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PREFACE 

For nearly a decade, extensive investigation has 

been carried out in the Department of Experimental Surgery 

on the metaboli sm and carcinogenic effect of radioactive 

strontium. The continuing interest to study the various 

parameters that influence the gastrointestinal absorption 

of radioactive strontium has led the present project. I was 

On.lytoo happy to undertake these studies, since in my home 

state in India, a sizable part of the population lives in close 

proximity to high leve! of natural radioactivity in soil. This 

project also coincided with my persona! interest in the use 

of radioactive isotopes in medicine. 

My sincere thanks go to Dr. D. R. Webster, Professer 

of Experimental Surgery, for providing me with facilities to 

carry out this work in his Department at McGill University. 

I am grateful to my former chief Dr. W. D. Miller, who se 

help and encouragement enabled me to take up this year of 

study in basic sciences. 

I am deeply indebted to Dr. S. C. Skoryna, Director 

of Research and Dr. Dei rd re Waldron Edward, Biochemist

in-Charge, for their guidance, suggestions and constant 
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encouragement which I received in abundance in course 

of this investigation. 

I am extremely grateful to Mr. Michael Farrell 

for preparing the animals and assisting with experi• 

mental procedures. Without his active co-operation 

it would have been impossible to complete this work. 

I am also thankful to Mr. James Byers and Mr. Sergei 

Podymow for their help in the radioactive room and 

care of the animals. 

My grateful acknowledgements are due to Dr. C. 

C. Solomon and Dr. S. Mukerjee, for their advise in the 

use of radioactive isotopes in experimental work and 

Mr C. Narshiman for his invaluable help in the statist;i .. 

cal anal y sis of the re sults. I am also obliged to Dra. 

J.S. Makhani and A.C. Dukay for showing tome methods 

of ligating intestinal segments and other procedures used 

for this study. Mrs. L. Trifonow and Miss M. Evans 

had helped me throughout the year in histological and 

chemical preparations. 
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To Mrs. Ana Maria Eccles, 1 am greatly indebted 

for her pleasant and co-operative help throughout the year; 

and especially for the tedious job of typing this manuscript. 

M:lss Eleanor Kulchycka, Secretary to the Department, had 

been keenly interested in my problems and bad helped in 

more than one way the numerous problems arising in ex

perimental studies of this type. 

1t bas be en a great pleasure to work with and re ... 

cèive helpful criticisms and suggestions from other re

search fellows in the Department, Drs. F. T. Celi s, J. Y. 

Cbun, R.C. Criollos, S.M. Chughtai, G. Daniel, S.B. Day, 

A.C. Dukay, G. Gentile, Y. Kato, D.A. McLeod, C.T.B. 

Moyo, P. Prud'homme, J.J. White and F. ·wiegand. 

1 am grateful to the Medieal Research Council of 

Canada for providing me with a :fellowsbip and also to the 

Department of Health and Welfare for necessary funds to 

carry out the experimental studie s. 

Finally 1 wisb to state that this time spent at McGill 

University had given the opportunity to make many pleasant 

contacts and rewarding friendsbips wbicb will certainly 

leave a lasting effect on me. 
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CHAPTER I 

INTRODUCTION 

The man produced radiation had been with us for 

nearly three ... quarters of a century. It representa an ele-

ment which has significant impact on nearly every phase 

of human life. In the latter part of last century, the ex ... 

periments with vaccum dischargers have led to the dis-

covery of X-rays by Roentgen in 1895. This was soon 

followed by Becherel' s (1896) discovery of radiation from 

radiactive mate rials. Within months it was recognized 

that each of these radiation could have injurious effect 

upon persons exposed toit. 

The increasing incidence of radiation damage had 

culminated in the establishment of International Commis-

sion of Radiological Protection in 1928. With the intro-

duetion of quantity unit for measuring radiation it was 

possible for the first time to mak.e recommendations for 

quantitative protection and to introduce the concept of 

a permissable dose. 
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The middle of 1940 1S had witnessed the enormous 

increase in quantities and varieties of radioactive mate

rials produced by atomic fission. With the explosion of 

the first atomic bombs at Nagasaki and Hiroshima, a 

manifest public awareness of radiation as a potential 

hazard for orderly life on this planet as well as possible 

benefit to society became evident. Problems resulting 

from technical advances 1 with their eoncurrent social 

and political implications are not new to man. For exam .. 

ple, one can mention such ancient inventions as gun

po.;vder or perhaps the more recent developments of the 

automobile and the antibiotics with their benefits as 

well as disadvantages. 

Radiation has one particular characteristic that 

may cause deeper concern. It is known :that apart from 

its injurious or lethal action; the effects can be transmit

ted to the pro geny by me ans of mutations. Looking into 

the future, with an ever expanding use of radioactive 

isotopes for all conceivable purposes and with the pros ... 

pect of an ever increasing number of people living in 



close proximity with thermonuclear reactors, the radio

nuclides having long half .. Ufe llke strontium 90 and stron

tium89 are posing a tremendous problem in the field of 

biology and medicine. 

With prevention being preferable to treatment, it 

seems necessary to have a clear understanding of the 

pathway of entry of such deleterious substances into the 

biological systems and the :factors affecting it, before a 

meaningful preventive measures can be devised. It is 

with this view in mind, that the present studies had been 

undertaken to explore the possible entities involved in 

the gastrointestinal absorption of radioactive strontium. 
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CHAPT.ER II 

BIOLOGICAL EFFECTS OF IONISING RADIATION 

Section 1. Definitions. 

The term radiation indicates a physieal phenomenon in whieh 

energy travels through space, even though that space be empty of 

matter. Two types of radiation are generally distinguished (Fano, 

1954), namely: 

1) Corpuscular radiation consisting of various types of 

atomic or subatomic particles which are capable o:f transfer of 

their kinetic energy to any matter that they encounter. 

Z) Eleetromasnetic radiation consista of sel:f-propagating 

electric and magnetic disturbances, which affect the internai 

structure of matter and thus dissipates their energy. 

Cosmic rays consist o:f a complex of radiation which flow 

constantly through the earth 1s atmosphere in a downward direction 

and relatively few penetrate to the surface of the earth. Severa! 

eomponents of this complex are identical with eorpuseular and 

electromagnetic radiations studied in the laboratory. There are 

still other components of energy particles which cannat be pro-

duced in the laboratory. The biological significance of these 

rays on the surface of the earth is not known. 
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Mèsons inelude a variety of subatomic particles heavier than 

electrons but lighter than protons or neutrons. They arise from 

collison of very-high•energy radiations with atomie nuclei, but 

have only a brief existence and presumably are not of rouch biolo

gieal importanee. 

Neùtrino is the constituent of a radiation whieh is presumed 

to arise from the emission of Beta-rays and other subatomic 

proeesses. These ê-r:e:eleetrically,neutral. 

Moleéùlar rays are beams of mono or polyatomic molecules 

whieh escape from an enclosure into high vacuum, carrying 

little enery and no electric charge. 

A classification of biologically important radiations is 

given in table r. 

Detection of radiation ean be carried out in accordanee with 

the e:f:fects o! their impact on matter. These methoda include: 

1. Photography 

2. Ionisation 

3. Study of biologieal effee:ts 

4. Excitation o:f luminescence 

5. Study of chemical effects 

6. Atomie transmutation 

Severa! units are used to express the measurement of radiation. 



TABLE I 

CLASSIFICATION OF BIOLOGICALLY IMPORTANT RADIATIONS 

CORPUSCULAR 

Electrically Charged Electrically E L E c T R 0 MAG NE T I C 

Light Heavy Neutra! 

Cathode Protons; Radio-waves, Ilght X(or Rœ!ltgen 
Rays deutrons, microwaves (infrared, 

(electrons) and other Neutrons visible & 
positrons ion beams ultra-

violet) 

Sptlttial. narne s of r.adiation from atomie nuelei 

(Beta) {Alfa) 

rays rays - - -

{Quoted after U. Fanot Radiation Biology, McGraw-Hill Book Company, Ine., 
Part I, 1954.) 

rays 

(Gamma) 

rays 

0' 

1 



- 7-

Curie is an am.ount of radioactive material which disinte• 

grates at the rate of 3. 7 x 1010 per second; a millicurie is 3. 7 x 10 7 

and microcurie is 3. 7 x 10 4 (Veall and Vetter, 1958). 

Roentgen is defined as the quantity of X-ray or gamma radia

tion as soeiated with corpuscular emission per 0. 001293 Gm of air 

producing ions carrying one eleetrostatic unit of either sign. 

Rutherford (rd) is an unit representing one million disinte

grations of radioactive matter per second. 

Roentsen Equivalent Physieal is an unit of radiation of any type 

which yields an am.ount of energy transferred to the tissue equal to 

that transferred by one roentgen of X -or gamma- radiation. This 

am.ount of energy turns out to be 93 ergs per gram. of water or soft 

tissue. 

Section 2. General Considerations. 

Less than a year after Roentgen {1895) reported "a new form 

of radiation If, Stevens (1896) deseribed the radiation dermatitis and 

epilation. Walsh in 189 7 reported the untoward effects of acute 

radiation illness. Shortly thereafter other investigatoxs noted 

similar reaetions produeed by the new tool in the medical arma ... 

mentarium. Following those observations and the increasing usage 



- 8-

of x ... radiation in elinical medicine nurnerous animal experimenta 

were conducted on the biological effects of ionising radiation. 

Though these etudies varied greatly in the methods of exposure 

and dosage, many fundamental data were obtained. Among these 

were the selective action of radiation on cellular constituents and 

different types of cella; the effects on differe;ntiation, mitotic 

activity and radiosensitivity; the relationship of intensity and 

duration of exposure and the latency period of response reaction. 

Although it is generally true that radiosensitivity is related 

to growth rate, it is clear that relatio;nship is not linear. For 

example, with the onset of mitosis, germinating wheat seedlings 

become more resistant to the growth-retarding effect of x .. irradia

tion (Henshaw and Francis, 1935); in eggs of Drosophila, the sensi

tivity does not parallel the rate of division (Packard, 1930). The 

rapidly growing squamous cell epithelioma is fairly resistant to 

radiation while the more slowly growing basal-cell turnour is 

sensitive. The erythroblast vulnerability to radiation injury is 

not enhanced by an increase in'mitotic aetivity; in :f'aet, the hyper

blastic erythroid tissue is less sensitive than the normal one 

(Jacobson et al, 1948). 
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There is equally eonvincing evidence with regard to the 

re1ationship of primitiveness of the cell and radiosensitivity. 

Whi1e the primitive retic:u1ar cells are exeeeding1y resistant to 

radiation injury~ the blast cella whieh arise from retieular cella 

are more sensitive (B1oom, 1947; Tullis 1 1949). 

In general, the haematopci.etie and germinal tissues belong 

to the most sensitive. These are followed by intestinal epithelium, 

skin and connective tissue. Bone and glandular tissue are relatively 

radioresistant while muscle and nerve tissue are the least sensitive. 

There seems to be no relation between the susceptibility of different 

tissues and their basal oxygen consumption. Brain and kidney have 

higher rate o:f respiration than spleen, yet the former two organs 

are relatively radioresistant, while the latter is radiosensitive. 

The events that are immediatly associated with the absorp-

tion of radiation are not entirely dependent on temperature {Patt and 

Brues, 1945). However, the subsequent reactions to injury and 

recovery are affeeted by temperature changes and metabolic aetivity. 

The influence of hypoxia and protective substances on the changes 

produced by ionising radiation in the aqueous solution and in living 

tissues may be considered to be due to the effect of aetivated-water(:free 
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hydrogen atom and hydroxyl radical) reactions in vivo as well as in 

vitro. The mode of action of these modifying factors is not clear. 

There is reason to believe that the early cytological damage follow

ing a moderate dosage of radiation is the result of chemical effects 

of ionization and excitation. This may be an important factor in 

the production of overall response to radiation injury in the mamma

lian organism {Patt and Brues, 1954). 

In view of the complexity of the nature of the energy absorption, 

it is not surprlsing that the effec:ts of radiation are manifested in 

many ways and several factors have been shown to influence the 

response to ionising radiation. 

Section 3. Radiation Sicknes s. 

Aeute radiation syndrome is the symptom eomplex appearing after 

irradiation of large areas of the body and its mode of development may 

be eonsidered pathognomonie of radiation exposure, {Warren and Bower, 

1950). It is neeessary to distinguish the relatively mild symptoms 

whieh sometimes :fôllcnv elini&al application of radiation, from the 

eomplex pieture of the severe radiation syndrome. 

Our knowledge of aeute radiation injury in man is based largely 

on the studies of atomic bomb easualities and those injured by aeei

dental nuelear explosions (Howland et al, 1946; Hempelmann, 1950; 
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Hemplemann, lisseo and Hoffrnan, 1952). The study of the effeets 

of atomie bombings were eomplieated by the effeets of heat, blast 

and laek of preeise information regarding conditions of exposure. 

The severe irradiation is !ollowed by a shoek like reaction 

and de ath within a few da ys. Severe intestinal damage and eentral 

nervous system disturbanee are prominent. After medium irra

diationinitd..ally a mild disturbanee is evident, consisting of a brief 

period of apparent respite, a final phase of progressive injury 

follows with ultimate death. It is apparent that leukopenia, sep

tieaemia, haemorrhagé and gastrointestinal damage are the most 

signifieant immediate sequlae following a medium dose of irradia• 

tion. The ehronie effeets eonsist of anaemia., n.eoplasia, lenti

eular opaeity and premature ageing. These may appear in the 

survivors of an: aeute injury or after protraeted or repeated 

irradiation. 

The medieal management may be resolved into three basie 

eomponents: a) eorreetion of panhomatopenia, b) prevention 

or ~reatment of infeetion, C;:i maintenance of adequate nutrition, 

and fluid balance. 
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Seetion 4.· Cellular Changes. 

Changes in Cell Physiology. Metabolic cellular processes 

sueh as respiration and protein synthesis are not usually affeeted by 

exposure to radiation doses of less than severa! thousand roentgens, 

(Howard, 1962). Sorne proeesses whieh have been reported to be 

exeeptionally radiosensitive show measurable changes only after 

the appearance of morphologieal signs of eell death. In non• 

proliferating mammalian eells sueh as mature lymphoeytes of 

the mouse pyenotie changes oeeur in two hours following in vivo 

exposure to 100 r • Aeeording to Howard {19 62), a delay in the 

subsequent mitosLs is. an early and very general eonsequenee of 

exposure to radiation in proliferating cell populations. If the radia

tion dose has not been too great, mitotie aetivity returns and the 

chromosomes of a proportion of the dividing eells are seen to 

be strueturally abnormal. Daughter eells of these divisions have 

a high probability of earrying altered ehromosome complements. 

After rather large doses, giant eells are formed through the per

manent inhibition of mitosis and eontinuation of synthesis of eell 

eonstituents. The effect of a dose of 450 roentgens on regene

rating liver cells cause disappearanee of alphacytomembranes 

and glyeogen. This loss is accompanied by complete cytoplasmic 
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vaeulation. The eytoplasm remains vaculated for about 9 to 10 

hours a:fter irradiation, but a:fter this new al phaeytomembrane 

and glyeogen are formed. (Davies~ 1962). 

Changes in TissUE! Metabo.Jism. Of all the metabolie acti

vities. the synthesis of nucleie aeid seems to be the most sensitive 

to the aetion of ionising radiation. In animais bearing two tumours, 

irradiation of one (while the seeond is shielded) causes inhibition of 

nueleic acid synthesis in both tumour (Ahlstram, 1945). Further

more blood transfusion from an irradiated rabbit to a non ... irradiated 

rabbit also produees inhibition of nucleic acid synthesis in the ld.d .. 

neys of the reeeipient. 

Inhibition of respiration, uptake, and the rate of absorption 

of glue ose by small intestine has been also noted. Defini te decrease 

of both the glyeolysis and glyeolysis-related incorporation were 

observed(Commarava, 1963). In protein exposed to ionising radia

tion, the most marked effect is that the seeondary structure is dis .. 

rupted. The denaturation is believed to be due to the disruption o.f 

H-bonds as a result of ionization and not the eonsequenee of covalent 

chemical ehanges which may also follow exposure of ionising ra

diation. {Hamilton, 1962). 
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Changes in Enzy:tne and Antibody Production. The pre-existing 

enzymes are in general as resistant as other proteins. The 

formation of new enzyme molecules can be inhibited by radiation. 

Ionising radiation may act on either of the two components of 

which enzymes are made up, that is, the protein and the prosthetic 

group. When acting on protein, they may oxidise reactive groups 

in the aide chain of the molecule such as sulphydryl groups; or they 

may act by breaking the hydrogen bonds thus interfering with the 

structure of the.molecule {Barron, 1954). When acting on the 

prosthetic group, they may produce chemical changes which alter 

the biologie al acti vity of the enzyme. 

The radiosensitive nature of the antibody response has received 

wide attention. Ionising radiation appears to have a specifie effeet 

on antibody formation whereby the normal antibody response is 

supressed. Several studies have demonstrated that the primary 

antibody response to soluble antigen is more radiosensitive than 

the secondary response to the specifie antigen {Stone, Hale, 1962). 

This seems to depend upon various factors such as animal species, 

form of antigen (soluble or particulate) route of antigenie stimulus, 

time of antigenic stimulus in relation to radiation exposure, total 

radiation dose and rate and the time interval from exposure when 
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serum was obtained for antibody determination. 

Genetic effects. The most important action of radiation on 

the cell is the production of changes in the genetic or chromosomal 

apparatus. Once established, these changes are largely irrever

sible and may alter the fate of the eell and its progeny {Barran, 

1954). The immediate effect of radiation on the transmission of 

its genetic material is its inhibition of mitosis. If a cell has al

ready progressed in mitosis, when radiation is applied, as in 

the late prophase, metaphase, anaphase, or tele phase stage, 

the eell will complete di vision; if it is approaehing prophase, 

it will be inhibited; if the cell is in early or middle prophase 

it may even appear to regress (Muller, 19 54). 

In the fertilization period of the egg, radiation interferes 

with the separation of polar bodies, thus produeing polyploid 

nucleus. Disarrangement of cell division and induction of an

enplidy may be noted. Abnormal distribution of chromasomes 

to daugther nuclei, both at mitotic and meiotic divisions can 

be seen. (Muller, 1954). 

A mutation induc::ed by radiation is essentially indistinguish

able from a natural one. Analysis of the relation between mutation 
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rate and radiation dose has led to the conclusion that mutation 

may require but a. single ionization of the gene; the frequeney 

of mutation charaeteristieally ri ses in linear proportion to the 

dose without evidence of a threshold (Uptou, 1960). 

Section 5. · Systemic changes. 

Effeets on gastrointestinal tract. Beeause the dividing 

eells lining the small intestine are extremely radio sensitive, 

rela.tively small a.mounts of radiation applied to the abdomen • 

elieit profound effeets on the gastrointestinal system. These 

vary from slight disturbance of motility and secretion, to ulcer

ation and sloughing of the lining of the bowel. Nausea, vomiting 

and anorexia were deseribed by Walsh in 1897. Sloughing of the 

intestinalllning may lead to ulceration, and invasion of the blood 

stream by baeteria that normally inhabit the lumen of the intestine. 

This sequence of events hi usually fatal and eonstitutes one of the 

major causes of death after massive irradiation of the whole 

body. {Upton, 1960). 

E:ffeets on ha.mopoietie system. The radiosensitivity of 

blood forming tissues and the consequent hazard of blood damages 

have attraeted considerable attention sinee the elas sic work o:f 
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Heinke in 1903. Changes in the peripheral blood eells refleet to a 

considerable extent the alterations in the bone marrow, lymph nodes 

and spleen (Lawerenee et al, 1948~ Bloom •. W.and Jacobson, 1948). 

While the site of action is mainly on the blood forming organs, in

direct or remote effeet on haemopoietic tissues and direct effeets 

on the morphologieal components of peripheral blood are not known. 

The alteration of lymphoid tissues in areas distinct from the site 

of irradiation is an example of indirect action (Barnes 1943, 

Le blond, 1942). 

Blood exposed in vitro to moderate dosage, that is, in the 

lethal range of mammals, shows only slight changes. Haemolysis 

has been seen in blood subjected to heavy irradiation. The radiation 

anaemia may be due to, in part, to a haemolytic reaction as suggested 

by the rapid decliue of red blood eells, which is in excess of that 

resulting solely from the absence of the erythrogenesis (Davies et 

al, 1950, Schwartz et al, 1947). 

The histologieal pieture is characterized by the disappearance 

of mitotie figures, cell degeneration, aplasia of marrow and the 

lymphoid tissue (Bloom, 1949). Edema and hemorrhage with sub

sequent fatty infiltration of the hypoplastic marrow eavity may 

oecur severa! days after irradiation. The first of the blood forming 
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cella to be destroyed are the erythroblaste and hemocytoblaste • 

next the myelocytes and finally megakaryoeytes. In each series 

the younger eells are more sensitive than the o1der forma of the 

same eell types. 

A prolonged bleeding time, impaired elot retraction, 

fragility, thromboeytopenia, and prolonged whole blood elotting 

time were observed in laboratory animais following single ex

posure to L. D. 50 range and above radiation dose. {Shouse, 

Warren, Whipple, 1931). The hematologieal effects produeed by 

internai radiations by radioelements like Sr89 , Sr 90 , p32 etc., 

depend upon the dosage and the extend of loealization within the 

hematopoietic tissue. With Sr89, a dose of 2 mieroeurie per gram 

body weight, produeed marked bone marrow depletion {Kahn et al, 

1963). 

In the presence of anemia, :a:r:t.isoeytosis, poikiloeytosis, 

maeroeytosis, mierocytosis and polyehromasia were found (Jacobson). 

Nue1eated erythoeytes, degenerative morphologiea1 changes of 

p1ate1ets, elumping of nuelear ehromatin were noted. Oeeasional 

mitotic blast eells, lymphocytes with split nuelei and fragmentation 

were seen. The granulocytes showed nuelear deformity and 
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disintegration, nuelear membrane destroyed and bluish non

specifie granules of uneven contour filled the entire eell. Atypical 

aesiniphils characterized by irregularity in granules, aize and 

shape were also demonstrated. 

Effect on gonads. Since the developing germ cella are highly 

radiosensitive, their irradiation may result in immediate sterility; 

often this sterility is transitory unless too few preeursors survive 

to resume adquate production of germ cells. In man, as in most 

ma:rnmals studied, permanent sterilization requires amounts of 

radiation that are lethal when abeorbed by the entire body. Henee 

sterility is not, generally, a complication of whole-body irradiation. 

It has not been possible to note even a temporary sterillty 

on the basis of eomparison of frequency of pregnaneies in the 

exposed and unexposed people of Marshall islands, 4 years after 

exposure to signifieant amounts of fallout radiation(Con:ard et all959). 

The radiation may produce gene mutation and be paased on, 

via eggs and sperme to successive generations of progeny. There 

are very few human data to guide quantitative eatimates of the 

genetie hazards. The etudies whieh have been made of ehildren 

that are born to parents who were éxposed in Hiroshima 



- 20 -

and Nagasaki (more than 70,000 births have been investigated) show 

no signifieant i:.JDlfirease of either major congenital abnormalities, 

stm.births or neonatal mortality (Lindell, 1961). 

Effeets on eentràl nervous system. The response of the nervous 

system to the ionizing radiation ha·s been studied in terms of bioehe• 

mieal, histologieal and funetional alterations. At the behavioural 

level, many investigators have reported measurable changes in be

havfour after exposure to whole-body or skull irradiation for doses 

ranging from 0.1 to 700 rads, depending upon the phylogenetie states 

of the experimental subjeets (Zeman, 1961). 

Low-level irradiation indueed beha.vioural ehanges have not 

been related to speeifie morphologieal alterations, si nee doses in 

exeeas of 1000 rads are usually neeessary to produee histologically 

detectable ehanges in tissue eomponents of the central nervous 

system {Ordy et al, 1963). However irradiation indueed bioehe-

mieal and eleetro-physiologiea.l ehanges have been reported with mueh 

lower dose levels (lOO - 500 rads) than those neeessary for produeing 

eell necrosis (Caster et al, 1958J Rosenthal et al, 1961; Gangloff and 

Haley, 1960). 

There is no doubt that the eha.J\ges arising in the eentral 

nervous system modify aetivity of various organs and thereby may 
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results in severe consequences for the organism. Li.vanove 

(1958), noted that the role of certain nervous formation can be 

truly evaluated only if it is approached from the evolutionary 

aspect. Others have demonstrated that the adult mammalian 

brain ean withstand more irradiation without the development of 

neurological signs than the newborn brain. In rats noticeable and 

signifieant radioresistance of the central nervous system deve

lop:ed within first 6 to 8 days of life (Clemente et all958). 

Changes in the vascular system. Transitory dilatation of 

blood vessels, causing erythema or reddening of the sk.in, is one 

of the earliest known reactions to ionizing radiation. It occurs 

after only few hundred rads and may be aecompanied by inereased 

permeability of blood capillaries. Early circulatory changes such 

as faU in blood pressure are seen in sorne species. Hypotension 

may represent a reflex phenomenon as vagotomy and atropinization 

can reduce the fall of blood pressure {Painter, 1958). After initial 

hypotension, arterial pressure rises for a few days to a leve! 

slightly below normal and then, decline gradually. The myoeardium 

itself appears to be radioresistant. However, the changes in body 

fluid equilibrium due to alterations in other systems may influence 

the circulatory system. 
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Renàl changes. Kidney damage is generally not apparent 

in irradia.ted a.nima.ls. The re is sorne evidenee of inhibition of 

k:idney respiration and of oxidation of substrates requiring sulphy

dryl enzymes {Barron, 1946). Aeute neerosis of the developing 

tubules and glomurulii of baby ehicks i s an exception to the usual 

laek of abnormalities with moderate amount of radiation (Patt, 

Brues, 19 54). 

Effects on endocrines. It is reeognized universally that the 

adrenal glands eonstitute a buffer agaisnt a variety of traumatic 

conditions. The non-epecificity of the adrenal response to stress 

and its role in the general adaptation syndrome are well known. 

Ionizing stimulii induce changes that are presumed to reilect an 

increased demand for adrenal hormones. It does not seems to 

represent to be mediated by the pituita.ry gland and closely resemble 

that is seen following a severe trauma.tic injury {Patt and Brues 1 1954). 

Although degenerative changes have be en seen a:fter heavy 

local irradiation,dosages of 1000 r. result only in minimal morpho

logical alterations in the adrenal cortex and medulla. Notwithstand

ing the apparent resistance of the adrenals to structural changes, 

functional responses may be elicited with relatively low dosage. 



- 23 -

Loss of adrenal corticallipids and adrenal ascorbate occurs soon 

after irradiation and urinary excretion of 17 ketosteroids may be 

increased several days later {Dougherty, White, 1946). 

Normal thyroid tissue exhibits considerable resistance 

to ionizing radiation in contrast with the relative sensitivity of 

the hyperplastic ghnd. Partial destruetion of the thyroid with 

colloid degeneration has been seen in rats 6 days after injection 

of approximately 70 mecrocuries of Iodine 131 (Findlay et al, 

1948). 

It is generally agreed that the pituitary is only slightly sensitive 

toX-rays. The early transient physiological effects of pituitary 

irradiation are regarded as secondary to increased vascularity or 

altered permeability rather than primary stimulation of hypophy• 

se al acti vit y. 

Dermal ehanges. Sinee erythema is the first visible sign 

of radiation effect on skin and runs parallel to later and more serious 

effects, much attention has been given toit in elinieal practiee. Use 

of large doses resulta in denudation of epithelium after a few weeks. 

It seems probable that sorne of the mechanisms are similar to those 

following thermal burns, although the changes are much slower in 

developing. 
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Temporary epilation is produeed by a dosage of the order 

of 3 75 to 500 r • Permanent epilation requires a considerably 

higher dosage. Greying of the hai:r isHsèen in mice following 

relatively low dosage. 

Changés in the eyes. Superficial e:ffects of irradiation 

on the cornea and eonjunctiva parallel the effects on the sldn. 

l.enticular opacity are among the most serious non-fatal con

sequences of irradiation. 

Changes in bone and cartilage. Long-eontinued irra• 

diation of adult bones by radium deposited in the skeleton resulte 

in the appearances of areas of rarifaction and aseptic bone 

necrosis, appearing late and progressing during the course of 

several year s. 

Although cartilage is not remarkably radiosensitive, 

its recovery after irradiation of the exposed area where necrosis 

had oecurred, is very poor. Interna! radiation produced by Sr 90 

and Sr89 seem to affect the epiphyseal cartilage even at rela

tively low dosage (Skoryna et al, 1963). 
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Section 6. Effect oil Prenatal Development. 

The earliest report of abnormalities following irradiation 

with a high dose in unborn rabbits on days 7 .. 12 after firtiliiatiàn, 

was given by Von Hippel and Pagenstecher in 1907, who obtained 

cataracte, microphthahnia and lid coloboma. Injection of Sr89 

d 1 . . 239 . f 1 h d d d . d an p atimum 1nto pregnant erna es, a pro uee 1nerease 

percentage of stillbirths, retardation of growth, fragility, shorten-

ing of long bones anaemia and osteogenie sarcoma (Finkel, 194 7). 

The effec:ts of radiation depend on the stage of development 

of the embryo at the time of irradiation beeause different parts 

of the body are formed sequentally according to a definite order 

and time sehedule. Malformation of ahnost any organ may be 

induced by irradiation at the appropriate moment during or pre-

ceding its development. How radiation causes malformation 

is not yet fully known, although interference with organs deve-

lopment through the killing of embryonic cells must play an 

important role in the progress (Russell, 1954). 

The types of human abnormalities enumerated in literature 

include microe4!phaly,blindness, microphthahnia, eoloboma, 

cataract, chorioretinitis, ankgloblephron strabismus, nystagnus 

mental defieieney, hydrocephaly, co-ordination defects, mongolism, 
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spina bifida, skull malformations, cleft palate, deformed arms and 

feet, genital deforw.ity and general mental physieal subnormality. 

Although administration of high doses to mother may indireetly 

affeet the viability of the eonceptus, there seems little doubt that 

most of the major embryonic abnormalities are due to the action 

of radiation direetly on the embryo {Russell, 1950). 

Section i. Cardn:ogenic Effect of Radiation. 

It is paradoxical but not unique that ionising radiation which 

represente sueh a potent weapon in the treatment of cane er, should 

also be capable of eausing eaneer. It is but one of the many agents 

ineluding viruses and a variety of chemieals that are known to have 

careinogenie properties. The earliest known example of radiation

induced tumour was reported in 1902, less than 10 years after the 

discovery of X-rays. Sinee then, numerous instances have been 

observed in man and the proeess has been studied extensively in 

experimental animais. 

Although susc:eptibility to cancer induction varies widely 

among speeies and organs, virtually ali types of cancer have 

been indueed experimentally and it is clear that all types of ion .. 

izing radiation share caneer .. forming potency. In man, eaneer 
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of the skin, leukemia, caneer of bone and lung have been 

reported. 

The exaet meehanism of induction of neo~lasms by radia• 

tion is still far from elear. It is possible, that the production 

of eardnogenie substances under the influence of radiation, 

e~peeially a.fter a ehronie exposure to small doses, may have 

a major role. {Longendorff, 1962). The earcinogenie efîect 

of irradiation appears to be non .. linear in eharaeter (Brues, 

1959). 
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CHAPTER III 

RADIOACTIVE STRONTIUM AND ITS METABOLISM 

Section 1. Chemistry of Strontium. 

William Cruikshank in 1787, first deteeted the existence 

of strontium in the strontianite found at Strontian in Argyllshire; 

the metal was later isolated by Sir Humphry Davy in 1808, who 

electrolyzed a mixture of moist hydroxide or chloride with 

mercuric oxide, using a mercury cathode. Strontium belongs 

to the alkaline earth family of elements in group two of the 

periodic table, having an atomic weight 87. 63, and atomic 

number of 38. It composes about O. OZ per eent of the entire 

crust of earth and its principal sources are strontianite (SrC03) 

and celestite (SrS0 4). Because calcium and barium, whieh 

show close similarity, occur in mueh greater abundance, 

strontium is not produced in commercially important quantities. 
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There are four stable isotopes of the element: their mass 

numbers, in the arder of abundanee, are 88, 86, 87 and 84. Severa! 

radioactive isotopes are produced by nuelear reactions. Of these, 

the isotope having a maas number of 90 has reeeived most attention 

beeause of its presence in the radioactive fa.ll-out from atomic 

explosions. 

Physical properties. Strontium has a silvery white colour. 

It is malleable and duetile and is a good eonduetor of electri:city .. 

It has an atomie radius of 2.13 Â and ionie radius of 1.13 Â. Ionisa .. 

tian potential for the fl.rst electron is 5. 69 V; seeond electron 10.98 V. 

Single electrode potential (between metal and molal solution) is 2. 89 V. 

It has a melting point 757 + 1°C and boiling point 1366° C. Its 

density is 2. 60 gm. per ee. 

Chemieal properlies of strontium are similar ta those of 

ealeium and barium, in aecordanee with its position in the periodie 

table, where it is above that of barium and below ealciw:n. Its base 

forming eharacteristies are similar ta ealeium and barium. It has 

a valence number of 2. As indicated by its atomic radius,. ionisa-

tion potential and single electrode potential, the atom of Sr ea$:lly looses 

the two electrons in the 5 s level when it reaets with non-metallie 

elements thus forming Sr+ 7 ion. 
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The metal is an active reducing agent. It reacts readily 

with water to form hydrogen and the hydroxide Sr(OH)z• It is 

oxidased rapidly when exposed to air and burns brilliantly when 

heated in air, oxygen, chlorine, and bromine and sulphur vapour. 

With oxygen, strontium !orms both monoxide and peroxide. 

Strontium compound a. 

Compounds of strontium are not as extensively used as 

those of ealcium and barium. The solubility of the salta of the 

element are intermediate between those of eorresponding salts 

of calcium and barium. 

The hydride, SrH2 , is a white solid, whieh readily de

e:omposes water in the eold, and behaves as a strong redueing 

agent. The monoxide, Sr 0, is a white powder whieh resembles 

lime in its general eharacte:r, it readily slakes with water and 

the aqueous solution yields a erystalline hydrated hydrox:ide. 

It is used in the extraction of sugar from molasses. 

Strontium ehloride, S:rClz• is obtained by dissolving the 

carbonate in hydrochlo:ric aeid or, eomme:reially, by fusing the 

carbonate with caleium chlo:ride and extrae:ting the melt with water. 

Strontium sulfide, SrS, sulfate, Sr S04, niti-ide, Sr3N2 , nitrate can 

also be prepared. Of these, Sr(N03} 2 is used in pyrotechny for 

the manufacture of nred fire". 
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Radioactive Strontiwn. 

The eontent of non-radioaetive strontiwn in the hwnan body is 

normally of a low magnitude,. with an average eoneentration of 4. 5 

per 10,000 parts oî ealeiwn. Radioaetive strontiwn shares with 

radiwn and other similar isotopes the ability to be deposited in 

the skeleton. Of severa! radiostrontiwn isotopes, twohave attraeted 

attention from the field of Medieine and Biology. These are Sr9° 

and Sr89. 

Radio-strontiwn 90 has physieal half-life of 25 years. Its 

biologieally effeetive half-life, that is, the time required for the 

aetivity of a single dose ingested by an animal to diminish to half 

of its original aetivity has been estimated to be about 7 1/2 years 

(Hawthorne, 1959). It releases Beta-rays of O. 54 meV. Radio• 

strontiwn 89 has a physieal half-life of 54 da ys. It also releases 

Beta-rays of 1.5 meV. Neither ofthese isotopes release any 

Gamma-rays. 

One of the produets of fission of thermo nuelear explosion 

is krypton 90, whleh is an inert gas-like heliwn or neon. Probably 

about 5 per eent of all fisâon events produee Kr90. As it is a 

gas, it possibly risee to a great height with the mushroom doud 
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in the fi.rst minute after explosion, by whieh time, owing toits 

very short half-Jife (33 seconds) most of it, has been ehanged 

to Rubidium 90• 

Rubidium 90 (half-life 2. 7 minutes) changes into strontium 90 

whieh in turn slowly produees Yttrium 90 having half-life of 64 

hours. Yttrium 90 yields a stable isotope of Zireonium (Heekstall 

Smith, 1958). In less than an hour after the explosion therefore 

the only radioaetive elements of this ehain still existing in effeetive 

quantities are 25 years sr9° and its produet, 64 hour Yttrium90. 

The cloud produeed by the explosion then rises out of 

troposphere into the stratosphere. It drifts east with the pre• 

vailing west winds at about 15 .. 30 miles per hour, eireling the 

globe every 4 • 7 weeks. It continues to eireulate indefinitely. 

The eontents of the cloud reaeh the earth t s surfaee by a slow proeess 

of sedimentation and ultimately b~J entrainment or solution in rain .. 

water. Although it ean be readily deteeted at ali parts of the 

earth' s surfaee, the highest levels of strontium 90 are found in 

rainwater between the latitudes of 300 and 60°N. 

Seetion 2. Pathway of Radioactive Strontium to Aiùma:l Stst'em. 

During the past few years a great deal of effort has been 

devoted to diseover how rouch radioactive debris has settled 

upon the earth and how rouch more will probably be added as a 
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result of the eontinuing thermonuelear weapon testing. Mueh re

search has been earrled out to determine what proportion of this 

material will beeome ineorporated in the living organism. 

After the radioactive debris has reached the land surfaee, 

some of the aetivity will be earried to the sea in drainage water 

while the remainder is held in the soil. More than 70 per cent 

of Sr 
90 

in the soil is held in the upper strata of undisturbed soil 

(Russel, 1958). Radiostrontium reaehes plants either from the 

soil through the plant roots, or by di reet deposition on the aerial 

surfaces of the plant. There is good evidence to show that soil 

retention is an important factor; however, direct deposition is 

probably a greater signifieanee at the present moment. 

This relative position may change in course of time and 

varies from eountry to eountry. In Japan it was observed that 

in riee plants 40 per cent o:f the Sr90 eonta:.rnination was .from 

the aerlal parts of the plant and 60 per cent from the soU 

{Ichkawa et al, 1962). Eighty eight samples tested from 18 

states in U.S.A. showed that sr90 levels varied widely between 

samples within any particular state (Olson jr., 1962). There 
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is a spedes difference in the absorption by plants. Legwnes 

takes up more strontium. than grasses by 3 to 6 times (Vase 

and Koontz, 1959). 

It is well known that cattle fed on pasture plants contami

nated by radioactive strontiutn are the chief source of radio 

strontium. to the hwnan being. Inhalation of air-suspended partieles 

and drinking water provide further sout!ee s. There is evidence that 

inhalation of air-borne partieles is unlikely to be of major im .. 

portance and the drinking water does not eontribute more than 

10 per cent of the total intake. Food represente, there.fore, the 

major source of radiostrontiwn in hwnan bane {Hawthorne. 1959). 

Seetion 3. Incorporation of Radiostrontiwn in the Body. 

The distribution and relative retention of radiostrontiwn by 

the various systems in the experimental animais have been ex

tensively studied. Nilsson et al (1962) using the method of whole 

body autoradiography and impulse counting had noted that shortly 

after intraperitoneal i-njection of Sr 90, activity was seen in ali 

tissues, but gradually accwnulated in the hard tissues and simulta

neously declined in the soft tissues. By 5 minutes Sr 90 activity was 
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greatest in the bones and aeeu:mulated speeifieally in growth zones. 

About 4 hours after injeetion and subsequently, ali notieeable 

aetivity was limited to the bony tissues of the body and a redistri

bution within the hard tissues eould be observed in the autoradio-

grams. 

There is unanim.ity of opinion that radioactive strontium 

is ineorporated into the areas of aetive bone formation, such as 

takes plaee in the metaphysis. Kahn (1963) and eo ... workers studying 

the turnover of radiostrontiu:m in fraetured femur had eoncluded 

that the period of high uptake at the fraeture site corresponds to 

the period of active osteogenesis, and the amount of the uptake of . 

radioaetivity at the fracture site varies with the amount of osteo

genesis present at the time of injeetion. Correlating with histo

pathologieal study they noted that the persistance of this radio-

activity depended on the atnount o:f bone remodelllng and reconstruet ... 

ion that subsequently oeeurs. 

In the young growing animals tibial ends ineorporate more 

Sr89 and ca45 than the incisor, while the opposite was found in 

older animals (Menez el et al, 1962). Boner and Seoeeianti 

{1961) demo:n.strated an inereased spinal uptake of intravenously 
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injected Sr85 in eases of vertebral fractures, spondylitis and other 

loealized vertebral lesions. Intravenous injection of Sr
85 

also 

showed loealized high eoncentration in the spinal metastases 

in:_, uptake after hormone and roentgen therapy (Gynning et al, 

1961). 

Owen et al (1957) reported that following the injection of 

one mierocurie of Sr 90 per gram body weight to young rabbits. 

dose rate of the order of 200 rad per hour where measured in 

loealized region of the epiphyseal tissue of the tibia1 represent

ing the dose rate sorne twenty times greater than the calculated 

mean skeletal value. This evidenee suggests that active osteo-. 

genesis is a major determining faetor in the foeal concentration 

of radiostrontium in the skeletal system. 

Mechanism of Strontium Deposition in: Bone. 

The strontium ion'is associated with bone minerais, the 

molecular structure of which is very close to that of calcium 

hydroxyapatite (Ca10 (P04}6{0H)2 ). Owing to the small size of 

the apatite crystals, bone tissue p>ssesses a larga active surface 

which enables it to serve as an efficient ion exchanger. The 

exact site of deposition of radioactive strontium is still being 

debated. Glas (1961) concluded on the basis of his resulta 



- 36-

obtained by X-ray fluorescence and diffraction studies, that 

the major portion of strontium is absorbed onto the surface of the 

apatite crystals. It is possible that a portion is incorporated 

i:nto the apatite lattice of the bone crystals > or a combination 

of both the above mechanisms may take place. 

Factors Influencing the Depositionoî Strontium in Bone. 

Certain factors will modify the site and amount of deposi-

tion of radioactive strontium. Body discrimination in favour of 

calcium had been noted by various investigators. Gomar et al 

(1956) by double tracer studies of radiocalcium and radiostrontium 

concluded that absorption from the intestinal tract and urinary 

excretion were the major process by means of which the rat 

di scriminated against dietary strontium in favour of calcium. 

. 85 45 . 
Talmage {1957) from comparisons of Sr and Ca in pert-

toneal lavage solution, estimated that strontium was preferen .. 

tially released from the bone by a factor of 1.3 over calcium. 

Bohr (1960) studied calcium and strontium uptake in normal 

and rachitic rats. He noted that uptake in the bone during the 

first hour after injection is the same in normal and rachitic 

rata, whlle aetivity remained praetically constant for the 
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. f .o 11 o win g 2 4 hours. in the normal animale, it was shown 

that aetivity in the raehitic rats deereased within 8 hours to about 

one half of the maximal value. It thus seems that the immediate 

primary uptake must be considered to be due mainly to a re ver .. 

si ble exehange between the blood and the bone tissue and that 

accretion takes plaee only through a secondary and slower up-

take (Bohr, 1960). 

Baeon et al (1956) by giving parathyroid extract was able 

to inerease the urinary excretion of Ca and Sr as well as the 

deposition of minerals in the kidney tissue. Administration of 

cortisone has prevented aceumulation of Sr and Ca in the kidney 

tissue but did not influence urinary excretion or diuresis. 

Section 4. Elimination of Radiostrontium. 

Varions agents have been investigated in an attempt to 

eliminate radiostrontiw:n fron the bone. Spencer et al {1961) 

studied the use of ealdum glueonate and ammonium chloride 
85 

in the removal of Sr in man, two weeks after exposure. They 

noted that combined use of both agents was more effective in 

removal of radiostrontium than either agent alone. Magnesium 

ions were effective in inereasing the elimination of Sr89 in rats 

whieh had been given the isotope 30 days before treatment (Clark 

and Smith, 1962). 
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The effeets of strontium chloride. strontium lactate, calcium 

ehloride, ealdum lactate, sodium lactate, sodium lactate EDTA and 

CaNaz citrate on the deposition of radiostrontium had been studied 

by Carlquist and Nelson (1960). 

Of these salta only the strontium salta and Ca Na2 citrate 

were able to deerease the retention if given within half an hour be

fore or after administration of Sr 90. 

Barium sulphate was tried as :first aid treatment by Voli 

(1961) after internai radiostrontium contamination in man. Richards 

et al {1961) noted that parentally administered tetracycline aeeele

rates the elimination of strontium from the bone, while not sig .. 

ni:fieantly affeeting the amount deposited in bone. 

Samaehson and Lederer (1961) by using defatted bone powde:r, 

demonstrated that strong c:helating agents like ethylene-diamine• 

tetraaeetie aeid and cyelohexane-diaminetetraaeetic ac:id de

ereased the ratio of calcium 45/strontium 85 uptake eonsiderably 

in the presence of caleh:ap,caleium plus strontium or strontium 

as earrier. They also noted that eitrate and adenosine triphos

phate had similar but lesa pronouneed effeets. 
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Section 5. The Late Effeets of Radioactive Strontium in Bone. 

The late effeets of radioactive strontium had been studied 

in experimental animais at various eentres in the world. In this 

laboratory, Skoryna and Kahn {l959)have made extensive investiga .. 

tion in this field. They noted that there was a minimal latent 

period of 188 days before the first gross tumour was o.bserved. 

Neoplastie changes were found on mieroseopie examination in 

all animais surviving the minimal latent period. The majority 

of these animais had pulmonary metastases. 

In addition to tumours, the basic changes observed were: 

disturbaee of osteogenesis; fibrosis of marrow; and cellular 

proliferation. The ehanges were maximal in the metaphysis 

in relation to the epiphyseal cartilage growth, eorresponding 

to the area of active osteogenesis. Periosteal and endosteal 

new bone formation of marked degree was also observed. 

The extent of fibrosis of bone marrow varied eonsiderably 

and the most extensive changes oecurred in corresponding 

relationship to the area of highest uptake of the isotope. The 

presence of foei of eells with large hyperchromatic nuclei 

were noted. Cellular proliferation without some degree of fi

brosis in the area was never found, whereas fibrosis without 

cellular proliferation was often noted. 
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CHAPTER IV 

STRONTIUM ABSORPTION 

Section 1. Introduction. 

Absorption is a complex phenomenon, the exact nature of 

which is still far from being understood. The ultimate aim of 

digestion is absorption. Only after the products of digestion 

have passed through the epitheliallining of the digestive tract 

and entered the blood stream, are they able to serve their 

purpose. Absorption of most mate rials takes place almost en-

ti rely from the small intestine i although the stomach is capable 

of absorbing small amounts of water and certain drugs. 

The mucous lining of the small intestine is admirably 

adapted toits absorptive functions. It is one of the most re-

markable organs of the body. It produces a variety of hormones 

which help to regulate gastric secretion and motility, the secre-

tion of the pancreas and of the intestine itself. During absorption 

the mucosal cells perform a variety of hydrolytic and synthetic 

processes upon the food substances passing through them 

{Thomas, 1961). 
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Epithelial cells of the intestinal mucosa transfer water 

and other dissolved substances from the lumen of the intestine 

into the interstitial flui.d to be taken up by the blood. This 

absorption activity is highly selective and frequently involves the 

expenditure of considerable energy. Probably nowhere, except 

possibly in the liver are such a great variety of functions per ... 

formed by a single tissue. It has been estimated that the pre

sence of the villi result in an increase of seven or eight fold in 

the surface area of the mucous membrane of the intestine. 

Section 2. FactorsAffecting Absorption. 

The simple proeess of diffusion is inadequate to explain ah.

sorption. Sorne substanees are absorbed against a concentration 

gradient; absorption goes on until the concentration falls far 

below that in the interstitial fluid and in the blood (Ingerham and 

Viss.eher, 1938). Several agencies are now known which, either 

directly or indirectly influence the transport of food materials 

from the intestinal lumen to the circulation. 

Osmotic effect of solutions influences the absorption of 

water and salt. Rabinovitch {1927) noted that absolute amount 

of salt absorbed increased with increasing concentration of 
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salt up to 0. 8 per eent. 

Hydrostatie pressure has sorne influenee on absorption. 

Nasset and Parry (1934) showed that negative hydrostatic pres• 

sure tended to aecelerate the net flow of fluid into the intestine 

whereas inereasing the pressure produee net absorption. 

Bliekenstaff {1952) and others by using Omi•type fistula, found 

that there were statistically signifieant differences in the mean 

rate of absorption of ehloride and water at different levels of 

hydrostatic pressure. 

The nervous system probably influences absorption, by 

its control on the gastrointestinal secretions and motility. 

Hormones are said to have considerable influence in the 

absorption of sugars, possibly exerted indireetly through sodium 

ehloride deficieney. In adrenal cortical insuffieiency, the 

absorption of sugar is diminished in the presence of sodium 

ehloride defieiency {Thomas, 1961). Absorption of sugar is 

accelerated in hyperthyroidism and depressed in hypothyroidism, 

and in the latter ease, administration of thyroxin improves 

absorption. 
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The nutritional status of the body may exert sQme effeet 

on the rate of absorption. Calcium is said to be absorbed more 

readily by individuals suffering from ealeium deficiency {Thomas, 

1961). For the normal absorption of sugars pantothemic acid, 

thyamine and pyridoxine, members of the vitamin B group are 

essential. In patients on salt restricted diet, sodium practieally 

disappears from the contents of terminal ileum, thus suggesting 

a sodium eoneerldng action by the upper intestine. 

Active participation of mesenterie lymphatie system in the 

absorption of water bas been noted by Lee {1963). In vitro, a 40 

per cent decrease in absorption of water was observed in jejunal 

preparations when lacteal duets were seetioned near the wall; 

no decrease occurred when blood vessels were sectioned. During 

absorption the lymphatic s sbowed a rhythmical contraction with 

an average frequency of 10 per minute. 

Temperature is also said to influenee absorption (Smyth 

and Taylor, 195 7}. 

Stereoehemieally selective absorption bas been also re• 

ported. Wiseman(1951} bas shown that the levoratory, or naturally 

oceurring forms of ala:nine, phenylalanine, isoleucine, methionine 

and histidine are absorbed more rapidly than the dextrorotatory isomer s 
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and that levo-forms could be transferred through the intestinal 

wall against a concentration gradient. Eldsen et al (1950) have 

found that if a racemic mixture of aminoacids is introduced into 

the intestine, the levoratatory isomers will be absorbed as rouch 

as six times more rapidly than the dextro-isomers. 

The presence of certaiD; substances .Sù.ch as .an~xcess of 

magnesium or phytic aeid is said to interfere with ealc:ium ab

sorption. On the other hand vitamin D aeeelerates the absorption 

of caleiurn from the lower ileum, but not from other parts. 

Am.inoaeid absorption is inhibited by absence of oxygen and by 

several metabolic inhibitors such as dinitrophenol and deso

xypyridoxine (Friedlander and Quastel, 1955). 

The different anatomicallevels of gastrointestinal tract are 

said to have selective regional maximal absorption. The absorption 

of iron from. the stomach is well known. Seholar and Code (1954) 

(using heavy water as tracer) have noted that water is ten times 

more rapidly absorbed from. the small intestine than from the 

stomach. Benson and co-workers (1956) by using radioactive 

iodine131 labelled olive oil found that optimal absorption of fat 

occurs i:n. the third quarter of the small intestine. Kremen 
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et al {1954) demonstrated that in dogs the proximal 50 to 70 per 

cent of the small intestine could be removed with no apparent ill 

effeets on food absorption, particularly fat absorption. However t 

if the distal 50 per cent were removed, there was a profound inter

ference with fat absorption with loss of weight and from 80 to 90 

per cent of the fat intake was lost in the faeees. 

H ion,· concentration in the intestinal tract may influence 

the absorption of food material. Perhaps this factor is least 

understood. 

Section 3. Techniques of Studying Radioactive Strontium 

Absorption. 

It is weil known that absorption etudies can be earried out 

by either in vitro or in vivo preparations of intestine. 

In vivo meth<.'d.s inelude administration of a known quantity 

of the isotope by a gastric tube and consecutive assay of the 

amount of radioisotope deposited in the femur, as well as 

a total body eount. Another technique is to introduce a known 

quantity of isotope in the isolated segment of intestine and to 

determine at intervals the amount removed. This may be com

bined with determination of the amount deposited in the bone. 
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In vitro techniques include the use of an exeised segment 

of intestine or an everted sac. A nu:mber of techniques for this 

purpose has been deseribed by various authors. Ali depend upon 

maintaining the vitality of a portion of the fntestine that has been 

removed from the body by ke.eping it in contact with oxygenated 

fluid of appropriate composition and temperature. The prepa

ration ean be so arranged that the fluid in si de the intestine whieh 

is in contact with the absorbing surface ean be kept separate 

from that on the outside in contact with the serosal surface. 

The changes in the composition of the internai and the external 

fluid can be measured and this gives the degree of absorption by the 

mucosa. 

Cramer (1959) studied radiostrontiu:m absorption in 

vivo after the administration of the isotope by a gast rie tube 

and using the tail of the rat for estimation of the amount absorbed. 

The animais were sacri!ieed at known intervals and carcass and 

intestine ashed separately and counted. He noted that strontiu:m 

absorption bas a latent period of 20 - 30 minutes; the absorption 

is slower and continued for a longer time. When comparing the 

rate of maximal absorption of phosphorus and strontiu:m, he 

coneluded that there is a difference in the site and transfer rate 
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of these ions in different parts of the intestinal tract. 

Wasserman {1960) studied the absorption of ealcium45 

and strontium 85 by means of isolated everted intestinal 

segments. He noted that in the duodenal segment, cà.lcium45 

but not strontium85 was transferred against a concentration 

gradient from muc:osa to se1;osa. In the ileal segment Sr85 

but not Ca 45 was transp?rted against a concentration gr a• 

dient from serosa to mucosa. Wasserman and Comar(l961) 

also investigated the parathyroid influence on calcium 45 and 
1 

strontium85 absorption. In vitro etudies with isolated evert

ed gut segments indicated that transfer of ca45 and,Sr85 

across the duodenum and ileum was not in:fluenced by the 

parathyroid statua of the donor rat. 

Carr et al (1961) made a comparative study of the 

absorption and retention in rabbits following the addition 

to the diet of Sr 90 incorporated into plant material and Sr85 

CI2. They observed no difference in absorption rate in 

these two forms of strontium radionuclides a:fter simulta-

neoua admini:stration. 

Mraz {1962) extensively investigated the influence of 

alkaline earth elements and pH on the intestinal absorption 
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of sr85 and Ca45 by means of a pe~sion technique. He de

mostrated that sr85 was absorbed ta a lesser extent than ca45 ; 

calcium was more effective in reducing the absorption of Ca 45 • 

The effect on strontium was less pronouneed. An increase 

in the inert carrier strontium slightly reduced Sr85 and Ca 45 

absorption. Strontium was least effective of the alkaline 

earths in reducing the absorption of Sr85 , except beryllium. 

Magnesium was more effective in reducing Sr85 absorption. 

There was remarkably little effect of pH in the range of pH 

from 4 ta 11. In the range of pH2 :to 4 there was marked in

creased absorption of Sr85 but not Ca 4 5 suggesting that 

absorption of the two elements occurs by different mechanisms. 

Rosenthal (1960) using fresh water fish was not able ta 

observe any discrimination between Sr90 and ca45 uptake. Ad· 

dition of non•radiactive strontium or calcium depressed the 

accumulation of Sr90 and Ca45 in the fish • .Atlow concentra

tions of sodium ions, the fish discriminated against Sr90 as 

compared with Ca45i however, as Na ion concentration in• 

creases, this discrimination becomes lesa obvious. Similar 

resulta were obtained using different concentration of alkaline 
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earth elements. 

Palmar et al {1961) studied the absorption of Sr8 5 and 

Ca 45 in the rat by the technique of in vivo intestinal per• 

fusion. With no inert calcium added to the perfusion solu

tion, the percentage of Sr85 absorbed was about O. 3 that 

of ca45. With inereasing amount of caleium in the per

fusion medium the pereentabe of absorbed strontium85 and 

Calcium 45 deereased; however, the ratio of pereentage of 

absorption of Sr85 and Ca 45 increased, reaehing the value 

of about 0. 6 in 25 mM calcium solution. The re was no 

evidence of discrimination of Sr85 and Ca 
45 

in the reverse 

direction from blood to intestine. 

Lengemann and Gomar {1961) studied the distribution 

of absorbed sr85 and Ca 45 as influeneed by laetose. A 

greater proportion of absorbed Sr85 than Ca 45 was taken 

up by bone within the fi.rst four hours after administering 

the dose. Only in the ileum did the presence of laetose, 

lysin and glueose eause the difference to disappear. On 

the other hand, Stover et al {1961) studied the integrated 

effeet of an exposure of a beagle to an essentially eonstant 
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dietary sr90 /Ca level whieh began in utere and eonti• 

nued to young adulthood. The relative Sr9° 1 Ca eontent 

of the bone was the sa.me as that of the dietary environ• 

ment. 

The diserimination whieh oeeurs in the absorption 

proeess would appear to be the dominant factor in deter .. 

mining the over all strontium ealdum relationship. It 

is neeessary to have more preeise knowledge about the 

meehanism and faetors affeeting the absorption of radio• 

strontium. The present study had been undertaken with 

this objeetive in mind. 
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CHAPTER V 

EXPERIMENTAL METHODS AND MATERIALS 

Aim of the Experimenta. 

The aim of this investigation was twofold: firstly, to 

evaluate the hydrogen ion concentration in the gastrointestinal 

tract of normal rats and its influence on the absorption of radio• 

strontium; secondly, to find out whether there is a region of 

maximum absorption of strontium in the gastrointestinal traet. 

Although the mechanism of absorption can be studied by 

employing in vitro techniques, the physiologieal énvironment 

of normal intestinal absorption is appreeiably altered, and the 

resulta obtained eannot strictly be eompared to the natural 

proeess. It would be preferable to reproduee physiologieal 

conditio~ by giving the experimental animal radiostrontium in 

food or drinldng water; an assay may them be made of strontium 

retained in the body tissues, in the intestinal tract and in the 

excreta. It may be possible to adopt this method for the study 

of segmentai absorption by means of :rr:.ultilumened tubes having 

. multiple euffs o.r balloons. This technique, however, is 

hazardous for use in small animais such as rats; in addition 
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the proeess of intubation is very time eonsuming, thus limiting 

the number of animais that ean be studied. 

In this study an in vivo teehnique has been utilised involving 

surgery under anaesthesia. These conditions are more elose 

to the normal physiological state than the in vitro technique pre• 

viously mentioned. Cramer {1959) found essentially no difference 

in gastrointestinal absorption of strontium between anaesthetised 

and unanasthetised rats. How far operative trauma influences 

and modifies the absorptive process is not known. 

The effeet of pH on the rate of intestinal absorption of 

ealeium has been investigated by Dukay {1962) in this laboratory. 

He noted that ca45 had a maximum rate of absorption from the 

duodenal region when it was administered in a buffered solution 

of neutra! pH. The absorption was appreciably reduced at pH 

values o:f 4, 5, 6 and 8. This is in eontrast to the resulta 

obtained in perfusion experimenta by Mraz {1962} who did not 

find any remarkable effect on Ca 45 or sr85 intestinal absorption 

between the pH ranges 4 to il. At the extrerr:e pHs of 1 and 12, 

there was a sharp decline in the absorption of ealeium. 
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These resulta necessitated a further study of the relation

ship between pH and the intestinal absorption of radiostrontium. 

A buffering solution having a pH value similar to the average 

physiologieal value in the small intestine was eonsidered more 

suitable for this study, beeause it is likely that an extreme pH 

either acid or alkaline may disrupt the normal meehanism of 

absorption. Therefore, the fi.rst part of the study was to evaluate 

the normal pH value of the intestinal tracts of the rat. Sub

sequently, a buffering agent ttTrisma11 {a neutralized crystal• 

line hydroehloride of Tris({hydroxymethyl} aminomethane} with 

a pH 7. 85 at Z5°C was used. Sinee ttTrisma 11 has a significant 

temperature eoeffieient, the pH will decrease on an average of 

O.OZ5 pH units per degree centigrade! the solution at the body 

temperature of 37°C will give a pH value of 7. 55. 

A nurnber of investigators have reported on the influence 

of inert carrier strontium in the absorption of radiostrontium 

(Samachson et all961, Rosenthall960, Mraz(l96Z) Hegstead 

1963). Two groups of absorption etudies, with and without 

inert carrier SrClz , was carried out in arder to evaluate this 

factor in the segmentai absorption from rat 1s gastro•intestinal 

traet. One hundred twenty micrograms of inert strontium chlo:rlde 
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(hydra:ta:j) per 2 microcurie radioactive sr89 was used in this 

study. This amount is equivalent to the quantity of inert 

ealeium. present in samples of Ca45 used in an earlier study on 

ca45 absorption (Dukay, 1962). In one set of experiment,s, the 

radioactive strontium.89 dose was increased by 5 in order to 

detect any change in the absorption pattern at higher levels 

of radioactivity. 

Materials. 

Rats of Royal Victoria Hospital strain of either sex were 

used. These rats were bred in the Department of Experimental 

Surgery, MeGill University. The exact origin of this strain 

remain unknown, but it is believed that these rats are the off-

spring of Wistar rats and Norwegian wild rats. The eolony has 

been thoroughly inbred by eontinuous brother-sister matings 

since 1933. Animale weighing 100 to 200 gms were used through-

out the experimenta and a total of about 1200 rats were studied. 

Radioactive strontium.89 used in this study was supplied 

by the Atomic Energy of Canada Limited, Ottawa, in monthly 

shipments. The Sr89 was in the form of SrC12 in aqueous 

(0. 98 N) HCI, with Sr 90 approxirrat.ely 0. 25 millieuries /ml. 
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Heavy metals were less than 10 p. p. m, total solid content was 

8.5 mg/ml. 

Methods. 

Operative Technique. The animais were fasted for 24 hours 

and then anaesthetised with nembutal. The anterior abdominal 

wall was shaved and a laparotomy performed. The stomaeh was 

then ligated with silk at the àesophageal and pyloric ends and was 

designated as segment No. 1. The totallength of small intestine 

was divided into 9 segments of approximately 5 ems each. The 

duodenal segment was numbered ~ and the rest in seri al se• 

quence, the terminal ileal segment being number 10. Eaeh segment 

was ligated at both ends witbout disturbing the vaseular supply. 

Only one segment was used in eaeh rat. A diagramatic representa

tion of a typieal segment is given in Figure 1. The test solution 

was introduced into the lumen of the intestinal segment by means 

of a tuberculin syringe with a 27 G needle. A standard volume 

of 0. 5 ml was used in all the experimente, as this amount was 

found to be the optimal fluid eapaeity of a 5 ems segment of the 

small intestine of the rat. Any increase in volume gives an 

undue distension of the segment which may alter the absorption 

pattern. 
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Fig.j A typical ligated intestine 
segment. 
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A very small leakage into the peritoneal eavity of the 

test solution through the needle punc:ture was observed in a group 

of 10 animais tested by injecting a methylene blue solution. lt 

was noted that only a tiny drop of fluid eseaped at the moment 

when the needle was withdrawn from the intestinal wall. Sinee 

this loss of fluid into the peritoneal c:avity was constant and 

uniform, it was eonsidered that the effeet of leakage can be 

diseounted. 

Throughout the experimente, the animais were kept alive 

at room temperature and laboratory conditions. After the desired 

length of time animais were saerificed. The ligated segment was 

then stripped of its mesentry, reseeted with ligatures intaet and 

analysed. 

Isotope Teehnique. 

The radioactive sr89 after mak:f.ng suitable eorrection for 

the decay factor was diluted either in normal saline or in a buf ... 

fering agent and the volume made up to give 2 mieroeurie acti ... 

vity per 0. 5 ml. In one set of experiment s, the volume was 

made to give 10 mierocurie activity per o. 5 ml. 
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This isotope solution was injected into the lumen of intes

tine with a disposable tuberculln syringe and 27 G needle; O. 5 ml 

of the solution was used for eaeh segment and the syringe was used 

only once. After a period of 30 minutes, the segment of intestine 

was removed as described earller and plaeed in a graduated test

tube containing 3 ml of 38o/o hydroehloric acid for 24 hours, by 

which time the intestinal walls had been dissolved by the aeid. 

This procedure ensures that absorption in these experimente 

means the removal of radioactive ions not only from the lumen of 

the gastrointestinà.l traet but also from the walls of the intestine. 

This aeid solution was neutralised with 30% sodium hydroxide. 

and diluted with water in sueh a way that the original 12 micro

curie solution was diluted 375 times. This dilution was used after 

experimenting with several different dilutions. At this dilution 

one ml of solution after drying in a planehet gives a very thin 

layer which is seareèly visible. Such a thin layer reduces the 

error of self absorption of beta-partieles by the erystals to a 

negligi'gle minimum. 

The solution was transferred into the planehet using 1 ml 

capacity pipettes with a safety pipettor. The planchets were 

dried for 3 hours at 75°C. 
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Counting was carried out in a Shielded Manuel Changing 

Chamber, using an End• Window Geiger tubes having a thin 

window thic:kness of 1. 9 mg/cm2 {Tracer Laboratory: Ine. Boston} • 

.An eleetrie c:ireuit with Dekatron type of sealer (Measurement 

Engineering Lirnited, Ontario) was used to register the eounts. 

Before eounting samples • eare was taken to eheek the plateau 

using a standard sample and making the ne«essary adjustment in 

the EHT input. A constant geometrieal set up was used in ail 

measurements. Background radiation was counted before and 

after each set of san:iples. The background was less than 60 

counts per minute. 

Each sample was eounted for over 3 minutes to give a 

total eount of 10, 000 and thus redueing the coeffieient of varia .. 

tion to a minimum of 1 per eent. This was ealeulated using 

the formula: 

coefficient of variation e 100 o/o (VeaU and Vetter, 19 58) 

V NT 

With eaeh group of sarnples a standard sarnple of the same 

dose of Sr89 was eounted. As the standard value of the isotope 

introduced into the intestinal segment is known, the percentage 
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of Sr89 retained in eaeh segment was ealculated. From this 

value, the amount absrobed was derived. 

All gla.ssware and other instruments used in this study 

were deeontam.inated by washing with 11 radiowash11 (Atomic 

Produets Corporation, Center Moriches, New York) followed 

by repeated washings with cold w.ater. All radioactive waste 

produets including the rat 1s eareass were stored in special 

eontainers and periodieally shipped to Ottawa. A routine check 

up of the radioactive room, glassware and instruments was 

regularly carried out to deteet any eontâm.ination. 

Experiment No. 1. pH of Intestinal Segments Washed with 

Normal Salinè. 

The rats were prepared as previously deseribed: 0. 5 ml N. 

saline was injected into the ligated segments. At the end of 30 

minutes the segment was reseeted and the contents of the intes

tinal lumen colleeted in a small vesse!. The pH was determined 

by using a glass electrode and a Beckman pH meter. Thirty rats 

were studied for each segment. 

Experiment No. ll. pH of Intestinal Segn;.ents Washed With 

Buffer Solution. 

In this experiment an atœmpt was made to modify the pH of 
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the intestinal segments by using a buffering solution. The 

buffer 11Trisma11 , hydroxymethylaminomethane, from Sigma 

Chemicals was used. A series of varying concentrations of 

the buffer was trled. One with 0. 4 molarity, ionie strength of 

0.5 and pH of 7.85 at 250C, was selected for this experiment. 

Higher concentrations of buffer produced distension of the segments 

and lower concentrations produeed no signifieant effeet on the pH 

of lumen contents. 0. 5 ml of the buffe ring solution was intro-

duced into the intestinal segments and the pH determined at the end 

of 30 minutes as deseribed in the previous experiment. Five 

animale were used for each segment. 

Ex~riment No. III. Absoq~tion of Sr89 in Isotonie Saline {a). 

In this group, the radioactive Sr89 was injected into the 

lumen of the gastrointestinal segments at a dose of 2 microcuries, 

-5 
{ 7.2 x 10 microgram), dissolved in 0.5 ml of 0.9o/o sodium ehloride 

solution. At the end of 30 minutes, the animals were sacrificed and 

the segments removed and radioactivity measured as described 

earlier. Ten rats were studied for each segment. 

Expe.:dment No. IV. Absorption ofSr89 in Isotonie Saline {b} 

This study was essentially same as the experiment No. m, 

except that instead of 2 microcurie, 10 microcurie dose was used. 

Ten animais were used for each segment. 
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Experiment No. V. Absorption of Sr89 at ucontrolled" pH. 

This study was also similar to the experiment No. rn, 

except that instead of normal saline, "Trisma" {hydroxymethy

laminomethane} buffer, 0.4 molarity, 7.85 pH at 25°C and an 

ionie strength of 0. 5 was used. Two microcuries Sr89 in 0. 5 ml 

buffer were injected as before. Animais were sacrificed at the 

end of 30 minutes activity counted as described earlier. Fifteen 

rats were studied for each segment. 

Experiment No. VI. Absorption of Sr89 in the Presence of 

Excess Carrier SrClz (isotonie saline). 

In this experiment, in addition to 2 mierocuries of Sr89 , 

120 micrograms of inert strontium chloride was added to each of 

0.5 ml solution in isotonie saline. This represente an increase 

of Sr ion in concentration. The study wa.s similar in aU other 

aspects to that of experiment No. m. Twelve rats were used for 

each segment. 

Experiment No. VII. Absorption of Sr89 in the Presence of 

Carrier SrCl2 (controlled pH). 

This was the same as experiment No. V, except that 120 

mierog1l!ams of inert SrCI2 H20 as earrler was added to each 

0. 5 ml of nTrisma11 buffer solution. Twelve rats were studied 

for eaeh segment. 
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Experimènt No vm. 

This was a repetition of the experiment No VIto determine 

the correlation and reprodueibility of the technique used in this 

investigation. Twelve rats were studied for eaeh segment. 
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CHAPTER VI 

RESULTS: 

The resulta of this investigation are in Tables II to XIV. 

The standard deviation of the mean value of each segm::ent was 

ealeulated using the formule: 

5 = j nr- (~Xl 2 
(N•l) 

tsm was determined using student utn. (Gosse tt W. S. : Biometrika 

6, 1908). The significance of difference in the mean values be• 

tween segments was statistieally analysed using HDucan 1 s Multiple 

Range Test" for multiple eomparisons. (Freund, Livermore and 

Miller, 1960). The details of caleulations and statistical anal y sis 

are gi ven in the Appendix. 

Experiment No. 1. pH of Intestinal Segments Washed with Isotonie 

Saline. 

The results of this study is given in Table If~ From the 

table it can be noted that the mean pH value in the stomach was 

2.35 ( t 0.89). The duodenal segment was alkaline, 7. 75 ("! 0.37), 
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TABlE II 

pH STUDIES IN RATS .STOMACH AND .. SMALL.INTESTINE 

I II III IV v VI Vil vm IX 
(Stomach} (Duodenum) 

1.5 7.8 6.95 7.0 7.05 7.25 7.75 8.2 8.55 
1.6 8.0 6.75 7.65 7.45 7.6 8.0 8.65 8.7 
1. 88 7.45 6.65 7.75 7.3 8.15 7.2 8.6 8. 81 
1. 55 7.85 6. 75 7.15 6.75 8.0 8.4 8.3 8.95 
1.45 8.6 6.75 7.85 7.25 7.95 7. 95 8.52 8.7 
1. 95 7.8 6.65 7.55 7.55 8.1 7.3 8.1 8. 42 
1.6 7. 75 6.55 6.65 8.05 8.3 7. 35 8.15 8.6 
1.5 7.95 6.5 7.7 7.4 7.95 7.65 8.5 8.4 
1.55 7.6 6.65 7.55 7.5 7.9 7.5 7.95 8.43 
1. 55 7.6 6.62 7.85 7.75 7.8 8.15 8.8 8.5 
3.7 7.3 7. 9 6.95 7.35 6.55 7.8 7. 55 8.58 
3.8 7.72 7.01 7.42 7.7 7.0 7.15 8.35 8.4 
3.52 7.87 6.9 7.23 6.85 7.42 7. 56 7.23 8.52 
1. 72 7.68 7.2 6.86 6.95 7.05 8.27 7.65 8.19 
3.4 7.12 6. 78 7. 32 6.5 7.55 8.2 7.49 8.6 

{Continued} 

x 

8.67 
8.35 
8. 69 
8.39 
8. 75 
8.59 
8.5 
8.8 
8. 72 
8.66 
8. 72 
8.8 
8.65 
8.9 
8.65 

• 
0'
lflo. 
t 



I n m 
{Stomach) (Duodenum} 

3.58 8.4 6.8 
4.1 7.8 6.72 
1. 49 7.82 6.7 
1.57 7.13 7.05 
2.3 7.69 6. 75 
2.0 7.8 7.32 
2.4 2. 45 7.0 
3,3 7.83 7.52 
1.8 7.08 6.9 
1.5 8.52 6.52 
1.7 7.5 7.03 
2.45 7.44 7.0 
3.70 7.5 6.9 
3.1 7. 79 6.55 
3.22 7.75 6.4 
2.35 7. 75 6.85 

**(- 0. 89) (±{). 3 7) (±0. 31) 

: ***0.113 0.046 0,039 

* Mean pH value 
** Standard deviation 

*** tsm 

TABLE II {continuation) 

IV v VI vn 

6.9 7.45 7.08 8.5 
6.5 6.7 7.83 7.75 
6.95 7.0 7.44 7.65 
6.49 7.6 7.45 7.8 
6.75 6.4 7.91 8.21 
6.9 6.3 8.12 8.21 
7.1 7.65 7. 70 8.2 
6.9 6.65 7.52 8.25 
7.39 7.1 7.92 8.7 
7.0 6.63 8.35 8.9 
7.18 6.82 7.08 7.52 
6.83 7.32 7.25 8.23 
7.25 6.7 7.81 7. 95 
7.19 7. 21 7.85 7.7 
6.7 7.55 7.1 7.12 
7.18 7.15 7.63 7.89 

(±0.38) (± 0. 44) (:!: 0. 44) (:!: 0. 56) 

o. _Q48 0.055 o. 055 o .• 0.7.1 

vru 

8.18 
7.2 
8.02 
8.3 
7.65 
8.32 
8.39 
7.7 
8.0 
7.9 
8.27 
8.13 
8.6 
8.5 
8. 05 
8.1 

("!. 0. 41) 

0.05Z 

IX x 

8.9 8. 71 
8.57 8.9 
8.7 8.82 
7.9 9.03 
8.38 9.1 
8.4 8.9 
8.62 9.08 
8.7 9.1 
8.52 8.8 
8. 61 8.85 
8.52 8.84 
8.85 9.02 
8.79 9.0 
8.6 8.85 
8.4 
8.56 8. 79 

("!.0.21) {:!:.0.56) 

0. {)2 7 o. 071 

C1' 
\.Tl 
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in the lllrd segment it was just on the acid aide, 6.85 (t 0.31) 

and thereafter in the subsequent segments the pH was progres .. 

sively more alkaline with the terminal segment having a pH 

value of 8. 79 (:t O. 56). 

The differences in mean pH between the segments are 

statistically significant. 

Experiment No. II. ti:! Ofintestinal Segments Washed with 

Buffer Solution. 

The resulte of this study on the influenee of buffering 

agent "Trisma" on the pH of rat 1 s gastrointestinal tract is 

gi ven in Table m. The pH of the stomac::h was great! y inereased 

but the mean pH value reaehed was slightly aeid. The pH of all 

others segments varied slightly within the range 7. 45 to 8.'0, 

indicating that the lumen was fairly adequately buffered. How ... 

ever,a ~ght but distinctly rising gradient in mean pH value 

ean be seen progressing towards the distal segment of intestine. 

Exeeriment No. m. Absorption of Sr89 in Isotonie Saline {a) 

The re sults of this study are given in Table IV. Maximum 

absorption took place from the proximal one•third of the small 

intestine. There was an appreciable amount of absorption in 
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the stomaeh. In the distal 3rd of the small bowel, the absorption 

was about one half of that in the proximal part. The middle 

third of the small intestine varied between the se two extremes. 

There is no statistically significant differences between 

segments II, III and IV; segments V, VII. VIII and lX. The seg

ment VI is not similar to either of the two former groups. 

Segments I, IX and X do not have signifieant difference in the 

absorption. 

Table V shows the pereentage of frequency distribution 

of Sr89 absorption from different segments in classes of 5o/o. 

It can be noted that a higher percentage absorption occur s with 

greater frequency in the proximal one-third of the small bowel. 

Experiment No. IV. Absorption of Sr89 in Isotonie Saline {b). 

The resulta of administering 10 microcuries of Sr89 is 

given in Table VI. The features are similar to the previous 

study using Z microcuries. Statistical analysis has revealed 

no significant difference among the segments IV to X in their 

absorption of Sr89. The segment II and ID ar.e. significantly 

different from the other segments as well as between themselves. 

Segments I, VII and IX are similar in their absorption capacity. 

The Table VII also demonstrates that in segments II and III the re 
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TABLE ffi 

pH READINGS AT THE END OF 30 MINUTES WITH 11 TRISMA1' 

BUFFER 0.5 ML; O. 4 MOLARITY. 0.5 IONlC STRENGTH, 
pH 7.85 AT 25°C. 

m IV v VI vn vm IX 
(Stomach) (Duodenum) 

7.4 7.35 7.2 7.4 7.3 7.5 7.65 7.7 8.0 

6.6 7.3 7.2 7.3 7.4 7. 45 7.7 7.8 8.0 

4.3 7.6 7.4 7.4 7.05 7.45 7.65 7.75 7.9 

6.5 7.45 7.2 7. 25 7. 25 7.65 7.55 7.9 8.0 

4.95 7.3 7.15 7.3 7.2 7.55 7.8 7.85 8.1 

* 5.95 7.45 7. 23 7.33 7.24 7.52 7.67 7.8 8.0 

x j 

7. 9 ! 

8.1 

8.0 

7.9 

8.05 

7. 99 1 

** {'± 1. 44) ( :t 0. 3) ( "!: 0 .1) Ct o . o 7) ( -:t o. 13) ("±0.109) (:t 0.087) (~0.077) ("!0.07)(!0.00} 

*Standard deviation 
** Mean of pH value 

~ .......... ~ 

1 

Cl' 
CIO 



TABLE IV 

RADIOACTIVE STRONTIUM 89. ABSORPTION FROM LIGATED SEGMENTS OF RATS' 
GASTRO-INTESTINAL TRACT 

( 2 microcurie of Sr89 in 0. 5 ml of O. 9% normal saline injected. Activity measured after 30 min.) 

I II m IV 
(Stomach) (Duodenum) 

8.6 26.6 24.4 16.3 
4.4 38.1 35.3 37.3 

21.5 30.6 16. 5 24.9 
5.1 35.6 17.8 35.4 
9.1 41.3 53.8 30.8 
4.9 27.4 47.4 38.8 
16.8 22.4 32.4 28.0 
11. 7 14.4 36.3 34.5 
9.3 31.9 40.7 48.3 

- 41.8 - 26.5 

* . 10. 1o/o 31. 01% 33.840/o 32080/o 

**+ (- 4. 47) {~ 8. 71} ("!. 12. 64} 
~-··"····-··-

*Mean per cent of absorption 
** Standard deviation 

(tB. 83) 

v VI VII vm IX x 

15.2 33.0 19.0 13.9 15.5 19.2 
19.3 20.7 23.9 12.0 16.9 18.4 
10 .. 5 12.6 36.3 24.3 13.5 7.5 
19.1 19.1 39.9 12. 6 9.1 14.9 
30.4 24.3 17.1 32.8 14.3 28.1 
21. 7 32.2 35.2 14 •. 0 13.1 8.6 
28.3 34.1 21.8 12.7 13.1 25.7 
31.0 38.4 18.4 27.5 22.2 12.7 
13. 7 33.0 13.7 - 27.3 16.5 - - - - - -
21. 020/o 27.490/o 25.030/o 18. 710/o 16. Oo/o 16. Bo/o 

(±7.41) (!'8.60) ("1:9.53) {:t8.18) (±5.47) (t6.92) 

C1' 
-.!) 



TABLE V 

FREQUENCY DISTRIBUTION OF Sr89 ABSORPTION FROM RATS GASTRO INTESTINAL 
TRACT (2 Mie roe urie in 0. 5 ml Normal Saline for 30 minutes) 

57.5 

52.5 11.11 

# 47.5 11.11 10.00 
U") 

IZ4 42.5 20.00 11.11 
0 

37.5 20.00 22..22 30.00 11.11 33.33 
~ 
f&l 
~ 

20.00 22.22 44.44 12.5 j 32.5 20.00 11.11 

u 27.5 20.00 20.00 11.11 12.. 5 11.11 22.22 

~ 
llll 10.00 11.11 10.00 11.11 22.22 22.22 12.5 11.11 22.5 z 

9 
1:-t 

17.5 11.11 22.22 10.00 33.33 11.11 33.33 22.22 33.33 
P-t 

~ 12.5 ll.ll 10.00 22.22 11.11 11.11 62.5 44. 44 22.22 
~ 

~ 7.5 44.44 11.11 22.22 

2.5 22.22 

I II m IV v VI VII vm IX x 
NUMBER OF SEGMENTS 

-.] 
0 



TABLE VI 

RADIOACTIVE STRONTIUM 89. 10 MICROCURIE IN 0. 5 ML of 0. 9% SALINE INJECTED 
INTO LIGATED SEGMENTS OF RATS' GASTRO-INTESTINAL TRACT~ 

(Radioactivity measured after 30 minutes) 

I II ill IV v VI VII VIII IX x 
(Stomach) (Duodenum) 

10.00 20.6 31.1 21.0 27.2 41.4 22.2 19.4 22.1 22.6 
20.0 36.6 36.0 16.4 31.0 20.4 16.2 20.1 12.2 32.8 
7.8 19. 5 22.8 17.4 30.0 24.5 23.2 20.4 19. 3 10.1 

17.7 35.7 29.7 20.1 20.0 23.0 24.0 20.1 21.3 17.2 
7.1 34.3 39.8 25.1 27.1 27.9 20.4 17.3 24.0 29.1 

27.8 37.0 26.0 21.9 32.9 33.2 19.3 11.4 22.5 20.1 
5.5 37.5 40.4 27.8 25.5 12.9 14.6 19.4 28.7 28.9 

15.3 26.3 54.3 16.4 14.5 28.9 11.4 30.9 16.0 17. 7 
15.3 21. 9 46.0 21.4 10.1 24.4 21.6 38.9 17.1 21.6 

- - - 21.9 - .. 16. 5 - - -

1 

* 14. 05o/o 29. 93o/o 36.23% 20.94% 24.24% 26.28% 18.94% 21.98% 20 . 3 5% 2 2 . 2% : 

**(±7. 21) ( '! 7. 68) {:t 10. 00) 

* Mean per cent of absorption 
** Standard deviation 

(t3.60) ("!.7.74) ("!: 8.00) (t.4.00) <=8.062) (-±4.79) (±7.07~ 
~ ' 

-J 
1-' 
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57.5 

52.5 

# 47.5 
tC) 

~ 42.5 
Ul 
~ 37.5 
Ul 

j 32.5 
t) 

~ 27.5 11.11 
z 
8 22.5 11.11 
E-4 
~ 
~ 17.5 33.33 
0 
Ul 
~ 12.5 11.11 

7.5 33.33 

2.5· 

I 

TABLE VII 

FREQUENCY J>ISTRIBUTED OF Sr89 ABSORPTION FROM 
RATS GASTRO INTESTINAL TRACT 

( 10 mierocurie in 0. 5 ml of norrria1 saline for 30 minutes) 

11.11 

11.11 

11.11 U.ll 

44.44 22.22 

ll.ll ll.ll 33.33 ll.11 

11.11 22.22 20.00 33.33 22.22 

22.22 11.11 50.00 11.11 44.44 50.00 

11.11 30.00 30.00 

22.22 11.11 20.00 

II m IV v VI VII 

NUMBERS OF· SEGMENTS 

ll.ll 

11.11 11.11 

11.11 22.22 

33. 33 44.44 33. 33 

33.33 33.33 22.22 

11.11 llll 11.11 

VIII IX x 

1 

"" N 
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is a greater frequency of higher pereentage of radiostrontium 

absorption. 

Experiment No. V. Absorption of Sr89 at ncontrolled11 pH. 

These results are given in Table VIII. A decrease in the 

absorption of radiostrontium from the 2nd segment is the marked 

feature. Maximum absorption occurs in the third segment. {31. 9o/o). 

Statistieal analysis shows no significant difference between seg

ments II, IV~ VI, VII, VIII, IX and X. The percentage of ab

sorption in segments I, IX and X are also similar. Segment ill 

is significantly different from the other segments. The se result 

indicate as they stand, that by controlling the pH to steady level, 

in fact absorption is brought to a more trsteadyrr leve!. The 

frequency distibution is given in Table IX. Segment ID in parti

cular and the proximal part of small intestine in general continue to 

show maximum absorption. 

Experiment No. VI. Absorption of Sr89 in the Presence of Excess 

Carrier SrClz in Isotonie Saline (Table X). 

Addition of 120 mierograms of inactive strontium chloride has 

appreeiably changed the mean pereentage of absorption. But the 

pattern of distribution between segments is .the sarr..e as in the 

previous three experimenta. The seeond segment has the maximum 



TABLE VIII 

RADIOACTIVE STRONTIUM 89. ABSORPTION FROM RATS' GASTRO-INTESTINAL TRACT. 
SR~9zMICROCURIE IN 0.5 ML. "TRISMA" BUFFER, 0.4 MOLARITY 0.5 IONIC STRENGTH 

pH 7. 85 AT z5o 

(Radioactivity measured after 30 minutes) 

I II III IV v VI VII VIII IX x 
(Stomach} (Duodenum} 

20.3 10. 8 58.0 13.9 13.8 16.0 34.9 19.5 15.0 27.0 
9.2 18. 6 28.9 14.0 14.4 18.0 23.3 21. 7 29.0 7.1 

9.1 14.9 32.2 38.5 27.1 15.3 29.2 23.3 15.7 16. 7 
9.1 22.4 49.2 19.9 28.0 25.8 21. 7 14.2 10.1 17.5 
11.4 10.8 43.4 12.0 30.3 26.5 29.1 16.4 24.6 14.7 
23.1 20.3 17.4 51.2 26.0 31.9 25.3 14.4 27.2 15.9 
10.9 16.9 19.8 18.5 41.8 13. 8 39.1 26.8 12.3 16.7 
7.5 26.4 22.0 17.8 10.3 19.4 14.0 30.8 21.3 28.1 
7.5 31.9 37.2 46.6 30.4 23.1 10.4 30.6 5.5 15. 6 

- 31.8 22.0 19.1 23.9 11.8 24.7 20.2 9.3 15.3 

- 19.8 25.4 14. 7 36.8 12.0 16.9 19.4 16.1 20.7 

- 20.1 27.4 16.2 33.8 26.4 14.3 22.0 27.9 17.2 
... 33.1 ... 17. 9 28.2 20.2 .. 26.5 15.8 -- 43.1 - - 34.5 - - 27.4 29.5 -- - - - .32 •. 2. - - 31.0 - -

* 12. Olo/o 22. 9'fo 31. 9% 23 .l'fo 2 7. 4'fo 20 .ll'fo 23. 5o/o 22. 9'fo 18. 5% ],.? • 7o/o 

*"t± 5. 65) (±9.32) (±12.64) ("±13.15} (±8.77) (~6 .. 32) (:t8.66) (±5.65) (±8.00} (:t5.47) 

* Mean per cent of absorption 
** Standard deviation 

--------·-·-·- -· 

...,J 

~ 
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0 
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fz1 
U) 
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2S 
z 
0 
~ 

E-l 
Il. 
~ 
0 
U) 

~ 
~ 

67.5 
62.5 
57.5 
52.5 
47.5 
42.5 
37.5 
32.5 
27.5 
22.5 22.22 
17.5 
12.5 22.22 
7.5 55.55 
2.5 

I 

TABLE IX 

FREQUENCY DISTRIBUTION OF Sr89 ABSORPTION FROM 
RATS'GASTRO INTESTINAL TRACT 

(2 microcurie in O. 5 ml of 11Trisma 11 buffer for 30 minutes) 

8.33 
7.53 

8.33 7.53 
7.14 8.33 6.66 

8.33 1.53 6.66 8.33 
21.42 8.33 26,66 7.53 8.33 20.00 
7.14 25.00 33. 33~ 23.76 25.00 20.00 
21.42 16.67 6.66 13.38 25.00 26.66 
21.42 16.67 46.15 30.76 8.33 20.00 
21.42 30.76 20.00 23.76 25.00 13.33 

II nr IV v Vl vn VIII 
{Stomach) {Duodenum} NUMBER OF SEGMENTS . 

28.57 
14.28 
21.42 
21.42 
14.28 

IX 

16.67 
8.33 

58.33 1 

8. 33 . 
8. 33 : 

x 

s 
...J 
U"1 



TABLE X 

RADIOACTIVE STRONTIUM. ABSORPTION FROM LIGATED SEGMENTS OF RATS' 
INTESTINE. STRONTIUM 89, 2 MICROCURIE IN O. 5 ML NORMAL SALINE WITH 

120 MICROGRAMS OF SrC12 AS CARRIER INJECTED 

{Aetivity measured at the end of 30 minutes) 

I II rn IV v VI VII vm IX 

(Stomach) {Duodenum) 
-

16.9 38.8 25.1 26.5 19.0 9.2 8.4 10.5 12.6 
15.6 42.2 19.6 13.8 22.2 12.4 10.8 6.3 12.0 
10.4 53.3 21.2 20.9 20.6 16. 5 8.0 6.4 8.4 
6.3 39.4 20.8 18.6 9.1 11. 6 5.8 12.0 11.4 
8.5 48.4 19.6 23.8 7.5 9.5 4.8 18.4 15.6 
8.9 49.5 13.6 10.9 12.6 12.7 8.4 12.9 4.5 
4.8 39.3 24.6 11. 4 9.3 14.3 11.9 15.7 10.6 
9.0 15.3 16.4 18.2 14.9 15.0 16.3 18.9 7.8 
9.8 44.3 20.8 12.9 8.9 12.2 4.6 12.3 15.5 

15.3 50.2 15.3 12.3 15.1 14. 1 18.8 16.1 20.9 
7.5 18. 6 20.8 13. 7 14.4 22.2 17.2 4.3 13.9 

11.0 41.5 11.6 11. 7 12.9 10.4 12.8 5.4 11. 6 

1Q, •· 4o/o 40. Oo/o 19.10/o 16.20/o 13. 8o/o 13. 3o/o 10. 6o/o 11. 6o/o 11.2% 

x 

11.2 
22.1 
17.1 
12.0 
18.0 
8.4 

14.0 
7.3 

10.1 
5.3 

10.2 
9.3 

13.1% 

**<±3. 79) {!.11. 78) {24.12) {"!:5,26) (±4.81) (:!3.!il4) (-t~L8'l) (±5.09) (-:!::7.74) (-±4.87) 

***o. 489 1. 52 0. 531 

*Mean per cent of absorption 
**Standard deviation 

***tsm 

0.678 0.621 0. 457 0.624 0.657 0.998 0.628 

-.J 
~ 

• 
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0 62.5 
00 57.5 
~ 52.5 
~ 47.5 
...:t 42.5 
l) 37.5 
ts 32.5 
z 27.5 
0 
1-1 22. 5 
E-i 
P-t 17.5 
~ 12.5 
00 7. 5 
j:Q 2.5 < 

TABLE XI 

FREQUENCY DISTRIBUTION OF Sr8 9 ABSORPTION FROM THE 
GASTRO INTESTINAL TRACT OF RATS 

{2 microcurie with SrC12 120 mie rogram.s as carrier for 30 min.} 

16.67 
16.67 
25.00 
25.00 

8.33 8.33 
41.66 16. 67 16.67 8.33 

25.00 16.67 33.33 16. 67 16. 67 8.33 25.00 33.33 
16.6 7 16.67 58.33 33.33 66.67 25.00 33.33 
50.00 33.33 16.67 33.33 25.00 
8.33 16.67 8.33 

I II III IV v VI VII VIII 
(Stomach){Duodenum) 

NUMBER OF SEGMENTS . 

8.33 
16. 67 
50.00 
16.67 
8.33 

IX 

8.33 
16.67 
41.66 
33.33 

x . 

f 
-...) 

.-...1 
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rate of absorption, 40. Otfo (t 11. 78); while the third segment 

follows with 19 .ltfo (±4.12). The difference in absorption between 

segments IV, V, VI, VII, VIII, IX and X are not statistieally 

signifieant. So also segments I. V to X are similar in their 

rate of absorption. Segments ll and ITI are different from eaeh 

other as well as from the rest. 

The frequeney distribution of absorption (p~rcentage) is 

given in Table XI. In this, the wide scattering noted in the pre• 

vious experimente had been eonsiderably narrowed down. The 

2nd segment shows the greater incidence of higher percentage 

of absorption. 

Experiment No. VIT. Absorption of Sr89 in the Presence of 

Excess Carrier SrC12 in "Controlled" pH. (Table Xll.) 

The maximum rate of absorption is again noted in the 

duodenal segment; however, this is eonsiderably less than the 

rate in the experiment No. YI. Statistical analysis showed that 

difference between segments n, III and IV are not significant. 

Segments V, VII, VIII, IX and X are also similar. Segments VII, 

Vill, IX and I showed no significant difference. Table XIII 

demonstrates the frequeney distribution, whieh is similar to the 

previous experiment. 
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Experiment No. VIII. 

The result of this study is given in Table XIV. The correla-

tion coefficient with the results of experiment No. VI was calcu-

lated using the formula: 

r -.. S(xy) 

{Fisher, 1958) 

The two experiment correlate very well; in almost ali the segments 

the value is above 0. 9 except in segment V and X where the value 

is 0. 8 73 and O. 846 respective! y. 



TABLE XII 

STRONTIUM 89, 2 MICROCURIE WITH 120.05 MICROGRAMS OF SrC12 .AB CARRIER IN 
0.5 ML. "TRISMA BUFFER, 0.4 MOLARITY, 0.5 IONIC STRENGTH, pH 7.85 AT 25oc. 

(Activity after 30 minutes) 

1 II III IV v VI VII VIII IX x 
(Stomach) (Duodenum.) 

7.1 34.5 25.5 14.6 18.3 20.3 5.6 14.6 10.1 16.2 
8.0 21.3 14.2 14.3 21.0 25.0 7.7 6.1 13.6 23.0 
1.7 22.2 38.0 20.8 22.7 22.6 19.9 10.0 15.6 20.7 

10.9 29.4 18.8 35.0 16. 8 20.8 18.0 15.8 18.5 8.3 
2.4 21.6 30.8 13.1 13.0 11. 6 15.6 20.0 9.8 20.2 
1.7 16.1 15.1 13.5 11.0 24.1 5.1 13.1 10.2 12.4 
22.4 25.2 14.1 31.3 18.2 21.5 16.0 15.7 7.3 7.5 
8.4 31. 7 26.0 24.2 16.3 16.9 12.8 10.9 10.2 15.4 
2.4 26.6 13.8 29.7 16.1 21.7 16.6 8.9 18.0 9.5 
10.4 Z!.9 14.4 17.2 15.4 14.6 8.3 18.2 16.8 12. 7 
9.6 21.1 17.1 30.2 . 11. 7 26.3 8 .. 4 14.5 13.7 10.5 

t~~a.36o/o 2!.54% 21! .. 08% 22.12% 16.58% 2.0. 46% 12.00% 12.90% 12. 8 7% 14.21% 

**(±6.164) (t 5. 291) {:t 7. a 74) (± 7. a1o) ft 3. 492 )( ± 4.266) (:t: s. 099){:!: 4 .. ~S:X{-:t 3. 6 74)( :t s .o 69); 
-~- ---

*S~ndard deviation 
**-Mean per eent of absorption 

' 

• 
00 
0 

• 
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U) 47.5 U) 

<: 42.5 
...:1 

37.5 u 
~ 32.5 
z~ 27.5 
o!.l) 22. 5 
1-1 

17.5 E-l 
Pi 12.5 
~ 
0 7.5 
tl) 
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~ 

TABLE XIII 

FREQUENCY DISTRIBUTION OF Sr89 ABSORPTION FROM 
RASTS' GASTRO INTESTINAL TRACT 

( 2. mieroc:u;i; Sr89 with 12.0 mierograms of SrClz as a earrier in 0. 5 ml 
of nTrisma" buffer for 30 minutes) 

9.09 
18 •. 18 .9.09 27.27 
36.36 18.18 9.09 9.09 

9.09 36.36 18.18 18.18 63.63 
9.09 27.2 7 9.09 54.54 9.09 45.45 36.36 

18.18 36.36 36.36 27.27 18.18 9.09 45.45 

36.36 45.45 18.18 
36.36 

I II III IV v VI vn VIn 
{Stomaeh){Duodenum) 

NUMBER OF SEGMENTS 

36.36 
45.45 

18.18 

IX 

27.27 
18.18 
27.. 2 7 
. 3 7. 2 7 

x 

00 ...... 



TABLE XIV 

RADIOACTIVE STRONTIUM 89 ABSORPTION FROM LIGATED SEGMENTS OF RATS' 
GASTRO .. INTESTINAL TRACT 

(Sr89, 2 microcurie in O. 5 ml of normal saline with 120 mierograms of SrCl2 as 
carrier for 30 minutes) 

I II m IV v VI VII vm IX x i 

{Stomach} (Duodenum) 
1 

1 

10.8 44.9 19. 6 30.1 11.3 19.2 13.1 12.1 7.9 15.6! 
8.0 54.5 18.9 23.9 9.2 18.0 7.9 13.1 13.8 6.3 

11.4 40.5 28.2 20.1 18.0 23.9 11.1 17. 7 15.6 13.7 
8.5 48.8 12.9 18.3 14.6 22.0 8.9 8.5 9.1 11.9 

13.3 52.2 15.8 16.3 14.6 17.7 13.1 18.0 12.6 10.5 
5.8 29.4 20.2 17.0 11.3 13.9 4.6 16.5 17.'l 14.6 

li. 2 58.2 27.7 14.7 21.2 li. 8 li.O 8.6 6.2 8. 6. 
10.4 41.0 21.9 20.4 8.0 10.5 10.2 15.0 13.4 9.3 
15.0 22.6 17.5 15.6 17.8 12.5 7.3 14.1 15.1 20.4; 
li. 2 22.0 25.2 14.2 12.6 11.4 14.9 12.2 13.6 6.4: 
7.5 20.0 20.1 17.5 11.6 11.5 11.0 15.2 20.2 16.8 
8.4 49.0 15.9 10.3 15.9 9.2 13.6 11.7 11.0 18.9 

* 10 .1o/o 40.4% 20.3% 18.2% 13.8% 14.9% 10.5% 13.5% 12.1% 12. "'*' 
**(± 2. 58) {±13.67) (1:4.74) {±5.09) ('±3.87.) (1:4~78)("±2.96) {::!3.13) {-±3 . .33) (:t4.69) 

***o. 332 1. 76 0.'611 

~·••o. 931 0.9S9 · · 0.99 

*Mean per eent of absorption 
** Standard deviation 

*** tsm 

0. 656' 
0.978 ' 

**** eorre1ation eoeffieient with Table X 

·o. 49·9 o. 616 · · · o. 381 · o. 403 0.430 0.005 
0.87.3 0.913- 0.933 . 0.902 .0.907 0.846 

lt 

co 
N 
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CHAPTER VII 

DISCUSSION 

Methods. 

Ligated segments of rat' s intestine have been used pre-

viously for in vivo study of absorption in this laboratory by 

Dukay and Makhani (1961-1962). This in vivo technique has 

several advantages over the methods used by other investiga-

tors. It is also admirably suited to study the regional 

absorption pattern. 

The present study is basically different from those 

of in vitro experimenta. In vitro study may give valuable 

information about the transport of solutes and solvents across 

the viable, semipermeable membrane formed by the intestinal 

mucosa. The blood and lymphatic supply to the intestinal 

walls, mucosal secretions and neuronal and hormonal control 

of intestinal mucosa and its secretions do not participate. 

There is evidence that strontium is partly excreted 

into the intestinal lumen {Wasserman 1960). Hence when the 

totallength of the small intestine is used as in perfusion 

experimenta 1 the result obtained is the difference between 

the amount absorbed and that excreted into the intestinal lumen. 
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By utilizing 5 ems segments and only one such segment 

in each animal, this exc:retion factor is localized. However, 

no previous attempt has been made to study it. 

The rate of absorption is related to the rapidity of 

propulsion of food particles and flow rate of soluble material 

through the intestinal lumen. The use of ligated segments 

of about 5 ems. eliminates this factor. In perfusion experi

menta a variable factor of rate of flow through the lumen 

must be considered. Further, the perfusate mixed with 

intestinal secretions being a non-Newtonian fluid, particulate 

constituents are not uniformly di stributed in the stream of 

the fluid. If solutions are used throughout the experiment 

this may not apply. 

The period of study being limited ta 30 minutes only, 

any physio-pathological changes that could have accured 

due ta intestinal obstruction are probably reduced. Through

out the experiment the animais are under the influence of 

anaesthesia; any variation which may occur in absorption 

at the time of recovery from anaesthetics is eliminated. 

The high degree of correlation noted between the ex

perimenta VI and VIII substantiate the relability of this in 

vivo technique. 
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Effect of pH on Sr89 Absorption. 

Dukay (1962} using ligated intestinal segments demonstra

ted that the maximum absorption of ca45 (about 65fo) from the 

duodenal segment occured when it was administered in a buffer 

solution of neutra! pH. At pHs 4, 5, 6 and 8 absorption was 

considerably decreased. Towards the distal segment where 

pH was alkaline, the Ca 45 absorption (from unbuffered solu

tion) was les s than lOo/o in 30 minutes. Maximum absorption 

of calcium cod.ncided with a near neutra! pH in the intestinal 

tract. It seemed possible that by controlling the pH of in

testinal lumen with a suitable buffering agent, the absorption 

of alkaline earth elements could also be ncontrolled 11
• 

As a preliminary step, the normal pH values of the 

gastrointestinal tract of rat under the experimental condi

tions was determined using isotonie saline. The stomach 

was highly acid. The duodenal segment had an alkaline pH; 

however the immediately distal segment was slightly acid. 

This remarkable difference in the two adjoining segments 

may be due to the fact, that when the pyloric end of the duo

denum was ligated the normal flow of acid secretions of the 
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stomach was interrupted and consequently the bile, pancreatic 

secretions and secretions of Brunner 1 s glands accumulated 

producing an alkaline pH. In the third segment, as there is 

no accwnulation of alkaline secretions other than those of 

intestinal mucosal glands the pH continued to be slightly acid. 

It could be preswned that normally the duodenal contents have 

a neutra! or slightly acid pH, but under these experimental 

conditions it has an alkaline pH. In the rest of the segments 

the alkalinity increases directly proportional to the distance 

from the stomach; th us the terminal ile al segment has the 

highest pH. These values are similar to those of the hwnan 

beings where the pH varies from 6. 3 to 9 (Thoma.s, 1961). 

As a buffering agent "Trisma" was chosen because it 

has an optimwn range of buffering action closely resembling 

the physiological values in the intestine, 7. 0 to 9. 0. Second

ly, unlike many other buffers "Trisma" does not form an 

insoluble salt with alkaline earth elements. 0. 4 M "Trisma" 

was used after experim.enting with both weaker and stronger 

solutions (ie., of greater buffer capacity). A sample result 

using O. 25, 0. 35 and 0. 5 molarity i s given in table XV. 
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pH READINGS AFTER USE OF DIFFERENT MOLARITIES OF 
ttTRISMA" B UFFER t 7. 85 pH at 25°C. 

TABLE XV 

0. 25 Molarity. 

Segment II III IV - - -
7.4 6.85 6. 75 
7.85 6.65 7.15 
7.55 6.55 7.25 
7.75 7.25 6.9 
7.85 7~0 . 7. 05 
7.68 6.85 7.02 

O. 35 Molarity. 

Segment II m IX - - -
7.5 7.25 7.9 
7.65 7.2 8.25 
7.85 6.9 8.3 
7.7 7.15 8.05 
7.55 7.0 8.0 
7.65 7.1 8.1 

Usage of 0. 5 Molarity gave undue di sten sion of the 
segments. 

Segment II III - --
7.9 7.4 
7.6 7.45 
7.75 7.4 
7.65 7.6 
7 .. 6 7.55 
7.7 7.48 
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0. 4M{ 400mM) 11 Trisma11 is hypertonie eompared with the 

saline (154mM); however no maeroseopie damage to the in

testinal mucosa was observed. A stronger solution produced 

distension of the intestinal segment. A weaker solution did 

not alter the pH to a sufficient degree. 

By using 11Trisma11 the pH of the stomach was raised. 

In the duodenum the pH was altered to near neutra! and in the 

third segment it was changed to slightly alkaline. Figure 2 

shows the amount of control in the pH of intestine produeed 

by "Trisma", in comparison with the value obtained from 

isotonie saline. Even though the buffering action of the 

11Trisma11 was fairly satisfactory, the pH was not uniform 

throughout the length of intestine; nor in the same segment. 

It also was not able to give the same pH as that of the buffer. 

lt is possible that some of the bu:ffering solution might have 

been rapidly absorbed by the intestinal mucosa, or that the 

secretions of the mueosa have a high neutralising eapacity. 

A eombination of both the se proeesses may oecur. If eom

pared in vitro, volume for volù.rne 11Trisma 11 has an excess 

of buffe ring capacity for the intestinal secretions. But the con ... 

tinuous process of secretion and absorption by the mucosa has 
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reduced the capacity of 11Trisma 11 to produce a uniform pH 

throughout the intestinal tract. 

Various investigators have reported on the absorption 

of radioactive calcium and radioactive strontium after using 

solutions with pHs ranging from 1 to 12. How far the intestinal 

mucosa is capable of alteringthese extremens of pH at the end 

of 30 minutes is not known. It is conceivable that auch a draa

tic change in pH is likely to produce histopathological reaction 

in the intestinal mucosa. Further study in this direction is 

necessary before a definite conclusion could be reached. 

In this study a buffering agent was used and the pH 

maintained at a 11 controlled" leve! throughout the period of 

absorption study. In perfusion experimenta by Mraz (1962) 

and segmenta! absorption study of Ca45 by Dukay (1962)~ 

~olutions used were not buffered and the pHs of the intestinal 

contents at the end of the period of absorption study were 

not determined. Thereforet the relationship of pH on the 

absorption of Sr89 and Ca45 cannot be concluded from those 

studie s. 



- 95 -

In six series of Sr89 absorption studies, two were 

under controlled pH with "Trisma" buffer. By administer

ing Sr89 in buffer at approximately pH 7 .55, it would be ex

pected that absorption would decrease in the proximal seg ... 

ments and increase in the distal segments. Figures 3 and 

4 show the comparison of mean percenteage of absorption 

with controlled pH and those of isotonie saline, with and with

out inactive strontium chloride as carrier. Except in the 

duodenal segment no appreciable difference can be noted 

from these graphs. Statistical analysis also did not show 

any significant difference except in the duodenal segment. 

However the influence of the control of absorption by 

the buffer becomes apparent by a study of the distribution 

pattern. Figure 5 demonstrates the distribution in accord

ance with percentage of absorption in controlled pH plotted 

in comparison with the mean absorption curve of isotonie 

saline. Here in the proximal segments of small intestine 

a majority of rats with controlled pH absorb less than the· 

mean absorption with isotonie saline. In segment V this 

difference is striking. The mean value in isotonie saline 
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is lower; more animals with controlled pH had a higher 

rate of absorption. In the distal segments, higher values 

of absorption have been observed in more animals with 

controlled pH than those in which isotonie saline prepara

tion has been used. 

Figure 6 shows the distribution of Sr89 absorption 

plotted against the mean absorption curve of controlled 

pH. The phenomena observed represent a reverse picture 

to that in figure 5. Figures 7 and 8 also show similar 

distribution to that of figures 5 and 6 respectively, where 

120 micrograms of inactive SrClz(6HzO) was added to 

controlled pH as well as in isotonie saline. 

These show that ttTrisma" buffer by controlling pH 

was ,to a certain extent, able to produce a controlled level 

of Sr89 absorption. Further studies with different pH 

mn&es are necessary before it can be concluded that absorp

tion depends on pH and, as a corollary, that absorption can 

be controlled at different levels by altering the pH of the 

intestinal environment. 
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Effect of Addition of Inert Strontium Chloride and the 

Use of a 5 Fold Increase in the Radioactive Sr89 

Two microcuries ci radioactive strontium represented 

about 7. 2 x I0-5 micrograms of strontium by weight. To 

this was added 120 micrograms of inactive strontium chloride 

{SrClz6Hz0) which gives about 43 micrograms of Sr-++. The 

addition of the inactive element produced a definite depres

sing action on the absorption of radioactive strontium. 

Figures 9 and 10 show the difference in the mean per

centage absorption with and without inactive carrier strontium. 

The duodenal segment shows a marked increase in the absorp• 

tion of radioactive strontium after the addition of inactive 

SrClz 6Hz 0. But all the other segments had considerable 

reduction in the mean percentage of absorption. Statistieal 

analysis also shows signifieant reduction in the absorption 

of radiostrontium from all segments except the Ilnd. segment. 

There is an overall reduction in the absorption of Sr89 on ad

dition of inert strontium chloride. The se resulta are similar 

to those obtained by Rosenthal (1960), Smachson {1961) and 

Mraz {1962). 
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Figure 3 shows that an inc::rease of radiostrontium by 

5 fold did not produce any appreciable difference in the rate 

of absorption. The pattern of absorption continued to be the 

same. 

Regional Distribution of Sr89 Absorption. 

In all the six series of absorption studies which were 

conducted, the maximum rate of absorption was from the 

proximal one •third of small bowel. Figures 2 to 10 con

sistently demonstrate this phenomenon. There was an ap

preciable amount of absorption from the stomac::h. The 

distal third of small intestine absorbed about one .. half of 

that in the proximal part and the middle third was in the 

middle range between these two vallres . 

This pattern appears to be similar to those of calcium 

and iron absorption. Dukay (1962) noted that Ca 45 had a 

maximum rate of absorption from the proximal part of small 

intestine. In 30 minutes as much as 65o/o was absorbed from 

the duodenal segment, whereas in the distal half of small 

intestine it was less than lOo/o. Wasserman {1960) demonstra• 

ted that Ca45 was actively transported against a concentration 
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gradient in the duodenal segment. 

In the case of radioiron, Brown (1958) noted that 

iron was taken up equally well by all the segments in vitro; 

however in vivo studies a distinct gradient was present, with 

the highest rate in the duodenal region and progressively de

creasing towards the distal part of the small intestine. 

Ohavvaraeka,l(l963) reported on the basis of studies of iron 

absorption in human subjects that absorption of orally ad

ministered iron was lower in the distal regions of the in

testinal tract. 

There is ample evidence to suggest that certain subs

tances have a region of maximum absorption in the small 

intestine. In the ease of fat, several studies in experimental 

animais as well as in human subjects suffering from regional 

ilietis and .following massive resection of small bowel, have 

demonstrated that fat is readily absorbed from the distal 

ileal segments. Removal of the distal 50% of the small 

bowel produced profound interference with fat absorption 

in dogs {Kremen et al, 1954). Levy (19 58) noted that in all 

patients with regional ilietis increased amounts of oleic 
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acid Iodine 131 could be recovered from the faeees in both 

operated and unoperated eases. 

It is possible that this regional difference in the absorption 

of inorganic salts like calcium and strontium from that of fat 

may be due to the difference in size of the pores of the cell 

membrane and the permeability in different parts of the small 

intestine. The present day concept of the cell membrane is 

that of a semipermeable membrane composed of a lipid layer 

with adsorbed protein, the lipid layer eontaining minute pores 

which permit the extraordinarily rapid passage of very small 

molecules of low lipid•solubility {Fenton, 1961). The transfer 

across such a membrane could occur in part by simple diffusion 

due to difference in concentration of the specifie substance on 

the two sides of the membrane, or by aetive transport neees

sitating the expenditure o:f energy. It may also be in:fluenced 

by the lipid solubility and the molecular volume of the solute .. 
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CHAPTER VIII 
_____________ ....... 

GONG LUS! ONS 

From the previous etudies on Ca 45 absorption and 

pH by Dukay {1962), it seemed possible that by controlling 

the pH in the intestinal traet with a suitable buffering agent 

the absorption of alkaline earth elements could also be 

11controlled". As a preliminary step, the normal pH values 

of the gastrointestinal tract of rat under experimental con ... 

ditions were determined using isotonie saline. Ten sections 

were isolated by ligation in vivo. Saline was injected into 

eaeh loop ; the pH of the contents of eaeh loop was assayed 

at the end of 30 minutes. The pH of the stomaeh was 2. 35 

{.::t-0.89) and in the small intestine it varied from 6.85{.:t0.31) 

in the proximal jejunum to 8. 79(it 0. 56) in the terminal 

ile al segment. 

The influence of a buffering agent "Trisma" at pH 7. 55 

on stabilising the gastrointestinal pH was studied. The pH 

of the stomaeh increased to 5. 95(ttl. 44). In the small in• 

testine a pH ranging from 7.23(tO.l) to 8.0(.t0.07) was 
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obtained indicating that a certain degree of "control" is 

possible. 

Six series of radioactive strontium.8 9 absorption 

studies were conducted using the same technique of in vivo 

ligated segments of rat 1 s gastrointestinal tract as in the pH 

studies. In aU the studies c:arried out on Sr8 9 absorption, 

the proximal third of amal! bowel in general~ the duodenum 

and first part of jejunum in particular had the highest rate 

of absorption {40. O'fo in 30 minutes). Absorption decreased 

towards the distal segments to a minimum of 12 to 16~. 

This pattern of absorption is similar to those of Calcium 

and Iron. The stomach absorbed an appreciable amount 

89 of Sr {10. 4o/o). 

Two of these series were under 11controlled"pH with 

11Trisma" buffer, with and without inactive carrier strontium 

chloride. By 11 contro11ing 11 pH the absorption of Sr89 was 

brought to a relatively standard level throughout the small 

intestine. This was evidentby analysing the distribution 

of the percentage of absorption. With 11controlled 11 pH, de-

creased absorption from the proximal region of small bowel 
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was observed in the majority of animais. On the other

hand a higher rate from the distal end was noted in more 

animais .treated with buffer. The evidence is strongly 

suggestive that by "controlling" the pH of the intestine, 

absorption of strontium can also be controlled. High 

leve! of pH in the distal segments coincided with low 

leve! of Sr89 absorption. Further studies are necessary 

therefore to see if absorption can be further reduced by 

increasing the pH. 

The addi1i.on of 120 micrograrils (43 micrograms of 

Sr .... *) of inactive strontium chloride to 2 microcuries 

(7. 2 x 10·5 micrograms) of Sr89 produced an overall de

crease in the absorption of radioactive strontium bath in 

saline and buffered solution with "Trisma". The per

centage of decrease varied from about 100/o in the proximal 

to 5% in the distal parts of small intestine. 

A five fold increase in radioactive strontium produced 

no remarkable difference in the rate of absorption of the 

radionuclide. 
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CHAPTER IX 

Appendix. 

Multiple comparisons (Duncan 1s multiple range test). 

{Freund, Livermore, Miller, 1960). 

If in an analysis of variance there is a signi:ficant dif-

ference among sever al means, it is often desirable to know 

what mean, or set of means, differ signi:fi.cantly what other 

mean or set of me ans. 

Xl , X 2, •••••••.••. Xk are the means of K random 

samples of aize n and MSE is an estimate of the common 

variance of the population from which the· samples were 

obtained. 

Calculations: 

{a) Standard deviation of the sample means 

Sx ::::J' MSE/n 

{b) Least significant ranges 

Rp = sx • rp p = 1, 2 •.•.•... k-1. 

where rp is obtained from Table VI {Freund, Li.vermore, 

Miller, 1960), pis the number of means involved in a given 

comparison, and the number of degrees of freedom is that 

of MSE. 
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Procedure: 

(1) Means are arranged accord.ing to size. 

{2) The difference between all pairs of adjacent 

means is compared with R 2 . If such differences are 1ess 

than Rz, a line is drawn under the corresponding pair of 

means. 

{3) AU sets of three successive means are con• 

sidered. If the difference between the two extreme me ans 

of such a set is 1ess than R3, a line is drawn under the 

three means. 

All sets of k-1 successive means are eonsidered. 

If the difference between the two extreme means of 

such a set is 1ess than R k-1, a line is drawn under the 

k-1 means. 

Note: A line drawn under a set of means indicates 

that the difference among them is not significant. Also, 

if a line under a set of means does not extend beyond another 

llne, it is to be disregarded. 
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Example ... Analysis of results of experiment No. VI, 

Table X. 

Segments and percentage of absorption arranged in order of size. 

I VII IX vm x VI v IV III 

10.4, 10.6, 11.2, 11.6, 13.1, 13.3, 13.8, 16.2, 19.1, 40.0 

MSE = 368.4 x 11 

120-10 

.. 36.84 

Sx ::\1 3 6. 8 4/12 .. 1. 7 4 

P:2 P:3 P:4 P:5 P:6 P:7 P:8 P:9 P:lO 
rP--------------------------------------------------------

2.8 2.95 3.04 3.12 3.17 3.22 3.25 3.29 3.31 

Rp 4.87 5.13 5.29 5.43 5.52 5.60 5.66 5. 72 5.76 

Successive Means. 

{2) 10.6 - 10.4 - 0.2 .( 4. 87 

11.2 - 10.6 0.6 <. 4.87 -
11.6 .. 11.2 0.4 < 4.87 -
13.1 - 1t..li - 1.5 < 4.87 

1:8~ 3 ... 13.1 0.2 < 4.87 

13.8 - 13.3 - 0.5 c:;: 4. 87 

16.2 -- 13.8 = 2.0 < 4. 87 

19.1 - 16.2 2.9 < 4. 87 

40.0 ... 19.1 - 20.9 > 4.87 



{3) 11.2 .. 10.4 = 1. 8 ( 5.13 

11.6 - 10. 6 = 1. 0 <. 5.13 

13.1 - 11.2 = 1.9 '<. 5.13 

13.3 - 11.6 = 1. 7 < 5.13 

13.8 - 13.1 0.7 < 5.13 • 
16.2 - 13.3 • 2.9 < 5.13 

19.1 13.8 • 5.3 > 5.13 ... 

40.0 .. 16.2 = 23.8 ) 5.13 

{4) 11. 6 - 10.4 - 1.2 < 5.29 -
13.1 ... 10.6 2.5 ( 5.29 

= 
13.3 - 11.2 2.1 < 5.29 

= 

13.8 - 11.6 2.2 ( 5.29 
= 

16.2 - 13.1 3.1 <. 5.29 --
19.1 - 13.3 = 5.8 > 5.29 

40.0 - 13.8 - 26.2 "r 5.29 -

(5} 13.1 - 10.4 - 2. 7 < 5. 43 -
13~ 3~ 10.6 = 2. 7 < 5. 43 

13.8 - 11.2 2. 6 (. 5. 43 
= 
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(5) Cont 'd 

16.2 - l1.6 = 4.6 { 5.43 

19.1 - 13.1 = 6.0 ) 5.43 

40.0 - 13.3 = 26.7 )5.43 

(6) 13.3 - 10.4 2.9 < 5.52 
= 

13.8 - 10.6 = 3.2 ( 5.52 

16. 2 - ll. 2 5.0 {, 5.52 
= 

19.1 - 11.6 :: 7.5 ~ 5.52 

40.0 - 13.1 = 26.9 ) 5. 52 

{7) 13.8 - 10.4 - 3.4 - < 5.60 

16.2 - 10. 6 
= 5. 60 < 5.60 

19.1 - 11. 2 = 7.9 ) 5.60 

40.0 - 11. 6 : 28.4 > 5.60 

{8) 16.2 - 10.4 = 5.8 ) 5.66 

19 .1 10. 6 = 8.5 ) 5.66 

40. 0 - 11.2 28.8 ) 5. 66 



(9) 19.1 - 10.4 

40.0- 10.6 

{10) 40. 0 - 10. 4 

= 

= 

= 
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8.7 } 5.72 

29.4 .., 5. 72 

29.6) 5. 75 

Segments IV 1 V, VI, VII, VIII, IX and X have no 

significant diffe renee. 

Segments I, II, and III have significant difference 

from each other as well as from the rest. 

Confidence value was calculated using student t 

(Grossett, W. S., Biometrika !:_, 1908). 

The 90o/o confidence limit is therefore X -tsm 

-t tsm. There is only one chance in ten 

that the sample mean x- differs from the true value X 

by more -+- tsm. 
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