yet been 

associated with pathological conditions but Increases have 

been noted after severe muscular Injury and following 
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experimental removal of the kidneys. 

The most interesting abnormal variations in uric acid 

content of human blood occur tn nephritls and rout. Folin 

and Denis (50) showed that marked increases occur in 

uremia, At about the same time, Myers and Fine (118) re- 

ported values as high as 27 mg per loo ml of blood In 

terminal interstitial nephritis. They also pointed out 

that in six cases of ,out, uric acid values varied between 

3.3 and 5.8 mg. The marked retention of uric acid In 

nephritie leads to a rather even distribution of 'ric acid 

In the tissues (47, 157) . It is not remarkable that uric 

acid retention should occur during deficient renal function, 

but the important fact oriina1ly pointed out by ftyers, 

Fine and Lough (119) Is that usually uric acid is the first 

nItroeneous waste product to he retained. In incipient 

interstitial nephritia, before either the urea or creat- 

mine show appreciable increase, values of 6 mg per cent 

or more of uric acid may be found. This observation has 

been verified by many, notably Baumann . (10), who 

regarded the determination of the urlo acid concentration 

in the blood as one of the most delicate indexes of renal 

function available. In gout, uncomplicated by nephrltis, 

uric acid is increased (52, 124, 48, 71) and usially rances 

from 4 to 10 mß/lOO ml, while the values for urea and 

creatinine remain practically normal. The blood picture 
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in gout, therefore, is very similar to that in incipient 

nephritia. Indeed, the similarity le so str1kin that 

Fine (48) has raised the question as to whether gout is 

not a very early manifestation of nephritis, which may or 

may not develop. Of interest in this connection are the 

findings of McClure (112). This author obtained evidence 

of renal insufficiency in each of six cases of gout, al- 

though no clinical symptoms of nephritis were displayed. 

In addition to gout and nephritis, in which the difficulty 

is obviously one of renal insufficiency, the uric acid con- 

tent of the blood may be markedly increased in conditions 

associated with an exaßgerated nuclear catabolism. 

Le:kemia (121) is a case in question. Tinder such circum- 

stances the kidneys may excrete large amounts of uric acid, 

but apparently are unable to keep pace with its formation. 

Although in the normal individual there is no threshold 

concentration for uric acid excretion, such as exists in 

the case of sugar, nevertheless the kidneys appear to dis- 

pose of an overload very slowly. This probably is not due 

to the relative insolubility of urates, because the blood 

(143), and usually the urine (82), are able to dissolve 

more 'irle acid at body temperature than they are called 

upon to handle. More likely the lags in excretion, with 

resulting accumulation in the blood, are associated with 

the fact, pointed out by Myers and Fine (118), that the 
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kidneys norrrially are able to concentrate uric acid only 

about 20 times, whi.le they concentrate urea and creatinine 

80 and 100 times respectively. Other illustrative condi- 

tions in which uric acid of the blood may be increased are 

pneumonia (50, 99), malignancy (98), arthritis (52), lead 

and mercury poisoning (121), methanol poisoning (127), 

and toxemias of pregnancy (162). Curiously, a marked in- 

crease has been recently reported in polyneuritis of 

chickens (139). 

3. Central Nervous Systen 

The nervous system enera11y has been considered radio- 

resistant. However, the term le relative and it somehow 

depends upon the biological endpoint studied. Hicks (88, 

89) studied the development of the nervous system and found 

that the embryonic brain is sensitive and that diverse 

abnormalities could be induced by relatively low dose of 

radiation. Although the contention that doses in the LD-50 

rane produce no measurable effects on neural tissue, the 

brain is sensitive to higher levels of radiation. Hicks 

(90) has shown that doses of 100,000 to 200,000r kill al- 

most instantly, probably by immediate destruction of vital 

inedullary centers. Histo1oic changes have been described 

in rabbits (65, 67) and monkeys (26, 84) after doses betwe-ì 

2,500 and lO,000r. 
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Andrews and Brace (5), in studying terminal phenomena 

associated with massive doses of x-rays (25,000r), described 

clinical and electroencephalographic (EEG) changes and con- 

eluded that the dysfunction appeared to be subcortical and 

not the direct resi1t of ionization in the brain tissue. 

Farther studies of EEG and neurological effects of radia- 

tion have followed (26). Of interest were the marked early 

neurological signs after doses in excess of 2,000r to the 

head. Arnold et al. (6, 7) concluded that the brains of 

man and monkeys are considerably more radioresponsive than 

is ordinarily supposed and that the effects were attribut- 

able to direct effect on the brain it8elf and not to 

vascular occlusion. In rabbits a done of 600r causes 

epileptiform convulsions, which can be controlled with 

urethane (70). After the convulsive period the rabbits 

became ataxic, resembling animals with labyrinthine damage. 

Gerstner et . (68) determined that 8,000r to the 

head of guinea pigs depressed the pinna reflex within 

three hours and abolished it within 24 hours. Alterations 

in function and structure of lial cells of primate brains 

have been shown to be dependent upon total dose, intens- 

ity, and time after irradiation (6). The spinal cord and 

peripheral nerves are supposedly highly resistant in con- 

trast to the brain. MoLaurin et al. (114) found no 

alteration Ii structure or function of monkey spinal cords 
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after exposure to anrna-rad1at1on for 24 hours at a rate 

of 135r per minute. 

Gerstner, Orth and Rlchey (69) found in froß nerves, 

that doses in exceso of 75 kr caused a decrease in conduc- 

tion velocity and that doses above 300 kr produced complete 

abolishment of nerve conduction within an hour fo11owin 

irradiation. Rabbits' nerves proved to be rauch more radio- 

sensitive than frog nerves. Doses in excess of 45 1cr pro- 

duced complete block within an hour following irradiation. 

Gerstner ai. (64) also demonstrated that x-irradiation 

causes immediate alterations in the vascular bed of the 

surviving isolated rabbit's ear. ost impressive is the 

severe reduction in flow rate following doses higher than 

2 1cr. Temperature and viscosity chances of the perfusion 

fluid are much too small to be responsible for this effect. 

Direct stimulation of the vasomotor fibers by the ionizinß 

radiation is also unlikely since peripheral nerves, at 

least myelinated ones, belons to the most radioresistant 

tissues. 

4. Digestive Tract 

It has been well recognized for years that the 30n81- 

tivity of the epithelium of the siall intestine is second 

only to that of the hematopoletic system both of which are 

important in determining the survival of an animal after 
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exposure to total body x-irradiation. Even though an 

animal may be protected from destrtiction of Its blood form- 

ing organs, it may succumb to intestinal damage. The com- 

plex interrelationship of dose, body region or organ ex- 

posed or shielded, mortality ratee and survival time have 

been reviewed recently (17). Conard (31, 30) has studied 

the serial changes in weight and contents of various por- 

tions of the bowel of rats given whole body x-Irradiation. 

Results showed marked functional disturbances of the bowel 

induced by radiation. In the rat, doses below 1,000r 

damage the intestinal mucosa to an extent which is severe 

but not per se lethal, die between 

10 and 14 days after exposure as a result of hematopoletic 

damage. Above l,000r, and up to l0,000r, the animal dies, 

three to four days after irradiation in the case of rats, 

due to a complete denudation of the intestinal epithelium 

( 126) . Between 150 and 950r the decrease in dry weight of 

the small intestine of mice, measured two days after 

irradiation, is related to the dosage linearly. Below 

150r no effect on intestinal weight could be detected, 

while 950r represented a "saturation' dose, that Is, hIgher 

doses produced no further weight loss because the epithe- 

hum was completely destroyed (31). The stomach and the 

esophagus are moro resistant to radiation than the in- 

testine. It has been demonstrated that doses higher than 



5-.] 

5OOOr of an Intraastric b-emitter were required to pro- 

duce death in dogs (109). When the stomach was removed 

shortly after irradiation, the animal could survive even 

at the h1her dosa3e. Diminished gastric acidity has been 

reported after lower doses (39, 56). The tone and contrac- 

tion of the intestinal tract were increased by x-irradia- 

tion. .Lhe rate of emptying of the stomach, however, is 

5reatly decreased in rats, with as little as 50r of x- or 

neutron-radiation producinß a measurable effect (164). 

The time of stomach emptying in dogs was found to be un- 

altered by LD-50 doses, and is significantly prolonged 

only after doses of three to four times the LD-50 level 

(32). The digestive system of birds and amphibia is appar- 

ently significantly more resistant to radiation than that 

of mammals. In the parakeet 2,000r produced negligible 

changes in the crop, esophagus, gizzard, or intestine (133); 

the gastrointestinal tract of the axolotl was similarly 

insensitive (23). 



MATERIALS AND METHODS 

A. Biological Methods 

The experimental animals used in this study included 

forty New Zealand, twenty-nine Flemish Giant, and twenty 

Polish rabbits. The distrib'ition by breeds, sexes, and 

treatment Is presented in Table 1. 

1. Management 

All the rabbits were born within three days and re- 

mained with their dams until eight weeks of age. Upon 

weaning they were numbered and housed in metal cages, two 

rabbits of the same sex per cage. Body weights were 

recorded monthly from weaning until the termination of the 

experiment. Feed and water were provided ad libitum to all 

animals. No prophylactic treatment was 1ven even during 

the critical period of the experiment 

2. Radiation ?rocedures 

The rabbits were exposed to whole body x-Irradiation 

when they were approximately five months of age. Enclosed 

in a wooden box, the animals received x-Irradiation under 

the following conditions: KV tap setting, 25Okvp; filament 

control, 15 ma; inherent filtration, mm copper and with 

no additional filtration; and distance between target and 



Table 1. Distribution of experimental animals by breed, sex, and treatment. 

'Jew Zealand Flemish Giant Polish 

a1e Female 4ale Female ale Female 

C T C T C T C T C T C T 

4 3 2 1 A2 Al A4 A3 A34 A33 A39 A36 
8 7 6 5 AlO A5 A6 A8 A35 A38 A45 A40 

12 11 10 9 Al2 A9 A16 All A37 A42 A48 A41 
16 15 14 13 A14 Al3 A18 A15 A43 A47 42 A44 
20 19 17 18 A20 Al9 A23 A17 43 A46 
24 23 22 21 A21 A27 A31 A22 44 A49 
27 2Q 31 25 A26 A30 A28 
28 ASO 39 26 A29 A32 
34 30 
36 33 
37 35 
4]. 38 

12 3 8 12 8 7 6 8 6 4 4 6 

C -- Control 
T -- Irradiated (Whole body) 
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center of' the wooden box, 35 Inches. Measured with a 

Victoreen ionization chamber in the center of the empty 

box, the dose rate was 25r/minute. After one-half of the 

planned total exposure dose had been delivered, the box 

containing the rabbit was turned aroind 180 degrees and 

the other half-dose was given. This procedure insured a 

relatively uniform dose distribution throughout the 

body. The treated animals received a total of 

lOOr for the first experiment and lOOr + 200r or 300r 

cumulatively for rabbits in the second experiment. 

3. Blood Collection 

Collection of blood samples from all animals was 

initiated two weeks previous to irradiation exposure with 

the intent of having the experimental animals serve as 

their own control. Post-irradiation blood samples were 

then collected at the following intervals; one day after 

exposure and once every two weeks until the tenth week. A 

blood sample of 10 to 15 ml was drawn from the New Zealand 

and Flemish Giant breeds and 8 to 10 ml from the Polish. 

The blood sample was taken by making a small incision on 

the lateral vein of the ear shortly after It had been 

rubbed lightly with a local irritant (xylene) to promote 

vasodilation of the peripheral blood vessels, thus facil- 

itating a prompt withdrawal of' blood. The blood sample 
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was collected Into a test tube contaInIng the ant1coaulant, 

potassIurn oxalate, at the rate of one ml of a one per cent 

solution of oxalate per 10 ml of blood (55). Samples were 

drawn between the hours of 9 A.M. to 11 A.1'I. or 2 P.M. to 

4 P.. 

4. Blood Analysis 

The blood Bamples were analysed for creatinine, crea- 

tine, uric acid, heniatocrit, hemoßlobln, total number of 

red blood cells and total number of white blood cells by 

recommended standard procedures. A protein free filtrate 

was initially prepared by following the 'ethod of Folio 

and u (55) as presented by Hawk, Oser and 3irnmerson (83). 

The filtrate was obtained by slaking the blood with two- 

thirds N sulfuric acid and precipitating the protein with 

10 per cent sodium tunßstate. A few drop8 of xylene were 

added to the protein free filtrates under certain condi- 

tions when an immediate analysis coud not be performed 

during the following 12 hours. o variance from samples 

run immediately can be detected by the analyses of the 

filtrates stored in this manner. 

a. Creatinine. The Jaffe reaction as utilized by 

Folin and Wu (53) involves the color development of 

creatinine with an alkaline picrate soltion. Readings 

were made at 520 mu. as a wavelength in a Coleman Universal 

3pectrophotometer. ihe creatinine values were read from a 
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standard curve developed with different amounts of crea- 

tinine. 

b. Creatine. The creatine of blood was determined by 

the Folin and Wu procedure (53) of heating the protein 

free filtrate with acid, converting the creati.ne to crea- 

tinine. The total creatinine present is then determined 

by the procedure used for blood creatinine. The value 

for preformed creatinine as established by separate anal- 

ysis, is substracted from the total creatinine value, to 

cive the amount of creatine, expressed as creatine. Read- 

ines were made at 520 rau. as a wavelength in a Coleman 

Universal 3pectrophotometer after allowing the samples to 

stand for at least ten minutes to insure relatively uni- 

form color development. 

C. Uric Acid. The method of Foliri and Wu (53, 54) was 

used. This procedure involves the freeing of the uric acid 

by means of an acid chloride solution. Phosphotungstic 

acid, which gives a blue color is then added and the 

quantity is determined. The development of the blue color 

is measured photometrically with the aid of matched one 

cubic centimeter cuvettes in a Coleman Universal Spectro- 

photometer. The samples were allowed to stand for 15 to 

20 minutes before readings were made. The sample was read 

against a uric acid standard after the instrument was 
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brought to zero density at a wavelength of 420 mu. using 

a water blank. 

d. 1-iernatocrit. F{enatocrit estimations were made by 

placing four ml of whole oxalated blood into a 25 ml centri- 

fuge tube and then centrifuging in a :iervall Angle Centri- 

fuge at the rate of 4,000 rpm per minute for 20 minutes. 

The percentage of the cell volume from the total blood 

volume was determined. 

e. Hemoglobin. Estimates of the hemoglobin content 

of whole oxalated blood were obtained with a Spencer Hemo- 

globinometer following hemolysis with saponin. 

f. Total red blood cell count. Standard red blood 

cell counting pipettes and Spencer counting chambers with 

improved Neubauer double rulings were employed for the 

determination of total red blood cells. The oxalated blood 

was diluted in the pipette at the rate of 1 to 200. Saline 

solution was used as a diluting fluid. After dilution, the 

blood cells were dispersed In the saline solution by plac- 

ing the pipett.e containing the sample in a mechanical 

shaker for 2 minutes. The samples were counted in dupli- 

cate, and the average was taken. 

g. Total white blood cell count. The same technique 

used in the red cell count was essentially applied to white 
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cell counting. The oxalated blood was diluted i to 20 with 

standard white blood cell diluting pipettes. Turk's solu- 

tion was used for diluting the blood cells. The counts 

were performed in duplicate and the averae value was taken 

as the individual observation. 

5. Intestinal Motility Study 

All rabbits were subjected to an intestinal rotility 

test conducted a week after the termination of the blood 

analyses. Morphine sulfate and n-allylnormorphine 

(Malline R were used as the t,est drugs. Each experiment- 

ai animai served as its own control in that three or four 

days prior to dru3 trial, saline at the rate of one ml! 

animal was injected subcutaneously following which control 

scybala counts were rnade. All injections were made sib- 

cutaneously at the area just below the base of the neck. 

The dosages of morphine sulfate and nalline used are as 

follows: morphine sulfate, i rn./kmg and 2 m/kmg body 

weight; nalline, 10 mg/kgin; and a combination of morphine 

sulfate (1 mg/knig) and nalline (10 mg/kgm). Stabilizing 

agents were added to the drug solutions in the form of a 

0.1 per cent chiorbutanol and 0.1 per cent sodium bisulfite. 

Drug administrations were spaced at least five days apart 

to reduce any possibility of drue cumulative effects. 

Assuming that the rabbit (Lpue) still retains its nocturnal 
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habits euch that defecation is at its greatest during the 

night, scybala counts were started at 7:00 P.M. 3cybala 

count8 were made at the followin time intervals: one, 

three, five, seven, and fifteen hours after drug admin- 

istration. The fecal pellets of each rabbit at each time 

period were collected into aluminum plates and oven dried 

at a temperature of 62°c for 4S hours after which the dry 

weights were recorded. 

6. Ear Vessel tud 

Following the intestinal motility experiment, the 

rabbits were subjected to an ear vessel test. This test 

was conducted mainly to determine the actions of two kinds 

of drugs and a local irritant on the peripheral blood 

vessels of the ear with respect to the vasoconstriction or 

vasodilation effects of the drugs. Epinephrine at a con- 

centration of 1:5,000, and 95 per cent ethyl alcohol 

served as the vasoconstriction and vasodilation agents 

respectively. Two ml of each drug were injected subcutan- 

eously just below the base of the neck regardless of the 

body weights of the animais. Xylene ()imethylbenzene) was 

used as the local irritant, given at the rate of 5 drops 

on one ear followed by a slight rubbing with a cotton 

ball. Drue; admInistrations were spaced at least one week 

apart, to reduce any possibility of latent drug effects. 
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Photographs of' the r1,ht ear were made prior to drug treat- 

ment and at the time when the peripheral blood vessels 

showed a maximum response to the drus. Photographs were 

taken with a Kine Exakta camera with a shutter speed of 

1/25 seconds and an apertre opening of f4. The distance 

between the camera lens and the ear was approximately 23 

inches. The time interval for the peripheral blood vessels 

to show minimum and niaximum responses after drug injection 

were recorded. The slides were then projected on a screen 

with the projector placed at a distance of 20 feet. the 

central artery of the ear was measured on the screen with 

a Vernier calipher. 

Two weeks after the termination of' the first teat, the 

irradiated animals were exposed to 200r of whole body 

x-irradiation. All analyses as given for animals in the 

first radiation treatment were again performed. 

B. Statistical Methods 

The effects of sex, breed, radiation dose, and inter- 

actions of breed x sex, breed x radiation, sex x radiation, 

and breed x sex x radiation were estimated by the least 

square analysis. The model used for the first experiment 

(lOOr exposure dose) was: 

Y1 = U + Bj + Si + R100 + (Bs) + (SR) + (a3R) + e 



28 

where an individual measurement of either; 

1. weaning weight 

2. post-irradiation weight 

3. pre-scybala weight 

4. pre-ear vessel study weight 

5. erythrooyte count (at seven time intervals) 

6. leucocyte count (at seven time intervals) 

7. hemoglobin values (at seven time intervals) 

3. hernatocrit values (at seven time intervals) 

9. croatinine values (at seven time intervals) 

10. creatine values (at seven time intervals) 

11. urIc acid values (at seven time intervals) 

12. scybala count after saline injection (five time 

intervals) 

13. scybala count after morphine (1 mg/kg) injection 

(five time intervals) 

14. scybala count after morphine (2 mg/kg) injection 

(five time intervals) 

15. ecybala count after n-allylnorrnorphine (10 mg/kg) 

injection (five time intervals) 

16. scybala count after morphine (1 mg/kg) + n-a].lyl- 

normorphl.ne (10 mg/kg) injection (five time 

intervals) 

17. scybala weight after saline injection (five time 

intervals) 
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13. scybala weight after morphine (1 mg/kg) injection 

(five time intervals) 

1.. scjbala weight after morphine (2 mg/kg) injection 

(five time intervals) 

20. soybala weight after n-allylnormorphine (lo mg/kg) 

(five time intervals) 

21. scybala weight after morphine (1 mg/kg) + n-ally].-. 

normorphine (10 mg/kg) injection (five time 

in tervals) 

22. size of the central artery before the local appli- 

cation of xylene 

23. size of the central artery after the local apoll- 

cation of xylene 

24. size of the central artery before the subcutan- 

eous injection of ethyl alcohol 

25. size of the central artery after the subcutan- 

eous injection of ethyl alcohol 

26. size of the central artery before the subcutan- 

eous injection of epinephrine (1:5,000) 

27. size of the central artery after the subcutan- 

eous injection of epinephrine (1:5,000) 

28. initial vasodilation response after the local 

application of xylene 

29. maximum vasodilation response after the local 

application of xylene 
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30. initial vasodilation response after the subcutan- 

eous injection of ethyl alcohol 

31. maximum vasodilation response after the suboutan- 

eous injection of ethyl alcohol 

32. initial vasoconstriction response after the sub- 

cutaneous injection of epinephrine (1:5,000) 

33. maximum vasoconstriction response after the sub- 

cutaneous injection of epinephrine (1:5,000) 

U an effect common to all aniia1s 

the added effect due to the jth breed, j = (1) Uew 

Zealand, (2) Flemish Giant, (3) Polish 

f3 = the added effect due to the 1th sex, i = male or 

female 

R the added effect due to radiation (lOOr) 

(133) = the added effect due to the interaction of' 

breed with sex 

(BR) = the added effect due to the interaction of 

breed with radiation (lOOr) 

(3R) = the added effect due to the interaction of sex 

with radiation 

(133R) = the added effect due to the interaction of 

breed with sex with radiation (lOOr) 

e = random error normally Independently distributed 

with means of O and variance of 2 
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A total of 116 dependent variables comprises the first 

experiment (lOOr radiation exposure). A similar model was 

employed for the second experiment (300r cumulative radia- 

tion dose) except with the exclusion of one dependent var- 

iable (weaning weights). 
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EXPERIMBTAL RE3ULTS 

The effect of breed, sex, radiation, and interaction of 

breed x sex, breed x radiation, sex x radiation, and breed 

X sex x radiation were determined by the method of least 

squares. The significance of these effects was deterulned 

by analysis of variance. Since a grand total of 231 anal- 

yses of variance were determined for the two experiments 

(lOOr exposure dose and 300r cumulativo exposure dose), 

it was deemed unnecessary to present the analysis of var- 

iance tables in the results. Any significant effects 

gathered through this statistical analysis will be shown 

in the presentation of the res üts. 

lOOr Whole Body X-Irradiation 

Breed Effects 

1. Changea in the Blood Cellular Constituents of 
s 

Blood cellular components were initially determined 

when the animals were approximately four and one-half 

months of age. The average erythrocyte va1es were at 

this particular time period (Table 2) within the normal 

range (4.5 - 7.0 millions/cu mm) as presented by Spector 

(136). However, four weeks later highly significant breed 

differences (P .01) were established which persisted 
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until the termination of the hematological examination. 

The ew Zealand and Polish breeds showed much higher 

erythrocyte values than the Flemish Giant breed. It is of 

interest to note that the Flemish Giant breed is the larg- 

est of' the three breeds at maturity and that it was sig- 

nificantly (P .31) heavier in weaning weight than the 

other two breeds. 

With respect to the leucocyte count, no apparent 

breed differences were observed during the entire hema- 

tological experiment (Table 3). Leucocyte values obtained 

durinß all the seven different time periods of blood anal- 

ysis were within the normal values of from 6,000 to 13,000/ 

cu mm as presented in the Handbook of Biological Data. 

The hemoglobin values of' the three breeds followed 

almost the same pattern as the erythrooyte mean values. 

Breed effects were highly significant at the .01 level of 

probability six weeks after the initial determination (two 

weeks before irradiation) and the breeds differed signif- 

icantly (P = .05) until the 10th week post-irradiation 

period (Table 4). These findinís would suggest that a 

direct relationship exists between the erythrocyte and 

hemoglobin values and each one would be a fairly accurate 

measurement of the other. This type of' relationship was 

found not to hold true with the hematocrit values obtained. 

No breed differences were seen except during the 4th week 
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post-irradiation period at which tine the Polish showed a 

higher heiatocrit value which declined gradually from then 

until the 10th week post-irradiation period (Table 5). 

This downward trend of the hernatocrit values of the ?oliRh 

rabbits can be attributed to some factors other than the 

stress imposed on this breed from blood collection since a 

fairly long time frequency (two weeks) occurred between 

blood collection periods. The lack of significance between 

breeds with reference to the hematocrit values would imply 

that this blood factor is not an accurate measurement of 

either the erythrocyte or the hemoglobin values of the 

blood. 

2. Changes in the Blood Chemical Constituen 
of Control Animals 

reference has been found that presents the normal 

range of blood creatinine and creatine values for rabbits. 

Results from the present experiment revealed that rabbits 

at four and one-half months of age had blood creatinine 

values of from 0.14 - 0,21 mg/lOO ml of blood (Table 6). 

This range was fairly constantly maintained throughout the 

experimental study. However, breed differences were highly 

evident (? = .01) from two weeks before irradiation until 

the 10th week post-irradiation period. The Flemish Giants 

showed a much higher blood creatinine value than either 

the New Zealand or the Polish breed. Age apparently was 
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not related to blood creatinine in rabbits. It was inter- 

est1n to note that a relationship of blood creatinine with 

ae was found in other animals. In beef cattle (160), a 

regression coefficient of .0023 (statistically signif- 

leant) indicated that for each 10 days difference in age on 

reaching 500 pounds there is an associated change of 0.023 

mg/lOO rai in blood creatinine with the older animais having 

the higher values. 

The first evidence of a breed effect with blood 

creatine occurred on the 4th and 6th week after irradiation 

(P = .05) (Table 7). Blood creatine values of rabbits at 

four and one-half months of age ranged from 0.43 to 0.48 

mg/lOO mi of blood. They remained fairly constant until 

the 10th week poet-irradiation period. However, on the 4th 

and 6th week post-irradiation period, the creatine values 

of the Polish breed showed a downward fluctuation which 

accounted for the significance due to breed. The creatine 

value in the Polish rabbits returned to normal on the 8th 

and 10th week. Since blood creatine is normally eliminated 

as creatinine, these findings with rabbits would indicate 

that the two blood factors are quite independently related 

in that a breed having a higher blood creatine value does 

not necessarily have to eliminate more creatinine. 

All breeds exhibited blood uric acid values (Table 8) 

within the accepted normal range of' 1.0 - 4.3 m/100 ml of 
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blood. Even then, highly significant (P = .01) breed dif- 

ferences were evident from the pre-irradiation period until 

the 4th week after irradiation. Age could apparently be 

related to blood uric acid. i3lood uric acid of the Flemish 

Giant was below the normal values of the other two breeds 

until the 4th week after irradiation. Evidence also showed 

that blood urto acid fluctuates erratically froa one time 

period to another. 

3. Test for Intestinal '.otility 

In Table 9 it can be seen that one hour after the in- 

jection of saline, the Polish breed showed a initial 

depression in soybala production that differed significant- 

'y from the New Zealand and Flemish llant breed. Recovery 

to normal did not occur intil the 5th hour after the in- 

jection. Iorphine injected at the rate of 1 me/kg body 

weight also significantly affected the Polish one hour 

after the injection (Table 10). The Polish rabbits did 

not recover from this marked initial depression until the 

3rd hour after injection. A highly significant (P = .01) 

difference between breeds occurred on the 3rd and 15th 

hour after the injection of 2 mÍkg of morphine (Table 11). 

The New Zealand and Polish oreeds were more markedly affect- 

ed by the reference drug than the Flemish Giant on the 3rd 

hour after injection. The Polish breed remained markedly 
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depressed until the 7th hour and full recovery was not 

realized until the 15th hour after the injection. One 

hour after the injection of n-allylnormorphine at the rate 

of' 10 rn5/k body weight, a significant (P = .05) breed 

effect was established (Table 12). The scybala production 

of the Polish breed was significantly less than that of 

the other two breeds. This relationship failed to exist 

in the succeeding time intervals. 

The first sign that a breed difference existed after 

the injection of morphine (1 mg/kg) n-aUylnormorphlne 

(lo mJkg) occirred 15 hours after the injection (Table 

13). This had a effect on 

the Polish. As evidenced after the injection of the var- 

ious reference drugs, the Polish were more markedly affect- 

ed in terms of scybala production than were the Tew Zealand 

and Flemish Giant breeds. 

Analysis of the data by the method of least squares 

revealed that there were breed effects on scybala weight 

after the injection of saline (Table 14). 3cybala weight 

is apparently closely related to the size of the animal 

and the number of scybala produced at a specific time 

period. As such, the ?o1ih breed, producing the same 

number of scybala as the ew Zealand or the Flemish Giant, 

would give a lower scybala weight. However, in some 

isolated cases, this relationship failed to exist. As an 



example, 15 hours after the injection of saline no breed 

effect was found and although the Polish prodiced more 

scybala than the other breeds, the difference was not 

statisticall,r significant. This would immediately suggest 

that a breed difference should exist with respect to scy- 

baia weight. This assumption was proven inaccurate when 

statistical analyses showed that there was no difference 

between breeds for scybala weight 15 hours after saline in- 

jection. Significant differences between breeds (P .05) 

with respect to scybala weight appeared one and 15 hours 

after the injection of i mg/kg of morphine (Table 15). The 

breed effect was evident only at one time period (3 hours 

after injection) after the injection of 2 ms/kg of morphine 

(Table 16). Seven hours after the Injection of 10 m,/kg 

of n-allylnormorphine (Table 17), the Polish gave a signif- 

icantly (P = .05) lower scybala weight. No breed differ- 

ence was obtained 15 hours later which would indicate that 

the scybala weight of the Polish had reverted to normal 

weight by this time. The scybala weight after the injec- 

tion of morphine (1 mg/kg) + n-allylnormorphine (10 mg/kg) 

incited marked breed differences at all time periods except 

the first hour after the injection (Table 18). 

4. Test_for Ear Vascularit 

A vasoconstrictor and vasodilator drug and an irritant 



were used to test ear vascularity. The drs were injected 

subcutaneously at the rate of 2 ml regardless of the body 

weight while the irritant was applied locally. 

Normal size of the central artery of the rabbit's ear 

is apparently directly related to the size of the ear. 

However, after the application of xylene, no breed differ- 

ence was observed with regards to size of the central 

artery (Table 19). This would indicate that the central 

artery of both the New Zealand and Polish breeds responded 

more rapidly to the vasodilating effect of xylene compared 

to that of the Flemish Giant, even though the time to pro- 

duce initial and maximum responses was insignificant for 

all breeds (Table 19). Breed effects with ethyl alcohol 

before and after injection were highly significant (P = .01) 

(Table 20). This finding would imply that all three breeds 

produced the same degree of vasodilation after the injec- 

tion of ethyl alcohol. Appearance of response, both 

Initial and maximal, was Insignificant. Breed effect with 

the vasoconstrictor drug, epinephrine, before and after 

injection was likewise highly significant (P = .01). No 

breed differences were found with respect to the appearance 

of the respozises (Table 21). 



Sex Effects 

1. Changes in the Blood Cellular Constituents 
of Normal Animals 

Sex effects for erythrocyte count were significantly 

(P = .05) manifested from the 4th week until the 10th week 

post-irradiation period. Males showed higher numbers of 

erythrocytes than females. There was no significant d1ffer. 

ence for leucocyte count due to sex at any time period. 

Hemoglobin values showed significant effects (P = .05) 

with respect to sex. As with the erythrocyte count, sig- 

nificant effects of sex with hemoglobin values became 

evident on the 4th week lasting until the 10th week post- 

irradiation period with males showing higlier values. No 

significant effects of sex with hematocrit values were 

observed. 

2. Changes in the Blood Chemical Constituents 
of iIormal Animals 

there were no significant differences due to sex for 

blood creatinine, creatine or uric acid at any of the seven 

different time intervals blood samples were analysed. 

3. Teat for Intestinal Motility 

Only two isolated cases were noted wherein there was 

a significant difference for analgesic drugs due to sex. 
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One of these caaes occurred 7 hors after the injectloû of 

10 ms/kg of n-allylnormorphi.ne. The effect was sinif- 

i.cant at the .05 level of probability. Males showed higher 

scybala production than females. Sex effects for morphine 

(1 inJkg) + n-allylnormorphine (10 mg/kg) injection were 

significant (P = .05) only on the 5th hour after injection, 

where the males showed greater scybala production than the 

females. Females seem to be more sensitive to the consti- 

pating effects of these drugs. 

Sex differences for ecybala weight were not noted 

when any of the analgesic drugs were used. 

4. Test for Ear Vascularity 

\Í0 differences were obtained with respect to sex when 

any of the three test drugs were used. Likewise, the 

appearance of the initial and maximal responses to the 

drugs were the same for the two sexes. 

Radiation Effects 

1. Changes in Blood_Cellular Constituents 
of Irradiated Animals 

The results of the analysis by least squares indi- 

cated that the erythrocytes were not significantly affected 

when lOOr of whole body irradiation was given to the ani- 

mais. The leucocyte count, on the other hand, presented 
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an entirely different picture. A hi3hly significant re- 

duction in number of leucocytes occurred one day after 

irradiation and recovery was not realized even on the 10th 

week post-irradiation period. The hemoglobin values after 

lOOr whole body irradiation showed no appreciable changes 

but the hematocrit values were noted to be highly sin1f- 

icantly affected by this single dose of irradiation fron 

the first day after treatment until the 4th week post- 

irradiation period, after which recovery was completed. 

2. changes In Blood Chemical Constituents 
of Irradiated Animals 

The radiosensitivity of blood creatinine to lOOr 

whole body irradiation showed an erratical pattern. Two 

weeks after irradiation blood creatinine showed a signif- 

lcant (P = .05) radiosensitivity. rj characteristic was 

again observed on the 6th week even though recovery was 

apparently reached on the 4th week. Blood creatine was 

highly significantly (P = .01) affected from the first 

day post-Irradiation day and recovery was not made until 

the 6th week. 0f the three chemical constituents analysed 

in this study, uric acid showed the highest degree of radio- 

sensitivity. Radiation exposure of lOOr highly signif- 

icantly (P = .01) Increased blood uric acid and a drop to 

normal values did not occur until the 10th week post- 

irradiation period. 



43 

3. TeSt for Inteßtinal Motility 

A single dose of lOOr whole body irradiation did not 

greatly influence the effect of the analgesic drues on 

ßcybaia production. In only two in8tances were there sig-. 

nificant effects of irradiation on scybala production. 

Scybala production was significantly (P = .05) reduced by 

radiation three hours after the injection of 2 m,/k mor- 

phine. A highly significant (P = .01) reduction in scybala 

production was also noted five hours after the injection of 

i rna/kg morphine + 10 m&/kg of n-allylnormorphine in the 

radiated animals. 

A highly significant (P = .01) effect of lOOr irradia- 

tion was noted on scybala weight 15 hours after the injec- 

tion of i mg/kg morphine + 10 mg/kg n-allylnorinorphine. 

4. Test for Ear Vas cular1ty 

Size of the central artery was not significantly 

altered after the local application of xylene or after the 

subcutaneous injection of epinephrine in the irradiated 

animals contrasted with the controls. However, after the 

subcutaneous injection of ethyl alcohol, a marked increase 

in size of the central artcry of the irradiated animals was 

evident. The appearance of the initial and maximal re- 

sponses did not differ between the control and irradiated 

animals. 
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Interaction of Breed x 3ex 

There was no breed x sex interation for cellular and 

chemical constituents of the blood. 

During the test for intestinal motility, a highly 

significant (P = .01) interaction of breed x sex was noted 

which occurred 15 hours after the injection of i m/k of 

morphIne + 10 mg/kg of n-ailylnormorphine. The scybala 

production of the male Flemish ciant at this particular 

time period was significantly lower than the fenale. No 

breed x sex Interaction was found with respect to scbala 

weight. Likewise, breed x sex interaction during the ear 

vascularity test was absent. 

Interaction of Breed x Radiation 

1. Chances in_the Blood Cellular and Chemical 
Consttuenta of Irradited Rabbits 

An analysis by least squares showed that there was no 

significant breed y radiation interaction with respect to 

the cellular conetituents of the blood. On the other hand, 

breed x radiation interaction was significantly (P = .05) 

established with respect to creatine va1es one day after 

Irradiation. The Flemish Giant and Polish breeds showed a 

()reater increase in creatine value than the New Zealand 

breed one day after irradiation. With regards to blood 
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uric acid, a difference was seen at two separate time 

events. One day after irradiation, both the Flemish Giant 

and Polish breeds showed a greater increase in uric acid 

values than the ew Zealand. While the New Zealand breed 

did show an insignificant increase in blood uric acid due 

ta irradiation that was manifested until the 2nd week per- 

iod, recovery was attained on the 4th week whereas both the 

Flemish Giant and Polish breeds took two weeks longer to 

return to normal. 

2. Test for Intestinal :otiiitx 

No s1ificant breed x radiation Interaction as a 

result of lOOr Irradiation were evident with respect to 

either scybala production or scybala weight. 

3. Test for Ear Vascularity 

As previmisly stated, the largest breed (Flemish 

Giant) had the largest central artery followed by the Uew 

Zealand (Intermediate breed) and the Polish (small breed). 

After xylene was locally applied to the ear 01' the irrad- 

lated animals, no evidence of breed differences was noticed 

with respect to the vasodilating effect of xylene. This 

would aparently signify that the irradiated Flemish Giant 

was the least affected by the xjlene, followed by the New 

Zealand, and that the Polish breed was greatly affected by 
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the Irritant. The initial and maximal responses to xylene 

among the three breed8 were Insignificant. However, after 

the subcutaneous injection of ethyl alcohol, the Flemish 

Giant showed a highly siniflcant vasodilating effect. 

These findings showed that the two vasodilatin drugs appar- 

ently varied in their effects with reference to breed in 

that the irradiated Polish rabbits showed a greater sensi- 

tivity to xylene while the irradiated Flemish Giant was 

the least sensitive. iith ethyl alcohol, the reverse was 

obtained. Epinephrine injections showed the same effect 

with respect to breed. The central artery of the Flemish 

Giant showed a sinificantly marked vasoconstriction as 

compared with the 'Jew Zealand and the Polish, the breed 

show1n the least vasoconstriction effect. The Polish also 

took longer to respond to the drue and maximal response was 

reached at a s1nif1cantly shorter time. 

Interactions of sex x radiation and sex x radiation x 

breed were not evident after the animals were exposed to 

lOOr whole body irradiation. 
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300r Whole Body X-Irradiation 
(Cumulative DseI 

Radiation Effects 

1. Chanee in the Blood Cellular Constituents 
8 

After the termination of the first experiment, the 

irradiated animals were exposed to an Irradiation dose of 

200r and thus received a cumulative dose of 300r. The re- 

suits of the least square analysis indicated that the 

effect of the additional 200r on the mìmber of erythro- 

cytes became hih1y significant (P = .01) which was appar- 

ent on the first day after the irradiation exosure (Table 

2: Figuree 1, 2, 3) . The reduction in erythrocyte number 

continued to rradual1y decline until the 10th week and no 

recovery process was evident at this time. This remark- 

able reduction of' erythrocyte number after a sub-LD5O 

fractionated dose would indicate that the irradiated ani- 

mais developed severe anemia. As suggested by Furth et al. 

(60) and Jacobson et al. (96), the destruction of hema- 

topoleitic tissue and thus the cessation of erythropoieisis 

that occurs in dogs, rabbits, rats, pigs, guinea p1s and 

mice after exposure to dosages in the LD5O range may be 

sufficient to account for the observed anemia. Histopath- 

ologic investigations show that erythropoieisis ceases 

within 24 hours after exposure to dosages in the LDO 
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range. The resilts observed from this study are in cOn- 

plete accord with the findings obtained by these workers 

since it has been definitely shown that a fractionated 

dose of irradiation below the LD5O range is sufficiently 

capable 0±' inducing severe anemia in rabbits. It is pos- 

sible that the LD5O dose for rabbits is lower than figures 

previously reported. 

An interesting observation was seen with respect to 

the number of leucocytes. The circulating leucocytes of 

the peripheral blood was not able to make any form of 

recovery after an exposure dose of lOOr until the 10th week 

post-irradiation period. As such, after an additional 

dose of 200r, a highly significant (P = .01) rediction in 

the number of leucocytes was observed until the 10th week 

oost-irradiation period (Table 3; Figures 4, 5, 6). The 

average leucocyte count after a 300r cumulative dose 

ranged from 2,246 - 6,068 cells per eu mm. A significant 

(P = .05) reduction in the amount of hemoglobin was like- 

wise observed one day after irradiation (Table 24, Figures 

7, 8, 9) . However, the greatest reduction was not observed 

until the 4th week post-irradiation period after which a 

gradual rise became evident, although by the 10th week post- 

irradiation period the hemoglobin values were still signif- 

icantly below normal values. The hematocrit values fol- 

lowed the same general pattern as that of the other 
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cellular blood constituents. A highly significant 

(P = .31) reduction in per cent heinatocrit appeared one 

dy after irradiation and recovery was not attained even 

on the 10th week post-irradiation period (Table 25; Figures 

10, 11, 12). 

2. Changes in the Blood Chemical Constituent 

Blood creatinine values were highly significantly 

(P = .01) increased one day after a cumulative dose of 

300r (Table 26; Figures 13, 14, 15). A progressive in- 

crease was noted until the 4th week post-irradiation per- 

bd and this was followed by a slight downward trend until 

the 10th week even though a return to normal values was 

not attained. Blood creatine was likewise highly signif- 

icantly (P = .01) affected by 300r cumulative dose of 

irradiation (Table 27; Figures 16, 17, 18). The severity 

of the effect of the 300r cumulative dose was obtained 

4 weeks after irradiation whereas in one case a very hiR)Ì 

creatine average value of' 0.72 mgm per cent was obtained. 

on the 6th week post-Irradiation period a slight decrease 

was noted which continied until the 10th week observation 

period. Complete recovery however, was not obtained since 

the blood creatine was still sinifioantly above the normal 

values. Blood uric acid which showed a definite sensitiv- 

ity after lOOr irradiation, was highly significantly 
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(F = .01) affected after an additional 200r radiation dose 

(Table 23; Figures 19, 20, 21). The Increase in blood 

uric acid was still evident during the 10th week post- 

irradiation period. A common characteristic as observed 

among the blood chemical constituents with respect to their 

sensitivity to ionizing radiation delivered at a cumulative 

exposure dose of 300r. The increase in values of these 

blood chamical constituents reached a maximum peak. at 

about the 4th week after irradiation and this was followed 

by a gradual decrease which was noticeable until the 10th 

week although complete recovery was not obtained. 

3. Test for Intestinal ioti1ity 

All the scybala counts are presented on an average 

per hour basis. Fro'rt Table 29 and Figures 22, 23 and 24 

it can be seen that after the injection of one ml of 

saline, the scybala production of the irradiated animals 

was significantly (P = .05) less than that of the non- 

irradiated animals. This significance was observed from 

the first hour after the injection. Since saline was 

specifically used in this study to determine the normal 

scybala production of the irradiated and non-irradiated 

animals, the observed significance would indicate that 

the irradiation potentiated this constipative effect. 

After the injection of 1 mg/kg of morphine however, no 
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significant difference was found between the control and 

irradiated animals with respect to the number of scybala 

nassed (Table 30; Figures 25, 26, 27). i3oth control and 

irradiated animals showed affinity for the constipative 

oroperties of i m/k of iorphine in that. they produced 

less scybala than when saline was injected. This lack of 

significance between the control and Irradiated animals 

after i mg/kg morphine wovld seem to indicate that the 

control animale were nore sensitive to the constipative 

effect of 1 m,/k of morphine. With a higher doso of' 

morphine (2 r!lWkß) a reter depressive effect was seen on 

the number of scybala bassed on both the control and ir- 

radiated animals (Thble 31; Fiurei 28, 29, 30). On the 

3rd and 7th observation periods it was noted that the 

irradiated animais paeed a einificantly greater number 

of scybala than the controls. N-ally1norrîorhine at 

10 me/kg likewise produced a constipative effect on both 

the irradiated and control anima1 (Table 32; Figures 31, 

32, 33). £he effect of n-allylnormorphino on the control 

animals was rouh1y equivalent to one-third the consti- 

pative effect of 1 ma/kg of morphine. This observation 

was found not to agree with the results obtained by Van 

Arsdel (150) wherein he found that n-allylnormorphine has 

one-tenth the effect of morphine on the intestinal tract. 

Results also showed that in all observation periods the 
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seybala passea. by the irradiated animals were sinif1oant1y 

(i = .05) 3reater than that of the controiB. orphirie 

( i mg/ks) + n-a11y1noriorphino ( 
10 /k) prodced a eon- 

stipat.ivo effect on both the control and irradiated animals 

comparable to that produced by n-allylnormorphine alone 

(Table 33; Figures 34, 35, 36). Apparently n-ailylnor- 

morphine antagonized the conatloative properties of mor- 

phine. As such, scybala production of irradiated animais 

were significantly (P = .05) greater than that of the con- 

trois. 

The weiht ol' scybala from the Irradiated animals 

showed no significant that of the control 

animais (Table 34, Figure 37, 38, 39). 3înce the scybala 

count showed significant differences between the control 

and irradiated animals, the lack of significance with 

respect to scybala weight would indicate that either a 

sex or breed difference existed (Tables 35 to 39; Figures 

40 to 51). 

4. Test for Ear Vascularity 

The size of the central artery of the ear of the Ir- 

radiated animals was significantly (P = .05) larger than 

that of the controls. (Table 39). After the local appli- 

cation of xylene, a highly significant (P .01) vasodlla- 

tion was observed in both the control and irradiated animals 
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although a similar significant difference with respect to 

the initial and maximum vasodilation response between the 

control and Irradiated animals was noted, Apparently 

ionizing radiation produced a s1if1cant vasodilation of 

the central artery of the ear of the irradiated animal and 

the local application of xylene did not further augment 

the vasodilation produced by the ionizing radiation. The 

central artery of the ear of the non-irradiated animals 

also showed a significantly (P = .05) faster initial 

response to the irritant and maximum response was likewise 

attained at a significantly (P = .05) shorter time. These 

observations would indicate that the central artery of the 

irradiated animals was greatly insensitive to the vaso- 

dilating action of xjlene. The central artery of the con- 

trol animals initially responded much faster to xylene and 

conversely, maximum 7aeodilation was reached at a shorter 

time than in the irradiated animals. 

The vasodilating effect of 2 nl of ethyl alcohol in- 

ject.ed subcitaneously significantly enhanced the vasodila- 

tion caused by the ionizing radiation (Table O). Although 

a significant (P = .05) vasodilation was observed on the 

central artery of the ear of the non-irradiated animals1 

the intensity of the vasodilation was significantly (P 

.05) lower than those observed on the irradiated animals. 

The central artery of the ear of the non-irradiated 
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animaiB showed a sin1Í'1oant1y (P = .05) faster initial 
and maximal response to ethyl alcohol. A sirdlar observa- 

tion was evident after the injection of epinephrine, a 

vasoconetricting drue (Table 41). The vasoconstriction 
produced by epinephrine significantly inhibited the vaso- 

dilation caused by the ionizing radiation. The iltial 
and maximal responses of the central artery of the ear of 

the non-irradiated animals to epinephrine were significant- 
ly (P = .05) initiated at a much faster and shorter time 

than that of the control animals. 

Breed x Radiation Interaction 

1. Chanpes in the Blood cellular 
Constituents of tfie Irradiiid Animals 

The effect of 300r cumulative dose of whole body 

x-irradiation was significantly (P = .01) more pronounced 

on the Flemish Giant breed. No Indication of recovery was 

evident during the entire 10 weeks post-irradiation period. 

Leukoponia was also significantly (P = .01) more evident 

in the Flemish Giant breed. Roughly about a 50 per cent 

redzction in leucocyte number was observed one day after 
irradiation and the number continued to decrease gradually 

until the 6th week post-irradiation period at which time a 

slight upward trend was noted. The radiosensitivity of 

the New Zealand and Polish breeds was of the saine 
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magnItude. No slnificant breed differences were found 

with respect to the hernoobin values at any of the periods. 

Radiation caused a siniuioant (P = .05) decrease in heino- 

g].obin values one day after Irradiation tri all breeds and 

these reduced hemoglobin values were fairly constantly 

maintained by all the breeds until the 10th week period. 

'o state of recovery was observed at any of the time 

periods. A reversed radiation effect was noted with 

regards to the hernatocrit values. The hematocrit value 

of the Fleniish Giant breed was found to be the least 

affected by the irradiation. It was also observed that 

the hematocrit values all irradiated presented 

an erratical pattern in that a state of recovery occurs 

at a certain specific period after which it will be follow- 

ed by a relapsed condition two weeks later. These devia- 

tions, however, were shown to be not statistically signif- 

i.e an t. 

2. Changes in the Blood Chemical Constituents 

A breed difference with respect to blood creatinine 

values was established two weeks after irradiation. The 

New Zealand breed showed significantly (P = e05) less in- 

crease in creatinine values compared to that of the Flemish 

Giant and Polish breeds. The highest average creatinine 



56 

value of 0.48 ¡ngrn per cent was obtained from the Flemish 

Giant breed 6 weeks after irradiation. The creatinine 

level of the LJew Zealand, on the other hand, never reached 

values above 0.40 mg per cent during the entire 10 week 

post-irradiation period. The effect of 300r cumulative 

dose did not significantly produce any breed differences 

with respect to the blood creatine and uric acid values. 

although the Flemish Giant breed had a slightly higher 

value of both than the New Zealand and Polish breeds. 

3. Test for Intestinal Notility 

A highly significant (P = .01) breed difference was 

observed during the entire 5 observation periods after the 

injection of saline. 0f the three breeds, the Polish breed 

produced the least number of scybala followed by the 

Flemish Giant and the New Zealand breeds. Since the 

scybala production after saline injection served as the 

control count, these findings would indicate that the 

irradiation induced a more severe constipative effect on 

the smallest breed. The number ol' scybala passed by the 

Flemish Giant was also significantly (P = .05) less than 

that of the ew Zealand breed. It would seem to indicate 

then, that overall, the constipative effects of 300r cumu- 

lative dose of whole body irradiation is more evident on 

the breeth3 posaes3in extreme variations in body size. A 
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si:n11ar significant difference exlßted after the adin1n1str 

tion of i /kp. morphine with the exception of one trne 

period. This occurred on the 3rd hour after the injection 

when the number of scybala passed by the Polieh and Flemish 

Giant breeds was the same, and was s.tgnificantly (P = .05) 

less than the scybala production of the New Zealand breed. 

At a higher dose of morphine (2 m/k), it was observed 

that the Flemish Giant breed was able to attain a state of 

recovery from the conatipative effects of the 2 mjkg of 

morphine eight hours earlier than either the New Zealand 

or the Polish breeds. Breed differences were also ob- 

served after the administration of n-allylnormorphine 

( 10 mg/kg) . N-allylnormorphine produced a constipative 

effect comparable to that produced by i rn/kß of morphine. 

This was clearly seen on the first and 15th hour after the 

administration. This would moan that nalline is roughly 

equivalent to one-tenth the effect of morphine when ad- 

ministered to irradiated animals. N-allylnormorphine 

(10 ms/kg) iven in combination with i m/k of morphine, 

appeared to antaßontze the constipative properties of 

morphine. A bree3 difference was nonetheless evident after 

the administration of these two drußs. 3oybala weights 

showed significant (P = .05) breed difference after the 

administration of all the drugs isod in this study. These 

results evidently confirmed the previous findings that the 



scybala weight is highly related to the number of scybala 

passed during a particular time period. 

4. 'rest for Ear VaBoularijr 

As had previously been seen after lOOr whole body ir- 

radiation, a significant vasodilation of the central 

artery of the ear of the irradiated animals occirred after 

300r cumulative dose of whole body irradiation. Earlier 

observations of the central artery of the ear of the con- 

trol animals showed that the size of the central artery is 

significantly related to breed in that the largest breed 

possessed the largest central artery. After 300r cumula- 

tive dose, no difference was seen with respect to the size 

of the central artery of the ear of the New Zealand and 

Flemish Giant breeds. This finding would indicate that at 

this particular irradiation dose, the New Zealand breed 

was more sensitive to the vasodilatin effects of ionizing 

radiation. After the local application of xylene, the 

Flemish Giant breed showed a eii1ficantly (P = .05) marked 

vasodilation compared with the New Zealand breed. The 

vasodilatinG effects of xylene on the central artery of 

the ear of the Polish breed was found to be comparable to 

that of the ew Zealand breed. Breed differences were 

also noted with regards to the initial and the maximal 

responses of the ear to the vasodilating effects of xylene. 
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The Flemish Giant breed showed the earliest initial re- 

sponse to xylene and at the same time maximal response was 

reached at a much earlier time. The New Zealand and Polish 

breeds on the other hand, showed no difference with respect 

to the time initial and maximal responses were attained. 

Ethyl alcohol injected subcutaneously at a dose of 

2 ml, likewise produced a ainificant (P = .05) vasodilat- 

in effect on the central artery of the ear of the irrad- 

lated animals. It was also observed that the vasodilat1n 

effect of ethyl alcohol was more marked than that produced 

by xylene. Another interesting observation made was that 

the three breeds responded differently from the vasodilat- 

inc:; effects of ethyl alcohol and xylene. The Polish breed 

was significantly (P = .05) more severely affected by 

ethyl alcohol than the New Zealand and Flemish Giant 

breeds. The New Zealand breed was the least affected by 

ethyl alcohol. A more rapid initial vasodilatin response 

to ethyl alcohol was initiated on the Polish breed while 

the New Zealand breed showed a significantly (P = .05) 

delayed response to ethyl alcohol. Maximum response was 

also reached at a a1nificantly (P = .05) faster tiae by 

the Polish breed while no difference in obtaining maximum 

response was apparent in the T'ew Zealand and Flemish Giant 

breeds. 

The subcutaneous injection of 2 ml of epineph.rine 
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(1:5,000) produced a significant (P = .05) vasoconstriction 

of the central artery of the ear of the New Zealand breed 

as compared with that of the Flemish Giant breed. The 

vasoconstricting effect of epinephrine on the Polish breed 

was comparable to that observed on the Flemish Giant breed. 

The initiation of vasoconstriction occurred significantly 

faster on the Polish and Flemish Giant breeds than with the 

'Jew Zealand. Maximum vasoconstriction likewise occurred 

earlier in the Flemish Giant and Polish breeds. 

3ex x Radiation_Interaction 

1. ChanRes in the i3lood Cellular Constituents 

The females were significantly more affected than the 

males after 300r cumulative dose of whole body irradiation 

with respect to the reduction in number of erythrocytes 

and leucocytes. The females likewise had significantly 

lower hemoglobin and hematocrit values than the males. 

The sex difference observed with respect to the number of 

erythrocytes and the hemoglobin values was apparently not 

induced by the irradiation since it had been previously 

found that in normal rabbits males showed a higher number 

of erythrocytes and hemoglobin values than the females. 

It would appear that the females are more susceptible to 

the effects of 300r cumulative dose of whole body 
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irradiation with respect to both the number of' leucocytes 

and hematocrit values. 

2. Changes in the Blood Chemical Constituents 
s 

Ionizing radiation was observed to exert a reversed 

sex effect with respect to the blood creatinine and creatine 

values. ilales were found to be more affected by irradia.- 

tion than females. No sex difference for blood uric acid 

was found. 

3. Test for Intestinal Moti1it 

The number of scybala passed by the females was sig- 

nificantly lower than by the males after the injection of 

1 ini of saline. This sex difference can be attributed 

directly to the effect of ionizing radiation since scybala 

counts after saline injection served as the control count. 

After the administration of 1 mg/kg of morphine sex dif- 

ferences were maintained with the exception of the scybala 

count made 15 hours after the administration. At this par- 

ticular time period no sex differences were noted and the 

scybala production was observed to be the same as the 

number of scybala passed 15 hours after saline injection. 

This would suggest that the constipative effects of 1 ms/kg 

of morphine were abolished 15 hours after its 
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administration. At higher doses of morphine (2 m/k) sex 

differences did not become evident until the 7th hour after 

injection. At this particular time period, the males 

produced a sinificant1y greater number of scybala than 

the females. It was also evident that 2 ras/kg of morphine 

was still exerting its constipative effects on rabbits of 

both sexes 15 hours after its administration. Il-allylnor- 

morphine at a dose of 10 mJk5, did not affect the two 

sexes differently. IJpon the injection of i me/kg of 

morphine + 10 ng/k of n-allylnormorphine a siificant 

sex difference for scybala production became evident in 

all 5 time periods. N-allylnormorphine (10 mJk) appears 

to completely antagonize the constipative properties of 

i me/kg morphine since the number of scybala passed when 

these drug combinations were injected was comparable to 

the number of scybala produced after the injection of 

io ms/kg of n-allylnormorphine alone. The scybala weights 

of the males were heavier than those of the females and 

this would agalu support the earlier finding that the 

ocrbala weight is directly related to the number of scybala 

nroduced. 

4. Test for Ear Vasoularttr 

The vasoconstricting effects of 300r cumulative dose 

of whole body irradiation did not differentially affect 



63 

the two sexes. The tnterisity of vasodilatiori of the cen- 

tral artery of the ear after the local application of 

xylene was the saine in the two sexes. The Initial and 

maximum responses to the vasodilating actions of xylene 

were reached simultaneously in both sexes. However, after 

the sbcutaneon.s Injection of 2 ml of ethyl alcohol, the 

females were observed to react more rapidly to the vaso- 

dilating effects of ethyl alcohol than the nales, although 

maximum vasodilation was apparently reached at the same 

time in the two sexes. The vasoconstriction induced by 

the subcutaneous injection of 2 ml of epinephrine (1:5,000) 

was observed to affect the male and female rabbits. The 

initial and maximum responses potentiated by epinephrine 

were noted to be the same in the two sexes. 

3ex x Breed x Radiation Interactior 

Although 300r cumulative dose of whole body irradia- 

tion was shown to initiate a siificantly marked reduction 

in number of erythrocytes in the females, the Flemish Giant 

males were seen to be more severely affected than the 

females. This was the only siiificant findinr with respect 

to a sex x breed x radiation interaction. 



Table 2. The mean red blood cell count of control and irradiated (lOOr) rabbits 
of three breads at different time intervals. 

fln T + rn i 

Breed 3ex I 

ew Zealand 

:'lemish riant 

M 

F 

F 

M 

F 

F 

ose(r) -14 1 i4 42 70 

O 6.2l7 6.382 6.117 5.928 5.743 5.958 5.965 

loo 5.921 5.245 5.592 6.108 5.295 5.652 5.529 

O 6.408 6.411 6.466 6.512 5.603 5.501 5.889 

100 5.808 5.726 5.771 5.585 5.323 5.287 5.277 

O 5.696 5.025 5.113 5.123 4.973 5.160 5.243 

loo 5.509 4.852 4.620 4.772 5.078 5.047 5.146 

O 5.268 4.974 4.950 4.850 5.118 4.937 4.950 

100 5.140 4.536 4.674 4.840 5.289 5.326 5.297 

M O 4.960 5.070 5.115 5.705 6.131 6.121 6.210 

M loo 5.627 4.826 5.231 5.055 6.526 7.012 7.166 
Polish 

F O 5.181 5.193 5.337 5.516 5.718 5.705 5.652 

- - - k 100 5.248 5.637 5.061 553 5.6O 5.611 5.822 
TInterva1s in relation to radiation, -14 = 14 days prior to and 14 = 14 days fol-. 

f) 
lowing radiation. This time interval designation will apply to all tables. 

./Red blood cell valies are reported in ni11ions/cu mm. 



Table 3. The mean white cell count of' control and Irradiated (lOOr) rabbits 
of three breeds at different time intervals. 

ed 

ew Zealand 

Fierai sb Giant 

Sex 

M 

M 

F 

F 

oser) -14_ - i 14 28 42 56 70 

o 9,078/ 9.325 8.795 8.130 9.083 9.850 9.986 

loo 8.366 5.431 6.243 5.787 7.025 7.346 8.186 

o 8.142 8.484 8.821 8.293 7.965 8.453 7.897 

100 8.338 5.873 5.347 5.208 6.508 7.045 7.386 

M O 12.336 9.431 9.046 10.581 9.778 9.865 10.012 

100 10.839 4.721 5.432 5.568 6.575 7.089 7.213 

F O 9.565 7.850 3.037 8.309 8.914 8.848 8.926 

F 100 9.257 4.337 3.679 4.983 5.928 6.183 6.425 

M O 7.895 9.400 8.642 8.960 10.091 10.016 10.029 

M 100 10.306 5.612 5.518 6.011 7.418 7.416 7.652 
Polish 

F O 9.843 8.762 8.650 9.375 9.392 9.312 9.357 

F 100 11.558 4.304 5.195 4.836 6.608 6.623 6f904 
JWhIte blood cells are reported in thousands/cu mm. 



Table 4. The mean hemoglobin values of control and irradiated (lOOr) rabbits of 
three breeds at different time intervals. 

Breed Sex Dose(r) -14 1 14 
Day Intervals 

28 '12 70 

M O 1l.96" 11.75 11.86 12.06 11.71 11.92 11.63 

M 100 11.94 11.70 11.26 11.55 11.45 11.67 11.06 
New Zealand 

F 0 11.86 11.36 12.03 12.55 12.06 12.07 11.84 

F 100 11.55 10.94 11.95 11.63 11.54 11.26 11.85 

Flemish Giant 

O 11.74 10.68 10.71 11.43 11.30 11.05 11.12 

M 100 11.40 10.32 10.24 9.85 10.34 10.62 11.17 

F 0 11.48 11.18 11.06 10.88 10.73 10.79 11.20 

F 100 11.47 10.43 10.01 10.25 10.20 10.38 10.82 

M 0 10.35 11.88 11.90 11.68 11.70 11.60 11.37 

M 100 10.98 11.00 10.83 11.45 11.95 12.25 12.42 

Polish 
F O 10.40 10.72 10.50 12.80 12.20 11.97 12.05 

F 100 10.73 9.77 10.85 10.83 10.75 10.80 10.78 

1fHemoglobin values are reported in gms/100 ml of blood. 



Table 5. The mean hematocrit values of control and irradiated (lOOr) rabbits of 
three breeds at different ti.rne intervals. 

- -- - --------- ------- 
Breed Sex Dose(rI -14 1 14 

Day Intera1 
28 42 56 

M O 38.00' 37.33 38.66 39.83 39.41 38.33 38.83 

M 100 37.75 33.50 35.00 33.00 32.00 37.00 36.50 
New Zealand 

F O 37.50 36.00 36.50 41.50 39.12 37.62 36.25 

F 100 36.16 32.83 32.00 33.00 32.41 34.66 35.00 

O 9.50 37.50 38.00 38.50 33.50 38.00 39.00 

100 38.29 31.42 32.14 33.57 36.00 36.57 36.00 
Flemish Giant 

F 0 37,75 37.25 36.25 38.50 37.75 37.50 37.25 

F 100 38.33 30.83 29.50 33.00 34.00 33.66 35.66 

M 0 36.50 42.33 39.33 42.66 39.33 38.33 40.33 

M 100 38.50 33.75 32.25 36.50 36.25 37.00 37.00 

Poil sh 
F 0 37.75 39.50 36.25 43.50 40.50 38.50 38.50 

F 100 37.66 32.00 35.16 34.66 35.33 35.66 35.66 

Flematocrlt values are reported in volume per cent. 



Table 6. The aean creatinine values of' control and irradiated (lOOr) rabbits of 
three breeds at different tiìe intervals. 

Breed E3ex Dose(r) -14 

- 

1 
Day 

14 
Intorval 
28 56 

M O O.l5 0.15 0.15 0.15 0.15 0.14 0.14 

M 100 0.16 0.18 0.19 0.27 0.19 0.19 0.17 
ew Zealand 

F O 0.16 0.15 0.15 0.15 0.15 0.14 0.15 

F 100 0.16 0.20 0.20 0.26 0.19 0.18 0.17 

M 0 0.21 0.21 0.22 0.22 0.21 0.21 0.19 

M 100 0.21 0.27 0.31 0.30 0.20 0.27 0.24 
Flemish Giant 

F 0 0.21 0.21 0.21 0.21 0.21 0.21 0.21 

F loo 0.20 0.27 0.32 0.33 0.32 0.29 0.24 

M 0 0.15 0.14 0.14 0.15 0.15 0.14 0.14 

M 100 0.15 0.18 0.20 0.19 0.19 0.13 0.17 
Polish 

F 0 0.15 0.14 0.14 0.14 0.14 0.15 0.15 

F 103 0.15 0.19 0.21 0.18 0. .1 0.16 

L"creatinine values are reported in mgm/100 ml of blood. 



Table 7. The mean creatine valies of control and irradiated (lOOr) rabbits of 
three breeds at different tine intervals. 

j3reed Sex Dose(r) -14 1 
Day 

l24 

Interval 
28 2 6 70 

M O O.49! 0.48 0.48 0.47 0.46 0.45 0.44 

M 100 0.48 0.51 0.58 0.52 0.49 0.48 0.46 
New Zealand 

F O 0.48 0.48 0.46 0.48 0.45 0.43 0.40 

F lOO 0.45 0.49 0.55 0.51 0.51 0.48 0.47 

M O 0.46 0.46 0.45 0.45 0.46 0.46 0.44 

M 100 0.45 0.54 0.58 0.57 0.56 0.49 0.48 
Flemish Giant 

F 0 0.46 0.47 0.48 0.47 0.45 0.45 0.44 

F 100 0.46 0.54 0.55 0.54 0.52 0.50 0.47 

M 0 0.44 0.44 0.44 0.44 0.44 0.43 0.44 

M 100 0.44 0.54 0.54 0.51 0.49 0.46 0.45 
Polish 

F 0 0.45 0.45 0.46 0.47 0.46 0.45 0.45 

F 100 0.43 0.53 0.56 0.54 0.51 0.46 0.45 

!/Creatine values are reported in mm/100 ml of blood. 



Table 3. The riean irle acid values of control and irradiated (lOOr) rabbits of 
three breeds at different time intervals. 

Breed Sex Dosefr) 

- 

-1 i 

Day 
14 

Interval 
28 42 70 

: o 2.59/ 2.58 2.61 2.66 2.55 2.58 2.49 

M 100 2,62 2.85 3.08 2.78 2.63 2.81 2.79 
New Zealand 

F O 2.62 2.48 2.45 2.54 2.57 2.51 2.51 

F 100 2.62 2.38 3.13 2.93 2.83 2.92 2.72 

0 2.23 2.22 2.34 2.42 2.45 2.51 2.51 

100 2.21 3.07 3.21 3.29 2.98 2.76 2.69 
Flemish Giant 

F 0 2.21 2.29 2.29 2.22 2.08 215 2.05 

F 100 2.23 3.01 3.33 3.40 3.22 2.88 2.75 

M 0 2.53 2.58 2.55 2.52 2.52 2.55 2.54 

M 100 2.70 3.41 3.18 3.45 3.00 2.90 2.90 
Polis h 

F 0 2.61 2.87 3.12 2.93 2.83 2.92 2.72 

F 100 2.63 3.03 3.34 3.53 2.97 2.86 - 2.90 

acid values are reported in mgn/10O ml of blood. 

o 



Table 9. The average per hour scybala count of control and irradiated (lOOr) 
rabbits after i cc saline. 

Breed Sex Dose(r) 
Hours arter Urug administration 

5 - 7 

M 0 26.50 21.00 25.95 25.40 10.35 

100 29.62 20.60 24.25 25.75 9.46 
flew Zealand 

F 0 36.37 11.00 26.55 24.60 8.85 

F 100 22.16 22.33 24.50 19.70 9.83 

Flemish Giant 

O 35.25 25.80 28.55 28.15 10.10 

M L)0 27.42 22.70 36.00 25.25 9.84 

F O 33.87 30.40 3k.00 30.75 10.40 

F 100 41.33 27.30 30.80 26.00 8.73 

0 10.00 15.80 24.26 29.65 11.28 

100 19.50 13.25 25.50 23.35 12.28 
Poli s h 

F 0 7.25 13.50 28.85 31.00 11.28 

F loo 4.8 14.05 _21.15 25.40 12.3 

F-' 



Table 10. The average per ho1r scybala count of control and irradiated (lOOr) 
rabbits after i mm/kgm morphine sulfate. 

Breed 3ex Dose(r) 
Hours 

1 

after drug administration 
7 

0 3.42 1.80 6.05 11.70 8.00 

luO 18.00 1.88 8.30 10.90 6.71 
'ew Zealand 

F 0 15.50 2.69 5.55 10.05 7.29 

F 100 15.83 2.16 3.95 8.45 7.62 

Flemish Giant 

M 0 28.12 0.06 1.62 4.06 7.58 

100 30.71 0.71 2.92 8.25 7.56 

F 0 23.12 0.56 2.37 4.18 6.58 

F 100 22.50 0.91 2.8 6.40 6.68 

M 0 5.33 1.25 4.66 10.65 9.12 

M 100 14.00 0.01 6.35 3.87 6.37 
Polish 

F 0 1.75 0 3.12 7.25 8.37 

F 100 2.16 3.9]. 8.65 5.00 (.26 



Table 11. The average per hour scybala count of control and irradiated (lOOr) 
rabbits after 2 mgm/kgm morphine sulfate. 

f3reed Sex Dose(r) 
Hours after drg administration 

3 - 5 7 15 

M O 10e33 0 4.29 6.54 8.17 

M loo 14.75 0 4.93 11.35 8.81 
Mew Zealand 

F O 1562 0.06 1.37 7.00 8.79 

100 18.00 0.08 2.79 8.50 8.92 

0 3.87 0.19 0 8.60 5.76 

M loo 4.28 0.50 0 6.25 4.42 
Flemish Giant 

F 0 8.37 0.31 0.06 2.12 5.43 

F 100 5.83 0.33 0.16 13.25 7.04 

M 0 2.16 0.08 0.33 4.17 6.89 

M loo 10.00 0.62 0.12 2.12 7.02 
Polish 

F 0 4.50 0 0.25 2.75 6.65 

F 100 6.16 0.25 1.33 4.41 6.Oi 



Table 12. The averae per hour scybala count of cortro1 and irradiated (lOOr) 

rabbits after 10 mm/kgin n-allylnormorphine. 

-- Hoirs after druß ad1ni8tration 
Breed Sex Dose(r) 3 -- 5 7 15 

M O 16.14 8.90 25.25 31.00 13.f3 

M 100 18.62 8.35 21.80 26.75 13.15 
New Zealand 

F O 17.25 7.87 18.00 24.40 13.68 

F 100 10.00 4.04 22.55 2595 12.26 

M 0 29.25 8.15 21.05 24.65 13.96 

loo 20.42 4.71 19.10 28.70 13.07 
Flemish Giant 

F 0 17.12 5.10 19.35 28.40 14.01 

F loo 23.50 11.50 24.83 30.66 12.29 

0 14.83 7.50 21.16 25.90 13.85 

M loo 23.75 5.37 22.50 23.75 12.34 
Polish 

F 0 6.25 3.12 17.25 29.25 12.65 

F 100 10.00 6.25 21.40 31.75 14.32 

-fr 



Table 13. The average per hoar scybala count of control and irradiated (lOOr) 
rabbits after i mgm/kgm morphine sulfate + 10 mgrn/kgm n-allylnor- 
morphine. 

Breed Sex se) 
hours 

- 
airer 
3 

aru aaminie&ra&ion 
5 7 15 

M 0 9.66 9.66 24.95 28.75 11.61 

100 8.62 8.43 23.85 28.80 11.91 
New Zealand 

F 0 18.75 8.40 22.80 32.35 12.71 

F 100 8.16 9.75 25.20 33.95 14.21 

Flemish Giant 

M 0 9.25 7.25 20.80 26.30 11.57 

M 100 16.14 13.57 22.28 28.85 14.60 

F 0 9.87 14.12 16.56 25.62 13.87 

F lOO 9.83 8.16 18.50 25.50 12.04 

M O 13.50 8.17 19.33 29.33 12.37 

M 100 10.50 10.50 29.37 26.37 11.41 
Polish 

F O 19.50 8.12 22.87 28.25 13.12 

F 100 10.66 8.33 20.83 26.00 12.60 

t-n 



Table 14. The average per hour scybala weight (gma) of' control and irradiated 
(lOOr) rabbits after i cc saline. 

- Hors after drig administration 
Breed x _po(r) I 3 5 7 15 

M 0 5.79 4.44 5.00 4.64 2.08 

M loo 5.68 3,47 4.08 3.97 2.29 
New Zealand 

F O 7.12 2.50 4.91 5.84 1.99 

F 100 4.67 4.48 4.88 4.55 2.00 

M 0 7.37 4.41 4.95 5.36 1.73 

M 100 5.44 4.03 6.23 4.09 1.75 
Flemish Giant 

F 0 6.95 5.60 5.76 5.31 1.76 

F 100 8.32 5.03 5.68 4.65 1.35 

M 0 0.89 1.37 2.00 2.30 1.38 

M 100 1.87 1.04 2.62 2.77 1.73 
Poll. s h 

F 0 0.66 1.12 2.30 2.54 1.63 

F 100 0.57 1.22 1.84 2.11 l.68_ 



Table 15. The average per hour scybala weight (gais) of control and irradiated 
(lOOr) rabbits after i rngm/kgm morphine sulfate. 

Breed 3ex Doser) I 

Hourifter 
3 

diig 
5 

admInistration 
7 15 

pI 0 0.68 0.41 1.09 2.08 1.39 

loo 2.69 0.50 1.47 1.54 1.07 
New Zealand 

F 0 3.34 0.69 1.50 2.06 1.34 

F 100 2.79 0.47 0.92 1.80 1.35 

M O .26 0.03 0.68 1.37 1.33 

M 100 5.21 0.50 1.25 1.85 1.38 

Flemish Giant 
F 0 4.84 0.22 0.91 1.18 1.04 

F 100 4.80 0.38 0.81 1.63 1.11 

0 0.63 0.24 0.73 1.38 0.78 

100 0.86 0.06 0.77 0.85 0.60 
Polish 

F 0 0.69 0 0.81 1.39 0.91 

_F 100 0.46 5 1.16 0.72 0.57 



Table 16. The average per hour scybala weight (gins) of control and irradiated 
(lOOr) rabbits after 2 mgm/kgm morphine sulfate. 

Breed Sex Dose(r) 
Hours after dru 

5 
administration 
- ji 15 

M 0 2.02 0 0.72 1.16 1.42 

M loo 3.35 0 0.93 1.93 1.36 
ew Zealand 

F 0 3.01 0.02 0.28 1.34 1.46 

F 100 3.58 0.03 0.49 1.75 1.47 

Flemish Giant 

M 0 1.29 0.10 0 1.69 1.05 

M loo 1.51 0.32 0 1.76 0.75 

F 0 2.15 0.19 0.03 0.98 0.98 

F 100 1.70 0.21 0.10 2.50 1.18 

M O 0.71 0.03 0.13 1.05 0.85 

100 2.21 0.23 0.10 0.570 0.85 
Polish 

F 0 2.06 0 0.10 0.10 0.97 

F 100 1.40 0.13 0.43 1.02 O.74 

co 



Table 17. The average per hour scybala we1ht (gms) of control and irradiated 
(i3cr) rabb1t after 10 rng/kgm n-allylnormorphine. 

Hours after dTiii ii[n1strÌn 
Breed Bex Dosekr i 7 - 15 

M O 3.15 1.67 3.38 4.34 1.87 

M loo 3.00 1.49 2.87 3.62 1.80 
ew Zealand 

F 0 3.24 1.45 2.75 3.51 1.38 

F 100 2.20 0.89 3.07 3.73 1.75 

0 5.46 1.77 3.62 4.00 1.9]. 

M 100 4.15 1.39 3.42 4.94 1.87 
Flemish Giant 

F 0 3.65 1.42 3.39 4.49 1.99 

F 100 5.26 2.28 4.20 4.34 1.74 

M 0 2.70 1.54 3.08 3.34 1.48 

loo 4.16 1.65 3.12 2.75 1.35 
Poli eh 

F 0 1.37 0.57 2.17 2.73 1.17 

F 100 1.94 i.6 2.64 3.46 1.44 



Table 18. rhe average per hour scybala weight (gma) of control and irradiated 
(lOOr) rabbits after 1 mg!i/kgm morphine sulfate + 10 rngm/kgm n-allyl- 
normer phine. 

Hours after drug administration 
lireed 3ex ae(r) 3 5 T5 

M 0 1.97 1.59 3.55 3.92 1.70 

M 100 1.85 1.59 3.34 3.75 1.65 
New Zealand 

F 0 3.44 1.68 3.11 4.13 1.78 

F loo 1.96 1.78 3.46 4.84 1.85 

Flemish Cliant 

M 0 2.14 1.65 3.71 4.28 1.77 

M 100 3.61 2.40 3.61 4.34 1.98 

F 0 2.40 2.56 2.99 4.14 1.86 

F lOO 2.41 1.99 3,17 4.47 1.80 

M 0 2.26 1.09 1.70 2.72 1.05 

M 100 1.55 1.04 2.07 2.10 0.78 
Polish 

F Q 2.17 1.08 1.86 2.36 1.04 

luO 1.02 0.86 1.83 2.17 0.94 



Table 19. The average size of the central artery of the ear and appearance of re- 
sponse of control and irradiated (lOOr) rabbits after xylene. 

3ize of central artery jcm) Appearance of reponse (secs) 
Before After Differ- Differ- 

Breed $ex Dosjr)_ xylene xylene ence Minimum Maximum _ence 

M 0 0.43 0.59 0.16 9.5 26.7 17.2 

M 100 0.42 0.60 0.18 8.8 21.7 12.9 
ew Zealand 

F 0 0.41 0.62 0.21 10.5 24.2 13.7 

F loo 0.41 0.61 0.20 12.0 22.8 10.8 

M 0 0.54 0.69 0.15 7,3 16.2 8.9 

M 100 0.52 0.64 0.12 10.1 21.2 11.1 
Flemish Giant 

F 0 0.53 0.68 0.15 17.6 29.8 12.2 

F 100 0.49 0.61 0.12 12.0 22.8 10.8 

M 0 0.37 0.51 0.14 12.3 25.3 13.0 

M 100 0.42 0.57 0.15 12.7 21.5 8.8 
Pol i ah 

F 0 0.35 0.48 0.13 15.5 26.5 11.0 

F loo 0.45 0.58 0.13 10.5 17.l_ 6.6 

I-J 



Table 20. The average size of the central artery of the ear and appearance of re- 

sponse of control and irradiated (lOOr) rabbits after 95,, ethyl alcohol. 

ze or centrai. artery earance or response tsecs 
Before After 
ethyl ethyl Differ- Differ- 

Breed Sex se(r) alcohol alcohol ence Minimum Maxl!num ence 

M 0 0.45 0.57 0.12 47.0 76.5 29.5 

M 100 0.45 0.54 0.09 38.3 67.8 29.5 
New Zealand 

F 0 0.48 0.58 0.10 65.3 92.0 26.7 

F 100 0.48 0.57 0.09 62.3 80.0 17.7 

M 0 0.70 0.20 41.0 53.1 12.1 

M 100 0.51 0.70 0.19 65.0 85.5 20,5 
Flemish Giant 

F 0 0.50 0.67 0.17 55.8 73.3 18.0 

F 100 0.58 0.71 0.13 62.3 80.0 17.7 

M 0 0.45 0.65 0.20 47.0 61.1 14.1 

M 1CO 0.42 0.47 0.05 24.2 40.7 16.5 
Polish 

F 0 0.43 0.51 0.08 25.2 41.5 16.3 

F 100 0.45 0.56 0.11 19.8 33.1 13.3 



Table 21. The average size of the centrai artery of the ear and appearance of re- 
sponse of control and irradiated (lOOr) rabbits after epinephrine (1:5,000) 

3lzo of central artery (ci) Apearce ãfreipnii secs) 
Before After 
epineph- epineph- Differ- Differ- 

Breed Bex Dose(rI nne nne ence M1niwurnLairnuLn ence 

M O 0.55 0.44 0.11 47.2 93.5 46.3 

M lOO 0.56 0.43 0.13 43.3 127.8 84.5 
New Zealand 

F 0 0.58 0.43 0.15 45.]. 30.6 35.5 

F 100 0.58 0.49 0.09 63.5 92.8 29.3 

0 0.66 0.49 0.17 65.7 78.3 12.6 

M 100 0.68 0.53 0.15 50.8 59.7 8.9 
Flemish Giant 

F 0 0.64 0.45 0.19 106.7 118.1 11.4 

F 100 0.59 0.47 0.12 63.5 72.8 9.3 

M 0 0.39 0.33 0.36 71.0 77.6 6.6 

100 035 0.25 0.10 78.2 85.7 7.5 
Polish 

F 0 0.39 0.35 0.04 96.5 111.0 14.5 

100 O.)9 O.,2 0.07 122.3 128.3 6.5 



Table 22. The uiean red blood cell count of control and irradiated (3OOr)'/rabbits 
of three breeds at c3ifferent time intervals. 

Breed 

ew Zealand 

F1entsh Giant 

M 

M 

F 

oserj -.L1 5ö 10 

O 5.923k" 5.(20 5.778 5.300 5.832 5.858 5.838 

300 5.982 5.150 4.849 4.794 4.771 4.833 4.995 

C) 5.796 5.594 5.633 5.640 5.668 5.661 5.645 

300 5.800 4.309 4.243 4.192 4.165 4.184 4.210 

M O 5.416 5.443 5.424 5.441 5.457 5.484 5.505 

i'1 300 5.996 4.385 2.676 2.620 2.017 2.027 2.050 

F 0 5.053 5.0b2 5.315 5.318 5.381 .421 5.462 

F 300 5.800 4.525 3.359 3.330 3.306 3.310 2.766 

M 0 6.199 6.314 6.400 6.412 6.430 6.476 6.496 

F.'I 300 6.446 5.495 5.176 5.126 5.083 3.560 3.571 
Polish 

F O 5.793 5.867 5.918 5.948 5.972 5.965 5.998 

J 3QQ 5.8?5_ 5!P47 4.851 3.973 3.943 4.O0 4.056 
/3OOr cumulative dose of whole body irradiation. This des1nation will apply to 

J 
,all the succeeding tables. 

i/Red blood cell values are reported in millirris/cu mm. 



Table 23. The mean white blood cell count of control and irradiated (300r) rabbits 
of three breeds at differert time intervals. 

------------- 

- T3re ed 3 ex Do s e 
Day intervaF 

( r) T7TT .j 2 6 

M O lO.O75J 9.655 9.936 10.009 10.036 9.631 9.520 

M 300 9.126 4.735 .803 4.432 4.246 5.503 6.067 
New Zealand 

F O 8.795 8.942 8.791 8.858 8.879 9.250 8.587 

F 300 7.960 3.8f0 3.919 3.560 3.410 4.385 5.262 

M O 10.509 10.393 10.306 10.300 10.218 10.096 10.271 

M 300 7.703 4.016 3.450 ).266 3.050 3.508 3.533 Flemish (3iant 
F 0 9.433 9.445 10.137 10.116 10.229 10.312 10.362 

F 300 7.221 3.557 2.403 2.246 2.267 2.496 2.428 

M 0 9.850 9.903 9.903 9.817 9.896 9.953 9.996 

M 300 7.583 5.166 4.283 4.266 4.221 3.408 3.808 
Polish 

F 0 9.431 9.775 9.837 9.887 9.937 9.968 10.012 

_____________ F 33Q _ï?9_J'.9?9_ 4.333 3.750 3.619 3.983 4.37 
White blood cells are reported in thousands/cu mm. 

J1 



Table 24. The mean hemoglobin val.ies of control and irradiated (300r) rabbits of 
three breed3 at different time intervals. 

Breed 3ex 

New Zealand 

Flemish Giant 

M 

M 

F 

F 

uoseri -.v+ i. iL'. 

O 11e43 11.60 12.37 11.90 12.21 12.33 12.44 

300 10.94 10.52 9.83 9.12 8.94 9.00 9.87 

0 11.28 10.88 11.60 11.45 11.58 11.60 12.00 

300 11.46 8.30 8.65 8.34 7.84 3.67 8.73 

M O 11.80 11.92 11.90 12.03 12.22 12.35 12.63 

M :oo 11.30 9.86 9.f)3 9.33 9.26 9.63 10.00 

F O 11.23 11.38 11.41 11.56 12.06 12.46 12.55 

F 300 11.25 9.37 9.13 9.10 9.23 9.73 10.03 

M O 13.57 12.50 12.62 12.64 12.77 12.84 12.82 

M 300 12.70 10.56 9.73 9.73 9.76 6.96 7.13 
Polish 

F O 13.30 12.92 13.02 13.25 13.15 13.22 13.37 

- F 3OO12.O 10.41 9.85 8.31 8.31 8.70 8.96 

Hemoglobin val.ies are reported in grns/100 ml or blood. 



Table 25. The 'nean he;natoerit va1ue of control and irradiated (300r) rabbits of 
three breeds at ilfferent time intervals. 

Day interval 
Breed Sex 1se(r) -14 i 14 2ff 42 56 

M O 3T.18" 37.36 37.72 38.09 37.09 37.54 37.81 

M 300 36.71 27.00 30.14 30.85 29.71 29.42 30.85 
ew Zealand 

F 0 38.16 38.50 37.66 38.33 37.33 37.16 36.16 

F 300 38.20 26.60 27.40 26.00 25.20 30.10 28.00 

M O 37.50 37.37 37.25 37.12 37.50 37.00 37.25 

M 300 38.66 33.33 34.00 36.00 34.00 31.33 33.33 
E'1enish 1ant 

F 0 36.66 37.00 36.33 36.66 36.83 36.66 36.66 

F 300 3(.33 30.66 31.33 32.00 31.66 31.33 30.00 

M 0 38.85 39.14 40.7 39.71 39.57 39.42 39.85 

M 300 36.66 29.66 28.00 29.33 30.00 32.00 33.33 
Poli eh 

F 0 38.00 39.00 40.25 40.75 40.50 39.50 40.50 

F 300 37.00 !O.60 2A.33 2I'O 2Qn 27f 2P 

Hernatocrit values are reported in volume per cent. 



Table 26. The mean creatinine values of control and irradiated (300r) rabbits of 
three breeds at different time intervals. 

Breed Sex 

?\Jew Zealand 

Flemish Giant 

M 

M 

F 

F 

Day interva.i_ 
oser) -14 I 14 23 42 

o O.l5/ 0.15 0.14 0.14 0.14 

300 0.16 0.34 0.34 0.35 0.34 

0 0.16 0.16 0.16 0.16 0.16 

300 0.14 0.28 0.30 0.30 0.28 

o 14 

0.30 

0.16 

0.25 

0.14 

0.27 

0.16 

0.22 

0 0.16 0.16 0.16 0.15 0.15 0.15 0.15 

M 300 0.15 0.38 0.42 0.46 0.48 0.43 0.36 

F 0 0.16 0.16 0.16 0.16 0.1 0.15 0.15 

F 300 0.16 0.35 0.41 0.44 0.43 0.40 0.32 

M O 0.14 0.14 0.14 0.14 0.14 0.14 0.14 

M 300 0.14 0.37 0.41 0.43 0.40 0.32 0,31 
PO i i. s h 

F O 0.14 0.14 0.14 0.14 0.14 0.14 0.14 

- 300 0.13 0.33 0.3L 0.33 0.31 0.28 0.25 

Creatinine values are reported in mn/100 ml of blood. 



Table 27. The mean creatine values of control and irradiated (300r) rabbits of 
three breeds at different time intervals. 

- Day interval 
Breed Sex Dose(r) -14 1 - 14 _28 42 - 56 70 

O O.43/ O.i4 0.43 0.43 0.43 0.43 0.43 

300 0.47 0.60 0.65 0.66 0.61 0.57 0.54 
New Zealand 

F 0 0.43 0.43 0.43 0.43 0.43 0.43 0.43 

F 300 0.43 0.51 0.54 0.56 0.53 0.50 0.46 

M 0 0.42 0.42 0.42 0.41 0.41 0.41 0.41 

A 300 0.41 0.56 0.62 0.67 0.69 0.62 0.53 
Flemish Giant 

F 0 0.46 0.45 0.45 0.45 0.45 0.45 0.45 

F 300 0.45 0.66 0.69 0.72 0.68 0.61 0.56 

M 0 0.39 0.39 0.39 0.38 0.38 0.42 0.40 

M 30c) 0.33 0.60 0.64 0.64 0.58 0.51 0.53 
Poli eh 

F 0 0.35 0.36 0.35 0.35 0.35 0.35 0.34 

- F 300 0.31 0.57 0.61 0.54 0.49 0.45 0.42 

2/'Creatine values are reported in mrrVlO0 ml of blood. 

co 



Table 28. The 'neai ric acid values of control and irradiated (300r) rabbits of 
three breeds at different time intervals. 

Day interval - 
t3reed 3ex Dose(r) -14 1 14 28 42 56 70 

M O 2.531 2.52 2.51 2.50 2.49 2.49 249 

M 300 2.69 4.03 4.21 4.28 3.97 3.51 3.32 
\Tew Zealand 

F 0 2.52 2.55 2.51 2.45 2.44 2.46 2.59 

F 300 2.28 3.43 3.65 3.73 3.40 3.16 2.84 

M 0 2.51 2.49 2.48 2.45 2.43 2.42 2.46 

M 300 2.28 3.67 4.38 4.55 4.65 3.96 3.04 
Flemish Giant 

F 0 3.19 2.19 2.20 2.23 2.23 2.21 2.24 

F 300 2.38 4.25 4.69 4.93 4.79 4.20 3.76 

M 0 2.18 2.10 2.15 2.16 2.16 2.13 2.13 

M 300 2.47 3.89 4.15 4.35 3.86 3.77 5.13 
Polish 

F 0 2.25 2.22 2.25 2.25 2.25 2.22 2.20 

F 300 2.41 4.30 4.41 3.86 3.53 3.09 2.85 

Uric acid values are reported in m5m/100 ml of blood. 

o 



Table 29. The mean scybala count at different time intervals of control and 
irradiated (300r) rabbits of three breeds after i cc saline. 

Breed Sex Dose(r) 
Flours 

I 

arter 
3 

drug administration 
5 7 13 

M 0 33.72 22.72 16.09 18.36 12.37 

M 300 50.42 19.35 17.45 15.42 12.00 
New Zealand 

F 0 39.66 14.25 10.16 13.08 10.35 

F 300 31.10 14.25 18.80 13.30 10.56 

Flemish Giant 

M 0 36.00 23.87 19.68 22.25 11.0 

M 300 36.66 23.00 19.00 25.50 10.75 

F 0 55.66 17.75 21.25 22.41 11.31 

F 300 18.14 6.35 8.42 9.85 5.19 

M 0 14.71 25.28 33.00 16.23 10.42 

M 300 13.33 9.83 12.33 15.33 7.79 
Polish 

F C 19.50 14.50 17.62 22.62 11.40 

F 300 4.83 _8.58 11.00 18.33 10.50 

'C 
I-1 



Table 30. The average per hour ecybala count of control and irradiated (300r) 

rabbit8 after i mgkgm uiorphine sulfate. 

Hours after dy administration 
treed Sex Dose(r) 1 3 5 7 15 

M O 27.18 1.13 7.86 19.04 12.85 

300 37.28 5.07 15.00 22.0() 12.51 
New Zealand 

F O 39.33 1.00 5.08 18.58 13.41 

F 300 36.60 0.35 5.95 17.30 11.49 

M 0 26.75 3,06 14.81 15.50 10.72 

M 300 22.85 1.50 15.67 21.0 12.08 
Flemish Giant 

F 0 21.16 4.33 6.75 14.3 10.42 

F 300 5.66 2.33 0.83 8.17 11.58 

M 0 23.28 3.14 11.14 14.72 9.73 

M 300 10.66 2.00 2.00 8.50 5.67 
Polish 

F 0 9.00 0.00 3.38 9.75 10.06 

F 300 3.83 0.67 2.92 7.83 8.13 

r) 



Table 31. The average per hour scybala count of control and Irradiated (300r) 
rabbits after 2 rngra/kgm morphine sulfate. 

Nor8 artor ari administration 
Breed ex Dose(r) i 3 5 7 

o 27.54 0.14 0.045 2.68 6.83 

M 300 37.57 0.29 0.214 1.28 8.00 
New Zealand 

F 0 35.33 0.08 0.08 2.67 6.54 

F 300 34.00 0.40 0.60 3.80 5.46 

M 0 33.87 0.31 0.18 2.75 8.64 

M 300 24.00 0.83 0.167 12.67 9.54 
Flemish Giant 

F 0 41.16 0.08 0.08 8.08 9.65 

F 300 27.00 0.71 0.285 5.83 5.88 

M 0 31.57 0.07 0.07 1.79 7.39 

M 300 25.50 0.00 0.00 3.25 6.31 
P011 sh 

F 0 21.00 0.00 0.00 2.13 7.34 

t 0tJ 23,66 0.25 0.33 4.33 650 



Table 32. The averae per hour cyba1a count of control and irradiated (300r) 
rabbits after 10 nm/krn n-allylnormorphine. 

Hours aer_dru administration 
Breed ex Do30(r) i 3 7 15 

o 23.54 6.00 10.95 21.86 12.00 

M 300 40.35 10.36 ¿1.43 25.64 10.95 
New Zealand 

F O 2.83 5.75 10.25 15.75 11.19 

F 300 30.10 9.00 16.30 22.40 10.90 

M 0 23.00 9.63 19.25 21.69 11.28 

M 300 29.33 9.33 10.00 18.33 12.17 
Flemish Giant 

F 0 26.66 6.83 14.42 21.58 11.19 

F 300 41.33 10.83 21.17 27.83 12.21 

M 0 19.35 7.93 9.93 11.00 10.46 

M 3O 10.00 4,Ou 19.00 12.75 10.75 
Polish 

F O 14.50 4.00 13.38 20.00 8.81 

F 300 3.O0 2.17 7.33 17.08 7.96 



Table 33. The aver'ae per hour ßcybala cont of cofltrol and irradiated (300r) 
rabbits after i rngm/kgrn morphine sulfato + 10 mgm/k n.-allylnormor- 
phine. 

Hours after druR adnin1srat,iori 
J3reed Sex Dose(r) 3 - -- 15 - 

M O 16.27 4.86 14.73 22.55 11.39 

M 300 22.42 7.21 20.00 28.36 12.23 
Tow Zealand 

F O 13.50 7.33 18.08 27.00 11.85 

F 300 22.40 7.85 20.65 21.05 10.20 

M 0 28.12 7.25 13.56 12.94 10.23 

300 40.66 14.67 26.00 22.17 11.08 
Flemish Giant 

F 0 16.16 2.92 10.33 18.42 11.03 

F 300 15.00 3.67 4.33 8.33 9.29 

M 0 20.28 6.43 8.50 12.79 11.09 

M 300 lD.5O 5.00 10.50 23.00 9.25 
Polish 

F 0 12.75 4.12 10.13 15.75 10.31 

F 300 11.66 4.00 16.3 8.96 

'o 
Ui 



Table 34. The average per hor scybala weight (gms) of control and irradiated 
(300r) rabbits after i cc saline. 

Breed Sex Dose(r) 1 

Hours after 
3 - 

druç 
5 

administration 
7 15 

M 0 5.92 3.04 2.46 3.14 1.75 

M 300 8.72 2.56 2.44 2.70 1.67 
ew Zealand 

F 0 6.01 2.71 2.02 2.47 1.66 

F 300 5.51 2.67 3.13 2.26 1.56 

Fleiish Giant 

M 0 6.78 3.98 3.22 3.67 1.72 

M 300 8.71 6.07 4.69 6.11 2.24 

F 0 9.60 3.20 3.80 3.87 1.73 

F 300 7.07 2.67 3.35 3.77 1.83 

M 0 1.93 2.21 3.10 1.70 1.14 

M 300 0.77 1.01 0.96 1.55 1.23 
Polish 

F 0 2.39 1.39 1.55 2.40 1.32 

F 300 0.78 0.96 1.33 2.09 1.18 



Table 35. The average per hour scybala weight (gins) of control and irradiated 
(300r) rabbits after i mgrn/kgrn morphine sulfate. 

Breed Sex Dose(r) 
Hours after drug 

5 

administration 
7 T5 

M 0 4.77 0.57 1.39 2.97 1.72 

iI 300 6.28 0.73 2.61 3.60 1.77 
ew Zealand 

F 0 6.98 0.96 1.04 3.14 1.82 

F 300 6.01 0.54 0.96 2.83 1.57 

M 0 5.01 0.90 3.07 2.33 1.62 

g 300 9.03 0.52 3.03 3.66 1.36 
Flemish Giant 

F 0 4.43 0.93 l.3( 2.57 1.41 

F 300 5.29 0.69 2.35 1.79 1.46 

M 0 2.17 2.34 1.13 1.61 0.69 

M 300 1.80 0.51 0.50 1.33 0.70 
Polish 

F 0 0.87 0.00 0.53 0.81 0.83 

F 300 0.60 1.74 0.38 0.80 0.72 

'o 



Table 36. The averaze per hour scybala weight (gma) of control and irradiated 
(300r) rabbits after 2 rngm'kn morphine sulfate. 

Breed Sex Dose(r) 
loura after drminiatratiön 5_7 

M O 5.10 O.ÒS 0.10 0.76 1.04 

M 300 6.84 0.08 0.10 0.35 l.0 
ew Zealand 

F O 6.47 0.08 0.08 0.34 1.14 

F 300 5.73 0.10 0.17 0.77 0.95 

M 0 6.19 0.19 0.10 0.90 1.49 

M 300 5.63 0.49 0.10 2.i3 1.81 
Flemish Giant 

F 0 6.66 0.04 0.04 1.97 1.49 

F 300 5.46 0.60 0.61 2.40 0.92 

M 0 3.10 0.04 0.04 0.5]. 0.71 

M 300 1.86 0.00 0.00 0.5d 0.62 
Polish 

F 0 2.08 0.00 0.00 0.39 0.65 

300 2.48 0.08 0.08 0.68 0.54 



Table 37. The average per hour scybala weight (gms) of control and irradiated 
(300r) rabbits after 10 mgro,/kgm n-allylnorrnorphine. 

Hoiir after drug adninistration 
Breed 3ex Dose(rj i - 3 5 7 

0 5.21 1.20 2.11 3.73 1.74 

300 7.33 2.04 5.76 4,35 1.70 
New Zealand 

F 0 4.78 0.83 1.83 2.92 1.68 

F 300 5.46 1.55 2.89 3.78 1.57 

o 4.37 1.89 2.73 3.36 1.47 

M 300 4.62 2.06 2.23 3.16 1.07 
Flemish Giant 

F 0 4.27 1.53 2.45 2.90 1.43 

F 300 4.42 2.19 2.21 2.84 0.96 

0 1.34 0.46 0.81 1.35 1.06 

M 300 3.30 0.62 0.43 0.75 0.18 
Poli 8h 

F 0 2.10 0.50 1.60 1.85 0.70 

F 300 1.22 0.44 0.90 i.7 0.75 



Table 38. The avera,e per hour ecybala weight (Ems) of control and irradiated 
(300r) rabbits after i mgm/kgm morphine sdfate + 10 tnSui/kin 
n-allylnormorphin e. 

Hours alter drug administration 
Breed Sex Dose(r) T 3 5 7 - 15 

M O 3.02 0.97 2.27 3.09 1.62 

14 300 3.83 1.34 3.04 4.05 1.76 
New Zealard 

F O 2.74 1.52 2.66 3.59 1.67 

F 300 3.66 1.43 2.70 2.82 1.40 

M O 5..53 1.8( 2.49 2.85 1.42 

M 300 3.07 1.27 1.89 1.71 0.67 
F1enish Giant 

F 0 3.47 0.65 2.13 3.69 1.69 

F 300 3.62 1.45 1.40 1.93 0.89 

M 0 2.93 1.40 1.78 1.85 1.36 

M 300 1.18 0.28 0.74 1.05 0.81 
Polish 

F 0 2.36 1.07 1.76 2.00 1.01 

F 300 1.98 0.53 1.14 1.54 0.67 



Table 39. The average size of the central artery of the ear and appearance of re- 
sponce of control and irradiat.ed (300r) raocite after xîlene. 

3ize of central art,ery (cml Appearance of response (secs 
l3efore Afte" Differ - Differ- 

Breed Sex Dose(r) x1ene xylene ence Minimurn aximum ence 

M 0 0.50 0.72 0.21 23.00 31.42 8.42 

M 300 0.51 0.69 0.18 38.81 v7.36 8.54 
TJew Zealand 

F O 0.49 0.70 0.20 17.20 23.10 5.90 

F 300 0.54 0.75 0.21 21.33 0.l6 e.83 

M 0 0.50 0.63 0.13 9.00 11.14 2.14 

M 300 0.57 O.32 0.25 23.25 34.12 10.87 
Flemish Giant 

F O 0.48 0.61 0.12 13.00 18.00 5.00 

F 300 O. 0.87 0.29 20.00 30.00 10.00 

M 0 0.37 0.48 0.11 18.00 24.00 6.00 

M 300 0.44 0.70 0.26 27.00 37.71 10.71 
Poli ah 

O 0.39 0.51 0.12 22.00 30.16 8.16 

F 300 0.42 O.7j 0.29 32.25 .0O 12.75 
I-J o 



Table 40. The average size of the central artery of the ear and appearance of re- 
sponse of control arid irradiated (300r) rabbits after 95 e1hy1 alcohol. 

ize of contrtcry IcÌ) 4ppearancc of repon (e'sJ 
Before Arter 
ethyl ethyl Differ- Differ- 

Breed ex Dooe(r) alcohol alcohol ence Minimum Maximum ence 

M 0 0.55 0.75 0.20 43.00 55.7]. 6.71 

M 300 0.53 0.59 0.16 42.72 51.18 3.45 
'ew Zealand 

F 0 0.46 0.63 0.17 44.00 52.50 8.50 

F 300 0.48 0.74 0.26 69.50 77.66 3.16 

M 0 0.55 0.65 0.10 10.28 15.00 4.71 

M 300 0.61 0.89 0.28 27.75 39.50 11.75 
Flemish Giant 

F 0 0.45 0.54 0.09 7.42 11.28 3.36 

F 300 0.64 0.i9 0.25 32.50 43.16 10.66 

M 0 0.38 0.66 0.38 20.33 26.33 6.00 

M 300 0.50 0.82 0.32 26.42 34.28 7.36 
Polis 'n 

F 0 0.39 0.63 0.24 16.16 24.66 3.50 

F 300 0.53 0.86 0.33 ï6.o 24.50 8.00 

I-, o 



Table 41. The averaçre elze of the cent,ral artery of the ear and appoarance of re- 
eponse of the contro] and irradiated (300r) rabblt after eoinephrine 
(1:5,000). 

Breed 3ex Dose(r 

i1ze 
Before After 
epineph- epineph- Differ- 
nne nne ence 

Ap2earance 

Minimum 

ci resìone secs 

Differ- 
Maximum e 

M O 0.56 0.38 0.18 53.85 .l4 10.28 

M 300 O.)6 0.55 0.11 59.27 76.45 11.13 
New Zealand 

F O 0.42 0.28 0.14 48.50 56.40 7.90 

F 300 0.46 0.33 0.13 71.66 79.66 8.00 

M 0 0.53 O.Y7 0.06 40.85 45.71 4.85 

M 300 O.4 0.49 0.15 57.75 65.00 7.25 
Flemish Giant 

F O 0.48 0.41 0.07 13.42 23.42 5.00 

F 300 0.67 0.53 0.14 35.66 44.66 9.00 

M 0 0.38 0.31 0.O( 35.00 40.33 5.33 

M 300 0.57 0.15 0.12 24.00 31.7 
Poll eh 

F 0 0.38 0.27 0.11 35.16 45.50 10.34 

F 300 0.55 0.40 0.15 22.00 31.00 9.00 
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DI SCUSSION 

Breed Effecte 

1. The Cellular Constituents of the 
Blood of TJormal Rabbits 

Alperovich (4) in a study of breed variations In large 

and small rabbits and F1 crosses between them showed that 

high hemoglobin values and the diameter of the erythrocytes 

observed in young rabbits were radua11y reduced until the 

animals were about 2 months of age, after which the blood 

values increased. The larger breeds had a higher hemo- 

globin value and fewer erythrocytes than the smaller 

rabbits. The findings of the present study were exactly 

opposite, wherein the smaller breeds were found to possess 

higher hemoglobin values than the larger breeds. On the 

other hand, the two studies are in agreement in that the 

larger breed has fewer numbers of erythrocytes than the 

smaller breeds. 

Painter (123) found no significant differences between 

the size of ova from the Flemish Giant and Polish breeds. 

The average diameter of ova from the Flemish Giants was 

0.120 mm and from the Polish was 0.121 mm, yet the larger 

embryo from the Flemish Giants possessed more cells than 

the smaller embryos from the Polish at equal time intervals 

after copulation. 
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Size Inheritance of rabbits was investigated quite 

extensively by Gregory and Castle (24, 76, 77). They found 

that the growth curve of large-race (weighing from 4600 

ßrns) rabbits separated widely from that of the small-race 

(weihin5 1400 to 1500 gms) rabbits. They also found no 

difference in initial size of the ova; but in addition 

they noted that a divergence in the growth curves was die- 

comible at 48 hours after copulation, which became in- 

creasingly evident at later stages. Embryos produced by 

large rabbits had progressed through one more cell division 

at 48 hours and had attained the 32 cell stase. Castle 

(24), in a study of Polish and Flemish Giant rabbits, 

found a similar divergence of the rowth curves for the 

various parts of the body; the dimensionsof which are 

closely correlated with weight in both breeds. 

Fumo (59) and Goodall (72) have found that wild 

rabbits generally have higher blood cell counts than tame 

animals. As with the erythrocyte count, the hemoglobin is 

considered higher in wild rabbits than in tame animals 

(18, 122). 

2. The Chemical Constituents of the 
Blood of Normal Rabbits 

Although the presence of creatinine in the urine had 

been recognized in 1847, it was not until 1910 that evi- 

dence was advanced for its existence in blood. Shaffer 
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and Relnoso demonstrated that in protein free filtrates of 

blood it is possible to obtain a faintly positive Jaffe 

reaction ai!!lilar to that given by dilute creatini.ne soLi- 

tions. This color reaction later became the basis of the 

Foliri (49) method for the determination of preformed 

creatinine in blood. Later Hunter and Campbell (92) showed 

that human erythrocytes contain a substance which is not 

creatinine but which cives the typical Jaffe reaction. 

Evidence from physiological experiments has been sought 

by Goudsrnit (74) who studied the extraction of the chromo- 

genic compound of plasma by the kidneys of the dog. He 

found an average value for the extraction percentage which 

was almost identical with that obtained for exogenous 

creatinine by Van Slyke, Hiller and Miller (151). However, 

Go.idsiiit concluded that the observations do not have a 

direct bearing on the question of the chromogenic material 

In the blood. 

Behre and Benedict (12) remarked that from a chem- 

ical standpoint, the mo8t probable precursor of creatinine 

is creati.ne. It is in line with this hypothesis that real 

evidence for the existence of creatine in the blood. It 

is reasonably certain that under normal conditions the 

creatlne content of the blood is very appreciable. Invest- 

igating the fate of creatine, these authors concluded that 

the positive results of an Isolation experiment on the 
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creatine of the blood of a do after ablation of the 

excretory function of the kidney. The accuumlation of 

creatine in the blood of such a doß to an extent exceeding 

13 m/1OO oc, showed that the crettinine of' the blood is 

a waste product, to be eliminated by the kidney. All five 

dogs in which kidney function was ablated showed high 

creatine values of 8.9, 9.3, 8.1, 13.5, and 16.8 ms/lOO cc. 

Hence they concluded that creatine accumulates in the 

blood when the excretory function of the kidney is defec- 

tive and further concluded that creatine in the blood is a 

waste product. 

Uric acid is the most difficultly eliminated waste 

product by the kidney (118). Judging from the comparative 

composition of the blood and urine, the kidney normally 

concentrates the creatirìine 100 times, the urea, 80 times, 

but the uric acid only 20 times. There is appar'ently 

little difference in the ability of the kidney to excrete 

creatinine and urea, although there is a marked difference 

between these two substances and uric acid. 

Results from the present investigation showed that 

breed differences exist with regards to blood creatinine, 

creatine and uric acid. The Flemi8h Giants showed a much 

higher creatinine value arid a significantly lower blood 

uric acid value. These findings were in agreement with 
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those obtained by Tether (144) although in all cases, the 

prQsent stady showed a slightly lower blood creatinine 

value and a hiher blood urlo acid value. 

Allison, Dreskin and Morris (3) gave blood uric acid 

values averagIng 0.36 mg/ 100 ml for 20 normal dogs. Folin 

and Denls (50) gave human uric acid values ranging from 

2.0 to 4.3 mg/lOO ml. West and fodd (158) gave a normal 

human range for blood uric acid of 1.0 to 3.0 mg/lOO ml. 

Rabbit values obtained in this investigation range from 

2.21 to 3.53 mg/lOO ml. 

The data presented in this study are in reasonable 

atreement with those of other investigators. The slight 

discrepancies observed are not beyond those to be expected 

and are probably due to differences in environment, diet 

and management. 

3. Test for Intestinal Motility 

Analgesics are drugs used mainly for the relief of 

pain and discomfort without dulling the consciousness. The 

relief of pain has been from time immemorial an Important 

function of the physician and led to the use of such drugs 

as opium and henbane from the earliest periods of recorded 

history. Analgesics still constitute an important and 

widely used group of drugs. The majority of the analgesic 

agents exert their main action within the central nervous 
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system, particularly at the cerebral cortical levels of 

integration of the pain impulses. Many act primarily on 

the hypothalamic centers which are also the site of temper- 

ature control and hence exert an antipyretic as well as an 

aialgesic action. 

The present study was undertaten, however, to obtain 

information on the side effects, with special emphasis on 

constipation, of morphine and a morphine derivative, on 

three breeds of rabbits that vary greatly in body size. 

Hence, the normal movements of the stomach of the rabbit 

should be acknowledged. 

commenced in the region of the 

cardia juBt distal to the esophageal opening (113). From 

this region perîstaltic waves originated which passed 

along the lesser curvature towards the pyrolus. These 

contractions were followed by other peristaltic waves 

which occur rhythmically at intervals of about three a 

minute, and which appear to cease at the region of the 

incisura angularis. These waves took approximately 13 

seconds to cross the stomach. A constriction ring appeared 

between the pyloric antrum and the body of the stomach, 

followed by a bulging of the wall of the pyloric antr'm. 

The constriction ring then deepened, and was followed by 

a concentric contraction of the antral muscle. Relaxation 

of the pyloric antrum now occurred and this usually 
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coincided with the arrival of the next peristaitic wave at 

the incisura angularis. This sequence continued to repeat 

itself. 

Morphine st1fate causes an initial retardation of the 

secretion of hydrochloric acid by the stomach (73). Gas- 

tric motility is also lessened and the tone of the antral 

portion of the stomach is increased. The pyloric sphincter 

is contracted. The results of these actions of morphine 

is to cause a slowinE of the passage of gastric content 

into the duodenum. A marked increase in tono of the 

duodenum is also an important factor which prevents passaße 

of gastric contents into the duodenum. delay in 

stomach may last for 12 hours or more, and it accounts for 

about one-half of the total gastrointestinal delay which 

is the basis of morphine constipation. Vaughan Williams 

and treeten (152) observed that morphine inhibits intes- 

tinal propulsion, the inhibition is caused by a closure of 

the intestinal lumen, and not by any paralysis or paresis 

of the intestinal wall. While under the influence of 

moderate doses of morphine, the loops will again transport 

fluid if they are distended by high pressure, or relaxed 

by adrenaline or noradrenaline. Atropine antagonizes 

moderate, but not large doses of morphine. 

ireuger et al. (102) observed that small subcutaneous 

doses of morphine (0.01 mg/kg) are followed by a decrease 
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In the amplitude and pos1b1y by an increase in the l're- 

quency of the rhrthdc contractions of the do'e i1eui. 

Large doses cause a decrease in the frequency and ar in- 

crease in the arnp1ido of' these couitrac1one, an effect 

which is maximal in the vicinity of 1.0 mg/kg. 1inall 

do8e$ of morphine cause a decreaee while 1arer doses 

cause an increase in tone. The increase in tone is greater 

with increasing dose up to 3 to lo ng/kg. Large doses 

still cause an increase but the ¡nagnitude of the efÍ'ect is 

less. ¡he number of peristaltic waves obtained after mor- 

pnine increase with increasing doses, reaches a maximum at 

about 2 mg/kg and then beoomee less and approaches zero as 

the dose is further increased. 

r-ailylnororphine, a 3esmethylated morphine deny- 

ative, haa been shown to antagonize most of the effects of 

morphine. This compound was first synthesized in 19240. 

Hart and McCawley (SO) were the first to investi5ate the 

pharmacologic properties of n-allylnormorphine and they 

found that it, like n-allylnorcodeine, antagonized the 

efects of morphine. Weijiand and Erickson (156) also 

reorted the synthesis of' n-a1lylnormorphine in 1942. In 

itself, n-aliylnoninorphine has a slight and inconsistent 

respiratory depressant action in which the respiratory rate 

undergoes a small transient rise and then s slight fall, 

and the ¡ainute volume is definitely decreased (147). It 
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exerts very few central nervous actions of Its own. This 

includes a s1iht to moderate ana1esic effect which 

varies with the species and technique employed for assay 

(134). In man it causes only slight drowsine8e which is 

much less marked than that seen after morphine. No nausea, 

vomiting, excitement, or other central nervous effect8 

have been noted at the doses which have been employed 

therapeutically. The LD-50 of n-allylnormorphine in mice 

is approximately the saine as that of morphine. The mice 

die of respiratory failure but do not show either the 

3traub tail phenomenorn or the convulsions which are typical 

of N-allylnormorphine morphine the 

ability to inhibit cholinesterase and is slightly more 

potent in this respect (13). 

In the present study, lt has been found that breed 

differences exist with respect to their response to the 

constipative effects of morphine at does of i and 2 mg/kg 

and n-allylnormorphine (10 mg/kg) and a combination of 

morphine (1 mg/kg) and n-allylnormorphine (10 mg/kg). It 

appears that these analgesics exert a greater constipative 

effect, in terms of the number of scybala passed, on the 

smaller breed (Polish) at certain specific time periods. 

3evera1 assumptions can be cited as to the appearance of 

this effect. Variation in oxygen consumption of smooth 

muscles and the high intraluminal pressure developed after 
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the adn1nistrat1on may be a factor (101). SInce the ani- 

mais have free access to food at all times before the in- 

jection, the question arises aa to whether the food intake 

of all animals is uniformly the same with respect to their 

stomach capacity, since the bigger animals will normally 

have a larger stomach capacity than the smaller animals 

and hence would propel more scybala at specific time 

periods. An established fact is that anorexia occurs 

after the administration of morphine and n-allylnormorphine, 

the intensity depending upon the dosage, and that the scy- 

baia passed afterward would represent the amount of food 

ingested prior to the injection. On the other hand, fast- 

ing has been shown to produce a marked effect on the 

average scybala production, but the effect is different 

from that prod wed by morphine (2 mg/kg) in that the 

average shows a steady decrease with time (150). The drug 

showed a marked initial depression with later recovery. 

Appreciation of the mechanism of action of morphine 

and n-allylnormorphine has some clinical importance, for 

example, in estimating the likelihood of its being benefi- 

dal in cases of intestinal distension or paralytic lieus. 

If there is intestinal distension, and if the causes of 

such distension can be regarded as analogous to dilation 

of the intestinal walls by boluses or balloons, then there 

is experimental support for the belief that these 
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analgesics could temporarily facilitate intestinal propul- 

sion. 

4. Test for Ear_Vascari 

The results of the study have revealed that in general, 

the central artery of the ear of the three breeds of rab- 

bits reacted uniformly to the vasodilating effect of an 

aliphatic alcohol (ethyl alcohol) and to the vasoconstrict- 

Ing action of a sytnpathoiuimetic drus (epinephrine). Inter- 

estingly, however, is the fact that when an irritant 

(xylene) was applied locally on the ear, a significant 

breed difference was observed, the smaller and 

breeds (Polish and New Zealand) showing greater vasodila- 

tion than the large breed (Flemish Giant). It has been 

previously established that the larger the breed the bigger 

is its central artery and since the irritant was adninis- 

tered regardless of body wet&ht, or size of the ear, it is 

very likely that the smaller breeds were exposed to a 

heavier concentration of the Irritant. Another factor 

that could cause this breed difference 

cation Is the question of evaporation, 

of xylene from the bigger ear would be 

It has been applied on a wider surface 

tions may be immaterial in nature but 

ger-nane explanation la available. 

after xylerie appil- 

in that evaporation 

more rapid, since 

area. These assump- 

.t present no 
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Dilation of the vesBels present d'ring the initial 

stages of Inflammation Is clue to a nervous reflex, the 

reflex path beinS composed of an afferent sensory fiber 

and an efferent v-asodilator fiber (22). This obßervation 

waa substantiated by the evidence that if the divided peri- 

pheral portion of the fiber wa allowed to deßenerate, or 

1f the part to which the irritant was applied was corn- 

pletely under the influence of a local anesthetic, the 

usual vascular chance does not follow the application of 

the irritant. If the reflex path were blocked at any part 

of its course, this blocking may be affected either by 

allowing the nerve to degenerate or by paralysing its 

ending with a local anesthetic. The mere exclusion of' 

painful sensation is not sufficient to prevent the occur- 

rence of this reflex. 

With respect to the evidence In favor of the dilation 

being connected with the terminations of the sensory 

fibers, Bruce (22) accepted the hypothesis that the fiber 

divides, and one branch passes to a sensory surface arid 

the other to blood vessels. If a nerve fiber conveys im- 

pulses both upwards arid downwards, it must be assumed that 

there are peripheral terminations. In other words, when 

the fiber comes near the periphery, It must bifurcate like 

the letter Y and along this, afferent impulses will pass; 

while the other will end in the blood vessels, and along 
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this efferent impulses will pass. There taust, therefore, 

be a reflex action limited to the two peripheral limbs of 

this bifurcation. Such a reflex will start from stimula- 

tion of the sensory end, and will result in a local dila- 

tion of the vessels. This is assumed as what happened in 

the luitial stases of the inflammatory process, when the 

nerve is cut above the bifurcation. The irritant acts 

upon the terminations of the sensory nerves, arid the im- 

pulses set up pass up one limb of the nerve fiber to it8 

bifurcation and then dowi the other limb to the vessels, 

producing dilation. Such a reflex would be prevented by 

paralysin the sensory endin5s 1th a local anesthetic. 

The above hypothesis also furnishes a complete explanation 

of the apparently conflicting evidence in regard to the in- 

fluence of the central nervous system upon the early 

inflammatory phenomena. Although the vascular changes 

accornpanyin inflammation may occur independently of all 

influences txm the central nervous system, inpu1ses from 

the central nervous system are able to initiate a process 

indistinguishable from true inflariimation, as well as to 

accelerate or inhibit vascular changes resulting from peri- 

pheral causes. 

Alcohol in moderate dose causes vasodilation, espec- 

ially of the cutaneous vessels, and produces a waru and 

fLished skin (73). Vasodilation ay be the result of a 
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central vasomotor depressant effect becase the direct 

action of alcohol on blood vessela is insignificant. The 

widespread belief that the coronary arteries (vessels, 

nerves, or attachment that encircles a part of an organ) 

are dilated and that coronary blood flow is increased by 

moderate do8es of alcohol is unsupported by acceptable 

laboratory or clinical evidence. Although alcohol was 

found to compare favorably with glyceryl trinitrate in 

its ability to prevent anginal pain in patients with 

coronary arteriosclerosis subjected to a standard exer- 

cise test, it did not prevent the characteristic changes 

in the RS-T segmenta and T waves of the electrocardiogram. 

Alcohol administered to human subjects in doses suffic- 

lent to produce facial vasodilation and mild inebriation 

causes no change in cerebral blood flow, cerebral metabol- 

ism, or cerebral vascular resistance; however, an amount 

which causes severe alcoholic intoxication markedly in- 

creases mean cerebral blood flow, markedly reduces cere- 

bral oxygen uptake, and diminishes cerebral vascular 

resistance. 

Cook and Brown (33) administered ethyl alcohol 

(0.5 mi/kg) orally to 28 patients who had thrornboangiitis 

obliterans, 7 patients who had Raynaud's disease, 11 

patients who had arteriosclerosis with thrombosis of the 

peripheral arteries, and to 13 normal controls. Alcohol 
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liduced a h1h deEree of va3od11at1or of the vessels of 

the skin. The dilation obtaL'ed arnon controlled $ub- 

jects approaches that obtained with anesthesia asid dth 

fever. Amonß subjects with patho1o1ca1 vasoconstriction, 

fever and anesthesia have more potent vasodi1atin effects. 

The duration of vasodilation fo11owin ingestion of aleo- 

hoi is less than that followinß induction of fever; he 

hea1in effect of alcohol as compared with fever is 

slight or nil. FLirther, it has been found that alcohol 

given at the onset of the period of shivering following 

administration of foreign protein for disease of the peri- 

pheral blood vessels, at times completely obviates sub- 

jective chilling or at least definitely reduces the sever- 

ity of the chill. This has sorne importance in the pro- 

pylaxix of thrombosis. 

The chief vascular action of epinephrine is exerted 

on the smaller arterioles, although capillaries, veins, 

and large arteries also respond to the drug (73). The 

arterioles and capillaries of the skin and mìcosa are con- 

stricted, which is obvious after local injection or appli- 

cation as well as after systemic administration of the 

drug. Cutaneous vasoconstriction caused by epinephrine 

endogeneously released from the adrenal medulla during 

flight or ficht reactions accounts for the expressions 

'pa1e with fright" and "white with anger." The pallor 
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which ensues following injection of epinephrine ta evi- 

dence for an action of the drug on subpaplllary venous 

plexuses. Blood flow in the hands and feet is markedly 

decreased by epinephrine, due mainly to cutaneous vaso- 

constriction. The blood vessels of skeletal muscles are 

dilated by a wide range of concentrations of epinephrine. 

The vasodilator action of epinephrine in human skeletal 

ruscle has been shown to be a direct one, independent of 

cardiac effects or central reflexes and also occurring in 

s:nnpathectomized extremities. 

There were a number of breed differences observed in 

the present study with respect to the cellular and chem- 

ical constituents of the blood, as well as differences 

in scybala production and ear vascularity. The Flemish 

Giant breed exhibited a much lower number of erythrocytes 

and hemoglobin value than the New Zealand and Polish breeds. 

On the other hand, the Polish breed showed a higher hema- 

tocrit value at the 4th week examination period which 

declined gradually from then until the 10th week observa- 

tion period. The Flemish Giant breed showed a much higher 

blood creatinine value than either the New Zealand or the 

Polish breed. At the 4th and 6th week observation period, 

the creatine values of the Polish breed showed a downward 

fluctuation which accounted for the significance due to 

breed. The creatine value of the Polish rabbits returned 
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to normal on the 8th and 10th week. Blood uric acid of 

the Flemish Giants was below the norra1 values of either 

of the other two breeds until the 4th week observation 

period. From these breed differences observed, it could 

be postulated that the differences were influenced by 

the genetic diversity of the three breeds. 

The Polish breed showed a marked initial depression 

in ecybala production that differed sinif1cantly from 

the New Zealand and Flemish Giant breeds. The Injection 

of analgesic drugs produced a less marked depression in 

the scybals. production of the Flemish Giant breed as corn- 

pared with the New Zealand and Polish breeds. 0n the 

basis of these findings, it could be ostilated that the 

largest breed possesses a higher tolerance for these 

drugs or that the excretion of the drugs by way of the 

kidney is performed more efficiently in the largest breed. 

The central artery of the New Zealand and Polish 

breeds responded more rapidly to the vasodilating effect 

of xylene compared to that of the Flemish Giant breed, 

even though the time to produce Initial and maximal 

responses was insignificant for all breeds. The same con- 

dition zas found after the injection of 2 ml of epineph- 

nne (1:5,000). Since the drug was injected at the rate 

of 2 ml regardless of body weight, it could be assumed 

that this particular dosage might be the cause of such 
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diversity in the res?orse obtaired In tha.t comparatively 

the smaller breeds were beine subjected to a much hiGher 

concentration of the dru6. On the other hand, after the 

injection of 2 ml of ethyl alcohol reard1ess of body 

weicht, no breed differences were obtained. Yron these 

findings, it could be hypothesized that all breeds have 

the functional ability to excrete ethyl alcohol efficient- 

ly. If this hypothesis could not be accepted, an altern- 

ative assumption might be that the responses obtained 

were more dependent on the atire of the dr rather than 

on the dosa3e. 

Sex Effects 

1. 'The Cellular Coastitieits of the 
Blood of Normal Rabbits 

The present investiationa showed that sex differ- 
ences were evident with respect to the number of erythro- 

cytes and the hemoglobin valuGs. Female rabbits are 

1arjer than cornparn.ble males. The sex difference in red 

blood celle and hemoglobin is similar to the breed dif- 

ferences in that smaller anImals (males or smaller breeds) 

are high in red cell count and hemo1obin. Males tend to 

show hi5her values for both blood factors. KlierAeberer 

and Carl (100) thoußht that female rabbits seemed to show 

sonewhat higher erythrooyte counts than males, but, 
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F'ritsoh (57) found the opposite to be true in ten animals 

examined. The curve of hoog1ohin content closely follows 

that of the red blood coil count, increasing with ae but 

with a slight decrease occurring in old ae (43, 93). 

The percentage of heo31obin in males is also reported 

as somewhat hither In females (62, 142). 

In guinea pigs, no sex differences have been reDorted 

with respect to the number of erythrocytes. Hyde (93) 

found in a study of 118 males, 5.2 millIon red cells and 

in 59 females he obtained an average count of 5.2 million 

also. 

In horses, females have erythrocyte counts averaging 

0.5 to 1.5 million lower than males (159). 

In swine, no difference was found in average counts 

between the sexes in 50 animals examined, but the total 

leucocyte connt was higher in males than in females. 

2. The Chemical Constituents of the 
1ood of oria1 Rabbits 

No sex differences were observed with regards to 

blood creatinine, creatine and uric acid. Creatinine con- 

centratlon in the blood is generally regarded as an index 

of muscular activity. It would then be reasonable to 

assume, following this hypothesis, that the heavier ani- 

mais (females) would be lese active. This concept does 
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not find aupport by the resulta obtained io thiB study. 

Wt11iai (J.'O) r'portd tiat îed ltake had sia- 

nificarit effect on uric acid. e put forth the oejib1e 

ex1aaation of one blood constituent, such as amino acid 

concentration, which is affected by feed litake, inter- 
terin with the tubular resortioi of' uric acid. In the 

present study, unfortunately, the feed intake was not 

rneasurd, therefore further exploration of this hypothesis 

is impossible. Beeide the chances in uric acid re9orp- 

tion, there are four possible conditions which ni1ht give 

rise to definite thcrea3e in the output of endogenou9 

uric acid (1). These are (1) severe niu3cular activity, 
(2) febrile state. In both these conditions lt can be 

regarded that the uric acid is derived especially froua 

the adenylic acid contained in the uso1e. (3) In matra- 
tion of red cells, a, e.. when a pernicious anemia sub- 

ject has an induced reticulocyte response resulting from 

the administration of liver extract.. Presumably the 

increased uric acid is derived. from the destroyed nuclei 

of the orythroblasts. (4) After ciosaae with the adreno- 

corticotropic hormone (ACTH), which causes death of 

lymphocytes. The latter three conditions appear to be 

far-fetched a3sumptions in this study. This leaves severe 

mnscular activity as the most logical explanation. This 

wo1d he realized if sex differences were obtained, in 
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that the males, being smaller in size, would be expected 

to be more active than the females and would show higher 

uric acid value. However, results obtained from this 

study find no evidence to support this assumption because 

there were no sex differences. 

Radiation Effects 

1. The Cellular Constituents of the Blood 

The number of' erythrocytes was not significantly 

affected after a whole body exposure irradiation dose of 

lOOr. However after an additional 200r was delivered 

(approximately 12 weeks later) a highly significant reduc- 

tion in the number of erythrocytes became apparent on the 

first day after exposure which continued until the 10th 

week post-irradiation period when the hematological exam- 

ination was terminated. The hemoglobin and hematocrit 

values followed the same reduction pattern as the erythro- 

cyte value after the additional dose of 200r. It would 

appear that after exposure to a dosage of this magnitude, 

destruction of the bone marrow occurred rapidly (at least 

within the first 24 hours) and thus production of erythro- 

cytes ceased. A steady decline of these hematological 

values would be expected to begin simultaneously with 

exposure and continue until such a time as regeneration 
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and delivery of erythrocytes equaled or exceeded the 

affected cells. Other workers (149) have found siini.lar 

results in rabbits after a 8ii11e whole body Irradiation 

dose in the LD-50 range, but no sigrificant anemia, as 

judged by average values has been observed in groups of 

rabbits exposed to dosage below 500r. They found, however, 

that in Individual animals, anemia may appear with ex- 

posures as low as 300r. A progressively large fraction 

of the animals develop anemia following exposure to 500r 

and above (94, 95). On the other hand, rats, mice, dogs, 

cats, swine, and guinea pigs develop anemia In response 

to lower doses. 

The findings of the present experiment have tenta- 

tively shown that hematolo,ic effects on rabbits after a 

cumulative dose of 300r whole body irradiation illustrated 

the same general response pattern as those produced after 

a single whole body exposure dose on the LD-50 range 

(800r). The cumulative exposure dose used In this study 

corresponds to approximately 38 per cent of the LD-50 

dose range in rabbits. It is also worthwhile to point out 

tliat when a particular dose is given in several fractions, 

it Is generally lees effective than when it is delivered 

at one time. It may be possible that the LD-50 dose 

varies with breed, conditions of the environment, etc., 

and that lt Is actually lower in some instances than has 
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been reported. The fact that r4ìany of the anl.înals in the 

present study died fol1owin the 300r cumulative dose 

indicates that 800r is hig,i for the LD-50 in all rabbits 

of the present study and exceedingly high for the Flemish 

Giant breed. 

Red cell precursors (erythroblasts) have been describ- 

ed (16) as being the most sensitive to irradiation injury 

of all the cellular elements of iammalian bone marrow. 

This conclusion is based on histologic evidence of the 

dec'ree of destruction of the erythroblasts in comparison 

with that of other cell types such as granulocyte pre- 

cursors and megakaryocytes. This relative sensitivity of 

the erythroblast has been confirmed by Hennesey and Huff 

(87). These authors studied the depresaior of tracer 

iron uptake (Fe59) by rat erythrooytes following exposure 

to various dosages. They found that a sinifioant in- 

hibition of erythropoieisis was apparent 24 hours after 

exposures as low as 5 and 25r. 

The immediate precursors of the erythrocyte are not 

significantly reduced in number in the periDheral blood 

of rabbits (95) and rate (106) with doses below lOOr. 

With doses above lOOr, reduction in reticulocytes becomes 

propressively more significant in all laboratory animals. 

Doses in the LD-50 range reduce the reticulocytes from a 

normal of i - 4 per cent to less than 0.1 per cent. 
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The hemoglobin concentration and hematocrit valuea 

have been shown in the present study to parallel the 

changes In erythrocyte count after a cumulative doso of 

300r. The anemia 1, therefore, normocytlo and formo- 

chromic. A rnacrocytic anemia hae been described in the 

rat after median lethal exposure to x-irradiation (96), 

and similar anemias have beef seen in man after pOisOniflg 

with radioactive materials (111). While radiation-induced 

anemia is due primarily to the cessation of erythrocyte 

formation, extravasation of red cells and secondary damage 

are also substantial factors in its pathosr,enesis. The 

role of anemia in acute death occurring within two or 

three weeks after median lethal irradiation is not clear. 

The degree of anemia indicates that it is at most of con- 

tributory significance during this period. Anemia may 

become a critical factor in the deaths seen at later 

periods, sometimos after a s1nt1e exposure but more often 

after repeated irradiation. 

Since no differential count was performed in the 

present study, the term "leucocytet' is applied to all the 

white cells in the peripheral blood. A remarkable finding 

with respect to the nun'her of leucocytes is the signif- 

icant induction of leukopenia after an exposure dose of 

lOOr of whole body irradiation with no subsequent state 

of recovery being discerned. Likewise the appearance of 
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a leucocytosis prior to 1eukopena was not observed as 

has been previoisly reported (9). This phenoenom can be 

explained by the fact that leukocytosis, which results 

entirely from an increased number of heterophils, is appar- 

ent 3 hours aaain at about 24 hours after irradiation. 

The first determination was made 24 hours after irradia- 

t1ion and it is quite possible that the leucocytotic state 

occurred prior to or after the blood satp1es were taken. 

From this point of view, it is not inferred in this study 

that leucocytosis was totally non-existent after irradia- 

tion. 

The reduction in number of leucocytes has been attri- 

buted to lymphocyte reduction (9). According to Valentine 

.i. (148), cats exposed to 200r respond with a lesser 

lyphopenia than other species of anina1s. Jymphocyte 

values in rabbits fall below control values within 24 to 

28 hours. At 50r and lOOr and above, lymphocyte values 

showed a reduction after 15 minutes and 24 to 48 hours 

later, a inaximuni depression is attained. In all species 

the number of lymphocytes of the peripheral blood are 

enera11y the last to xturn to normal levels. ono'ytes 

of the peripheral blood initially follow a pattern of 

response similar to that of the lymphocyte but car- 

acteristically return to normal values or show an absolute 

Increase between the fourth and sixth days after exposure 
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of the animal to lOOr or above (14). No change of signif- 

icance has been observed in the number of plasma cells 

in the peripheral blood. 

2. Changes in 8lood Chemical Qonstituents 

Results of great significant value were obtained with 

respect to the effect of lOOr and 300r cumulative dose of 

whole body irradiation on blood creatinine, creatine and 

uric acid levels. These blood chemical constituents were 

shown to be greatly affected by the two exposure doses as 

revealed by the significant increases in valueB after 

irradiation. These alterations m1gt be directly reflect- 

ed to changes in kidney functions as a result of irradia- 

tion although muscular tissue changes may substantiate 

this phenomenon. Followin; the former assumption, it is 

quite of interest to note that low levels of Irradiation 

doses could very well induce kidney damage since it has 

been shown that the kidneys, although moderately respon- 

sive to radiation, should not be considered as radio- 

sensitive. According to Desjardine (38) the kidneys are 

less sensitive than tne lymphoid tissue, skin or the liver, 

but more sensitive than muscle and nerve tissues. On the 

other hand, Doub, Hartman and Bollinger (41) regarded 

the kidneys as among the most susceptible organs as far 
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as anatomic changes developing in response to radiation 

more readily than the spleen, the liver or the ovaries 

and less readily than the intestines or the adrenal. 

Gabriel (61), using a wide range in irradiation of 

exposed kidneys, noted atrophy and hyalinization of the 

glomeruli with secondary tubular changes. He felt that 

the effect was primarily exerted on the blood vessels of 

the kidney and that those of the medulla were the first 

to be affected. Smith and Boss (135) in a similar way 

showed that the x-ray induced damage involves the renal 

tubules, glomeruli, and blood vessels. 

Since there is an appreciable retention of blood 

creatinine after 300r cumulative dose of whole body ir- 

radiation, this could be indicative of a grave impairment 

in the functional condition of the kidney, for the reason 

that creatinine is normally the most readily eliminated 

of the three nitrogeneous waste products--uric acid, urea 

and creatinine. In contrast to creatinine, uric acid is 

apparently eliminated by the kidney with difficulty. It 

is, therefore, not surprising that conditions of rnoder- 

ately decreased kidney permeability should be encountered 

in which only the concentration of the uric acid of the 

blood should be raised. This appears to be the case in 

gout and early interstitial nephritis. However, in the 

present experiment, an increase in all the chemical 
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constituents was found. 

3tearner et al. (139) 1nvestiat1ng the effects of 

x-irradiation on renal function in newly-hatched chicks 

found that the radiation-induced renal lesions, prmnarily 

necrosis of proximal convoluted tubules, is an indication 

that renal failure is the immediate cause of the early 

deaths that follow high rate exposure (l,000r). Blood 

urato levels, 5 hours after ureteral obstruction, averaged 

50 m per cent above normal, and at death the birds corn- 

monly showed a severe urate polyserositis. The rapidly 

developing toxemia may not be only the result of toxicity 

of the accumulated urate. The necrosis of renal tubular 

cells following high rate exposure indicates a possible 

widespread inactivation of mechanisms essential for urate 

excretion, and it would appear that in birds the tubular 

epithelium has a greater radiation sensitivity than it 

has in mammals. 

Hartman et al. (81), using dogs, heavily irradiated 

the abdomen over the renal area at 200 kv. The early 

lesions were marked hyperemia, degeneration of tubular 

epitheliurn and some hemorrhage and infiltration by leuco- 

cytes. Later, the renal tubular epithelium tended to 

disappear, and there was interstitial proliferation; the 

glomeruli show thickening of Bowman's capsule and varying 

degrees of hyalinization; the vascular walls were 
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thickened sugest1ng indarteritis. 

Renal changes due to radiation may be summarized as 

hyperernia and swellinß and desquamation of the epithelium 

of the tubules, especially of the convoluted tubules. 

Later gross shrinkage occurs with capsular thickening. 

1icroscopica11y, marked tubular degenerative changes per- 

sist, with a slight attempt at regeneration. The glomeruli 

although quite resistant, show varying degree of hyalini- 

zation. The blood vessels are not greatly damaged but 

may show some endateritic alterations. The interHtitial 

t,iasues becomes much condensed and hyalinized. 

3. Test for Intestinal Moti1y 

Scybala production was found to be significantly 

lower in the irradiated animals. This finding is indic- 

ative of the fact that intestinal motility and tonus were 

significantly decreased by 300r cumulative dose of whole 

body irradiation. This result is not in complete accord 

with the findings of other workers (110) where they ob- 

served in intestinal loops an Increased motility and tonus 

after irradiation. A possible explanation for this dis- 

crepancy could be due to the time factor during the per- 

formance of the intestinal motility test. The increased 

intestinal motility and tonus as observed by the other 

workers occurred a few days after the irradiation exposure 
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while in the present study, the intestinal motility test 

wa conducted at approximately 13 weeks after the whole 

body irradiation. Conard (29) found an initial increase 

in motility during the first hour after 800r which was 

later followed by a trend toward decreased motility. It 

may be assumed then that it is quite probable that a de- 

layed observation of intestinal motility would reveal the 

decrea3e observed in intestinal tone and motility. 

The effects of certain narcotics (morphine and n- 

allylnororphine) appeared to sligitly inhibit the irrad- 

iation response since the administration of these drues to 

the irradiated animals did not depress the scybala passed 

as ifiUCil as was observed in the non-irradiated animals 

when given the drußs. 

Conard (29) showed that the influence of various 

drßs on the longitudinal muscle response to x-ray indi- 

cates that the action was primarily on the nervous corn- 

ponents and not to a direct effect on the muscle, result- 

in to a stimAlation of the chol1neric nerves with the 

observed increase of tone and motility durmn and imrned- 

lately after irradiation. This initial stimulation may 

be followed by a depression. The conclusion that chol- 

inerßic stimulation occurred was supported by the fact 

that the x-ray response was influenced by various auto- 

nomic dru5s in the manner similar to the acetyicholine 
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pharmacological pattern. The druEs, atropine and adren- 

aUne, which normally tend to Inhibit the action of' 

acetyicholine, also Inhibited the x-ray response. Like- 

wise, the ang1tonic b1ockin agents, nicot1n., curare 

and tetraethylammoniurn chloride, stron1y antaonizo the 

response. The influence of ßanplionic blockln5 agents 

seens to indicate that the most likely site of action of 

x-ray on the vau Is at the level of the enteric an1ia 

of the intestine. The inhibition of the response by the 

ang1ionic blocking agents also indicates that 1it1e of 

the response is initiated by the post-ganglionic fibers 

or structures distal to the ganglia., which would leave 

the ¿anglion as the nost likely point of action. 

Toyama (145) studied the effect of x-irradiation of' 

autonomie nerve centers of rabbits on intestinal ot1l- 

ity. Irradiation was reported to stimulate both sympath- 

etic and parasympathetic nerve centers. Tone an motility 

were increased by localized irradiation and this response 

was inhibited by nicotine but not by 9tropine. 

4. Test for Ear Vas cularity 

A. remarkable clinical manifestation of radiation is 

the change induced in cutaneous blood vessels, initially 

apparent ac erytherna. This erythema, exemplified fully 
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about two weeks after radiation exposure, has long been 

a standard for roentgen ray dosage. The earÏy observa- 

tions established that a1thougi no element of the blood 

vessel is immune to radiation injury, the endothelium is 

the most susceptible and consequently, the major changes 

observed in those vessels in which the endothelium makes 

up a proportionately large part of the wall. 

In man, an erythema due to dilation of the blood 

vessels is elicited with 600 to 700r of hard x-raye over 

relatively small areas. The erythema appears in the first 

day or so, lasts for a few days, and disappears, t,o re- 

appear on or about the eleventh da.r. This second ery- 

thema lasts three or four weeks and gradually merges into 

a stae of pigmentation of the skin (44). 

In the present study, a delayed erytherna and telangi- 

ectasia was recognized as a sequel to 300r cumulative dose 

of whole body Irradiation. fha condition is reflected 

by an increase in the central artery of the ear of the 

rabbits. With the exception of the radiation dose em- 

ployed, this is quite in agreenent with those obtained 

by Warren (154), where he noticed the telangiectasla. as a 

late result after heavy doses (l,200r). The development 

of telangiectasia at some length is ascribed to deep 

obliterating endophiebitis. However, this origin has not 

been clearly proved. The dilated vessels may be fine or 
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coarse, ounctuate or weblike, straight. or serpentine. 

There is sorne evidence that the dilation does riot result 

directly troni the effect of radiation on the vessels or 

on the nerves controlling them but rether through the 

formation of histamine-like substances. The presence of 

these in denonstratable amounts in fresh ilood has been 

c1aiited by Cramer (35). However, these substances are 

not of significance in the production of permanent damage 

to vessel walls. 

One of the most extensive studies is that of L)abro- 

valskaa-Zavad8kaia (40). The initial effect is vasodila- 

tion followed bj degenerative ai.ìd reparative changes. 

With doses up to l,200r, complete recovery may occur. 

With increases above this amount, alteration of the various 

coats occurs, leading to eridothelia]. proliferation, degen- 

eration of elascica and replacement of smooth muscle with 

connective tissue. As a rule, the smaller capillaries do 

not recover if the dose of radiation has been sufficient 

to produce acute radioepidermatitis. The lar3er the 

vessel, the greater is the chance for repair and main- 

tenance of Dotency. 

he local application of xylene to the ear of irrad- 

lated animals showed that they responded by a greater 

vasadilation of the central artery than as observed tri 

the control animals when treated with xylene. It would 
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appear that an auentative response was elicited. The 

central artery showed an increase in permeability which 

could be manifested by an increase in the flow from the 

capillaries into the tissue spaces. The initial and maxi- 

mal increase in permeability of the central artery of the 

ear of the irradiated animals was attained at a signif- 

icantly longer time than in the control animale. This 

significant variation in the onset of vasodilation pro- 

vides no adequate explanation at present. Rigdon (130) 

observed that trypan blue, carbon particles, antitoxins 

and vaccine virus when injected into the circulating blood, 

concentrate in areas of inflammation produced by xylene 

only durin5 a specific interval. The tiie in which these 

substances localize and concentrate in the xylene.-treated 

areas of skin is not determined by the presence or absence 

of edema, hyperemia and leucocytic infiltration of the 

skin. 

The dilation of the capillary loop after erythema is 

frequently a reversible change, but with heavier doses it 

may become irreversible (107). InterestIngly enough, 

there is evidence, in part at least, that this vasodila- 

tion may actually develop and clear up while a divided 

dose of roentgen radiation is still being delivered. The 

periods of reversible dilation lasts for several days or 

weeks after the initial erythema. 
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The injection of 2 ml of ethyl alcohol in the irrad- 

lated animals follow8 the same general pattern of response 

as observed with xylene adtninistration. An aumentative 

response was elicited after the injection of ethyl alcohol 

in the irradiated animals. Administration of 2 ml of opi- 

nephrine (1:5,000) produced a more pronounced vasocon- 

striction in the irradiated than in the control animals. 

Normally a s1iht narrowing of' the lumina of the venules 

accompanies the arteriolar constriction following the ad- 

ministration of epinephrine. Independent constrictions are 

not very well apparent, and so long as any blood was flow- 

open. 

It was only when arterlolar flow was shut off completely 

that the capillary lumen seemed to disappear. It would 

suggest then that with the results obtained in this exper- 

iment, the irradiation disrupted the normal mechanisms of 

arterial blood flow. Wolbach (163) remarked that after 

irradiation the swollen or vacuolated endothelial cells 

may form tufts extending into the lumen and endothelial 

proliferation may be so marked as to occlude the vessels. 

Some of the small vessels may be closed by thrombi. An 

important observation is that some vessels always seem 

undamaged. After injection of radium, the endothelial 

cells may calcify and there may be calcification of the 

walls of small vessels (129). Although vascular radiation 
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lesions are well established, some believe that their 

importance as the cause of many of the changes observed 

in various irradiated organe has been exaggerated (103). 

These critics believe that the part played by obliterating 

arteritis in radionecrosis has not been proved; they hold, 

rather, that transformations of extra-cellular substances 

of the connective tissue and associated infection are 

much more important factors in the pathogenesis of this 

process. 

Blood counts in laboratory animals are apt to vary 

considerably from different causee. The differences are 

sometimes due to individual peculiarity or to differences 

in age, feeding, or environment, and lt should he rernem- 

bered that anemia and parasitic conditions are common and 

may modify the blood. 

In the present study, the leucocytes were daged 

functionally to a considerably greater degree than were 

the erythrocytes. This was evident when lOOr of whole 

body irradiation was delivered to the animals. The 

leucocytes were more severely affected from the first. day 

postirradiation period and no recovery process was dis- 

cerned on the 10th week period. The erythrooytee, on the 

other hand, were not significantly affected by this par- 

ticular radiation dose. It might be argued that the 

depression of granulocyte counts in this experiment was 
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reflected In increased peripheral destruction rather than 

diminished productivity of the nye1opoiet1e tie8ue. On 

the basis of the present data, it 'ou1d appear that the 

depression of the granulocyte counte wae reflected through 

an increased peripheral destruction and at the same titie 

diminished productivity of the tnyelopoietic tissue. EVI- 

dences for these assumptione could be seen in the pattern 

of cellular changes following lOOr and 300r cumulative 

doee of whole body irradiation. After lOOr, only the 

1eucocyte showed reduction in number. ThiB would indi- 

cate that this particular dose did not elicit any nig- 

nificant damage to the bone niarrow eince the number of 

circulating erythrocytes was not significantly reduced. 

From this point of view, it can be poetulated that the 

peripheral destruction of the ranulocytes caused their 

decrease in number. After 300r cumulative dose of whole 

body irradiation, however, lt was observed that both 

erythrocytes and leucocytes were sinlficant1y reduced 

in number, and this phenomenon can in all probability be 

due to a cessation of myelopoieeis or a diminished pro- 

duction of the r±iyelopoietíc tiasue. 

A precipitous fall in hematocrit value was also ob- 

served after 300r cumulative doso of whole body irradia- 

tion. This condition could be indicative of capillary 

damage with floodi of the tissue spaces and lymphatics 
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with erythrocytes, followed by their destruction and a 

sugsequent anemia. If extravasatlon of erythrocyte8 i3 

judged on the sole basis of erythrophagocytosis and hecno.. 

siderösis In lymph nodes, lt can be pertinently assned 

that the mechanism of anemia is among the basic changes 

causing death. It has been previously stated that 300r 

cumulative dose results in destruction of erythrocytes. 

This destruction would probably be due to damage of the 

capillary wall causing the diversion of the erythrocytes 

into tissue spaces and lyinphatica. Accepting this postu- 

lation, this phenomenon might also cause injury to other 

circulating erythrocytee. Thus, the aneila produced by 

the irradiation can be said to be partly relative and 

partly absolute. On the basis of the present data, the 

pathogenesis of erythrocyte damage and the precise mechan- 

15m of erythrocyte destruction can not be demonstrated. 

Increases in blood creatinine, creatine and uric 

acid after OOr cumulative irradiation can be interpreted 

as definite symptoms of renal insufficiency. Although 

histological examinations were ìiot performed, it can be 

postulated that the ionizing radiation produced degener- 

ative chatiges in the tubules with orresoonding Increase 

in interstitial tisaue. Likewise, destruction of glower- 

ular tufts causing lt to become hyalinized or replaced 

by fibrous tissue might occur lt closure of afferent 
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vessel3 wa3 initiated by the ionizing radiation. In all 

probability, the renal arterioles might become ocleroeed 

as a sequel to essential hypertension. 

the possible influence exertod by the adrea1 cortex 

can not be disregarded with respect to the kidney darnae 

observed. The 3land was directly in the field of loniza- 

tion, and in all probability received equivalent arnoints 

of radiation to that received by the kidney. Irradiation 
represents a stress to the aiLals, which, if aiediated 

through. the adrenal, may result in the increments observ- 

ed in renal function since cortisono and ACTH prodce 

augmentative effects on renal clearance. 

The results obtained from the present study have re- 

vealed the fact that a significant constipative effect 

was induced by 300r cumulative dose of whole body irrad- 

iation. The constipation that developed could be spastic 
or atonic in nature. If it ta of the former type, the 

irradiation apparently caused a hypertonic state of the 

iusculature of the colon to develop. This hypertonic 

state supposedly may be induced reflexly through impulses 

arising in diseased pelvis, or abdominal viscera such as 

the ßall bladder and duodenum. Likewise, the stress 

causeO by the ionizing radiation ori the animals :ay he a 

contribtinß factor since shock and ovortork have beon 

shown to influence to a certain decree t,he hypertonic 
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state of the colon, On the other hand, the irradiation 

dose may have damaged the neuromuscular mechanism of the 

bowel which would in turn weaken or depress the activity 

of the musculature of the colon leading to an atonie con- 

stipation. Atony of the intestinal tnusculature may, 

however, be associated with certain general conditions, 

such as senility, obesity, constitutional diseases or 

lesions of the central nervous system. The first three 

conditions appear not to be associated with the initiation 

of atonie constipation, assuming this was incited by the 

radiation dose, since these were not observed in the 

irradiated animals. Physical obaervation8 of the irrad- 

iated animals reveal no signs of constitutional diseases 

or marked senility, and statistical results have shown 

that the irradiated animals lost weight during the post- 

irradiation periods. An assumption can be made that the 

atonie constipation, if such type is incited, seen after 

irradiation, might be due to lesions occurring in the 

central nervous system. If such manifestation did occur, 

it is quite interesting to note that the central nervous 

system is supposedly radioresistant. However, a unilat- 

eral or bilateral damage of the prefrontal area of the 

cerebral cortex has been observed to produce general 

features characteristic of those observed after irrad- 

iation such as loss of weight, disturbances of 
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orientation in time and space, and tremor. If this 

assumption is accepted, evidence from the present study 

would indicate that 300r cumulative dose of whole body 

irradiation is sufficient to cause damage to the central 

nervous system. 

The present findings also demonstrate that 300r 

cumulative dose of whole body irradiation produces altera- 

tions in the vascular bed of the rabbit'8 ear. A vaso- 

dilation of the central artery of the rabbit's ear was 

apparent. It would be difficult to accept the hypothesis 

that the vasomotor fibers were directly stimulated by the 

ionizing radiation since peripheral nerves, at least 

myellnated ones, are supposedly very radioresistant. Pos- 

aible alternative postulations could be that the ionizing 

radiation directly influenced the contractile structures 

of the vascular bed, or indirectly caused a change of 

vessel diameters by formation of vasoactive substances in 

the ear tissue. At any rate, evidences from the present 

study have tentatively shown that permeability of the 

vessel wall, regardless of whether directly or indirectly 

influenced by the ionizing radiation, could be elicited 

by a much lower dose of ionizing radiation than that which 

is presently accepted. 
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3ex x Radiat1on_Interact10 

Individuals in an apparentlj uniform population do 

not respond equally to radiation. 3u3ceptibtllty of ani- 

mais depends on a number of factors not related to the 

quality of radiation. In the present study, the males 

were shown to be less sensitive than the females with 

respect to the reduction of leucocytes and hematocrit 

values after 300r cumulative dose of whole body irradia- 
tion. Inversely, the blood creatialne and creatine values 

of the males were observed to be nore sinificant1y 
affected than those of the fenaies. With reference to 

the inteStina]. motility examination, the females passed 

a sinif1cantly lower number of scybala indicating more 

severe constipation as a result of the irradiation, Fe- 

males were also observed to manifest a greater vasoduiation 

of the central artery of the ear after the injection of 

2 ml of ethyl alcohol. 

The lethal dose for females likewise appears to be 

lower than that of males since of the 10 animals that died 

during the process of the experiment, 6 were females. 

The effect of sex on susceptibility to radiation 

changes has not been thoroughly explored. In general, sex 

does not affect susceptibility of mice to 300 to 400r 

whole body irradiation (15). A possible exception 
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observed is the 90-day ape group in which a sugge8tively 

greater proportion of fena1es than males died. Aiother 

observation made was that a high mortality rate (50 per 

cent) occurred in a small group of pregnant female mice 

90 days of ae at the time of irradiation. Others (45, 

7h) were of the opinion that females may be somewhat more 

resistant than males, i.e., by about 50r, and that a sex 

difference is not apparent in all species or in different 

strains of the same species. lhe role of body weight in 

radiosensitivity is not well established, although it 

appears that heavier animals tend to be less sensitive. 

It is not clear, however, whether this is a reflection of 

weight or of age. The median lethal dose of x-rays is not 

very dependent upon weights in rats of approximately the 

same ae (125). 

The findings of the present study appear to indicate 

that susceptibility to radiation is more reflected by 

weights rather than the age of the animals since female 

rabbits are significantly heavier in weight than the males. 

As has been previously stated, all animals used in this 

study were born within four days of one another and this 

difference in age can not be assumed to cause any signif- 

icant effect. 

On the other hand, rats of the same age, differing in 

weight because of dietary restrictions, have been reported 
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to vary in their sensitivity to neutron radiation, the 

smaller rate be1n more sensitive (128). 

Jreed_x ad1atiori Interaot.io 

Only a very limited number of investigations have been 

perforriied at present in relation to the suscept1b11itj of 

ionizing radiation on different breeds. A3 has beer pre- 

viously stated, trie three breeds of rabits used in the 

present study varied greatly in body size. The Flemish 

Giant breed was the largest weihin from 5951 - 6102 gms, 

followed by the New Zealand breed (3643 - 4262 ns) and 

the Polish breed (1150 - 1264 5mB). Tho Flemish Giant 

breed, interestingly enough, appeared to be the most 

sensitive to the effect of 300r cumulative dose of whole 

body irradiation and the New Zealand breed the least 

affected. This is not only reflected in some of the hea- 

tological, intestinal motility, and ear vascularity tests, 

but also from the fact that of the ten irradiated animals 

that died during the course of the experiment, seven were 

Flemish Giants and three were Polish. Mortality rate of 

the fTew Zealand was zero. 

Additional information was gathered when the present 

study was continued for another two months. Although the 

complete results obtained from this extended study will 

not be presented here, an interesting fact was nonetheless 
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observed. After a total dose of 500r (lOOr increment after 

the 300r cumulative dose) was delivered to the animale, 

the per cent mortality occurring in the Flemish Giant, 

Polish and New Zealand breeds were 100, 59 and 10 per cent, 

respectively. 

Grahn et al. (75) and Kahn et al. reported that the 

LD-50 for mice has been shown to vary over a range of 

about lOOr in various strains, none of which was selected 

specifically for radiation resistance or sensitivity. An 

unusual type of strain difference was revealed in the 

observation that although four strains of mice had similar 

LD_50t8 for total body irradiation, the LD-50's for Irrad- 

iation of the head alone or of the body alone varied over 

a twofold range (128). Rabbits of either sex weighing 

more than 2 kgs are reported to be somewhat less sensitive 

than animals weighing lees than 2 kgs (78). The heavier 

rabbits survive longer in any given dose group. 

It has also been observed that survival time is re- 

lated to body weight in mice (45) . An explanation of the 

protective influence of weight or age is not obvious; 

it is probably not attributed to a simple relation between 

the rate of growth and sensitivity. On the contrary, the 

tremendous variation in body weight of the three breeds 

used in this study might account to some extent for the 

significant breed differences obtained after 300r 
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cumulative doae of whole body irradiation. Spiers (137) 

found that differences in the amount and distribution of 

body fat can account for small difference in sensitivity 

to radiation. 

It appears from the data gathered on control rabbits 

of the three breeds, Flemish Giants, New Zealand and 

Polish, that the very large and very small breeds are under 

stress conditions at all times. They do not survive or 

produce young as well as the ew Zealands which are inter- 

mediate in size. It le possible that e1ection for either 

very large or very small body size has resulted in animals 

that are physiologically unbalanced. Such animals might 

be more adversely affected by radiation or any other 

stress condition than a physiologically well balanced 

animal such as the New Zealand. The data in the present 

study show that the Polish and Flemish Giant breeds are 

much more sensitive to radiation damage than figures in 

other studies for rabbits. 
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SUMMARY AND CONCLUSIONS 

A study was conducted on the effects of low-level 

whole body ionizing radiation on three breeds of rabbits 

that vary greatly in body size. Two irradiation dosages 

of lOOr arid 30Cr (cumulative dose) were delivered and 

hematological, intestinal motility and ear vascularity 

examinations were conducted. The initial and delayed 

effects of the ionizing radiation were given special 

attention. 

The effects of breed, sex, radiation, and interaction 

cf breed x sex, breed x radiation, sex x radiation, and 

breed x sex x radiation were determined by the method of' 

l9act squares. The significance of these effects was 

determined by analysis of variance. 

'Iithin the limits of this study, the followin: con- 

clusions can be drawn: 

1. Breed differences existed with respect to the 

number of erythrocytes and the hemoglobin value, wherein 

the smaller and intermediate breeds (Polish and New Zeal- 

and breeds, respectively) showed higher values than the 

larger breed (Flemish Giant). The number of leucocytes 

and the hematocrit levels presented no apparent differ- 

ences among the three breeds. 

2. Statistically significant breed differences were 
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also observed with resoect to blood creatinine, creatine 

and uric acid va1es. The Tîlerntsh Giant breed had a much 

higher blood creatinine value. Blood creatine va1ue 

ranßinS from 0.43 to 0.48 millOO ml of blood remained 

fairly constant until the 10th week post-irradiation 

period but on the 4th and 6th week period, the creatine 

value of the Polish breed showed a downward f1uctaticn. 

A highly significant breed differeflce with blood uric 

acid was evidGnt from the pre-irradiation period until the 

4th week after irradiation. 

3. The Polish breed showed a marked inItial depres- 

sion In scybala production that differed significantly 

from the Tew Zealand and Flemish C1iant breeds after the 

injection of saline. Morphine administration (1 mg/kg) 

produced a marked depression of scybala production in the 

Polish breed from which recovery was not realized until 

the 3rd hour after the injection. Tith higher doses of 

morphine (2 mg/kg), a highly significant breed difference 

occurred on the 3rd and 5th hours after the injection 

wherein the Mew Zealand and Polish breeds showed a more 

marked scybala production than the Flemish OElants. With 

10 mg/kg o± n-allylnormorphine, the ecybala production of 

the Polish breed was significantly less than that of the 

other two breeds. The first sign that a breed difference 

existed after the injection of morphine (1 mg/kg) + 
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n-allylnormorphine (lo mg/kg) occurred 15 hours after the 

administration. At this partieiar t.irìe perIod, the 

number of ecybala passed by the Polish breed was markedly 

less than that of the New Zealand and Flemish Giant breeds. 

Scybala weight was apparently closely related to the 

size of the animal and the number of scybai produced at 

a specific time period with the exception of a few iso- 

lated cases. 

. Vormal size of the central artery of the rabbit's 

ear 'as apparently directly related to the size of the 

ear. The I'ew Zealand and Polish breeds responded more 

rapidly to the vasodi1atin effect of xylene. All three 

breeds produced the same degree of vasodilation after the 

injection of 2 ml of ethyl alcohol. Vasoconstriction 

after the injection of 2 ml of e1nephrIne (1:5,000) was 

the same in all the breeds. 

5. orma1 male rabbits showed a higher n'imber of 

erythrocytes and hemoglobin values than females. The 

number of leucocytes and the hematocrit values were the 

same for rabbits of both sexes. No significant differ- 

ences due to sex were found for blood creatinine, creatine 

or uric acid values. 

6. Males showed a higher scybala production than 

females 7 hours after the Injection of 10 mg/kg of n- 

allylnormorphine. Sex differences for scybala weicht 
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were imt noted when any of the an1es1c drugs were used. 

7. No sex differences were obteined on the size of 
the centrai artery due when any of the three test drues 

were used. 

3. The n.iber of errthrocyte3 arid the hemoiobin 
va1ue were not inifioar)t1y affected by lOOr of whole 

body 1.rradi9tion. A highly significant reduction in 
number of leucocytes occurred one day after irradiation 
and no sipn of recovery- was evident until the 10th week 

postirrad1atton period. The hematocrit values decroaaed 

e1jnificant1y from the first day mtil the kth week poet- 
irradiation oeriod after which recovery was completed. 

9. Blood uric acid showed the highest degree of 

radiosensitivitr to lOOr. The blood oreatlrie value was 

ainificantly inreased until the 6th week post.-irradla- 
tion period while the blood creatinine value was increased 
on the 2nd and 6th week post-irradiation period. 

10. 9cybala production was significantly reduced 

by lOOr irradiation three hours after the administration 
of i ms/kg morphine + 10 mg/kg of n-allylnormorphine. 

li. Size of the central artery after lOOr was not 

significantly altered after the local application of 
xylene or after the subcutaneous injection of epinephrine. 

However, after the subcutaneous injeotïon of ethyl alco- 
hol, a marked increase in size of the central artery of 
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th.e Irradiated animals became evident. 

12. A hih1y stntficant breed x sex Interaction waa 

noted 15 hours after the tn.ection of i m/k of norphIne 

+ 10 nì/kg of n-allylnormorphtne, wherein the soybala 

production of the male Flemish Gtazt was sicrnl.ficnntly 

lower than that of the females of the eazne breed. 

1. There Is no significant breed x radiation Inter- 

action at lOOr with respect to the cellular constituents 

of the blood. The Flemish Giant ard Polish breeds showed 

a preater increase in creatine values as compared with 

the New Zealand breed one day after irradiation. One 

day after Irradiation, both the Flemish Giant and. Polish 

breeds showed a greater increase in uric acid values 

than that of the New Zealand breed. 

14. To evidence of breed x radiation interaction 

was noticed with respect to the vasodilatin effects of 

xylene on the central artery. The initial and maximal 

responses to xylene &mong the three breeds were insInif- 

icant. However, after the subcutaneous injection of 

ethyl alcohol, the ?lemish Giants showed a hiphly ain1f- 

ioa't vasodi1atin effect. The central artery of' the 

Flemish Giant showed a sinIftoantiy marked vasoconstric- 

tlon after einephrine administration as compared wIth 

the New Zealand and the Polish hreed. 

15. 3evero reduction in number of erythrocytes 
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indicative of anemia was observed after a 300r cumulative 

dose of whole body irradiatior. No recovery process was 

evident 10 weeks after the radiation exposure. The 

number of leucocytes was severely reduced after 300r, 

with values ranging from 2,246-6,068 cells/cu mm. The 

hemoßlobin values exhibited a significant reduction one 

day after irradiation, but greatest reduction was ob- 

served on the 14.th week post-irradiation period after which 

a ßradual rise although lt became evident that the values 

were still below normal at the 10th week post-Irradiation 

period. A highly significant reduction in per cent hemato- 

cnt appeared one day after irradiation and recovery was 

not attained even on the 10th week post-irradiation 

period. 

16. The blood creatinine, creatine and uric acid 

values after a 300r cumulative dose of whole body irrad- 

iation were observed to increase significantly reaching 

a maximum peak at about the 4th week after irradiation 

which was followed by a gradual decline noticeable until 

the 10th week although complete recovery was not attained. 

17. A cumulative dose of 300r of whole body irrad- 

iation potentiated a constipative effect. Control ani- 

mais were more sensitive to the constipative effect of 

i ms/kg of morphine than radiated rabbits. With a higher 

dose of morphine (2 mg/kg) the irradiated animals passed 
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a significantly greater number of scybala than the con- 

trols on the 3rd and 7th hour after the injection. The 

effect of lo mg/kg of n-allylnorniorphine on the control 

and irradiated animals was roughly equivalent to one- 

third the conatipative effect of i mg/kg of morphine. The 

weight of scybala from the irradiated animals was not dif- 

ferent from that of the controls. 

18. Vasodilation of the central artery of the ear 

of the irradiated animals was observed. The local appli- 

cation of xylene on the ear did not further augment the 

vasodilation produced by the ìonizinß radiation. The 

central artery of the control animals initially responded 

much more rapidly to xylene and conversely maximum vaso- 

dilation was reached at a shorter time than in the irrad- 

lated animals. The vasodilatin effect of 2 ml of ethyl 

alcohol injected subcutaneously significantly enhanced 

the vasodilation caused by the ionizing radiation, while 

eptnephrine significantly inhibited the vasodilation 

caused by the ionizing radiation. 

19. Leukoponia was significantly more evident in 

the Flemish Giant breed after a 300r dose of whole body 

irradiation. No significant breed differences were found 

with respect to the hemoglobin values at any of the 

periods. The hematocrit values of the Flemish Giant 

breed was found to be the least affected by the irradiation. 
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20. The New Zealand breed showed s1if1cantly less 
increase in creatinine valuee couipared to that of the 

Flemish Giant and Polish breeds. A 300r cumulative dose 

did not result in any breed difference with respect to the 

blood creatinine a;id uric acid values. 

21. The constlpative effects of a 300r cuu1ative 
dose of hole body irradiation was more evident in the 

breeds possessing extreme variations in body size. Mor- 

phine ( i milkg) exerted a greater constipative effect or 

the Polish and Flemish Giant breeds. The Flemish Giant 

breed was able to attain a state of recovery from the 

constipative effect of 2 rnJkg of morphine 8 hours earlier 
than either the flew Zealand or the Polish breed. 

22. The New Zealand breed was more sensitive to the 

vasodilatin effects of ion1zin radiation. After the 

local application of xylene, the Flemish Giant breed 

showed a sin1ficantly marked vasoclilation compared with 

the ew Zealand and Polish breeds, The Polish breed was 

more severely affected by ethyl alcohol while the New 

Zealand breed was more arkedly affected after the injec- 

tion of epinephrine. 

23. The number of leucocytes and the hernatocrit 

values showed reater reduction in the females than in 

males after 300r cumulative dose of whole body irradiation. 
Males were more affected by irradiation with respect to 
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the blood creatinine arid creatine values. 

24. The number of scybala passed by the females was 

slßnlflcantly lower than that by the males after 300r oumu- 

lative dose of whole body irradiation. The ocybala weights 

of the males were hea'ier than those of the females. 

25. Females were observed to react more rapid1 to 

the va8odilatL-1 effects of ethyl alcohol, althou5h maxi- 

mum vasodilation wa apparently reached at the s&me time 

in the two sexes. 
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