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ABSTRACT

THE EFFECTS OF TEMPERATURE AND DIETARY RESTRICTION

ON AGING AND REPRODUCTIVE PATTERNS IN THE

N ROTIFER ASPLANCHNA BRIGHTWELLI, GOSSE

*

Carole Verdone-Smith

+

o

In this study, the effects of different environmental

temperatures and dietary restriction on the lifespén,

reproductive cycle and fecundity of the rotifer

Asplanchna brightwelli were examined. In the first set of

expefiments, it was observed that the mean lifespan and
the timeg{at which the reproductive cycle started and
endéd-increased as environmental temperatures decreased.’
Dietary restqictioﬂ by increasing the interval between

¥

feeding £imes from 12 to™36, hours also increased the mean-
lifespan and the length of the reproluctive period in the
rotifer. In further experiments exam;ﬁing'tﬁese
phenomena, itwas observed that the rate of nuclear -

division in the gastric glands and vitellarium of the

rotifer, as~determined by daily nuclear counts, was

retarded by dietary restriction. 'Although the growth

rate of this eutelic organism during /its lifespan was

L
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not affected by dietary restriction, the size of the
gastric glands was affected. The nuclearl sizes of
thi‘s'organ werc smaller. in dietary—restfict-ed
rotifers byt th is-difference was found not to be -
s/ignificant}. Although the vitellarium was no,t .
a‘ffekci(ted‘by di‘étary' restriction, it was observed
that thh‘e rlxulcl‘e_ar 'siz,es were significantly smaller
in the dietary-restricted group. Spectroflu‘orometric1 '
measurements have shown that DNA content, as an index
of D‘NA damage, t‘hroughout the lifespan of the rotifer
is not ,afflected by dietary restriction even though
DNA concentration is copstantly loWe'r in underfed
rotifers from day 2 to day 5 of life. Lactic
dehyd‘rOg’enase "and malic dehydrogenase activities

/ .
as inddicationsy of protein synthesis were détermined
through the release of fluorescent NAD. Results
héve shown tﬁat the l‘evel ofnaqtivity was ‘

. . \
constantly lower during the first 3 days of life in

'

rotifers subjected to dietary restriction but

higher in this group during the reproductix}e cycle

and the post-reproductive period.  The results

b

obtained in the various experiments are'discussed -
in, light of some current theories of aging. \
)
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* INTRODUCTION

Aging and senescence are biological processes that

interest in this subject is due to the fact that the

L

increased probability of death.

"majority of organisms, invertebrates and.vertebrates, 'go
. I !

.through the process of aging which in turn leadsg to the

1 )
Aging also involves-a

decrease in the ability‘of an organism to cope with its

environment'along with a decrease in vitality,

\

ability to sustain life"

ol ]
(Lamb,

“fhe

1977)

There is no single theory of aging that 1s~generally

P

Jécepted by rgsearchers.iJ the- field.

to Comfort (1979),

w

there are two general schools of-

thought that encompass the wide variety of, aging

- B

- theories.
-

Extrinsic or Random Theory

According tothis view, aéing results from the

o

t

"wear and tegr" of living and not from'programmed

developmen//(Moment 1978) .

For example, vital organs

become damaged thus affecting 1mportant systems in the

«

rganism;

.lysosomes (Cristofalo & Stanulis, 1978).

>

these 1n turn cause accumulatlon of waste

products (for example, the age- plgment lipofuscin) and

More

importantly, there is thought to be an increase in

- \

S

have been investigated very closely in recent years; the

d . .
However, actCording'

A\

.

v .
w3

»
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: ' . errors in DNA affééting repair and reﬁlication, along

. __ with errors in pretein synﬁhesis'resulting in the

+

production of faulty enzymes. : :

L

Intrinsic or Cortrolled Theory

. . .
v A ‘ © Here aging is thought to be genetically programmed

by an aging “"clock" (Everitt, 1%73; Lamb, 1977) or a :

r - "pacemaker" (Finch, 1977). The timepiece is thougﬁt\to

. L

“. " have the capagity of reguiating the process ég aging by
controlling the rate of cell division in org;zs-and
tissues as well aé other internal processes in the cell.

‘ , When céns%dering the various theories that could be

investigated regarding the different views on aging, the

* choice of organism f?\iggprtant for research in this
v
* field. Primarily, it is beneficial to work with a

<

multi-cellular organism of constant qcnetié make-up and
a short lifespan. With this in mind, ‘the rotifer ,

« Asplanchna brightweclli, Gosse was selg§£ed for the

present é;udy.

) These metazoans are ideal for aging studies since
they meet the above criteria and are élso easily .
éultured. Although they are small and thus easily
stored, they can still be hanpdled without much
difficu}ty. Tﬁey have few cell types; thereby .

permitting close observation of structural changes

with aging. The lifespan of this rotifer ig-about:

’

w

20 PR KA ke




4 days and the short lifespan can be.al£ered by,
modifying environmental coﬁditions (Fanestil &'Barréws,
%?65). In the aduit rotifer, growthroccurs through
cyéoplasmic expansion rather than by cell“¥ivision;
there are only two brgans iﬁ the rotifer that un&ergo
cellular division and these are (1) a pair of gastric
glands that act in digestion and‘ (2) the vite}lariq@,
a reproductive structure (Birky & Field, 1966). This
eutelic characteristic is. beneficial for aging studies

’

since the same cells are observed throughout the 1lifespan

-

of the rotifer.

Another characteristic of A. brightwelli which makes

r N .
it an ideal specimen for aging studies concerns its mode

- of reproduction. The form of the rotifer used in this

project‘is an amictic female which produces other .
amictic females through'diﬁi;Zd parthenogenesis (Gilbert,

1963; Birky, 1967). Because of the doﬁinant asexual

’

form of repfodutsion,” all the rotifers of-the clones

are genefically idemgical thus eliminatjng the influence

4
of genetic variability on lifespan, although the

possibility of mutations cannot be ignored. Under

certain condition§, not used in this study, such as high
~ L 2N
environmental temperatures or the presence of algae or
%
dietary tocopherol, mictic females are produced; the

14

females produce haploid eggs'which can develop into

<

\

T

FoanT
-

-y AES
& A
T

hitE



"the lifespan.of the rotifers.
a2 I /

' different organisms as well aé the effects on their.

~<temperatures have a shorter lifespan than those reared

. , ‘ . ;
- , . \ 4

males or into restingteggs if the femaled-are fertilized

by mates (Birky & Gilbert, 1971)% .
In thls study, ‘temperature and diet are

manlpulated to see how the lifegpan and reproductlon of

L

A. brlghtwelll are affected. Further experiments were

3

conductea to see-if cer{aln factors in the rotifers are

affected; these include body, size and size of *certain

v

organs, nuclear divisiom in the gastric glands and the

vitellariuf’ as well as. DNA and enzyme content throughoit

!
Various e¥periments in ading studies examine the

effects of high and low temperatures on the lifespan of

Ed

S
reproductive patterns. Experimental data involving\

changes in temperature and their effect in the rotifer

Philodina aguticornis odiosa, Milne have shown that

J ' ;
~ T 3

increased temperatures decreased life expectancy but 4id ' )
L)

not affect fecundity in the rotifer (Meadow, 1967).

- S N : ' l

Another experiment conducted by Fanestil and Barrows orr
the same rotifers also demonstrated that an increase in .

environmental temperature markedly decreased ;ongévity —

but only very high temperatures affected fecundity . .

(Fanestil & Barrows, 1965) Studies involving

¢

Drosoghlla have shown that fruit flles reared at high

'
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|
at low temperatures (Loeb & Northrop, 1917) 'and it was

[

.also shown that the llfespancﬁfDaghnla varied 1nversely \
with env1ronmental temperature (MacArthur & Bailie,
1929) ." The ipterpretation of such results concernlng

tgmperature and longevity wilil be dlscussed in more
LR
detail later on in this study. ’

Food availability and caloric intake have also been

o
© +

studied quite extensively by researchers in;tﬁe field of

14

aging. In a wide range of laboratory animals, it has
, ‘ :

been shown that dietary restriction, either by reducihg

caloric ihtake or by decreasing the times of feeding, Vo

-

31gn1flcanﬁiy 1ncreased longevrty .« This was shown in

1nvertebr1tes such as Tokthxra {MacKeen & Mitchell,

1975), C anularia flexuosa (Brock,\1975), Daghnia

. (Ingel Wood & Bantas, 1937) ,~ rosophlla (Loeb &

Northrop, 1917) and in the guppy, Lebistes (Comfort,
1953). | *

It was also found that undé?ﬁﬁtrition.}engthened
the interval from oirth:to cessation of.eggvproduction
in the rotifer Pﬁilodina (Barrows & Fanestil, 1965).
Similar results showing the cvidence of dietory
restrictign delaying Maturity and the on;et of
reproauctive period were obtained from experiments in
rats (McCay, Croweil &‘Maynardj LQ35} McCay, Maynard,

Sperling & Barnes, 1939; McCay, Sperling & Barnes,

-




1943; Bexy_ & Simms_, 1960; Ross, 1959). In these

experiment$, the mean lifespan of the organisms was "

' 51gn1flcantly increased through some form of dietary

restriction, It was also observed that dietary
5 | j

restriction altered body size as well as the sizé of

»

'various organs in the majority of organisms mentioned

N ¥

a

above. Some proposed theories suggesting why dietary .
restriction has such effects on longevity and reproductlon
will also be discussed.

Since animals have a characteristic limited lifespan,
it is conceivable that senescence and death are
consequences of the limited lifespa%of their cells, The
idea of “programmed aging" of the nucleus is.a concept
tha; Has raised numerous questions regarding cell death.:
There’'is a hypothesis stating that cell death occurs

simply‘from "wear and tear". and the inability of cells

o oo '
to renew their vital resources (Sonneborne, 1978). Are

cells therefore programmed to stop dividing after they‘

have reached their characteristic number of divisions?
Limited capacity for cell division was shown in
protozoan clones such as Paramecium; this "clonal 4_)
ez . o #

senescence" was demonstrated by.Maupas (1889) who

presented evidence that the protozoans had a limited

’

lifespan characterized by a decline in v1gor and sharp

decrease (even cessation) of cell lelSlon at thé and

o
’ . \

-




ik,

”
of the 1ifespan.(Mbment, i978T, The process Qas artered’
if sexual interchange occurred; thgt is, tge exchdnge of
nuclear material scemed to inQigorate the cells and cell
division occurred as previously’until_the limit was

0 . [ ,
reached. The idea.of senescence in clones spa}ked

researchers into studying various other }ifé forms in ’

. ,
order to establish if.cell division Was\also limited in
' . - R 4
[
certain organs a;E\tissues. - -

/

Earlys experiments on cell cultures .fiad repor£ed
that certain cells of vertebrate tissues could grow
indefinitely in vitro (Carrel, 1912; Ebeling, 1913).

. . 3 ,
Later studies however, ha%e shown that cell cultures

‘. -
' (such as fibroplasts and fetal tissue cells) proliﬂerated
A Ve

\ior an extended period of time and then died (Swim &

E
erker, 1957; Hayflick & Moorhead, 1961). Hayflick (1965)

pégsented the coﬁcept that limited lifespan of qwlturéd
cgf%s was related to aging where "the declining vitality '
of é?lls was considered an expfession of senescence at
the cellular level® (Finch & Hayflick, 1977).

There are four majér tafgets that play a
significant role in molecular senescence: DNA, RNA,' >N
protein %nd liéid membranes (Brash &.Hart, l978i.-
Qbmiouslf\ DNA is'considered the most fmport;nt target
because it\is a large molecule, it has a unique copy
of genetic\%nstructions and it sefvgs as the template

© A

. 3
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,

3

for all other targets. Any.alterati

to changes in cell growth, divisign,
death.

Most extrinsic aging theorie$ are based on the facgt

that aging is associatéd with so

There is Szilard's theory that gutations in DNA

. \\ .

production of faulty enzymes due to (changes in the L
iy - : :

DNA“protein synthesizing machinery (Moment, 1978).
Since Orgel's hypothesis also predicbs that with Kw g

increasing age there is an increase in the amount of

4

defective protein (Lamb, 1977), alterations in enzyme -

levels or activities throughout‘the lifespan of the o

organism should occur. Gershon (1979) has shown that the
accumulation of inactive enzymed molecules resulting from

protein degradation is characteristic of senescence

L

and that this contributes "to the declining ability of
aginge organisms to cope with environmental changeé\_

(Gershon, 1979) and eventually, death. Changes in

enzymatic activities also occur with age; some enzymes
d .

show decreased activity with age, some show increased

activity while some show no change at alIl. These
; . . .

enzymatic activities differ in thé tissues of various
< . .

N . ¢ ]
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species but even studies on the same organism are
sometimes d;fficult to replicate. '‘Because of these
difficulties, studies’of enzyme activity have not yét

contributed much insight into metabolic activities

during aging (Sanadi, 1977).

14

Some étudies have showh that fertain enzyimne
activit%es“wére altered as a result of dietary
restriction in rats (ﬁoss) 1959), in micea(Leto, Kokkqnen
& Barrows, 1971) and in rotifers (Fanestii & Barrows,‘
1965). The last experiment showed that enzymatic |
activities of mélic dehydrogenase and lactic dehydrogenase
in the rotifer Philodina increased in early life and
decreased ne;r the end of life. The pattern was slightly
altered by different diets; in the group of rotifers feé, -
less frequeﬁtly which éxhibited a longer‘liféspan,'tﬁe_
changes in enzymatic activities occurred later in life
(Fanestil & Bar;ows, 1965; éarrpws, 1972). Further

2

studies on the pattern of biochemical events in the cells
|

and organs of organisms throughout' their 1lifespan will
undouﬁfedly shed more light on the mechapnism of the
aging,prgcess.

This project will therefore examine how aging is

manifested in the rotifer A. brightwelli and how

manipulations in its environment alter longevity and

, N : ) .
reproductive patterns. The experiments were designed

<




-

« Yoo ’ " ¢
to test some of the aging theories described.

v [ -
The first experiment involved varying ‘the.

temperature at which rotifer cultures were. reared. The

reason- for carrying out,such an experiment in this
rotifer, was twofold: to study the effetts of a cértain
range of temperatures on the lifespan and reproductive -,

cycle of the rotifers and to find an-optimal temperature ‘ ' '
I ,

‘in"which to rear the cultures so that the greatest mean

lifespan was achieved. This allowed the opgé&vatfon of

some aging processes on a daily basis in-the'rotifer for

. .

the lonfest possible time.
The second manipulation involved limiting the amount

of food . available to the rotifers by increasing the time

intervals between feedings and determining .how this

affected their longevity and reproductive patterns. The

results of these two experiments were compared to
' Lo

T . a

similar studies and by taking into consideration some

proposed aging theories, some suggestions were made
concerning how the changes in the rotifer's environment

LY

affecteéd its longevity.
“+ Since many studies on Hietary restriction -have, -
shown that organ and body size in the organisms are

affected, the body size and sizes of various organs and

their nuclei were heasured throughout the lifespan of .

A. brightwelli to see if the type of dietary

o




‘considered an example of aging Ehrough "wear and tear"

y

! 11

. Pestriction imposed affected such factors in this

rotifer. Also since the gas'tric glands ang the

vitellarium are the only exception to thé eytelic rule
in’this‘organism, it was determined whetheryt e r;te of
nuclear division in these ‘organs was affected by dietqu
restriction. The gastric glands lie on each\side of the

stomach in the rotifer and aid in digestion. The

vitellarium is responsible for the :production of yolk -’

and for providing essential nutrients for the developing
embpyo. '

The rate of nuclear division was monitored by simply ~

-counting the number of nuclei in these organs daily

throughout the lifespan of the rotifer: The results . .

will show if a certain pattern of nuclear division

.

exists in these organs; the mesults will also show whethér
dietary restriction affected nuclear ngﬁber in the two
organs and if it could bg/pofrelated in any way to
longevity and reproductive patterns displayeé under the
imposed regime.‘ Another reason for this experiment was

.
go see if these ﬁctively-dividing glan?s went through a
fixed number of divisions‘beéore death of the organism
occurred thus testing the hypothesized "programmed aging”
of certain cells and organs. Althougﬁ rotifers are ‘

~

on non-renewing cells because .of their eutelic

Pl
» a

e 0 s
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condition and the short li fespan they display, the

pattern of nuclear division in the gastric glands and

.’

the vitellarium may provide a cl®e as to how senescence

o

’ .
L]

‘is®* manifested in this organism.
' e a . .
Certain biochemical events were also mohitored

co
W e

during the aging process of A. briéhtwelli. Although

L .
rotifers because of their small size were not the idghl

organisms in which to study varioys aspects of DNA or .
protein damage, the DNA content throughout their lifespan . i

. . was determined,using spec%;ofluorometric methods. The
. P . q b . |24

gquantitative analysis of bNﬁ was carried out on a daily

N

.

basis to see if-differences occurred regarding DNA content

Q . .
o ‘throughout the lifespan of control rotifers and rotifers

-~

under dietary restriction.

a2 e s
¢

) As well as alterations in DNA which could accompany
& - . -
senescence and even death in organisms, alteratipns in

e f ot

v

proteins are thought to be closely linked with aging

~ ) ‘ Fhrough the production of faulty enzymes or through °

) alterations in enzyme activiti%s. Using

- spectrofluorometric methods, it was also possible to

e T RIS, S INE-E TS - L

determine if chéﬁgeS'in‘the enzymatic activities of -

lactic'dehydrogenase and malic dehydrogenase occurred

throughout fhe‘lifespan of A. brightwelli and‘alsé if | )
levels of acéivit}es were affected by dietafy‘ ’ ‘ B ’ .
v ,/é restriction.: .~ o
: N . o . g




O Ok a S o< simtaineoy T

t 8
. . ‘The results of all the experiments described will . :

! . be intePpreted in 1%gh€.of some aging theories

. mentioned previously. N . ‘
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. ) . ‘MATERIALS AND METHODS ¢

°

'Culture Methods

b4

The rotifers used in this study were Asplanchna

brlghtwelll Clone 4B61l orlglnally obtained from Dr. John

J Gllbert, Dartmouth College, Hanover, New Hampshlre.

[

The rotifers were fed paramecia cultured gn a

Cerophyll 1nfusxon medium prepared accordlng to the ’ I i
it

‘method described by Bridger (1970) A 993-ml volume of

5

dlstllled water containing 0. 06g CaCO3 and 7 0. mls of T

stock buffer SOlUthﬂ (see Appendlx I} was heated in a

1 ]

4-liter Erlenmyer flask. When the solytion was .boiling,

~

0.75g of Cerophyll (obtained from Ward's Natiral Science
Establishment, Rochester, New York) wa$s added and the

whole suspension was boiled for 10 minutes. The

v

solution was cooled down to rodﬁ temperature in an.iceé
bath and then filtered using Whatman #4 filter paper.

, The filtered solution was autoclaved for 20 minutes. ‘

.

- After the autoclaving,_the solution was cooled

down under runnlng tap water to room temperature. The

14

solution was then ready for 1noculat10n with E. coli

(Type K12, obtained from Dr. E. Newman, Concordia .

University) . Using sterile technique, a loopful of
BN -

E. coli ‘was placed 1nto 3 0 mls of distilled water, S
- [

mixed, and this suspen51on was added to ‘the solution,

J ; 5

1

[
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The bacFeria served as a food source for the paramecia.
After,ﬁ%e solution had been incubated at 37°C fo;’2i
hfs, it “was cooled down to room temperature and 4t'this
point the pH was checked; the ideal pH ranged between
6.5 ~ 7;0. The pH could be adjusted if need‘be, using

0.05N NaOH but this step was usually unnecessary.

A 50-ml culture of Paramecium caudatum (originally

~obtained: from Boreal Laboratories Ltd., Mississauga,

-

Ontario) was added to thé solution, swirled and left at
réomgtemperatuge for 24 -~ 36 hrs. After this time, 150
mls of medium Qere placed into each of 4 250-ml
Erlenmyer'flaskg and about 20 rotifers weré placed in
eachlﬂlask; These were labelled "Stock Cultures".
Every week, rotifers were removeﬁ ;ﬂd transferred to
another flask containing new medium. About 100 mls of
paramecia medium were kept aside to be usedlfor new
stock:prepqrétions which were made every 10 days.

Experimental Methods’

. For the first part of any experiment, rotifers
were removed frém the stock cultures and placed in a
fetri dish for observation unde; a dissecéing microscope;
24 adult ;otifers were removed and placed individu&ily in
éﬁlture chambers. The removal and transfer of rotifers
was done through méuth guction using a So—ui micropipet

fitted to a 55-cm rubberf%ubing with .a mouthpiece. .

'iv




. .16

a

This allowed individual rotifers to be picked up with

@

very little of the surrounding - medium. The experimental

and/or culture chambers were Tissue Culture Clusfer§ .
#3524 (obtained from Costar; Cambriaée, Massachussets)
made up of 24 wells or chambers measuring l6-mm in
diameter with a capacity of 3.0 mls. ? single rotifer !
wés'placed in each chamber along‘with 2.5 ml of ' '
paEamecium medium. /

The chambers were checked e&ery lé hrs for offspring.
The .newborn rotifers Qere separated from the pareht ana
placed in new experimental ;hambé%s; only newborn '
rotifers were used for the gxperiménts since their age
could be estimated more accurately (0 - 12 hrs old).
This procedure was éarried out before the start of all
‘the experiments conducted. |

Temperature Experinments

Once the adult rotifers were isolated, the culture
dishes were kept in the dark.at the required‘temperatu;é
for the experimeng (15°C, l7.5°é, ZOOC, 23°C or 25°CY in’
an incubator. A 500-ml E;lenmyer flask containing
paramecia medium wgs also‘kept at the appropriate
Eémperaturé, Wheh the offspring were born, they were
transferred to new experimental chambgrs and/these were
filled with medium from the- flask.

1

The readings were taken daily at approximately

i
.
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9:30 AM and 9:30 PM; during the readings, the chambers

£

were checked for offspring which were counted, removed

and discarded when present, ‘Also,'O.S ml of medium was

-

rehgved from the top layer of the chamber using a marked

Pasteur pipet ahd repladed with an equal amount of fresh \

«

medium to assufe a constant, fresh‘sup;ly of food for
tﬁe rotifer. It was important that the chambers were
checked twice daily so that a close estimate of time
of death of a rotifer could be made: the rotifer was
considered dead when it.was in a state of deterioration

or ‘when probing with a pipet did not induce any motion.

Dietary Restriction Experiments -

In these experiments,‘all the experimental
cultures were kept at 18°C since lower tempefat&res
were found to be beneficial for\.the survival of the
rotifers according to the previous experiment. Two other
flasks were kept at this temperature: one contained
paramecia'mediuﬁ and another flask conéained medium

wéthout paramecia or E. coli labelled "Cerophyll Only".

¢

N

4

Readings|were taken every 12 hrs despite the various

feeding intervals and replacement of 0.5 ml of medium was

standard procedure. Since dietary restriction in these

‘wgeXperiments involved decreasing the times of feeding, the

flask cbntaining Cerophyll solution was used as fresh

medium replgoemeﬁt at the times when the rotifer was not

-

-

g
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feQz The regular psramecia medium was used for the .
- appropriate feeding times.
Six different groups of 24 rotifers were used for

the experiment at feeding times oé 12 hrs, 24 hrs, 36

hrs, 48 hrs, 60 hrs and 72 hrs.. All isolated adult

rotifers wefe fed twice daily and the newborn were 7 o
initially fédlparamecia and were transferred to‘the

exﬁe;imental chamber. Tﬁe next feeding occurred after 12.

to 72 hrs sccording to the group in which it was ﬁlqped.

Results were recorded as described prev1ously
Bt

“

Nuclear Counts/Size Measurements,

The pfocedure for counting nuclei in the vitellarium

(yolk gland) and the gastric glands in A. b(;ghfﬁgfl;%;:s
based on the method described by BirE;/aﬁﬁ/;;sld (1966)

using A. sieboldi. The offsprlng/f/sm isolated rotifers

were collected as described prev1ously The experimental
rotifers were placed in control or experlmental culturc
chsmbers and were fed every 12 or 36 hrs respectlvely.
For the nuclear counts, the rotifers were removed .
. from tﬁe culture chambers on the appropriate~9ay'and timgA .
(Day 1 to Day 6) and were placed in Petri dishes . .
contaising distilled water to wash them of parsmec;% and -
medium. After a minute, they were transfer;ed to another

Petri dish containing 50% ethanol where they were fixed

for 3 minutes. A few fixed rotifers were then placed on

bt




by tilting the slide, a coverslip was gen'tly applied. . ' {
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a clean slide and after excess ethanol had been drained .

This caused the rotifer to become squashed.

-
-

Through this method, the organs and their nuclei
were clearly.visible ‘and could easily be counted using *

. . : \’/1 :
a Zeiss Ultraphot II Phase Contrast,Microscope at a
magnification of 200X. Only rotifers in which both the
gastric' glands/ and vitellarium were clearly seen were
used so that precise counts could be obtained. Twenty
rotifers from both control and experimental (dietary

restricted) cultured were .used for the nuclear counts

4

from Day 1 to Day 6.
The same method-was used for taking the various
measurements in control and experimental rotifers. A 6X

3 ‘

ocular micrometer was used instead .of the regular (12X)
'eyepiece on the phase contrast microscope. Using the
Ph 2/16X objective lens for a final magnification of 96X,

the body size (length and width) of the rotifer and its

i ,
f

vitellarium were measured. Using the Ph 2/40X objective’

(240X magnification), the size of the gastric.glands ; : ;

(length and width) was measured. At this magnification
; , :

it was possible to measure the diameter of nuclei of the
gastric glands and 6f. the vitellarium, Diagrammatic

details of how these measurements were taken are given

in Appendix III.

)
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.DNA Fluorescence

The method used for DNA fluorescence was the one
described by LePecq and Paoletti (1967) where a dye,
ethidium bromide, was used to‘bind nucleic acids.. The ‘ : .
binding caused fluorescencg that could be measured using |
a spectrofluorimeter.

| Prelimina;.ry tests were run to determine the
sensitivity of the Am‘in.co-Bowman spectrofluorime;ter
available for the assayé. Also sevelral trial rur{s were
carried out to determine how many rotifers would be
needed to observg changes in DNA levels using this - . r
particular method. The trial experiments provided the
basis for future measurements. e

Several culture dishes were placef in an .incubator
at 18°C containing .ilsolate\‘d adult rotifers.- The b
offspr\ing were randomly .placed in either control or
‘experimen’tal (diete{ry—restr,ictéd) groups and were fed
every 12°or- 36 hrs respectively.\ Since DNA céntent was,
to be measured for every day of life, the same procedure
was used for rotifers 1. to?6 days old in each group. .

Twenty rotifers were collected from both groups on.
the appropriate day and were placed in separate Petri
‘{‘ . A
dishes containing deionized-distilled water. The

rotifers were transferred in two other changes of

\

i

deionized-distilled watér to remove all tracesj

.
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" putd! in each tube used for the construction of the s
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paramecia and medium. The rotifers were then pipetted
into a cal;lﬁrated test tube and deionized-distilled water
water was added until a 1.0 ml volume was reached.. The '
sample'was carefully removed with a micropipet and placed
in a sonication vessel. The rotifers were sonicated in
an if:e bath‘for 30 seconds using a Cell Membrane
Disruptor/Sonic 300 working at 35% capacity.

Since DNA was the only nucleic acid to be measured,
it was necessary to destroy RNA to prév‘ent binding of the o
dye. Ribonuclease-~A (from bovine pan‘chas, R-4875,
obtained from Sigma Chemical Co., Saint Louis, )
Missouri) was added to the sonicate’at a concentration
of 20'ug/ml and left to act for 1 hour at foom temperature. ..
‘Aisoha standard curve of DNA concentrations fromlo.(_(.)&l
ug/ml to 5.0 yg/ml was prepared prior to each assay. " The
DNA used was: the Ispéium salt (reagent grade) ob'tained
from Eastman Kodak Co., Rochester, New York., Two main
stock 'solutions of DNA ‘were prepéred in deioni zed-ﬂ v
-distilled water: Stock A was made up us ing‘ 1.0 mg DNA/ 1
to obt‘ain standard DNA concentrations between 0.01 ug/ml
and 0.8 umg/ml., Stc;ck B containing 1.0 mg DNA/100 mls
was used for'stanéard DNA concéntrations rapging from

1.0 ug/ml to 5.0 ug/ml.

Different aliquots from the stock solutions were
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“ standard-curve and the various amounts were fnadé to

equal 1.0 ml volumes by adding a calculatedﬂamount of

buffer solution, 0.1 M ;‘ris— HCl/NaCl, pH 7.5. .To

prepare the buffer 12.15g of THAM (Tris (hydroiymetﬁy‘l)

.aminox‘nethane). and 5. 8g of Nacl (both o t}:\ined from Fisher

Scientific Co., Fair Lawn, New Jersey?jwere added to a

liter af deior}ized—distilled water. After .tho‘rough

mixing using 'a magnetig stirrer, concentrated HCl was

added until a pH of 7.5 was reached. ’
The ethidium bromide solution (2,7-diamino-10-

-ethy 1-9-phenyl-phenanthridium bromide, obtained from

' Sigma Chemical Co., S;’:nipt Louis, Missoﬁri) was prepared

in the abo;ze buffer a:’a concentration of 7.5 ug/ml.

‘Two m1ls of this solution were added to all tixe tubes

p‘répared for the standard curve and those containing the |

sonicated rotifers. * The reference blank contained 2.0

mls of this fluorescent dye and 1.0 ml of dei.on_izéd-‘ i

-distilied water. After mixing, all tubes we,re read

immediately on ‘the spectroflgorimeter at xex = 546 my

and Aem = 590 myu.

Enzymatic Activities T

~

The épectrofluorometric method used to assay )
enzyme activity of lactic dehydrog‘enase and malic
dehydrogenase was based on the ones described by Lowfy,
-Iigberts and Kapphahn (1957) and Fanestil and Barrows -
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(1965). The activity of both enzymes was determined by

i
the amount of NAD (B-nicotinamide adenipe dinucleotide)

°

formed which was the fluorescent component of the

reaction. . o

k3

Preliminary tests were carried out using standard

.amounts of B-NAD (stock no. 260-101,*obtained from Sigma -

Chemical Co., Saint Louis, Missouri) to determine the

sensitivity of the Aminco-Bowman ;pectrofluo;ifneter. ‘ - .
: :

Trial assays were first run to determine the number of
rotifers that would be needed for the.daily enzymatic 1

3

assays.

; ' The control group (rotifers. fed every 12 hrs) and

-the experimental group (rotifers fed every 36 hrs) were . ’

1

kept at 18°C. The cultures were 'synchronized so that

o

rotifers could be collected from day 1 to day 6 of life

and assayed for enzyme activity. On the appropriate day,

3 rotifers from both control and -experimenfal groups were

removed and rinsed in deionized-distilled water. The

were then rinsed in three changes of sonication
P med ium whic\h contained 0.005 M Tris-Cl, pH 8.2 (Tris

(hydroxymetﬁyl) aminomethane adjusted to the correct pH:

using concentrated HCl) and 0.7 M NaCl in 0.05% bovine

plasma albumin (BPA, stock no. A-4628, 5% sterile
filtered solution in 700 mg % NaCl, pH 7.0); ‘all compounds

were obtained from Sigma Chemical.Co. The rinsing

3 ° ~
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procedure consisted of pipetting the rotifers into

Petri dishes containing.the solutions for a few minutes. ‘

—

After rins»';,ng., the rotifers were placed into sonication

vessels containing 1.0 ml of the above medium and were |

sonicated for 30 seconds. .

The incubation medium for.both dehydrogenases was

made up of 0.1 M Tris, 0.05% BPA, 0.025 M nicotinamide 7 \

<

A

et s e sk i

and 0.001 M NADH (Bﬂ—»nicotinamide adenine dinucleotide, -

reduced form, stock nos. 340~-102, 340-105) all obtained’

-

from Sigma Chemical Co. For the lactic dehydrogenase
)/ "

assay, 1ijﬂs of the sonicatewere placed with 15 uls of

the incubation medium; for the substrate, 15 uls of

o

1% 10°% M sodium pyruvate, pH 7.4 (solution, 0.011 M in
0.1 M phosg;hate buffer, Sigma Chemical Co.) were added to
the mixture and the tubes were incubated in a water bath
at 37.5°% for 90 minutes. For the malic dehydrogenase
assay, the procedure was the same except that the -

¥

substrate.used here was 7.5 x 10 * M neutralized

" oxalacetate, pH 8.8; this reagent was in cis-enol form

90 -~ 95% (obtained from Sigma Chemical Co.) and the

. solution was titrated to pH 8.8 using 0.1 N NaOH. This

%

reaction mixture was incubated in a’'water bath at 37.5%
for 45 minutes. -

“The standard curve for NAD ranged from 0.05 - 3.0

. Ug B—bfAD/_,ml and was prepared by using different




.accordi;}g to Lamb (1977) and these are included in

Appendix 1I.

- for the gastric glands and the vitellarium nuclei between

Bt L TNV

o it o e
th g
q | S i

L) P

25

. -

aliqudts from 2 stock solutions: Stock A make up of 1.0 °
» -

mg B-NAD/100 mls of /.:;onciation med‘i\l,;l’m and Stock B

containing 1.0 mg B’-NAD/lo mls of sonicatioh medium. ‘ o ‘ i
Féllo:ving incubation, the tubes were placed in an '

ice bath and 20 uls of (.45 N HC\l were added to all the

tubes in order t;> remove residual NADH. "Also, 10 uls

of 6 N NaOH were added to the mixtures and ,the' tubes

were heated in a v.Jater bath at 60°C for 10 mirnutes to

develop_fluorescen(ce. After this time period, 2.0 mls .

og deionized—distilled water were added and the tubes ‘_ ‘

were read on the spectrofluorimeter at Aex = 360 mu and

rem = 460 my. oo

Statistical Amalysis - . .

A one-way analysis of wvariance (ANOYA) followed b)} .
a post ho¢ Tukeyitest were employed to determine any
difference between the treatments For the measures of
lifespan and fecundity for both tﬁe temperature and \ . ‘

dietary restriction studies (Bruning & Kintz\, 1977 ).

Life tables were constructed for both these studies

For nuclear counts study, t-tests were conducte

!

0 2 . ]

contrdl and experimental groups for every day of iife 3 ‘ *

(Sokal & Rohlf, '1969) . For the various measurementsg




'DNA content was di fferent between control and

N

taken of both groups of rotifers during their lifespan,
a 'éomparison of slopes for the regression lines as
des‘cgfﬁed by sokal and Rol‘x'clf (1969) was performedt’ To
detel;mir\e*’whether the range of nuclear silzes in the

vitellarium on each day of life between control and

experimental rotifers differed; a paired-t-test was

4
+ per formed between the sél}lest and the largest nuclei

9
observed daily of both groups throughout the lifespan.

A paired t-test was performed to find out if the
J . >

R4

expérimental rotifers throughout their 1lifespan.

A pa}ired t-test was also performed to determine'if
the enzymaticactivities of lactic dehydrogenase qﬁd
malic dehydrogenase we.rie(différent between control ahd

experimental rotifers throughout a 6-day lifespan.

- s -
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RESULTS

o

In this section, the effects of temperature on

lifespanawill be presented firxst, followed by data oé

¢

" the effects of dietary restriction on lifespan. The

effects of ‘the two environmental manipqlations of
lifespan, fecundity and reproductive profile of

A. brightwelli will be anaiyzed. To follow up on the

the observations obtained from the studies on dietary

7 .

restriction, results of nuclear counts will be presented

as wéll as results of'organr and nuclear-size measSurements
made on both groups of rotiferi. Following this, the
results:of DNA and enzyme assays will be shown for-both
control and dietary-restficted rotifers throughout tpe

lifespan.

Temperature

Longevity. The results show that longevity in the

¢

" rotifer was influenced by temperature; Fpe‘fesults are

given in Table la. A one-way analysis of variance showed

°

there were significant differences among the mean
<>

lifespan of A. brightwelli reared at various temperatures

(F(4,115) = 17.874, p<.001). The results indicated that
N oy :
—

lifespans<iertifers. The optimal temperature in which

-

to rear the cultures was at 17.5% since'in'this‘group,ﬁ

a - ~
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. the greatest mean lifespan was/obtained, X =5.91 # .41

\

reared at 15°C and 17.5°C were significantly ‘longer than,

the mean lifespan of rotifers reared at 20°C where .
% = 3.93 ¢ .29 days (q = 5.41; 6.34, p<.0l), at 23°C
whefe X = 3.35 + .20 days (q = 7.28; 8.21, p<.01) and at
25°C where X = 3.04 .t .25 days (g = 8.28; 9.22, p<.dl).
The mean lifespan of rotifers reared at 20°C was not
significantly different from the mean lifespans of
rotifers kept at ZBOC.(q = 1.869, p>.05) and at 25°%

p(q =r2.é73, p>.05). Table 1b summarizes the statistical
analysis aﬁbng all the groups. |

These results are graphically shown in Fiéures )
and 2. Figuré 1 shows tﬁe survival chves.Qf groups, of
A. brightwelli rearea at' the 5 different temperatures.

|

The ‘survival curve of rotifers reared at 17.5°C,lies
\

- « farthest to the right showing that at this temperature,

%

the number of rotifers stﬂilbalive'at increasing age was
.greater than at any other temperature. (At higher

temperatures, the survival curves of the groups lie

o ~ | F ‘
toward .the left part of the graph showing that R -
‘rincreasinq environmental tempera}utEs were
3 - s




Figure 1

-

Sdrvivorship curves of Asplanchna - o

brightwelli at Various enviromental ’
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detrimental to ‘the survival of A. brightwelli. Figure

.2 is a histogram which represents mean and expected
lifespan of rotifers at the differenﬁ temperatures;
mean- lifespan was derived by takiné the average of

total lifespan of all rotifers in the experiment.

Expected lifespan was derived from life tables (refer '

‘to Appendix II).

Fecundity. Table 2a shows the different

¢

reproductive patterns exhibited by A. brightwelli when, N

: 1
kept at the different temperatures>s A one-way analysis
. M ;

of var}ance showed that there were significant

differences in the times at which these rotifers entered

‘the reproductive cycle at various temperatures (F(4,115)
= 14.350, p<.001). The beginning of the reproductive "
cycle was the time when rotifers started-producing

offspring. At the lowest temperature, 15°C, the

rotifers started reproducing after an average of .

~

3.83 + .31 days which was significantly later, according

to a post hoc Tukey test, than the averaéé start of
reproduction in rot%fers kept at 17.5°¢C where x =
2.20 * .19 days (q ='6.84, p<.01). Similarly, rotifers

rgaqtd at 15°C entered the feproductive cycle

'signisficantly later than rotifers kept at 20°C where
. the start occurred after an"average of 2.00 * .25 éays

(qa = 7.68, p<.0l), in rotifers at 23°C where the

.
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,average start was after 1.81 * .10 days (q = 8.47,
p<.01l) and in rotifers kept atu25°C where the average
start of‘reproduction was even earlier at 1.54 * .26.
days old (g = 9.61, p<.0l1l). In comparing rotifers kept
at 17.5°C, 20°C, 23° and 25°C, the average start of
reproduction was not significantly diffeéent among
these groups. ‘ 3

' A one-way analysis of vériance also revealed that
the time at whicﬁ th; rotifers stopped reproducing
differed significantly at varigds temperatures (F(4,115)
- 56.422, p<.001). ‘At ;5294/{§z rotifers ended their
reproductive phase after an average of 4.85~i .43 days
of life; accordipg to a post Hoc Tukey test, this’wa:

not significantly different ff

the end of reproduction °
in rotifers reared at 17. °c here the average end of

‘the reproductive period was

@

fter 5.39 ¢+ .47 days (q =
1.335, p>.05).~ At ISQC, the egd of th; reproductive

period did not occur significantly later than in

éotifers kept at 20°C where X = 3.37 ¢ .4£°days (q = . N
3.66, p>.05) but it was significahtly later than in

rotifers kept at €3°C where x = 2.?3 + .19 days (q =

4..74‘, p<.05) and at 25°C where X = 2.37 t .40 days

(@ = 6.13, p;.Ol). Rotifers reareé at 17.5°C stopped

g .
producing offspring after an average of 5.39 %/ .47 days

of life and this was found to be significantiy later

A bttt o = i
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than in rotifers:kept at 20°c (q 434.99, p<tdl)h at- -
23°% (q = 6.08, p<.01) and at 25°C (g = 7.46, p<.0l1),
The;e were no significant differences in the average end
&6f reproductive phases among rotifers kept:at 20°C, 23°¢
and'ZSOC. The statistical differences for these and
other parameters concerning the reprqoductive cycle are
summarized in Table 2b. The pattern has shown that és
llfespan wes increased by lower temperatures, the time

.at which the rotifers stopped reproducing was also

3

delayed.

A one-way analysis of variance also showed
differences in the average.lengths of the reproductive
period among the rotifers reared at various tempexatures

a7

(F(4,115) = 13.930, p<.001). At the optimal temperature

of 17.5°C, the average length of the reproducti
was 3.i8 * .34 daysj; aceordiqg to the post h
test this was significantly longer than in rotifers kept
at 15°C where reproduction only lasted 1,02 * .?3 days &
(g = 8. 42,.p< 0l) .- Similarly, rotifers at 17.5° haﬁ
51gn1flcantly longer reproductive cycles than rotifers
kept at 20°C where X = 1.37 t .34 days (q = 7. 06, p<. 01),
those kept at 23°C where % = 1.14 ¢t .12 days (@ = 7.95,
p<.01) and rotifers kept at 25°C where %X = 0.83 ¢ .19
days (q =f;.16, p<.0l) . Theievegage length of the

reproductive periods in rotifers reared at 20°C, 23°%

. . -
A ‘ .
s ‘
2 \ - -
.
.

o,

i
;
i
|
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and 25°C were not ‘significantly different from each
other. C
Tﬁesé results are represented in Figure 3; the
histogram‘repreéents the percentage of rotifers, using
saméle sizes of 24, which were producing offspring on
éach day of life. The pattgin iﬁdicated that the lon;er
the\lifespan, the longer was ‘the reproductive period.
»A£ Low ;emperatu?esk 15°C in this case, the cycle
Jstarted late in life and ended later, and thé total
*length of the'ﬁeriod was very short {about one day).
During this-period, an ave;age of only 2 offspring per
rotifer was produced. At 17.5°C, the average length of
the reproductive period wéé longer, corresponding to an
increase in longevity. In this grouéh the average
numbérnof offspring per rotifer was 7. At increasingly
higher te@peratures, the length of the ;eproductive

Y

cycle became progressively shorter and this could be

»

" correlated directly to the decrease in the number of

offspring per rotifer. At 20°C, each rotifer produced

ah average of 4 offspring and at 23°c and 25°C, an
[ 4

40

average of 2 offspring was produced per rotifer. .

1

Figuie 3 shows not only the start, the end and the
length of the reproductive cycle but also the peak

. \
days of reproduction for A. brightwelli at various

;environmental'temperaturesx The peak dayasoccurred

<

;

5
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3

progressively earlier as temperatures increas%d. The *

peak. day of reproduction in rotifers reared at 15°C

sy e

was. at 4.5 days while the peak occurred at ?.0 ;
: ) days of age in rotifers kept at 17.5°%. At ZOPC,
the peak day occurred at 3.5 days of life thle at
23°C and 25°C, rotifers reached their peak at 2.5

v

days of age.

’

The results of this experiment have shown that
X

N 4
longevity, fecundity and reproductive patterns of

A. brightwelli were significantly affected by changes

o

’ in environmental temperatures.

Dietary Restriction ’ - ' |

Longevity. Food availability was the next

environmental variable that was manipulated to evaluate :

B

. its effect on the lifespan of A. brightwelli. A one-way Lo

analysis of variance showed that dietary restriction Y
conducted in the manner described previously i

significantly altered the’mean lifespan of rotifers -

(F(5,138) = 6.294, p<.001). These results are shown

D e NS N o
N

. Din Table 3a. ] ' : '
: . The feeding intervals tested yére spaced at°'12

| hrs, 24 hrs, 36 hrs; 4§'hrs, 60 ‘hrs and 52,hfs.

; c 1 Rotifers fed every.1l2 hrs had a mean lifespan of ‘ "
' 5.44 + .28 days while those fed every 24 hrs lived an

L} . . . » “ /
average 'of 5.91 * .21 days and rotifers fed every 36 <o

. N
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hrs had an even greater nean lifespaﬁ of 6.08 + .34
) days. A post hoc Tukey test revealed, however, that

these results were not significantly different from one -

. , . \
3 _another. ‘ ;
' y .
. 5 1
.\ . 13 v
When dietary restriction was more severe, the

results were detrimental to the longevity of

A. brightwelli. Rotifers fed at 48 hrs and 60 hrs

intervals had a mean lifespan of 4.41 t .36 days and
4.41 + .32 daysxrespectivély; those fed at 72 hrs
intéryals had aﬁmean lifespan ﬁhai was slightly éﬁorteq . ;
at 4.35 t'.35 days. "Post hec analysis showed fhat these‘5
~* means were not significantly different from one another.
HQwever,(fotiférs fed évery 48 hrs and every 60 hrs'had
a significantly shogtér m;an iifespan than ;hose fed
every 24 hrs (q = 4.87, p<.0i)’and rotifers fed every
536 hrs (q = 5.42, p<.01). Similarly,oyotifers fEﬁ*
every 72 hrs had a siénificantly shorter.medn lifespan
thap rotifers fed every 24 hrs (q = 5.08; p<.0l) and , !
every 36 hrs Eq = 5.62, p<.0l). The statistical |
resﬂi@s are summarized in Table 3b:;=
Figure 4 represents the survival curves for P e
A. brightwelli under the various restricted diets, ‘ .-
_There is a clear separation of the sufvivgl‘curves of
? the‘controi group (121}rs?eeding inﬁe}val), the group'

fed" every 24 hrs, the group fed every 36 hrs, and the

~

:::::



RPN QU o p— [ s
@ 3
\ ‘ ’
1 s t
° L)
~t « ' "
\ N { ) o
“‘\ N . ! | [ '
. CF N .
\ \\ " i g '
\\
NG i
\‘\ : ’ .
. AN .
‘ A h
: : AN . . )
| -
i \ ‘
f\
o
3 - .
]
L] o
r
l -
- . . A o 1
‘ Figure 4 Survivorship ck(ves of Asplanchna '
% .
? . o . . . .
: v, brightwelli at various feeding
' \ * L o M ¥
] J . intervals. (T = 18°C; N = 24) :
i ' 4, ' .
- . L . . < .
. . » v ° ; »
. b d
) [ Y
; ! . R
Q e
b ' !
: & : ) z
(\'? ! t 1
i Co
° 14
)
®
¥ a ' !
¥ '




- s s o

T

r,:\

SURVIVORS (Ix)

—————y s
Ay,

LY LT I Ty vy o g

8 12 iws

4
30 40 50 €0
HAGE {days)

P
o \\\
' .
|
!
{
i
f
LY




e i S e s s v e
- o

Figure 5
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L
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/J 1

N - . '(‘
Histogram of mean and expected lifespan
of Asplanéhna brightwelli at various

- feeding intervals. (Expected values are
derived from Life Tables in Appen{ix 11).
(T = 18%;" N = 24) , 7
o o %
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' more severely restlricted groups fed every 48, 60
« /2 and 72 hrs. The first tl:h‘ree g;rpups lie on thé right
pa'rt of the graph and rotifers fed every 36 hrs show - |
thé“b“est group survival. The othér three groups all lie
on the left side of' the graph, showing k\xow severe dietary
restrictillonvshortened lifespan in these rotifers.
The hist;ogram in Figure 5 clearly sh?\ks the }_Sattern o -
obt‘ained in the mean and-expected lifespans of‘rotifers

. 5\
lifespan with moderate dietary restriction followed by .- X

fed at the various intervals:i an increase in the mean {
| )

a decrease in'rdtifefs under severe dietary restriction. }
The me an and expvected lifespans were derived as described 45 |
previously. The reason the expected lifespan Iof ’ " i

. rotifers fed every 4'8 hrs was shorter than the expected
K . lifespan of those féd every 60 hrs was probably a result
of the high number of rotifers in the former group which
died during the first 3 days of life. The reason this
P occurred is unkown.

Fecundity. Table 4a ::,hOWS the reproductive
patterns of A. brightwelli when subjected to the
different: intensitie; of dietary restriction. There
were no significant differences in the ti‘rnes\ ‘at which

the various groups entered the reproductive phase .

according to a one-way aﬂélysis of variance (F(5,138)

= .8916, p>.05). In.the control group (12 hrs
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A “f e A

feedlng Lnterval) ’ the average start.of rEproductlon
was after 2.81 & 14 days of llfe, in the rotlfer fed
e.very 24 hrs it was after an averaqe of 2.95 + .09
days and in rotifers 'fed:every 36 hrs,. the a;/erage
start of reproduction was after 2.87 + .20 days; in the

~

‘more severely restricted groups, rotifers fed every 48

'~ hrs started to reproduce after 2.29 t .33 days, those

<

fed every 60 hrs started aftex\: 2.60 t .33 ddys and
~ rotifers fed évery 7%:hrs started to produce offspring
after 2,47 '+t ,37 days old.

Sigpificant differences we:re found in,"t;he average\
times at whicﬂ-thes:t.al rotifers s‘topped producing offspring
according to a oné—wa; analysis of'variance (F(5\,1‘38) =
6.25, p<. 001) ‘In the control group (12 hrs feeding
inteérval) ,‘the average end of regroductlon occurred after
5.29 ¢ .30 days, whlle in rotlferéofed every 24 hrs and
.evefy 36 hi:é, the énd of the reprdductive cycle occ’urréd
after 5.64 * .2:1 days a{pdd 5.64 x .42 days:respect“ive\y.'
These means were not siéni"ficant"li{ different from each
othgr accordirg to‘ post hoc analys'is. \;The average end - s\v
of reproductlon in rotlfers fed every 348 his was after
3.52 ¢ 55 days which was significantly earller Q:han in

- rotifers fed every 24 and 36 hrs (q'= 4.81, o’p<.05).
Rotifers fed at 60 hrs "irqxterv‘als ‘anded rep&oduct‘ion
-after an average of 3.60 t .46 days b{h‘iuch was also
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significantl& earlier than in those fed at 24 and 36

hr' Intervals (q = 4.58, p<.05). Rotifers fed every

72 hrs stopped producing offsfring after 3.45 t .54

days which was signif?cantiy earlier than in control

rotifers {q = 4.18, p<.05) and in ro?ifers fed at 24

and 36 hr intervals (g = 4.97, pé.Ol). In thHe tbreey

severély restricted groups, the average end of the

réproductive cycles were not significantly different.
The length of reproductive periods was also

significantly different among the six groups of

rotifers as indicated by a. one-way analysis of variance.

In rotifers where diet was not severely restricted (12,

24 and 36 hrs feeding intervals) the average length of

. the reproductive periods increased as the mean lifespan

increased through dietary restriction. Rotiférs fed

o

every 12 hrs had a mean reproductive cycle of 2.47 + .20.
days, those fed eve}y 24 hrs had a mean reproductive

cycle lastingAZ.éb t .21 days and in those fed every 36
@

hrs, the reproductive cycle lasted slightly loﬁyer, an

average of 2.77 + .28 days. These means were not

~

significantly different from one another ds” revealed by

'post hoc analysis. Rotifers;thaf were sevérely

régtricted had increasingly shorter reproductive cycles
correlating with the shorter lifespans. Rotifers fed
every 48, 60 and 72 hrs had an average reproguctivé
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eriod lasting 1.27 + .26 days, 1.06 * .24 days and

- .0.982 .23 days respectively. These means were not.

statistically different from one another but all”3 means
-~ .

were significantly shorter than the average reproductive

periods of rotifers fed at 12, 24 and 36 hrs intervals.

As can be exgected, the number of offspring produced

by A. brightwelli uhder various dietary restrictions was
affected; the average numbér of pffspriné produced ger
rotifer in the control (12-hr feeding) groub'was 7,
exgctly the same number as obtained in the previous
experiment when the gfoups were kept at 17.5OC[ while
rotifers in the 24-h; feeding géoup Rroduced an average\
‘éf 5 offspring; rotifers in the éﬁ-hr. feéding interval .
produced an average of 6 offspriﬁq. In.all other

groups, the average number of offspring produced per

rotifer was 2. The statistical results for a;l the

parameters of the-reproductive cycle are summarized in

Table 4b. e

, A histogrlam gi@en in Figure G.deséribes the
;eﬁrod&cti&eﬂpaﬁterns\obtained‘in the 6 different
;roups:of rotifers. Tﬁe peak days of reprodﬁction in
all grotps bccurred after 3.5 or 4.0 days; in rotifers
fed every 36 hrs, the peak day was reached earlier,

after 2.5 days, but until day 6,.this peak was

maintained. Therefore, according to these results,

i ¢ ) )
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rotifers fed every 36 hrs showed the longest

ireproducifbé‘cyclé and during this time a high average

y

\

il

Nuclear Counts. The results for the nuclear

counts in the vitellarium and gastric- glands of

A. brightwelli throughout a G—aay lifespan are given \
in Tagle 5. TQO groups of 20 rotifers were used to
obtain\the daily averages in the two g?oups. The
control groups were fed twice daily (approximately
every 12 hrs) and the experimental groups were fed

every 36 hrs. It has been shown n the previous
? .

experiment that A. brightwelli fed at 36-hr

iﬁtervals had a greater mean lifespan that those
fed at 12 hrs intervals.

Phbtomicrographs #1 and $5 show the morphological

- characteristics of the organs studied, the vitellarium

and £he gastric glands. Fixation of the rotifer in 50%
ethanol for a few minutgs caused the nuclei to shbﬁ up
very clearly for counting. Photomicrographs #2 and #3
show a close~up of the nuclei ;f the vitellarium which
are ,polyploid (Jones & gilbert, 1977) . éhotomicrbgraph
#5 shows a squash preparation of a fixed

rotifer when the body contenfs were extruded; this

photomicrograph shows the everted stomach with the

' two gastric glands on each side. Photomicrograph #6

»
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L

is a close-up of a gastric gland showing the smﬁil,
da;k’nuclei present. These and other photomicrographs
are giQen in Appgndix iv. |

In £he cantrol rotifers, the average number of
nuclei in the vitellarium on day 1 was 20.5 % ;57 and
the average steadily iﬁéreased uﬁtil a peak was reéghed
of 36.9 + .98 nhclei by day 5. On day 6, the averagée
nuclear number in the vitellarium decreased to 24.8 #
.57, In the expetimental rotifers, the average number
of nuclei in the vitellarium wa; 19.6 + .62 Bn day 1,
increasing at a slower\rate than in the control group
until a peak of 31.3 * .65 nuclei was reached on day 5.
After this time, the decreasé in the average nuclear
number was not as sharp as seen in the.control rotifers;
on day 6, experimental rot;fers héd an average of 30.3
+ .90 nuclei in thé Qitellarium. A smaller sample of
rotifers was collected to see if this average‘nuclear~
numbeyx kep£ on decreasing after thisdaf. Nuclear counts
taken of 6 expgrimental rotifers on day 7 have shown
the average number of nuclei in the vitellarium was
" 26.5.% 1.15. L : -
o Figure 7 graphically represents these resultg. On
d;y 1, the aver;ge nu%ber of nuclei in the vitellarium

of control and experiﬁEntal rotifers were not

~significantly different (t = 1.32; p>.05). On day 2y°
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Number of nuclei in the vitellarium'and

gastric glands of Control (12 hr feeding

®
intervals) and Experimental (36 hr ) .
feeding intervals) Asp}anchné*brightwelli
during 6 days of life. (T = 1}\%; N = 24) .
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the average nuclear number in the vitellarium of
control rotifers was.28.4 + .63 which was significantly
greater than the average found in the ;itellarium of
experimental rotifers, 26.4 & .60 nuc;ei (t = 2.40,
P<305). On déy 3, control rotifers again had a
significahtly greater number of nuélei in their
vitellarium, 29.9 + .70, as compared towexperimental
rotifers which had 27.2 * .78 nucleil present in the
vitellarium (t = 2.49, p<.05). Although the average
.number in the vitellarium.of experimental rotifers was
incéeasing at a significantly slower rate as compared
to controls, by the time aqys 4 and 5. of *life were

reached, the averagge number of nuclei in the vitellarium

‘was not significantly different. On day 4, thé control
’ o8

“

'r;ti?ers had an average of 28.6 * 1.60 nuclei in their
vitellarium whe;eas ekperiﬁental rotifers had aﬁ average
of 29.8 + 1.63 nuclei (t = 1.23}1p>.0§). On day é,
contro;_rotifers héd an ‘average of 30.9 + .98 nuclei °
in the vitellarium and expe;imental fotifeis“had a mean
of 31.3 * .65 nucleiz(t = ,467, p>.05f:‘ On day 6, the
average number of nuclei in-the vitellarium of control .

1

rotifers decreased rapidly to 24.8 + .57 nuclei while
3

the mean in experimental rotifers remained significantly
' [}

| higher at 30.3 t .90 nuclei (t = 5.98, p<.001l). After
N

this day, the nuclear number in eéxperimental rotifers p

o

' .
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decreased to 'a low of 26.5 t 1.1% nuclei.

Table 5 also shows the results obtained for nuclear

‘ , counts in the gastric glands of A. brightwelli

throughout a 6-day lifespan. Since 2 gastric glands are
, <

present in each rotifer, the average of the two is given

N TR L LN

EES

in this table.

were any significant differences between the number of

A t-test was conducted to see if there s

nuclei in the two gastric glands within the same organism.
Using the results§ of a sample of 20 control and >

experimental rotifers, no significant differé&nces were

®

1
observed in the nuclear counts of the, gastric glands :

v in the same rotifers.-

L3

On day 1, there was an average of 5,93 % .15 nuclei

e e g oS P o B W

in the gastric glands of control rotifers which was not

significantly different from the mean of 5.50 % .14 nuclei

5 found in the gastric glands of experimental rotifers (t

= 1.95, p>.05). On day 2, although the average number .

.
-

of nuclei increased in the gastric glands of.ﬁoth
control and experimental rotifers, the average nuclear
.. numbfr_in control rotifers was.é.70 % .22 nuclei which'_0
K | “was significantly®greater than the average of 6.20 + .18

nuclei in the experimental ‘group (t = 2.60, p<.05). On

PO

u

a further increase in nuclear number,occurred in_
¢}

the gastric glands;

day 3,

(o] N “

in the control group there was an

. average of 9.82 &

e ‘ ° @,
. ’ glands and this was not found -to be
- .

.19 nhclg}‘present in the gastric. =~ .
. . .
significantly

- B
. [J
~ ., oy e .




B P e , \’
J . .

, o N a7 \ B )
| ¢ SR S |
: S S . \ \\‘ o = . 63
N | greater then "the average of 9. 40 + .25 nuclej feund in _ ‘
N | ‘ the gastrlc glands of exéerlmental rotlfers (t-= 1.06,

’ \ L . ~

pz.QS). o - o

-~

~ *

e — 7

Y

L On days 4 and S'poweyer} the average number of

a

i . o - i )

nucle1 in the’gastrlc glands of control rotifers -
/

s

- ‘1ncreased to 10.7 t 33 nucle1 and then decredgzh

) - N
slightly to 10.2 % .27 nuclei ori day 5. In the . i B

experlmental group, there was an average of 9.50 t .28

- \

e ‘ - nuclei in the gastric glands on day 4 and a mean of

N

|: R ‘ '.9.40 t .29 nuclei on day»SL On these two days, the’

' {~ megns between control and experimental groups:

. were siqnificantly different (t = 2 80, 2.47, ps. 05)

e bl Al A b e

v

On day 6, the nuclear numbér in the gastrlc glands of

¥ experlmental rotifers reached;a peak of 10.3 ¢+ .25 B
nuclei while the average fcund in the control group . T

declined to 9.80 # .28 nuclei; these two means were not | ~ Cols

. p>.05). . . ’ : ’ ; " )
t . ! ' ! 8 - ¢ ' ' ’

o Size measur¥ments. The measurements of body size
~ N Rl . . AN

¢

L : s [
P . significantly different from one another (t = 1.63, i : l

. . ’ . .
and’various organs were taken. as described in Appendix

. .
- ' @

/ I1I.

"

" Table 6Ashows tﬁ%ﬁgrodth in body size of

s “. A. brightwelli during a §-day lifespan under control 1
B - - —7_jg—t__*<§1. o e : ~—
o . L x(fed twice dai y)‘gpd,experimental (fed every 36 hrs) . T (
i . . - - . ¢ - - 1 i
Coh ' conditions. A sample size of 5 rotifers was used \ i . 1

-t ‘ \
Y
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S

'dlfferegt between the control and the experimental

gradually with age until it reached the size mesaured

Y

for the dally meagurements in both groeps. By‘doiﬂg

a reg;ession analysis using the‘body>size measurements
in both groups, Figure 8 was obtained.’ A% can be seen,
theré was al slight increase in body width and a |
gradual incre;eewip body length with age in both groups

of rotifers. Although the dletary ~restricted rotlfers

"showed a smaller increase in both length and width, this

was not signiflcaptly dlffenentofrom the control rotifers
according to the test for comparison ofﬁslopes,

Table 7 ,shows the results obtained when measurements

. of the gastric.glands were taken throughout the lifespan

. of ‘control and dietary~restricted rotifers. A regression

analysis was obtained for the length and width of these
glands'ih both groups of rotifers for 6 days of life. a

)

test for the comparison of slggeihrevealed that although

the w1dth of the gastric gland was not 31gn1f1cantly

groups, the leﬁg§h§vfﬂéhe gastflc gland was dlfferent. "

Ih”centrol rotifersy the length of the gastrlc gland

remained more or less the same throughout the llfespan

. but 1n experlmental rotlfere this length 1ncreased

|

in the coAtrol group.

Table 7 also shows the results’ of measurements _ N

tgken -on the nuclei in the gastrlc glands in control /’f’f/“\.'»

L2
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o I

and experimental rotifers. Figure 10 shows a

*

7

“
°

regression analysis of these nuclear measurements
throughout the lifespan. A test for the comparison-‘of

slopes has shown that the nuclei of the gastric glands

§ - in experimental rotifers were not significantly smaller .
| , ¢ ‘ \

than the nuclei present in the gastric glands of ' ’

controls during the lifespan.
The'meésurements of the vitéllarium and its nuc‘lei

for both control and experiment-a]: (diétary-restricted)

; o rotifers are given in Table 8. The vitellaria were only

measured when at least one side-arm w;g fully extended

o

to permit as close an estimate possible of the actual

size of that part of the organ.. Fiéure 11 shows that
thé size of the vitellarium in experimental rotifers !
was cons;:antly smaller than in 'control roti;fers
throughout the lifespan. A coméariso}x of slopes test
révealed th;t this difference was ‘not signifiqant.
. | Sinceuthe nuclei in the vitellarium vary 'a gredt

Q deal in size due to mitotic activity, a°range of nuclear
. s:ilzea was recorded in an attempt to find a more

accurate repfesentation thah simply taking the average .

gizé. To do’'this, the smallest and largest observed

1Y

‘f,nuc;lei in the vitellarium were measured for every day

of life for both control and experimeﬁtal rotifers., _— e x
_— ' Figure 12 shows the results obtained in both L ’

-, N -

N 0 oo
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1A

nuclej, that is, from 9 to"lSJum. By the 1ast'day of

‘life measured, the nuclei in the vitek}arium of the

' the smallest ﬁuclel were compared 1n the two groups'

- . SO - y ORI
- - -~
o - |
0 ¢ i
. o ®
o o
c 7
[ o s
) » Na .9
A . - 74 ~ '
L] .

groups. On day 1, the ndclgi fdpnd in both groups were

relatively small, ranging from.10 - 17 um.in the control

o

group and- 11 - 18 um in the experiﬁentéi group. From. ¢

days 2 to 6, although the largest observed nuclei were

¢

constantly between 21 and 24 um in both,groups,rtheré-

was a greater variety of sizes in the smallest observed
. X

o

3

v

control group weére mostly large, rangihg:from 16 - 30

um while those in the expérimental

g a

ranged from 15 - 25 pm.
In control rotifers, ' the nucieaf(size of the
vitellarium increased with age especially from'day 4 -
to day 7 and this pattern Qas also seen.in experiment&i
rotifers but to lesser extent. The smallest and lafgeét
vitellarial nuciei measuréd Eor each 'day, of life were.

constantly of a ‘smaller 51ze in experimental rotlf/;s.

i

This dlffenence was shown .to be 51gn1f1cant only when

(t = 3.86, p<. ol) but not when the 1argest nuclel were

.

compared (t = 1,39, p>.05).

" 3

&

_Photomicrographs #3 and 4 (see‘Appendix IV) _show . :

[
il

the morphologlﬁal dlfferences\1n the vitellaf\3y~and
its“huclel in young and old rotlfers. Photomicrograph ’ f

43, shows the polyplOLd nucle1 of varlous sizes seen tn X




-

) oL . | . - 75
a young viteibérium? in photomicrogréph #4, %he

vitellarium has a large amount of fat deposit and the

4

“nuclei are very large.  Also, the nucleoli are broken

‘e

" up, 1ooking‘verx different from the dark, compact '

4
forms seen in the vitellarium of younger r?tlfers - :

DNA Content. The DNA content for groups of 20
control and experimental (dietary-restricted) rotifers’ .

during each day of life was measured spectrofluorometri-

*
' -~

cally and the results for these daily assays are glven
.din Table 9

DNA concentration was simi'lar in both groups on

the first and. last day (day 6) of life measwred The .

var?ation in DNA content on days 2 to 5 was attributed

© >

to changes due to reproduction ané‘ﬁhé'presence of
-

offspring in various developmental stages within the .

' adult rotifers. Fiqure 13 shows a graphic representation

o

' of these results. Th& increase followed by a.decrease
. - S

7 1

in DNA content could be correlated'with reproductive

activity. Although diétary—restricted rotifers
.-

ﬁ;odud&d offspring more aeffvely-oﬁ'the Jdast thrg%>d§ys”u$“

- Of‘life, this was not indicated in the results. The

t ' . f}

. difference may have been too small for detection using

the technique described. (ﬂ
o 3 /

The results did show that the DNA content wasg

'éonsgagtly lower in experimenfal rotifers from day 2

.

_ :
& o~
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\"¢o day 5 as compared to-control rotifers but the
same‘pattern-&as obtained in the two curves; the
difference may have been relatedyto the smaller numﬁer
of offspring produced by the experimeqtal rotifers.»'A
pai;ed t-test proved that these results were not
'significantly different from each other (t = 2.47,
p>.0%)._

‘. Enzymatic Activities. Lactic dehydrogenase and

'

* malic dehyq;ogenase activities were determined by the
[}
amount of NAD released, the fluorescent component of

the reactions. The amount of NAD formed when the

«
. 2

sonicate of 3 rotifers was incubated with B-NADH and
[ ' N .

sodium pyruvate indicated lactic aehydrogenase activity;
- _the malic dehydrogenase activity was also determined by
] .
. R the amount of NAD released after the sonicates were

Y
incubated with B-NADH and cis-oxalacetate. The results

S

of the daily enzymatﬁr'activities for both enzymes in

w

.control (fed every 12 hrs) and experimental (fed every

. 36 hrs) A. brightwelli throughout a 6-day lifespans are :

giveh‘in Table 10 and Table 1l1.

a . o

(O i Figure 14 shows that in control rotifers, the

..?;. .
]
?

amount of lactic dehydrogénase activity increased slowly

during the first 3 days of life. This was followed by
e “ - .

a sharp increase 'from day 3 to day 4. After this time,

a slight increase in lactic dehydrogenase activity

T 1
'

.

P
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. Figure 14
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. L ) 4 #
Lactic dehydrogenase’ activity -as determined

by NAD release for control and

experimental (dietary-restricted)’

v

Asplanchna brig'htwelli throughout lifespan.

b »
(r = 18%; 3 rotifers/group)
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- o;ccur'red f'r.om‘ day 4 to day 5 and this level of activity
* . remained unchanged on day 6. 1In the experimenta.l -
‘group, the lactic'dehydrogenase activity decreased a
little from da;y 1 te day 2 but then increa:c,ed from day
'.2/'to.day 3. For the first 3 days of 1life, the level

‘of enzymatic activity was constantly lower in the

]
a Y ﬁ

experimental group as compared to the' control groﬁb. In
| ,t.his g/r*oup the/:e\Was also a sharg'increase ‘in'lac‘tic
dehydrogenase acf:ivity from day 3 to day 4, a much- _
great:er increase than'in the control group and the

activity kept on increasigg on day 5 and da'y 6 of life,

For the 1ldst 3 daiys of lif'e me asured, the level of lactic

dehydrogenase activity was higher in the ex;;erimental

group of rotifers. ' -

Flgure 15 shows the malic dehydrogenase activity

throughout the llfespan of control and experimental
rotifers. ‘In the control group, the malic dehydrogena;se.

« ,activity decreased slightly from day 1 to day 2 but then
increased from day 2 to.day 3. Again there was a sharp
1nci:ease in enzymatic act1v1ty “from day 3 to day 4 and
the level of malic dehydrogenase activity gradually

L 1ncreased on days 5-and 6 of life. In the e perimental :
. ) group, the same pattern was obtamed except tkt’in

L
the flrst 3 days of life, the level of malic

dehydrogenase activity was lower than in the controls.
P .

83

\’»

POCTIRCNS STy ST

< -
ot s

AR

PR D ST

I T AL T e e
.

N

.

4
.
A
g\
¥
%
K




-

rgwnr e

g

L1

s L. /\ . \,

F 4 . .
i
)
A .
14
s - e % e e————
’
R
-
.
\
o 1]
.
) '
[
. [
- 8 " [N
—~ . 84

2 - ‘

However, during the \‘1§stJ 3 days of life, the level of &
enzymatic activity of this enzyme was-higher in the , +° . B
experimental group. o o A . ’
: \ %
A paired t-test performed on both sets of results %t
. revealed that there were no significant ,differences in
enzymatic activities, between control and. experimental ' ;i;
groups throughout the 6-day lifespan (t = 1.58, .553, ) .
' . i) . ' .
p>.05). :
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marked ly affected li fespan -and reproductive patterns a

y]?ife .0of an organism can be correlated with the amount
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Voo DISCUSSION ) ,/
* o

v . i ’i
Temperature ‘ ' . !

¢ ' (N
The results have ‘'shown that manipulating certain

AR s

environmental factors such as temperature and diet

- e s

in the rotifer A. brightwelli.

The stud‘ies describing the effects <of .temperature
on lifespans of various organi;mg are numerous. One of
the first theories concerning temperature ‘on "rate of
living"” was proposed by Pearl (1928) which stated that ' ‘ :
the "length of life ‘gaé somehow related 'to the rates at-f

!

which chemical reactions‘occurred within the body" (Vvan

H »

Heukelem, 1978). It is important to have a clear idea =
of the "rate of living" theory of aging since many¥ of

. [
the results presented here can be interpreted in relation

to this theory. The theory implies that the length of

of energy expenditure through,out; its l‘\fespan. It was

‘observed'th'at in the majority of organisms reared at R

high temperatures, the metabolic rates were higher,
the rate of development wpasi’increased, the onset of
sexual maturity occurred earlier a;nd' senescence and
death occurred ’earlier than in organisms reared at
léwer temperatures. These observations conf irmed
2 . . ' v S S

b ) - ‘r :

~

. -
TSN
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' Northrop,” 1917; Miguel, Lundgeren, Bensch & Atlan, 1976),

Cassada & Russell, 1976), rotifers (Meadow & Barrows,

- was physiologically younger.

‘a dying phase. The first phase would not be affected by

-
.
a

86

i3
E

an garlier hypothesis by Rubner \( 19'68) who proposed 1

that length of 1ife was invérsely proportional to the

rate of metabolism (Strehler, 1977).

~' These results were similar in Drosophila (Loeb &

mosquitoes' (Briegel & Ka;iser, 1973), Qematodes (Byerly,
. e
1969) and various fish and insect$ (Van Heukelem,

° ]

1973). In other words, the "rate of living" theory

—

proposed that when two groups of organisms of the same

chronological age were reared at two.different
temperatilres, the group réared at the lower temperature

o

Maynard Smith (1959) proposedﬁe concept of
"vii:al:r.ty" to explain results he obtained with fruit .
fly experiments. Two groups of Drosthilé were used.
6ne was kept alt' 20° throughout their ‘lifespal.n and ,
another kept at 36°C for.'pla‘rt of their lifespan and then K_)
switched to 20°C.' The lifespaps of these tvi\o groups

were not significantly different. Since these résul\ts

were inconsistent with the proposed "rate of living" ..

G

~ theory, Maynard Smith presented the concept that lifespan

was di;/ided into two phases: 1) an aging phase and 2) m
temperatyre ’b;.lt a decline in vitality occurred during

~

@ X e 3R S ey T A ———— P
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: ' this phase., As vitality deereaséd, the rate of dying .
increased and this phase was affected by temperafure

‘ - the higher the temperature{ the faster the dying -
, : ¢ .
rate (Maynard Smith, 1959). -

1 PSS

s N - T

. . N, . N . .
Various experiments using different _organisms - N

have shown that both theories could be used to explain - ' ) \

lifespan results: therefore these two theories are not

/’ ) .

’ .
4} mutually exclusive. , . v J
° d

e i + Lamb (1977) proposed that ‘high temperatures

.

——— "

: " increased the probability of death by increasing -

3 oy

‘ ﬂetabolib rgtes‘aﬁd thus raising the level of

,metabolis errors. Whatever the reason, it seemed'¢
that most rnvergébrates and "cold-blooded" animals

\

: 4
" displayed a longer lifespan at the lower end of the o }
., Y * \
’ » o ' ©

temperature scale. o ' .
‘ a < h

Fanestil and Barrows (1965) found that Philodina

acuticornis had a mean lifespan of 83.6 * .86 days

(B M . . .
when reared at 25°C but at 31°C and 35°C, the mean N
° ’ [N

Il

lifespans were shortened to N.9 t 1.07 days and le.1

® £ 1.20 days respectively. 1In 1967, Meadow found that.
. averaﬁe’lifgspan of Philodina’acuticornis odisoa, ' . \
» 4‘ .

¢ Milne at.27°C was 16.3 ¢ .16 days'and at 24% it was 0

22.2 + .30 dafs. ! ” S e .

»
»

In the present “experiment using the rotifer A.
)

. . " brightwelli, the résults shown inQTaﬁle la revealed

® . . . .
M .
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that at 17.5°C, Trotifers displayed the longest mean

‘lifespan.s. At increasiygly higher temperatures of .

20bC, 23°C and 250C, ths me an lifespan decreased. At

]

' .o® . .
a temperature of 15°C, the mean lifespan was slightly
shorter but this was not sfgnificahtlyndifferent from

the mean lifespan obtained at 17.5°C. The results of

i

temperature of lifespanwere consistent with results

0

obtained in other rotifer studies.
N L ]

In the present experiment, it was also. found . that

-

when groups of A. brightwelli were reared at decreésing, 4.

['4 . v ‘
temperatures, the time at which thege rotife{§”started

to produce offspring occurred later (see Tablz 2a}.

the end of reproduction also‘occurred earlier in thesg

. -

rotifers as the temperature increased. Except for
rotifers kept at 15°C, the length of ﬁhe‘}eproductive
cyclé.gecreésed as the temperature increased; in

A. brightwelli kept at 15°C, the length of the
IN ¢ . * . *
reproductive period averaged only a day; this was due
e o ) N
to the fact that the start of the reproductive period

occurred so™ate' in life., 'For.this reason also, an
N . l - - 1 » \
average of only .2 offspring per rotifer was produced.

It 'was -also found that as teﬁbefature increased, the

)
average number of offspring produced peq_rotifer

~

decreased, this being a direct function of the

’

shortened reproductive phase with increasing

N f ‘ °
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1

temperatures. ' ; }r ' 1’“ ‘-m. T

In the expgéiment by Faneséii ané_Barroys (1965),
the effects.of’température on fecundity was also
studied. Here it was found that the t&taI number of
eggs produEed in Philodinikkept.at 25%¢ and BI?C was not

significantly different (41 and 39 eggs respectively) but

P )

‘ . .
the total found in rotifers kept at 359 was significantly

reduced (29 eggs). The authors have also shown that in

» '

1

A 2

these rotiférs, the time at which reprodhction started
and eénded was not different. Meadow.jl967) also reported

that in Philodina reared at 270Chand 240C,'the total

number of'eggs laid per animal was similar (52.5 and
52.9 eggs| respectively) . _Although the study reported

that egg 1ayihg began and.ended, earlier in rotifers kept
Ey ‘ ~N

at 27°¢ as compared to those kept at 24°C, it did not °

mention whether this difference was significént;7/~\
The results obtained in this first series of
s : .
experiments using A. brighf@elli have shown that various

environmental temperapﬁfés affected both Ilifespan and
A e
fecundity. The regroductive period appeared to be

proportibnél to the average 1lifespan; that is, the :
1oﬂger Ehe‘héan 1ifespén, the lonéer was the reproductive
phéig(/ Fecundity was also depehdent on lifespan, since
Gthé average number of offspring produced per rotifer :

'

increased as the reproductive cycle was lengthened.




sexual maturity and to senescence as environmental

=2S

« s - rh

¢ B . S d 90
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One interesting aspect of this study was that the time

[y

‘at which reproduction started and ended occurred earlier
- ‘

a‘s*"teyner.atures increased. The results 'seemed to
indicate that metabolism was increased at higher

temperatures causing the rcotifers to mature and senesce

fxaster{’as environmental temperatures increased. Thus, -

the results of the present experiment were in agreement ‘

with the "rate of living" theory. Since no other

L3
s

changes were studied, no_,conclusions can be made at this
e

. &

point concerning other mechanisms such as DNA deficiency
or enzymatic activities or the accumulation of waste

\ .
products in the cells of the organism.

 This experiment yielded interesting .observations:

(1) there was a definite extension of time from birt’h to

IS
*

temperature decreased and this was reflected by changes in

fecundity; the delay in the onset of sexual m‘a‘turity was

~an obs.ervatior} from which stemped from the "rate of living"

theory. Correlated with this, the period of senescence was

delayed and so, death occurred later in A. brightwelli

+

! M
reared at lower temperatures; (2) a temperature
optimum did exist for the rotifers in which the greatest

mean lifespan, the longést reproductive period and

maximum fecundity were achieved. From these results -

it was decided that cultures shoyld be kept at ' -~

<

H
1
3
i
H




manipulations have been considered to.be important factors

. 91
approximately 18°c for future experiments.

Dietary Restriction

In both invertebrates .and vertebrates dietary - '

¢

' U
in manipulating lifespan. Although most of the work
concerning dietary restriction’ involved mammalian systems,

quite a few.studies 'were also carried out on invertebrates

~

and some of these will Be briefly described. '
In an experiment using the ciliate Tokophyra, it was

shown that if these organisms were fed twice daily instead

of 7 to 8 times daily, the pean lifespan increased. from ’ . :
a

9.62 days to 22.8 days. I group fed ad libitum, the ' .

mean lifespan ogberved was only 4.48 days (MacKeen &

Mitchell, 1975). SimilaTrly, when another invertebrate

” 1

7 '
Campahularia flexuosa was fed Artemia every third day

instead of every day,'the mean lifespan was. significantly -
inére%sed (Barrows & Kokkonen, 197@).

In thé rptifer Philo@ina, Fanestil and Barrows ’
(1965) have also shown ftha Q}mitingvthe times of , —

e type ;§§§$et lengthened lifespan.

When rotifers were fed algae and pond water daily, the

. ~.
feedings as well as ¢

mean lifespan obtained was.34.d t 1.1 days; when no

.. N A -

algae were included in the daily feedings, the mean

lifespan was increased to 45.3 £ 1.7 days and if this '
. k]

]
diet was given on alternate days, the mean lifespan




-
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was further increased}tg 54.7 t 1.3 days (Fanestil &
c )

#

Barrows, 1965).
. : e
Early experiments by Mingt (1908, 1913) suggested
that factors which reéarded-érowth ana development or
that reduced metabol;sm tended to postpdﬁe seneséence -
(Comfort, 1977) .. The age ét;wbich dietary restriction

9

was imposed on an organish was also thought to be
importaht since some fesearéhers propbsed that. the pgriod
of senescence ocgurred only after cessation of growth |
(McCay et-al., 1935, 1939). From studies on rats, it

;as thought that growth ;etarda£io§bdue to dietary |
restriction was associated With a longer lifespan. Recent
studies have shown that dietary re§triction in thg adult
still gesulted in the prolongaéion of life, thus disproving
the former ideas on diet and senescence. It was also
reported that in mammals, nutritional deprivatfge

retarded sexualygmaturity (Osborne & Mendel, 1915; McCay

et al., 1943). Inl1948, Lansing®* correlated the cessation
of growth'in rotifers with the appearance of an
unidentified cytoplasmic factor, a manifestation of
the aging process. ‘ A

In invertebrates, very little information was found
- B

regarding delayed maturation and dietary restriction.

in the Fanestil and Barrows (1965) study on aging in the

'

" rotifer Philodina, it was reported that in the two -« -

—

va

(%4
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21 and 29 days respectively.

B Y L 93

groups of rotifers where diet was limited, the lifespan
increased along with the interval between the staft and
the end of egg production. In the control group (algae

and pond water, daily) the duration of this interval was

8 days, while in the second and third regimes (pond :

"water daily and every second day) the interval lasted '

O

There are numerous theories explaining how

~ » ,

dietary restriction has such a pronounced effect on
lifespan in the majority of organisms. Moment (1978) 4
proposed that the answer may involve the reduction in the

use of the genetic code thus decreasing the wear and tear

” .
on DNA (Moment, 1978). This concept was agreed upon by

other authors, namely Barrows and Kokkonen (1978), who
stated that dietary restriction increased lifespan by
decreasing pro;ein synthesis; 'in this mdanner, the use
of the genetic code was decreased thereby "minimizing
genetic imperfections as they may occﬁr in later life"
. .\" u'

(Barrows & Kokkonen, 1978).

Lamb (1977) proposed that dietary restriction

slowed down the "biological clock" that governs éhe rate

of aging. The reasoning here was that if the growth

'periaiwere;nolonged by undernutritiéﬁb.the period of"

senescence must also be extended In the mammalian

’

systqms,\it was suggested that diefary restriction

*
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also delayed the onset of certain "aging diseases"

such as leukemia aqd kidney failure and that the

incidente of tumors was reduced in underfed animals ] . . .
(Berg & Simms, 1962; Bras & Ross, 1964; Saxton et

A3

dﬁ., 1944; Ross & Bras, 1965). There was also a
° ’
-study showing that mice on dietary restriction
-had a lower body temperature but higher oxygen . o
> o of

consumption (Leto, Kokkonen & Barrows, 1976)% P
g “ ' . .

although the decreased body temperature could be
explained in terms of decreased métabolic rates, _ »
there was no apparent reason why organisms Qith a ‘ .
longer lifespan shdula display higher oxygen

K}

consumption. '

; . L

The indication that dietary ;estriction
increasig ’lgfesgan again se;med to point toward the
"rate of living"-theOryi Through dietary restriction,
growth was delayed; this‘delay"was correlated with“a' :  °
delay in senescence as wellnas in certain diseases
attribut?d to aging. The"biological_clock“}theory was
an eft@nsﬁon of the “r&te of living" theory since:-it
also proposed a slowiné,down‘of“events. The above

theory can be used to explain the results obtained in ‘*’j

o

the second experiment using A. brightwelli.

When manipulating diets of various invertebrates, , »

i* was difficult to monitor the diets so as'to.

- ' ‘ M ‘ Q




) : L ‘95

S

limit caloric intake; an easier method therefore involved

-

decreasing the amount of food available to the organism,

employed

Lengthenihg the” feeding intervals was the method

in this experiment using A. brightwelli.

1

Under normal experimental conditions; the rotifer ;

tultures were monitored and fed twice daily

f . L
(approximately every 12 hrs), therefore the controd group N |
\in this study was defined as the one being fed at thgse
' A ’
\time$. The experimental groups.were fed every 24 to 712

ﬂrs; all groups were kepgt at a temperature of 189C.' The

~
[P

regults showed that underfeeding these rotifers by
N “ ,
extending the feeding interval up to 36 hrs lengthened
by . o N . -
mean lifespan (see Table -3a). -
. o i
. In the present experiment it was also found that
-\\ .
the tl&?s when these rotifers sgafte& to produce

s

offspri\g weré the same in all 6 éroups (after about 2.5 1’
days) . Wx

n the groups that wege fed every 24 and 36
hours, thg‘mean length of the reproductive period
showed a slight increase as compared to the

controis. fter this point, the more severely
restricted gripups showéd a decréase in the duration of
the reproductiyve phase as lifespan decreased (see Table
4a) . " Again, ié could be concluded that the.length of -
the reproductive' period was‘proporfionai to. the ) - =

"lifespan, that iéy the extension of reproduction
. ‘ \ .

.
\\
\
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was dependent upon increased longevity.

This study ‘has also shown that the average number

of offspring per rotifer was high when the reproductive

. ’

period was extended but in the more sevegely restricted

4 . 4

groups displaying the shorter lifespans and reproductive

-

periods, the average was only 2 offspring per rotifer.

>

Although rotlfers fed every 12 hours (control group)

had a slightly shortér reproductlve perlod than rotifers

fed at 24 and 36 hours intervals, this was not found to

4

be significant,accordyeg to the statistics performed on

these 3 groups; however, the highest humber.of offspring

. per rotifer was attained in thls group. The reason for

thlS is unknown. 7,

In the present experiment, although the onset of
sexuai maturity was not delayed Ehrough moderate dietary
restriction, the period of reproduction Qas lengthened
and sehescence was delayed. Since. rotifers are eutelic,
ie cannot be assumed that a "biological clock" based on
tﬂe pumber of eell divisions is regulating ‘the rate- of

the ag;ng process in a non—diYiding'syetem; certein

eyenée may be going on at-a slower rate, though, and \\

some of these were }nvesfigated. |
Altﬁgugh’most of fhe theories mentioned above have

been derived from studying mammalian systems,'some

variables can be studied using invertebrates. Since

96
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\ .
moderate dietary restriction did show promising results
in A. brightwelli, this phenomenon was studied in greater .

) 7
detail to see what other processes were affected in the
rotifer during dietary restrittion, and to see if the

. ‘ . ]
results agree in somé way with the "rate of living" theory

of 'aging.

Nuclear Number ~

The fir;t‘aSpecﬁ that ‘was studied -concerned the
éattern oé nuclear division in the two organs that are ‘ ‘\
exceptions to the eu£elic condition of the rotifer, the
vitellarium and the pair of gastr%c‘glands. With theu\\\\’/fr‘ »
"rate of livihg" theory in mind,Aif the rages of cellular
events are delayed by dietary restriction, this delay..
may bg expressed by a~change in pattern in the >
dividing organs of the rotifer.

A study examining the nuclear number in the

vitellaria and gastric glands of Asplanchna sieboldi was

L

carried out by‘ﬁirky'and Field (1966) to see (1) if S

rotifers of the same clone showed a characteristic
 humber of nuclei in ﬁhese organs ?nd (2) if different
diets affected Lhe nuclear nuﬁﬁer. From this study, it
- was observed that there existed intraclonal variation '
regagﬂﬁhg nuclear number in the vitella;ium and gastric
'glandsgand that nuclear number fluctuated from day' to day:

Of prime importance though, it was found that in three

N
‘¢
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even after two generations (Birky & Field, 1966) .

.

pair of gastric glands and in the vitellarium were
. 1

’
]
" . .
&~
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parallel cultures of A. sieboldi, significant differences

occurred depending on the source,of.food giben.‘ The.

v

authors concliided that envindnmental factors such as diet.

could affect nuclear number and this effect was detébtedA

3
’

: A
In the present experiment, although the food

: . , N .
source was the same (Paramecium caudatum), the times at ~N

Wwhich the rotifers were fed differed. The first group

(control) ofﬁg. brightwelli were .fed every 12 hours
while the second group (experimental) were fed evefy

36 hours; in Woth groups, the numbers of nuclei in the b

counted for all 6 days of life.

|
The results suggested that there was a certain -

pattern of nuclear division in the gastric glands and !

~

vitellaria of A. brightwelli; also, the pattern was'
slightly different in rotifers fed every .36 hours as
compared to those fed every 12 hours (see Table 5}).

In the gastric glands of the controls, the number

of nuclei present increased from the first to the

fourth day of life followed by a decréaseaon day 5 and

on day 6. 1In the experimental group, the nuclear number

o ¢
in the gastric glands also increased from day 1 to day

‘4 but on all these days, the puclear number was always

lower than found in the control group.

.

The nuclear

.
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number decreased slightly on day 5 (the same pattern
' f
as in the former group) but on day 6 it increased,

< P "

[ N . .,
finally reaching the peak obtained much earlier in life

in the control group. Although fhe pattérn of nuclear
divisi%n found in the gaétrié glands on each day of 1li
was similar in both groups, the time at which thé same
events occurred in the experimental group @as slower

gé compared to the controlsi

The same kind of situation occurred when 9bservimg
theqnuclear}number in the vitellarium. in the ;;ntroi
group the nuclear number increased from day 1°to d&y 5
and after thiséiime the nuclear number decreased on day
6. In the experimental group, the nuclear nd@ber in the
vitellarium'also increased from day 1 to day > but.for’
the fzrst three days of\life, the nuclear number was
alwﬁys lower than Lﬁ'tﬁe control group. On days 4 and 5
the values were statistically the sage in botg groups
but on day 6, the nuqleai number in the vitellariua“in
the experimental group decreased verf’élightly. A
smaller sample showed that a further decrease was
observga by day 7 in the experimentai grohp.

In the v{Eellarium, the nuclear Aivision patté;n
w;s similar to that seen in the gastric glands.r‘The
nuclear number increased until a peak waé reached "and
then decreased late‘in lifé. In the experimental

LY
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rotiters, the same events occurred.but in this group,
the events bccurred later than in the controls. Figure
v is a graphic represenﬁagion of the.division events in
both organs of the control and experimental rotifers.

’

The delay of events in Epe exp%fimental group is shown

o v s MO 1

=Y

as a shift to the right on the graph, that is,‘the
. "experimentai" curvg lies to theLright of the "control"
gurve.

. A ]

The results of this experiment yielded two \ -
interesting observations. First, the patterns of ~ * :
nuclear divisions thained‘indicatédthatin the . - e
viteiiqrium and the gastric glands, the nucleér number
reached a max&muﬁ value ‘and then the nuq?er of‘nuclei
decreased after this peak. Mammalian cells in culture
have been shown to undergo a finite number of population
doublinbs.gefore death (Hayflick & Mo&rhead, 1961; ’
Hayflick,,K 1965); manifestat&bn of senesceﬁce at the
cellular level was therefore defined as the time at
which cells Jos£ this proliferative capacity. 'Althougﬂ\
cellular ' division in invertebrate organs h&s never been ’ . /
.studied in a comparative manﬁer, the results of this
experiment seemed to inéicate that nuclei in the onl§ i
two dividing cell ii@gg of the rotifer reached a
_ &

s certain peak and then deqreased before death.

v

Although it would be difficult to analogize the

/ ' S o0




©s

‘rotifer due to the depletion of necessary metabolites
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results of this experiment with.those from cell
- , Q
cultures; the underlying concept is interesting.

Hayflick suggested %hat the decliné in cell proljgferation
may be due to depletion of essential nﬁtr%s the ~
cell (Lamb, 1977); it (is possible that nuclear division

stopped in, the vitellarium and gastric glands of the

2

- or the accumulation of waste products in ‘these glands.

- . .

Thus a decrease in nuclear number may be a manifestation

of senescence in this rotifer. 7
G
“r

Secondly, the results have shown that dietary,
restriction did affect the nuclear number in tﬁe gast;ic
glands and vitellarium of the rotifer. JIn the
longer—l%ved rotifers (those fed every 36 hrs), the
nucléar pattern observed was similar to the ,‘
shorter~lived rotifers exc;pt that the timing of events
was slower. Many gerontologists have hypotheéizéd that
aging was genetically programﬁedifhrough a "biological

clock" so that longer—llved organisms exhibited an

- aging program that was sloﬁbd down (Lamb, 1657) .

,
{

Again, since rotlfers are eutelic orghnlsms, the results

of this experiment cannot be explained in terms of this

theory; the delay in events observed could be rglate@
to the "rate of living" theory wh;ch, aé mentioned

before, stated that the rate oé\occurrence of cellular
L




.influenced its longevity. The gxperiment‘éuggested

, Were not surprising. * N

L %)
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events or chemical reactions within the drganism

¥
-

that the pattern of nuclear division in the vitellarium

e

and gastric glands of A. brightwelli was slowed down

through dietary restriction; since this manipulation ¢

increased the mean lifespan of the organism, it could

be assumed that the slower rate of nuclear division in '
.

these organs was a factor in extending the

lifespan.

Measurements . !

The effect of.dietafy restriction was further
studied to see if it produced any significant chénges
in the growth of the rotifer throughout its llfespan or

if it altered the 51ze of the gastric glands, the

:vitellarium and their nuclei. The body lengths and

widths of control rotifers and diétaryérestricted

rotifers- (experimental) were feasured throughout a 6-day

AN

‘liféspén.' The results showed that statistically,'there .

wére no alterations in body size as a result of dietary

x - ~

restriction even though the experiﬁental rotifers were

4 -

élightly smaller than the controls (see Figure 8).

Since g;éwth in the rgtifer after émbryolégidaf

aevelppment occurs through cytoplasmic expansiqn'and

npt.by'cellular division (Gilbert, 1974), these results

- ' .

. /
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Measurements af,the gastric glands taken @
'in both groups/}hfoughout the lifesp&gshqwed that
significant differences occurred. The length and width
were measured as precisely as possible after a squash
prepzration and in both control and experimental groups, "

the widths of the gastric glands were similar throughout

‘the lifespan (see Table 7). When the length of the

gastric glands was measured however, it was found that

-~

these were statistiéally different in the two groups..
The’length of "the gastric glands in the control groups
remained fairly constant throughout the lifespan of the
rotifer but in thefexperimentél rotifers there was a
greater increase in ‘the lgngth of the gastric glands

r

from day 1 to day 6. Graphically, .the.slopes of the °
§

4

two groups are obviously different. During the last
1 4

days of life in the experimental notifers, the size of
-

the gast}ic glands reached the average size maintained

throughout the lijfespan of control rotifers. .Figure 9
. .

shows thislclearly,

the regression line representing the
“length of the gastriq-glands of experimental rotifers is
increasing while the Jregression line depicting the

length of the gastrif glands in cohtrol rotifers lies

Although the size of the nuclei of the gastric
R

glands was smaller throughout the lifespan of the

ER
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éxpérimental rotiférs, this difference was not~
statistically significant. aThe dgastric glands

act in digestion of food so it may be possible that
dietary restriction by limiting food intake affected the
Isize of these glands. Possibly, the development

of the gastric glands in the dietary-restricted rotifers

was slower. If nuclear division in the gland weLe an

©

t

indication of its physiology, this could explain why the

nuc lear numpér in these glands was conjistently‘lower

'in the experimental roti%ers according to the previous
experiment. N; statistical differencés‘were found in
nuclear number on the last day of life between the two
groups and similarly, the lengths of the gastric glands
reached the same size at the ehd of life.

The various sizes of the nuclei iﬁ the gastric
glands were probably indicativé of the stage of division
observed at the time, that is, the smallest nuclei were
the ones that had just divided while the larger ones
were those in resting phase or preparing to divide.

\Tﬁe reason the nuclei in the gastric glands of
experimental rot;fers were consisténtly smaller® than
thqse %n control rotifers maj'be rélgted to the size of
the .gastric gland itself. The increase in size of the :

gastric glands throughout the lifespan of experimental

rotifers while this organ remained the same size in the

il
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control group could mean that the nuclei in the gastric

glands of the group under dietary restriction may have

_ been dividing for a longer period of time. This would

not necessarily be seen in terms of a greater nuclear

‘number present on . each day of life but rather as a

gradual increase in the number of quqlei present in the
glands of experimental rotifers after the time-nuclear
division stopped in control rotifers.

It was £herefore assumed that the lower nuclear
numbe; constantly found in the gastric glands of
experimental rotifers throughout tﬁeir lifespan was
feflgCted by the size of the gastric gland itself.

When nuclear number equalled that found in the gastric

glands of control rotifers, the lengths of the gastric

glands reached a similar size. During experimental.

observation, it was noticed that young rotifers (about
l‘day old) gorgéﬁ themselves with paramecia prior to
epter;ng the reproductive ghase. The number of

paramecia could actually be seén through the phage
contrast‘microscoge as brighi, yellow bodies within the
stomach. . I£ was speculated that this high feeding rate
may.bé some kind of preparatory behavior coinciding wi;h
the bearing' of embryos to provide an adequate supply, of

nutrients for the embryos. The increased food intake

surely must affect the digestive éapacities of the

.
e
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gastric glands, thus mitotic activity is high. If the
avaiflable food is limited, the nuclear number and size

of the gastric glands may be reduced. These
interpretations are based on the effectT noted concerning
the results observed of dietary restriction in

§ .
A. brightwelli since these types of observations have

never been reported before.

fhe.vitellarium and its nuclei in control and
experimental rot}fers were mea;ured following siuash
prépar;tioqs. The size of this organ was difficult to
measure since it is a U-shaped organ and tﬁe extended
arms often bent or folded during a sguash
p;eparation. Forthié reason, only vitellaria that had

a side-arm fully extended were measured but still a

high variability in thé measurements occurred. A

regression a

51s and comparison of slopes for the
measurem¢nts of the vitellaria in control and

experimejtal rotifersLthrOUghout lifespan have shown

that no fignificant differences occurred between the

two group

[

Figurd 11 shows 'that the size of this organ was

’

.slightly shbrter through dietary restriction but again' =~ —
since this *A

as a difficult organ to measure, no definite

conclusions tould be drawn from the expefiment. The

results' did, _the other hand, follow the pattern

19
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obtained in the study of the size of gastric glands’
[4

.in control and experimental rotifers.

»

What was interesting to observe in fhis organ
however were the different sizes of nuclei present.

The variety was so great that a range of nuclear sizes

]

for each day of life was presented\;ﬂ)Figure 12 instead”
R b -
of the average nuclear size observed.

Again, the
smaller nuclei were thotght to be ones hav1ng just
completed division whlle the larger ones were preparing

¢

to divide or simply in resting stage. The vitellarium
or yolk—glapd is responsible for providing nutrients to
the developing embryo; the nuclear counts study showed
that mitotic activity in this gland was high during the
reproductive phase.

Although the results were difficult to.interpret
* because there were no definite pattern seen in the
groups concerning nuclear sizes, the following |
(1) The smallest observed

;

nuclei in the vitellarium of experimehtal rotifers was

observations could be made.
constantly smaller than in control rotifers. ‘This was -
also true for the largest sizes observed except for day
+1. (2) From day 4 to day 7, both groups have shown that
,mostly large nuclei were present in the vitellarium.
This may have been an indication of decline in mitosis

towards the end of the reproductive cycle. The reason

-
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the lardest nuclei in the vitellarium of experimental
* .
rotifers were so much smaller on day 7 as compared to

those in control rotifers may have been because the
leﬁgth of the'f‘eproduct_ive period was slightly longe;"

in dietary—;i*estricted<,rotifers therefore

all the ﬁuclei may not have been in resting sEage.

Since no sign’ific:ant changes were found between thle_two
groups concerning the time at. which reproduction started
or ended, ‘the statistical differences found in these

. *
results between the two groups could not be accounted

for. :

‘Rel‘ating these findings to the previous experiment;
it ceuld be seen that as nuclear sizes increaseqd in the
vitellarium, the nuclea;“ number decreased. In other
words, the same amount of space in.the yolk-gland was
occupied by fewer but larger nuclei as age increasec}.
During the active reproduc£ive phase, many small nuclei

/{—re seen as a result of greater mitotic activity and
nuclear number was also high according to the results of

.

the previous expériment .

x i

Visually, it was also observed that the nuclei were
fragmented in older rotlfers and not of distinct
‘polyploui appearance (see photomicrographs #2 - #4 for

comparison in Appendix IV).“also, the vitellarium

itself seemed to contain many lipid globules, another

1




&

109

”

-~
characteristic of an organ in a degenerating state.
To summarize, the results of these measurements

have shown that dietary restriction did not affect

body size in A. brightwelli but the size of the

gastric glands was affected. Nucl.qur. size was not

significantly affected in the dietary-restricted

'group. Also, there were no significant differenges
‘ . )

in the length of the vitellaria throughout the 1lifespan

of the tw’o-groups but significantly smaller nuclel were

'

found in the vitellarium of the experimental group.
Some correlations were drawn concerning the vardous "

nuclear sizes in the vitellarium and nuclear number

u

~throughout lifespan.
The results seem to fit the "rate Qf living" ‘
theory.: The gastric glands of ro.tifers under diétar’y ..
restriction too}c a longer time to attaiﬁ the size of
fhose in controls; tpe smal’lér nuclear sizes i.n.'t:lhése

n

glands may suggest that the rate of development was a

- \

little slower in rotifers under dietary restriction.
The vitellaridm was slightly shorter throughout the\

1i£espan of experimental rotifers, The significant

délay in the‘growth of the gastric glands may be a‘

condition that occurrtd along with the extension of
life through dietary restriction.

.Since significant differences occurred between the

nuclear sizes in the vitellarium of the two groups of

e o et b S R e 3 ST
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rotifers, t'he;, next guestion asked concerned the actual -
"amount of DNA 'in these rotifers; that is, if
differences occurred regarding nuclear ‘numbner and sizes
of gaétric.glaﬁds and vitelllarium B"etween con£rol
rotifers and those on dietary restriction, did DNA
content also vary between the two groups? Also, DNA

¢

content s‘hould reveal whethexr DNA Ehanges occu~rré;i}:ith |
aging and if the results diffe'red between )
d;etary—ré“stricted 'ro£ifers and ‘co ‘trols.
DNA Content
" Most experiments conducted that. looked at DNA

.content during .aging dealt with mammalian s'ystems and
cell cultures. For example, it was ébserved that old human
diploid cells were la}ger and ha&“’fi‘ncreased nuclear s‘ize‘
as compared to a young population but DNA content’was
app:Qximately/thé same (Cristofalo & Stanulis, 1978;
Enesco, 1967) . 1In the Leto et .al. (1976) study on
dietary resi;_riction and mice, it was shown that DNA |
‘conc_entrations were not markedly affected with age in
either control ’or restricted mice éxcept for kidhey
and liver; in these organs DNA content'was higher in
restricted mice (Leto et al.o", '19176) .

DNA content was measured spectrofluorometrically.
The results given in Table 9 and Figuré 13 show that

:although’the experimental group of rotifers had a
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consistently lower DNA concentration from day 2 to day
5 of their lif'espan, this was not significantly ,
differ\ent; from the control group of rotifers. On day 1l
and day 6, the DNA content was identical in, both groups;
tvhe‘increase in DNA content in bc;th groups o day 2- and
day 3 could be( attribute‘d to reproductive activity. '
The pfes’ence of offspring within the adult rcgti‘fer

contributed to the DNA content that was measured.

Nea{\the‘end of the reproductive cycle,

'

days 4 and 5, the DNA content decreased in the two

<h

groups. )

The slightls( higher DNA ’content in the control
gl/oup of rotifers could only be attributed to é slightly '
greater number of of fspring produced by this group as
compared to the experimental rotifers. In the first
experiment carried out, it was Qbserved that although
the reproductive cycle was slightly shorter in rotifers
fed every 12 hrs as compared to the group fed every 36
hrs, a higher number of offspring occurred in the
for;ner group. This ma); account for the increase in DNA
gontenf in this group from day 2 to day 5. When the
DNA concentration on day 1 and day 6 was compared, the
results were. identical in both groups; on these days, |

the probability of the presence of of fspring was lower

than on any other day thus a more precise estimate of

< . * °
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DNA content was obtained. ‘

Dietaﬁy restriction studies. have shown no change
in DNA content between control ‘a?nd' dietary—relstricted‘
organisms. If DNA repair-wé}z;./deficient in aging ‘cells
and if aging is'r,e'tarded through dieta‘ry restriction, tl';e
-level 6f DNA should bé higher in longg:-'r~lived animals.

The" results of the present experiment have revealed
‘that tﬁe DNA cont‘eht rema%nedu the same throughout the
lifespan of this rotifer; there wé(s no indication
of DNA changes or deficiencny since the DNA content
did not decrease from f:‘he first to the last day of life
‘measured. Since the same results occurred in control
.and experimental rotifers, dietary restriction has not
been shown to affect DNA levels duringﬂ aging based
on the method of DNA detection used.

Other cellular conditions that are thought to
change with age are RNA content, protein content,
cellular  lipids and presenée of the age pigment,
lipofuscin. The next biochemical study therefore
~involved loéki{ng at changes in enzymatic act’ivit):’ies with

age in control and dietary-restricted rotifers. -

Enzyme Activity

Since no correlations could be made concerning the

"rate of living" theory and DNA content throughout the

lifespan of A. brightwelli,'a s7tudy qn enzyme activity
. - . i ,

3
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during senescence. ' The results have shown that the

occurrence of these events was delayed' in the

. ' 113

éhro{xghout lifespan was conducted to see (1) if enzyme
levels changed"dq.ring the 6~day lifespan and (2) if
changes in enzyme levels differed between control én:i
experimental (dietary—restficted) rotifers. Tkﬁ;
"rate of living" theory wo‘uld predict that if protein
damage occurred during agﬁng, enzyme levels should be
affected and the rate at which these evente;, occurred
would bé slower in the longer-lived rotifer under
dietary restriction. ‘

Fanestil and Barrows (1965) have shown.that levelts

{
of lactic dehydrogenase and malic dehydrogenase activity

- Were markedly: affected in underfed Philodina as compared

to controls.  [This rotifer had a much longer lifespan

than A. brightwelli; Philodina fed algae and pond water

daily 1lived for about 34 days while those fed pond water

"on alternate days lived an average of 55 days. The

activities of lactic dehydrogenase and malic

'

dehydrogenase were assayed every 5 days thoughout the
lifespans and the pattern obtained showed that enzymatic
activities increased during early life becoming.

relatively stable GUring adulthood and then decreased

longer-lived (dietary-restricted) Philodina. Therefore,

the pattern of enzymatic activities was similar in.
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control and underfed rotjifers but the timing of these

- t
biochemical events was different; in the longer-lived

., Philodina, the. levelyof lactic dehydrogenase and malic

. dehydrogenase afktivities increased fuch nore slowly

D

in early life and,decreased more slowly during

senescence.
. s * N .

The pattern of enzymatic activity of lactic
> <

.\

dehydrogenase throughout a 6-day lifespan of
* ¢

[’}
A, brightwelli 1is represented in Figure ‘14 and is '

similar incontrol (fed every 12 hrs) and experimental
1 i ,

(fed every 36 hrs) rotifers. The initial iricrease .during

the first three days of life could partially be

attributed to an increase in body mass (Fanestil et al.,

1965) but it must also reflect changes in the
' 5
physiological processes such as thel bearing of offspring.

'fhe results indicated that there was lower enzymatic {
act'i‘vity during ‘the first 3 d‘ays' of l1life in the
experimentai rotifers as compared to t:.he‘control
rotifers. By day 4,‘ both groups of rotifers were
actively producing of fspring-which may have caused -
the amount of flvugrescent NAD to increase sharply
from day 3 to day 4. : .

In a previoué experiment, it was obk?ved, that the

peak of “reproducti-\}e activity occurred after 3.5°days

in rotifers fed every 12 hrs and kept "at 18°C;




N

showing a sharp rise in enzymatic activity between day

‘organism during the reproductive cycle. ' » , .

115
although rotifers reared at this teﬁperature and. fed .

every 36 hrs displayed a peak of reproductive activity

a little earlier, this high rate of fecundity was
maintained until day 6'of life. Therefore the results R ;’
3 and day 4 could be attributed to the presence of ’
offséring and other ‘cellular events occurring witﬁin the .
DUfing the last three days of life, the level of A
lactic dehydrogenase act%yity was higher in the : '<;_,
experimental ‘group of rotifers as compared, to «the cohtrol
group. In the control group, theEe was a slight increase
in enzymatic activity from day 4 to day 2 but‘then the
level ‘of lactic déhydrogenase activity remained the same
on days 5 and 6 of life. 1n experiﬁental rot;fers, ’

lactic dehydrogenase activity increased from day 4 to

' day 6 of life. The slightly longer reproductive period

.obtained with dietary-restricted rotifers may explain

. . I N N
the continued increase in enzymatic activity on'tﬁg'last

‘2 days of life measured while controls levelled off.

Malic dehydrogenase activity throughout the ’
A4

lifespan of both groups of A. bfightwelli is

represented in Figure 15. The reason for the small

"decrease in malic dehydrogenase activity on day 2 is

unknown. Once again, the level of malic dehydrogenase

4 -
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activity was ldﬁer for the first 3 days of life in
experi@ental rotifers as compared to controls. The
sharp increase in malic dehydroéenase activity\occurred
from day 3 to day 4 of life for the sdame reasons
:mehtioned before concerning lactic dehydrogenase

. ' activity. The increase in malic dehydrogenase activify
in experimental rotifers during the last 3 days of life
. was again higher than in controls, the only reason for j
this being the:longer reproductive period brought about
'by dietary restriction ip the rotifer.

Vs ‘ The reasons dietary restriction increased lifespan

“%
i

in A brightwelli could not be fully explained in light
N \ N

of the results obtained in this experiment. The

3

"rate, of living" theory predicted that chemical 'processes

in a longer-1lived organism'occurred at a slower rate than in
S | shorter-lived\organisms. TAe only evidence that dietary
restriction may have slowed down biochemical.processes

, . in these rotifers was related to the levels of

A lactic dehydrogenase and méiic dehydrogenase which were y

§
constantly lower during the first 3 days of life in

o e

experimental rotifers as compared to control rotifers.
i - This seemed to indicate that increase in the lifespan

of A. brightwelli by lengthening the feeding.interval

occurred dufing the pre-reproductive period of the
' 13

lifespan. The age at which dietary restriction was

ya
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imposed on these rotifers must therefore have been a
primary factor in increasing its lifespan. Sincqg the : 3

prontish 7y

mean lifespan of this rotifer was so short, it was '
assumed dietary restriction must be started very early
in life to have a beneficial effect on the lifespan in

the rotifers. This, of course, could only be verified :

by imposing the restricted diet at various times during _ ;
its lifespan and determinincj the effects on longeQity. . o
The times at which dietary restriction is imposed
upon an organism have been a controversial s‘ubject since
some studies ha;ve shown that only dietary restriction
imposed early in life affected tﬁe lifespan of animals
(McCay et al., 1935; Barrows, 1972) while some studi%
have shown that the lifespan of organisms could be
increased even when dietary restriction was imposed later

in life (Fandstil et al., 1965). Orgel's "error

v S i A A~ AR, it i s 94 o= Mo Ml . L - et

catastrophe" theory suggests that aging occurs:from the
high production of deleterious enzymes later in life
(Gershon, 1979); it has been suggested that dietary
restriction may retard the appearance of ti’xe‘se #aulty
enzymes in later life by reducing protein synthesis and

delaying genetic informational transfer in eesrly life

(Barrows et al.,. 1978). This would therefore retard

senescence by delaﬁ}ing the accumulation of deleterious
v o ’ v :

enzymes.
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Although there was: no evidence of this in this

t

. " rstudy, 18wer levels of enzymes were present in the i

experimental group of rotifers during the first 3 days,

. of. life. Even though the differences, were not

statistically significant, this observation is

consistent with lower levels of metabolic activity °
which would be expected in the rotifers on dietary .
restrlctlon accordlng to the "rate of 11v1.ng theory. : .

As noted throughout the discussion, thJ.s theory o

has beenimost useful of the many theories of aging in .

[,

the interpretation of the results.
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v ‘¢ SUMMARY

Asplanchna brightwelli has proved a useful organism

for the study of some aging processes. The various
experiments conducted show that manipulation of certain
énvironmentai factors - tehperature and, {ood availabilitf_
- affect lifeépan and reproductive patterns in this. 1
rotifer, '

The life cyéle of this rotifer is divideé into‘%

phases: 1) birth and the pre-reproductive cycle, 2} the

reproduétive éyple‘and 3) the post-reproductive cycie

shortly followed by death. The greatest mean lifespan

Vd

‘achieved at an optimum of 17.5°C was a factor of the

-

increase in the first 2 ases of the life cycle. The

first 2 phases were progressively shorter as temperatures

3 ’ °
increased. Dietary “restritftion at 18°C, i.e., 36-hour

feeding intervals, produces an increase in mean lifespan
and occurs mainly by a lengthening of %hase;Z (the
reproductive cycle), more severe restriction did not

promote a longer lifespan. X . .

Daily nuclear counts within the vitellarium and

~gastric glands show that cellular division increases

during the pre-reproductive period, reaches a peak

during the reproductive cycle and decreases bridr to
: o . ‘
death. In dietary-restricted rotifersy the timing. of

- \

Y

4
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the events is delayed compared with controls. Size
measurements .taken throughout the lifespan of this

eutelic organism show that growth in body size is.

4

unaffected by dietary restriction but the size of the

)

120

gastric glands was affected. The vitellarium length was

/
not significantly shorter but its nuclei were
significantly smaller in experimental rotifers; this
may reflect a longer period of cell division in this

" “group. “Correlating the size data with the nuclear
\

counts indicates that cellular events and gfowth of

" these organs are delayed through dietary restriction.

The patterns of delay support the theory of aging by

"rate-of-living" which predicts that processes in

longer-lived organisms occur at, a slower rate than in

”~ i

shorter~lived organisms.

DNA content thrgughout the lifespan of

A. brightwelli is not significantly gifferent between

dietary-restricted and control.organisms. Lactic
¥

dehydrogenase activity in control rotifg}s increases

gradually during the pre—reproductive phase, rises

qsharply durigg the reproductive cycle and levels off
- '.? .

- before death. In dietary-restricted rotifers, the level

/7 ‘ '
of enzymatic activity is constantly lower during the

pre-reproductive phase but higher during and after the-
\ )

reproductive cycle; compared with con§§ols, there is no-

-
v

-
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levelling off of activity prior to death. .Malic N
!

dehydrogenase activity for the first 3 days of life is

lower in dietary-restricted rotifers than in controls -and

for the last 3 days of life, experimental. levels exceed- !
kS ' : , : 7
control levels. L /
I ’
Although the activity of neither enzyme throughout :

o

~ .‘\ .
the lifespan of A. brightwelli is signifi¢§n€iy different

between the controls and dietary-restricted rotifers the
lower level df activity during the pre-reproductive phase

of experimental rotifers may account for the longer : .

lifespan attained in this group. Suchdr%sults

indicating a lower level of enzyme'ac£ivity during

this period may be one of the ways dietary . ' p
restriction increases lifespan in this rotifer.

The delay of senescence in A. brightwelli through

a decrease in environmental temperature and a decréfase
in fQod intake must occur through the lengthening f at

least one phase of the life cycle. 'Low temperatures

jigga in this study lead to an extension of the

pre-reproductive and feproductive phases. Dietary
restriction produces an extension of the reproductive

f?hése. A%

had

well, there is a delay in growth and cellular -

cdivfsion in. the vitellarium and gastric glands, and in
N . : i

-

N - a
ﬁbgsible enzyme synthesis during the pre-reproductive

AN .
phaéé. The delay of these processes may explain how .

P . - o Lo
/ : ‘ : b B
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food intake .could extend fhe'lifespan

imiting

l‘
‘the rotifer.
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§ " Stock Buffer Solution
. i ’ . ls
" Used for culturing Paramecia/rotifers.
{ ‘( .
. COMPONENT , MOLECULAR WEIGHT " AMOUNT USED ‘

od . “. ‘ - '500.0 mls . ‘ .

; . e
| NaH,PO : 137.99 69.0 g-
- . NaHyPO, . ! ;
NaOH o 40.0 - . 10.0 |
\ "
i
¢ . .
! ' N -
o / Use 7.0 mls for every liter of Medium prepared. )
b ’ ° .
4 ' ' ) 9
f 4 - -0 J R
\ e - C .
: \ _ \
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. ) APPENDIX TIII

Size'Measurements

o

1n the rotifer Asplanchna brightwelli.C

Thls dlagram shows how the various. measurements were taken

147

®

a
o A N
¢
a, b: length and width of body (at 96X) .
_ ¢, d: length and width of gastric glands (at 96X)
~e: diameter of nuclei of gastric glands (at 240X) '
"£: length of one side-am (or i) of vitellarium (at 240X)
J ) g: dlameter of several nuclei of v1tellar1um (at 240X)
f t ' “ ¢ ! ‘
g Callibration of Ocular Micrometer (6X)
g \\\%“‘” o \ . | ' )
! Power of * Qcular Micrometer Stage Micrometer ) \
: Objective Units « mm ,_pm e
E 6.3X 1 .200. . 200.0.
‘4 ph2/16X - . 1 =080 ., 80.0 o
P ph2/40X JI. - .032 32,0 Co
o ph2/100X (oil) 1 Y. .013 13.3 . e
¥ W ° ‘ . . . . x
’ » 5
1 " o o .'
. - 'y ce
g e : .
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. S APPENDIX IV

i

o

Photomicrégraphs taken with a Zeiss-Ultraphot II Phase

Contrast Microscope. Kodak Panatomic~X (ASA 32), was

K NS
used. - o
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viteldarium of a 2-3 day old rotifer with about 30 ~ . ~
nuclei present’. Embryo develops in the ovary located
at the junction of the 2 arms of the vitellarium.
(Magnification = 160X)
v o .
4 \ . o
L
o ° ” . M
& ; . .
to , *
° Q
#2

.Vitellarium of 4-5 day old rotifer. ’Polyplbid nuclei «

are big and can easilybe counted at this and lower =~ =

. magnifications. (Magnification = 400X) .
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$3

Sectionoof‘vitellarium of-ypung rotifer with polyploid
\ .

o ‘W - ’ .

nuclei,. Note absence of fat in the organ as compared

"to otﬁfr;photomicrograph below. (Magnificatién = 400X)
\

\

\

\,

#4 )

Vitellaria of 6-7 day old rotifers. Note fat bodies
in the vitellarium and large, fragmented nuclei.

(Magnification = 400X)
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Everted stomach with 2 gastric glands of 3-4 day old

¢ rotifer.  About 10 small, dark nuclei are present in
each gastric gland. (Magnification = 160X)
‘ : f
/
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. f ~
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E

Magnified gastric gland showing the small, ,round nuclei
in a 3-4 day old rotifer. (Magnification = 400X)
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_Sclerotized jaws (mastax) of Asplanchna brightwel

1i

showing a) the ramus, b) the median fulcrum and

c) a pair of manubrium. These parts are collectively

called the trophi.. (Magnification = 400X)
!

‘g—g‘ \0. '

Body of rotifer showing a) cuticular cells, b)

nerve cells, c) myscle cells an@_‘d) sensory cell

A
(Magnification = 400X) - °
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