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ABSTRACT

The susceptibility of female albino rats to mammary turour induction
by 7, 12-di - net hyl benz(a) anthracene (DMBA) dissolved in tw types of oils
was i nvesti gat ed. Ferale albino rats (aged 54 days) were intubated
with BKBA (65ny/>g body weight) dissolved in either sesane seed oil
(Qoup A or soyabean oil (Qoup B). The Influence of DMBA on nale rata
was alao investigated by intubating nole albino rate with DVMBA in
soyabean oil (Qoup Q or sesame seed oil (QGoup D). The aninals were fed
| aboratory aninal chow (Pfizer-Ladokun feed), weighed weekly and the
femal es were palpated for mammary tunour devel opnent starting 3 weeks
post inuati o At 42 weeks, all surviving animals were killed by
decapitation,. At necropsy, blood and tissue sanples were taken for
bi ochem cal anal ysi s, haemnt ol ogi cal studies and histopnthol ogi cal

exam nati on.

Inthe fenales, biochenmical profile shows significantly (P < 0.05)
higher levels of total serumprotein and total serumcholesterol in the
soyabean oil group than the sesane seed oil group. The liver weight was
also significantly (P < 0.05) higher in the soyabean oil group than the
sesame seed oil group. to significant (P > 0.05) differences were
observed between the two groups in growh rate, body weight gain,
haemat ocrit, haenogl obi n and | ynphocyte counts.

In the nales, biochemcal profile shows significantly (P < 0.05)
higher levels of total serumprotein and total serumcholesterol in the
soyabean oil group than the sesane seed oil group. There was

significant (P < 0.05) difference in body weight gain and growth pattern
between the two treatnment groups. There was significantly (P < 0.05>
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hi gher scrotal sac and liver weights in the sesane seed oil group than
the soyabean oil group. There was significant <P < 0.05) difference in
the haematocrit, and haenoglobin levels while no differences (P >
0.05) were observed in tne | ynphocyte counts of both treatnent groups.
Wil e soyabean oil nay be substituted for sesame seed oil as DMBA
solvent, the oil and the use of albino rats as a nodel for mammary
t unour i genes and scrotal sac devel oprent requires further

i nvestigati on.
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CHAPTER ORE

TNTRODUCTION
Breast caocer is one of the major cancers of women, representing

approximately 27% of all cancers identified in women (Gould gaf
al.,1989), Daoud gt al. (1968) reported the incidence of breast cancer
to be above one quarter of all female malignancies in Nigeria, Sudan,
Uganda and most tropical countries. Incidence rate of 21.4% (Elmes and
Baldwin 1947), 16.8% and 15.3% (Miller, 1987) had been reported far
Nigeria, 29.7% for BSudan (Daoud et al., 1968) apd 9.3% of all
malignancies in Ugandan women (Templeton, 1973). Breast cancer is also
a major health problem affecting approximately one in ten American women
(Noore et al., 1988).

Cancer is a chronic pathological endpoint of a prolonged complex
process and by definition involves cells which divide when they should
not, usuvally to produce the contiguous cellular masses called tumours.
It is as a result of exogeneous or endogeneous stimuli interacting with
cells of a genetically susceptible host and this interaction could be
influenced by a myriad of factors that either enhance or retard the
reaction (Shimkin 1981). Among the factors related to the host are age,
sex, nutritional and {immunological status, other diseases and
psychological influences (Bhimkin 1981). Among the initiating factors
are the dose and concentration of carcinogen and route of
administration. The balance between the stimulus and the host
determines the proportion of neovplasws evoked and the rate at which they
appear (Shimkin, 1981).

Different classes of cancers are known and they arise by changes in

the various forms of differentiated cells with the resulting cancer



cells exhibiting many of the wmorphological and functional
characteristics of Lheir normal precursore (Vatson, 1975). Thus the
teérm carcinoma refers to malignant tumours of epithelial origin, while
sarcoma are those arising from connective tissue cells; papilloma and
adepoma are benign growths. Hepatomas, cholangiomas aud reticulum cell
sarcomas are all tumours peculiar to the liver.

Most orgape and tiesues of the body are capable of exhibiting
cancerous growth. These growths may be localised to the orgaw in which
they arise and are said to be banign. Cancer is also characterized by a
tendency to spread locally from ite source and to metastasize to distant
parts of the body: damaging or destroying the normsl tissues it invades.

A variety of factors may initiate or induce cancer. These include
gepetic influances (Lynch ef al., 1977; Doll and Peto, 1081); chemical
carcinogens (Rekin et al., 10968; Huggins, 10879; Keller, 1967; Doll,
1977; Elegbede gt al., 1964, 1986a, Elsop gt al., 1983; Gould et al..
1089), bormones (Ziel and Finkle, 1675; Bmith @i al.. 1975; Cole, 1977;
Pomkanzer and Berbst, 1977; Miller, 1978; Vorland gi al., 1989), and
radiotherapy Mackeuzie, 1963; Archer, 1677; Boilce and MNonson, 1976;
Hrubeo gt al., 19089).

The best way o©f contronlling cancer i1s prevention which can be
achieved by:

(a) understanding Lhe baslic mechapiswmis) of carcivogenesis:

(b) ddentifying and removing carcinogeps from the environment;

(c) developing new therapies and increasing the therapeutic ratio of
current modalities; and

{(d) ddentifying dietary anticarciaogeuvs.

e ]



Induction of mammary tusours by DNBA in female rats is an
experimental model used in breast cancer studies though laboratory rats
differ Jn thelr susceptibilities to mammary carcinogenesls with the
Copanbagen rat being completely resistant (Gould et al., 1989). The more
commonly used model is that developed by Huggins (1979) in which a
suspension of DWBA (130mg/kg body weight) {n sesame seed 0il was given
to Bprague-Dawley rats orally. This treatmenst induced mammery tumsours
in greater ilhan 9% per cent of apnimalea within a period of 3 to 6 monihs
(Huggins 1979). Though other carcinogens induce pommily tumours in
rats, eliher repeated large doses are required or the time interval
necessary for the naoplasm to develop is long (VWatteaberg, 1978).

Some of the problems facing experimental cancer research in Nigeria
include:

(1} inadequate knowledge of the susceptibility of available strains

of rats to msewmary tumour indvection by DNEA
{(ii) relative scarcity of unadulferated sesame seed oil;
(11i) inadaequate research facilities.

foname sead oll aml soyabean oil are similar {p their contents of
saturated fatly acids and total unsaturated fatty nacide though they
diffear In their contents of monounsaturated apnd polyuneaturated fatty
acids. Moreover, soyabean pil is also readily available in our local
markets, This study was therafore embarked upon to:

1. Ainvestigate the susceptibility of locally available strain of albino
rats to mammary tumour induction by DNBA;

2. investigate if soyabean 0il can be substituted for sesame seed oil
as a wedium in preparing DMEA suspension for oral intubation;

3. investigate the influencea of DNBA on male albino rats.



CEAPTER TV

REVIEV OF LITRRATORE . . -«
2.1 NUTRITION AND CANCER -

o
H

In recent years there has; been intersst in a passib.:la relationship
between diel and cancer. The recent accumulation of epldemiologic and
laboratory evidence in man and animals shows with some certainty that
dietary and nvirilent evxcesses, deficlencles or imbalances are related to
the development of cancers ia the pesophagus, stomach, colon, pencreas,
liver, endocrine organs and breast (Enig et al., 1978; Anon., 1975;
Lowenfels and Anderscn, 1977; Armstrong and Doll, 1975; Alcantara and
Speckmann, 1976; Hankin and Rawlings, 1678; Reddy et al., 1980},

Involvement of nutrition in the a;__tiulugy of cancer is derived
primarily from epidemiolpgical studies and a numbar of laboratory animal
studies. Calrns (1975) for instance pstimated that 90% nf cancers in
man are eplthelial carcinomas that are closely related to environmental
causes and involve sites related to the partal of entry of or exposure
I‘I:n environmental agents, while Wynder and Gorl (1977) estimated that
over one half of all female cancer deaths and 30% of all male cancer
Ideaths may be related to nutritional factors. I

One of the intimate contacts with the environment is through food.
Diets furnish proteins, carbohydrates and fats as the bulk energy
~components, each of which also supplies important building bl;cks such
.as. apino acids, monosaccharides and fatiy acide for organ and cell
structures etc. In addition essential viiamins and minerals are taken
dn for optimal utilization and good health.  Apart frm'tgm basic

nutrients there are also son-nutritive substances which may have

beneficial or harmful effects (Petering, 1978; Chasseaud, 1979).



Cancer wortality depends on sany related factors in which nutrition
may play an importapt role. According to Vitale (1975) and Petering
(1976), diet and nutrition can affect several steps in carcinogenesis
directly or {indicectly by influencing metabolic processes (Fig. 1).
Nutritional influences may occur in 3 ways:

(a) Futrients, food additives or contaminants acting as fulld
carcinogens or as funitiatars, promoters or accelerators in
carcinogenesis process.

(b» Dictary deficiencies (macro-micronutrients) leadisg to blochemical
malfunctions Lhat in turn initiate neoplastic process;

() wutriiional excesses (calories, macronutriewnts) inducing a variety
of metabolic abnormalities that in turn promote cancer,

Vitale (1975) reported that nutrients or diets must exert their
majnr effecis in one of several ways:

(a) as carriers of a procarcinogen or carcinogen (for example, nilrates
in meat),
(b) by altering the intestinal flora that act on procarcinogens;

-

(c) by increasing the level of cncarcisogens such as certain fatty

acids and sterols;



Figure 1: Schematic diagram showing the multistep process ipvolved in

chemical carcinogenesis
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Arrows indicate the steps that can be affected by diel and pulrition
directly or indireoctly.

Source: BExtracted {rom; Petering, K.G (1978). Diet, Nutriiion and
Cancer: In Inorganic and Rutritiomal Aspects of Cancer (Schravzer G.VN.
ed.) Plenur Press. Rew Tork and Loodon pp.207-2248.
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(d) by altering tissuve morphology so that ii is more susceptible to the
action or penetration of carcinogen as well as the cocarcinogen (for
example diets that {uncrease the concentration of sterols in the
intestinal lumen and that have been implicated in enbancing chemical
carcinogenesis); or (@) by influencing the host defense systems or one
of its components, rendering the animal and/or organ wore susceptible to
both the chemical carcinogen and procarcinogen, be it dietary or
endogenously derived.

Environmental factorse are more important causes of most Lypes of
cancer thap inberitance. It is difficult however to establish whether
there is a threshold level for a carcinogen in the esvironsent below
which tbere i no risk (Apon., 1978). At low leveis of an environsental
hazard the spontaneous rate of cancer development and variations in
individual susceptibiliiy seems to complicate the picture (Anon, 1978).

Cancer incidence varies worldwide and tends to change with
migration. There have been a number of indications from epidemiological
observations that eome types of cancer occur more frequently in
socleties with certain dietary bhabits than among other groups of people
{Reddy gt al., 1980), For example, among Japancse and Vest African
populations, there are cancer patterns that are greatly differeast from
those found in natives of those areas who have migrated to the United
States (Lijinsky, 1083; Duan, 1975; Haenszel and EKurihara, 1968). For
exanple, gastric cancer is reported to be lower in Japanese living im
Hawaii than that recorded for Japanese living In Japan. The
Scandinavian countries ebow the next bigheet Incidence followed by the
United Kingdom, Chile, Colombia, Puverto Rico and Israel. However in

Israel a bhigher {ncidence was noted in thoee of Buropean extraction as



compared with those whose origins were in Africa or Asia (Edington and
Gilles, 1976). Dunn (1975) reported a lower !ncidence of gastric cancer
in the United BStates compared to Japan. The incidence in Africans
livisg in Africa is low excluding perbaps the Kivu province {n the
Congo, whereas the !pcidence in South African coloureds, whites and
Asians far exceeds the locidence in the United States being highest {n
the coloured in both sexes (Edington and Gilles, 1976). In Nigeria, the
incidence of gastric cancer is similar to that seen o the Unitad States
until the age of 50 years and is tben very much less in the older
groups.

Cancer of the breast shows geographical variations of incidence
which also suggest thal there is a nutritional coaponeat 1in iis
aetinlngy (Awon, 1978, Hankin and Rawlings, 1978). Geparally, incidence
and mortality rates in Horth America and nothern Burupe are five tn six
times higher than Lhose in most countries of Asla and Africa.
Intermadiste rates prevail ia southern Burope and South Amarica (Hankia
and Rawliugs, 197F; Zemla, 1984). Cancer nf{ the oesophagus varies more
strikiogly in different communitiecs than that of any otbher part cf the
bndy. This condition ie common in Chile, Assan, Jamalca, Curacao, with
the highest rates lp the world in worthera Tran and is parts of Bast and
South and Central Africa (Anus, 1978). The relative Llofrequency of
cancer of the ocgophagus la Vesl and Horth Airica is remarkable. In
Sonth Africa, whites and Asizus are nol affected. Ian the United States.
there are substantial saclal and geugraphical vasiallons. Thare s a
rising non-white mortalliy of all ageas and it Is reletively silavla In

the white population (Schouenberg @b wl., 1871). iligh incidenca rate of



Jiver cancer has been reported in the Yorubas of Vestern Nigeria
(Edington and Naclean, 1965).

The relationchip belween diet, nutrition and cascer is cowplex.
Different types of cancers are not necessarily affected by dietary
comporente in the wame manner, since the development of certain
neoplasme wey be repressed by specific dietary deficiencies while others
are potentiated by such deficiencies (Aloantara and Speckmann, 1976).

Hauy Investigators (Miller et, pl. 1978, Lowenfels and Anderson,
1977, Phillips and Snowdon, 1983) have Indicated that diet cowposition
is associated with diiferevces in wortality asscciated with cancer .
Certain dietary habite correlate very strongly witk the iscidence of
saveral forms of cancer. Cancer of the colom and capcer of the breast
are related to increased dietary fat intake (Vynder and Shigemmstsu, 1967;
Carroil, 1975; Miller et gl.. 1972; Kalamegham and Carroll, 1984; Reddy
gt al., 1080) »and more specifically to increased animal fat Isotake
(Hentges wt al., 1977:; Reddy et al., 1974, 1977, and 1680; Wynder gl
al., 1969; V¥yndai and Reddy, 1975; Carroll, 1975; and ¥Xolonel gi al.,
19€3) aud polyunsaturated fatty acide (POFA) (Pearce and Daytom, 1071;
Eolonal el al., 1083).

Furthermore, examination of epidemiological dala on homan
popuiations has chown positive correlations betwsecn breast cascer
mortality and the intake nf certains non-lipid components such as animal
protein and simple sugars Berg, 1075, Drasar and Trving, 1973; Kolonel
et al., 1983; Hoeho nnd Carroll, 18790) whereas no such correlations are
seen wiilh intakes of vegatable prolein or complex carbohydrates.

Case control and prospec!!ve studles indicate that both cancer of

the breast and cancer of the cprpus uterl are associated with obesity



(Lin et al., 1971; De VWaard and Baanders van Halewijn, 1974). Actuarial
racords (Tannenbaun, 1940)indicate that ocbese or overweight men are more
liable to cancer than are normal or underweight men.

In experimental animals, both spontaneocus and/or chemically induced
sanmary tumours are also influwenced by diet bigh in unsaturated fatty
acids (Gammal gl al., 1667; Chan and Cohen, 1974; Rogers and Vetsel,
1981; Hylvester gt al., 1986; Sundram gt al., 1989, polyunsaturated
fat (Katz and Boyland, 1986; Cave and Jurkowski, 1986) anisal fat
(Sylvester gt al., 1906, and increased dietary protein (Hawrylewicz at
al., 19686). Underfeeding reduces the incidence of both spontaneous and
ivduced tumours in experimental animals (Tannenbaun, 194Z) while caloric
restriction slightly retard the growih of established mammary tumours
{(Tanpenbaun and BSilverstone, 1952) hepce il was ooncluded Lhat the
relevant effect of dietary or caloric restriction was probably mediated
through its effect oo body weight.

A number of factors have been demonstraled Lo increase a woman's
risk for the devalopment of breast cancer. Diet may promote or (nbibit
breast cancer through iis effects on bormenal systlems. Henarche at an
early age, {irs. birth st a late age, low paiity, benign breast diseace
and o samily history ot ihe dlsease each doulle the risx «Marubiod gf
al., 1968; Anderson and Badzioch, 1969; Hdapkioc and Kawliogs, 1678).
There is circemstantial evidence linking breasi and ute:rive cancer to
estrogens and particular events of early life e.g. pattarnz aof hormone
metabolism may be determinants of breasi cawcer 1isk  (Hankiz and
Bawlings, 1978; Anon, 1978). For instance girls who grow fast aud start
pmenstruating eariy have a slightly greates chance of developing breast

cancer.
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The level of nutrition and/or dietary fat predisposes to breast
cancer by changes {in the balance of bormones e.g. production of
different proportions of estrogens <{Anon, 1978; Reddy gt al., 1980;
Hankin and Rawlings, G78) The need of estrogens for tumour induction
in Lhe wouse has been demonstrated (Muhlbock, 1956).

1n wan the ddalavtios of risk {for the developmapt nf breast cancer
afforded bty early oophorectomy supparts a permissive role for estrogens
(Fuinleib, 1963; Wiroysma and Vyudar, 1982) thus estrogens ave
concidered to ba carcivogenic to buman breast also (Cole and Nachalom,
1969, ¥omen produce substantial awounts of three major estrogens:
selrone (R1Y, estradinl (FE2) and estricl (E3). P1 and F2 have been
chown *0 cause ocascer in rodeots (Mackenzia, 1995; GSilberberg and
filbarbarg, 1668; Hankia and Rawlings, 1978). Prolactin, a pituitary
peptide, alsn acte as promoter fo mewmary tusourigenesis fe rodeants
(Furth, 19072, Velasch and Nagasawa, 18773, §Studies demonstrates that la
mammary tumour lgenesis io a given steain of rat, the tumour incidence
correcponds directly to serum prolactin titres (Neites, 1972; Sinha et
al., 1873; Velsch «f al., 1970)., [n wiye bowever, prolectin alone, in
the abseuce of estrogen casnot svstain growth of rat mammiry tumours
{(Dap and Sinha, 1072). A certain basal lewsl nf estrogen ie required
for maiatenance (Leung et al., 1976). Faradoxically haowever, whereas
untrogen at low concentrations ach eynergistically with prolactin and
st'mulate mamsary tumour growth, atl high concentrations {t antagonlizes
the action nf wrolactin and 4vhihite mawmary tumour growth J(Huggins,
10€5; Nagasawa and Yanai, 1971; Velsch and ¥agemsawa, 1977). il thoughb

the Influvence of these two bhormones on tumour growth hes bean



demonstrated, the intimate relationship of these two hormones in causing
tumour growth is not wel! understood (Leung ef al., 1975).

Diet and nutrition are viewed more appropriately as wodifilers,
rather thar {initiators of tumourigenesis. Cancer rates seem to be
influenced by two counter-active types of dietary agents:

(1) carcinogens Lhat cavse increasing rates for increasing exposure;
and

{(i1) anticarcinogens, that reduce the effects of tbe carcinagen.

be comoeouence to the host wiil depend on the balance between these

oppnsing forces (Alcantara and Speckmann, 1976).

2.2 AETIOLOGY OF CARCIFOGENESIS

Carcliongepesis is » multistage process !nvnlving two discontinuous
stages. (Fovlds, 1976). This has been demonstrated In experiments mainly
with =kin tumours {(Berepblum and Schubik¥y, 1047}, The first stage,
initiation, is defined as cellular lesions that are induced rapidly by
carcinogenic ipsult, ard are perristent and heritable (Gould et al.,
1987) ¢+ iwvolvee the carcinogenic avent in which vormml]l cells are
traveformed into neoplastic cells by interactior with a carcinogenic
agent (Hopkins and Vest, 1976). The second stage 1u referred to as
promtion/progrescion and represests a continuum of events leading from
a single initiated cell to the heterogeneous neoplasm that results (n
the death of iis host (Gould et al., 1987; Hopkins and West, 1G76), 1t
has been suggested that 1t is during this second stage that many of Lhe
known affects of enviroomental factors such as dietary fat (Hopkips and
Vest, 1074), protease inhihitors (Xeannedy and Little, 1941), d-limonona

(Maltzman gt al., 1969; Elson gf al., 1988; Gould et al. 1686)
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selenium (Thompson and Becci, 1980). which influence carcinogenesis are
felt. This slage may also Involve a progressive melection of cell
populations for characterislics such as avtonomous growth, malignancy
anG resistance to cytotoxicity (Hopkins and Vest, 1676).

The awilology of breest capcer is complex and not clearly defined.
Saveral factors are kpown to play significant roles in the causation of
cancer., Valuanble iaformalion regarding bolh aetiology and progession of
cancer bave been onbtaived from the charactevization o1 clonal
cytogensilo changes. Nany of these coylogenetic changes bave been
asenciated wilh the anctivation of specific mwogenes (e Klein gf al.,
1662; Dalla Favara gt. al., 1982) or lose of suppressor gepe Tunctlon
(Caveunee gl al., 1983).

2.3 FEAT _EFESCT: MECHANIGK OF ACTION

Several byuoihesis on the poss!ble machanisw(n) by which dietary fat
my exert Iis effact on breast cancer bave emerged (Hopkine and Vest,
1979; Backio and Rawlings, 1978: Alcanatara and Speckmann, 1576). They
fall into Z basic categories namely. those invoiving direct effects of
fat on lumour devolopeent and ihose involviag indirect effectise on host
melabolisn (Reddy gl al., 1980; Cohen, 19617,

{a) Direct Effects: This model involves changes in the lipid content of
cell mombrane, the formation nf lipid peroxider and the synthesis of
prostaglandine (PG) (binlogically active derivatives nf the essential
fatty acide, arachidonata arnd linoleate). Adipose tissues rapldiy take
up and slowly release lipid-zoluble agents. Beer and Billingbam (1978)
propeeed that Lhe adipose tissue surrounding ducts]l cells may contribute
to tie ousceptibility of tiesue cells tn cancer by prolonged exposure to

lipid-soluble carcinogens of endogenous or exogenous origina. Dietary
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fate may alter the distribution or influence tue metabolism of chemlcal
carcinogens (Hopkins and ¥Wast, 1976). Tt is also possible that increased
peroxidation of membrane lipids resuits in alterations in the function
of transformed mammary cell membranes which in turn, permit increased
rates of growth (Hopkins and Yest, 1976). Dietary fat influences the
rate of wammary nodulogenesis and subsequent tumour formation (Faulkin
et al., 1986) while linoleate promotes tumour growth (Mehia et al.,
1986). Vartous properties of mambranes are influenced by the fatty acid
compnsition of membrane 1ipides which was reported to be markedly altered
by feeding coconut oil or corn oil (Gammal ef al., 1967) or to be
unctzble when the fat intake of the host was altered (Rac and Abraban,
1676). Tumour tissues tend to have groater proportions of PUFA than
normn! glands, this according to Fan and Abraham (1976) suggests that
tumour growth is related to arachidonic acid avaiiability through either
rrostaglandin synthesie or unknown membrane function. Prostaglandins
act as intracellular regulatory mclecules that together with the cvelic
adennsine wmonophosphate {(cANF) systems, govern the response of cells to
horponal stimlation (Reddy gt al., 1930).

by Twdlreet mechanises involva (1) sub-version nf the immmne system;
(113 stimwiation of mixsd funotlon ox!dace rsystews invnlved in
corcinngan activation; (1!1) alteration= in fecal flora and bhile acid
wrtabu) ism:  and (iv) mlteretions in endeocrine silifev of the host
{Cohen, 1081). Tncreased amount nof dietary PUFA way suppress the cell-
wediatad immune rejo2tion wechanism, ettlher directly or after conversion
to PG and thereby ephance the capacity of transforased cells to
proliferate (Hopkians 2nd Vegt, 31976). Pats alsc cause docreased hepatic

nicroaomal enzyme activity esad influeece OWA repalr potestial (Hopkins
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and Vest, 1976). Fats may also be involved in altering the hormonal
environment (Berg, 1975; Vynder et al., 1971). Chan and Cohen (1975)
observed that dietary fat promotes mammary tumour development by
increasing the concentration of circulating prolactin relative to that

of estrogen. All these factors provide possible mechanisms by which

dietary fat influences tumourigenesis.

2.4 RODENT XUDBELG FOUR MAKMARY CARCINOGENESIS

Rodent mammary models have been used to study gennral as well as
organ-specific problems in carcioogernesis (Gould gt al.,1989).
Spontaneous and induced mammary tumour models in both mice and rats have
been valuable (Gould et al., 1989). The rat, is a better modal of the
human neoplasm in that unlike the mouse model it does not have a2 known
viral aetiology but has a similar hormonal response pattern closely
resembling that found in human breast carcinomas (Gould el al., 1989).

A wide variety of i{nbred laboratory wice (Mus musculug) is available
for study. Strains such as C3H, A, DBA, and BALB/cf C3H are known to
have a greater than 70% 1lifetime Iincidence of developing both
spontanecus and induced mammary tumours in breeding mice while a
variable incidence of both spontaneous and induced mammary tumour is
observed in virgin mice. Other strains such as C3Hf/He and 020 mice
have moderate Incidences (25-50%) of wmammsary neoplasms, whereas others
such as BALB/c, CB7BC, C3H/st Wi, AR and DBA/2f are considered to be
resistant to both spontaneous and ivduced cancers (Gould gi al., 1989),

The rat 1l a major experimenial anlmal in Liransplantation,
immunology, genetics, cancer research, pharmsacology, physiology,

neurosciences and aglng (Gill ef al., 1989). The strains and randomly
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bred stocks that have been used almost exclusively are derived from the
Norway rat (Rattus norvegicus). The rat is a useful model for the
inveastigation of mammary cancers. The Huggins protocol for the
induction of mammary tumour in female rats has been widely used in
breast cancer studies (Bskin et al., 1968; Huggins, 1979; Elegbede gl
al., 1986 an & b; Elson et al., 1988). The biology of the mammary
tumours produced by the protocol resembles the biology of human breast
cancer (Gould et al., 1989).

Many inbred and outbred rat strains are available but they differ in
their susceptibilities to mammary carcinogenesis, through genetic
regulation (Gould et al., 1989). Susceptibilities can be divided into 3
classes: high (Vinster Furth VF, Sprague-Dawley SD, Lewls rats); low to
intermediate (Fischer 344. F344, Avgust,Aug., Long-Evans LE rats) and
none or resistant (Copenbagen, cop rats) (Moore gb al., 1988). The
highly susceptible strains possess "enhancer genes" which enhance
susceptibility to induced mammary cancer, while the Cop rats possess a
single "suppressor gene" which confers complete resistance to mammary
cancer induction. The intermediate to low strains have neither enhancer
nor suppressor genes (Gould et al., 1989). Both the enhancer and
suppressor genes may be operating at a later stage in the carcinogenesis
process in mammary epithelial cells (Moore ef al., 1988). The tumours
induced in the susceptible strains can be divided into 3 groups based on
vhether they continue to grow, or stop growing and either become static

or regress (Young and Cowan, 1963).
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2.5 CHRENICALLY INDUCED TUNDURS

Several compounds have been shown to induce tumours in ome or more
species of experimental animals (Clayson, 1962). These compounds
include polycyclic aromatic hydrocarbons (PAHs), the aromatic amines and
azo compounds, the alkylating agents, and others. (Clayson, 1962).
Among the PAHS, DNBA hae been extensively used for tumour {nduction in
the skin (DiGiovanni et al., 1986; Verma gt al., 1978; Clark et al.,
1984; Blegbede et al., 1986 b, c) salivary gland (Alam gt al., 1984),
mammary gland (Eskin et al., 1968; Huggins, 1979; Elegbede et al., 1984,
1986a; Das et al., 1989; Sundram @f al., 1989; Sylvester gt al., 1986;
Elson ei al., 1988) and reproductive tract (Cotchin and Marchant, 1677).
3-Methylcbolanthrene, induces tumours in the mammary gland (Huggins,
1979; MWiller, 1970)skin (Vattenberg, 1975), and the reproductive tract
(Cotchin and Marchant, 1977). Benzo(a)pyrene (B(a)P) induces tumours in
the mkin (Cavalieri et al., 1986), pulmonary tract and liver (Varanasi
el al., 1986) and reproductive tract(Cotchin and Narchant, 1077), while
7,8,12-trimethylbenz (a)anthracene (TNBA) induces tumours in the mammary
gland (Huggins, 1979) and ovary (Cotchin and Marchant, 1977). N-melhyl-
K-nitrosourea (NWU) {nduces tumours in uripary bisdder (Sporn et al.,
1977), colon (Harisawa gt al., 1981) and the mamwmary gland (HcCormick
and Moon, 1983; Maltzman et al., 1989; Gullino et al., 1975; Sukumar gt
al., 1983; Gould et al., 1989).

Some of these carcinogens for example. B(a)P acts al the initiation
stage and is termed incomplete carcinogen while others like DNBA act
both at the initiation and promotion stages of carcinogepesis and is
termed complete carcinogen (Clayson, 1962; Das gf al., 1989; MNiller,

1981), Some of these carcinogen are direct-acting and do not require
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2.5 CHRNICALLY IFDUCED TUNDUES

Several compounde bave beon shown to induce tumours in one or more
species of experimental animals (Clayson, 1962). These compounds
include polycyclic aromatic hydrocarbons (PAHs), the aruvmatic amines and
8zb compounds, the  slkylating agents, a2pd others. (Clayson, 1962).
Among the PAHS, DNBA haes heep extensively used for tumour imduction in
the skin (DiGiovanni et al., 1986; Verms et al., 1678; Clark et al..
1984; IBlegbeda et al., 1986 b, c) salivary gland (Alam el gl., 1984),
mammnyy giand (Rskin el al., 1068; Huggins, 1076; Elegbede et al., 1984,
1986a; Das et al., 1980; Sundram @i al., 1986; Sylvester at al., 1986;
Elecn gt al., 1988) and reproductive tract (Cotchin and Narchant, 1977).
3~Nathylcholanthrene, Induces tuwours ia the mnammary gland (Huggins,
1879; Niller, 1970)skin (Wattenberg, 1975), and the reproductive tract
(Cotchin and Marcbant, 1977). Benzolalpyrene (B(a)P) induces tumours in
the skin {(Cavalier{ gt al., 1966), pulmomnry tract and liver (Yaranasl
et ail., 1986) and reproductive tract{Cotchin and Karchant, 1977), while
7,8,12-trimethylbenz (a)anthracene (TKBA) ianduces tumours in Fhe BRLITY
gland (Hugging, 1978) and ovary (Cotohin and Marchant, 1877). ¥-methyl-
N-pitrosourea (KWU) induces tumouwrs in urinary bladder (Sporn &t al..
1677), colon {(Harieawa gt al., 1981} and the mammary gland {(McCormick
and Yoon, 1983; Maltzman af al., 1969; Gullino gt al., 1975; Sulkumar gl
al., 1983; Gould et al., 1989). ; ]

Some of these carcinogens for exampie. B(a)P acts at thal ipitiation
einge and 1o termed incomplete carcinogens while others litle DEBA act
bath at the initiation and promotior siages of carcinogeoesis and is
termed oomplete carcinogen (Clayson, 1662; Das et al., 1989; MWiller,

1981y, Some of thesa carcinogen are direct-acting and do not require
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metabolic activation to generate the key reactive intermediate for
example. WNU. Otbers require metabolic conversion by the host to become
active, and are labelled "procarcinogens" (Vattenberg, 1978; Veisburger
and Williams, 1075; Niller, 1970; Maltzman gf al., 1989). Tt has been
proposed (Gould et al., 1982) that the induction of neoplastic
transformation by PAH's occurs through chemical modification of critical
cellular macromolecules such as deoxyribonucleic acid (DEA) by the
reactive metabolites (Gould eif al., 1982) more specifically to epoxides
{(arene oxides) (Heidelberg, 1975; Jeripa and Daly, 1974; Das et al.,
1689; Noore gt al., 1988; Christou et al., 1987) free radicals (Teo gl
al., 1974) one electron oxidation to give radical cations (Fried, 1974)
and the 6~hydroxymethylation of benzo(a)pyrene (Flesher and Sydnor,
1973). The reactive {ntermediates bind covalently to cellular
macromolecules and this interaction is thought to be responsible for
initiation of carcinogenesis (NMoore al al., 1988; Noore gt al., 1987;
Gould gt al., 1689; Veston gt al., 1986),

The studies described in this thesis investigate the susceptibility
of locally-available strain(s) of female albino rats to DNBA - induced
manmary tumnurigenesie and the effectiveness of soyabean oll as a

solvent for preparing DMNBA suspension.
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CHAPTER THREE

NATERIALS AND NETHODS

3.1 UIL EXTRACTION
2k of sesmm seod (Bemasvum ludicum 1.) was purchased from local

Zaria markaf in Kaduna State. The seeds were the early variety grown in
parts of Xano Biste. The seeds were cleaned by washing thoroughly but
briefly 1{n water and esun-dried for two days. The dried secds were
roasted in an oven at 150°C for abont 1 hour and then blended to an very
fine nlly paste.

The pressing vut of the oil from the paste was achieved by using a
hydravlic-jack-operated oil press fabricated by the Departmsnt of
Agricultural Xechanization of the Institute of Agricultural FRezoarch
(I.A.FY, Samaru, Zaria., Aboul 700mls of sesame ol wns obtalned.

Sovabean oll was purchased from local Zaria market iu Kaduna State.

3.2 MRIFALS AED DIKTS

The rats usad were weanling albine rats (Rattus porvegicus) (Plate
1Y brec 'n the Depariment of Biochemisbiry, Ahwadu Belleo University,
Zaria. The rats wore randomized alt 49 days of age into two traatwent
groups.  Yhe pumbar and mean weights of rats 1o the growpes are simijar
(13, 80kg each). The rats were individually ear-punched at £0 days of
age. Vater awd p2ilated laborateory animal chow (Pfizer-Ladokun feed)

were provided ad Libitum tbroughout the experiwental perliod.
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Plate 1: An albino laboratory rat.

This adult female rat was placed on a dark background levelling table

for photography.
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3.3 TUNDUR TNDUCTION

Tumours were induced by a single gastric intubation of a suspension
of DNBA in either sesame seed oil (Groups A and D) or soyabean oil
(Groups B and C) at 54 days of age according to tbe Huggins protocol
(1979). The amount of carcinogen used (see Appendix I for carcinogen
preparation) was reduced to 65mg DNBA/kg body weight to prolong average
tumour latency.

Apimals were divided into four groups andhouwsed in 33 x G55cm
stainless steel top-tough polypropylene base rat cages (at 11 females
group A, 4 females group B, © males group C and 2 males group D and 4
rats each for the control groups animals per cage). Vater was supplied
ad libitum in stainless steel nozzle water bottles. Vood shavings were
used as the Litter material. The cages were cleaned twice weekly at
which time fresh litter and water were provided.

The rats were weighed weekly and palpated (Appendix 1) weekly
starting 3 weeks after DNBA administration. The appearance of palpable
tumours (1 x 1sm) was monitored and recorded.

The experiment was terminated 42 weeks after DNBA administration at
which point surviving animale were necropeied. Blood was collected for
biochemical and haematological apalysis. The mammary glande (females)
scrotal sacs (males) and livers were removed, weighed and stored for

histopathological examination.

3.4 BLOOD COLLECTION
Just before necropey, blood samples were taken from cohloroform—
anesthetized rats by heart-puncture technique. The anesthetized rats

were partially dissected to reveal the base of the heart which is fairly

-21 -



visible through the diaphragm and blood was collected by heart puncture
using sterile needles and syringes (Plate 2). Samples for blood analysis
were dispensed into vials containing EDTA (lmg/ml) as the anticoagulant.
Samples for serum analysis were collected in centrifuge tubes, allowed
to clot for 1 hour and serum prepared by centrifugation at 2000g for 20
minutes in the cold room. The uncoagulated blood samples were analyzed
for hematocrit, hemoglobin and differential blood counts while serum was

assayed for total serum protein and total serum cholesterol.

3.5 DETERNINATION OF PROTEIN
Total serum protein was determined by the biuret (Mokrasch and
NoGilvery, 1956) method. Aliquots (0.2ml) of serum was mixed with water

(2.8ml) and assayed for protein (See Appendix Il for details).

3.6 DETERNINATION OF TOTAL CHOLESTEROL

Total serum cholesterol was determined by the method of Zlatkis gf
al- (1953). Ferric chloride-acetic acid reagent (4.9ml) (Appendix II)
was added to the samples (0.1ml) in a glass stoppered centrifuge tobe.
The contents of each tube was well mixed and allowed to stand for 10-15
minutes for the proteins to flooculate and then centrifuged for 5
minutes at 2000g. The clear supernatant fluid (2.5ml) was then
transferred to glasse stoppered centrifuge tubes. Ferric-chlaride-acetic
acid reagent (2.5ml) was added to another tube to serve as the blank.
Cholesterol standard (200mg/dL) (2.5ml) was added to another centrifuge
tube,

Concentrated sulphuric acid (1.5ml) was added from a burette to each

tube, stoppered tightly and mixed by repeated inversion. The stopper
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Plate 2: Abdominal viscera of rat ip sity: Protocol for blood

cnllection by Heart Puncture (HP)

The rat was placed under chlorofore-anesthetics

before dissection to maintain normal blood

circulation.
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L

!
was lposened carefully and the snlutione allowed to stand for 30

minutes. The samples and standard were read against the blank at 560nm.

Total chalesternl was calculatad ast

Cholesternl (mg/100ml) = A TEST . _ = 200
4 STANDARD
where A TEST = Absorbance of saeples

A BTARNDARD = Absorbance nf standard.

The samples were mesayed in triplicates.

3.7 DNETERNINATION OF BAEMATOCRIT

The packed cell volume (PCV) was determined by the uicruhqemt.ocrit
methnd ns describped by Dacle and lLewis (187%). | II'Iiull-‘nixed
anticoagulated whole blood was taken up into capillary haemstocrit tubes
until they are approximately 2/3 filled with blood {(air bubbles were
avnided)., One and of the baematocrit tuhe wae sealed in a hot flane and
the tubes placed in the radial grooves of ithe centrifuge head exactly
opposite each other, with iha sealed end away from the cenire of the
centrifuge and centrifuged for 5§ minutes. The baematocrit wae read

ueing the sicrohaematocrit tube reading device.

B
. |
3.8 DETEWNINATION OF HAEMOGLOBIN i

The bhaemnglobin content of the samplna was determined according to

the method of Schalm, ef al., (1975

!
|
I
|.
|
|

l
o
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3.9 DIFFERENTIAL CELL COUNT
(a) Blood swear:

Vedged blood smear was made by manual metbod as described by Dacle
and Lewis (1975). A drop of blood was carefully placed in the middle of
a very clean glass slide approximately lcm from the end using an
applicator stick. The slide was placed on a flat table top with the
drop of blood on the right. The two left edges of the slide were held
with the thumb and index fipger of the left hand and the spreader slide
with the thumb on the edge of one side and the other four fingers of the
right hand on the edge of the other side. The end of the &preader slide
was placed slightly in front of the drop of blood on the other side with
an approximate 25 angle between the two slides. The spreader slide was
drawn back toward the drop of blood. As soon as the spreader slide came
in contact with the drop of blood, the blond began to spread to the
edges of the spreader slide still keeping the spreader slide at a 25¢
angle and the edge of the spreader slide firmly against the horizontal
slide, the spreader slide was drawn rapidly over ihe entire length of
the slide.

The blond smears were dried quickly by waving rapidly in the air.

(b) BStaining

The smears were fixed in methavol for 5 minutes In a coplin jar.
They were removed and allowed to dry for about 20 minutes.

The smears were then stained in Giemsa stain (Appendix I) for about
30 minutes. The stained smears were removed, washed 2-3 times in tap

water and allowed to dry.
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(c) Examivalion of {he Stained Blood Smwear:

The blood smwear was examined using the low power (10x) objective and
the portion where there was only slight over-lapping of red cells was
chosen. A drop of oi]l was placed on the slide and carefully changed to
the oil immersion objective (100x).

The differential cell count and examination of the white cell
morphology was performwed beginning from the thin area of the slide where
the red cells are slightly overlapping. The slide was gradvally moved
toward the base of the emear and each white cell seen counted and
recorded on a differential cell counter until 100 white cells bave been

counted.

3,10 HISTOPATBOLOGICAL EXANINATION

All palpable masses presest in the mammary glanda (In femsles) at
necropsy, Jiver and scrotal sac (ip males) samples were rewoved, fixed
in 10% neutral buffered formalin C(Appendix 2) apd dispalched to the
bistology laboratory of Faculiily of VYeterinary Hedicipe, Ahmadu Bello
University, Zaria, for embedding, sectioning and staining.

Histopathologic examination was conducted on all specimens.

3.11 STATISTICAL ABALYISIS

The data collected in the experiment were subjected to the student
t-test at 95% level of significance. The weights of the animals were
analyzed using the test statistic Z (P in both direction). Both

statistical analysis were performed as described by Arwmitage (1071).



RESULTS AND DISCUSSION

A total of 47 and 30 palpable growibs were observed in groups A and
B respectively. Vhen expressed as number of palpable growth per rat
however, no difference was observed between the two groups (Table 1),
No difference was observed on the average number of palpable growth par
rat on a weekly basis (Figure 2). The two olls did not significantly
affect the latency period in both treatments (Table 1). However,
subsequent animal growth was affected (though not significantly) as
indicated by the initial body weight at the time of DHBA admlunistirallon
and the final body weight upon termination of the experiment (Table 1).
Three rats in group A died during the 4th, 13th and 16th weeke
respectively without a palpable growth and were not included in the
analyeis. Two other rats in the same group died in the 25tb and 32ad
weeks respectively, with palpable growths and these were treated as
censored observation (Figure 2).

During the course of the experiment, fesale rats intubated with DEBA
in sesame seed 0il gaived on the average 106 + 21.2g while those
intubated with DMBA in soyabean ol]l gained on the averge 126 # 10.8g.
There was no significant (p > 0.05) difference in body weight gain
between the femnles in both treatments though the soyabean oil group
gained on the average 19g more than the sesame seed oll group.

A near linear relationship between weight gain and age from week O
to week 12 (Figure 3) was observed between the two treatment groupe,
while the relationship from week 14 to week 42 when the experiment was

terminated was non-1inear.
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Table 1: Effects of sesame seed oil

and soyabean o0il as suspension

media on the Incidence and yield of Palpable growth in rates given a

single gastric intubation of DNBA,.

Treatment Total No. of Number of Latency Initial Final
Falpable palpable period Body Body
growths growth/rat. (Veeks)a Welight(g) Veight(g)

Group A.

DNBA in Sesauwe

Seed 0il1 (n=6) a7 7.88 18.88 80.0 187.0

+0.90 $1.54 12,40 #21.10

Grovp B.

DMBA jin Soyabean

011 (n=4) 30 7.50 18.50 80.0 206.0

£1.12 $0.50 £13.860 +10.80

Values are expressed as mean #+ SD.

No significant difference between the two groups in the yield of

palpable growth (P>0.05).

a. Time between DNBA administration and the appearance of the first

palpable growth.
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MEAN PALPABLE GRCWTH PER RAT

10 20 30 40
TIME(WEEKS) POST DMBA ADMINISTRATION
FIG-2: MEAN PALPABLE GROWTH PER RAT AT WEEKLY INTERVALS FOLLOWING

DMBA ADMINISTRATION (WEEK 0)- THE RATS WERE INTUBATED WITH
DMBA IN EITHER SESAME SEED OIL (e) OR SOYABEAN OlL(o)
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FIG.3:
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TIME (WEEKS ) POST DMBA ADMINISTRATION -
MEAN BODY WEIGHTS OF RATS AT WEEKLY INTERVALS
FOULOWING DMBA ADMINISTRATION (WEEK Q). THE RATS
WERE INTUBATED WITH DMBA IN SESAME SEED OL ,
FEMALES(+), MALES(+) AND DMBA IN SOYA BEAN OIL
FEMALES(e) , MALES(=).




The liver weight of female rats intubated with DNBA in soyabean oil was
significantly (P<0.05) higher than that of female rats intubated with
DNBA {n sesame seed oil (Table 2), while no significant (P 0.085)
variation in mammary gland weight was observed between the two groups,

Blood cell apalysis of femnle rats taken whea they were necropsied
is shown in Table 3. There was no significant (P >0.05) difference In
the haematocrit, haemoglobin levels and white cell differential counts
in both treatment groups.

A significant (p < 0,.05) difference was however evident i{n total
serum protein and cholesterol leveis for both treatments (Table 4).

For bhistopathological reports, the mammary glands were screesed for
lymph node 1ipfillration by eosinophbile, fibroblastic proliferation
between the glands and hyperplastic adenoma. The liver samples were
observed for any signs of congestion of central velns and sinuvsoids and
for avy grose pathological changes. Two rats in the soyabean oil group
were observed to bhave mammary gland adepoma while one rat exhibited
changes characteristic of {ibroblastic proliferation betwees normal
glands (Table 5). Three female rats showed marked congestion of some
ceniral veins and siousoids of the liver and infiltratios of the lymph
nodes with ensinophils in the sesame seed oil group (Table 5).

The resulie in the present study demonstirate that rats fed DKBA in
vegetable olls (sesame ceed oll aud soyabean o0il) duriug the initial

phase of DNBA induced mammary carcinogenesis display siwilar tumour
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Table 2: Livers and mammary gland weights of albino rats intubated with
DNBA suspended {n two oils 42 weeks after DNBA administrationm.

Final rat Veight of

Mapmary Veigbt Liver wt/

Body wt. Mammary gland wt/ of Liver Unit Body
(g Gland(g) Unit Body (g) Yeight
Veight
e RN —Smglg)
GROUP A.
DNBA TN SEBANE FFED
OIL (n=6) 87.0 3.10 1.70 5.93a 3.18
#21.10 +0.87 ¥0.37 10,89 +0.31
GROUP R.
DNBA TN BOYABEAW
OIL (n=4) 206 3.7% 1.84 7.27a 3.56
t10.4 40,60 +0.38 *1.01 +0. 50
CORTROL
(n=4) 172 3.02 1.70 4.82 2.80
14,30 *0.17 0. 05 *0.19 +0. 068

Values are expressed as Nean + SD,

a = p<0.05
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Table 3: Blood count of rats 42 weeks after DNBA administration.

HAEMATOSRIT AAEMOGLOBIN MEUTROPHILS LYMPHGCYTES EOSIMOPHILS BASOPHILS MONDCYTES BANDS

TREATHENT 1 i i i ' i 1 i

GROUF &,

DMBA 10 Sesame Seed Dil 32,75 19,719 0,6 82,87 .M 1.67 1,38 187
(N=6) Females 15,80 1,78 11,5 #1852 20,82 2.5 3,25 323
GROUP 8,

DM8A in Soyabean Dil .00 11,34 60,67 4,57 1,67 0.67 0w 23
(ned) Feualos $5.59 11,87 $4.99 5.9 40,94 0. t1.63 128
CONTROL FEVALES 4,33 14,78 66,75 9,25 9,75 0,76 10 2.0
fn=d) £1,63 20,54 15,26 15,63 0,43 046 07 2.9
BROVP C,

DMBA in Soyabean 0il 282%a2 8460 2,00 52,00 1,33 - 233 1.1
(n=7) HNales £2,06 0.7 /.79 212,75 0.4 t) .89 11,63
RO D,

DMBA in Sesams Seed DIl 33,504 13l6 b 36,00 81,50 1,00 9.50 1,00 -

{n=1) Bales 1,80 10,6) £10,00 49,50 11,00 10,50 £1,00

CONTROL MALES 5,04 15,05 6,00 30,67 9,67 » 1,67 1,00
(a=4) 1.8 10,60 6,38 24,78 20,47 10,47 10,82

Values are expressed as Mean ¢ 5.0,

a = P{D,05
b = P{0,08
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Table 4: Biochemical profile of serum samples from rats intuvbated with
DNBA suspended in two Lypes of oils.

Treatment Total serum Total Serum
Protein (g/L) Cholesterol
(mg/dL)
GROUP A.
DNBA IN SESANE SEED OIL 83.3 =a 50.5 c
(n=6) FENALES +4.48 ¥11.01
GROUP B.
DEBA ¥ SOTABREAN OIL 117.0 a 128.7 ©
(n=4)  FEMALES £33.11 27.38
FEMALES CONTROL 179.8 123.8
(n=4) 13.47 12.72
GROUP C.
DNBA IN SOYABEAW OIL 79.3 b 65.8 d
(p=7) MALRES +6.19 +13.44
GROUP D,
DMEA IR SESAME SEED OIL 59.2 b 4.1 d
(n=2) MALES +6.19 +3.25
NALES CONTROL 107.7 75.4
(n=4) +3.14 +6.96

Values are expressed as mean + 5.D.

a=p<0.056
b=p<0.05
c=p<«<0.05
d=p«<0.05
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|
‘Table %:  Result of histopathological examination of wawmery glands and

livers of treated animals taken whben rats were necrogied,

- JANEARY. 6L ANA) LIER L
LYMPH NOOE IRFICTRATEQ FIGRQBLASTIC PROLI- HYPERPLASTIC CONGESTIONM 43, ARGSS
TREATAENT YT EQSINGPHILS FERAYION BETREEN AOENDONA aF i paTHNLOGECAL
. o NRMAL  GLANDS CERTRAL CHANGE.
e . YTEMS AN
' ' ' SINUSRIDG
AN 4
B84 {n Sesamp Seed '
Dil in=6) Famnles 3 o . " § | 3
i
Cihii _ o
O%8A in Soyabsan o _ i
81 (ne) Feanles - SR | - 3 - S

Figures represeni muaber of rats



development. Studies have shown that sesame seed oil (Eskin gt al.,
1968; WHuggins, 1979; Elegbede gl al., 1984, 1986a; Elson gl al., 1988)
olive opil {Alam et al., 1984) and corn oil (Bundram gt al., 1689) are
good media for preparing DNBA suspepsion for experimental DNBA-induced
carcinogenesis. The latency period (that is. the time between DNBA
administralion and the appearance of the first palpable growth) in both
secawe seed oil and soyabean oil treatments s also consistent with
previous finding= (Eskin gt al., 1968; Huggins, 1979),

Both sesame seed 0f]1 and soyabear oil have eisilar composition
(Table 6. They both contain about 12% saturated fatty aclids of which
palaitic acid constitutes 8% The umsaturated fatiy acids of sesame need
oll are made up of about 45% oleic, 411 linpleic and 1% arachidonic
aclds, whareas the unsaturated fatty acids of soyabean oil consist of
about 28% oleic, 54% linoleic and 5% linolenic acids. The similarities
in cowposition, wmay accouat for the similar tumour i1acidenna and
responee observed in the present ctuvdy. Laboratory rats are very useful
wodel for the investigation of susceptidility to breast cancer (Loth
spontanaous apd induced). However various etrainc and types of rats
differ iun their susceptibilities to mammary carcinogenesis with the
Copanhagen rals being completely resistant (Gould gi al., 1989; Moore et
al., 1988},

This study confirmed earlier reports (Flegbede and Omage, 19£9).
that locally avallable siralins of rats may be csuscepiibie to pammary

carcinngenasis and can thus be utilized in carcinogenic studies.



Table 6: Fatty acid compositioa of soyabean and sesame sead oils.

FATTY ACID SESANE SOYABEAN OIL
0iL
Nyristic (C14:0) 00’ 0-1
Palmitic (C16:0) 7-84¢8) 7 - 11(8)
Stearic (C18:0) -5 2-6 (@
Oleic (€18: 1) 37-49 (45) 25-33(28)
Linoleic (C18:2) 35-47(41) 43-56 (54)
Linolenic (C18:3) 000 Z-104(5)
Arachidonic (C20:4) 0-1 (1) 0-210)
Others# - (0.6)
Saturatest 13 12
Hopounsaturatess 45 28.6
Polyunsaturatess 41 no

Values are expressed as percent (%) rate.

Source: Extracted from Cornelius, J.A.

edible purposes, a review.

# Not included in the original table.

(1980).

Rice bran oil for

Tropical Sclence 22(1): 1-26.

Figures in parenthesis represent the average of each range.
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The growth of the female rats treated with DNBA in either sesame
seed o0il or soyabean oil was comparable throughout the experimental
period (Figure 3). This {indicates that there was no significant
difference in epergy intake and utilization among the two treatwant
groups. Sylvester at pgl. (1986) and Supdram gt al. (1989) made siwmilar
observations,

The obeserved differences in the weights of the livers in both
ireatment groups may be due to tbe relative differences in the fisal rat
body weights as indicated by similar organ weigbt per unit body weights
of the animals (Table 2). Contrnl animale witbh final weight close to
either of the treatmenl groups gave similar liver waights {(Table 2).
Data from the present study do not produce evidence for an alteration in
specific organ development by DNBA administration.

Baematological profiles of all treated animale shows that the
brematocrit and haemoglobin levels were relatively low compared with
those of control avimals (Table 3). The elevated levels of lympLocytes
in ali treatwent growps compared to control (Table 3) Is expected since
these cells play an Important part in the build wp of humoral aopd
cellular imsunities (Garovoy and Capevter, 1680). This elevated
lymphocytes ie an indication of {msune response towards the carcinogen
insult (Fefer at al., 1968).

The total serum protein and the total serum cholesterol were 41% and
156% respectively higher in the soyabean oil group than the sesame seed
oil group. This elevated biochemical profile in the soyabean oil group
requires close scrutiny. It is now established that saturated acids
{but most probably not stearic acid) increase the plasma cholesterol

content, whereas polyunsaturated fatty acids have a cholesterol-lowering



sff@ct (Apon, 1987). The failure of sceame seed oil 1o slavate serum

cholesterol as much as the soyabean oil may be dun to its higher cielc
acld conteot, its lower linoleic acid content or to ;ié-#rasanca ouf A
aivnr conetituent. Both oile have similar compositiov of ssturated and
vossturated fatty acids, bowsver they were only applied once at
intubation. The compoeition (Table 6) af the saturated fatiy acids or
other wminor constitvest ip either of tbe nils may account for this
anamaly.

The drop in the average palpable growlh observed betwaah uﬁﬁksﬂil
a;né 42 {(Figure 1) may be due to ragression of ithe tumours (Young and
T Cohen, 1963). It is now eslablished that both thymus-depewdevt, cell-
mediated immune mecharicme (Fefer gl al., 1968) and husoral antiltodies
(A1ldsom af al.. 1974; Gorden ef al.. 1982 play impurtant rolea in
.tnmmnr regression, '

The ovbeerved hyperplasia, disorgranized and piling up of epitbelial
calls of somm of the glands 1u two rats in the soyabean ofl group
indicate the presence of mammary gland adenoma. Though an such dlagnosis
were made jo the other rats in this same group (except that one rat
showed fibroblastic proliferation between normsl glands) o fn the
vosamp sead nll grouwp (except that the lymsph nodes 1n three rats were
unfiltrated with sosinophils). |

Over the period of this atudy.‘ na]ﬁ rﬁts intubated with blBA
suspended 1n sesame seed oil gained on the averaga 223 i 14.15 while the
soysbaan oll group gained 146 + 40.0g (Figure 2), There was wignificaut
(P = 0.021) difference in the body welght gain betwaen the smles in botd
treatment groups where the sesame seemd oil group gained on the average

77 more than the soyabean oil group.



A near linear relationship between weight gain and age from week O
to week 12 (Figure 3) was observed in the males while the relationship
from week 14 to week 42 when the experiment was terminated was non-
lipear.

Nale rats i{ntubated with DNBA suspended {n sesame seed oil had an
average liver weight of 11.63 + 0.780g while the soyabean oll group had
8.81 ¢ 1.161g (Table 7). There was a significant (P < 0.05) difference
batween the two groups. There was significant (P < 0,05) difference in
the average weight of the scrotal sacs (5.78 and 8.%4g) of the male rats
in both treatwent groups (Table 7).

The result of analysis of blood taken from male rals al necropsy is
shown in Table 3. A significant (P ¢ 0.05) difference was observed in
both haematocrit and baemoglobin levels between both treatment groups.
There was no significant (P > 0.05) difference iu the white cell
differential counts ir hoth treatment groups.

A nignificant (P < 0.0%) dif{ference was also observed iu the lotal
serum proteins and total serum cholesterol in the msies of both

treatment groups (Table 4).
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Table 7;  Liver and scrotal sac weights of albine rals inlubated with DNBA suspended in Lwo oils 42 vests

alter OMBA administration,

Lenglh of

Final Kai

Serotal sac Veight of

T b L T T T —p——

Srrotal sar

Body weight Scrotal sar Lergth/Unit Scrofal sac weight/unit

Foight of Liver wt/
Liver Unit Body

TREATMENT (g) (rn) Body weight  (g) Body weight (g} Veight
(ta/g) ~ingig) {aglg).

BROUP €,

WA in Soyahean il 226 .37 0,02 5,78 a 2,65 8,81 b 4,05
(n=7} 19,0 30,45 30,00 30 91 10 48 1,16 10,72
BRAUF §,

N84 in Sesame sead 0il 302 L75 0,02 8.5 2,83 1163 b 3,87
(n=}) 414,10 0,25 10,00 40,19 10,07 10,78 40,44
CONTROL 28 3.88 0,01 6.38 2,22 10,95 3,8
(n=d) £22,60 10,22 0,00 10,76 10,24 11,64 10,62

-------------------------------------------------------------------------------------------- —

Value are expressed as Mean # 5.0,
a = P05

b = P{0,05
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In the mnles, the sesame seed nil group showed a higher average
final body weight than the soyabean oil group. Similar growth patiern
was expected since Jaboratory chow was provided ad libitus, and the
animals were exposed to alwilar experimental conditions that might
influence their rate of metabolism. Other factors iLhat need furiher
investigation (for example. the avallable [loor space in the Lwo cages)
may be responsible for this differesnce.

The observed differences in the weights of the iivers and scrotal
sacs In the males in both treatment groups may be due to the relative
differences in the final rat body weighbts as iudlcated Ly similar organ
weigbt per umit body weight of the anlmals (Table 7). Conitrol animsls
with final body weight close to eitber treatment groups gave similar
livers and scrotal sac weight (Table 7). Data from the present study
does not produce evidence from an alteration in organ deveiopment by
DNBA administration.

The use of both male and female albino rate for each irealment
servas to eliminate the possibliity of awy peculiar phyesiological
responee to the carcinogen/oils that may be elicited due to sex
variation. There was significant (P ( 0.05) difference in body weight
#ain between the males and females in each treatment (Figure 3). This
difference may be due to wsex variation. Biochemical! analysis
particularly the total serum proteins and total serum cholesterol and
haemntological studies particularly the lymphocyle counts are important

in chemical carcinogenesis. The data obtained from this study shows
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that in bolth male and femaie rats fn sach treatment, Lhe total serum
proteins, total serum cholestercl and lywphocytes gave a consistent
pattern. This observation ellminates any sex variation in response to

the carcinogen and the oils used ip preparing the suspensions,
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CEAPTER FIVE
CONCLUSION AWD RECOWRENDATION

From the results obtained in this study, tbere is indication that it
is peoreible tn substitvie soyabean nil for sesame seed pil as DNBA
solvent and the vs= of Jically-available strain of albino rats as &
mode] for experimental mammary carcioogenesis. The possibility of DERA
induced scrotal developmeul is also indicated.

Biochemical prefiles shows higher levels of total serum protein and
total serum cholesternl in the females of the soyabean oll grovp Lban
the sesane seed nll gronp.  Tha liver weight was also higher In Lhe
soyatoan oil group than tbe sasame sand oll growp. Similar trewd was
observad in the males where higher levels of total serum protein, total
serum choiestorol was observed ln the soyabean oil group than the sesame
aeed nl) gronp.  However bigher scrotal sac weights were nbservad in the
gnsame seed ofl group than the soyabean oil group.

Investigations of environmental xepnbipntics that may play a role in
the aetinlngy of organ speciflic human nenplasms or dietary inbibitors of
carcinnganesis have mainly relied on either animal testing or the study
of the interactions of the xenobiotics or inhibitors with non-target
mammallan cells fu wvllro. Prediction of carcipogenicity for a given
chemical is a major concern for government, the chemical i1ndustry and
tbe public. A basic problem in experimental carcinogenesis, apart fron
the susceptibilities of ipcally available sirain of rat, is the
rejatively high experimesntal costs, particelarly the maintenance of
apimals <(dvue essentinlly to scarcity and bigh coste of commercial

laboratory animal chow). A locally-formulated feed (ABU Pharm. Feed)

il



has been shown tn be more cost-effecltiva than Lthe coammerclial feed and jg
alen of comparable quality <(Kwanashie gt al., 1980). This tTend (s
recomended for use {n experimental carclougenesis.

The results obtaiped i» this research requires  furtber
investigation, Also other locally available oils such as groundnut nil,
sunfipwer seed pll and palm oil should be apalyzed for their potential
propertfies a5 DMBA solvent and thelr effects on serum protein and ssrum

cholesteronl and plasma lipoprotein profiles.
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APPENDIX I
PROTOCON. FOR ORAL INTUBATION VITH DNBA
A. Carcipogen preparation
The weight of the rats were taken so as to know the amount of
carcinogen to weigh out. Scale warming, DNBA warming were started.
Dosage: 65mg DWBA/1000g weight of rat

or 0.065mg DNBA/g of rat.

f rats: X avg. gram weight of rat + 20% extra

total weight of all rats.

% 0.0058g/g xat
total # mg DNBA needed for experiment

total £ ng DMEA

6.5mg/m! sesawe 0il/soyabean oil,

=  total oil to mix with DNBA
1. Clearn dry glass beads were used.
2. Older glass 50ml Erlenmeyer (1.5ml of glass beads were placed in
each flask) were used.
3. The required quantity of oil (13mls) was measured into each flask.
The required quantity of carcinogen (84.5mg) was added into each
flask. Foiled cap was then placed on the flasks which were then
foiled to the neck. A second cap was placed over the Lop and taped.
Each flask was labelled either DNRA in sesame o0il nr DMBA in soyabean
oll.
4. A last layer of aluminium foil was placed with uncontaminated

(gloved) hapds so that the outer foil remains carcinogen free.
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5. A woter shaker bath which had been allowed 1o bheat up te 100°C (this
was done earlier while making up carcipogen) was set up to incubate
carcinogen.
6. Carcinogen were allowed to shake far 1 hr at 90°C, .
7. Carcinogen were allowad to copl down to body temperature baforae
. intvhation in order not to scald rats.
The amount of carcinogen to feed each rat was calculated thus:

0.0iml oil/g of rat is peaded

inl/100g of rat 1s also needed

also 6,.%5mg DEBA/100g of rat {s needed. 5o, 6. Dmg DNBA/ml of
solution was made above.

To find the ale of solution to feed each rat:

8. Yelght pf rat = # als of 6. 5mg/ml
100g of rat/ml carcinegen to give tn the rat,

9. Since each rat waighed approximately 80g.
gog = .Bmls of 6.5mg/m] ﬁ!BA
100g af rat/ml
Precantion:
1, Gloved bhands (3 Ilayers of gloves) were used throughout tﬁe
preparation.
2. Nuse and mouth nask was alsn usad,

3. Contact between the carcivogern and the naked skin was avoided.
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B, PRUTOCOL POR PALPATICN - S ]
1. The rat waz held by the skin nf the neck apnd turned to reveal the

veniral view.

2. The distribution nf the pipples wers detemrmined by rubbing the hand

over the ventral surface of the abdomen,

3. There are usually six panirs of teats : 3 thorscic, cne sbdowinal and

two inguinal (Plate 2J.
1.
4. Clean pebblee of known volumes {(or diameters) wera made handy.

8. Palpation 4nvolves, feeling each aippie i.e. thoracic nlpplas,

axillary nippies, &abdominal nipples, and inguinal nippies between the
)

thusb and the second finger for palpable growth.

6. ¥hers a palpable growth was observed its volume {ubtained by

comparing it with the Xnown volumee of ibe pebbles) and location was

recorded.

7, Bubsequent increase in the volume of pslpable growths and new

i

growths were racorded.
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Plate 3: Ventral view of 2 mature female rat

Protocol for palpation: There are usvally € pairs of teats: 3

thoracic, 1 abdominal and 2 inguinal

1. Thoracic nipples 4. Inguinal nipples

Clitoris

N

2. Axillary nipples

Abdominal nipples



APPENDIX 11
PREPARATION OF REAGENTS
A. 103 Neutral-buffered Formalina
Sodium dibydrogen phosphate (anhydrous) 3.5g

Disodium hydrogen pbosphate (anhydrous) 6.5g
Concentrated formaldehyde solution (40%) 100ml

Distilled water 900ml
The formaldehyde solution was combined with the water and the two
salts were added making sure that the first salt dissolved before the
second was added. Tissues were placed in 25 times their volume of the

buffered formalin solution as soon as posesible.

B. Giemsa stain
Giemsa powder 3.8g
Glycerol pure 250. 00ml
Methy) alcohol (Avalar) 250.00m)

The measured quantity of dry dye was added directly to a hard glass
(Pyrex) bottle containing alcohol-glycerol mixture and at least 50 clean
glass beads of about Sws in diameter. The bottle was tightly stoppered
immadiately to keep out any moisture. The dye was allowed to sink for
some minutes and the bottle was shaken thoroughly for about 5§ minutes
and left on the laboratory bench. The shaking process was repeated 6-10
times at half-hourly intervals a day for a minimum of 3 days. The stain

was preserved in the refrigerator.



