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ABSTRACT

THE EFFECTS OF AGING AND DIETARY EXCESS
ON MOUSE LIVER POLYPLOIDIZATION

Irene Pavai

o . ‘. 4 3 .
Polyploidization of mammalianvliver cells increaseé///

with age. 1In aging mice, it has been reported that protein
restriﬁtion decreases the level of polyploid liver cells.
The questions posed in this study were as follows: 1) Could
dietary excess influence ploidy levels in aging mouse .
ligér? and 2) At what point in development does diet exert
ié; greatest influence? Control mice received a balanced

diet of rat chow and water while the tests diets included:

-rat chow/10% ethanol, 64% protein/water, 68% sucrose/water

and 44% lipid/water.

Two parallel experiment's were carried out. In the
first experiment, female Swisé albino mice, 13 days .
pregnant, were placed on control and test diets. The first
experimental group consisted of their male offspring which
were maintained on the "maternal" diet and sacrificed at 3
week?, 3, 6 10 and 12 months of age. The second group of
mice consisted of adult male Swiss albino mice placed on
the same diets at 3 months of age and sacrificed at 6, 10‘
and 12 months of age. Liver polyploi@ization in both
groups was assessed in terms of changes in aQerage nuclear
diameter, percenfage of nuclei of various ploidy classeg_
and polyploidization index. @

The liver weiéht, liver/body weight rat;o,,food and



- : . liquid Cbnsumption, daily energy 1ntake were all ~vi'; i R
. . significantly affected by, dietary composition as was liver

‘ polyp;oidizafion; Liver polyploidizqtion was most affected

| by excesses in dietary protein causigg‘significantly
increased levels of liver cell polyploidization .above that

- o seen in controls whén mite were first exposed td test diets

N in the early stages of“development.f . :
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INTRODUCTION

In this thesis, the phenomenon of liver |
polyploidiéation and how it is influenced by age and diet
Qill be examined. As a background for‘this study, a review
of cellular aging changes is ‘vequired.

The possibility‘hag\heen suggested that long-lived,
noh-mitotic tissues such as nerve and muscle, and to a
lesser.extent low mitotically active tissues such as the
liver, act as the "pécémakers" of bidlogical aging-(Curtis,
1963; Lamb, 1977). Cumulative age-related damage that ;
occur in the cells of these tissues cannot be eli&f;ated
through cell turnover. This damage could cause a decrease
in the functional capacity of the organ, V%ossibly resulting
in the shortening of the lifespan of the organism (Curtis,
1963; Lamb, 1977, Uryvaeva, 1981). It is thought that
aging may originate from spontaneous free-radical reactions
which cause genetic damage to DNA or cause disruption of
biological membranes. 1In addition, lipofuscin, an inert
production of 1lipid peroxidation caused by free radicals,

may accumulate in time and physically impair the cells'
ability to function nofmally (qutis, 1963; Gahan, 1977).
Another age-de;endent phenomenon occurring at the cellular
level is polyploidization (Bohm and Noltemeyer, 198la;
Enesco and Samborsky, 1983; Eéans, 1976; Shima and
Sugahara, 1976; Uryvaeva, 1981). Polyploidy is the

phenomenon whereby a cell replicates its chromosomes

- P
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without cell division to produce cells“hith multiple sets
of chromosomes above the diploid level #lthough the
biological significance is not fully undérstood as yet’, -
s a polyploidization itself is’not considered to be a- -
deleterious change. Sﬁoﬁever} cel¥ular changes which .
accompany polyploidization may : have.potentially harmful V
‘ consequences (Gaub et al 1981; Harris, 1971). . . . !
Though some reports indicate that‘polyploid cells are
- found in lower vertebrates (ﬁrasch,:r980), thep are not as
prevalent as in mammals. Polyploidy is particularly |
pronounced in those tissues’that are long-lived, highl§
differentiated and geared towards Iﬁrge-scale synthesis and
export of particular proteins (Brasch 1982) Liver 1
< polyploidy, characteristic to many species of mammals[ has

been the subject of extensive study especially in rodents .

where ploidy levels are quite high (Brasch 1980 Brodsky
) " and Uryvadva, 1977; Carriere, 1969). . - S
> In humans, polyploidization of the liver commences | .
around the onset of puberty, at 11-14 years ofvage~(Gahan :
and Middleton, 1984; Swartz, iéss;i In mice, it starts at-
14 to 21 days of age, concomitant with time of weaning
'(Evans, 1976; Shima and Sugahara, 1976) There is very i
little mitotic activity in the adult liver .-When the lfver
is called upon to divide during the. replacement of damaged .
" or dead cells, it will- do soeat a rate of approximately 1

per 20,000 cells every 24 hours in rat and mouse




(Doljanski 1960 Gahan, 1977) At the age of 3 to 4 weeksg
in-mice, there is a shift from liverEgrowth by normal

mitoses to liver growth by polyploidization (Uryvaeva,

1981) At first liver cells undergo aoytokinetic mitoses

where nuclear division occurs in the absence of cytOplasmic
“division giving rise to bifuclear cells with two 2N nuclei.
After this, the two nuclei of the Hinuclear cell enter a vrfﬁ\
synchronous S- phase and prophase then their chromosomes

unite in a common metaphase; the following stages of

mitosis then, proceed as usual. This second type of

mitosis is referred to as "bimitosis". Regardless of
whethenucyrokinesis follows the bimitosis'or not, two

nuclei with the next higher degree of polyploidy are

formed (Brasch 1982; Brodsky and Uryvaeva 1977; Epstein, -
1967; Gahan, 1982; James, 1977; Wilson and Leduc, 1948).
The cell may undergo several normal replicative cycles
giving rise to daughter cells with the same ploidy values,
thereby enhancing the number of polyploid cells or pndergo
more polyploidizing mitoses to form another class of
polyploid cells at a higher ploidy level. : .

'The polyploid cells that are produced follow the
geometrical progression of 2n that is with 2N, 4N, QN .
nuclei, with no intermediate ploidy classes This
progression is accompanied by 4n increase in nuclear
diZmeter by”a factor of 1.26 with every mave to the next

higher ploidy‘class (Epstein, 1967). Thus, the adult

o
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ma@malian liéer_%s a mix?d population of-hepatocytes with

different numterléf nuclei and different DNA content
‘(BrOQEFy and Ufyvaevq,ll?77; Shima and Sugahara, 1976,
ﬁryvaeva, 1981). -

It is bglieved that liver cell polypioidization is
under endocrine.control. It has been discovgred that the
' n&clear class series present in normal mice aré absent in
hereditary pituitary dwarfs, but that a polyploid cell
‘population can be restored by growth hormone treatment
(Bass and Dunn, 1957; DiStefano et al., 1955, 1959; Nadal
and Zajéela, 1966; Wheatley, ;ﬁ72). Polyploidization of
the liver‘cén be arresteé by hypophysectomy as well as by
thyroidectomy (Bass and Dunn, 1957; Carriere, 1969;
Distefahno, i959). There is also evidence which shows thét
thymus plays a role'inhcontrolling polyploidizétioh by .
modulating the iebel of growth hormone in the blood.

Newborn thymus grafted into .old recipients was found to

decrease the'percentage of tetraploid cells in mice (Pieri,

1982). The formation of polyploid cells in the liver also
appearsvtoxbe altered by such factors as X:radiation,
'ethanol, and phenobarbital which increase the level of
pclyploidization quected for rodents of a givén age group
_(Bohm™and Noltemeyer 1981b, Gaut ét al., 1981; Shima and
Sugahara, 1985). Diet,, more specifically,.dietary protein
restriction, decreases the rate of polyploidization of the

liver in mice (Enesco ‘and Samborsky, 1983).

" ' 4



There appear to be several schools of théﬁght as to
the biological siénificance of mammalian liver
polyploidization. Oné school of thought is that a shiftf
from lower to higher ploidy levels provides the cell with
an increased work capacity (Evans, 1976; Gahan and
Middleton, 1982). That is, multiple geﬁe coples rendered
by multiple sets of chromosomes may be called into action
to produce gene dose-dependent proteins when required to
deal with increased work laads. In mammals, the move to
higher ploidy levels is aqcempanied by an }ncrease in cell
size and decrease in mitotia activity (Enesco 'and.
Sambersky, 1986; Epstein, 1967; Gahan and'Middleton,: 3
1982). Since gene-activity is believed to be proportional
‘to gene-dose (Evans, 1976; Gahan and Middleton, 1982), this
gene amplification in association with the changes
mentioned above has been suggesfed to increase the
efficiency of the celi to deal with ind%aasea work loads
without submitting the organ to high stress conditions and
" possible damage through wear and tear (Brasch, 1982{AEvans,
'1976; Gahan, 1977; Gahan and‘Middleton, 1982). Due to the
liver's imporfaﬁt ro;e in metabolism amd Qetoxification, it
is important that the liver respond as efficiently as -
~ possible throughaht the 1life of the organism. Possibly
| polyploidization allows a certain plasticity in the
functional capacity of the liver throughout the lifespan of

the organism
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The second hypothesis as to the significance of liver

polyploidization is that a polyploid cell with multiple
chromosome homologues is protected against differént kinds
6f genetic damage (Uryvaeva, 1981). The liver is diiectly
exposed to toxic substances'and potentially ﬁutageniz
substances because its major blood supply is derived from
the éut and because of the develppment of the liver
microsomal mixed function oxidase system of enzymes capable
of converting promutagens to mutagens (Evans; 1976;
Uryvaeva, 1981). Alsd, within the course of metabolism,
highly reactive free radicals are generated. All of these
factoréfmake hepatic DNA particularly susceptible to damage
which is probabiy why the liver is known to have a high
level of 5pontaheous chromosomal aberrations. \Tissues with
high rates of cell turnover are able to eliminate these
defective cells from the population. 1In contrast,‘long—
lived cells like hepatocytes which have a very low mitotic
rate do not have the same opportunity to discard and
replace mutdnt cells (Curtis, i963; Uryvaeva; 1981). When
these cells are stimulated to divide, chromosomal |
abefrations could lead to aberrant.mitoses. The unequal
distribution or loss of genetic material due to aberrant
mitoses may result in cell death, malignant transfqrmation
or.impairment of differentiated functions (Uryvaeva,

1981). It has been shown shat‘shorttlived species such as

mice that have an increased.capacity for chemical mutagen

]
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production and for high levels of spontaneous chromosomal
aberrations combined with a decreased ability for DNA-
repair, also have the highesé levels of liver celi
bolyploidy (Uryvaeva, 1981). !

Could it possibly be that both of these mechanisms are
operative simultaneously in the liver? It does not seem
implausible- that polyploidization of the liver confers
short-term benefits upon the liver through a temporary
increase in thehfuncéional capacity when induced By an
increased work load through the introduction of toxic
substances or incfeasgd dietary loads which must be
eliminated. The benefit is short-term in this case because

studies have shown that there is a decline in

. polyploidization back down to age-dependent levels shortly

after the physiological stress has beenulifted'(Bohm and
Noltemeyer, 1981b).

.The age-dependent polyploidizatjion w%&éh occurs in the
absence of an increased work load may possibly confer long-
£erm benefits to the liver tHrough\minimizing the sever}ty
of any mutagenic damage that may accumulate in the cell
throughout its lifespan. Because of the functional
imporéance of the liver, it is imperative that the liver
retain its capacity for‘regeneration in response to damage
and it is therefore essential that the regulatory'denes
responsible for such .controlled growth remain infact and

functional (Evans, 1976). Should such genes become

<
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damaged, a polyploid cell with multiple gene copies which

can compensate for the defective gene, will not be

functionally impaired (Gaﬂqn, 1977). Thus, polyploidy

brovides the cells with a genetic integrity which is

necessary éo maintain the liver's proper functioning

throughout the lifespan of thé animal. g
Because dietary protein restriction has already been -

shown to alter the rate of age-dependentjpolyploigization

of mouse liver, tle primary objective of this study was to

determine whgther or not the pattern or rate of

polyploidization codld be altered by dietary excess and to '

determine which dietary cohponent: protein, lipid or

carbohydrate, exerts the greatest influence, if any} on

this process. 1In this study, the progression of

polyploidization of.the liver was\followed in two different

groups of mice. The first experimental group consisted of
mice which were the offspring of females that were exposed
to one of the test diets starfing at day 13 of geétation
through to parturition and during the lactation périga.
ihe‘offspring were weaned onto the same diet as their
mothers and maintained on the diets up to 12 months of age.
The second experimental group consisted of mice which we;e;
started on one of the diets as adults. Some of the
questions attempted to be answered by this study are: 1) Do
any g% the experimental diets alter the pattern or rate of

polyploidization, and how do the two experimental groups Of

-
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mice compare? 2).Can polyp/l#dizat‘ion be induced to occur
earlier than it normally would in mice that have been
subﬁected to the diet as early as 1 week ﬁrior to birth?

If not, what is the degree of response when the mechanism

. of polyploidization is finally turned on? 3) Since ethanol

has already been found to increase polyploidization of »
liver, on which of the two groups does it exert its
greatest effect?
¢ .
«  MATERIALS AND METHODS
Animals used

Swiss albino mice used in this study were obtained
from Charles River Laboratories, St. Constant, Quebec.
Pregnant female mice were individually housed in

polypropylene cages 28 x 18 x 12.5 cm with a wire cover.

. : /
Groups of young males were housed 2 per cage. Throughout /

the experiments, the animals were kept at 22°C and received
a 12h light/12h dark light cycle on a uniform schedule,
Food and water were available ad libitum. -/

Diets used : . /
14
-~ The diets used in this study were as follows' 1. rat

chow/water, 2. rat chow/10% ethanol; 3. 64%
protein/water; 4. 68% sucrose/water; 5. '44% lipid/water.
Diet 1, the control diet, consisted of Prolab Rat Chow

R-M-H 4020, a commercially prepared dlet by Agway Inc.,



10
_@istributed by Charles River Inc. Diet 2 consisted of the
same rat chow used in Diet 1, however, instead of water the
mice Qere provided with a 10% ethanol solution for drinking
kchaughan 2; al., 1969; Ewart et al., 1979; Fuchs et al.,
1967). Test Diets 3 and 4 were obtained from ICN
.Biomedicals Inc., catalogue no. 904669 anq 901943
respectively. Diet 5, the high lipid diet, consisted of
shelled, raw, unsalted peanuts obtained from Awatto House
Health Foods Inc., Montreal, Quebec: The lipid content of
the peanuts was verified through a crude extraction of
lipid from 3 different batches of peanuts and was found to
be within the range listed in fopd composition guides
(Church, C.F. and Church, H.N., 1975). The 44% lipid diet
was also sﬁbplemented with 2-3 drops of Hagen Vitamin
Supplement-Conditioner in the drinkiny§ water dail&.
Appendix'I provides the food composition of the diets. All

diets were sufficient for reproduction and growth. (

Experiment 1: Early exposure to diets

In experiment 1, micg’ were first exposed to the test

diets in utero by placing pregnant feméle mice on the
i ¢

speclal diets, and then raisiﬁg the male offspring on the

same "maternal" diet. ‘ ’
Fifteen pregnant females at the thirteenth day ofL

gestation were divided into 5 groups of 3 mice each and

placed on the diets mentioned earlier. The females were

S
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housed separateiy and ﬁaintained on the designatéd diet -
throughout their pregnancy and lactation period.. At age ofl
weaning (3-4 weeks), 5 malg offspring were chosen from each
hother for a total of 15-ﬁLce of a particular dietary
group. Each group of 15 mice continued to be/sﬁpplied ad
libitum with the same diet as their mothers. These young
male offspring constituted chup 1 mice. These mice were
housed 2 pér cage under the same environmental conditions
described earlier. Three mice from each dietary groupfweraw

sacrificed at 3 weeks, 3, 6, 10 and 12 months of Qg?.

Experiment 2: Late exposure to diets

Forty-five adult male Swiss alhino mice were randomly
divided into 5 groups. Each group of 9'mice were piaced on
one of the five‘diets'described in experiment 1 anda
maintained under the same conditions. Prior to.placement
on test diets, mice were fed, a uniform diet of rat chow and
water from the time they were obtained at 3 weeks of age to
the time they were placed on the test diets at 3 months of

age. These animals constituted Group 2 mice which were

sacrificed at 6, 10 and 12 months of age.

'Food and Liquid Consumption Studies:

These studies were performed at 1, 3, 6,7 10 and 12
months of age on Group 1 mice and at 3, 6, 10 and 12 months

of age on Group 2 mice.

s
':‘f.a”fé
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Five mice ‘were randomly selected‘from each dietary
group and were housed singly for these experiments,
~however, in tﬁé 12 month age group the femaining 3 mice
Qere used. Fobd was weigﬁed to the nearest 0.01 gram using
a Sartor;us electronic balance, at the start and finish of
each test period which lasted 2-3 days. A known yolume of
liquid was measured out at t@e beginning of the test period
using a graduated cylinder and approximated to the nearest
0.01 milliliter. The amount remaining at the end of the
tést period was measured by the same means. Care was taken
to weigh food and measure liquid at the same time of day
thrgughout the experimental period. Food énd liquid

consumption measurements were averaged over the 3-day test

period to determine the average daily consumption. Co.

: Preparation of Tissue for Microscopi§ Observation

After miée were sacrificed vié chloroform
asphyxiation, whole liver was dissected out gnd weighed.
Samples of liver 5 mm3 were taken and placed in‘glass vials
containing éo ml of Lilliets Neutral Bufferediﬁdrmaldehyde
solution (Appendix IIi) for 24~-48 hours for fi;ation
(Lillie, 1965). After fixation, the fixative'was replaced ’

with 70% ethanol for tempdrary ‘storage until embedding.

,

Embedding
Tissue samples were ﬁlaced in appropriately labelled

-




- - tissue baskets and dehydrated according to the schedule’
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listed in Appendix II. After dehydration, the tissues were
placed in the first preparation of Tissue Prep paréffin
kFisher Scientific Co.) at-58°C with 5 ml xylene added to
it to aid in permeation of the tissues. The~ sues were
kept in the“tissuezovernight at a reduced temberature ?f

55°C. The tissues were "then transferred to a second

- .preparation of Tissue Ereb (no xylene) for an additional 6 /

hours. Next, the tissues 'were embedded in Tissue Prep to

produce solid 1" tissue blocks.
) = . ‘ -
, .

Sectioning

8

Tissue blocks were sectioned on a microtome (American
Optical Co.) set for 10 micréns. To remove any wrinkles

from the sections, the sectiéns were floated on the surface

of a water bath set at 36°C until the sections appeared

émooth. Special attention was paid so that air* bubbles
would not accumulate on the bottom surface of the tissue
which %ight have interfered with the adhesion of the tissue |

sections to the microscope slide. smgoth tissue sections

"were floated onto clean glass microscope slides and allowed

[ ]

to dry overnight on a warming tray set at 40°C.

Stalning
The tissues were stained with Gill's hematoxylin no. 1

(Fisher Scientific Co.) and eosin (BDH Chemicals Ltd.).

~
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The preparation of the staining solutions is -described in

Appendix III. The procedure for staining the tissue

sections is given in Appendix IV. The procedure listed is’

*a mcdificationngf the regressive method of the Delafield

- hematoxylin-eosfn ‘'staining method (Humason, 1975).
e v .
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Polyploidy Studies

!
{

The effect of age and diet on mouse liver
polyploidization was assessed by the followiﬁg means ‘1)
By'examining changes in the average nuclear diameter of a
;ample of liver celle from mice of varipus ages and diets; '
2) by examining changes in the percentage of nuclei
distfibuted among the various ploidy classes; and 3)
through the determination of the polyploidization Andices
for the different dietary groups being tested at the
aforementioned ages

1. Changes in Average Nuclear Diameter

Liver cell polyploidization, characterized by a

douEling of chromosome number, is accompanied by various

changes in nuclear size. Each doubling of chromosome
number which occurs with a shift to the next higher degree
of nuclearlpolyploidy results in an appfoximete doubling of-
nuclear volume and an increase in nuclear diameter by a
factor of 1'267, Thue, the average nuclear giameter of a
sample of liver cell nuclei may be used as en index of

changes in -polyploidization occurring in the liver.




A celibrated ocular micrometer placed in-the eyepiece
of a Leitz light microscope‘was used to measure the nuclear
diameter of mononuclear hepatocytes at 1000X magnification /
\Qscause nuclei of. different ploidies were not distributed -
homogeneously throughout the tissue sections, i e. nuclei
of a certain size were sometimes found clustered together,
measurements of approximately 25 nuclei in 12 different
fields of view were peoled for a total of 300 liver cell
nuclei‘measured per animal. The average nuclear diameter
for.a perticular age and dietary group was determined from
the nuclear diameter measurements of 3 mice for a total

sample size of 900 nuclei. | - -

2. Distribution of nuclel among the various ploidy

+ classes
The average nuclear diameter of a sample of liver cell
nuclei may indicate trends towards!increased or decreased
levels of polyploidization in the liver. However, it does )
not desc;ibe changes occurring in the composition of the-

‘liver parenchyma in terms of the number or percentage of

a2
quclei distributed among the various ploidy classes for a

particular -age and diet. In order to determine "the
percentage of nuclel in each ploidy class for a given .

sample of liver cell nuclei, the nuclear measurements of

A

" the sample must first be evaluated to see whether the

nuclei form regular'groups which characterize a pelyploid
¢ . _ o
series defined by the ratio 1:2:4:8 (Collin, 1978;

"
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. Epstein, 1967; Shima and Sugahara, 1976; ‘Swartz, 1956].

;Nuclear size frequency distributions were-constructed
‘for each of the 900 nuclei’measured at eachfof the ages
studied for all dietary grougs. 'Qisual examination of.
these histogrds allowed the determination ofjtne size.
limits for'each ploidy claks (Carriere and Patterson, .
1962). Marked decrehses in the number of nuclei between
successive peaks of these polymodal size distributions .

marked, the approximate limits between different nuclearw'

populations. The limits of the ploidy classes were
. N . . \

Gerified by the calculation of the average nucleaf diameter

of each ploidy class. If the limits were co;rect the
average nuclear diameters of two successive ploidy classes
differed by a factor of 1.26, the theoretical difference’
expected‘for a two-fold increase in nuclear vglumé“that
'accompanies a doubling of chromosome number (Epstein,

i

1 1967). lOnce the size limits of the ploidy classes were
defined(

)the percentage of nuclet within each of the ploidy
classes ere determined from the summation of the
frequencies of the nuclear sizes occurring within the ‘
limits: | |

3. Polyploidization JIndex ' ' .

! ? > \
The term polyploidization index (P.I.) first
introduced by Shi a:and Sugahara (1976) is a means of

evaluating thet progression of liver cell polyploidization

throughout the lifespan as a continuum. ;n this study the

1

. K
LRS-
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term was used to assess the -polyploidization occurring
during the experimental period The polyploidization index,
was calculated by dividimg the percentage of-polyploid |
nucléi by the percentage of diploid nuclei at a given age.
The polyploidization of the liver cell nuclei having
occurred during the g&perimental period'may be illustrated
graphically by plotting the polyploidization inder (P.I.)
"against the age ih mont;sT/lThe slopes of the regression ,
lines, represented by b in -the multiple regression equation )
P. I = a+ Db Age indicates the rate of polyploidization ;.
occurring in the livers of mice of different dietary

C regimespas‘;hey age. The multiple correlation coefficient,
‘ <R, expresses the strength of the' association of “the P.I.
w1th age and diet.

_ Statidtical Analysis

t

Data were analyzed by 2 and 3 way nested analysis of

variance (ANOVA) comparing the effect of time started on
Q

the‘giets, age and diet simultaneously (Sokal and Rolf,

+1981). wnen a significant value was obtained, a posteriori
"Dunnett s test was used to determine which dietary regimes
yielded results Significantly different from the controls ?

(Zar, 1984). Where percentages were involved an arcsine

transformation was performed followed by ANOVA analysis and .
punnett's-testing (Schefler, 1979). Where ratios were

igfolved, a, Kruskal-wallis teést or analysis of variance by

. 1
? . . '
0y » -




was taken to be p § 0.05 throughout.

18

rank was employed (Zar, 1984).' fﬁé level of significance

© v ”

RESULTS
whole Body Weight

Figures 1 and 2 represent the whole body weight
profiles as it changes with age for Group 1 and Group 2

mice respectively. .

Figure 1 shows the mean whole body weight plotted
against agé for Group 1 mice. As described inlfhe‘Material
and Methods section, Group 1 mice had early exposure Fo the
various éiets,ig g}ggg 1 week prior t6 birth, neonatally
through mateqeal lactation and after weaning as they were
maintained on the special diets throughout their adult |
life. Group 1 mice'wereiweighed weekly up to 1 month of N

age and thereafter weighed on a monthly basis. It can be~

observed in Figure 1'that the control mice were heavier

than any of the mice on the special diets, even at 1 week-

of age, possibly reflecting a more balanced maternaf

nutrition. This initial difference in mean body weight.was

maintained throughout the lifespan. This presentation

demonstrates that growtﬁ had slowed or plateaued by 3 |

.
) \
» ¢

A

Figure 2 represents the whole body weight plotted

months of age for all dietary groups. . -

against age for mice of Group 2 which had been placed on

Y



Figure 1 . The whole body weight profile of control mice ‘

&

on a rat chow/H;0 diet is compared with that

of‘phe~experimentéi mice of Group 1 on the

-following dietary regimes: rat chow/lb%
\ .

ethanol, 64% protein/H,0; 68% sucrose/H,0 and ;

44% 1ipid/H,0. (N = 3).

Coﬁt
Etoh
Prot
sucr

pip

control, rat.chow/water
rat chow/10% ethanol
64% protein/water

68% sucrose/water

'44% 1ipid/water



el

v

. Gyuows

.ho.bﬂmer
) 3Iov

o

g

01

— Q¥

— Q%

Qo

(swoiB) LHOIIM AQOE NV

r

af

e iy




-

The whole body weight profile of control mice

on a rat chow/H,0 diet is compared with that

of experimental mice of Group 2 on the

following dietary regimes: rat chow/10%

ethanol, 64% protein/H,0, 68% sucrose/H,0 and

o

44% 1ipid/H,0. (N = 3)

" Cont
Etoh

Prot
sucr

Lip

control, rat chow/water
rat chow/10% ethanol _
64% protéin/waterz

éas sucrose/water

44% lipid/water
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the diets as adults of 3 months of age. Frop 3 weeks to 3
months of age they had been maintained én a uniform diet
of rat chow and water. These mice were weighed on a
ﬁonthly basis from 3 months of age inards. All-«groups
were at nearly constant weight at 3 months of age. One
may observe that weight is very litfle influenced when the
special diets are given late in development, following the
early éhase of rapid growth. Figure 2 emphasizes that tle
welght of mice of all dietary groups is quite uniform.up
to 10 months ofcage after which the cﬁrves diverge.

Data from 4-10 months of age from mice of all diets in’
Groups 1 and 2 were analyzed simultaneously using a 3-way
nested ANOVA. Since Group 2 mice werie only placed on the
diets at. 3 months of age, data was nofy available for these
“mice'from 1 week to 3 months of age, therefore, these ages
could not be included in the analysis’ This statistical
analysis thus applies to adult mice whose growth has
plat%augd. -Data gt 11 and 12 months of\sje was not
analyzed because only 3 mice were availakle at these ages
' for each diet. ‘

* The analysis shoqed\that the stége ofldevelopment at
which the mice first started on the diets/ i.e. early
developmental vs. post;developmental, did have a
significant effect on the weiéht profiles of the animals as’
they aged (F = 31.10, p £ 0.01). Group 1 mice whose entire

development has taken place 6n the special test diets,

1
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weighed less than Group 2 mice for the same age and diet.:
once the adult body dglght had beeﬂ attained by the mice in
Groups 1 and 2, age had 1little effect on body weight.
Surprisingly, diet had no significant effect on the weiéht
profiles of these animals between the ageé of 4 months and
10 months. '

~ Group 1 data was also analyzed separately from Group 2
so that the weighés of the mice at the younger ages of 1
week to 3 months could be énalyzed. A 2-way nested ANOVA
of the whole body weights of Group 1 animals between the
ages of 1 week to 10 months showed that there was a
significantaeffect of age (F = 20.38, p § 0%01) but not of
éiet on the body weight profiles éf these animals. The

effect of age on the body weight is particularly evident

.- for mice of all dietary groups between theﬂages of 1 week

to 4 months. Wwith all diefs, there was weight gain dz}ing
this period after which the weights became more or less

constant. From Figure 1, it can be ségn that the weights

‘of the control group of mice were consistently above those

_of the mice on the specié&*fégt diets. With increasihg age

this divergence of mean body'weight between control mice
and mice on the test diets became more pronouncﬂgkalthoughc
statistically, this difference was not found to be
signifi;ant. In Figure 2, the weight profiles of Group 2
mice started on the tests diets on}y as adults appear to be

more erratic than those of Group 1 suggesting that the

Kan
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adult mice may be less capable 'of adjusting to dietary

[}

‘excess than animals which have been exposed to the same

£l

type of diet for all of their life.

‘Mean Liver Weight
' In Tables 1 and 2, the meanr liver weight gnd liver
weight expressed as a perceritage of the whole body weight
are shown for Groups 1 and 2 respectively. ﬁ}ver weighté
were heasured at 3 weeks, 3, 6, 10 and 12 moﬁths for Group
1 and at 6, 10, and 12 months of age for Group 2 micé.
A 3-way nested ANOVA was performed to détermine

1
whethgr there were significant differences in liver weight
at 6, 10, and 12 months as a‘functioﬁ of a;;, diet or time
at which the diet was started. This analysis showed that
th?re were no significant differences.between Group 1 and
Group 2 mice .in terms of mean liver weight. That is to-
say, the stage of development at which the mice were first
placed on the diets did not significantly influence the
mean liver weight of the adult animals of the various diets
as they aged. The analysis also showed that there were no

significant differences in mean liver weight between ages -

of 6, 10 and 12 months of age for mice on a particular

diet. Therefore, age did not play a significant role in

determining the mean liver weiiyt"of adult animals. There
' was, however, a significant effect of diet on the mean

liver weight of the mice at 6, 10 and 12 months of age (F =

j toe
g;— .
L
L
7 3
b 3

“L\



Comparison of mean liver weight and WNver weight as percentage of total body
weight for control and test diets at the various ages atudied for Group 1
.mice. N = 3 for each determination.

Table 1

Diet

Age

Mean Liver Weight
g £t S.D.

Rat Chow/H,0

Rat Chow/10% Etoh
4

64% Protein/Hy0

687 Sucrose/H20

44% Lipid/Hq0

T o — — —
NO W W MO O W NO OV W OO W NO Oy W

p—

wks '

mo
mo
mo
mo

wks
mo
mo
mo
mo

wks .

mo
mo
mo
mo

wks
mo
mo
mo
mo

wks
mo

mo .

mo
mo

1'66

2.
2.

36
17

2.73

2.

98

1.06

T 2.
2.

56
79

2.67

2.

73

-0.97
2.

26

2.60

2

NN O

0

Ny
2.

36

7

.83
.68
.30
.76
.60

.48

1.84

1.

86

1.94

2.

45

Significently
N

different from control (p § 0.05).
éignificahtly different from control (p S 0.01).

Mean Liver Weight as
% Total Body Weight

H HH N H H W HH H HHHH H HHHKH

H H HHH
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The mean liver weighf profile of control mice

of experimental mice of Group 1.on the
following die%ary regimes: rat chow/10%

ethanol, 64% protein/H,0, 68% suEroseﬁHzo and

‘on a rat chow/H,0 diet is compared with that

44% lipid/H,0. (N = 3)

Cont
Etoh

Prot
Suc:

Lip

contrél, rat chow/water
rat chow/10% ethanol
64% protein/water

68% sucrose/water

44% (lipid/water
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Comparison\ofﬂméin'liver weight and liver weight as percentage of total body

weight for control and test diets at the various ages studied for Group 2 mice.

N = 3 for each determination.

v

e

#

Diet Age Mean Liver Weigﬁh Mean Liver Weight as
N - - g £ S.D. % Total Body Weighti
Rat Chow/H,0 6 mo 2.26 + 0.29 5.07
‘ 10 mo 2.71 £ 0.41 5.55
12 mo - 2.25 2 0.20 .5.08
Rat Chow/10% Etoh .6 mo 2.59 ¢ 0.17, 6.26
) 10 mo 2.73 % 0.36 . 5.86
12 mo 2.78 & 0.10% . - 5.88 '
64% Protein/Hy0 6 mo 2.56 £ 0.26 . 5.90
‘ 10 mo 2.87 & 0.41 6.61
12-mo 3.29 + 0.11™** 6.01
68% Sucrose/Hy0 6 mo 2.89 £ 0.13% ¥  6.60"
10 mo ' 2.82 + 0.18 5.92
12 mo 2.41 & 0.34 . 5.60
44% Lipid/H,0- . 6°mo 2.14 % 0.13 4.3
< .10 mo - 2.37 + 0.64 4.98
£ 0.

12 mo ‘ 2.49

06 48}/’

X%

e

Significantly different from control (p $ 0.0S5):
Significantly different from control (p § 0.01).

»
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The mean liver*weight profile of control mice
on a rat chow(HZO diet is compared with that
of experimental mice ¢f Group 2 on the
:following dietary regimes-‘rat chow/lo%
ethanol 64% protein/Hzo, 68% sucro§é/H20 and
‘44% 1ipid/H,0. (N = 3)°

1

Cont =, control, rat chow/water

.

,Etoh '= rat chow/10% ethaaol’

* Prot = 64% protein/water

Sucr. = ,68% sucrose/water S o

Lip = 44% lipid/water y
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‘2,21, p § 0.05). ﬁgnnett testing for Group 1 mice éhowgd
that mice on most of fhe test diets had mean iiver-wéights
similar to the controls at’s, 10 and 12 months of age. The
6ﬁe exception was. that mice on the 44% lipid diet had mean
liver weights significantly below those of fhe controls for
ail ages in Group 1 and at 6 and 10 months in Group 2.
When a separate second ANOVA was performed on Group 1 mice
to include the 3 week and 3 month age groups, it was found
that age had a significant effect on the mean liver weight
(F = 18.14, p'S 0.01). This is primarily due to the fact

that the mouse liver was still growing between the ages of

3 weeks and 3 months. This is evident at 3 %eeks of age™

where mice of all the test diets show mean liver welghts /)[/A\

. B ¢ ’ ‘
significantly below (p S 0.01) that 'of the control

indicating the importahce of a balanced diet during this
\period of raéid growth. ’ )
) In,chup 2, the mean liver weights of mice of the
different test diets were similar for a pa;ticulaf age with.
few exceptions. As a double check, Group 2 results were
also analyzed separately from Group 1 for the ages of 6, 10
and 12 months. The analysis showed that there was no
significant effect of age on the mean liver weight of the
mice at these ages and }hat diet had a significantteffect
on the meah liver weight at 6, 10 and 12 months of.age (F =
2.45, p §.0.05). These results confirm what was previously
N R

found in the initial analysis, that is, there is a
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A significant effect of age or the mean'liver weight during |
the early stages of growth. However, once the liver
attains its-adult weight; age\ has little or no effect on
the mean liver weight. Dift on the other hand, has a
significant effect on the mean liver weight at all ages
studied. | '
Figure 3, wnéié mean liver .weight was plotted against
, . age for Group/g ~mice, illustrates the dramatic increase in
mean liver weight during the early stage of growth between
3 weeks and 3 months. After 3 months of age,. the liver
weight varie little during adulthood with little variation
 between the ietary groups with the exception of those mice
on the 44% lipid diet. '
. Figure 4'illustrates the mean liver weight as X%
changes with ege for Group 2 at 6, 10 éﬁd 12 months of age.
In Group 2 mice there appears to be a greater degree of
variation in mean liver weight within a particular dietafy
group. This, much like what was observed with Group 2 body
weights, may be an indication of adults having difficulty

TR

in" adjustingt to a drastic change in diet. '

Ratio of Liver Weight/Whole Body Weight

The results presented in Taples 1 and 2 also represent
liver weight expressed as a percentage of the total bodya
weight of Group 1 an® Group. 2 mice respectively.

r -
* From Table 1, it may be observed that the liver
PE

YT
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comprises approximately 5-8% of the total body weight of
mice. T value is slightly elevated at 3 weeks of age
since tg{e\ growth rate of the liver is greater than the

growth rate of the body at this stage of debelopment. By 3

-

months of age the mice have reached maturity, resulting in
a fairly constant liver/body weight thereaftef for bdth ~
Gréup 1 and Group 2 mice.

Sineézthe values shown in Tables 1 and 2. express liver
weight as a éerceqtage of the total body weight, an arcsine
transformation was. required prior.to ANOVA analysis. ANOVA
analysis comparing Group 1 and Group 2 ﬁice at 6, 10 and 12
‘months of age’sevealed that tﬁgagtage of development at
which the mice were first exposed’to the test aiets had’ﬁ;
significant effect on determining the liver/body weight
ratio later in life since by 6 months of age the mice of
both Groups 1 and 2 were fully matured. The ANOVA analysié
showed age alsP had no significant effect on altering ﬁhe)’
liver/body weiéht ratio at 6, 10 and 12 months of age.

Diet was the only factor studied that had a significant
effect on the liver/body weight ratio onge the post-
develépmentgl stage had been reached (F = 4.10, p S 0.01).
In Group 1,’both mice on the rat chow/10% ethanol or the
64% protein diets maintained liver/body welght ratios
consistently above the .controls for most of the other agés‘
studied. In Group 2, once again mice on the rat chew/lO\

ethahol,,é4% protein diets as well as the 68% sucrose diet - \,

IS \



showed liver/body weight natios elevated above the
. controls but significant differences were not as
consistent. Therefore, it appears that once the mice have&
matured and reached their adult size, only diet appeared to
have a significant effect c;/g%anging the liver to body
" weight ratio. i

/

Food Consumption

LVS

In this study, food consumption was measured in two

intake was expressed in relation to the mean )

&eys. First, ,mean food intake was measured as g/day.
¢condly, foo%

b weight of the'énimal,nas g/day/g body weight. Tables
! L
3 and 4 show the results for Group 1 and Group 2 mice

¥

respectivelyfdgér each of the diets and ages studied.

Food intake as g/day will first be considered.

| Table 3 simaws that in Group 1, food intake as g/day
remains fairly constant within a particular dietary group,
changing little with age. ANOVA'analysis showed there were
no significant differences in food consumption (g/day)

between Group 1 and Group 2 mice of the same age and diet.

Analysis of Group 1 and 2 mice from the ages 'of 3 months to‘
12 months showed that there was no significant effect of
" age on total food intake during this pericd. When a second
\ analysis was performed on Group 1 separately so that the 1

month éée group may be analyzed, age still did not have a

T significant effect. - Diet did have a siénificant effect on

o,

0
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Food consumption (Grzup 1). Mesan £ S.D. N = 5 for each

determination except at 12 months where N = 3,

!

\

Food Consumption

-

#*

AN} 2R O P e i i
55 pE Ay
st .

Significaptly different from control

Diet Age g/day g/day/g body wt.
+ S
Rat Chow/H90~ 1 mo 9.59’4 0.38 %
3 mo 7.79 % 0.19 ¢
6 mo 6.66 £ A4 2
10 mo 7.71 % .15 ¢
12 mo 8.83 ¢ Q.17 &
: a
Rat Chow/10% Etoh : Il mo 5.45 % 0.27 &
3 mo 6.73 ¢ 0.19 ¢
6 mo 4.88 % 0.12 2
10 mo 6.06 % 0.14 -
) 12 mo 6.36 ¢ 0.15 ¢
" 64% Protein/Hy0 1 mo 6.98 + 0.50
°3 mo 5.61 % 0.17 2
. 6 mo 3.76 ¢ 0.10 ¢
10 mo 4.81 £ 0.13 ¢
12 mo 4,01 ¢ 0.11 %
68% Sucrose/H20 1 mo 5.86 1 0.32 ¢
3 mo 3.78 ¢ 0.1l #
© 6 mo 3.16 ¢ 0.08 ¢
! 10 mo 5.16 % 0.12 &
12 mo 5.54 ¢ 0.14 ¢
44% Lipid/Hy0 1 mo 6.06 ¢ 0.36 ¢
3 mo 46,22 ¢ 0.12 %
6 mo 4,55 2 0.11 ¢
\ 10 mo 3.16 £ 0.09 %
‘\\\\ 12 mo 4,22 0.10 2
* Significaftly different trom‘control~(9 S 0.0%).
. (p S 0.01).




Food consumption (g/day) of Group 1 mice on |
control (rat chow/H,0) and test diets. i ‘
(N = 23 total) o
Cont = control:, rat chow/water - ] C .
Etoh = rat chow/10% ethanol .
Prot = 64% protein/‘water 6
sucr = 68% sucrose/water _ : ‘
Lip = 44% lipid/water ) f‘ N _
—
. < . ~
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food intake for both Groups 1 and 2 (F = 131.78, p 0.01);

Dunnett testing performed separetely'on Group 1 and 2
revealed which diets resulted in significant deviations in
food consumption from control values. In Group 1, mice on
the control diet of rat chow/H;0 had the highest mean food
intake values for all the ages studied. Food intake for
mice on the rat chow/10% ethanol diet was the most like the
control although intake was reduced. Food intake values
for 64% protein, 68% sucrose and 44% lipid fed mice were
all weli below control values at all the ages studied.

Figure 5 graphically illustrates mean food intake

. patterns for mice of all diets and ages in Group 1. Mice
of all diets, except those on rat cnew/10% ethanol,
rexhibited a decrease in total food intake as g/day between
the ages of 1 tn 3 months. From 3 to 6 months, the food
intafe decreased with the exception of mice on the 44%
lipid diet whom experienced a slight increase in food
intake during this period. Mice on all diets, again with
the éxception of those on 44% lipid, displayed an increase
in food intake which continued to 12 months of age. Only
‘mice on the 64% protein diet experienced a decreases in
food intake between the ages of 10 and 12 months.
Throughout the test period, mean food intake values of the
controls remained well above those of the mice on the test
~ diets.
In Table 4, Group 2 food intake values (g/day)




Food consumption (Group 2).
. determination except at

Table 4

Mean £ S.D. N = 5 for each
12 months where N = 3,

Food Consumption

Age g/day % S.D. g/day/g' body

weight
Rat Chow/H,0 3 mo 7.41 t 0.87 0.18 £
6 mo 8.21 £ 0.65 18 =
10 mo 7.71 £ 0.96 0.16 %
12 mo 6.26 £ 2.69 0.14 £

Rat Chow/10% Etoh 3 mo 8,03 + 0.88 0.19 £
6 mo 6.63 £ 0.66 0.16 %
10 mo 7.04 £ 0.31 0.15 £
., 12 mo 8.32 £ 0.68 V.18 %
64% Protein/H,0 3 mo 4.60 £ 0.84" 0.1k &
& mo 5.62 £ 0.50 0.13 ¢
10 mo 5.37 £ 0.27 0.12 ¢
12 mo 7.38 £ 0.19 0.13 %
68% Sucrose/H20 . 3 mo 4.22 % 0,97** 0.10 %
6 mo 5.89 £ 0.32 0.13 %
. 10 mo 5.57 £ 0.48 0.12 %
12 mo 5.64 £ 1.49 0.13 ¢
44% Lipid/Hy0 3 mo 5.19 £ 1.77% 0.13 &
T - "6 mo 6.29 ¢ 0.62 0.13 &
.10 mo 3788 + 0.66™" 0.08
12 mo 6:73 £ 0.40 0.13 ¢

- Significantly different from control (p S 0.05),.
Signif‘cantly different from control (p $0.01).
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l appeared—to be similar‘tq those séen in Group 1.

Statistical analysis showed that there was no significant
difference between Group 1 and’Group 2 for those ages_d
étud;gd. Within Group 2, significant differences between
the contro%/gnd the test diets were not as consistent as in
Group 1. No statistically significant differences could bg/,//////
detected between the controls and ethanol ‘treated mice. / q
Althougﬂrlhe overall intake of mice on the 64% protein diet
appeared to be less than the controls, significant
d;fferences were only found at 3 and 6 months of age (p ¢
0.05). As in Group 1, mice on .the 68% sucrose diet were
always found to have intake values consisteﬁtly lower than
the control values but significént only at 3 months of age.
Such was also the case with mice on the 44% lipid diet -
with significant differences found at 3 months (p $ 0.05)
and 10 months (p § 0.01). ,

Figure 6 illustrates mean food intake patte}ns (g/day)
for mice of all diets and ages studied for Group 2. The

overall pattern of food intake (g/day) for controls showed

a slight decrease in food intake with increasing age. Mice -

fed the rat chow 10% ethanol diet appeared to have an
intake pattern almost the mirror image of that of the
controls, first decreasing between the ages of 3 to 6
months then increasing from 6 to 12 months. Despite the
striking appearance of this curve, no statistically,

A significant differences were found between these mice and




. that age did have a significant effect.on food consumption

the controls at any age, as stated earlier. Food intake
for mice oh the 64% protein appegred to increase with
increasing age. ‘Mice on the 8% sucrose diet also showed
an increase in food intake but this increase was restricted

to the earlier ages. . By 6 months of age food intake had’ o

" stabilized and remained fairly constant from thereon. The

food intake pattern afor the 44% lipid fed mice appears "tc
be the most erratic of all the test diets, showing a éharp
decrease between the ages of 6 to 10 months and a '
subsequent increase from 10 to-12 months.

When food ccnsumption is viewed in terms of mean food -
intake in relation to body weight (g/day/g body weight), a
slightly different picture is painted. The statistical
.analysis of this data consisted of a Kruskal-wallis test
also known as analysis of \{ariance by “ranks. It was found
that there was no significent difference in food
consumption between Group 1 and Group_2 mice. That is, the
stage of develc;pment at which the mice were ;c’ir-st placed an
the diets did not have. a significant influence on the food
sconsunption of the mice at later ages. It was also found
" Co”

(H = 18.37, p S 0.001). Young, actively growing and

.developing mice have greater nutritional demands 'than do

adult mice, where the nutritional requirements are B ’
restricted to- maintenance rather than growth. This is

cleamiy evident in the Group 1 mice where the food
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consumption in Eyday/g body weight at 1 month of age was
2-3 times higher than at*"3 to 12 monrhs of age for all

2 - b
dietary regimes. The analysis also showed that diet had a’

significant influence on food consumption (H = 37.94, p §

» 0.001). At 1 month of age, food consumption‘Was.greates
&
in mice fed the 64% protein ‘diet and the lowest in the

i

ethanol treated mice. The controls, 68% sucrose and 44%

or

* lipid fed animals were found to have similar values. By

the age of 3 months the mice were fully grown and food
consumption remained fairly constant from 3 to 12 months of

age. During this period; food consumption was greatest in-

ba 7 SRR TR R ] SRR

the controls followed closely by the mice fed rat chow/10%
ethanol, 64% protein, 68% sucrose and lastly 44% lipid fed S

L 4

mice. The similar trends were observed in Group 2 Tiie;

Liguid Consumption ’ ,‘
As with food consumption, liquid consumption was'
measured both in terms of mean liquid intake (ml/day) and‘
expressed:in relation to the mean body weight {ml/day/g
.*body yeight). Tables 5 and 6 show these results’ for Group
1 ano‘Group 2 mioe respectiveiy,'for eaoh of the die}s and -t

ages studied. ,
Statistical analysis compared mean liquid'intake

s '
(ml/day4\§alues of Group 1 and Group 2 mice of all diets
and ages 3 to 12 months simultaneously. The analysis

r showed that .there were no significant differences in mean

A
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J : Liquid consumption’ (Group 1). Mean z S.D. N = 5 for each
determination except at .12 months where N = 3,

, W .
‘ L
— - Liquid Consumption
Diet Age ml/day + S.D. . . mllday/;/body
" weight # S.D.
Il 7
Rat Chow/H,y0 1 mo 10.20 ¢ 0.80 0.40 £ 0.03
- 3 mo 7.27 % 1.18 0.18 ¢ 0.03;
; : ey 6 mo - 5.00 £ 1.52 0.11 £ 0.03
‘ © 10 mo 6.97 + 2.83 0.14 + 0.06
. 12 mo 9.00 ¢ 0.56 .+ 0.18 £ 0.03
Rat Chow/10% Etoh 1 mo 5.53 + 0.89*" 0.29 + 0.05
3 mo 5.47 ¢ 1.07. 0.15 & 0.03
.6 mo 4.80 ¢ 1.65 " 0.11 % 0.04
o ' 10 mo’ 3.97 £ 0.69 ., 0.16 £ 0.05
» 12 mo 6.00 ¢ 2.13 - 0.26 £ 0.03
«  64% Brotein/H0 . 1 mo 9.73 + 1.06 .0.69 ¢ 0.09
.. ' 3 mo - 8.60 £ 0.93 0.26 + 0.02
6 mo- 9.33 £ 1.26 . 0.26 ¢+ 0.05
. 10 mo 6,00 £ 1.41 0.16 ¢+ 0.05
12 mo 8.88. & 0.04 - 0.26 £ 0.03 _
‘b * . e 5 -
68% Suctose/H20 1 mo 5.07 & 0.84"" . 0.27 £ 0.04
' 3mo - 5.53 £ 1.09 0.16 £ 0.02
0 6 mo -~ 4.67 ¢ 2.17 ~0.14 % 0.06
. 10 mo 4.80 £ 1.34 . 0.11 + 0.03
, l2mo 7.45 & 1,97 ' 0.19 #1 0-04
. 4T Lipld/H0 . lmo ©  10.00 ¢ 1.28 0.60 £ 0.08
- 3mo . 9.33 £ 2.14 0.26 + 0.06
6 mo 9.93 + 4.32 0.25 + 0,08
10 mo 4.00 % 1.4} 0.12 £ 0.05
, 12 mo 7.33 ¢ 1.63 0.16 £ 0.02
Significantly different from control (p S 0.05). .
..M Significantly different from control (p S 0.01).
. ) ¢ ‘ i
i‘i‘,, 3 z ?

DAY
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Liquid consumption (ml/dq&) of Group 1 mice
" . Soy
on control (rat chow/Hp0) and test diets.

(N = 23 total) : :

Cont = control, rat chow/water

’

Etoh = rat chow/10% ethanol ° -

Prot = 64% protein/water =,

éucr = 68% sucrose/water

Lip = 44% lipid/water
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liquid intake between Group 1 and Group 2 mice. . As with
food consumption, the stage at which the mice were first
exposed to the diets did not influence liquid intake in
éithér group. Neither was there an effect of age on
liquid intake in terms of ml/day. There was;’however, a
significant effect of diet on the mean liquid intake of
Group 1 and Group 2 mice (F = q.40, p S 0.01). Since diet
'was found to have a significant.effect, Dunnett testing
followed to determine which of the diets resulted in
liquid intake values different from the caﬁtrols. Group 1 ‘
and Gfoup 2 data wefé.analyzed separately. -

In Group 1 micé, the liquid intake level of the
control mice started out being slightly higher than that of
mice on the tests diets at 1 month of age. The mean intake
of the controlg began to decrease between.the ages of 1
month and 6 months. This dramatic decrease in méan liquid
intake in the control mice was revérsed by an equally
dramatic increase in liquid intake between ﬁhe‘aggs of -6 to
12 months resulting in a mean liquid intake level above all
the test diet levels at 12 months of age. Mean liquid
intake levels in the ethanol treated mice were consistently
below those of the controls but only heing significantly
lower at 1 month of ége where intaké was almost half of
that of the controls. Figure 7 shows that the ethanol
treated mice experienced a moderate decline in liquid

intake between the ages of 1 month and 10 months. At 10

LY
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months of age, ethanol treated mice had the lowest intake
levels of all the mice. Between the ages of 10 égd 12
ménths, the mice showed an increase in liquid intake as did
éll the éther mice, however, intake levels remained below
those of the other test diets and well be;bw that of the
control. Mice on 64% protein diet had mean liquid intake
levels similar to controls at ;}X\of the ages studied with o
the exception of 6 months of age where the mice drank
almost twice as much as the controls. If one observes
Figure 7 for mice on 64% protein diet, one can see an
overall decline in mean liquid intake between the ages of 1
to 10 months of age. The increase in liquid intake from 10
months to 12 months of age for mice on all the diets
incl&ding those on 64% protein resulted in liquid intake
levels similar to control level at 12 months of age. ﬁice
on the 68% sucrose diet appear to have mean liquid intake
levels consistently below those of the controls throughout ..
the test period, however, this difference was only found éo
be statistically significant at 1 month of age. In.Figure
7, we may observe that the mean liquid intake of the mice |
on this high sucrose diet remained fairly constant betwe;n
the ages of 1 to 10 months with only a slight increase in

intake from 3 to 6 months of age. The subsequent increase

in 1ligquid intake from 10 to 12 months still resulted in a

'liqU1d intake level below that of the control, The liquid

intake pattern of the mice on 44% lipid diet is quite

/
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similar to that of the mice on the high protein diet as
well as the controls. TH; intake values of these mice are
similar to those of the controls except at 6 months of age
Qhere intake levels are §ignificantlyvhigher than the
controi level as was.also the case of-the mice on the high
protein diet. Although mice on all the test-diets
“experienced a decline in liquid intake from 6 to 10 months
of age, none was. as striking as the decline for those mice
on the high lipid diet as displayed by Figure 7. As with
all the other tést'diets, at 12 months of age the mean

liquid intake of mice on the high lipid diet was below the

control level. ’ oy
»

In Group 2 mice, liquid intaﬁe values appear not to

© fluctuate as egratically as in Group 1, although |
statistically, there are no significant differences between
the two groups of animals, With the exception of the

~slight initial decrease in liquid intake, the intake values
of tge controls was fairly constant between the ages.of 6
to 12 months. Ethanol—treated mice in Group 2 show a
linear increase in liquid intake from 3 to 10 months of age
whereby' at 10 months, liqu;d intake wég significantly
higher than that of the controls. The period of 10 to 12
months resulted in a decline in liquid intake for these
mice returning intake levels back to control leYel by 12
months of age. Mice on the 64% protein diet had liquid

intake levels consistently above thase of the controls at

\\
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- Liquid consumption (Group 2). N = 5 for each
determination except at 12 months whére N = 3,
L o /v

‘ ! Liquid Consumption
Diet Age ml/day £ S.D. ml/day/g body
< welight £ S.D.
Rat Chowlﬁzoﬂ\\“// 3 mo 7.87 £ 1.54 0.19 £ 0.04
6 mo 6.93 £ 0.93 0.16 x 0.02
0 mo 6.70 £ 0.86 0.146 £ 0.02
2 mo 6.78 + 2,83 0.15 + 0.03
Rat Chow/10% Etoh 3 mo 5.47 + 0.88 0.13 £ 0.03
- 6 mo 7.47 £ 0.80 0.18 £%0.03
10 mo 10.50 £ 3.65 0.24 = 0:05.
12 mo 8.11 £ 0.57 0.22 £ 0.04
64% Protein/H,0 3 mo 8.93 ¢ 0.89** 0.21 £ 0.03
. 6 mo 11.13 = 1.25** 0.26 £ 0.03
10 mo 11.10 £ 2.33** 0.24 £ 0,05
12 mo 12.11 £ 2.00 0.22 £ 0.04
68% Sucrose/H20 3Imo- 5.33 ¢ 0.56 0.13 ¢ 0.03
, 6 mo 6.07 £ 0.65 0.14 £ 0,03
) 10 mo - 6.50 £ 1.96 0.14 £ 0.06
12 mo 6.88 £ 1.40 0.16 + 0.04
447 Lipid/HZO 3 mo 8.87 £ 1.05 0.22 £ 0,03
‘ 6 mo . 8.53 % 0.96** 0.18 £ 0.0l
10 mo | 10.20 £ 3.61 0.21 + 0.Q8
12 mo 8.22 £ 1.13 0.16 £ 0.03

Significantly different from control

Ak

Significantly different from control

(p S 0.05).
(p S 0.01).



Liquid'consumption (ml/day) of Group ‘2 mice

+

on control (rat cholezof and ‘test diets.

(N = 18
Cont. =
Etoh =
Prot =
Sucr =
Lip -

total)

control,

rat chow/water

rat chow/10% ethanol

64% protein/water
68% sucrose/water

44% lipid/water
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. -all the ages studied. The differences betwgen the control
and high protein group were highly siénificapt (p S 0.01)
at 6, 10 and 12 months of age. Mice gn the 64% proteiq
éiet had the highest mean liquid intake values of all the
mice in Group 2 at those ages. Figure 8 depicts a step-
wise increase in liquid intake for mice on the 64% protein.
diet during the experimen?al period. Mice on the 68%
sucrose diet had intake values below those of the controls )
throughout most of the experiﬁental period, hd&ever, no’
statistical differences were found between these two grbups
of mice at any of.the ages studied. Figure 8 shows us that
mice on the 68% sucrose diet experienced a slow, g;adﬁal
increasebin mean liquid intake throughout the test period.
For mice on the 44% lipid diet, liquid intake values in
Table 6‘aépear'to be slightly higher than those of the
controls, however, the liquid intake'is significantly
,higher at 10 months of age only. In Figure é, one may
observe that as in Group 1; the liquid intake pattern of
the mice on the high lipid diet is erratic and théreforgﬂzﬁ
is difficult to see a definite trend in liquid intake.-

Liquid consumptfbn was also vieweé in terms of
ml/day/g body weight, taking into account.the size of the‘
animal in relation to its liquid intake. As with the food
consumption study, stétistical analysis failed to show a
significant difference in liquid ;odsumption between those

mice with a very\eariy exposure to the ﬁest diets (Group 1)

-
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and those started on the diets as adults'(Gtoup 2y It-was——
found that agekdié have an effect on liqu&d consumption (H

= 24.20, p'S 0.001) as did the diet (H = 58.39,\p $ 0.001).

As adults, Grodp 1 qice on 64% protein had the highest |
overall liquid consumption followed by mice on the 44%

iipid diet, ethanol treated mice, control mice and lastly

mice on the 68% sucrose diet, the latter three being very
similar. .

In viewing the results of G#oup 2 mice, one may
observe that they are similar to éhose of Group 1 mice.
The trends which occurred in Group 1 when considering
liquid consumption (ml/day/g body wgight) also occur in
Group 2 mice when observing the effect of diet on lidﬁid
consumption. Mice on the 64% protein diet had the highest
liquid consumption values followed by mice on 44% lipid

diet. Again control, sucrose and .ethanol fed mice

'displayed similar values for liquid consumption.

% e ' -~

Average Dally Energy Intake

The ayerage daily energy intake values shown in T;bles
7 and 8 were determined from the average daily food
consumption (g/day) by mgltiplying tho;e values by the
corresponding energy equivalents for 1 gram_of foodstuff
listed in Appendix I. In the case of the mice fed rat chow

and a 10% ethanol solution instead of water, the average
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’ Table 8
- Average Daily Energy Intake Values for Group 2 Mice. —
. ' Mean £ S.D. ’
| ’ A . \
‘ . . )
’ Average Daily ﬁnu‘g-y Intake (cal/day)
Diet 3 mo © - 6 mo. 10 mo o 12 mo
. 3 i .
. Rat Chow/H,0 30.83 + 3.62 3445 £ 2:70 . 32.07 % 3.99 26.04 #11.19 A
Rat Chow/10% Etoh 36.41 % 4.13  31.69 + 3.19  35.07 £3.19  39.07 & 3.14 -
64% Protein/H,0 20.75 = 3.79 25.35 % 2,26 24;22 £ 1.22 33.28 £ 0.86 -
68% Sucrose/H,0 2l7.89 £ 4,10 24.97 £ 1.36 23.62 + 2.04" 23.91 % 6.32
447 Lii}id/ﬂzo 28.03 £ 9.56° 33.97 £ 3.35 20.95&,3.56" ‘ 36.24 + 2.16
, X
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- daily energy intake value\was calculated from the combined

calories derived from soiid food and from‘the daily ' -
tonsﬁmption'of the 10% ethanol solutio?. N ' Cs
“éimultaneous coéparisons of the average daily energy
intake values of.Group 1 and Group 2 mice of all diets of
ages 3 months to 12 months were performed by 3- -way ANOVA
analysis. The analysis failed to show any significant
differences in daily caloric intake between Ggeup 1 and
Groﬁp 2 mice. That is to say, the $tage‘ofv§§€:lopment“at
which the mice were when first-starfed on the‘test diets

(early—developméntal vs. post-developmental) did ﬁot

greatly effect the average daily ene;gy intake. w;thin a
particular dietary group,*dailygﬁgergy‘intakes did not vary’

significantly between the eges f 3 months to 12 months. ~
Diet did have avsignifiéaot effect on«the daily energy
intakes of the mice (F =-ll.gé, p £ 0.01). A second®
apelysis performed on Groop } mice alone, to include the 1
month age group, confirmed the results of the first
statistical analysis in thatlonly diet had a siqnificant .
effect on altering dail§4energy inéakes (F = 8.44, p S
0.01). P - 4

Co ; . | ;o

In Group 1, the controls consistently had the

oighest average dailQ\EHeroy intake values. The energy
intake of mige fed ‘fat chow sooplemented by 10% ethanol
instead of drinking water did not show any significengb

s .
deviations from the control values, although, intake was

'
€

N,
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recuced in this group of mice. Daily energy intakes were
articularly affected by the 64% protein, 68% sucrose and

43% lipid diets. Mice on the 64% protein.diet showed —

.éduced energy intakes; at 12 months of-age the daily

~ energy intake was reduced by as much as 50.7% of the_

}

control value for the same age. Mice an the 68% sucrose .
diets had the lowest daily intake overall. § Energy intake
_reduction ranged from 31. 7% to 50. 5% !& the control values.
~ Energy intake ‘for the 44% lipid fed mice was particularly

. reduced at 10 ‘and 12 months of age.
’ ‘

' In Group 2, the average daily energy intake was
highest in the ethanol-supplemented group(\.rne overall
energy intake values for mice fed on 64% protein, 68% “

) sucrose and 44% lipid diets was reduced below controls but
nct to(ﬁheﬁsame extent first observed in Group 1 mice. It
appears that the average daily energy‘intake of mice in ‘
‘Group 2 was not as affected b§ diet as‘in Group 1 since no

. significanﬁ.deuiations'from control values were detected in
Group ? mice. “5 . ’

) ‘ )
Average, Nuclear Diameter 5
. Increased polyploidization of the liver is reflected
', N u. in the average nuclear diameten}pf a distribution of liver
* cell nuclei of varying sizes. An increase in the number of
o . polyploid nuclei within a sample of liver cell nuclei
| results in an increase in tne average nuclear diameter of’
« ¢ o
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- Table 10

Average nuclear diameter/300 nuclei measured for control and test diets at the
various ages studied for Group 2 mice. Mean % S.D. N = 3 mice for each

determination. - ,
v
-~ \ ‘ , °  Average Nuclear Diameter (um)
Diet 6 mo 10 mo 12 mo
Rat Chow/Hy0 8.75 + 0.13 8.89  0.14 8.94 & 0.43
Rat Chow/10% Etoh 7.41 £ 0.39™" 9.11 + 0.17 9.60 + 0.13"
642 Protein/Hy0 8.01 & 0.11*" 8.60 + 0.22 " 9.59 : 0.91"
68% Sucrose/H,0 7.92 + 0.12™" 7.99 + 0.16™" 9.15 ¢ 0.4l
44% Lipid/Hy0 8.09 £ 0.11™" 8.60 % 0.30 8.88 + 0.22
\

Significantly different from controls (p S 0.05).

o jSignificantly different from controls (p $ 0.01).

Vo7 oo e = # e

™
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the sample since it has been found that a two-fold increase
in polyploidy e.g. 2N to 4N, 15 qccompanied by an increase
in Auclear diameter of 1.26. In this part of the study,
éhe effect of age and diet on liver polyp;oidization was
evaiuated by comparing the average quclear diameter of a
sample of 900 liver cell nuclei for mice of a particular
diet and age. )

Tables 9 aqd 10 show the average nuclear diémeter
for 300 nuclei measured per mouse at each of the ages
studied fbr each dietary regime for Group 1 and Group 2
mice respectively. Statistical analysis cohsisted of a 3-
way anaiysis of variance (ANOVA) comparing the average

nuclear diameters of liver cells of mice in Groups 1 and 2,

for all diets at 6, 10 and 12 months simultaneously. The 3

&

* week and 3 month age groups were excluded from this

analysis because Group 2 mice had just been placed on” the
test diets at 3 months of age and diameter measurements .
were only started at 6 months of age in éroup 2 mice. To

compensate for this, a second analysis was performed, a 2-

way ANOVA, on Group 1 mice so that the 3 week and 3 month

age groups could be included in the analysis.’ When the

analysis showed that differences did exist between the

different treatments, a multiple comparison Dunnett's test

was performed to determine the'significance of the

departures from ceontrol values. ,

¢ .
Results from the 3-way ANOVA suggest that there were



no significant differences in average nuclear diameter
between miqe of Group 1 and Group 2 on the same diet, at
the same age. That is, the sEage of development that the
ﬁice had reached when initially exposed to the test diets
produced no statistically significant effect on the
progression of polyploidization of the liver 'cell nuclei.
Aget on the other hand, did have a highly significant (F -
18.31, p S 0.01) effect on the avefage ﬁuclear diameter of
both Group 1 and 2. Mice of all diets showed én'increase
in the average nuclear diameter with increasing age. From
thds, 1t can be said that with increasing age, there is an
increase in the polyploidization of liver cell nuclei as
reflected by an increase in average nuclear diameter.

"Even more intefesting is the finding that dié® also had a
highly significant effect on the average nucléar diameter
of liver cell nuclei (F = 3.33, p £ 0.01). To determine |
which of the diets causéd significant deviations in averagéc
nuclear diameter from control values, the Duénett's test'

was employed at each age studied within a particular

~dietary regime.

In Group 1 at 3 weeks and 3 months, ethanol-treated

. mice had averadge nuclear diameters above those of the

controls although the average nuclear diameter was only
significant than the control at 3 months. At 6 ménths,
there apbeared to be a "slowing down" of polyploidization

in the ethanol-treated animals since at 10 and 12 months of
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age, the average nuclear of these mice.were below those of
the controls for the same age. Mice on the 64% protein
'diet show- average nuclear diameters similar or higher than
those of the controls, being significantly higher at 3, 6
and 12 months of age. An increase in the average nuclear
- diameter above the control value suggests that mice on the
64% p}otein diet have more polyploid cellé or cells of
higher ploidy classes than the controls of the same age.
Mice on the 68% sucrose diet showed average nuclear
diameters similar to those of the controls ;f‘the sémé age

with one exception that being at 3 months of‘ége where
these mice had an average ;uclear diameter significantly
higher (p/$ 0.05) than the control. Mice on the 44% lipid
diet’also(agpear tq.ha;e average nuclear diameters similar
.t° the controls at the same ages. No clear trend absve or

below control values can be established within this dietari

L4

group. , | . ‘

In Group. 2 mice, controls show only a slight
inqrease in the average nuclear diameter between 6 and 12
mqnths-of age. ‘This may be interpreted as a "slowing down"
of polyploidization'of liver cell nuclei, a sort of
"stabilization orvplaﬁéau reached during adulthood. This
: phenomegon Qas also observed in Group i mice of .all diets
UeQCept 44% lipid where it was not yet evident. For the
ethanol-treated mice, the average nuclearldiameter did

increase with increasing age. The fairly large increase in

e e g
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nuclear diameter from 7.41 ym at 6 months to 9,11 pm at 10

months suggests a larée shiﬁE in the cell population to

more numerous polyploid cells with a possible shift towards -

£he higher ploidy classes. At 12 months of age, the
ethanol-treated mice had ah average nuclear diameter
fsiénificanﬁly higher (p £ 0.01) than the control. A
éiﬁilar pattern of increas; was found in the mice on the
64% protein diet. The average nuclear diameter started out
being significantly lowe:‘than‘ihe control value at 6
months, however, it exceeds the control value by 12 months
of age. In the 68% sucrose fed mice, the ave;gge nuclear
diameter remains significantly below the control values at
6 and 10 months with a rather large increase at 1;Qmonths,
comparable to the control. Mice on the 44% lipid diet
showed an average nuclear diameter similar to that of the
mice on the 64% protein fed mice at 6 10 months of age,
the average nuclear diameter of these mice sti}l remained

slightly but not significantly below the control value.

Distribution of Nuclei Among the Ploidy Classes

~Tables 11 and 12 show the distribution of nuclei in
ea;h ploidy class expressed as a percsntage of the 900
.nuclei measured for a particular age aqd diet for Group 1
and Group 2 mice réspectively. ,

. In experimental Group 1, one may obserYe that at 3

weeks of age less than 50% of the total number of nuclel
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Table 11

?eréehtqge of polyploid nuclei per ploidy class for control and test diets at
the various ages studied (Group 1).

N -
Ploidy Class
Diet Age 2N - 4N 8N 16N 32N
Rat Chow/H,0 3 wks 38.4 58.8 2.9 - -
. 3 mo 10.7 78.4 9.8 1.1 -
6 mo 2.8 52.7 35.9 8.2 0.4
10 mo 1.3 26.1 43.8 27.4 1.2 0.1
12 mo 1.0 24.8 41.9 29.2 2.8 0.3
Rat Chow/10% Etoch 3 wks 22.6 71.2 5.7 0.6 -
. 3 mo 7.6 47.0 33.3 11.6 0.6
6 mo 3.8 52,6 28.6 14.3 0.7
10 mo 2.0 46,2 35.9 15.2 0.7
12 mo 1.1 ° 37.3 43,7 16.9 0.9
64% Protein/H,0 3 wks 36.6 60.0 3.3 0.1 -
3 mo 4.7 49.9 36.2 9.2 -
6 mo 1.9 yi1.3 37.6 18.6 0.7
4 10 mo 1.1 35.3 36.2 424 .8 2.3 0.2
12 mo 0.8 18.6 38.9 34,7 6.4 0.7
68% Sucrose/Hzo ) 3 wks 52.0 41.6 5.8 0.7 -
; 3 mo 10.8 59.2 25.7 4,2 0.1
6 mo 4.0 43.3 . 46.8 5.6 0.3
10 mo 1.4 30:6 44,17 19.2 4.0 0.1
12 mo 0.9 27.9 40.3 25.7 5.0 0.1
443 Lipid/HZO 3 wks' 63.1 - 32,1 4.3 0.4 -
3 mo 5.9 56.2 30.4 7.3 0.1
6 mo 3.2 46.4 39.1 10.8 0.4
10 mo 1.8 40 .9 42,7 13.8 - 1.3
12 mo 0.9 27.0 44.0 26.0 2.1




Table 12

4
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Eercéntage of polyploid nuclei per ploidy class for control and test diets at

the various ages studied (Group 2).

Ploidy Class

Diet ' Age 2N 4N 8N 16N 32N 64N
Rat Chow/H,0 6 mo 3.2 62.1 29.8 5.4 - -
10 mo 2.0 61.2 30.6 6.1 0.1 -

12 mo 1.4 61.0 31.0 6.2 0.3 -

Rat Chow/10%Z Etoh 6 mo 20.4 15.7 3.6 0.3 - -
e 10 mo 2.8 49.7 37.2 ¢ 9.3 0.9 0.1

12 mo 1.8 45.2 41.7 - 10.2 1.0 0.1

-

647 Protein/HZO 6 mo 12.0 70.9 . 15.6 1.6 - -
10 mo 5.8 63.2 25.1 5.8 0.1 -
12 mo 1.1 50.1 31.2 14.2 2.9 0.4

68% Sucrose/H,0 6 mo 8.2 . 79.7 11.6 0.6 - -
10 mo 5.7 80.0 10.8 - 4.0 - -

12 mo 4.4 #53.6 30.0 11.6 0.4 -

44% Lipid/Hzo‘ 6 mo 9.6 73.4 13.9 3.1 - -
10 mo 4.6 69.9 21.1 L.ob - -

12 mo 2. I\ 60.9 29.3 7.6 0.1 -
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observedlwere diploid‘(zN) in mice fed the control dief of
rat chow/H,0 or test diets of rat chow/10% ethanol ané 64%
protein/H,0. 1In these/dietary groups, the majority of '
nuclei fell in the tetraploid (4N) ploidy‘class. In mice
fed the 44% lipid and 68% éucrose diets, over 50% of the
nuclei observed were still 2N with the 4N ploidy class weil‘

established. It may be of interest to note that the mice
of all the test diets show the ébpearance of nuclei in the-

16N ploidy cléss,while no such nuclei were observed in the %:’J

control group at this age. ) / T e,

At 3 months of age, the percentage of diploid liver
cell nuclel observed for mice of all diets decreased

drématically. The ‘largest decrease in the percentage of

diploid nuclei occurred'in the m%ce fed 44% lipid diet
.followed in decreasing order by mice on 64% protein, 68%
sucrose, control and rat chow/10% anol diets. This
decrease in the percentage of 41ploid nuclei.was, as
expected, accompanied by an increase in polyploid nuclei.
At 3 months of age, 78.4% of the nuclei observed in the
controls were 4N and 10.9% of the nuclei were in plgidy
| &lasses abovegthe 4N level. For mice on the test diets, M\
the majority of the nuclei were also 4N but unlike the . :
controls, they also had 3 to 4 times as many nuclei in
ploidy classes above the’4ﬁ leQel.

At 6 months of age, the percentage of diploid nuclei

. I
for mice of all dietary groups were reduced from previous

¢
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levels. With the exception of 68% sucrose fed mice, the
majority of the nuclel observed for the controls and
remaining test diets were still 4N although reduced from
fhe levels seen at 3 months. Also at this age, the 8N
ploidy class had become well established and comprised ove?)
30% of the sample for mice of all dietary groups. When
observing the distribution of nuclel among the upper ploidy
classes above the 8N level, the controls had over 8.6% of
their nuclei distributed\amongdthe 16N and 32N.ploidy
classes while mice of all the test dietary groups showed
values above this level. Mice on the 64% protein diet had
twice as many nuclei in the 16N and 32N classes than the
controls of the same age.

At 10 months of age, the liver cell sample was
primarily made up of 4N, 8N and 16N ploidy ciasses in the
Lontrols with the majority of nuclei in the 8N class and
almost equal numbers of 4N and 16N nuclei. In the test
groups, one may observe that the bulk .of’ the nuclei also
fall into these three plo?dy classes, however fewer nuclei
were found in the 16N class with the exception of 64%
protein fed mice. The’64% protein-fed mice had a similaf
level of 16 N nuclei as controls but also had twice as many
nuclei in the 32N and 64N ploidy classes.

At 12 months of age less than 2% of the nuclei
observed for mice of all diets were diploid Over 90% of

the liver cell nuclei meaquLd fell into the 4N, 8N and. 16N
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‘ploidy classes. While the distribution of liver cell
nuclei of mice fed control, 68% sucrose and 44% lipid
diets approached a normal distribution such was not the
case with mice fed 64% protein or rat chow/10% ethanol
diets. The disttibution of nuclei of the mice fed the rat
chow/10% ethanol was skewed with most of the nuclei in the %
4N and 8N classes and only 17.8% of the huclei fell ihto ’ |
the 16N, 32N and 64N classes. Quite the opposite situation
* was found in the group fed the high protein diet. 1In this

group, the distribution of liver cell nuclei was skewdt

h most of the nuclei in the 8N and 16N ploidy classes
( d 41.8% of the nuclei were distributed among the 16N, 32N

and 64N ploidy classes which was 1.3 times higher ‘than the
controls.

In the experimental Group 2, where mice were started
on the test diets as adults of 3 months, one may observe
that at 6 months of age the majority of nuclei were 4N but
at higher percentages than those seen in the Group 1 mice.
Also, one may note that the percentage cf nuclei in ploidy
classes 8N and over is reduced in .all the test groups as
compared to the values seen in Group 1 for this age. At 6
months, it was the control group that had the most
polyploid nuclei as gell as having a higher percentage of
nuclei in the higher ploidy clasees. At 10 months, the
majority of the nuclei (err 50%) for mice of all dietary

groups were 4N, -however, there was an increase in the
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percentage of 8N nuclei from values seen at 6 months. If
one recalls, for.Group 1 mice the majority of the nuclei
were BN at 10 months of age with higher percentages of
nuclé! in the 16N and 32N classes.

At’ 12 months the distribution cf nuclei in, the &
ccpt;ols of Group 2 was skewed inéicating tﬁ?fxiver 60% of
the nuclei remained in- the lower ploicy classes of 2N and
4N unlike the controls of the same age in Group 1 where

»

only 25.8% of the:nuclei were in the 2N and 4N classes.
Also, the amopnt of‘npclei seen in thé raN‘ 32N and 64N
classes is greatly reduced from tﬁat,seen in Group 1
controls. Both of these control grodps were treated in L
the exact manper, thus,~the differences observed here
between the'controls of Grcup X and 2, are possibly due to
gehetic'variationsﬁamong the indivicual mice. When

( .
comparing the effect of the different test diets on _

polyploidization in Group 2 mice, it may be seen that moste

of the nuclei remained in the lower ploidy- classes and

that mice on the high protein diet had the greatest
percentage of cells in the upper ploidy classes of 16N 32N
and 64N. . T . .

In summary, the mice on the 64% protein diet‘showed a
. / ,

premature shift to higher ploidies when compared’to'

controls of the same age. The-shift towards "higher ploidy -

) - “
values appears to lag in Group. 2 mice although previous
statistical analysls'of average nuclear diameter as a

€
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°
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N\
’ representative of increased polyploidization showed no
stat iStically significant differences in the

L d

' polyploidiaation between the two experimental groups.

,
i T £
[

-

: '4"‘I Polyploidization _Index o o
' ~ The polyploidization inde the percentage of

polyploid nuclei divided by the percentage of diploid

"N g ,nuclei, It is used as a way of quantitatively evaluating ”

&

-the pnogressfon oﬁ-polyploidization throughout the ¥
T experifental. period as a continuum. The level of
. polygloidy of liver cell nuolei is expressed in terms of

gpolyplohdization index (P. I%) (Tables 13 and 14). An

G-

| increase in the numbep/of pblyploid cells is reflected:by oy

© an increase in.the polypleidization index. o
Table 13 shows the polyploidization indices of Gtoup 1>

| mife for all diets One may observe that ‘mice on all diets

. L demonstrate an increase‘i.?the polyploidization index with

." increaSing age At the early age of 3‘Weeks animals on

d §
A the ﬁat chow/lO% ethanol diet showed a P.I. above the

} I 3

P control as well as the/other diets This trend, . however, ‘ _

! ,wés not maintained as the an*pals\aged in that by 6, md\ths -‘1

. of . age these mice had-a P:.I. below‘that of tub controls

"is may ‘be an indication of a "slowing down" or . . o
stabilization of polyploidy, in the liver cell population
during adulthood in these ethanol-treated mice

- Mice fed the 64% protein diet had a P. I similar to

)
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_Table 13

. _ ®
Polyploidization Index for Group | mice. N = 3 for each determination.

' Y -,

S a

’ LT -% polyploid nuclei
Polyploidization Index - .
; e . %Z diploid nuclei

Diet : 3 wks' 3 mo 6§ mo \o ° 12 mo
VR ‘ .

] i

C T o

Rat Chow/H,0 1.61 . 8.34 34.71 75.85 99.00
o ’, .

Rat Chow/1Q% Etgh 3.43 12.17 25.34, - 49.00.  89.90
64»1‘tProtein/H20 ' 1.74 - 20.28  51.68  89.82  124.13 ..
] ‘ .

683 Sucrose/Hy0. " 0.93 8.26  24.00~  70.43  110.1l

44 Lipid/H,0 | 0.58 ©15.92 30.22 - 54 .56 110.11
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Figure 9 f‘Polyplbidizgtién index of Group 1 mice on

control (rat chow]H20)|and test diets at the e
various ages studied. (N = 3) ' .
' Cont = control, ratxcth/ﬁate:

= -12.927 + 8.949 Age, R = 0.990

‘ ’ Etoh. = rat chow/10% ethanol . S
? ‘ : ; ‘
= -8.647 * 7.026 Age, R = 0.949 . N
; Prot = 643‘protein/water S /
= -9,826 + 10.613 Age, R = 0.995°
R | 4 Sucr = 68% sucrose/water ) o .
J . o .o . L .
' = " =17.751 + 9.527 Age, R = 0.937
Lip = 44% lipid/water .
_ = -12.167 + 8.574 Age, R = 0.939 ‘
N | o
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the controls at 3 weeks of age. However, there appeared o
be a rapid accumulation of polyploid nuclei after this time
so that by 3 months of age, the P.I. of mice on the 64%
protein diet was more than double that of the control for the
same age. The P.I. of these mice remained well above those
of the controls‘through to 12 months of age. For mice on the
68% sucrose diet, at 3 weeks the P.I. is below control level
and only at 12 months of age did the P.I. of these animals
exceed that of rhe control. Mice on the 44% lipid diet had
" the lowest P.I. at %iweeks of age. It was onl§ a third of

the value for the controls of the same age. After 3 weeks of

age, there was a sharp increase.in polyploid nuclei up to 3

months. After 3 months of age, the P.I. contihued to

increase at a slower rate to 10 months of age, subsequently

followed by another "surge" of polyploidization to 12 monthe

of age- | )

: o
In Figure 9, polyploidization index (P.I.) was plotted
' against the animal's age in months. By calcﬁlating a
‘ regression line, the relationships showa in Figure 9\were ‘

obtained. Correlation analysis revealed a positive

correlation between age and polyploidization index as

indicated by the correlation coefficient R, for each of the

diets. As the mice aged, difference@ irr the rate of T

‘ polyploidi%ation in the mice'of the different dietary groups
were noticed and reflected by the differences in the slopes-/

of the lines in Figure 9. One may observe that~the slopes of

: \

()




'polyploidization of the liver cell nuclei. Despite.the |

78
the lines representing polyploidization of the hepatocytes of
mice on the 68% sucrose and 44% lipid diets are similar to
that “of the‘contrel during,the experimental period while the.
rare ef polyploidization appeared to be increased above the.
controis in those mice fed the 64% protein diet. Theﬂfgie of

polyploidization in mice treated with 10% ethanol $ell below

~ that of the control,. especially after 6 months of age.

,Table 14 shows the polyploidization indices for Group 2
mice. As with Group 1 mice, the polyploidization index

'increased with age for all diets. However, the

polyploidization indices seen here were below those values

;een for Group 1 mice for the same age. Two p;ssibla

explanations may account for these results. The first Eeuld
beqtﬁat polyploidization occurs at a slower-rate.in adult ¢
mice, which were exposed to the special diets only as

adults. Alternatively,.it is possible that the time spent !

on the diets ératper than the stage of development that the = °

~ mice had reached when first started on these diets) was the

factor which determined, the levels and degree of

‘"lag“ in polyploidization in the Group 2~m1ce some of the

same trends may be observed in these mice that were seen in

Greup 1 mice. Firstly, polyploidization does'increase with

‘ advancing age for mice of all dietary regimes. Also it was

"the mice. on the 64% protein which ultimately achieved _ —

]
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Table 14

.

Polyploidization Index for Group 2 mice. N = 3 for each determination.

~

&
i polyploid nuglei
Polyploidization Index

‘ i : X diploid nuclei |
Diet .6mo | 10 mo j 12 mo

‘ Rat C}vlow/HZO 30.22, 48.95 '70.36
Rat Chow/10% Etoh " 3.90 3471 54.56
64% Protein/H,0 7.3 16.24 89.82
68% Sucrose/Hy0 11.21 16.54 21.73 .
44% Lipid/HyO 942 2074 46.624

13
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‘ S | Ca | -
Polyploidizatibn Index of'GLoqp 2 mice on 0
control (rat chow/H50) and test diets at the \ ‘
various ages stdaied. (N = 3) | ‘ e
Cont = ’éontrol: rat chow/water -

- . ~9.920 + 6.403 Age, R = 0.974 ' ﬂ
Etoh = rat chow/10% ethanol ' ‘
= -46.760 842 8.338 Age, R = 0.999 -
‘ Prot = ﬁg% protein/water . . . .
= 7275.140 + 12101 Age, R = 0.812 ‘ ,
Sucr = §s§ sucrose/water . \
.= -1.120 +'1.882 Age, R = 0.988 o 3
Lip = .44%lipid/water |
e 27078 4 5.719 Age, R = 0.916 * ;
g
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the moé£ polyp}oid nuclei for a given sample ofiliver éells
exceedingxthat of thé’éontrols by 12.months of age. It is
noteworthy that this "oversﬁoot" éxperiencgd by the mice
.én the high protein diet only occurs late quing thé
experimental perioq, between 10 and 12 months, possibly
indicating that it took longer~for these micelto adapt to
t@e dietary protein.excess through increased
polyploidization above control levels.

Figure 10 illustrates the P.I. plotted against age~for
Group 2 mice. Increased polyploidization with increased
age may be oﬂggg;gd for all dietary groups. The lines
repreéenting the pquploidization,of liver of mice on the
higﬁ protein, and ethanol-treated animals ha;e steeper
slopes than that of £he control diet. This indicates that
the hepatocytes of these mice were becomiﬁg poiyploid at‘a
faster rate than those of the controls after first being
exposed to the épecial diets dt 3 hohths of ége. Based on
the’values presented in.Table 14, the polyploidization. -
index of the controlg was higher than the other diets
" during the experimental period. However, 1f one
extragolates, on the basis of the slope of the regressién
lines, it would appear in time, that'the polyploidization
of the liver of mice on the 64% protein, 44% lipid and
ethanol-supplemented dietary Qioqps wguldnsutpass that pf
the control. This alréédy appeared to be the case for mice

on the 64% protein diet at 12 months of age. Mice on the

-
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68% sucrose diet had the lowest slope of all the diets

~ showing that polyploidy increased at a slower rate than in

the controls. _
' o ¥
7

. DISCUSSION

Body and Liver Growth ‘ : ' ,

© oy
The results indicate that the growth rate of mice,

. measured as gain in body weight, can be significantly

affected by the stage of development at which the mice are
first exposed to the,supplemented diets used in this study.
The adult body weight: eventually attaih?d,by the mice was
particularly affected by dietary manipulations during the
period of;rapid growth and development. |

The Netional Research Council's report™en the
nutrition of the lahoratory mouse soggests that a aiet
consisting of 20-25% protein, 45-55% éarbohydrate and 10-
15% fats together with the suggested compliment of vitamins
and hinerals is’ sufficient for the general growth and
maintehance of mice under laboratory conditions (Simmons
ahd Brick 1976) Commercial diets, such as the one used
for ‘the controls in this study, are in compliance with the
standards outlined in the NRC's report. The mice raised
on this diet -achieved the maximal growth.rate obserwed in
this study. ' In Group 1, it was the mice on the control
dieét which achieved the highest body weights whereas the

.»
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miqe on the supplemented diets all had body weights below
the controlg'beginning as early as 1 week of age.' An
earlier short-term study by Muramatsu and Ashida (1962)
Qhowed that body growth was proportional to the protein
content of the diet in growing rats. When weaﬁling rats
wefé placed on dieté varying in the amount ofhprotein from
0-60% for 15 days, their weight gain was proportional to
the dietary protein content up to 25% protein after which
no further increase in weight was noted. The 60% pfotein‘
diet preoduced a lower weight gain: Similar results Qere
attéined with the mice on the 64%#protein diet in this
experiment which showed the lowés; growth rate of any
dietary group.

In Group 2, all mice were weaned on the éommercial
diét and iny switched to the sg;ﬁlemented diets once
maturity was reached. Becau§§ilhey had passed throggh the
period of rapid growth on a nutritionall& balanced diet,
they had similar body weights at 3 months. There was
little difference ih Body weights between the dietary
groups thereafter. The divergence of the growth curves
from 10 to 12 months of age may be the result of an age-
dependent loss ih their ability to cope with the diet?ry
excesses imposed on them at these'later ages (Ross, 1976).

Unlike body weight, %}ver weight d?es not appear to be
signifiéantly affected by the stage of. development at which

the mice were first placed on the supplemented %gst diets.
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Age only had an effect on liver weight while the liver was
still growing. After maturitz/jaé reached, the liver
weight remained fairlyéFoﬁstant within a dietafy group
fegardless of the age of the animals. Diet was the only
factor tested which continued to affect liver wéight into |
adulthood. The effect of dietary excess.on gréwingomicé
was most noticeable in micé of Group 1 at 3 weeks. Mice on
all of the supplgménfeﬁ Fest diets had liver weights
significantly below the controls. After maturity had been
reached at 3 months, only the mice on tﬁe high lipid diet
continued,to shqy liver weights below control values.

Farid and associates (1978) reported that an increase iﬁ»
dietary fat from 0 to 20% resulted in a decrease in iiver
weight in’rats fed‘diets varying in fat content for a )“
period of 12 days. When considering liver/pody weight .
ratios of the Group 1 mice, only mice on the high protein
diet had consistently higher ratios than the controls for
g‘l ages studied: Muramatsu and Ashida (1962)'have
reported that liver wgight as well as body weight of young
rats 1is directly proportioﬁal to the protein content of the
diet. When rats were fed diets ranging in protein conteﬁ?
from 0 to 25%, the highest liver weights were attained by °
the rats fed the 60% protein diet. §

' In Group 2, liver growth had taken place primarily on
the nutritionally balanced commerciai diet. The switch to
the supplemented test diets only took place after most of

\,\5 N . ‘
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maturity. The influence of diet was\most pronéunc@d in

" growth is caused by polyploidizing mitoses. By the »

were these values significantly altered&gg the mice aged >4

body weight of the animal, the results showed that the .

T
SEEERE
. ,
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the liver's growth was cemplgted. Thus, neither liver.|
T

weight nor the liver/body weight ratio Were»radi;?lly
affected by switching the mice to the supplemented diets at

‘ Grogup 1 mice especially at the early age of 3 weeks® when

‘the liver was still actively ‘growing.
It has been suggested that increase in liver weight o
during its growtﬂ phase is due primarily to cell

proliferation via normal mitoses whereas post- natal liver

re@pction of normal mitoses, there\is a decrease in the N
risk of accumulating deleterious changes in the genome v
resulting from abedrant mitoses in a celr population that
rarely divides (Brodsky and' Uryvaeva, 191]) This “
hypothesis will be examined in a later section dealing with
liver polyploidization ' - T .
The body weight differences seen in Grodp 1 mice rfay
be attributed to differences in fooé coﬁshmptién of the

*“mice of the différent dietary groups The results showed

that there were no significant differences in the daily
food intake (g/day) between Group 1 and Group 2 mice nor .
| R

However, if [food consumption is-viewed in relation to the

nutritional demands of the young mice of 1 month cf age. -

were 2 to 3 times higher than the adults on the same diet ;\5\§;~\4
-‘f *

. . - . ‘
. \ '
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to growth rather than maintenance alone
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owing to the grekter eneragy, requirements of these mice due

~
t

¥ | 2 1 -

Whetherconsjdering food consumption iqzterms’of_daily S

-intake (g/day) or in relation to body weight (g/day/g body

weight), diet significantly alter:E food consumption
patterns: Food consumption values among the different

dietary groups show similar trends for{Groups,l and 2. 1In
) ' @

\

both groups of mice, eontrols had the highest food .

. consumption values. The amount of food consumed'daily by

- normal mice onhaﬁcommercial stock diet is 3-5 g (Simmons - =~ -

and Brichb 1970), thus, tHe controls in thig experiment'ate
slightly in excess of this amount. Mice en the .chow/10%
ethanol diet cohsumed :less than the controls in Groupil
but\\e(e comparable to controls in Gtoup 2(\ In Group 1,

the mice on the 64% protein diet had daily food intake

values well below the controls for all ages studied, but in

relation to body weight, at 1 month of age food consumption . . -
as above that of the control and when ‘maturity was reached,

only slightly below controls. Food consumption of, Group 2

‘mice on 61% protein diet was also reguced from control

levels but> not as dramatically as seen in Group 1.

S

protein diet was reduced for both Groups 1 and 2, the I

Althoughhthefemouht of food consumed by the mice on the 64%

excess of protein and the necessity to eliminate the
excess urea, the toxic end product of protein metabolism,

had a profound‘effect on the amount of liquid consumed by
v © ' ®

4
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these mibe (Dobgheft;, 1978) In both Groups 1 and 2, mice‘
on the 64% protein diet had the highest liquid consumption

values The daily water consumption of normal mice fed a
J

-commercial stock diet is 4. 2-6.9 ml/day (Brick and Simmons,

1970).' Food consumption for mice on either a 68% sucrose

or 44% lipid diet was reduced below control values in Grbué

1" and Group 2. )
The differences in body .weights observed between the

‘mice of the different dietarykgroups may also be due ‘to

differences in daily'energy intake rather than solely: food
intake. From Appendix I, it may be seen that while tﬁe’
calori¢ content of the diets were similar, they were not
identical, thus, the dai;y caloric intake varied for eaoh
dietary group. In Group 1, it was #he contrels which had
the ‘highest daiiy caloric intake followed secondly by the

‘mice'fed a rat chow diet sdbplemented‘with a 10% ethanol "

drinking solution. In Group 2, the situation was

reversed. It is interesting to note that it was the
controls‘that attained.the highest mean body weight in both
Groups 1 and 2. Despite having consumed less solid food

than the controls, one might expeot that the extras calories

- e

provided by the ethanol wouléucompensate in the ethanol
supplemented group, however, the caiories'provided by
ethanol may not be fully utiiized by the body

Ethanol is metabolized prlmarily in the liver by two

pathways In the hepatocyte cytosol, ethanol is’
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metabolized‘by the aldehydehydrogenase (ADH) pathway :Lere;~
ethanol 1s oxidized to produce NADH which is subsequently '
oxidized the ‘electron transport chain of the mitochondria
to produce ATé Approximately 50% Ff the‘ethanol is also
oxidized by the microsomal ethanol oxddizing system (MEOS)
of the smooth endoplasmic reticulum without yielding any
high ehergy compounds. The chemical energy lost is .
'believed to be dissipated as heat and, if not required for

_ thermoregulation, is wasted. Iniconjunction, it has_been
found that’ethanol increased the body's energy requirementg

»(Sandler; 1980j, thus, 1if focd intake is inadequate or
reduced beiow what is considered normal, a decrease in bcdy
weight may result. Thie may explain/why the bédy weights.
of the ethanol supplemented,mice were below thelcontrois

S“Ldecspite having an excese of calories provided by ethancl:
of cdurse,'other factors such as physical activity, not
neasured in this experiment, has an important effect on
body weight. f

Energy intake was reduced for mice of the remaining 3
teet diets in both Groups 1 and 2, with the lowest intakes
having occurred in the 68% sucrose—fed group "It 1is “
interesting to note that the reductions in food and energy
intake were self-imposed by mice fed diets having an energy__ﬁ
content\grea;ér than the control diet (i.e. 64% protein,

. 68% sucrose, 44% lipid diets) and could possibiy reflect an

. & - internal sensitivity to the richness of the'diets. This

AN >
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self-imposed dierary'resrgicéion diminished the |
availaéiiity of energi-required for maximum growrh dnring
the period of rapid growth and development spanning the,

—period shortly after birth up to 3 months of age The
‘inhibitory effect of reduced energy intake on RNA synthesis-®

and protein synthesis resulting in decreased mitotic
activity (Distefano et al., 1959) may be the reason why
animals in Group 1 fed diets.of 64% protein, gé% sucrose or
44% lipid-during the rapid growth phase never attained body
weights comparable to controls. Animals fed their diets

" only after maturity was reached (Group 2) were not as

eyt

greatly affected.by reductfons in energy’ intake.

Liver Polyploidization: Effect of Age and Diet

Among the age-associated changes which take place in

'hepatocytes, the most notable and most constant changes

occur in the nuclei. It has been well documented that

"liver cell polyploidization increases with age (Alfert and '

| Geshwind 1958; Brodsky and Uryvaeva, 1977 Enesco and

Samborsky, f(83 Shima and Sugahara, 1976; Swartz, 1956)

Comprehensive studies on liver polyploidization have been
condn;ted in rodents and in man, uéing"both whole liver, \\
seetions as well as isolated hepatocytes (Bohm and

Noltemeyer, 1981; Engelmann, et al., 1981; Steele et al.,

'i9§1). In rodents, hepatocyte polyploiaization commences

in ﬁhe early postnatal period around 3 to 5 weeks of age
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(Evaqs,'1976;_shima and Sughara, 1976). In humans, a
‘ definite,tetraploia,cell»population\is 2stablished by ¥1 to
14 years of age (Swartz, 195é). . _
’ It is ge"neral'ly ac,cepteé\ that "polyploid cells arise
from the fusion of the twp,nﬁ;lei of binuclear iZVer cells
which originate from mononucleate cells which have
undergone acytokinetic mitos¥s (Himes et al., 1957; James,
19777_Nédal and Zajdela, 1966; Wifson and Leduc, 1948).
Binucleate cells, although polyploid’themselves i@ terms of
total chromosome number, act as cellular intermediateé in
the progression of polyploidizapion of mdhonhcleate liYer
célls‘(James, 1977). Nﬁclear“fusign in b;nuélear cells has
been éound to occur during promqtaphaée resulting.in’a
single metaphase plate. Cells in late metaphase ére found
exclusively with a single‘ghromosomal ﬁass which have 'been
identified cytophotometrically as having multiple‘sets of
chromosomes (James, 1977). After nuclear fusion, if the
cytoplasm divideé, two mononﬁclgate cells of the next
"higher order of ploiay result. If nuclear fusion does not
' '~ take placea a binucleate cell of the next higher order of
?loidy remains. Regardlesslof cytopiasmic division, a
polyploi§ cell of the next magnitude of ploidy results
'(Wilson and Leduc, 1948). Thus, the matufe liver of man,
‘rodents and a few other vertebrate species 1is a mixed

population of mononucleate and binucleate cells of varying -

f L [
‘degrees of polyploidy (Brodsky and Uryvaeva, 13977;
. [
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Uryvaeva, 1981). - The present study, however, was ‘
vrestricted to the‘monoﬁucleate cell population.

Common indices of polypioidy have been measurements of
the mean DNA content of hepatocytes by biochemical (Gaub,
et gl.; 1981) and cytophotometric methods (Bohm and
ﬁol%eme§er, 198la,b; Distefano et al., 1959;.Enésco, 1967;
Epstein, "1967; Falzoné;'gg al., 1959; shima and Sugahara,/\i>
1976). These measﬁ;ements have showﬁ t?e«adult er ™
~nuclei of rodents and man contain different amounts of DNA
related té each qther,By a ratio of approximately 1:2:4
(Collins, 1978; Epstein, 1967; Shima and Sugahara, 1976;
Stéele et al., 1981; swartz, 1956). Nuclear size has also
been used‘as aﬁ index of polyploidy by several
investigators-wgrking with hepatic tissue (Andrew et al,.
1943; Carriere et al,. 1962; Enesco et al., 1983; Epsﬁe}n,
1967; Falzone et al., 1959; Helweg-Larsen, 1952; '
Hildebrand, 1980; Medda et al., 1984; Swartz, 1956; Tauchi
énq Sato, 1962). They have found that a doubliné of DNA
content is éccompa;ied By an almost equal incréase in

nuclear volume.andlan increase in nuclea: diamgter by a E

factor of 1.26 (Epstein, 196Y). Andrew and his coworkers

(1943) showed an age-depén increase in the average

nuclear diameter of mouse hepatocytes during senescence.
Thus, the dverage nuclear diameter of a sample of
hepatocytes may be used_to-estimate changes in polyploidy

" within the liver with age, where an increase in average-

{e
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’.nuclea;/;I;Leter may be regarded as a shift towards

'mice than rats (Carri

inéreased polyploidy in the liver. .
The results of this study are consistent with the
fipdings cited previously in that polyploidization

(expressed here as an increase in ave age nuclear diameter

and polyploidization index) increas é with age in mice of ‘

‘all dietary regimes tested. The ogcurrence of nuclei with

very high ploidies (16N, 32N, 64N) increased with the age
of the mice. Such high ploidi;s are rarely observed in
rats and humans. Evidence from past studies indicates that
lg*fr polyploidiéétipn commences in rodents around the

time of weaning (21 days) (Epstein, 1967; Evans, 1976; \
Doljanski, 1960; Shima and $ugahara, 1976; Wheatly, 1972).
In this study, a substantial polyploid population alreaay
had been é;téblished by the 3 week old mice in Group 1. It

is known that liver polyploidization is more extensive in

\ e, 1969) and that thé/degree of
polyploidy occurring/in mice v&ries with moﬁse sﬁrgin
(Steele et al., 1981). From the results presented in this .
study,‘polyploidi ation of the liver in swiss albino mice ’
begins prior to the estimated age of 3 weeks, regardiéss of
diet. o | ,' - )

There is eéson to believe that the polyploidization
of\iiver ceJﬁs is dependent on the presence of growth

/%ien gr%yth hormone is absent, as in mice with

hormone.

anterior /pituitary hypoplasia (Helweg-Larsen, 1952), liver
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‘polyploidization fails to develop. Also, after

—

'

'hypophysectomy, further polyploidization is arrested (Bass,

- and bunn, 1957; DiStefafto et al., 1955, 1959; Nadal and

- Zajdela, 1966; Wheatley, 1972). It was aiso discovered
that growth hormdae treatment, in either case, restores .
liver polyploidy to normal'age-dependent levels. It .does
appear, however, that the effect of growth hormone on the
development of liver polyploidy is mediated by dietary -
factors (Doljanski, 1960; DiStefano et 3;., 1959; Enesco
and Samborsky, 1983). ’

Prior to 3 weeks of age, the nutritional demégds of
the young mice are dependent Upon the maternal milk supply:
Thus, the effect of diet on liver polyploidization in pre-
.weanling mice is the direct.result of the eompoeition and
availability of the maternal milk supply. The composition -
of mouse milk, based on average values, is as -follows: =
'69.5% of the calories ‘are derived from fat; 24.6% are
derived from protein and; 5.9% are derived from
carbohydratee (Cox and Mueller, 1937). Studies of the
éffect'qf maternal diet on the composition of milk in mice

/ . and rats show that manipulations in the preportions,of

macronutrients in the maternal diet does not siénificantly

alter the amounts of these substaﬁbes in the milk produced-

by these animals (Williamson et al., 1984; Grigor'ét al.,
. \

1987; Roberts and Coward, 1985). Lactatipg female rats fed
N

diets with ad excess of protein (Mueller and Cox, 1946;




wWilliamson et al, 1984), lipid—{Farid et al., 1978 Grigor
and Warren, 1980) or carbohydrate (Carrick and Kuhn 1978)
didyfot significantly ayter the tétal amounts of these
hacronutrients in the milk. However, dietary

supplementation was, found to increase milk y&eld\(Mueller

and Cox, 1946; Roberts and Coward, 1985; Williamson et g;:,
1984). Et‘rnb% feeding in Tactating animels.and humans was .
found to affect the availability of nutrients to the
"offspring due to its‘inhibitory effect on the release of -
oxytocin (Fuchs et al., 1967; Fuchs and Fuchs, 1969). This
hormone is released by the ﬁeuroﬁypophysis and is l’(.
responsible for the milk let-down response ellicited,by the
sucking etiﬁulus upon the nipple (Guyton, 1981). Thué,,the
availability of;milk to the pups whose mothers drank 10%
‘ethanol in Gre;b 1 of this experiment, may have been |
reduced At 3 weeks of age, Group 1 mice on differing

dietary regimes displayed slight differences in the .
distribution of polyploid nuclei among the various ploidy
classes. Whiie 4N nucleixbredominated in the mice fed the:
control, ethanolﬂluPplemented or 64% protein diets, in mice
fed the 68% sucrose or 44% lipid diets, the 2N ploidy class,
remained predominant. Whether the slight differences in
ploidy distribution observed were a response to the small

but insignificanr differencee that occur'in milk

composition with changes: in maternal diet or rather a

response to changes in milk yield is unclear since neither
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accompanies it (Bohm and Noltemeyer, 1981; Epstein, 1967;
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of ﬁhese parameters were measured. These variations in
distribution of polyploid nuclpi however were not of
sufficient magnitude to manifest themselves as a - |
signifidant deviation in average nuclear diameter from
controls at 3 weeks of age. -
Brodsky and Uryvaeva (1977) have shown that the
sharpest change, in liver parenchyma composition occurs in
baby agg young rats during the period of rapid growth
encompassing the time of weaning until the attainment of

adult body weight at about 3 to 4 months of age. 1In this
study, the“largest decrease in the amount of diploid celis

and largest increase in -.average nuclear diameter was also

observed between the ages of 3 weeks and 3 months for‘all

dietary groups in.GrouQ 1. Around 3 weeks of age, the .
>

mitotic index in the liver falls to almost zero (Doljanski,

1969; Epstein, 1967) and liver growth by cellular

multiplication almost comes to'aLhalt (Bfasch, 1982). - From’

this point on, it is believed that liver growtﬁaoccurs at a
. slower rate by cell polyploidization (Brodsky and Uryvaeva,

1977; Doljanski, 1960) “and the increase in cell size which

*

'Tongiani and Puccinelli, 1 50; vVan Bezooijen, 1972-73).

Because this drastic increase in polygloidization is

concurrent with an increased rate of body growth, Naora and
Naora (1964) proposed that the large increase in

polyploidization at this period of development 1s a means

-
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b§ which an essentially non—dividiﬁg tissue is able to meet
the fund%ional demands placed‘upoh the ltiver by the
1ncr;ased number of cells pro}iféraﬁi&b:in the body.' Thus,
és the number of cells increaseé in the body, so does the
polyﬁloidy in the liver./ This claim was substantiated by
showtng that when one idéreaéed the number of ceils‘ .
broliferating in a young'mgﬁse by means of transplanting
sarcoma tissue subcutaneou%ly, the &mount of DNA in the
liver cells increased at a faster rate ind these mice than
in the tdhtrols. Relating Naora's theory to fhe present
study, one ;Bﬁiq_gxpgcf"fﬁ/;bserve the highest degree of
poiyploidization in theglargeét, and therefore, heaviést
animals. In Group 1,.the qpntrcls‘wgre the heaviest
animals at all times. However, polyplqidization was -
@ighest in mice on the 64% protein dieE/gs shown by an
average-nuclear diameter which was significantly higher
than t:;scontrols dur%ng the period of 3 to 12 months of
age. although they had the lowest mead body weight éuring '
this period. The mice on the 64%‘protein diet also had the
h;ghest percentage of niclei in;the 16N, 32N and 64N ploidy

classes which usually only accompany senescence (Shima and

Sugahéra, 1976). The mice fed the 64% proteih’diet also

" had reduced food energy intakes when compared to controls

indicating that thé content of the food, especially dieéary

- protein, rather than the amount of food or energy consumed

had a significant role in the development of liver

-
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polyploidy in these mice. Rats show a stabilization of. '
— polyploidization With‘stabilization of body weight (Brodsky
and Uryvaeva, 1977; Naora, 1957). In contrast
polyploidization in mice continues throughout the lifespan.
: - "The acéumulation of cells with high degrees of ploidy -

occurs in the later stages of life when both body and liver

weight are on the decline (Bourne, 1961; Medvedev and
Medvedeva, 1985). In'Group 2, body weights for mice grom_
the.different dietary groups were similar from 6 to 10
months of age (Fig. 2). After 10 months of age, the weight

e e —————_——

" curves diverged. By 12 months of age mice on the 64%

protein diet had the highest mean body weight while the
S controls had the lowest observed body weight during this

period. It was only at 12 months,of age that'significant.
increases in polyploidization we;e observed in“the high
protein group. A significant increase in average nuclear
diameter was also noted in the ethanol-supplemented mice in
Group 2 at 12 months of age. Ethanol has been found to "
increase the level of polyploidization occurring in the
liver of adult rats (Gaub et al., 1981). Because the rate!D

_of increase in polyploidiéation seen in Group 1 mice
between the ages of 3 weeks and 3 months failed to be
maintained throughout adulthood, 1t is difficult to draw
any 'definite conclusions on the effect of ethanol on liver
polyploidization. The drop in the rate ofiliver ‘
polyploidization observed in Group 1; ethanol-supplemented
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‘and Uryvaeva (1977) and Shima and ‘Sugahara (1976) as well

as in this %tudy. Because of this phenomenon, the effect‘

6 months of age, tetraploids also constituted the greater

L
mice, afterythe age of 3 months may represent an K

adaptation developed early in thése mice to small amounts

of alcohol present in their diet. ‘ -
The rate of polyploidization of liver cells slows once |

maturity is reached. This haswbeen demonstrated by Brodsky

of diet on polyploidiaation'may take longer to manifest’i
itself in animals exposed to changes in diet composition -
once maturity had been attained Although no signjificant
differences in averagernuclear,diameter were detected
between mige of Group‘l and Group 2 forathe same age, and
diet, differences were observed in the distribﬁtioniofr
nuclei among.-the ploidy“classes. IA Croup*l,-at 6 months

of age, tHe aN ploidy ciass masfpredominant in all dietary
groups except the 68% sucrose fed mice where the.BN class .
predominated’ In all cases,'the 8N class comprised a
substantial portion. (30 40%) of the nuclei observed at this o
age. Nuclei with ploidy values;above the 8N leével (16N, i

-

32N and 64N) ranged between'5.7% and 19.3%. In,Groﬁp 2, at

portion of the nuclei ‘observed. However, the'percentage‘of
octaploids observed in Group:2 mice were. reduced. firom
. - * . °

levels seen in Group 1 andanuclei above 8N only ranged

between 0,3 and 5.4 %¥. By:12 months of age, octapﬁoid

'nuclei constitute 40 to 45%, tetraploids 19 to 37% and ..

[

“ . 2
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1‘16N, 32N and 64N constitute 18 to 42% of the nuclek |
observed in Group 1 mice. 1In Group 2, the tetraploid
ploidy class continued to remain the predominant ploidy
class (45- 61%) and octaploids comprised 30 to 42% of the
nuclei observed with nuclei of 16N, 32N and 64N classes
aﬂbunting'to only 7.7 to'i7.$%. '

. natUre hepatocgtes are cells in which tissue-specific r—f\
programs and the ability for proliferation coexist. 1In
diftérentiated tissues, secretion of tissue-specific ‘
products only commenoes once theif\growth has been
completed:f Withdrawal from the mitotic cycle is
‘irreversible Hepatocytes retain 'the ability to divide
despite having become specialized It has ‘been suggested
that in hepatocytes, tissue-specific and proliferative
functions.are in a state of mutual balance’. Because.the | -
netaboliC*resources of hepatocytes are limited, the
intensification.of one.function'results in a weaiening of
the function of the other (érodsky and Uryvaeva, 1977).

" For ezample, in regenerating liver,'metaboliq resources are
diverted away frém tissue-specific functions towardsn
increased proliferative syntheses. In the course of liver
regeneration following partial hepatectomy, the activities
sof several drug- metabolizing enzymes are reduced (Fouts et
él., 1961) and fesults in a temporary resistance of the

‘regenerating liver to such hepatotoxinscas carbon

tetrachloride and paracetamol (Brodsky and Uryvaeva,

-
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19f7) Examples of the reverse effect, where retardation

‘ of the regeneratory response occurs upon lntensltication of

tissue specific functions, is also known to occur (Tuketa,
19*3). Since h patocytes must provide tissue-specific
products/to som:tdegree ‘even in the event that cellular

division is required, the result is a reduced or incomplete

, Mitotic cycle, the end result of which {s polyploidization

(Brodsky and Uryvaeva,_1977) Thus, it’'is logical that

when an increase in tissue-specific protoins is requircd

golgploidization is the rasponse or 'trage'aff' by which
metabolic energy is cqgserved. Brodsky eng Uryvaeva'(1977)
suggest that stimulating processes predominant at a certalin:
stage of. development results in the diaplacement of the

competing one. SChneyer (1973) showed that the injection
\

, lsoproterenol (a chemical which causes proliferation and

hypertrobhy of parotid gland cells of the sdult rat) during
the first postnatal woeks'actually speeds up the
differentiation of the gland cells. 1In the same light,
increasxng'the metabolic demands of the liver displaces é.
growth by cellulat‘mult;plication, causen etcelerstion of
liver cell differentiation ane‘ﬁne polyploxﬂz:%ticd which
ecqgmpanies it WBtoésky and Utfveeve, 1917, Ur?vnevo;

1961). Kennedy and Pearcesiiisa$ showed thet luﬁklxng :.zé.
undergoing raﬁid growth due to increased d;lk'ﬂuppiv and

‘associated macronutrients, undecrwent e polyploidisation

€. . . %
u \
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shift at an earlier age than unsupplemented controls. .

Theréfore, the higher degree of'polyploid§'seenoin Group 1{

mice may, in fact, represent an early shift from growth by .
multiplication to growth by polyploidization. .This'
premature.shift in polyploidization was most sensitive to

dietary protein.

2w

The Biological Significance of ﬁiver Polyploidization:
While'themfﬁnctions of the liver are numerous and
varied, it ié suffici;nt to 'say that its primary functions

Tie 1y in the transformation and storage éf nutritive
substances-##n such physical and biochemical forms that can
be’utilized by the rest of the body and 2) in the
conversion of waste metabolites into excrgtable.s?bstanees
(Doljanski, 1960). Because of its role i métabolism and'
detoxification, the liver comes into direct contact with
numetous toxic, carcipogedic and mutagenic substances
whether it be from exégenous sdﬁrges ;bsorbed71nto the
blood fﬁgm the gut or préduced endogenously during the '
normal coérse of metabolism. As such, liver cells haveé
been shown to be moreqsusceptible to genetic damage than
other cell types {Carriere, 1969; Bréasky and Ur?vaeva, ’
197f). Therefére, it has been suggested that
polyploidization of liver éells<;1ays a protectivg role.
Redundant 1nformatioh apd reiteration of vital genes could

reduce the deleterious consequences of chromosomal

e
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aberratioqs. These occur with a high frequency due to the
detoxification functions of the liver (Uryvaeva, 1981) .

Another hypothesis suggests that polyploidization
provides a safe alternative means. of growth and repair for
the liver. By reducing the length and occurrence of -
" mitosis in the liver cell, c;nsidered to be th; most .
s;hsiﬁive Stage of the cell cycle, the accumulation of | ~
aberrations could be reduced (Brodsky and Uryvaeva, 1977).

The cellular hypertrophy wﬁich accompanies

polyploidization makes it possible to maintain the normal.
size and functiop of the liyer without the risk‘of
accumulating aberrant cells resulting from abnormal mitoses
due to the yafsh chemical environment of the liver.

It.has been suggested that)becausa of the increase in
‘the’ number of templates availabls for the transcription
pfoVided'by increased amounts of DNA as well as increased
nucleo/cytoplasmic ratios (Engelmann et al., 1981; Gahan
. and Middieton, 1982; swartz, 1956; Tauchi and Sato, 1962),
polyploidization increases the cell's functional |
'efficiency. "This theory is disputable sinco'aoborul
_investigators (Brasch, 1980; Brodsky -and Uryvaeva, 1977;
Epstein, 1967) found that cell volume incresses almost in -
proportion to the nuclaar voluma‘during polyplci&izutloﬁ.

- Thus, the nucleo/cytoplasmic ratio remalnl nearly con:tunt
at-all ploidy levels, resu;ting 1n cells vhxch ato
metabolically comparable despi:e dxftoconcps in plaxdy.
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Studies comparing the relarive amoPnts of RNA synthesized
by cells of differing ploidies reveal that the relative
rate of RNA synthesis is almost equal for a particular age
group but that the absolute amounts of RNA synthesized
within a particular ploidy.class decreases wlth age
(Collins, 1978). Other studies have shown that increased
polyploidization or a cell may actually decrease its ‘
efficiency because the surface area/volume decreases
considerably with increased polyploidization (Harris, 1971;
Van Bezooijen, 1972;73). Because surface area is

2/3, the~replacement of éiploid cells
by an equal volume of tetraploid cells will result in a '
decrease in tptal surface area by -20.5%. If these diploid
cells are replaced by an equal volume of octaploid cells,
total surface area decreases by 36.7% (Epstein, 1967).

Gaub (1981) and co- workers showed that increased
polyploidization of rat liver cells induced by ethanol-
feeding resulted in protein accumulation in the cell. Thls
may rebresent an impairmeat in liver functions associated
with the surface membrane of the cell. Van Bezooijen
(1972-73) demonstrated that the liver's ability to excrete
bromsulphalein (BSP), a physiological iqdicator of the
liver's functional ability, decreased with increased liver

polyploidization.
Medvedev (1986) has suggested that polyploidization of

the liver evolved as a special type of self-protection
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against the toxic effect of ammonia and urea, the end
products of normal protein/amino aéld metabolism. This
theory may explain the prevalence of liver polyploidization
Among mammals more than any other vertebrate group. To
corroborate this hypothesis, Medda (1984) has shown that
the polyploidization which occurs in the liver of chick
embryos is concomitant with a period of urea production in
the chick's liver during embrydnic:derlopmont.‘ Towards
the end of chick embryonic development, urea formation is
replaced by the final *adult uric acid-producing means of
ammoﬁia éetoxificatién: this is accompanied Sy.a decline {n
the number of polyblold cells. This theory implicates
dietary}protein and subseqdent concentrations of (ts \
metabolites as a major contributer to the developmeant of
polyploidy in the liver of mammals. When the body has an
excess of protein, the excess amino acids hay be degraded
by deamination in the liver and used as energy or starsd as
fat. The ammonia resulting r;om deamination s extremely
toxic and {f (t is allowed to accumulate LQ the blood by‘
insufficient transformation to the lesa toxic ures by the
liver, death is imminent (Guyton, 1961;. The converwiun of
ammonia to urea allows the nhd products of proteln
metabolism to bo‘ntorod tumbororxiy and disponed uf o
random intervals, thus, conserving the body's. water which
is essentisl for s terrestrisl existence. Thus. the ures

cycle of ammonia detoxification 18 consideced to be the

/
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most imporéant'function of the liver (Guyfon, 1981;
- ‘ Medvedev, 1986); | l
Evidence be;\*jypports the hypothesis that
polyploidization of the liver had, indeed, %volved
primarily as a type of self-protective response of the
liver to a ufea-produ@ing mechanism of ammonia ‘
detoxificaﬁlog that aééompanied a terrestrial mode of
| exisfence as suggested by‘Medvedev (1986). Therefore,
liver polyploidization is influenced by levels of dietary
protein and the resulting metabolites produced by the
liver. It is probaﬁle that liver ‘polyploidization evolved ’
secondarily,'as a safe means to respond to the increased
metabolic stress placed on the liver by £ox1c, exogenous //
‘substances such as phenobarbital (Bohm and Noltemeyer, - //
1981) or garﬁon tetrachloride (Himes et al., 1957) without ///

having to increase the cell number by undergoing a completg//

/

mitotic cycle which may have deleterious effects in the / N

presence of these substances or their metabolites% /
The benefits derived from liver cell polyploidiz;éioh
" most likely outweighs ‘the limitations imposed on pgiyploid
cells of the 4N and 8N classes predominant during/ﬁost of

+

the lifespan in mice, however, it is not prudent to

overlook’ the severe limitations, such as, dramatic

decreases in surface area imposed on cells of very high
ploidies (16N, 32N, 64N) that accumulate at the later

stages of the lifespan in mice, and their contribution to

v
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the decline of the liver's function during this period.
Factops which accelerate the appearance and preponderance
of such cells, may be, in esse?ce, contributing to the

acceleration of the senescencq of the organ itself.

\.

| . SUMMARY
.t ‘

The effect of diatary excess on liver cell
polyplo;dization was e#amined in both developing and post-
developmental mice fed either a balanced diet (control) or
one of the followiﬁg diets: 1) rat chow/10% ethanol 2) 64%
protein/H20; 3) 68% sucrose/H20 or 4) 44¥ 1ipid/Hio.

It was found that liver polyploidization in Swiss
albino mice 1ncreased with age, regardless of dietary
| composition or the{stage of development the.mice were at
when first exposeé to the test diets, however, -distary
composition, especially protein content, was found to
" significantly alter the rate a&’which polyploidization had

occurred.
| In Swiss albino mice, liver coll polyploidization
commences before #é:;*ng (21 days ot age) since &
tetraploid class of nuclei was found t; be well oltn§liah¢d
at 3 weeks of age for mice from all dietary groups. Priov
to weaning, the effect of diet on liver cell ‘

polyploidizatioh was the direct result of meternal
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nutrition (in utero) and composition maternal milk ; _
immediately afterxbirth.lAt‘3 weeks of age no significangg X
differences were found in average nuclear diameter, an :lu@w
index of polyploidization, of liver cells of<guckling mice
‘w29se mothers were fed diets varying in composition. This
. indicated that the changes in maternal. nutrition or in milk
compositidn, if any, which occurred as a result of the
composition of maternal diet were insufficient to illicit
major changes in the rate of liver polyploidization in
their offspring. ’

The greatest shift towards éncreased levels of
polyploidy occurred in-rapidly growing mice between the
ages of 3 weeks and 3 months. It was also during this
period of development that ‘liver polyploidization was most
sensitive to dietary composition. Mice from all test diets
showed a significant increase in polyploidy above the
control lébel at 3 months of age, however, it was only mice
fed the 64% protein diet which continued-to show increased
levels of polyploidization well into adulthood.. Also, the
increased polyploidfzation expected for ethanol-treated
miée failed to be maintained after 3 months of age. Once
maturitg was reached, liver polyploidization was not-as
draﬁatically'affected by age or diet and as such, changes
in the levels of polyploidization took longer to manifest

themselves as significant changes from the control- levels.

In this study, polyploidization was affected to a
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greater extent by the composition of diet, particularly
diatary protein, rather than the actual amount of ' food or
calories consumed, two factors found instead tg pley a
greater role in body growth.

" The sensitivity of liver polyploidization to diatary
protein suggests that it may .be linked to the protein
metabolism of the liver and further supports the theory
that polgploidizetion of memmelian liver cells 1pit151}y
evolved as' a type of self-protective mechanism . from the

toxic products of protein metabolism generated in the

liver, namely, ammonia and urea,

. —
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APPENDIX I |
Ly
)‘ & ‘
Food Composition of Diets Used in Study.
¢ °
X
Diet Protein” ,Carbohydrata*' Fat™- Energy Value
X 4 ? z callg
- /
Rat Chow/H,0 22.5 58.5 4.5 4,16
Rat Chow/J0% Etoh 22.5 58.5 4.5 4.16 and
£ 0.56 cal/ml
64% Protein/Hy0 64.0 22.0 8.0 4.51
68% .Sucrose/Hy0 18.0 1 68.0 8.0 - 4.2
447 Lipid/Hy0 25.5 21,3 44.0 540

A

-

* Nutrients expressed as a percentage of the ratlion.

4"»
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APPENDIX II

Dehydration Schedule of Liver Tissues

¥
l4

' From temporér?lstoragé“bf liver. tissues 19-70% ethanol,
. & i’.

tissues are run through the following solutions.

1.

’ "
+

95* Ethanol o s 0 e o’c ® 8 v @ & 0090 0 e 000 0 0o 2 ‘hr
loo% E.t\hanol. l“. .(. S 4 8 2 2 & 0 80t 0 et éELE S D 2. hr
100% EthaHOl ® 0o 4 0 0 o.. LI I .‘ o8 6 0 008000 00 2 hr

Xylene/100% Ethanol, 3:leivevneiians. 2 hr

xylen‘ecoQtl.-Q’Q'Ql'noo.cu‘oocooot."o’u. z‘hr

Tissues are now carried over to the first °
preparation of paraffin.

. A
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APPENDIX III
4 7 '

Preparation of Solufions for Fixation and Staining

Fixative: Lillie's Neutral Buffered Formaldehyde Solution

37-40% formaldehyde solution.....ceoveeveveess 100 ml
WaAEBL . et ceeriverattssasssassssossssssanssssanss 900 ml
Acid sodium phosphate, monohydrate..... Ceeeeaes 4.0 g
Anhydrous disodium phosphate............ ﬂ...... 6.5 ¢

Staining Solutions?

1) Acid-Alcohol. | .
70* etha‘n01........-....--............-..- 100 ml
HYdrOChloriC acidf COnC. 9 090000 s 010 o e 0 000 lio ml|

\

2) Gill's Hematoxylin A N
Hematoxylin.......... et cesess 4.0 g
sodium iodate.............. teienseeamdian. 0.4 g
Aluminum sulfate..... ..:......JQ....,ﬁ..... 35.2 g
Distilled water...... Chee e }..;....,... 710:0 ml.
Ethylene glycoI............... Ceiheaeeaaes . 250.0 ml

GlaCial écetic acid‘. LI ] '—l ¢ 6 o 0 0?:! e & 5 & & 03 48 ".‘ * 40 00 ml

3) Eosin o ‘
Spirit soluble eosin..........ccievvvvsenns 1.0 g

95%—Ethanol‘ll.Q..‘Cl‘...“ll..l.".ﬁitl.'l.‘ 100 ml

l“



3.
4.

7.

S~

9.

10.
11,
12.
13.
14.
15.
15.
17.
18.

19.

20.
21.
22.
23.

a ‘ 124
¢ APPENDIX IV { .
Hematoxylin and Eosin Staihing Schedu;e
KYLONe.  eveereroanrsassnnsonssnnsassnessss 2 Min
Xylene...veeeeeennn. e Ceeeeniean min
Absolute Alcohol................ cerevaaann min
| Absolute Ethanol.......ccvvevereceaneeasss 2 min
95% Ethanol ......c.ciieiiiennieecnnnananns min
95% ELNANOL +uvvmeeenrensnsnssesoneenssss 2 Mi0
70% Ethanol ......cocivvenrecnsanenrensere 2 min
adi‘Ethanol sessenses resscrasans ceessesssss 2 min
DiStilled Water vovveeveererennansresesens 2 miN
Gill's Hematoxylin .veveeeeeeereenessnnes. 3-4 min
Running tap water ................ et eeesss B min
Acid Alcohol (destain).................... rinse
Running tap water....... Ceitieieeniieeeee. 5 min
Eosin (cpuntérstain) ............. e . 5 min
Running tap water.....c.ceevevereceesseaess 2 min
50% thanol.J:L........:............... .o 2 min
70%/Ethanol......cccviriieeennincenennnnnes 2 min
95%\Ethanol....... ceeesiieesasssesasssesss 2 min
Absolute Ethanol.............. O . .2 min
Absolute Ethanol....v.veeetveeveeeserrnenes 2 min
Xylene...vviiiiiieeniiinnnnann, vesiveeds. 5 min
"Xylene.. oottt et ee e ie e ceeeaan 5 min
Mount coverslip
- /



