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' ABSTRACT,

AN 'IN VIVO STUDY OF THE EFFECTS OF o-TOCOPHEROL

ON THE FREE—LIVING NEMATOLRE TURBATRIX ACETI 5

Monica Kahn

2

The effects of dietary dl-a-tocopherol were studied

in an ig»gizé system, using Turbatrix ‘'aceti because of its
relative simplicity. The experiments tested the effects
of g—tocopherol'on 99§pration, gfdwthf reproduction and
senescence. Three‘generétions were examineh in order to
determige the dev§lopmental stages at which a-tocopherof‘
affects maturation, growth and reproduction. "&*
a-Tocopherol's effects on senescence were stgdied
firstly by comparing rébroductive capacity and survivorshib

of senescing nematodes cultured in control and a-tocopherol

media, and secondly, by observing the survivorship of

' cohtrol and a-tocopherol nematodes whose life spans had
been affected by various dosages'of gamma‘?rrad ation. The

intetaction of a—tocopﬁerol with some of the n trients0

. . ’ . L .
essential for dptimum development of Turbatrix/acetl was

also studied.

It was found that the addition of a-togopherol
i . . 5‘\‘ .
increases the reproductive capacity of this matode by

ensuring optimum develophent and'maturation.. a~Tocopherol
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also significahtly'gncreaséd the survivorship of both

-

+irradiated and non-irradiated nematodes. The results

could be explainedneither as'a dirett effect of 'the
N ’_ - " !

. / .
presence of a-tocopherol or as the result of increased

availébility of nutrients caused by the presence of -

a-tocopherol.
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N : %, - INTRODUCTION J

L}
4

: ‘ 2 o " 'The research that will be reported on examined
the processes of maturation and aéing in. the nematode oo
L

L@ ‘
+ Turbatrix aceti. In particular,. the influence of

a-tocopherol (vitamin E) on these processes was examindd.

’

To introduce this topic the background of research on

maturation and é@ing in the nematode, will be examined, and
then the-role of vitémin E in biological systems will be o
reviewed. N o ¢ o
Free;living nematodes have inlfecent'ygarsk
fbecome.Yery popplar as models for the dkaminatioﬁ of e‘
complex biological prbcesses. . Many investigators

! a

believeé that the basic mechanisms involved in most

3

’

biological processes may be similar in most animals
. 3 ‘ . '
C. . ,tZuckerman 1976). Free-living nematodes are presently :

being used as models in mlany research areas, such as " .

)

béhaviour, genetics, ‘development, nutrition, biochemistry
and -aging. Crdéll (1976), and Duggal (1978), among ° «
}/ . :

other investigators, have analyzed the behaviour of ,

»

several species of Peﬁatodes. Genetic studies include
those of Beguet (1972) and Bequet and Brun (1972). ‘ 3

A great deal of‘elabqrate work in genetics .has also '
o o, . .
been done by Brenner and his’co-wogkers (1974). -

= . a
3
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“A qumber“of free-living nematodes are especially .
advantageous for studies in deveIopmgnt and embryology, \ T
’dua.to,their greét simplicity and favourable genetic

characteristics. Classical studies egtablished the.

strictly determinate cleavage of nematode egds and led

to the concept of cell linage (Boveri, 1899), Other: %g'

S

_Classical. observations of nematode embryology have beén
thoroughly reviewed by Chitwood and Chitwood (1974).

These invéstigatbrs revedled that in these organisms
developmen?’follows a rigidly fixed program. .

In 1928, Pai used the species Turbatrix acetd to

study general processes of development. Hondi (1925)
did,cytological studi€s on bisexual and hermaphroditic
freerliving nematodes. Laufer (1980) recently reported on

a detailed embryologicél study on Caenorhabditis elegans.

The free-living nematode C: elegans is one of

B
1

“the most commonly .used species. It is particlularly

suitable for genetic studies because of its ease€ of

culture, well-studied life cycle, short life span and .

4

normally hermaphroditic mode of reproduction. A large
number of mutant strains have been isolated (Brenner,

1974; Epstein et al., 1974; Vanderslice, 1976) exhibiting

N

a wide range of m@rphological and behavioural modifications.

A well characterized gonagogenesis has also been
, A

. . . ' . .
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" described for a number of species (Honda, 1925; Hirsh

et al., 1976), but little has been reported on the

species Turbatrix aceti: Pasternak and Samoiloff

*(1971) and Anya (1976}, have&Studiéd‘erious factprs

which influence spermatogenesis in number of
nematodes-. - | |

Aébreat deal of work has been done in the area of
nut:ition,lwhefe investigators habe used nematode
matu;atién and fertility to evaluate the importance.of
certain nutrients (Doughértybgg al., 1959; Sayre EEHEE';
1963; Bolla,1979). The popularity Qr/free-living
nematodes in biology led to a great ﬁumber of '

investigations toward the development of axenic culture

méthods. <Turbatrix aceti was one of the first

free-living nematodes grown axenically, in the absence

of any other free—livingforms {zimmerman, 1921). As
studies involving nematodes became more complex, the

need for a chemically-defined medium arose. In the

pa§t decade, a number of investigators have worked on

"the production of a totally chemically-defined medium.

To date, investigators have oniy been successful in

developing media in which all the components are
\
commercially available, with the exeeption of a

proteinaceous growth factor, which is necesary for

reproduction (Buecher et al., 1966; Vanflateren,
. t

2
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1974) . In spite of the advantages of axenic
cultivation, a number of investigators‘have felt that
grd‘ﬁh is gore normal under xenic conditions and that

. . B L
nematodes in axenic culture suffer from nutritional

deficiency (Sulsfon et al., 1974). This is probably
true since a perfect axenic media has not yet been -~
d.eveloped.@

A number of studies have been done to test various,

-

¢ axenic '‘media for’ the cultivation of free-living k

nematodes.: Satisfactory.media for the §pecies

C. briggsae were reported by Dougherty et al. (1959),-

Buecher ct al. (1966), Sayre et al. (1963),

Rothstein and Cook (1966) investigated the conditions

for routine axenic cultures of three species of

& free-living nemqtodes,namely, R. anomala, T.

3

, aceti and p.) revividus. Several species of nematodes

have been cultured serially'in axen%c media (Hansén &
Cryan, '1966). However, the‘chem;cally—Qefined medium
in current use (CbMM) ~ (Buecher, Hénsen & Yarwood,
1966), does not support continuous.é&owth in a numbér~
of nematode species, unless supplemented with a growth
factor. In spite of the numerous studies, some’ . 0

' controversy still remains as to the optimum axenic

/ . . . . D
medium for the cultivation of Turbatrix aceti. _ > ’

Heated liver extract among other proteinéceous

AN

'
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" investigators believe that the essential growth factor

_factor has been much studied. This essential factor

*~sterols\(Rothstein, 1968), a heme mgééty {Hieb et al.,:

: ' ¢
factors has‘béen shown to support-growth and maturation-
for~severa1.genefations in commonly ﬁsed
(Sayre et al., 1963). Buecher and his‘co—worke:s (1970)
showeé an association of biological activity and "
precipitate formation, and attempted to substitute the

proteinac ious portion of the growth factor with several .

commercially availablé proteins. A number of

consists principally of organic materials which might
provide nutrients in the proper particuléte form
(Vanfleteren, 1974; Buecher et al., 1970).

Vanfleteren (1976) showed that se&eral purified heme
proteins were highly active when properly

precipitated and added to media con%aining sterols.
'Ifon—buildiné proteins, such as ferritin haemin and
Fransferrin haemin, have also shown growth prémotiné'
activities whén allowed to interfere with-ﬂeamin
chloride and form a precipitate.. Less specific
iron-building materials, like bovine serum albumin %

and egqg albumin, only permit limited development, with

longer generation time. The make-dp‘of.the growth

is thought to consist of three distinct comﬁﬁ%ents:

\

f970)and a proleinaciuos fraction (Sayre et al., 1961). .

AR \
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“Attempts to biochemically identify and purify theﬂ
essential f;ctor have proven unsuccessful so
far,-

Free-living nemétodes have proven to be very
useful in aging research. Because nematode aging will
alsc be looked at in this stud?, wé will review some
of the work done in this field. As early as 1927,
Petefs, usiné the light microﬁcope, noticed that young

nematodes of th? species Turbatrix aceti had intestines

of narrow,'even width whereas those of oldeprnematodes
were often distended. In 1928, éai reported differences
between thg reprodﬁctive and digestive organs of young
"and oid,nematodes. He also noticed ,that movement slowed
with age. 1In neither of these studies were the ages of
the nematodes reportéd. &

Zuckerman in a review, (1976) has defined a number
éf parameters which characterize senescence in
free-living nematodes,bésed on his own~studies, and
those of other investigators. C. briggsae Qas f&und
to undergo changes in osmotic fraéility, spgcifiE
gravity and membrane surface charge similar to those
foﬁnd in red blood cells during senescence (Zuckerman

— ——

et al.; 1971, 1972). According to Kisiel et al. (1975)°

. virgin nematodes of the species Turbatrix aceti do not

undergo age-~related changes in osmotic fragility and

”

. —— et e

i

-1

e ot 7



i , s
I

'

specific gravity, although théée'investigators\aid find
some age-related changes/&n non-virgin females. Two
hypotheses were prgﬁoégd'on the basis/of the
siﬁilarities between these nematodes;%nd aging red
blood cells. One attrrbutés the changes to

*
intracellular concéntration gradiants, and the other

. attributes them to changes in membrane premeabilzity,

The first behavioural age-related changeé in

Turbatrix aceti were noticed by Pai (1928). Zuckerman
et al. (1971) showed a progressive decline in movement
with age. A number of investigators have found a

decrease in fecuhdity with age in C. briggsae

(Zuckerman.gf_é}., 1974) ; Turbatrix aceti (Kisiel,

1974).and C. elegans (Beguet & Brﬁn , 1972; Croll, <
1977). Beguet and Brun (1972) and Beguet (1972)
investigated the effects of parental senescence on
succeeding generations in C. elegans. These

. investigators observed that the fecundity of offspring
of old parents was lower than.that,of;offspring of
young parents,and that this efféﬁt lasted for fourl
generations. They alsovobsérved that the progeny of
older parents had earlier sexual maturation, fewer,

. spermatozoa produqed in the Fy éeneration, and
increased mortality of F2 eggs than did progeny of

{ . D
young parents. The mechanisms responsible for these

J L
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effects were not clear, but it was proposed by these

- .

" and other investigators that the

factor responsible for the reduced fecundity was in
the cytdplasm of the maternal oocyte. Two mechanisms
werelproposed to explain this cytoplasmic alteration

in old parents: increased DNA in cellular organelles,

[

and changes .in enzyme activities with age. Similar

-

studies. have- been carried out with other organisms.

" The difficulty in clarifying these mechanisms probably

lies in the difficulty in differentiating between’
\ .
genetic and environmental influences.
A great deal of work has been done on the

morphological changes that occﬁr-with age. Subcelluar

‘changes have been seen with the electron microscope in

C. briggsaé, C. elegans and T. aceti (Zuckerman

al., 1971; Epstein et al., 1972; Himmelhoch, 1973;

|~

Kisiel et al., 1975). Morphological changes
observed inc¢lude alterations in the structural
inteérity ofl cellular organelles with age (7uckerman
et al., 1971). Kisiel et al. (1975) found
mitochondri?&and lipid droplets encroached between
the terminaljwebs and the bacillary layer in T.

’ .
aceti. Zuck?rman (1976) suggested that such

disruptions ¢éould interfere with food absorption,

4 y

thus producing death.
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. Quantitative accumulation of lipofuscin with age

‘:‘_’

o

Accumulation of lipofuscin (aging pigment) is
an agin§ parameter commonly used‘to evaiuate
senescence iﬂ nematodes. This pigment is believed
to be derived from the peroxidation of lipids and
pfoteins (Fletcher et gl., 1973) . Lipofuscin
accumulation has been described in C. bfiggsae
(Kisiel, 1974)‘and to a lesser extent in i:
aceti (Kisiel, 1975 on the basis of electron
microscope evidence. Research on age pigment
accumulation in nematodes was initiated by Buecher
and Hansen (1974). These investigators used evidence

obtained from spectrofluorometric studies.

in a synchronized population has not yet been
shown ;n nematodes.

The importance of‘understand}ng biological
processes at the moleculai level has ‘led a great
number of investigators toward biochemical studies.
However, a problem which has been encountered by

researchers.in this field, and which has not yet been

solved, is obtaining an age-synchronous population

“of nematodes large enough for proper biochemical

investigation. Aging‘studies similar to those

mentioned so far can be made on individual nematodes

b Ao
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or on small numbers, but valid biochemical

10

studies require large masses of nematodes. Alfhough
a number of investigators bave attemp;ed to
Synchronize large masses of nematodes,.a totally
successful method, without the’use of chemicals or

abnormal growing conditions, has not yet been

reported. Studies such as those designed to determine
. .

enzyme activity and protein synthesis in nematodes have

been faced with this problem. A number of studies have

3 —

been reported in which synchronization was achieved with
the aid of chem;éal compounds (DNA synthesis
inhibitors).

Rothstein et al. (1974), observed a linear drop
with age in the specific activities of a number of

enzymes in the species Turbatrix aceti. Bolla and Brot

(1975) observed a decline in specific activities of both
DNA polymerase and aldolase and an increase in RNA

polymerase in aged Turbatrix aceti. Age-related

changes were also found in tRNA for arginine and tyrosine
(Reitz & Sanadi, 1972). These and other observations
of changes in protein accumulation in aging‘nematodes

(Reznik & Gershon, 1979; Prasanna, 1979) have ' '

encouraged a number of investigators to persue further

1

aging studies using free-living hematodes. Gershon

v

and his co-workers have recently reviewed a number 4

X
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of aging\theories in light of the results obtained from
aging studies performed on nematodes.

‘A great number 0f investigations on the
accumulation of altered molecules in senescent organisms
were inspired. by Orgel's theory of "error catastrophe"
(1963) . Understood j«f this theory is that miscoding
is the main mechanism that leads to.the accumulation of

'
alteré; proteins with age. Based on studies do on
eutelic nematodes, Reznick and Gershon (1979) and
Gershon (1979) have postulated that the mechanism
responsible for the accumulation of aberrant proteiné
is post—translatiénal, and can be attributed to a
defect in the degradation. system which develops with
ége.. It should be noted that biochemical studies on’
nematodes involve populations synchronized with the
aid of chemical, compounds sgch as DNA ﬁynthesis
inhibitors. The influence of such compounds on
the results obtained in aging studieg is not clear

(2uckerman, 1976).

Suitability of Turbatrix Aceti for this Study

It would be useful at this point to briefly
describe the species used in this study and .
mention the characteristics which recommend it for this

purpose, Pai (1927, 1928) observed that maturation

PR
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started on day seventeen after birth and lasted for

twenty-nine days at 21°C. Females had ‘an average of

seventy-two offspring. A life span of forty-five

days in females and forty-eight in males was observed.

'Most studies were carried out under xenic conditions,

until Rothstein and Cook's study in 1966 shawed

growth and réproduction in axenic media at 30°¢.

Several recent reports have been published on the

fecundity, duration of the reproductive period, longevity

and senescence of Turbatrix-aceti (Zuckerman, 1974; Kisiel

et al., 1975). Aside from the general advantages which

Turbatrix aceti shareswith other species of free-living

nematodes, such as ease of maintenange, availability of

information and brevity of life span, fixed cell number,

simple and well-differentiated cell systems,- it also has a

%

transparent cuticle which allows a view of internal organs

under the light microscope until fairly late in life. 1In

“addition to these advantages the low pH at which this

species is maintained proved useful in preventing

bacterial contamination.

Biological Role of Vitamin E

Vitamin E was discovered when male and female rats

failed to reproduce normally on diets which turned out

to be deficient in Vitamin E.

[N *

In spite of the large
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number of investigations that have used reproduc£ive
processes’ to elucidate the mode of action of vitamin
E, its first recognized function as an anti-sterility
factor for the laboratory rat‘has been overshadowed
, by its demonstrated function inlmaintaining the
‘'structural and fu;cﬁional integrity of &uscle, membranes,
and, in some animals, peripheral vascular systems. The
activitiy of a—tocoéherol has been classified by Boguth
(1969) into two main areas: effects attributable to
the hydroxy functions of the molecule, and effects
brought about by metabolites of d—tOCOpherol. '
Many workers have demonstrated that disease :
symptoms caused by vitamin E-deficiency can be cured ) ‘
or prevented by a number of antioxidants. As a result,
it has been suggested by these investigators that the
sole function of a-tocopherol in bioclogical systems is
that of é lipid antioxidant, preventing the formation
of peroxides and products of their‘subsgquent
degradation from highly unsaturated lipias (Dam, 19575.
This theory has caused much controversy. The weight of
evidence at present supports the éﬁeory that
antioxidants other than a-tocopherol can substitute
= for vitamin E, but that the éffectiveness of such
substitution is dependent on the structuré of the

particular compound (McCay, 1980).- Tappel (1962)

( o
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.Eegafds all manifestations of.vitamin E-deficiency as
secondary’ to in vivo damage of sensitive cell
structures produced by 1ipid~pe;6xidation. Green and
his éo-wor%ers (1962) have opposed this theory,

because some of the unusual functions of vitamin E

cannot be related to its antioxidant properties, There
have been a number of theories advanced about the

antioxidant effects of a-tocopherol.. In particular, the

.

possible role of a-tocopherol in cellular metabolism has.
led to a great deal of research in this area. One
hypothesis on the mode of action of a-tocopherol ig that

it is involved in a specific, although thus far

undefined, regulatory role (Wasserman, 1974; Olson,

£

1974; Green, 1970). N ¢

A number of thearies have been proposed about the’

regulatory role of vitamin E in the metabolism of nucleic

acids and préﬁeins.' The work by Dinning and his

- \\*//////C6Fworkers (1957, 1962) has been among those studies most

cited. These investigators found an increase in DNA:

content in vitamin E-deficient rabbit muscle and bone

3

marrow in monkeys, and attributed these findings to an

acceleration of DNA synthesis. It has reécently been

L3

suggested by Bierri and Farrell (1976) that the marked

accelaration of DNA’synthesis is the result of - .

infiltration by leukocytes and macrophages.

® 1
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" has recently reviewed this theory. Studies on the  ++°

uy,

-

[

/

’

revealed that the increased,rate of DNA %yntﬁesis could .

be attributed to an increase in erythropoiesis
. , ; \

(Porter et al., 1962). A number of studies on the \\

»
<

- I3 \
effects of vitamin E-deficiency on accumulation of RNA\\ ‘

’

have been reported. Olson (1974) has demonstrated an

<

increase in ribosomal RNA in vitamin E-deficient
3

rabbit muscle.

vt a

The observed changes in activity in a number of

enzyme, systems in vitamin E-deficient animals have'led a
number of investigators'to persue studies in this field.
A_large rumber of .enzymés undergo -changes in activisy in

s

vitamin E-deficient. tissue. The -most frequently studied

ones have been cfeqtine'kinaéé, and-liver xanthine
oxidase (Olson, 1974; Cafignani; 1974). N\
| Olson’ (1967) postulated that vitamin E plays a . o

role in the synthesis of proteins. Catigpnani (1980)

H

* ]
-increase in the raté of protein syrithesis in vitamin .
a* 2

Further studjes on DNA synthesis in bone marrow - -

15.

E-deficient animals have shown conflilcting evidence about e,

the'rates of amino acid incorporation and changes in
N

polysome profiles (Devillers et‘'al., 1973; Olson, 1974).°
, g\c, N N .

In addition, Catignani (1980) has recently shown evidence

for a protein obtained ffzm.rat l%ye} supernatant which

is capable of binding with tocopherol.

. .
v f
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‘The development cof nutritional anemia in

vigamin E-deficient animalsphas led a number of
\ : ' . . .
investigators to postulate that vitamin E may have a
o k‘ N t

role in heme/Lynthesis, or in the bioSyntheéis of heme

proteins. /Néir and his co-workers (1972) believe that

Al

the effect of vitamin E is diréctly on the biosynthetic

<

pathway controlling the mechanism of the induction and

repression of two key enzymes:8ALA synthetase and §- .

N

. ALA-dehydratase. More recently, however, some evidence

against this theory has appeared (Barttlet et al.,

.19.74) . , - o SRR

e © T, As mentioned above, 'some of the earliest evidence

on the effects of vitamin E'in animals ‘has been ﬁhat -
NPT BN p o
L ‘-bf its role in reproductibn. . There isfliftle' o
Lopviﬁcing evidence of a specific rqle fhat controls .
Leéroduction. The large amount, of évidencé on the
possiﬁle‘effect of u;tocophgrol on protein metabolism
has led a nﬁﬁber of investigators to suggést‘that
tﬁis is due to a failure to uﬁderstqﬁd the mechanism
of hormope action at the méleculaf level. Recdent
.biochemical advances have Qerm};ted,closer analysig
éf the ﬁnter—relation’between a widé variety'of
..hormones and vitamin§l ‘l .

Kitaﬁchi (1980), has recently rkviewed the L W
1hormon;l status of vitamin E;défipiéncyn The T

. $ v
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descgipﬁion by Masétn (1954) of testicular aej ) d
generation in rats aséociated the inhibitjion o T
of spermatogenic activity with nuélear chromolysis"
of spermatids &nd secondary spermatocy£es, followed by
niuclear and cytoplasmic degeneration in the érimary
spermatocytes and spermatogonia. Tﬁese investigators
founé no sig%s’of degeneration of the accessory’sex
glands. In feﬁale rafs, estrous,oﬁulation and
implantation processes wefe normai, and morphological : . *
changes occurred in the ovary or uterus. ;he well-
documented resorptigﬁ of the.fetus in utero appearé
ﬁb oacur because of supprgssionq@é hematopoietic |
developmgnt in the yq}% sac, allontois, fetalvplécenta
and liver blood vasgular system of the fetus and fetal
membrane. 'M%son (1954) attributed this abnormality
to a;phyxia, starvatibn leading to coagulation, and
necrosis of the fetus. o ' ’ ‘
Kitabchi (1980),‘égggestea'that estrous,
‘qvulation,and’implaﬂéation in the female rats, as well i
as hormonal control of the accessory sex gland in £he. ‘/

- ‘ méle, are unaffected by vitamin E-deficiency. This

_ suggestion may or may not be ;n*accordance with Blandau L S ‘ -

) a .

et al. (1949), who suggested that prolonged depletion

. *
of vitamin E beyond the first month of reproductive

_'lﬁfe leadstx)decreased fécundity due to a uterine, o :

' . v ° . r
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;ath%; than an ovarian Gisordef.
lSomé of the controversy on this subject arose from
discrepancies between the results obtained on
differént species. Studies on closely related species,
like the mouse a%d hamster , have shown incoﬁéistent
results with reépect to the effects of vitamin
E~deficiency on reproduction (Bryan & Mason, 1940).
Kitabchiczonplﬁﬁed from his and other in;éstigators'
findings, that in adgenal tissues, tocophercol appears

to have two functions. One appears‘io be correlated

to lipid peroxidation,. stimulating stefpid

~hydrolases systems of cellular organellfqs, and the

. -

sgcond one (not related to pe{pxidation , appears
to be involveq in modulationgéf the membrane bound
ACTH-stimulated enzyme, adenylate cyclése.

Even the well-documented tﬁeory of the effect of

a~tocopherol in controlling membrane stability (Lucy

- & Diplok, .1972) can.probably be explained in terms of

N
a relationship between o-tocopherol and proteins.

Lucy et al. (1972) have suggested.that cell membranes
have increased permeability in vitamin E-deficient
\tissues, and reduced permeability in a-tocopherol
supplemented cells. Proteins, as well as lipids, are
impdftant coﬁponents of ﬁembtanes. Molenaar (1972,

1980) proposed a theory of the function of vitamin

’ " J
L] N -
«
«
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in reléfioﬁ to th; integrity of cellular fmembranes.
He proposed that in vitamin E-deficiency two factors
c?ntribute to the pathological éymptoms. Oneiis the
molecular interactions in whichhthe missing
tocopherol would‘normally take part.
The othég is the mefjbrane itself, which has an
aitéred function due to the missingltd!bphepol
‘molecule. According to Molenaar (1980), most of the
proposed theories on how vitamin E contributes to the
function of the cell can probakly be explained in_
these térms; Furthermore, he suggested that‘changes
in membrane structure and function are degehdent on
the structure of the speéific membrané, thus
accounting for the variation‘in-patholpgical lesions
among tissues and species. CLN | '
Tocopherols have been fdund tp'affect éeéeral
mitochondrial and microsomal fuhétions,(Corwin,'h
1965) . -Many of, them aré relabedlpé_the‘abilitf to-
oxidize. Corwin (1980) has reqehtly feyiéwed someréf't
¥ the evidence, and has céncluded that vitamin E seems
"to .affect the early part oé the electron transport
qhaZn. He postulated an interaction of a-tdcopherol
with sulphydryl -groups of the dehydrogeéiges, once
again'indicéting a possible interaction of Qitamin E

with protein molecules. ' ,
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Ha;inngeviewed some of the theories and research
carried out to elucidate th vitamin E contributes to
the function of the cell, it remains to examin some

of the reasonssthat have led tq the controversy in

this field.?” Inconsistency amoné experimental results
on the mode of action of a;tocopherol can prdbably bhe
attributed to discrepancies in four important factorss
absorption, transport, deposition and storage. These
factorE\arg governed by Gariables in tﬁe expérimeqtal
procedure, making it difficult to correlate and
extrapolate findings. The’methdd used %o} ;he
administration of this vitamin may play an important
role in détermining the results obtained. 1In in vivo
systems, particularly in higher dnimals, ﬁhe me thod

;f administragion is of prime importance. When
a-tocoﬁherol is injected, the solvent, or cqrrier,
plays a ﬁajor‘fole in the transport, deposition and
absorption of this molecule. For example, the recovery
of l?belled &~£ocopherol in lymph, bile and feces -

K

varied when different carriers were uggg as injegtion

7

vehicles (MacMahon & Thompson, 1970) . '

L The dieggxy\sfgﬁus of the organism of cell in

' %

‘question has a great deal of influence on the

1]
observation of the effacts of a~tocopherol. The

interpretation éf the effects of a-tocopherol has -

» : ) »
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been shown ta be-cqmplicated by a.numbér of sgbstances _
present in the Aietbof most animals, The’effects of poly-
unsaturated fatty acids (PUFA) in increasing vitamin E requi-
rements ‘are well documented for most animals (Dam, 1962). The
compiicated diets of humans made observaﬁion in this
respect difficult (Horwitt, 1972). The mechanism,
whereby PUFA‘inérease a—tbéopherol requirements i§.
not clear, although it has been poséulaﬁed that it %
involvesgabsorption and storage (Weber & Wiss; 1963) .
Contrary to these findings, a number of investigators
have shown that PUFA do'not interfere with the
absorption pf these lipid molecules(Peake et il-'.
1972; Bieri & Emﬂﬁﬁ; 1975). These investigafors
concluded that although more work is required in thfs
‘field, the relationship Beﬁwéen PUFA and a-tocopherol
is not linear. Another complicating factor is that
vitamin‘E—dgficient raés have been shown to have
better absorption than normal rats (Losowsky, 1b72). A

The determination ®f the tocopherol content -
in a cell or organism has been shown to be complicated
by vaéious éspeété other that dietary intake. For *
‘example, in-mammais, the p1a§mé concentration of' .

: d

a-tocopherol correlates highly with plasma

concentration of total lipids and cholesterol

(Rubinstein, 1968). A complicating factor often



, ‘ _ S22
igﬁored in evaluatigg the body stathis of vigamin E was .
studied by Bieri and Evar;s (1975).‘ They showed that
the degree éf adiposity in the tissue affects the '
amount of_a-tocophergl in the tissue.. These
inVestigatofs found that when normal and genetically
obese rats were fed o~-tocopherol the obese groups had
lower coﬁcent;ations of a-tocopherol in their heart
and lung tissue. These differences occurred in spite
of the fact that the obese rats had three times as
much a-~tocopherol in their’plasma‘than did the normal
rats. This indicates that organ storage of a-tocopherol
ié qffected by body adiposity. This is an importang

factor to consider in trying to correlate the effects

of a-tocopherol in different tissues. In addition to

differences in tissue storage, different cell types

have different abilities to metabolize. and absorb

a-tocopherél. The differences in the metabolism of

the cell types involved have led to some controversy)q

in Lhis area, which remains under investigation. . -

The above-mentioned complications make cdmpérisqns oot

between species’ risky. 'Tﬁé'duratiob and degreés of

depletion nécessar§ to bring about certain tissue

dysfunctions;En some species are difficult to obtain

without prc‘i

vitamin g;deficiencj symptoms. For example, in some

| | :

ing other e¢ffects that would mask the

4

I3
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species'thé most pronounced effect of vitamih E
depletion is the presence of muscular lesions.
However, the absence of lésiéns in other orgéns QOes
not necessarily mean that vitamin'E is‘hot required
in those tissues (Mason & Horwitt, 1972). Although
there are many discrepancies between tissués, and
between species, most tissues and species are

affected by a-tocopherol's antioxidant effects

13
.

(Mason & Horwitt, 197i%.
Discrepancies befween in vivo and in vitro

studies have also lead'to some’ controversy over the

role of g-tocopherol in biological systems. There

is good evidence that tocopherols have an

antioxidant activity in vivo in adipose tissue (Weber

& Wiss, 1963), but there is no clear evidence of

'

peroxﬁdative loss of unsathratid fatty acids and
aécdmulation of products Lf lipid'peroxidation in

other tissues. Most support for an antiéxidant

action of g-tocopherol comes from studies id vitro.

It has beén emphasized by many dnvéstigators that
supplementaﬁion~of ﬁ—tocophe}ol to’animals in vivo ‘
results in differe%t findings from those observed in;

an in vitro System. The difference in oxygen tension
h yitro, ‘

between in vitro and in vivo systems and the

' possibility of cellular disruption in in vitro g

v
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systems both Euggest ‘that higher levels of
a-tocopherol are required in in vitro systems.

The'classic in vitro hemolysis of vitamin
E-deficient red blood cells by hydrogen peroxide
(Rose & Gyorgy, 1952), which has been useé as an assay
for many years, has beenﬂcriticized by a number of
investigators on the ground that it is influcnced by
factors other than the blood tccopherol coptent
(Horwitt_g}ii}., 1968).

The above-mentioned complications leave us with

many unanswered questions about the role of i
a-tocopherol in biological systems. It is clear that
the more complex the animal, the more complicating
faccors there will be. Thus, the search for a
corrclation between tocophercl deficiéncy and
clinical findings in man has led a number of
.investigators to study the manifestatioﬁc of such

'

deficiencies in lower animals. =

Objectives of this Study

‘Because of its simple but well known morphology,
. its simple axenic diet, its reasonably .

! . ' short life span, its advanced but simﬁle reproductive-

system and its eutelic characteristics, it was felt that

the nematode Turbatrix aceti would lend itself to an

1*.26))(.-4 B danc e g nd —r 7 Ly s TR T E T v Dl
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in vivo study in which the effects of a-tocopherol on
some of the baéic physiological functions, such as
development, growth, repfoduction, and aging coulé be
clarified. Few studies have been reported in which all
of these aspects'of a—-tocopherol havg been studied in

one animal. It was thought that this nematode would

:be useful in the evaluation of both the chronic and

short term effects. of dietary a-tocopherol.. It was also
hoped that this small organism would'provide an exper-
imental system simple énough to minimize the complicating

factors normally encountered in an in vivo systen, without

encountering the problems of an in vitro system.

25



Aadapted?from Sayre et al. (1963) as described by Kisiel, et al.

26

MATERIALS AND METHODS

Animals
Y )

The free-living nematode Turbatrix aceti {(Peters,

“1927) was the organism chosen for the studies reported

here. The axenic cultures of Turbatrix aceti were

obtained from Dr. Morton Rothstein (State University

of New York at Buffalo).

‘ 3

Turbatrix aceti .is a bisexual ovoviviparous nematode:

which has a fixed ééll number throughout its post
hatching period, with the exception\oﬁ the reproductive
system and the intestinal epithelium (Pai, 1928). This' .
nematode grows from a sizé of 0.2-0.3 mm in length and
lS’to 20 um in width in newly hatched animals, to 1.5 -
2.5 mm and 50 - 60 um in adults. »

Preparation of Culture Medium

Basal medium. Basal media fer axenic cultuvation was

(1974) with éome minor alterations; 4% (w/v) Soy Peptone

‘(Sheffield Chemical Co-. Union N.Y;)ﬂ and 3% (w/v) Yeésf

4

‘ , /.
extract (Difco), were disolved in 90 ml of destilled

<

waﬁer and heéeated for 10 minutes. Glacial acetic acid

Qaé added to this clear medium to a final concentration

of 2%. All test media were made up to 100 ml in 400 ml

¢ -

1

' -~
'
.
o

"

[P




" e ey e sl
- .

Erlenmyer flasks. .

o
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After medium components were added, sponge-stoppered,

§laékéqure autoclaved for 7 minuteé (fast exhgust).

Heated liver extract. One of the drawbacks in using
heatedlliver extract (HLE) for the axenic cultivatid® of
free-living nematodes is'the possiple introduction of\
variables which could be avoided by using a chemically
defined medium.

A number of investigators have attempted to modify
the original axenic-nutrient ﬁedidm described by Sayre
et al.

3

chemicdlly defined cultur§ media (Rothstein & Cook, 1966;

(1963), with the objective of producing a totally

Buecher et al.,

— ——

.1970) . Preliminary experimeﬁts in this
° o

study, have shown that under the conditions used
in this laboratory, "HLE" is essential for the maintenence
of optimum growth and devélopment,required in the type

of experimgpts éerfotmed in this study. HLE was prepared

according to Sayre et al . (1963) w1th the following

modlflcatLons- freshly obtaaned'beef llver was dlced and

stbred at “4°C over nlght. Homogenlzatlon ‘angd - extractlon

- s

of the extract.was followed accordlng to the author s

reelpe. lO ml ailquots\of the flltered supernatant

" wérk freeze- actlvated and stored at -17°¢ (Ssayre et al.,-.

- Ve e, ¥

The necessary amount required for the volume.of

~

1963).

R

4'médium being prepared‘was-allowed to thaw at -room ' - f.u‘fr;

- s PR ¢ . L
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Millipore prefilter (AP 25025-00) was ysed to aid in the

_sterile test- tubes. Stgppered tubes were left standing
o . e : o . .

.l

. / . Y

Filter sterilization was pérformed fter freézing

) s e
temperature just prior to use.

3

»

by passing the extract through a membranF filters
. . - ' .
(Millipore Corporation, Bedford, Mass. (1730, USA) of decreasing

pore size ranging from 10 pm to .22 um (LCWP 02500,

. i { -
_AAWP 02500, DAWP 02500, HAWP 02560, GSWP 02500). A

v

filtration process. -The final addition of the sterile

'HLE to the basal medium was done unded sterile conditions

in a laminar flow hood.: ‘ , 0

Removal of precipitate. The fo#&ation of large

I

" ) I e ‘
. amounts of precipitate upon addition/of HLE due to the

low pH of .the basal media is inevitgble. The importance
o; the nutrient éoﬁtent present in *his precipitate has
been reYigwed bwaanfletereng(1974{. Because media with
ﬁotéi’piecipit;te_was found to‘in?erere with the .
accurate visuéliqation requ;fgdniﬁ'the experiments of
fhi; study, the developmen£ of an‘;quillibrium which
aliowed optimum grow£h’and deéelopmept as well as clear
visualizatiqn was essential. k

. . Preliminary gxpefimgnﬁs showed the most efficient

andcdnvgniéntykthod\té be as follows. Media containing

A

" HLE was.shaken thoroughly for one minute, and the

mixture trénsferéd under sterile conditions into 50 ml

4 s
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‘second examination was done after 14 days, for a better

.continuous, population.

‘

for 24 hours, thus allowing Egc larger particles to
séttIe The supernatant contdining nutrieﬁts to

pnomote adeguate growth development and reproductlon

was then carefully decanted and stored in sterile tissue

. . )

culture flasks (Cornlng 25100, Cornlng Co., Cornlng,
'14380) .

at thlé&p@?ﬁt

Y

certain experlmental condltlons will be noted in ‘the N ' }

Any speC1al addition to the  medium was done
. ¢

Variations in the medium requixed under . }

.respéctive sections. D : n . N

{

1

The medium was stored and used for a maximum of two

' Fresh mediumwas prepared at the beginning of

‘
* -
[
. N N
-

each experiment. Stored mediumwas usually used to

weeks.

replenish;éulture dishes of eXperiments in progress.
. ' \

~

Procedure for evaluating fedia. Each batch of

¥

3

medidm was compared with the previous batch as follows: - ;

duplicate. flasks of each media were inoculated with . §

: : .
an equal number pf worms from the same culture,: .The
increase in population size was compared after a . L e

determined length of time. One examination was done :
after 3 days, and all media that showed inconsistaﬁcy .

. /‘ Yy
at this time wereé discarded, Cultures were kept and a
\

- -

estimate of the ability of the media to maintain a
. \ »
! .
Experiments utilizing media that

4 ’ .
showed inconsistant results at this time were discarded.

n

-

S S
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All /experimeyts involving media checks were done, in

. " \
-this manner./ Duplicates were tested to ensure . .

. . ' _,/ 4 . '
consistancy. . v -

’ SR . ' Pregaration of Vitamin E. dl-a ~tocopherol

v’

was obt&;ned from ICN Pharmaceutlcals (Cleveland, O. 44158)

in liquid form. The® advantage of this liquid over a
< l ; powdered form also available is the“absence of carriers,

' ‘ and therefore variables, which complicate the controls. '// *

Pilot experiments showed that the most convenient method 1Y

s

for oa-tocopherol supplémentation was to dissolve it in

o . S

the acetic acid present in the growth media used in

‘cplbure'Turpatrix aceti. A range of concentrations, of
.o=~tocopherel was sﬁggested by Dr. R.M.. Roy (personal
' »  communication), based gn the VitaminlE concentration
efféctive in radioprotection- of invertepratés such as

Drosophila. Pilot testing of several dosages for their

effect on growth and fertility showed that' a dilution

of 107 was’ effectlve (see Appendlx I). 0.1 ml of. , :

: a—tocopherol was dissolved in 10 ml of glacial acetiq v

™, acid. 1 ml of this solution and 1 ml of acetic acid
were then added to the basal media> to make up the 2
ml of acetic acid required. Solubi}ity of th;s lipid
. in acetic acid was checked under the microscope.

Sterility Checks

Turbatrix aceti's medium acts as its own check on

a ] \
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stefility, rapidly becoming cloudly if contaminated by

. bacteria. Nontheless, sterility checks using nﬂk&igg;
h#-f agar (Difco) were performed on evefy éub—culture.
Inoculated agar plates were incubated for at least ' .
96 hours at 37°C. B
In geﬁeral,bacterialcontamination was very raré,

hut if a cultute was suspected of being contaminated,

" a more rigid procedure was used as a check: 0.1 ml S .

. '1of the sample was pdpett;é\ié}} 1 ml of basal media

(adjuéted to pH 7.0) and incubated for up to 1 week
at 37°C. 1f the results were not clear possibly due
" to any interfering preci;itate,za loopful of this medium
was transfefred to fresh media and treated as above
.~\)«TRothstein,.l97A).
' All transfers and inoculations were carried out
.. in a laminar flow hood {cca, kupsville, Pehn.), kept
at 20°C. Instruments uéed in any of the manipuiat%pns

were sterilized prior to use.

. Maintenence of giltures

(3

For optimum\growth, cultures were maintained
at a constant tempevature of 299C (Rothstein,
N :
1974).. ‘ .

pH was maintained between 3.9 - 4.1 for all

experiments, measurements were recorded for each o -
. ) . ‘
' ¢ (3 3 .‘ 2.
- new batch of medium using a pH meter (Corning 10). ]
. - ' P

-
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Experiments which ran ov§r a certain length of time were
\ oo
checked for pH changes. Changes were found to be rare. .

. Qulture Dislies. 1Individual experiments required

different types of tissue culture dishes.' Three main
types of culture dishes were ,utilized in thi® study:; °

large scale cultures of Turbatrix acéti were maintained

'

in 25 cm?® sterile tissue culture flasks (Corning 25100).
. . v \ '
»
Smaller scale cultures (mass q&ltures) were maintained
in 35 x 10 mm Petri dishes (Costar 3035; 205 Broadway,

Cambridge, Mass. 02139)., 1Individual cultures .
fe )

(individuarﬁy mated pairs; single fepales) such as those

used in reproduction experiments and survivorship .

studies, were maintained in 16 mm tissue culture cluster’

wells (Costar 3524). ’ V ' .

All dishes with ﬁhe,exﬁﬁption of the screw cap
bottles were sealed in large Tupperware containers -

to prevent variation in the culture media due to

evaporation. -

In lengthy experiments ﬁedia was removed and

* '

substituted with fresh media to ensure a constant supply
of nutrients and prevent toxic effects due to old media.\
All culture diéhes'were supplemepted in edual and
accurate amounts. Tissue culture flasks were generally
filled wigh 2 -5 ml oﬁlmhdia, Petri dishes were kept

%illed with 2 ml and individual clusters were kept




TNl

filled with 0.5 ml.

‘Inoculation of Cultures-

0 v

Stock cultures were maintained to ensure
availabili£y of ﬂematédes, and to test new batches
of‘media. ‘Duplicate tissue culture flasks containing'

#
2 - 5m of media were inotulated with 10 ul of worms
from two-week-0ld cultures. ‘Suhcultires were
maintained in Ehe same manner every 14 to 18 days.
Pilot éxperimepts showed that under the experimental
condigions maintained in this laboratofy, cultures
ieft longer than 18 to 21 days diG& not produce
optimum growth when used to'inoculate Aey

medium.

If a particular subculture was not producing '
'

“populations of any consequénce, the duplicate flask was

checked., If it also'showed negligible growth,'that
media was discarded and the inoculation was reﬁeated
in new media (see medig test). Control éubculture;,
were kept separate from a:;ocopherol. Special

inoculated cultures will bé'described below. ' -]7

Supplementation and Depletion of a-Tocopherol

Nematodes dese€ribed in the text as being of a
. i

particular origin are nematodes grown in that culture

media for several generations; control or a-tocopherol.

. Supplementation was acbomplished by transferring ‘the

L
»

4

.-
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nematodes to a-tocopherol supplemented media at the

-

indicated times. Depletion, likgyise, was -accomplished
by transferring nematodes to control media. ‘Tp

minimize the possibility of transferring any a-tocopherol
with the animal, nematodes were washed through four
consecutive changes of control media. Supplementation

o? depletion before birth was achieved by ;ransferfing.
the mothe; of the nematode in queétion tovthe new media

just prior to,birth.

~Synchronization .

AN

-
b4

Because of the importance of the accuracy of the age

of the organism in some of the experiments of this study,
1 : :

we found it most convenient to synchrohize and harvest
worms manually. Large numbers weré hérvested by
filtering large populatipﬁs throuéh 10 ym pore size
Millipore membranés (LCWG 02500). This method ¥esults
in separation of iarge numbers of 0 - 3 day old wormé.
Nematodes obtained in.this mdnner were used to start

new populations for mass cultures, and to produce
offspring of more precisely determined age. This

was carried out by‘allowing a set number of young larvae
to grow in a petrie dish. As sopon as their firste

offspring appeared, all parents were transferred to

similar dishes, leaving only newborn larvae in the dish.

This procedure was repeated every 12 or 24 hoﬁrs,

34
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. depending ‘on the accuracy desired. This method 'results

in newly-borh larvae daily, and aged worms at the end

v /
/ 1

, of their reproductive period. ‘ /
To harvest larger numbers of aged worms, parents

were removed from their offspring every 3 days unfil

the end of their reproduc£ivé per}od {parents are

easily qistinguished from their_o}fsprihg for 3 days). ‘ |
The apparatus %sed to transfer young‘and adult

nematodes consisted of a rubber tubing 12 cm '

long and 0.3 cm in diameter atgached_to a mouth

‘piecé at ong end, adapted to a small glass tubing ‘ :

which was. rf‘,tovppered with a small rubber plug with an

openiné to accdﬁodaﬁe a 26 yl micropipette {(Corninyg ,

70995-20). The glass tubing proved usefuf as a trép.

e

| ' Micropipettes were heat-pulled to very narrow

points and sterilized (autoclaved) for 15 minutes prior uooa
to use. The diameter.of the point was adjusted

éccording to our needs by carefully breaking off more

v
° ’

or less of the tip. A larger diameter was.required to L
wrevent injury to adult worms, whereas a very narrow

tip was required to transfer newly-born larvae.- This
. ! . N . .
method allowed quick and safe transfer of nematodes as N ‘

'

well as very accurate synchronization. . ,

Measurements

_Prior to measuring their length, nematodes were

S
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'»live worms. Dead worms can also be recognized by .-

‘ . . E ' " 36
straightened by heating at-57°C for 5 seconds (Hieb

& Rothstein, 1974). By this procedure, organisms

are rapidly killed and' straightened without shrinkage

.in length. Measurements were taken through a

b%nocular iight microscope (Cook Thourghton and Simms) .

The length was estimated using an ocular micrometer
(calibrated with a 1 mm micrometer scale w%th

increments of .01 mﬁ) at a madnification of

6.3 x 10. ‘ ) -q

Detection of Dead Worﬁs

Dead worms were easily/detected by adding a

drop of neutral red (1%) to the culture. Dead wofms

t

- '

take up stain readily, thus distinguishing them frym
their lack of movement.

'
%Matodes were cohnted manually. In most
07 ‘ .

iments, it was 'possible to count one worm at

a time} Progeny were counted as they were

temove@ffrom their culture dish with a |
. 1 ,
microp\pette. Large populations (mass cultures) \
!
were e%ﬁimated using the method reported by Lower
v { '

et al.l}{1966). The actual counting was performed
R !
under a disecting microscope (American Optical

'

|
s

o
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Speénsor Zoom) .
- ,

Fertd lity Experiments |,

Three experimental pracedures were uséd to, evaluate
the effects of a-tocopherol-on reproduction: single
cultures, individually paired cultures and mass cultures.

Mass cultures. Synchronized nematodes were »

transferred to Petri dishes in numbers sufficient to
"
ensure an adequate male to female ratio for optimum
fertilization. This method proved ;atisfactory for
measurement of mating times, a;d pime of onset of the
»rEproductive period,vbut.less adequate for measurement
of the length of°"the reproductive period and the number
of progeny.v

i 1

Single cultures. Nematodes were left in mass

cultures during their mating ti%i; After mating,
females were isolated, so that their reproductive
caﬁacities could be measured. This culture method

ensures optimum fer;ilization, due to the abundance of

males in the mass cultures which eliminates the limiting

°

factors in individual males.

. , v, ‘
Individually mated pairs. Pairs of nematodes were

isolated<inté single culture chambers before the onset

of their reproductive peéiods. This method was used to
\ -

measure most of the above-mentioned parameters of

reprodﬁction, but proved to be relatively fmaccurate
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in measuringéguch things as time of onset of
' T reproduction.) The(probaﬁility of both male and female
| being mature enough to reproduce is diminished in a two

nematode culture.

-
ayar

S

It was felt that the combination of methods would
give a more accurate measurement of the effect of
a-tocopherol on reproduction than would any one of these

methods used by itself.

N

Survival and Longevity Experiments
48 synchronized virgin'nematodes pér group were
isélated*into.individual cluster chambers. These
inéividuals weré observed every 4 ~ 5 days for any sign
of movement. Dead nematodes are easily regognizéd.by

their lack of movement and by their straight bodies.

Separation of Litters

For our experimental purposes a iitter is defined
- ’ , as the larvae born in a 24 hour period. Litfers were
obtained in the usual manner by removing the parents L
from the new born every 24'hour§. Litter numbers were
given a?cording to the day of the parents' reproduction
period (I = lst day of fepro@uction) (see Figure I;.

" . P

* Radiation Culture Conditions

Approximately 200 synchronized nematodes per group -
(radiation dosage and treatment) were washed through

three consecutive changes of very diluted
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. transferring irradiated nematodes to individual chambers

| " , 40

basal media (no HLE). Media, rather than water, was used
’

for this purpose to prevent additional stress just prior

+to irradiation. Radiation was administered in a gamma

cell (*°Co) at a rate of 30 roentgens/sec.
Pre-irradiation treatments was administered for
various generations (control or a-tocopherol origin).

Post~irradiation treatment was administered ‘

<

immediately affer radiation (within 5 minutes), by
a ¢ ]

containing the respective culture media (control or

a—tocophérol). Survivorship was monitored in the usual

]

manner. Non-irradiated nematodes were given similar

a

‘treatment, to control for the stress caused by the

handling involved in these experiments.

o

Cytology

‘ Unsuccessful attempts at‘fixing, empedding and

-

sectioning Turbatrix aceti for the light microscope

led us to do most of the microscopic observations and.
photography on live intact worms. This was possible
due to their thick, resistant and fairly impermeabfé

cuticle. .Using a small drop of glycerine jelly

'(Galigher & Kozloff, 1971) or albumin, it was possibﬁe

to maintain an intact young worm under the microscope
for approximately 3 minutes. 'stillness without death

was achieved by replacing ‘these substances with ice

t
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.water. ' This method was more effective for very young ngmé;, >

todes than for old ones. Some observations were done
with squashed rather thar with whole nematodes. This .

ot

was easily achievéd with adults,,séociélly females, -
by carefully placing a-cover€lip dn an adult worm

which had been placed on a vé;y.small-drop of water or ,
. T, . s

glycerine. If the mere impact of the coverslip did

¢

not cause pursting, slight pressure on the coverslip

was applied.

,-
.

The amount of’liquid on ihe worm, and the age of ’
the worm, are crucial to the success of this procedure..
Organs of carefully prepared worms- are easily

identified. Cells can easily be stained once there is

no cuticle ‘interfering with the absorbtion of the

v ' *

. stain.

s

‘Nemafode tidsue was stained in two ways: -

“a) .vital stains were added to cultures abproximately‘

’

.48 "hours priof to use. This method was found to aid

in the resolutlon of a number of organs for- colour

mlcrophotography purposes. f

b) Nematodes burst ogen under the coversllp were

'stalned by addlng a drop of a partlcular stain and

draW1ng it to the other 51de using absorbant tlssue.

“

This method was used for: nonv1tal stains.

'fhe vital stains used were Neutral Red 1% and

v

g o

v



Methylene Blue (Galigher & Kozloff, 1964). Nonvital

stains. were used in the attempt to stain lipids. O0il .

Red (Schmld GmbH & Co.) and Sudan IV (Schmid GmbH & Co. )

were used for this purpose (Galigher & Kozloff, 1964).

¢

\yhe type of §ta1n‘usedﬂls indicated under each

individual photograph.

Photomlcroqraphy

Spécimens for mlcrophotography were obtained as

L

explained in_the‘gytology section.

t

" Microscope. A Zeiss Standard Universal Microscope

Photographs

was used for most microscopic examinati

* were taken with a special ?EE§E/ ontrast Condenser and

/
PhZ Neofluor 16X and 40X objective lenses. Dark field
r / -

® . o . .
was obtained by using ae6.3X objective lens. 6X or 12X

,//;///////déﬁiar lenses were used between thé camera and the
. i A neutral-density filter was used over

objective lens.

the diaphragm of the microscope, to enhance contrast
_and decrease the inteneity of the illumination (12 V

.1llum1nator with 60 W, 12.V bulb) , for colour'film

A, green fllter was used for black and white

purposes.
film. , s >
Camera. . A Zeiss Ikon 35 mm camera, set up yith a
photocell for exposure cont;gl,lafﬁéttzgé at-7 or
/ ' //
8 for automitlg/eX§bsure) and Kodak oY

“1%0, for tungsten llght)

Ektachr/me sllde film

I L VR

]

W,m‘
3
h

B
I danaiati b 4 ot LT L S
v P P e y T aevh . Sl

———n o

N




a1

3 - +

w
© | ‘ ¢ 1/
- | 4 " |
. 4 . v \
. . . : . o 43
o were used ‘for all coloured photographs., Black and .
' . L] i » .
s white photographs we;x"e taken with the same camera, I
s using Kodak Plus-X-Pan 160 ASA. . o -
” 'Y Statistics . ‘
N ©o - gt’ L . . r
Voo Mo standard statistical analyses were carried
- out using formulae described by Rolph and Sokal (1969).
’ Paired t-tests, afalysis of variance and regression -
} , ' ; analysis wereé performed with the '‘aid of a T, Programmable
. ‘ 58/59 Texas Iﬁst;ument Calculator, o
) f,/"'Y Probit analyses were obtained through our central e
~ " ccomput'e; (Statpak). Comparisons between slopes and
4 " . . " “'
' . LDbs, values were done according to Stanley (1963)%. A
‘ ‘ summary of this procedure is'described in Appendix II.
‘ g . - :
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RESULTS co 4
—

r

, The Effect of a-Tocopherol on Growth and Maturation

v

"The first set of experiments was devi¥ed to

f

detect ‘the differenceﬁ im growth patterns between

control and a-tocopherol-cultured nématodes. Figure 1,

thch shows the comp}ete life:cycle of Turbatrix aceti,
Jander Pptimum‘expefimenpal,conditions, is éiven_§§ a
reference for the experiments*to follow.

fhe growth of Turbatrix.aceti was measuréd in

. /
length, as has been described in the Materials and

. A
Methods section. -~ Stages of development were
4

" defined based upon both size and developmental

eriteria such as.molts and degree of differentiation.

B

of sex organs. These stages are prgsented separately

for males and females in Table 1. Molting times

were estimated from observations of shed cuticles

and large change in size per time interval. The
-most obvious changes in°size were noted right after-
cuticles.were shed. Growth pattérns were obtained

by megsdring sgté of thi%fy synchronized$nematqdes

o

differing in age by twelve hours. This is v
y ‘H—ﬁ‘

represented graphically in Figures 2a and 2b for

females and maiés respectively.\ These graphs
emphasize “that the worms in a-tocopherol reach a
5 ’ N PR . ,

T e e

.y,

. y
B
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Life cycle- of the heterosexual nematode |

Turbatrix aceti grown . in axenic ) . .

cultures.. Stages of development and . v -

post development are shown from the . ° . 7

time the parental germ-cells are formed' N

until death. The adult stage is .

characterized by the appearence of the = - - ‘

first egg in, utero.
ny
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Jgivéﬁ staées of devéloﬁment more quickly thaﬁ do the
control worms. ’
The difference in size between control and
-  a-tocopherol treated nemaégdés‘at all stages of
development defined is furﬁher enphasized in Figures‘

3a and 3b. 1In these figures, paired histograms ¥

represent the mean length of control and a—tocopherol-
cultured nematodes om each day. 1In this experiment, a
new set of 30 syhchronized nematodes was measured
daily. The 'most proﬁéunced difference in females is
obser;ed between 72 and 168 :hours (period of most g
active cell growth). The difference in 1edq§h between

. control and a-tocopherol maleéiis less pronounced. -

Sé;dent t-tegts were performed tovdétermine the

significance of these differences. Significant

. differences bet@een cqntroi and a-tocopherol treated

néﬁatodes for individﬁal éays are indicated above Fhe
resﬁectivé bars. , ' .

Approximately equal sizes were'eventually~reached

by both groups in both male a%d female.caltqres; 1.3

mm and 1.6-1.7 mm fespéctiGely. Measurements were

i ' thyﬂﬁaken fof the first 12 days ﬁince this is the

\ ’ time of, most activetgrowth in this species.

Figure, 4 shows the growth rate (change in size per

time interval) bf control and a-tocopherol treated

T LR S
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. FIGURE 2a. Life cycle of female Turbatrix
: aceti showing the periods of
-growth .and lethargus.
I ~ . .
FIGURE 2b. Life cycle of male Turbatrix
v g aceti showing the periods of
growth and lethargus.
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‘obvious than that of the males. Non—parametric‘test

'prior'to the onset of their reproductive period. ., The,

. the first generation le), but not during their early R

size. Once again student t-tests were performed to . -,

. s eae -

55

-

females. Data is presented in this way £o'show,th§t | .
a—tocopherél tréaéed nematodes go through a maximum
gréwtb period-aéproximately 24 hours earlier than
con;rgi-nematodes. Females were used for these P :

experiments because their change in size is more

statistics performed on these values'(Wilcoxon kank“ ' !
Sum Test), indicate thgt o~tocopherol nematodes grow = : h
significantly faster {a<.05) than control ﬁematqéés.

Similar observations were made,on'femaies whose

. ¢ v
parents (FOY were supplemented with a-tocopherol just :

effects of a-tocopherol were evaluated on the growth and

development of their offspring (F1 and F3). 1In this

»

experiment, a-tocopherol was present- during the -

development and gréwph‘of the reproducéiye organs of

embryogenesis. In the second generation (F,) both . ’
somatic and germ cells were formed in a-tocopherol

subﬁlémented media. ‘ ,

[}

It should be noted from figure 5 that the .most

distinct difference in size between the FO and the Fy o ' ‘

i 2

dand Fé generations is observed between 72 and 120 - ~

hours. All three groups eventually reach the same - co : 'f

o
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test the significance of the difference

on each day. Significant differences

between groups

- for these

comparisons are indicated by asterisks

' five.~‘Fi andLFgmfemales show a growth rate similar’ to

’

above the respective bars. .
Figure 6'represents the growth rate of these three

groups. ‘Theﬁg curves indicate that nematodes

supplemented with a-tocopherol before their

reproductive peglpd‘show a growth rate similar to that
. .
obsérved in control females (Figure 4). "The maximum

change in size in both these groups takes place on day

A

that observed Ln o= tocopherol females . Nog—parametrlc

test statlstlcs 1nd1cate the Fl and Fz generations mature .

significantly faéter than the Fo ggﬁ@ration o<, 05)‘ A
A\reverse experlment where a*tocopherol parg@ts . ‘A
f -
A ) '
' L4
e T
. ‘
-'c" ‘,
‘than females cultu ed in contrpl medla. ,Fz nematodes » ' .
‘appear to recover to a certain extent after 168 ) e ,
. . L ., ) “_
hours.’ - Student t-test for daily tomparisqns were"
' C 3 ) . ’ - . ™
. PEERE . I o k ' o,
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Curves representing the mean change
in size per time interval of nematodes

supplemented with a-tocopherol after

sexual development and-the two following
generations. ' o




—meam sy

e

. B R . y . K
-~ - 3. RoTPAReTe 52 - I S _ o e )
- o - . , . . " ]
~ ° e e a . 3 ) |
» " » » L8
1 d - . ) . i r
- . . N k A
‘ . - 1
. i ] .
. . . . . a | A
| , ~ A ’ ) y ) - v! -
961 891 b olsamony Fev o - - |
. | " ) ql 96 3 - ‘ |
— ) : / l i
- - e , i -
- B . .. - ,“ e
., ] | |
» . .
'.0. . - - |
Con . - ) . ..
¢ - )
. - R ,
O . '0001 . ‘ ) . - 4
e e . R . ,
b Yo, i . A
’ ] 1 i r \
" /7 - . T ®
V .. ¢ E -
. / N L4 . l".nl n - K . % . -
B NC, . 0 2
) .
/“ . K rl FI‘I lhl . |N %
/ . o‘ \ - N v
, . JE y -
[} : A
. A . .
] L . '] * b. . .
- k 3 ) > ..
. - / . % \- -2 . ) . \ : g ﬂ
) ‘ S ’ - T : 5
o . S . R , . . , ”
‘ - ; o ’ ° -——
[y 0' ) . ) ln
- ' 'q 4 -l z . . .
) . » A o - <« m 4
° * - o ¢ o . - 4 - . s
- .. . - P - . ol v ) i . n
- / A Y K .
u ) K 2 . -
. 'S . “ . K ) . . N \
s ° ’ K Qqh X . 2 .. w . .-
- i} -~ . I ¢- 00 i ‘ - m
) ' - e ¢ .
. , a K K] . . . ﬁ- b .
) ) n ~ ) -' .. ’ - - - ~ N -
s . & . . . . - y
n \ -‘.0 N . Nu v o . . b
. . i o , , H ‘
. . . " s . . :
e e 14 | i
“ sasvsasun - . 1
. ' ’ . ) - O& LI nc » "
, . ) - . S ? A o < - . .
f . . . _ ; . .
| . , ‘ i ) . s
, . - . - , . ~ .< 'v :
- . . . \ ‘ :
s v . i . % ”
. ! ;
. o ’ - AR R g
. ) ) ) ‘ |
< : o o N b 3
. o . Lo VR
= N . ‘ ~ * . A % v‘ w
- i . " - ) ¢ ° N “ .
1 °- X - - 4
. 5 . | .
t R
. . . . |
T e e e —— - P ', ) .“L
R ox an o . R _ 3 I
B3 - - v ki
. | | !




A

had

\
b
:
'y
.
|
;
i
i
4
13
4
'v
N
¥
Al
1
H

[N

FIGURE 7.

”

e s sorn .
ES K

\ .
:
~ -
« .
¥ A}
<
I\- 3
4
. .
LN
T
.
. e
&
.
‘ .
»
Tt
"
: .
:
.
.
:
<
‘ :

Hlstqgram 1llustrat1ng the mean
size in mm. at a given time inter-
val of nematodes of a-tocopherol
origin removed from a-tocopherol
medium after sexual maturation,
and the two following generations.
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Curves 1llustrat1ng the mean g¢hange
in'size per time interval of nematodes

of a-tocopherol origin removed from .
a-tocopherol medium after sexual °
maturation and the two following'
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performed in the usual manner. Significant differences

(a<,05) are indicated by asterisks. .

Growth curves obtained on these data however ‘ /J
o :

indicate that both the F., and F2 generations have a

1

growth rate similar to that observed in control
cultured females. Non parametric test statistics (Sign test)

indicate that the Fl and F2 generations mature

significantly more %lowly than‘the a-tocopherol-depleted
N ~ 0
F0 generation: :

X

" The low mean growth rate of these a-tocopherol-

depleted nemaﬁodgs is probably due to the increased

. ' ’/ .
number of dauerlarvae (larvae that areg arrested in

their growth, in the presence of adverse .

environmental cdnditions), formed as a result of

”

their transfer from a;tocopheroL to céntrol quia;
ThesF results should be considered when evaluéting*
the fertility exper iments described below.

In summary,'ithhés been shown that a-toCopheroln

supplementation in the nematodés' media increases the

£ d

mean growth rate of Fa and F, generations, and that this

change in size is somewhat slower than that observed in
N

nematodes of a-tocopherol. origin. It has also been shown

that remdving a-tocopherol nematodes ;rom o-taocopherol

°

media significantly affects thé growth of ‘their progeny- .

when removed before the onset of reproduction.

1

N . L




Fa)

-
-~ o 4

The purpose of<the next set of experiments was to

determine the difference in growth between progeny that

did not go through embryogenesis in a-tocopherol (early'

litters, I, II, III), and progeny whose parents were in
a-tocopherol media while‘they were going through
embryogenesis (late littgrs, vI, VII, VIII). This was
accomplished by adding a-tdcopherol to parents

just before the birth of the early litters, thereby
a&lowing Iate£ litters to go through embryogenesis in
a-tocopherol media. A similar experiment was also done
in®which a—tocophe?ol was 'remover instead of

added. )

Before this experiment was carried out a

preliminary experiment was performed to determine the

degreeé of variation in growth -and maturation among

litters of control and a-tocopherol-treated nematodes.

Table 2 shows the meah ages duriné which different
litter groﬁps go through two of the more clearly
defined developmeqtal stages (85, 58). The results
ingicate that ‘control litters I&, V and VI, have a
significantly faster growth and'matura£ion rate (0<.05),
than other liétef groups. LittérIXiJf the éontrol

group shows a significantly slower maturation (a<.05)

comparéd with the ofher'litters in this‘grou%.

a-Tocopherol-cultﬁréd litters show no clear trend.

-
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"

This suggests that u-tocoéﬁerql keeps maturation
constant among litters.

A'Wilcoxon Rank ' Sum Test comparing all control
flitters with a-tocopherol litters Ffurther indicates
that .the overall maturation rate in control nem;todes

is significantly slowg; than that observed in

a-tocopherol nematodes.

’
]

With these results in miﬁd'd-tocophefol.supplementatibn
and depletion exper;menﬁs wéré set up avoiding ;
’littef groups IV, V and VI. Table 3a shows thesé
results., Late litters (litter group b) supplemented
with a—£ocopherol (C/a-Toc.), show a significantly
earlier maturation rate by the.sg stage (a<.05),thaﬁ early’
litters (a) in this group. Late litters depleted -of
'a-toéopherol on the other hand show'a‘significéntfy
later maturation rate (a2;05)\ than early litters in
this group. Furthermore, .litter group (a) of this .
group is significantly slower in maturing than .
a-tocopherol nematodes {a-Toc./a-Toc.). Litter group
(b) is'siénificantly sléwer in maﬁuring £han either
the céntrol or thé a-tocopherol groups.
These results suggest that the presenée of

‘a~tocopherol during embryogenesis has a significant

effect on maturation rate. The advantage of this -
- L $ .

s, e

experimental design is that the only difference .

* ’ ¥ .
’ .
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between these litter groups is the length of time that

" these embryos are exposed to the experimental -,

media. Both litter groups were exposéd to a-tocopherol
via the mother, but this does not exclude the possibility -
ofldifferent émbryonicustages having diféerent
capatities for absorbing this 1lipid molécule.
The effecﬁyof a-tocopherol on different embryonic
stages was further tested by observing the maturation
rate of the prdgeny of the embrxos mentioned above.
al and bVI reprefent progeny from Fl‘litter groups I
and VI respectively. Téblg 3b shows that both litter -
gfoqps of Ehe a-tocopherol supplemented group
(c/a~toc.), have a significantly faster.maturation
8 stage/ ' o

than does the control group. These results suggest

rate (a<.05), by the time Eﬂéy get to the S

that in early litter groups, it takes approximately

i) 9

one generationfbefore the effects of a-tocopherol
supple@entatioﬁ on maturation are observed. Late
litter groups on the Q%her hand are faster in showing ' ~

these effects.

{2

a—TocopherSlréepletion in these littter groups
appear to 'have an immediate effect on their growth

rateé and maturation, although a difference is observed

between litter groups (a, b) in the Fy generation.

- . .
It can be suggested from these findings that

L 3

\ . . . 4
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-

a-tocopherol may be required in the early part of

embryogéne§is to have a significant effect on these
embryos growth and maturation. ' - ‘

, - % § .
o. Photbmicrographs showing the different stages of

W

embryogenesis and larvae development are shown in

= -
] '
) Appendix III. .
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Effects of a—Tocbpherol on Reproduction

»

The experiments in this section wéré designed to
évaluaté,the effects of a—tocophéroi on the
reproductive capacity of nematodes.’ Three culturé - -
conditions were used in thfs sec£ion. Nematodes we?e
maintained : (i) in mass cultures of mare than livworms,
1ii) as single fertiiized females, and (iii) as
individually mated pairs (see Materials and Methods
for details). The advantages and disadvantages of thésé A
three culture methods wiil be discﬁssed below.

Various parameters of fertilizapion were selectéd
in the attemp£ to study the effects of a—tocophérol on

the different mechanisms involved in repro@uction;

Effect of a-Tocopherol on the Onset and Léngth of‘\‘,

the Reproductive Periaod . A

The first two parameters used to eigluate the
effect of a-tocopherol were the time of onset of the
‘Feproductive period, and the length of the reproductive
period. To decrease the experimental error that may .
be found in any individual culture condition, all three
érocedures were used to study these parameters, and

comparisons of the' results were made.

Mass culture. The advantage of a mass culture

experiment is that the large number of nematodes

*

R

5



“

egsures the ﬁrobability of mating. The major
disadvantage 'is the loss of some of the parents, when
é%ing separated from their offspring. Tablé 4 shows
data on the length gf the reproductive period in a mass
culture. At least twelve nematodes were used in each
dish to_ ensure an adequate male, toc female ratio; Thi§
was necessary, as it is difficult to differentiate

¥l

nhematodes by sex before :they mature.

The length of the‘reproductive period was calculated

.as the iﬁterval,between the time the first larvae

appeared f{onset) to the time larvae were no longer

present. This was accomplished by removing parents from

their offspring every twenty-four hours.

Comparisen of control-cultured nematodes with those

pultured in a-tocopherol shows that the control group
started reproduction approxiﬁately two days later‘ihan
the a-tocopherol group. A one-way ANOVA performed on
this data. indicated a significant difference between

onsets of the two groups (0<,05).

Single culture, In this procedure, females were

isolated from mass cultures every thnty—four hours!
from the fourth to the ninth day of their 1ifejcycles.
This procedure provided informaﬁioﬂ concerning the
earliesg.ﬁating time, the length of the period between

fertilization and birth of progeny (length of

L)
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. growth period approximately 24 hours earlier than™y

s

2

[

females. Data is presented ih this‘way to, show.that

a-*®ocopherol-treated nematodes go through a maximum

.

control nematodes. Femaies were used for these
experiments because their change in size is more
obvious than that of the males. Non-parametric test
statistics performed on these Qalues ( Sign
test ) , indicate that a-tocopherol nematodes grow
significantly faster (a<.05) than control nematddcé.
Similar observations were made on feﬁalés whose
parents (FO) were ;upplemented with'a—tocopherol just
prior to the onset of their reproductivg'period. The
effects of a-tocopherol were evaluated on the growth and
developmenf of their offspring (F; and Fj). 1In this
experiment, a~tocopherol was present during the
development and growth of the reproductive ofgans of
the first generation (F;), but not during their early

2

somatic and germ cells were formed in a-tocopherol

embryogenesis. In the second generation (F,) both

supplemented media.

It should be noted from Fiqure 5 that tHe lost

distinct difference in size between the FO and the Fl

and F, generétions is observed between 72 and 120

"hours. All three groups eventually reach the same

size, Once again student t-tests were performed to

76



embryonic development) and the ‘influence of
a—tocopherél on these events.,

“Table 5 shows that‘while only ten per cent oft
conﬁ}gl nematodes became fertilized by day seven of
thgir life cycle, forty per cent of the u—tocophe£01
females. became fertilized by day sik ?f their life
cycle: A one-way- ANOVA indicates that there is a
*significant di{ferénce between the mean onset of the
cont;ol and the a-tocopherol Tcultured females (a<.05).
No females isolated on day nine for the a-tocopherol
group were tested because most of them were well into
their reproductive period by then. The onset results
may be affected by the fact that some females had
already started reproduction at the time they were
isoléted.

Figure 9 shows the difference in the time of
fertilizat;on between control and a—tocopherol—cultureﬁ
nematodes. It alsé demonstrates that the reproductive
peribd starts earlier in the‘a—tocopherol group Ehanhip
the control group, and that control nematodes do not
‘achieve the fecundity observed in a-tocopherél
nematodes. ' :

The foregoing inférmation proved useful in the

design of later experiments. In the next experiment

s

{Table 6 ), the isolation of the females was done on

77
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: ! - a-tocopherol media. (n= 24) ’ o
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. . . Ty
day eight for fhe control gﬂbub, and on day seven for
the d~tocopherol group. The onse? of reﬁroduction
(deteirmined as the time new-born larvae appear) was
observed.' Once again, the mean onset of\geproduction
-proved to be sigﬁificantly-earlief in a-tocopherol ‘ '
females than in control females (d<.05). No

a

significant difference was observed between the lengths

of the reproductive periods. The lenéth of time
{ between the time of isolation gnd\yhe birth of progeny
was also observed. For twehty«per cent of control

a

nemgtodes, there were five days between isolation and

\ . -

t "\-
v "’ reproduction, whereas in no case was there more than .

’three éays between these two events for a-tocopherol
w.females. -fh;s may mean that some femazés had ﬁot
‘started oogenesis at the timé of matiqg, or‘that

females can)gtore immature éperm until tﬁfy mature. 1I€°
may also indicate that the gestation period is longer
for control nematodes than for a-tocopherol hémétodes.‘
#  rable 7 'congainé data on the mean onset of
reproduction and the mean length of the reproductiﬁe'
period with respect to two variables. These variables
are the a-tocopherol treatment, and the culture method.
Valdes for single cultures, asqdescribed above, are
compared-with the results'frém individually mated péir * .

7
cultures.
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Individually mated pairs. "It is useful to consider

the advantages of paif‘culfures over single cultures.

Pjir cultures can be used to evaluate the length of the

reproductive period, and‘to test the reproductive capacity
of individual males. Single cultures, on the other hand,
are more accurate for évaluating the female's reéroducti;n,
dince the male's reproductive capacity is not limitipg‘
factor. Table 7 shows the difference betwee) these two

culture methods using two reproductive parameters.

"A non-parametric test (Mann Whitney U-test),

comparing the mean onsets obtained in single cultures

with those in paired cultures, indicates that there is
a significantly larger difference between culture methods
iA control animals than in a-tocopherol-cultured anima}s
(a<.05). Comparisons of culture methods as to mean
length of repﬂéduction gave similar results. Student
}t—tests also show that every mean 6nset‘obtained
v * for a-tocopherol-cultured nematodes is significantly
earlier (a<.05) than the respective control value..
Copparisons between control and a-tocopherol crf?ﬁfeh
indicate a significantly longer reproductive period R
" in individually mated a-tocopheroi cultures than in

the individually mated control cultures. Comparisons -

with respect to this parameter in single cultured

e~

C )

»
-
N

t
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females dq not show a significant difference between
control and a-tocopherol groups.,

Mean number of offspring . )

The/next parameter used to evaluate the effects of
o - tocopherol w;s thé number of live progeny produced.
Tw5 culture Eonditions were used for these studies: ‘
single females, and paired cultures. The~nqmber of 1live
of fspring produced in each 24 hour period was counted
as the parents were transferred to new culth;e dishes
(see Materials and Methoas for details). Dead
offspring were noted, bu£ not counted.

Single culture. ° Table B8 shows the mean number of

offsprihg per female isolated from mass cul£ufes at
different ages. The variation in the number of offspring‘
produced by the a-tocopherol cultured groups is probably
- due to the loss of offspring born before the isoclation
of.the female. Progeny counts may therefore be
inaccurate where the females were isolated after day
nine. Control nema%odes, however, show a peak

grogeny production on the tenth or eleventh day after
birth. 2 visua; represéntation of these findingsdis
shown in Figure 11. A clearer representation of the
mean number.o§~offspring per fémale may be ohtained by

grouping the means according to the onset of reproduction

of the female, and the day of isolation of the female.
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- ' FIGURE 1l. Graph illustrating the difference

L "in the mean number of offspring
produced per female, between control
. and a-tocopherol cultured females : C
N ' isolated from mass cultures at ‘
R . . _ | different days after sexual maturation.
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9.1

An example gf this may be seen in Figufe 12. Control .
nematodes show a peak on the tenth day, whereas
a—tocopheroi females show peak offépring production on"
the seventh day. These results indicate that the state
qf maturity at the time of isolation does indeed affect
the(number of prégeny produced. §

. Pair «cultures. The variability with respect to

offspring production that exists for single females,
possibly due to the variation in the time of isolation,

is reduced in pair cultures. Nontheless single cultures

héve'thgir advantages over pair cultures in the

R \ .
evaluation of this parameter. Table 9 shows a

comparison of these two culture procedures: Single
females were isolated from mass cultures immediately
éféer'the first progeny appeared. Paired cultures were
iqdividﬁally mated in the usual manner. Replicate
experimeﬁés to deﬁgrmine total number of offspring

were carriéd out for each culture method.

IStudgﬁ% t-tests performed to cbmpare a~tocopherol
culturéd nematodes with their respective controls,
indicate that most u—tocopherql groups produce 5
significantly larger number of progeny (a<.05) than
the control groups, regardless of the type of culture
used. A Mann Whitney U-test also demonstrates this AR
significant differeﬂce. No significant difference

N

\
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FIGURE 12. Histogram illustrating the mean
' ‘ number of offspring produced by

control and a-tocopherol females
isolated from mass cultures at
différent days after sexual
maturation and starting their
reproductive period on differen
days after isolation.
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was observed between culture methods in a-tocopherol
i !

cultured nematodes.

Figure 13 shows the difference in reproductive
rates between single and individually paired cultures.
Reproductivé rate was defined as a mean number of
-offspring per female or pair, per day. It is worthy of
notice that a-tocopherol females seem to produce a
higher number of offspring on‘the first day of their
reproductive period than contr feﬁales. A more
accurate coﬁparison of total numb of offspring per
péir is obtained by examining the distribution of total

offspring produced among pairs presented in Figure

14.

The Effects of a-Tocopherol Supplementation During

Various Stages of Development

The experiments in this section were designed to
determine the agé at which a-tocopherol has the
‘greatest influence on reproduction, and thus to
elucidate some of the mechanisms involved. As .
mentioned in the Materials and Methods, nematodes of
control origin were praﬁsferred to‘a~toc6pherbl—.
supplemeﬁted media during the more rapid phases of
growth. The same parameters of reproduction used

bl

above were examined.
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FIGURE 13. Histogram illustrating the difference
in reproductive rate ( offsprings /
female / day ) between control and

s a-tocopherol females isolated from
mass cultures just prior to the
onset of reproduction (single) and
females mated individually(pairs).
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’ . PIGURE 14. Histogram illystrating the difference -
- ‘ ' ) in the distribution of number. of
' . offspring produced between control
e ) and a- tocopherol 1nd1v1dually
’ : mated pairs. (n= 24x3) N
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Table 16 shows the differences in reproductive

capacity among nematodes i:wpaired éﬁltures

supplemented with a-tocophercl at successive stageslof
develop&ent. When oa-tocopherol was added before birth,
it caused the mean onset of the reproductive period to
5ccur~somewhat earlier than in control nematodes. When

a-tocopherol was added at a later stage, there was no l .

@ : . ' C‘
o

significant effect.
The results in Table 19 alsgylndicate a decreased
reproductive capacity (percentage fertilized) in
nematodes supplemented with a~tocopherol between 72
and 96 hours after birth.- This difference i; largely due
to tﬁe high percentage of nematodes that did not mature
‘(dauerlarvée) which appeared in these groups. ‘Except for
these two groups, nematodes suppleménted w}th a—tocopherol
. appear to havé a higher per cent fertiiized as compared
“to the control group. This is particularly obvious in
the group of nemétodes supplemented with a-tocopherol
after 96 hours of age. It is interesting to note that
dauerlarvae subplemented with a—tocophérol later than .
96 hours after birth all eventuaflf matured. This total
reduperationawas not observed in dauerlarvae of control
origin supplemented with a-tocopherol at.an

earlier age. The possibility of a difference in

absorbtion capacity should be considered. "’ e

1
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‘Table 10 also shows that the reproductive period
was significantly lengthened for most groﬁps to which
a-tocopherol was added. ' The only gfﬁup that shows a
non-significant difference compared £9 the control, is
the group supplemented after 120 hours.

The mean number~of‘broggny produced also‘appears
to be affected by the supplementation of a-tocopherol,
the only significant inptease'however was observed in
those nematodes supplemented before 36 hours of age.

The experiments showﬁ on Table 11 were designed
to determine how the addition of a-tocopherol to
nematodes (F,) would influence their progény (F)) or
the next generation (F2). In other words, how long
does it take for the full effect of a;tocbpherol to
appear? FO nematodes were transferreé to a-tocopherol
media at one of two stages: just before their birth (BB)

and just before the onset of their reproductive periods

(BR). In the first case, the nematodes were transferred

after their embryonic development (or, somatic cell
differentiation) was completed, but before their

reproductive organs had differentiated( In the second’

case, the FO nematodes were transferred prior to. the

f
onset of their reproductive period; hence the transfer

was prior to embryogenesis of the Fl nematodes. As the

] Fo.nematodes and their descendants developed, they

’ ' » B4
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. origin transferred to control media (both before birth

= . g 103

were examined for the influence of a-tocopherol on
the percentage of females fertilized, thé percentage
of aauer;arvae produced, the time of onset of
reproduction: the length of the reproductive period
énd the number of offspring prodﬁced.

Using ‘two transfer times allowed such testing for

four main types of nematodes: 1) BB-F, nematodes,

0
L4

which were transferred before the development of

reproductive organs; 2) BR—F0 nematodes, which were

transferred after reproductive cells had differentiated,

but before spermatogenesis and oogenesis had commenced;

3) BR—Fl nematodes, in which the germ cells that

produced the nematodes were formed in a-tocopherol, but

the reproductive organs of their parents were formed in
, , ;

1; , and BR-F,, in which

the germ cells and the reproductive organs of the

centrol media; and 4) BB-F BB-F

parents were formed in a-tocopherol. ’
Table 11 shows the reproductive characteristics

of these groups, compared with nematodes of control '

and before reproduétion), and nematodes of q—tocopherol/)
origin transferred to a-tocopherol in a s;milar manner.
These results show that the percentage of pairs

fertilized ispalways higher'in a-tocopherol supplemented

nematodes (FO, Fl and sz, than in control nematodes. K . !

'
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Once égain, dauerlarvae appear to recuperate totally in
groups supplemented with a-tocopherol after 96 hours of
age. Supplementation before birth (BB-F,) appears to
‘cause the onset of reproduction to occur'earlier‘than
in .nematodes supplemented afterl96 hours éf age (BR—FO).
This difference howe&ér, is not statistically significént
(a>.05). In both cases, the onset of reproduction is
significantly later tﬂan that in nematodes of a-tocopherol
origin (a<.05). SignificaAt differences in the time of
onset of reproduction are observed after nematodes have
"been in a-tocopherol for one generation (Fy).
These results suggest that the presence of
- a-tocopherol before, and not after, embfyogeﬁesis is
required for a significantly earlier onset to be
observed, as compared with control nematodes. These
results aré in agreement withnthe maturation results
shown in a previous section:

It is interesting to note, in tHe light of the
above findings, that longer reproductive peribds were
observéd in nematodes supplemented with oa-tocopherol

— as late as 96 hours after birth (after reproducpive
organs have'differentiated). ‘
e The mean total number of live offépring is somewhat -
A%ﬁggcted by the length of the rethductive periods.:

<A . .
%ematgdes supplemented with a-tocopherol appear, to

e e "
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k3

produce a higher number of live oﬁfspring than control

grbups. The large variance that exists among pairs with

! . . .
‘respect to this parameter makes it difficult to evaluate

the significance of the difference (the evaluation of

this parameter has been mentioned earlier). Figures 15
+

to 21 show a clearer representation of the differences

_between supplemented and non-supplemented nematodes with
i ' .

~

‘respect to this parameter.

The Effects of Removing a-Tocopherol at Different

Stages' of Development

Table 12 shows the results of an experiment
wherein nematodes of a-tocopherol origin were
transferred out of the a-tocopherol medium, and into a

control medium, at crucial stages of their development.

The results of these experiﬁents are coméared with two
controls: u-tocophe;ol nematodes transferred to,
. .a-tocopherol media, and control nematodes Fransgerred
to control media.

The data show that the percentage oé the nematodes
whiech matured that became fertilized is smaller in the »
groups which were removed from a-tocopherol to control

media between 0 and 12 hours after birth, than in
\

groups which were transferred from a-tocopherol to

R

a-tocopherol media. ' The apparent decrease in

i

1
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FIGURE 15. Histogram illustrating the difference

\ in the distribution of offspring

: ‘produced bhetween pairs supplemented
with a-tocopherol before hirth (BR),
and before the onset of reproduction
(BR). (n-20/24).

FIGURE 16. Histogram illustrating the difference

in the ditribution of offspring
produced by progeny of nematodes
supplemented with oa-~tocopherol
before birth (BB), and before the
ronset of reproduction. (ng20/24).

+
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fecundity in groups removed from a-tocopherol at 24-36

hours is due to an increase in dauerlarvae in this group.
'Removal from a-tocopherol medium hetween 24-72 hours

appears to.significantly increase fhe number of

dauerlarvae. Nematédes depleted before 24 hours, on

the other hand do not appear to be affected in this

way. It should be noted that nematodes of 5—tocopherol

origin are-expected to be between their first and third

molts bétween 24-72 hours (see Figure 3b ) N

'

The time of onset of the reproductive pefiod did
not appear to be affected‘by transfer from a~tocopherol
to control media. The only group significantly
affected was the group so transferred right after birth.
One should note that previous experimenté suggested
that the onset of reproduction is not influenced by.
ﬂ~£ocopherol supplementation_for at least one )
generation. |

All groubs remo&ed‘to control media from - v
a-tocopherol media (except the éroup so removed in the
24-72 hours period) showed a significantly shorter
reproductive period, compared with nematodes transfer;ed-a
from a~tocopherol media, to a-tocopherol media. v
Generally, it appears that the earlier the nematodes

were removed from the o-tocopherol, the shorter the

reproductive period was. This Suggests that removal’

BN N N Tt b Ty (P S BT ) e W B Sty e g T g e IR S A SRS et A ¥ T I NS AR ke LW
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of a-tocopherol affects the length of the reproductive
period regardless of whetfier the removal is effected
before or after reproductive cell formatilon. ,Thié
observation is in accordance with the results of'the
supplementation experimenté, which showed that |
significant lengthening of the reproductive period
occurred even when the supplementation occurred in
late or after gonadogenesis. ﬁ .

Nematodes removed from a~-tocopherol between Sand 30
hours had a significantly smaller number of live

offspring than those maintained in a-tocopherol.

(a<,05). It'appears that theLionger the nematodes were

maintained in a-tocopherol media before transfer to

control media, the greater the number of live offspring.
3

This ma? be a direct result of the length of the
reproductive period, noted abové..

Table 13 shows the results of -experiments designed
to determine whether the effects of a—técopherbi are
passed on to future generations by nematodés gemoved

from a-tocopherol at one of two stages: before their
birth (BB), and before the onset .of their reproductive

periods (72-96 hours) (BR). The same parameters were

observed as in the previous experiments. The generation

0

removed from a-tocopherol will be referred to as FO'

their progeny as Fl, and the third generation as F2.
. . .
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FIGURE 17. Histogram illustrating the difference : "
! . : in the distribution of offspring ’
: " proddced between pairs of a-tocopherol
origin removed from wa-tocopherol D e
medium before birth and before the ‘ ' '
onset of reproduction. (n-24/26). ' : X

FIGURE 18. . Histogram illustrating the difference
) ' i in the distribution of offspring ' - : .
. . ~ .». produced by progeny of nematodes :
. - " removed from a-tocopherol medium
before birth and before the onsget
L .~ » of reproduction. (n-24/26).
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FIGURE- 19. Histbéram illJustrating the difference
in xeproductive rate (# of offspring/
‘fefiale / two day interval) between
individually mated pairs cultured in
control and a-tocophérol media.
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FIGURE, 20.

A

B T v———

Histogram illustrating the difference

in reproductive ‘rate between nematodes

of control origin supplemented with

a-tocopherol before birth (BB) and .
before the onset of reproduction (BR) .
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FIGURE 21. Histogram illustrating the difference :
. in reproductive rate between nematodes '
. of a-tocopherol origin removed from :
a-tocopherol medium before birth (BB) . :
and before the onset of reproduction P
(BR) . o 3 ]
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A decreased percentage of mature pairs fertilized

was observed in nematodes removed from wa-tocopherol

e .
BELAR L A T AR TR A WA e f A WP SO Fady St R <) g pe IO P s W) S Tv R 4 W e YOy L~ e

'before birth, but this parameter was not affected in the

FO BR group. It is interesting to note that the
increased percentage of dduérlaryae observed in' the

FO generation persists into the next two generations

Lo,
<

as well. . ) '
The mean onset of reproduction took pigce slightly
(but not éégnificantly) later in the Fy generation d
(both BB and BR) than in the group maintained in
a-tocopherol. By the F, generation, the mean onset of
reproduction was significantly l;ter for all groups
removed from a-tocopherol. Aftgr one generation, the
time of onset for groups removed from oa-tocopherol
approached that for nematodes of control origin (Table
13). The mean length of the reproductive‘period became
shorter in the groups removéd from o-tocopherol than in
groups maintained in a-tocopherol. This effect'was

noticeable as-early as the F, generation. A significant

0

decrease in the total number of offspring was also noticed

following removal from a-tocopherol (Figures l7,lé ahd 21).
.It may be noted that the reproductiQe capacities

of the u—tocopherol—depleted\nehatodes observed after

one or two generations appear to be significantly

‘ !
poorer than those of nematodés Af control origin,

’

iy
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3

maintained in'contfollmedia throughout (see.Table 11).

Y . This may be explained by the fact that in order to

obtain a large enough ﬁumber of pairs of nematodes for *
; a significant study, it was neéessary to use progeny
obtained from all litters. As has been -explained .
elsewhere, later litters were usually not used fq;
experimental purposes to avoid'variablés in reprpduction

L

that may arise from their early maturation. This
&ifferé;ce is usually observed in control nematodes but -
not in a-tocopherol nematodes (Table 2), and hence we
can infer that the poor repgoductive capacity of the F,
generation is a fesult of low fertility in late littegé,
and that these are no longer under the influence of
a~-tocopherol. The increasingly poor performance may .- )
also be attributed to a genefic variable.  The presence
s B
or absence of dead larvae (indicated on Table 11 by a
(#) or a (0), respectively) should also be noted. Dead‘

larvae were not observed in the FO BB group. bDead -

larvae were observed in the Fy BR group and in all Fqy

- and F," groups. These results indicate that the’
effect of a-tocopherol on reproduction that exist in
’ ’ ‘nematodes grown in a-tocopherol medium is lost when

these nematodes are removed from this medium,
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The Differences: Between the Effects of a-Tocopherol on

Males and Females ' S

In the next exberiment (Tahle 14), males of
’a-tocopherol origin were mated with control females
(A), and vice versa (B), by pairing them in control’
media betwéen five and 'six days of age. The'dbject
was to determine differences‘betweén the effects of
a-tocopherol- on males and females. There were also
three control groups: control males anq"control
females in control‘media {1), ‘a-tocopherol males and
a-tocopherol females in d-tocopherol media (2) and
-a~tocopherol males and a-tocopherol females in
cpntroi media (3).

While onse£ of reproduction was significantly
earlier in'each of A and B than in ‘control, there -
is no significant difference between A an@ B. The
lendth of the reproductive period for B appe;rs‘to havg‘
been significantly shorter than that for A (a<.05).
Group A appears to show a significantly longer
}eproductive period than control 1 (a<.0S5). However,
the fact that group A also appéa;s to have a
significéntly longer reproductive period than control
3, together with the deéreé’of variance observed in the
length of the reproductive period among replicafe
experiments (see page 85 ) casts some doubt upon the

\
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true significance of these figures. The fact that
control 2 had a significantly longer reprodnctive_
pefiod than controlq3 suggests that the experimental
medium used is usually more important than the medium
of origin, for this paraméter; “

The number of live progeny produced was somewhat-

higher in group A than in group B. However, both

values were significantly lower than that in control 3.

The fact that control 3 nematodes~had significantly
more offspring than control 1 nematodes confirms that
the origin of the nematodes is quite important in
evalnating-this parameter. The significantly lowexr
number of pfogeny in control 3 than in control 2 shons
that the experlmental media also plays an 1mportant 0
role here. The length of the reproductlve period wxll
also influence the,numben-of lave progeny.

| The only'patameter which.shoned an apparently

significant dlfference between A and B groups (and

whlch was unaffected by the experlmental medlum) was

b
H

the percentage of pairs whlch ‘were fertilized. The

results suggest that male vitality was more affected

by qétocopherol'tnan was female vitality. This
proposition is not inconsistent with the lack of a
difference between groups A and B with réspect to the

4
other parameters. 1In drawing those results, pairs
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| - FIGURE . 22. Histogram illustrating the difference
| ’ 3 o " in offspring distribution between
1 -- ’ . " control males mated with a-tocopherol
. . ~. femates (A) dand control females mated f
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FIGURE 23.°

Histogram illustrating the difference

in the reproductive rate of individually'’
mated pairs, where control females were
mated with a-tocopherol males (A),

and vice versa (B).
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mate at different times of their life cycles, These

130

A

where no fertilization occurred were necessarily ‘ “

v

excluded in calculating mean onset, length of

v

reproduction and number of offspring. .

The results in this section do not;let one draw any
significant conclusions as.to whether a-tocopherol has
a greater direct effect on the reproductive system of

the male or female of the species Turbatrix aceti.

T éy‘do suggest, however, that the males vitality is

somewhat more affected than that of the female,

‘The Effect of a-Tocopherol on the Reproductive Capacity

of-Senescigg Parents and their Progeny

The'effec£ of parental senescence on the
reproductive capacit¥ of their offspring has.been a
subject of intense r;search, by other investigators, .
In the e#periments described‘below, the effect of
senescence on the repfoductive capacity of nematodes
of control and a-tocogpérol origin was examinéd. Table

15, shows the reproductive capacity of nematodes (40-

per group, in mass cultures of 10 each) allowed to

nematodes weré’isolatéd before the%r reproductive
periods begah, and were put into mass cultures at ) o

different ages. The results indinate that virgin .
control nemato%gs were able to commence reproduction
¥,

at a later age han were a~tocopherol nematodes

d
%
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(19 aﬁd 15.déys, respectively).. fhe ?gility of cdntrol

nematodes to reproduce at a later age/tﬁan a-tocopherol

nematodés is prebably related to their later onset of’

reproduction (later‘maturation) Furthermore, these

data indicates that the longest reproductive perlod is

achleved when nematodes are mated at seven days of age.
. o

Control nematodes mated at seven days of age have a

reproductive period of eleven dayé, while

’aTtocgpherol-cultured nematodes have a maximum

' reproductive period of 14 days. The length of the

reproductive period decreased as the age at which
the pematodes were mated increased. .’

The experiment shown on Table 16 was .designeds
with the aid of the data on Table 15. 1In this
experiment, older virgin females were mated, in pair
cultures,uwith sexually mature males, ana vice versa.
20 peirs were mated per g}ogp. The results éuggest
that control females maiﬁtained their reproductive
capac1ty (although low) until day 20. Control males,
on the other hand were unable to successfully
fertilize on day 13._The~.results also show' that
control 16 day o}d females Peted with 4 dey old
control males started to reproduce when the femalee
were 20 days old. Thirteen day old femaleslmated

N 4
with four day old males started to reproduce at day

K
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17. 1In the reverse situation, where old males were
mated at 13 and 16 days of age, to young females, no
successful mating was achiebed,

In the a-tocopherol groups, the lenggh of the
feproductive period was shorter than in control
nematodes in females, but longer in males. In these
groups, both 17 day old males and females were able
to reproduce to a certain extent.v 20 day old females
were' unable to reproduce, however, even when mated with
young males. It is interesting to note that whereu
poth males and females wéqe 13 days old no reproduction
took place, in either control or a—tobopherol.

° If these results are compared with the results for
;reproducﬁive capacitf obtained in expgrimeﬁts dealing -
with young nematodes, a decréase in repéoducti&e
capacity is observed in all parameters for both
a-tocophegol ané control nematodes. THe significant
décrease,in total oféséring, and the presence of dead

larvae in both groups should be noted. The pércentage

o

.of nematodes fertilized is also notably lower in both

-

control and a-tocopherol groups, compared with young

nematodes. T - .
The reproductive capacity of the progeny of these -

nematodes (F; and F,) was not stu@ied: due to the

difficulty in obtaining large enough numbers for

o
1 o
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statistical significance and reliability. General
observations indicate that the control.groupvhad very

.

late-maturing.Fl nematodes, and very fgw F2 nematodes
were produced. This finding is in agreement with
results obtained by~Beguet and his co-workers in a
study éerformed with C. elegans (1972). The
a—tocophegol group/;howed little difficulty in
maturation, and the number of F, offspring was
comparable to that produced by young nematodes. This
indicates th;t the Fl generation was probably
relatively normal.

It is interesting to note that females reproducing
late in their reproductive age had a very short life span,
usually dying about two days after reproduction, in |
both control and a-tocopherol groups. The low number
of females actually reproducing makes this observation
nonsignificant, however.

In a previous section, the maturation rate of

early litters (from young parents, I, II, II1) was'’

Jdetermined and compared with the maturation rate of

later progeny (from older parents; litters VII, VIII,
IX), in both control and a-tocopherol cultures. The
results indicate that a-tocobherol can cause longer
production of normal progeny. For example, progeny in

group ¢, of control-cultured parents were‘unahle to
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reproduce. Progeny of control parents in group b had
a somethat reduced reproductive capacity, co@pared
with the Fl generation in group a. A significant
reduction in the mean number of prégeny, as well as

a reduction in the length of the reproductive period

_is observed in group b, as compared with group a, for

»

control nematodes. Nematodes cultured in a—tocophérol oo
appear to maintain normal reproduction up to litter
XII.

The results on Table 17 also indicate a slight

-decrease in reproductive capacity in o-tocopherol

litter groups ¢, 4 and e, compared with a and b. .
Student t:tests comparing a-tocopherol groups a, c,

d ‘and e with litter group 'a indeed indicate a R
significant decrease in feproductive‘capacity in

groups c¢,-d and e (a<.05). The reproductive capacity

~of the F2 generation was not analyzed in detail, but -

observations indicated that . they matured normally
in this)group. c

A These resuits show that (1) a-tocopherol ensures
normal reproductive capacity in late litters, to a
significant extent. (2) a-tocopherol does not,.

however, lengthen the reproductive period of ¢

late-mating nematodes.
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Photomicrographs were taken in an attempt to

i . . ,record chaﬁges in non-reproducing and senesbingv
ﬁarents, and to*determine differences between control
and a-tocopherol cultured nematodes. A nuﬁber of these o

v

photomicrographs are shown in Appendix III. ‘ .

The most interesting observation made from these

photographs was the presence of lipid-like patricles

surounding the nucleus of the germ cells in :

a-tocopherol cultured nematodes.

- ‘ | It should be noted that .these particlés are not _ '

e

L present in the germ cells of control cultured

m e o e

: A hematodes.




139

The Effect of a~Tocopherol on Longevity

', .
The followindg set of experiments deals with the

o

effects of a-tocopherol supplementatio; on the life-span

"of Turbatrix aceti. The survivorship of nematodes of

a-tocopherol origin vas compared with that of nematodes
cultured, in control media (non-treated). Figure 24
shows the mean survivorship curves obtained from three

replicate experiments. To examine the statistical
, .

— b s % n
o, s e 2 et

significance of these survivorship values, the data were
analyzed in various ways. ‘ L

. {(a) The .per cent survivorship curves obtained from
P

.

the means of 3 replicate experiments show that nematodes

13
cultured in tontrol media have an increased incidence of )

-

mortality between zero and thirty days-of age, as’

-

compared with a-tocopherol-cultured nematodes. Control
nematodes show a steady increase in mortality after 72 .

days of age. a-Tocopherol-supplemented Turbatrix ac€ti

show a mére grahuai igcrease in mortality after 72 pa§s.
Furthermore, thesé curves show a maximum iongevity of |
112 days for control cultures and 120 days for
d—tocopherol—supplemented cultures. Student t-tests .

e comparing corresponding sets of points

.
2 — Aot s Bk ot e b nis

$ ! .«
' ' show that the only statistically significant differences

are obsérved at both extremes of the curves.
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a~-tocopherol cultured nematodes. .
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. . FIGURE 26. Curves representing the death
! . J . rate of control and a-tocopherol
* . . » cultured nematodes. The regression
. v T lines were obtained from figure 25.
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FIGURE 27a.

FICURE 27b.

o

Survival curve, distribution of
ages at death and age specific death
rate for control cultured nematodes.
Survival curve, distiribution of .
ages. at death and age specific

death rate for o-tocopherol
cuiltured nematodes.
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1]

(b) ~The percent surviQo;ship, as’ plottéd on a
log scale, is shown in Figure 25. Déta presented in this
way‘allow for a clearer representation of the difference
between the curves.. The éO% survivorship data obtained
from these curves indicéte that 50% of control-cultured
;nemétodes live to 90 days, whereas 50% of a4t5c05herol
nematodes live to 105 days. A paired t-test comparing
these cdrves results in t = 2,71 (0<.05). Student t-tests
have béen'used by Gershen (1972) in evaluating‘similar
data. » .- -

(c) A more accurate evaluation of the

survivorship of these groups can be obtained from the
summary of .the statistics of -survival and death in ’
relation to age tTable 18) . The syﬁbols used in Table
18 are.those which are conventionally used in the study
of animal populations. For every Age interval "x", the:
life table gives "1 ", or the number of animals alive
at the beginning of that period. The third column,
"d,", gives the number of animals dying during each
age interval. The age—speciﬁic’deéﬁh rate, a more—
accurate way of‘measuring the rate of death, is given
in column "qx"; This parameter shows the pprportion
of animals alive at the beginning of the age interval

that die during”that interval. The further expectation

of life was obtained from column:l"LX" and "Tx". "Lx"

e e e - v el e e s ¢ e
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is the average number of animals alive during the age
O'interval "x". "Tx" is the total number of animals aliye
at the beginning of the age interval. The further

expectation of life at the beginning of the age

interval "x" is "ex". A discussion of these

n

parameters may be found in Lamb (1977).

o

‘Although "maximum life span; i's a term often used,
it is not very precise,’since it oniy shows the age ’
that may be achieved, by séme of‘the animals in a’
population. The column "e ", on the othér‘hand, gives

O

the average’expectatingof life of all the individuals:

in the population. The results thén indicate that the
average expectation of iife for.control-cultured .
.nematodes is 58 days,.wheréas the same value to
d-tocopherol-cultured neﬁatodes is equal £0’67 days (Table
18 & 19). Furthermore, a graphidal representation of the
results obtained from the life tables showed that the
number of animals dying during each age interval "dxﬁ

in control nematoaes appeqrsAto increase:steadily

between sixteen and seventy-two days, with a maximum
between sixty—four and seventy-two days. While this is
fairly typical of a population with mortality
concentrated .in old age (Lamb, 1977), the number of

deaths occurring between zero and sixteen days does not

apgear to fit the normal situation. A High death rate -+
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.+ in newborn animals is frequently present in animal

* populations, and.is often caused by congenital lf
ébnormalifies, or environmental factors, u-Tocopherol-
supplemented nematodes show a more conspaht rate of
deaths per unit time. These life tables further
indicate that the average number of nematodes alive ,: o
after seventyltwo'days in control.groups was sixteen,
while the average number in a{tochherol groups was
37.5. These data, in conjunction with the rest of the
daté shown in the life tables, suggest that a-tocopherol

e delays processes that ‘lead to the death of Tﬁrbatrix

3

d) A regression analysis was performed in order to
compare thé moftality.rate (A survivorship/A t) of;
‘control=<cultured nematodes with that of a-tocopherol -
nehatodes (Figure 26 ). A comparison b;twéen the slopes
(Stanley, 1963) of the curves shown in Figure 26
indicates that there is no significant difference (a>.05).

i‘ - : e) To further. émphasize the vérf similar secti;ns
; - of the survi.vp'rship curves shown in Eigure 24 , weighted /
| means were calCulated for each of 3 replicate
, ' . - experiments (ziﬁiﬁ_). Means calculéted in this Qay ’ L ,
put a“stronéer weight on the secton of the curve dealing
"with a Iargér number of animals. The results'optained

-

are shown in Table 20 . An analysis of variance

e e o Y . - , , L e e,
Y
- - ' e . fn
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. " comparing both sets of means results in an F value équal
to 20.60 (a<.05). These results indicate that the

weighted means obtained from the curves of control

. nematodes are significantly lower than those .obtained

from a-tocopherol-cultured Turbatrix aceti (paired

-

t-tests comﬁaring ;eplicate survivorship c¢urves resulted
in non-significant t-values (a>.05) among groups).
f (£) In addition ‘to the weighted means; Table 20
*~  shows Fhe mearn l{fe span (t S§.0.) calcuylated from the

total éopulatioﬁs used in the three replicate experiments.

NI

H &

. _The test statistics obtained from.these means indicate’

" that the mean life span of. control-cultured nematddes is

L2

t i »

éignificantly shorter than the mean life span. of | +

.a~-tocopherol-cultured nematodes (a<.05). .

(g} To examine the Hip in the survivorship curves ’ ]
3 . y 4 , R : . .

' ’ observed between 0 and 16 days. in control-cultured
nematodes, a closer analysis of this section of the

curve was carried out, The survivorship of control and

-

‘a—tocopherol—supplemented nematodes was followed every

two days from the 3rd to the 18th day of their life
v L . ° ' .
cycle. Figqures 28 a and b show the, survivorship for four

experiments in which nematodes were isolated at four - ——————

B

different times after birth. . .

" An anqusis of variance between the slopes (Ralph

@

% Sokal, 1969) obtained from the regression lines of

*
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these points resulted in a signifdicant F-value for o
comparisons among the curves obtained from control-

cultured nematodes (F = 10.39, a<.05), and a,

(3,14)
non- 51gn1f1cant F-value among o-tocopherol curves (a>.05).
A two—way¢lNOYA tegt comparlng.the death fate (slope)
gepween the two groups results in a significant F-value
(F(1,4f = 12.82, a<.65). These results embhasize(the

previous findings that young pematodes have a oo

! significantly higher mortality in control nematodes than
a-tocopherol—supp1emehted nematodes.

; ' p In previous experiments, we showed that a-tocopherol
o o ' . . : ’

i ’ supplementation at various stages of development appears -,
t ' ' . / b

” to affect the. nematode's reproductive capacity in
differeht ways. To further elucidate these findinés,
the survivorship of nematodes sepplemente with and re@oved 7;

"from aitocepherol at various stages of their life span :
was monitored.  The analysis of ﬁﬁisudaea was
agproached in a_manher similar to that used to evaluate -
ehe signifié;nt diffefence between the survivorshipwofx
control and drtoé%pherol—cﬁltured nematodes. |

. ' (a) Paired t-tests Were\pérformed to determine the "

51gn1fléance of* the differences between - ‘curves.

»
8 4

p Slgnlflcant t-valués (a< 05) were only obtained in curves 29
N y . -a‘and b . The abnormality in “the a-tocopherol-

sﬁpplemented* curve, shown. in ﬁig%;e'zga is difficult to .

. N M . ’\ o .

£

5 ey " O
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expléin:
' (b)' Life taﬁles for each curve give*a more accurate
and ciearer,unders%anding of the death rate throughout
' Ehe.life span ,0f these nematodes (Tables 21
to 283. The life expectancy of these nematodes at \ N
.~ -time 0 is given in Table '35. It should beﬂnoted that - |
,!; } l ;he larges£ difference in life expéct;ncy is 6bsgrved . l
betwgenwpontrol nematodes -and thosé supplemented with

d?tocophé%bl between 0 and 24 hours.

ox. # “(q) Weighted means calculated for each of the

i above curves réesulted in very similar values for botﬁ
: , ~ ‘ !

the cbntrol and a-tocopherol-supplemented groups, with

the exception of control nematodes supplemented with

«

a-tocopherol before bifth. It éhodﬂd be noted thatwpone =~ ' .
)_- - of £hesé valles ;re as high as those obtained from tﬂé "
. ~‘life spans of nematodes cultured in a-tocopherol for
generations (Table 20)1 '. y,
) ‘ (d) fﬁe mean life spans obtained from groupsqo%
. forty-eight qemqtodes shoy that the'only‘signif}cant
L. . difference is observed between c?ntrol nematodeslaqd -
those supplemented with a-tocopﬁerolibetween zéro and‘ o . :
v ‘ twénty-four\hours ofiage (tﬁe significant . \ ' » .
ldifference qbserved_in‘theée‘groups may be exaggerated '
‘ ¢ by the high mgftality}obﬁerQed”in the iero to I

", . o

o v tﬁenty—fopr héﬁr control qrdup).L

4 ¢
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FIGURE 29. '

Survival curves for nematodeS'of/{
control origin supplemented with

L 3
- ‘. a-tocopherol at different stages
i t of development. (a) -before birth;
A > (b) 0-24 hours; {(c+ after 96 hours;
i and. (d) after 30 days of age.
| e , * a<.0Q5 for paired t-test compared
: , 5 W1th control. (n=24x3)
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) . Table 21
v
Life Table of Nematodes of Control Origin Transferred to Control
h Medium Before Birth .
x . 1_x d_x Iy Ly Txv_ €x
0-8 100 0 ] ' 100 775 62.0
8-16 * 100 5 .05 97.5 675 54
16-24 N 95 3 .031 fi.s 578 48.67
: 124-32 92 8 ,086 88 484.5 42
- 32-40 .84 4 .047 88 396.5 37.7
40-48 80 13 .162 73.5. 34 31.4
48-56 67 5 .07 64.5 241.5 28.7 )
56-64 62 3 .04 60 177 22.83
64-72 59/ 19 D e 32 50 117 15.8
72-80 ‘40 20 .5 30 67 13.4.
80-88 20 5 .25 17.5 37 14.8
88-96, 15 3 .2 13.5 19.5 10
96-104. ' 12 12 1.0 6 6 4
104-112 0 - - .- - - ’
; ! Table 22
i . ‘
s ! Life Table of Nematodes of Contrbl Origin Transferred to‘a-Tocopherol
. .Medium Before Birth °
X 1)( _d_x_ qx Lx TX ex
0-8 100 5 .05 100 527 42.16
8-16. 95 18 .189 85 427
16-24 7 5 .07 J5 342
24-32 a2 13 .18 65.6 . 267
' 32-40 59 14 23 62 " 201.5
. 40-48 45 14 .31 38 149.5
o 48B-56 31, 11 .35 26.5 111.5
56-64 .20 '} 1 ’ 20 86
64-72 20 2 - 19 76
72-80 18 6 .33 15 57
. 80-88 12 0 - B ¥ 42
88-96 .12 4 733 10 30
’ 96-104 8 0 - 8 " 20
104-112 . 8 0 - 8 12
112=120 "8 g - 1.0 ° 4 4
.120-128 . o . - - - .
) A“ ‘"‘ n "y S ! ' ’
» . - - mH. RPN N ‘.
* b . v@ a4 . . . ) )
o rie IS WLy W‘ b,
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; ! . - Table 23
: : S .
s Life Table of Nematodes of Control Origin Transferred to Control Medium Between . L
3 . : ' Toe ;
! ' 0-24 Hours After Birth ° 1
; : D .
. X Ly 4 x Ly Tx ®x ‘
o _—. ——‘a 1
0-8. 100 5 .05 97.5 ".707 56
8-16 95 5 .052 92.5 609 51.2 . .
. 16-24 90 0 0 90 517 45.9 \
24-32 90 3 .03 88.5 az7 v 37.9
32-40 87 7 .08 83.5 338ey | 31 .
40-48 80 28 %35 66 255 © 255 .
. 4856 52 12 .135 46 189 29 .
o o e
56-64 40 0 o . 40 143 28.6
, 64-72 "40 12 .25 35 103 ° 20.8 ,
§ v 72-80 30 0 - 0 30 68 18.1
; 80-88 30 15 .5 22.5 38 10.1
i; 88-96 15 .46 11.5 15.5 8.2 .
: ) 96-104 8 8 1.0 4 4 ‘4
: 104-112 0 - - - . - '
:
; .
o ' Table 24-
; v
' Life Table of Nematodes.of Control Origin Transferred to a-Tocopherol Medium , . A
, Betwegn 0-24 Hours After Birth
; X . _}_‘_x_ ‘_’3(_ Ay Ly . Ty © 0y
'E N ’ ' ' ¢ .
: 0-8 100 3 .03 98.5 838 "~ 67.04 ’ '
; 8-16 97 2 .02 96.5 740 61 ‘
: ’ ' 16-24 ‘95 I .03 93.5 643.5  ““esalae T “
1 ©24-32 92 2 .04 91 555 48.2
. 32-40 90' 10 Co > g5 459 ‘40.8 .
. " 40-48 80 ‘10 1125 75 374 © 0 37.4 ‘
| . 48-56 70 0 0 70 299 4.1
d 56~64 70 3, 042 68.5 229 26.1 ’
; 64-72 " 67 0 0 87 160 | 19.1
. L 72-80 - 67 33 .49 51 93.5 11.1
; . . 80-88 - 35 23 647 23.5 42.5 9.7 T
88-9§ 12 i v33 10 19 12.6
o 96+104 8 3 .37 6.5 9 9
) 104-112° 5 © 5 1.0 2.5 2.5 I
112-120 0 5, - - - -
- . * ' l"
i . " '
e . : = - ————
3 (b T L, . , . J |
. - o ST Srt B PN S e St i
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Table 25
N 5
':'~ " Life Table of Nematodes of Control Orféin Transferred to Control Medium After
- - (% 1]
. . AN . 72 Houss of Age
X 1)( dx qx - X Tx ’e)( '
- " ! 2 - .

0.8 . 100 0 S0 100 758 60.64

8-16 . 100 10 .1 95 658 52.6
16-24 90 0 o 90 561 50,
24-32 .90 0 0 E 90 743 © 42
32-40 . 90 15 o +l67 . 82.5 383.5 34
d0-48 7 . 7 3 .04, 73.5 301 32 , i

. ., 4B-56 72 5 = .069 69.5 227.5 25
56-64 67 "8 .119 63 158 18,8 ‘
64-72 . 59 +14 w23 52 95 "12.8 ’
o 72-80 45 .33 172 28.5 43 7.6
80-88 12~ 4 .33 10.5 14.5 - 9.6
88-96 8 1.0 & 4 4
96-104 . ' - Do - . - -
L - fab}e 26 ' .

Life Table of Nematodes of Coéntrol Origin Transferrod to a-Tocopherol Medium After

v

72 Hgurs of Age

e o 0 K T *x
I 100 8 08 * .96 745 59.6
;8-16 92 0 0" 92 649 * 56.4
.. 1624 92 16 a1 " e 1 48.4
24-32 . 16 5 065 73,5 a3 7 49.78
.y 32-40 71 0 ‘o n 399.5 . ' 45
C o 40-48 711 6 .085 68 328.5 36.9 °
48-56 65 . 10 .153 60 260.5 32 .
) 56-64 55 5 .09, 52.5 200 29
64-72 50 13 .26 43.5 148 - 23.6 -
72-80 37 10 .27 32 104.5 22.4
80-88 | 27 0 0 27 . 72.5 21
88-96 27. 15 .55 19.5 45.5 13.3 .
96-104 ' - 12 R 0 1 26 17.3
- 104-112 & 1o - 0 [ 10 .18 12
112-120 10. 10 ‘1.0 5 . 5 .t 4
s 120-128 0 - - -, - -
’ ) ' N * )
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. Table 27 . o * o .

»'Life Table of Control Nematodes Transferred to Control Medium at 30 Days of Age’

- _li \V _d_x q, Lx , Tx e,
0-8 100 10 S 95 776 62,08
. 8-16 90 0’ 0 90 681 60.53 )
: 16-24 90 5 .05 87.5 591 ¥52.53
’ 24-32 © 85 o o 85 503.5 47.36
32-40 85 © 107 117 80 418.5 39.36
40-48 15 15 .2 67.5 . 338.5 36.04 ‘
49-56 . 60 . 10 ST 55 271 . 36,13
56-64 50 0 0. 50 . 216 34.56 y
j, : 64-72 o 50 0 0, 50 166 26.26
' 7280 , U500 20 . .4 40 .166 18.56
g0-88 - 30 o - o 30 76 20.26
88-96 ‘ 30 15 .5 22,5 46 . 12.26 )
96-104 15 7 .46 11.5 23.5 12.26
104-112 0 0 8 12 12
112-120 8 1.0 4 ‘ 8
- 120-128 ) - - - .- -

Ly

Table 28

Life Table of Control Nematodes Supplemented with a-Tocopherel at 30 Days of Age
. . A\

"\

’

1 a ' 9y Ly ~ T« °x I

(=]
(-]

0-8" 100 100 705 56
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groups, comparisons to determlne the effects of

' life span of the pgpuxaéioqlqver that of contrdl ‘ :
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The maximum 'life spans obtained from these

L (e)

curves indicate that nematodes supplemented with
a- tocopherol durlng any stage of their life 'cycle
showed higher maximum life spans than dld control

nematodes’.

The variation in survivorship observed among control

curves may lead to some scepticism over the significance

of the Qifference between control and o-tocopherol- ’

-

-treated nematodes.: It should be noted that nematodes
cultured in_similar media, and handled simiiarly, show
no significant difference between their survivorship

curves (Table 20). If nematodes cﬁitured in similar

media’, but handled at different ages (twenty-four hours \
' H % . . '5

to ninety-six hours) show a decrease or increase in

mortality, ihis variation is probably due to different

. *
levels of sensitivity to stress at different ages, it

should be safe to assume that as long as the stressful
situation is kept conséant between control and u—toc0pherol
a~-tocopherol at different stages should be valuable.

To summarize, then, it appears thatnsupplementetion
with a-tocopherol is'féquirednds;éarly as p’to 24 hours -
afte; pirtg;”tb ihcfeese life‘expeegancy aﬁd the mean

neﬁatodes isolated between 0 and. 24 hours. Maximum -

3 .
‘. P
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life span, however, éan be lengthened with a-tocopherol’
supplementation as late as 30 days of-age. 30 day old

[

Turbqtrix aceti are pastctheir'reproductive age and

have completed{cell growth and development. Weighted

-
[y

means do not appear to be éignificaqtly affected by
any o-tocopherol shpplémentation‘af;er'birth; The -,

increased weighted mean values obtained from nematodes

of a~tocopherol origin (Table 36), are probably due to: .

the low é;rtality rate between Oqﬁnd lg days. .Dgcfeasedb
mortality between 0 and 16 days is not observed in
nematode; supplemented_with?a-tobopherol'aftér birth.
The high mortality rate obéerved in c&ntrol

animals transferred between 0 and 24 ﬁgurs may suggest,
tha% aftocqpherol supplemented at this' time prévents“
mortality induced bf the excess étress‘caused\pyféhe

N , .

handling of these: larvae at thlS early age. If this

1S$the case, it appears that a- tocopherol ig’ required

\

'before birth to. haye a significant-effect on longevxty.

The p0551b;;1ty of.a factor interfering with . K

t

! . » ) .
" absorption at~a very early age make it difficult to,

>
o ¢

be conclusive about theseé results. . B .

! .
. [

The effects of transferrlng a—tocophérol nematodes.

to—control medla at various stages of development have

been evaluq;ed with respect to reproduction. Invthg

i

next. section, we attempted- to further elucidate the

rE -

I

e




mortality. ‘'Nematodes of a-tocopherol origin,

. I .
the only significantly different curves are those shown s

’ : : 168
\ .

P -

above fihdings, by looking at the survivorship‘of‘
némaﬁodes treated in,this wa&. The curves:obtained

from monitoring the survivorship of these nématode;

are shown in Figures 30 a, b and c;~Data were analyzed

in the usual way.

(a) Close obéervation of the survivorship curves
indicates that d-tocopherql is required‘for at least
;wenty-four hours after birth to prevent early ' -
transferred to control media between‘gero and twenty-

-four hour;; showed 'a high ﬁortality rate between birtﬁ A ‘ ’
qnd sixteen aaysAof age. lNematodes removed from
a-%ocopherol anytime before ninety-six hours of age
had a‘shdrter life span than groupg'haihtained in
.. . .

a-tocopherol.

4
+

“(b) Paired t-tests were performed between
u-tocopheroi—depleted curves- and their respective

a-tocopherol curves. According to these test statistics,

in Figures 30a and b. This, may suggest‘that
a~tocophercl depletion before ninety-six hours

significantly affects the survivorship of these

' nematodes, as compared with nod—depleted nematodes.

.. ' (e) Weighted means, calculated in the usual

o AT

fashion, indicate that nematodess removed from

4

N
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FIGURE 30.

“ -

} o
X

£

5

v

Survival curves for nematodes of
a-tocopherol origin removed from
a-tocopherol medium at different
stages of development. (a) before
birth; (b) .0~24 hours; (c) after
96 hours .and (d) after 30 days of
age. * a<.05 cogpared with .nematodes
"of a-tocopherol origin transferred to
a-tocopherol medium at different
stages of development. (n= 24x3)
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‘Life Table of Nematodes of o-Tocopherol Origin Transferred to

. ‘% .'\I .lx—
0-8 \' 100
8-16 ; 100

16-24+ ; 100

2432 7 95

32-40 ' 95

40-48. | 85

a8-56 |, 75

56-64 k 55

,64-72 1\ 55

72-80 K 40

' 30-88 D25

88-96 o2s

96-104 Y25

104-112 Lo

112-120 "s

120-128 5.0

4
" -t
_x Ix

0-8 , 100
8-16 100

16-24 95

24-32 . 90

32-40 90

40-48 75

48-56 60

56-64 * 40

64-72 35

72-80 30

80-88 30

88-96 25

96-104 20

104-112 0
¥

|

o v O o

10

" 10

20

15
15

20

w

Table 29

Medium Before Birth

v

d L,
100
i 100 |
.05 97.5
0 C 95
.10 . 90
.117 80 °
‘ .26 65
, - ) ©ss
o7 47.5
.78 32.5
- .25
- . 25,
.8 TS
1.0 7 2.5
Table 30

u-fOCOpherol

172-

Y

P
T, e,
835 66.8
735 58.8
635 50.8
537.5 45:22
442.5 37.22
352.5 33125
272.5 29.01
207.5 30.1
152.5 22.1
105 21
72.5 23
7.5 15
22.5 7.2
7.5 12
2.5 4.0

Life Table of Nematodes of u-Tocopherol Origin Transferred to Control

" Medium Before Birth

d)( LX
0 100
.05 97.5
.052 " 92.5
- 90 '
. 160 82,5
.2 o 67.5
.33 50
.125 37.5
BSTY) 32.5
- 30
. 166 27.5
.2 22.5
1.0« 10

th -

N

59.12
51.13
45.55
39.9
31.9
29.44
27,86
1.8
25.6
25.6
16
10.25

-




'

-
X

} 0-8
8-16
16-24
24-32
32-40
T 40-48
48-56
. . 56-64
64-72
72-80
" 80-88
88-96
‘ 96-104
' . lo4-112
112-120
120-128

vt i
Lo I T R ]

A oy s e
PV

Table

31

between 0-24 Hours

E
0 0
.08
12 .13
0 0
15 .18
0 0
13 .2
7 ~13
0 0
15 .33
18 .60
7 .58
0 0
5 1.0
. Table

t

32

100
100
96
86
80
. 72.5
65
58.5
48.5
45
37.5.
21
8.5

2.5

826
726
626
530
a44
364
291.5
226.5'
168
119.5
74.5
31
16
7.5

2.5

Life Table of Nematodes of a-Tocopherol Origin Transferred to Control Medium

0-8

B-16
1%—24
24-32
32-40
40-48
48-56
56-64
64-72
72-80
80-88

" 88-96

X X
100 3
97 12
85 0
85 10
75 ° 0
75 5
70 13
57 10
47.. 22
25 " 15
10 110
Q0 -

between 0-24 Hours

9x

L

X

.03 98.5
.123, 91
- 85
.117 80
o 75

.06 72.5

. 186 - 63.5
175’ 52
. 468 36

.6 17.5
1.0 5

676
577.5
486.5

401
321.5
246.5

174
110.5
58.5
22.5

N

'

o « A e - e S 0 -
e . 7L 7' IPRAAY W v P e VI gt 2Y o SN RrTy TI AT WR BS A SRS e e B TR ! ¢ ek oy

.ex

54.08
47.58
45,74
37.74
34.26
26.24
19.88
15.43
9.87
7.2
4.0

Ly
Life Table of Nematodes of u-Tocopherol Origin Transferred to g-Tocopherol Medium




K
N -t

X;I
.

“0-8
. B-16
16-24
24-32
: . 32-40
40-48
48-56
56-64
64-72¢,
72-80
80-88
88-96
96-104
104-112

112-120

120~128

0-8
8-16
16-24"
24-32
32-40
" 40-48
48-56
56-64
64-72
72-80
80-88
88-96
96-104
104-112
112-120
120-128

T T

A

1
1
1
1

100
100
100
100
87
85
75
70
67
50
40

15
10

4
* Life Table of Nematodes of a-Tocopherol Origin Transferred to a-Tocopherol Medium

00
00
00
00
95
85
70
60
47
35
35
27
25
20
10

LR
Table

.

33 -

After 72 Hours of égé

|

v O O o

.10

15
10

<13

|

o

13

10

17

‘10

20

10

12

10
10

0.0
,.05
.105
.176
v 142
2
.25
0.22
22

Table

34

After 72 Hours of Age

Ay

.03
.022
.117
.066
.042
.25
.20
.5
225
.33,
1.0

Ly Py Ex
100 859 68.7
100 759 60.72
100 659 52.7

97.5 559 44.72

90 461 38.82
77.5 371.5 34.91

65 294 33.6
.53.5 229 30.5

a1 - 175.5 29.78

35 134.5 30.62

3l 99.5 22.74

Y26 . 68.5 20.29

22.5 42.5 13,44

15 20 8

5 5 a
tx T, e

100 864 69.12
100 764 61.12
100 664 53.12
88.5 564 45.12 -
86 475.5 38.00
80 389.5 36.61
72.5 309.5 32.96
68.5 237 27.08
58.5 _ 168.5 20.05
45 110 17.6
30 65+ 13
17.5 © 35 14
12.5 17.5 9.3
"5 5 4

R S Y,

Life Table of Nematodes of aéTécopherol Origin Transferred to Control Medium
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a—tdcopherol before Qgrgours ofcage show a significant

decrease in survivorship as cogpared with

removed from a-tocopherol after” 96 hours, on the other

hanhd, are not affected with respect to this value.

A

. 175

, ’

non-o-tocopherdl-depleted Turbatrix aceti. Nematodes .

(d) The life expectancy values at time 0 (ex) are

in acéordancelwith the above results. Nematodes
removed from a~tocopherol after 96 hours of age have

a similar life expectancy to those not removed from -

!

a-tocopherol.. The contrary is true for those removed

from a-tocopherol before twenty-fouf hours.

(e} Student t-tests between the mean life spans

e

indicate that nematodes depleted of a-tocopherol before

-

96 hours of age had a significantly lower mean life
span than did non-~-depleted groups (a<.05). Nematodes
depleted of a~tocopherbl after 96 hours of age showed

mean' life spans similar ‘to those of a-tocopherol

nematodes not so depleted\
(f) The maximum life spans appear to indicate a
. - o~
longer life spén among nematodes not removed from

\

a-tocopherol than among those which were removed at any

time. Note that the maximum life span of nematodes
removed from a-tocopherol after 96 hours is 104 days,
while it is 120 days for the respective a-tocopherol

group.
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é
a-tocopherol betore 96 hours of age show a significant:
. v
» ,

J
!

decrease 1n survivotship as (compared with

non-a-tocopherol-dopleted Turbatrix aceti. Nematodes

removed from u-tocopherol after 96 hours, on the other
hand, arec not at}gctcd with respect to this‘value.

(d) The life expectancy values at time 0 (ex)‘are
in accordance with the above results. Nematodes
removed from a-tocopherol after 96 hours of age have

a similar life expectancy to those not removed from

‘a-tocopherol. The contrary is true for those removed

from a-tocopherol before twenty-four hours.

(e) Student t-tests between the mean life spans
indicate that pematodcs depleted of a-tocophercl before
96 hours of age had a significantly lower mean life
span than did non-depleted groups (a<.05). Nemitodes
depleted of a-tocopherol after 96 hours 6f age showed
mean life spans similar to those of a-tocopherol
nematodes not so depleted: |

(f) The maximum life spans appéar to indicate a
longer life span among nematodes not removed from .
a~-tocopherol than among those which were removed at any
time. Note that the maximum life span of nematodes
removed from a-tocopherol after 96 hours is 104 days,

while it is 120 days for the respective a-tocopherol.

group.
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& L)
The results in this section indicate that
: 4 .
a-tocopherol plays a role in decreasing mortality in

young nematodes if present in their media until at
N . .

_least ninety-six hours after birth. The long term

survivorship of Turbatrix aceti is not affected by
a-tocopherol deplegion after ninety-six hours of age.
Removal from a-tocopherol within twenty~four hours
after birth does significantly affect this nematode's
life span. Maximum life span appears to be the only.
parameter which is affected by depletion at this
stage. \

& .
Photomicrographs of aged and young nematodes are

shownt in Appendix III.
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The Effect’of au~-Tocopherol on the Lonyevity

of Irradiated Nematodes. - o

The effects of a-tocopherol on the normal lifé?spann . - &

of Turbatrix aceti have been §hown in'a{prev?ous sectian. .
fhe-next‘experiment was designéd to test the effects of - . \
a-tocopherol where Fhe normal life span has bééq experi-
" mentally modified. The aging procéSs of i;radiatéd
" nématodeg was examined. , . M \ |
Previous experiments- indicated that a—tocophérol_

-~

decreases the incidence of early mortality dupjéo'stress.
To furéher elucidate the functionvof u—toéopgeroi in this
regard, the recovery of nematodes damaged with °°Co
gamma radiation was examined. An attempt was first made
to determine whéther a-tocopherol had any influence on
rgproduction following gamma irradiation. \These ’ -
‘experiments showed that radiation at the lowegt dosage N
{10 kR) induced total sterility in both cqntrol.aﬁd ‘ )
" &—tocophe}ol—cultured nematodes, when administered before )
. ( ) gonadogenesis was completed (96 hours 1in a—tocobhérof ’ i?
nematodes, and 120 hours in control nematodes) : PLow
dosage klO kR) radiation administered afger»gon;dogenesis
. did not preveﬁt reproduction ig either group. Post-

: gonadogenic irradiation at higher dosages caused total

sterility in both of the groupé. This may suggest )

. . ‘ N
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4

that this-.effect is dependent upon the developmenta'l

stage of the gonads. The morphology of the irradiated

gonads was not studied.

»
-3

. The next experiment, designed to determine the

effects of irradiation on the life span of Turbatrix

~aceti, proved to be more suited to this o}ganism.

survivorship was monitored for several dosages of

— .
d

rydiation. Nematodes between ninety-six and hundred
and twenﬁy hours of age, were used to avoid any

complications*arising from handling dufiﬁg molting

bl

(see.-page 47 ). The age chosen also removed the

problem of complication due to reproduction, as

7

exposure took place after cell divisfbn (gonadogenesis)

had ceased in both groups; .and hence removed the

possible cdmplicationiof abnormal gonads.

;Irradiated nematodes were treated in four different

t

both transferred to control or to a-tocopherol media

immediately after irradjation (these wi&lcsometimes

be abbreviated thusly: a-Toc/a-Toc; a-TEZ/C; C/a~Toc; -

C/C). A non-irradiated group was treated in a similar

¥
manner, ,to control for the stress ‘induced by the

different treatments. Figures 32 a to d.show fhe

!

survivorship of nematddes.irradiated'with dosages

from 0 kR. to 100 kR. Each individual'graph shows

4 »
. ¢

7,y . . R ®

>

. ,ways; nematodes of control and a-tocopheroiuorigin were

Y
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PIGURE 31. 'Survival curves for nematodes
©of control and a-tocopherol origin
. exposed to a single acute dose
’ of gamma rays, treated with a-tocopherol
or control media after irradiation.
(a) OR . ; (b)) 10krR'. ; (c) 50kR.:;
(d) 75kR . ; (e) 100kR .
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FIGURE 32. Mortality rate from all causes . .
L . for nematodes of control and
’ : ‘ a-tQcopherol origin, exposed to
) va;}ous single acute doses of gamma
| . ! .rays on the third day of their
s life cycle. (a) nematodes of N\
§em—— [} . I3
control origin treated with control
Jmedium after irradiation; (b)
. nematodes of control- origin treated
O i o - . 'with a-tocopherol; {c) nematodes
, - of o-tocopherol origin treated
T oo N with a~tocopherol medium after .
¢ : e N - irradiation; (d) nematodes of . L X
T a~tocopherol origin treated with - E B
S control medium after irradiation. '

N ., '
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189
one of the four Lreatments noted above.

Low dosage irradiation (10 kR.) Yfesulted in a
lower mortality rate than .that observed in non- *
irradiaced nematodes. The results show  a significant

increase in the mortality rate in all treatment groups,

“when irradiated with dosages of 75 or 100 kR. Fiqures

3la Fo d, show the survivorship curves of these nematodes,
grouned according to dosage. Paired t-tests to determine
the significance of the difference between the curves
obtained for each,tfeatment are shown in Table 46 ‘

(significant values (a<.05) obtained in 'this way are

indicated by an asterisk, next to the weighted mean
values obtained from the respective curves, on Table .
37).

Table 37 shows the weighted means of each

o8
individual curve. It should‘bg noted that the survival

of these nematodes was only followed until day 80, thus

the discrepancy bethen the weighted mean values obgained
from these non-irradiated sufﬁivorship curves, and

those shown in a previous sectfbn. A paired t-test
comparing the weighted means between treatment gréups
further indicates that the only significant difference

in the overall effect of gamma irradiation on survival

¢

is that observed hetween treatment C/Cand C/a-Tog. (@<, 05) .

.

The difference between control nematodes (C/C) and
?

.
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nematodes of n—-tocopherol origin treated with ao-
tocoﬁherol af;er irradiation (u-Toc. /a-Toc.), 1s of
borderline significance (u=.07). This ié shown iq
graphical from in PFigure 33.
It should be noted that different treatments have
different effects at different dosages of ®°Co. and that
gke significance obtained in comparing the weighted means
. ¥ ”
for all dosages, is largly because three low and two high
doses were used in these tesés. Results from treatment with
u-toqopherol éfter, rather than before, irradiation showed
that low radiation dosages have a stimulating effect on
survivorship. HNematodes of u-tocopherocl origin, treated
with control media after irra@iation, on the other-hand,
dé not appear to be stimulated in this way.)’
These results were further analyzed by computing

thé life;expectancy of the whole population for each
individual dosage and treatment. These values were
‘obtained from life tables (see survival experiments)

A graphiqal representation of these values is shown in
Figure 34. It should be noted that these values are
almost in agreement with the weighted meaﬁs in Figure 33.

In particular, it should be noted that Turbatrix aceti is

very radioresistant. 75 kR. are required to induce a

significant life-shortening effect in either of the

»
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-

Curves illustrating the difference

in ‘dose response between nematodes
treated with a-tocopherol before

and or after irradiation, as measured’
by the weighted means obtained from
the respective survival curves.
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in the response to different doses*
of gamma irradiation between
nematodes treated with a-tocopherol <~
before and.or after irradiation, as
measured by their life expectancy
after exposure. Nematodes were
irradiated at 3 days of age. - -
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FIGURE. 35.

3

Further e)&pectaﬁion of life
for nematodes treated with
a—-tocopherol before and or
after exposure to high doses of
gamma rays.
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four group‘. . o

Figure 36 shows once again that loQ dosages of
gamma rad%ation appear to stimulate an increase in this
nematbde”s life span. This effect is emphasized when
a-tocopherol supplementation is prévided after radiation.
The efféct of low doses wof radiaqion on nematodes of
m-%ocdpherol origin are not clear. ) :

a-Tocopherol treatﬁent appears to play a different
role at higher radiation dosages. Nematodes of
a-tocopherol origin, (a-Toc./C and aéfOC;/a—Toe.), are
more resistant to higher radiation dosages than are
nematodes of control origih, regardless of their
tregtment after irradiation. A graphical ;eprgsentation
ofﬁthese findings is seen in Figure 35, A regression
aﬁalysis‘of the bottom half of curve 34 was performed
in order to determine the statistical significance of
the differences observed. This analysis showed that

nematodes of a—tocobherol‘origin treated with

a-tocopherol after irradiation had a significantly

lower mortality rate than either of the groups of
contr91 origin. On the other hand, nematodes of
a-tocopherol oriéih <reated with conérol media after
irradiation. had a slight (but not significantly)/lo&er

mortality rate than groups of control origin. It should

be noted that these regression lines only included three
' ‘ ]

198
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FIGURE 36.

:

Graph illustrating the difference
in reduction in life span after
exposure to different doses of
gamma rays between different
treatment groups. ,The reduction
in life spans were obtained :from
the difference in life ‘expectancy
between irradiated and non-
irradiated groups.:
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points. Observations at higher dosages of radiétion
wou-ld be required to follow this trend.

Figures 37 a to ¢ show the dose responsé at three
stages of this nematode's life cycle after irrédiation
{20, 40 and 60 days). The life shortening effect
of ?°°co gamma irradiation is more obvipus in the 1att¢r
part of the life cycle than in the early part. Figqures 38
a to ¢ show phe regression lines of these curves

plotted on a probit scale. A probit-analysis was

- performed to determine the LD50 values of these gurves

(Stanley; 1963). LD50 values obtained in this way were
compared with LD, values obtained directly from these
curves, Values‘were within 2% of érro; in every case.
Table 38 shows a summary of all the values obtained in
the above calculations.

The test statistics for comparisons bLetween
LD50 values, and between the slopes of the:

ﬂ -
curves, to evaluate the effects of different treatments '

at different stages of this nematode's life cycle, are

shown in Table 47 . Observations made oé the twentieth
day of the life cycle showed that nematodes treated with
a—tocobherol before and'after irradiation were the least
sensitive to the life-shortening effect induced by gamma
radiation. Nematodes of cont?ol origin transferred to

control media after irradiation (C/C) were the most

.

.

[
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FIGURE 37. Curve illustrating the difference
o in dose response between nematodes
. of control and a-~tocopherol origin i
- . -treated with control or a-tocopherol ’
media after exposure to a single _
acute dose of gamma rays, as measured
. by the number of nematodes killed
y on the (a) 20th day, (b) 40th day
and oh the 60th day (c).
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FIGURE 38. Regression lines illustrating

- the difference in probit kill
as a function of dosage between
four - treatment groups, as measured
by the number of dead nematodes -
Ppresent on the {(a) 20th, (b) 40th
‘and 60th (c), day .,of their life

cycle. = . :
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susceptlble. Nemgtodes .of the other two groups

(C/a—Toc. and o-Toc./C) showed intermediate values, .,
. ~ Observations made on the fortieth day showed that

groups treated with a-tocooherol before irradiation

.

(x~Toc./a-Toc. ahd a-Toc/C) appear &c have been more

resistant to radiation damage than the C/a-Toc. group,

treated with a-tocopherol only after irradiation. The
only’statistically significant difference oBSerGed
however,'as between the LD50 values of non-treated
nematodes (C/C) and nematodes treated with a- tocopherol

L]

both before "and after irradiation (a-Toc. /a—Toc ).

The pattern is sxmllar, w1th respect to the slopes .’

-

of the llnes; by- the 60th day of the life cycle. The

a

only significantly hlgher mortallty in response tg'

“
~

increases in ‘dosage ‘was observed in untreated nematodes

1

(c/C) (a<.05). The only 51gn1f1cant dlfference 1n ED

values was that of nematodes of control origin treated‘

b R
withAaa-tocopherol after irradiation‘(C/a-Toc.), as o

4

compared thh nematodes of control origln transferrea

to - control medla after 1rrad1at10n (C/C)

In summary,,the eV1dence presented in, thls )

section shows that a- tocopherol appears to have a C,

. ¢

protective effect against the ifefshorteningueffect

that high dosages of gamma radiation have on .

o - 4 : . . ‘ ..
Turbatrix aceti. Whether a-tocopherol trealment is

)
4

. - FCTT VR S
+ N

PR

wr :-a‘:";%‘;-gé, e

M S W % -

e




/’

., . more import‘a:nt before or after irradiation appears 'to

be dosage d’ezpéndexit . : : .
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Interaction of a-Tocopherol and HLE in the Nematodes

¢

. Growth Media

S The next[experiméht was designed to determine
whether‘a—tocopherél can be used as a substitute,

. s : . . §°

in_whole or in parft, for .the essential nutrients

supplied by heated liver extract (HLE) to promote
)

optimum levels of growth and development of the

]

species Turbatrix aceti. Preliminary experiments
. X ) ‘ ,
showed that 10 ml of HLE per 100 ml of medium is-

4

.sufficient‘to maintain optimum growthgshd
deveiopﬁent. o ' ¥
v Table 39 shd@s fhe generation time of nematodes e
depletéd of HLE atrdifferent stageg of development. u
Genefation time is defined for these pufposes as
. - ‘the time it takes the first generation to mature. e

n ‘ Nematodes in a culture were considered mature as soon  *

as the first progeny appeared (not mean generation

1

]
PEVTE. O NEPRELY

time). The results show that when HLE was removed

from control cultures before ninety-six hours of

L
-

age, optimal growth and reproduction, levels were not R

maintained. The removal of HLE from a-tocopherol -
cul tures had no significant effect after

seventy-twb hours of age. These results suggest

that the effects of the removal of HLE are .

-

'dependént on‘the stage of gbnadodenesis that

.
X g o e e e o e e [
3 e Py —t T . T A 33 U, SR g SRSV L e e
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[ .
these nematodes are going through at the time of HLE

depleti?n.

Table 40 shows the effects of a-tocopherol on
generation time and population growth, as measured by
estimates mad; on day 21,#using mass cultures grown
in media depleted of HLE or in media with agsd HLE. The
results show that a-tocopherol promotes optimum growtﬂ
and maturation in media.with lower concentrations of/,
\HLE than would be required for optimﬁw growth and
. maturation using cgntro; media.

Table 41 shows the results. of tHe experiment where
beth control ;nd d4tocopherol—supplemented media wefé
compared, using varying concentrations of HLE.
Maturation and fertility were tested in the usual ways,

o using pair cultures. Control groups showed a direct ‘
correlation between the ability to mature and the amougi
of HLE. The a—tocd%herol group showed é similar

" correlation, but it was less pronounced, andﬂwas not
~apparent in the groups with higher concentration of
HLE. o-Tocopherol-treated nematodes became fertilized
° ;ﬁ media supplemented with as little as one ml of HLE
per hundred ml _of mediu%. Control nematodes, 3p~;ha
other hand, wefe unable to reproduce in hedia

LY supplemented with 2.5 ml of HLE. ' .

.« . Variagion in the'concedtration of HLE has a
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sigh;ficant effect on Ehe reproductive capacity of
control-cultured nematodes: Nematodes in this group
supplemented with less than five ml of HLE per
hund#ed ml of media are unable to reproduce.
Furtherﬁore, nematodes sﬁpplemented with five ml of
HiE produced fewer ,progeny, although the éther

parameters of reproduction were not affected.

ey

Nematodes depleted of HLE in a-tocopherolfmedia were
affected to a lesser extenf. Nematodes in this group '
suppleménted with 2.5 ml of HLE or less showed a
significantly shorter reproductive period and a lower
mean numbeé of progeny (0<.05) as compared with
a-tocopherol nematodes supplemented with 10 ml of HLE, X
but still showed the same incidence of fertilization.
Nematodes supplemented with fivé ml of HLE showed a

similar reproductive capacity to that observed in the

‘group supplemented with 10 ml of HLE.

In the next experiment, the effects on

reproductive capacity of addition of a-tocopherol on
[ 4 '

' nematodes cultured in ‘aged media was tested. ‘ : : -

1

§ingly cq;tured nematodes were placed in either one §
day;oldxnedium,cn; \Xirty day 01d medium. ‘Three replicate
experiments were é;tried out in each medium, as shown in
Table® 42. The data in this table show that the age of

¥

the mediumdid have a significiant effect (a<.+05) on
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tﬁe onset of the reproductive period of control
- nematodes. 'The mean onset for control nematodes was
at'9.5 days in new media, but at 11.6 days in old media.
There was.no“suéh difference whéq'a—tocopherol was
present in the media. Table 42 further shows that old
media caused ; significant shorﬁening ;f the mean length

of the reproductive period (a<.05), regardless of the

presence of a-tocopherol.

<

The Effect of Alternative Lipids on The Nematodes Growth

and Reproduction

s
The next experiment tested the effects of other

lipid-type substances in addition to, or instead of,
a-tocopherol, on the population turnover in mass
‘cultures. cod liver oil iCLO) and immersion oil (I0) were
chosen for these'purpbses because of their different
nutritional properties. CLO has been

shown to inhibit the effecés of a-tocopherol. Although

a beneficial‘effect by this lipid might suggest that
a-tocopherol ensures the availability of nutrients,

the main purpose of these experiments was to rule

out the possibility that a-tocopherol acts merelyvés

a lﬁbricanﬁ preventing damage . due to' handling. |

Table 43 shows the estimated population increase

s _ twenty-one days after inoculating various culture
|
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_flasks with twenty synchronized larvae. The results

indicate that neither cod livef oil nor immersion oil,
were able'to maintain a continuous population when
added to the control growth media at the concentration
usually used for u—técopherol. Botﬂ groups had a
very low increase in‘population, as compared with the
one cobserved in controlkmedia.

Supplqmentation of a-tocopherol growth medium with’
either of these lipids (diluted to a 10 * (v/v)
concentration in control media, and then added to an
equal quantity of a-tocopherol media) did not support
the optimhm population growth observed in a-tocopherol

media. These results indicate that neither CLO nor
\IO are able to maintain a contin@ous population,
Furthermore, they suggést thatqboth lipids, if diluted
in control media (in the absence of a—tocopheroi)
inhibit‘growth and reproduction. When‘uéealtogether
with a-tocopherol, the results are better than with

no “a~tocophercol, but worse than with a—tocopherél

J

alone. .

A more accurate evaluation of the effects of CLO
on reproduction can be seen on Table‘44. This téble
shows the reproductive capacity-of paired cultures
supplemented with CLO ‘in, their growth media. It

should be noted that CLO appears to increase the .

-
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number of pon—matur}hg nemafodes, as compared with any
of the non-CLO~supplemen£ed cultures. Student t-tésts
used to determine the significance of the differences
between CLO-supplemented cultures and non-CLO-
supplemented cultures, indicate tégt supplementation of
controel nématode; (B) wifh CLO, does not inhibit+

reproductive capacity of the nematodes that do mature

to a significant extent, as compared with non-CLO-

.supplemented control nematodes (A). This group shows

a significantly lower repfoductive ‘capacity (a<.05) than
‘control nematodes supplemented with a-tocopherol (D).
CLO-supplemented'a-tocopherol media (G) appears to

slow down the maturation of control nematodes (G)

(2<.05), but has little effect on the progeny produced,

as compared with the non-CLO-supplemented group (C).

On the other hand, a-tocopherol nematodes supplemernted

2

in this way (H) do not appear to be affected with

-~

respect to maturation. The only significant difference
observed is in the number of progeny (u<.05). These

results show thaE CLO does not affect the reproductive

capacity of Turbatrix aceti in the way oa-tocopherol

does, furthermore, CLO appears to have a deterimental

‘effect on the maturation of this species.

\
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Y ~DISCUSSION
? -,

I 'In this dikcussion, the effects of a-tocopherol

i

on the young nematod%'will be consgidered, followed by
: ‘ £

evaluation of the effects of dietary a-tocopherol on .
B t ¥ a
_ aspects of phe\aggyg nematode. ‘ R ~

Effects of a-tocopherol on Growth and Dévelopment

0N

.In this section, there*will be discussion of thé’

effects of a-tocopherol on the reproduction processes of

the nematode Turbatrix aceti, by examining the differences

"in growth and development between nematodes cultured in
control media, -and. those cultured in a-tocopherol-supple-

mented media. The literature dealing with this and other
-7 . l i . 4
nematode species will also be examined. |

! A great deal of .work has been done on the

@

‘(- t

&P
Nt

—embryology and development of the free-living, self-
. fertilizing, hermaphroditié nematode species C. elegans

and C. briggsae. Many investigators havehstudiea the

N -

- 3

déueldpmgnt and maturation response of these two species

to different chemically—defined;media, énd to an undefined
) N -

"growth factor" (Dougherty et al., 1950; Dougherty, 1951;
bougherty et “al., 1959; Sayre et al. lQéB).‘Embryblogical‘“

\d
" analyses, have 'been carried out by many investigators, taking -

’
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advantage of the utelic characteristics of -these two
'species (Byerly et al., 1976; Kléss_g} al., 1976; Klass,

1977; Sulstom’& Horwitts, 1977; Laufer et al., 1980).
\ et al .

A

" The only detailed descriptiéns of the development and

anatomy of Turbatrix aceti are those of Pai (1928) and

Peters (1927). These investigators were unable 't

[

define exact larval stages. : !

In the present study, it has been assumed that there

are similarities between Turbatrix aceti and the i

_.Caenorhabdftis species, with respect to their

post-embryonic developmental stages. -This v%e& is
supported by the facts that,they belong to closely
rel;ted families, that they are free-liviqg,and that' most
nematodes go through four molts before reaching maturity
(Lee, 1965). Based upon these assumptions, upon
obser?ations of molted cuticles, functional gonads, and
upon meaéufements of body length, eight post-embryonic
5&3935: frpm birth to adulthood, were defined (Table 1).
Bod§ length was used as the h§in criterion for growth.
Some investigators feel that a more accurate measure is
obtained gy measuring fhe volume of thé hem;tode

+(Kisiel ?E.?if’ 1972) . "Measurement methods uéed here
would not have prqducedvsufficiéntly accurate estimates

of width, Howeyer, and hence volume could not have been

adequately measurgd. B

e bk A b i T st h
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ord The developmentdl stages thus defined were used as

a base for the comparison of control and a-tocopherol-
cultured nematodes. These comparisons show that

a-tocophexrol produced a faster rate of growth and

maturation in both male and female TurbattYix aceti.

"The differences observed were more apparent in females o

. 3
than in males, because females\féggb a larger size

earlier than males (Figures 2a and b ). An interesting
observation is the large standard deviation from tﬂé. |
mean length in nematodes cultured in control'medié,
particularly dusing.the 1atér stageé of developmeht
(Figures 3a énd b ). This suggests that a significant
number of.larvae are slower than othérs in reaching
. , maturity. This was observed in both male and female
larvae and may Ee indicative of a nutritional
~deficiency iﬁ the c&ntrol-media.

Closer obéervatioﬂ sugéests that the growth and
maturation of a-tocopherol-cultures.may not have beeg
accelérated, but rather, that it uniforhly occurred at
an eafly stage. It may be'that sugplementation of ,
a-tocophercl does not induce a faster daily growth ragg;
but tﬁat it ensures that the bulk of the populatisn
reaches maturity at an optimum .age. This is supported

Agﬁy'the fact that theﬁd—tocopgerol group showed

, .
considerably less variation in the rate of growth h

Ml 4 i
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and maturation, resulting in a faster mean growth and
maturation than that observed in control nematodes.

Having found that Turbatrix aceti appeared to

mature faster when supplemented with a—tocophérof,éttempts
were made to discover the stage at which the presence

of a-tocopherol is; required in order to produce. this
>

“effect. 1In particular, testing waJ done to determine wheter

~

this effect if dependant upon the origin of the parent, or

.

whether a-tocopherol is required during somatic cell

N\

division (embryogenesis) or whether it ik required
during formation of the germ cells (gonadogenesis). I

ekamined the maturation of two generations following the -
. . ,

¥

" supplementation with, or depletion of a-tocopherol, to
<? determine how long it too% for the presenge or aBsence
of a-tocopherol to have its effect. ) . '
In the first set of these experiments, gravid
- gemales (FO) were transferred Eb a-tocopherol media L.
just before giving birth. The daily growth rates of

the F_, nematodes, their progeny (Fl) and -the Fy's

0
progeny (Fz) were observed (Figure 5). I found that

the Fy nematodes grew significantly faster than the Fo
nematodes, and almost as fast as the F2 nematodes. The

F., nematodes matured at.about the same rate,

2
as nematodes grown in a-tocopherol-supplemented media

~

A4

for generations, Assuming that the Fy nematodes

a
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' //) had completed most of their embryogenésis when
N supplemented with a-tocopherol, one can conclude that
N , ' .
. ) a-tocopherol is not required during early embryogenesis
to produce early maturation. : ' »

I
L

|

8 , support this conclusion, In these experiments,

The depletion experiments, shown in Fiqures 7 and

nematodes of a-tocopherol origin (Fo) were transferred-

. ' {
s . to control'ﬂéaia just before giving birth, and

" These experiments showed that Fl.nematodes grew

significantly more slowly than F_ nematodes (or at

0

least, that they weht through the moeﬁ_marked-growth

nematodes). . This

»

.t/-\\—‘

phase a day later th?n the Fy
suggests that,u—éocophérol is required iﬁ the growth
¢+ media after embryogenesis in order to ensure early
\/) ‘ maturation. These results also éuggest that the
\effects of a—tocopherol‘are nét Lransferred from one
generation to another.
The next set of‘experiments (Table 2) |
'were designed to provide more detail, and to .test the
v preceding conclusions. Kgéin, as in the érevious
efperiment:'control nematodes were transferred to
G-tocopherol media, and 3353’29555, just before they

gave“ﬁir£h. After "birth, each litter was isolated,

allowing bbéervation of litters that had been

U Sep)

- L measurements similar to those mentioned above were made.

e
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transferred to a-tocopherol or control media at

different stages of embryogenesis. Early litters were,

‘
-

 therefore, transferred during very late étages of, or
‘éfter, embryogenesis. Late litters were transferred
before emf:ry.ogenesis started, or during its early
stages. Mqturation rates were measured by counting
the nuqber of days-it took eacﬁ litter to reach each
of two defined stages of deveMopment. The results
=2 obtained from the supplemen?ation experiment cast
considerable light on tﬁe'resulés of the preceding
‘experiments. It was QbSQfV?d that the early litters
matured significantly more slowl& than the later litters.
Furthermore, the early litters showed maturation rates
similar to those observed in conﬁrol nematodes. Late
litters matured significantly faster than control
groups, but somewhat more siowly than a—ﬁocophérol—
cultured nematodes. ' .
These results suggest that.a—toéopherol is
o required during certain stages of embryogenesis, as
well as after embryogenesis, in -order to produce !
éignificéntly earlier maturation in'this species. These
results also explain why the opoosite‘conclusion
was reached in the prEedgqg experiment. In this case,
the combination of early and late litters produced a

mean maturation rate significantly faster than.that of
. ..
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control nematodes. - /

B In considering these results, we ought also to

AN

consider that problems with the absorption of

a-tocopherol may be affecting our results. It may be

that well-deveéloped embryos may be unhble.to absorb this
molecule in quantities sufficignt to affect growth and
matgfation. It has been shown in some ovoviviparous
nematode épecies that embryos in the late stages of

g developmeni have thick impermeable eqgg walls, which
woglh prevent such absorptionu(chitwood & Chitwood, 1974;
Anyé, 1576)7 This would also explain why the early c

' litters did hot show the effects of,a—tocogheroi.

At first glance it would appear that the -
depleéion results fdr this expgriment do not support the
conclusion that a-tocopherol is required'during:some
stage ofnempryogenesis. The early Fl litters, whose

N

embryogenesié took place in a—toqophefol—supplemented.

media, sthed a signifiCantly slower maturation rate ‘
than that of a~tocopherol-cultured nematodes. The
litters, in fact‘showed a maturation rate similar to

- that of control nematodes. However, it should be noted

that the later F, nematodes, which spent less of their

1
embryogenesis in a~-tocopherol-supplemented media,fhad
a maturation rate significantly slower than that

* observed in early litters. Furthermore, their

™




e Ay

e

e,

maturation rate was significantly slower than that

observed in control nematodes. These results suggest

that the presence 'of a-tocopherol during embryogenesis

'is not sufficient to produce early maturation., ‘The fact o

that the maturation of late litters was slowér thanthat of .
control groups sugges?ﬁ that depletlon has a stressful
effect on these nematodes, and this is a compllcatlng
factor which'must be considered when analyzing these

results. ; '

The results discpésed thus far suggest that while
a-tocopherol may be requgréd during part of
embryogehesis, its presence is also required beyond
this stage. It is also known that the presence of ’
o~tocopherol in this nematode s growth medla during

parental onadogene51s does not result in early

i .
maturat1 n{ The results may or may not be in accordance

with tho % of Gilbert and his co-workers (1968)°, who
have repoqted on the effects of a-tocopherol on the
morphologr of another lower animal. They found that

a—tocophe&él induces body wail outgrowth , a

phenotypiikcharacteristicijla number of rotifer species.

This chang \ however, is a result of cytoplasmic
' \
enlaréement, rather than an increase in mitotic activity ,
(Gilbert & ;Thompson, 1968), Their finding that this - ‘
L]

induction can be achieved. by a-tocopherol - // i

} !
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o

supplemenﬁation of new-born'larvae,of éhis eutelic ’ '
o;ganism further supports tgis.belief. In comparing these
studies with those on rotiférs, it shoﬁldAbe kept in

mind that roﬁifers a£e unusually sensitive to

a-tocopherol, and that this is not the case with

Turbatrix aceti.

There was another experiment which resulted in
valuable information about maturation. Table 2 shows

the results of observations made on the variation in

4 ,

the maturatidon rate among litters of control oriqini

Later litters appeéred to mature significantly earlier

e . . .
than €arly litters. Included in the term "late litters",

are all litters after -the forth one, because of the

" more répidly than those bred from young parents. This

- .

short reproductive period (four to six days) observed
in coqtrol nématodés, The slower maturation rate in.l
the very late litters is difficult to explain. ‘Thig
may be the result of a genetié or envirOnmenFal
variaﬁle.‘ It is inééresting to note that this kind of .
variation among litters is not‘observed in
d—tocopherol—cultured'nematodes. |

In a study done on C. elegans, Bequet and Brun

. (1972) found that larvae from elderly parents hatched

phenomenon was attributed to a possible modification

in the oocytic cytoplasm of the mother, due to a
- ? rd .
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disturbance in vitellogenesis. These investigators
postulatedhthat this disturbance leads to an-

intensification of metabolism in the embryo, shown by

" an ‘acceleration in cellular multiplication, possibly

caused by an increase 1in mitotic activity ektending to

gametogénesis. Direqt evidencg for this postulaﬁe was

not shown, howe\'\\er. ‘
The exact ﬁéphaﬁism of tﬂis disturbance in

vitellogenesis is not-clear, but it was postulated by

. Beguet and Brun (1972) that it could be attributed to

an incrdase in the DNA of cellular organelles, or to
cytoplasmic transformations that arise from changes in
enzyme activity in the‘maternal oocyte; a phenoménon
frequently found in aging nematodes (Frlanger &. Gershen,

1970).
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From the results in this study it can be postulated that -

a-tocopherol inhibits the variation in maturation

among litters by affecting one of the above-mentioned

mechanisms. It could alsc be that the induction of

‘eafly maturation is the result of the effect of

a-tocopherol on a similar mechanism,

Although these results show that the maturation-of

gonads is ensured by a-tocopherol, there is no direct

evidence about the effect of a-tocopherol on the \

development of the embryo. These results do indicate
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that the presence of a-tocopherol is not required beforé
}embryogenesis_to induce early maturation. This
Aindicates that the pathway'affectéd by a~tocopherol
wﬁich governs the rate of maturation is determined after
thelmaternal egg has been fertilizéd. Although this
rules 09? a genetic effect (via the maternal oocyte),

it does not exclude the possibility of a.cytoplasmic
effect, either during vitellogenesis, or post-mitotic
cell gréwth. ‘ .

The main conclusion that can be drawn from the

experiments in this section is that d—tOCOphérOl'S'
presence “in the growth media during embryogenesis is'nbt
sufficient to produce a significant effect on the

maturation of Turbatrix aceti. It is not clear whether

its presence after embryogenesis only would have this

effect. It was also shown that the effects of a-tocopherol

do not appear to be transferred from one generation to
the next. Although a-tocopheroi appears to accelerate

growth and maturation in Turbatrix aceti, the difficulty

in distinguishing between gonad differentiation, and
cell growth does not allow us to be conclusive about
whether a-tocopherol affects cell division, or whether
it merely ensures rapid cell growth. The difficulty in

obtaining large numbers of syncronized nematodes made

. R 3 N I
isotopic studies on DNA turnover unsuccessful.
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The possible variation in absorption at different

'stages makes ‘it difficult to be precise about the effects

.0f this vitamin on a particular stage of development.
This complicating factor must be considered when
evaluating the effect§ of a-tocoph€rol in animals to

which it is administered via the growth media.

The Effects of a-Tocopherol on .Reproduction

~The first recognized function of vitamin E was its
role as a fertility factor in the laboratory rat (Evans

& Bishop, 1922):. Since then, it has been demonstrated

. that vitamin E is needed for the maintenance of

numerous other function, and the study of these
functians has tended to over shadow the eaflier studies
on its role in animal reproduction. Many investigators
believe tﬁat in most animals, E-avitaminosis has ’
detrimental effects on other systems, whichlappear‘
before there aré noticeahle effects o; the reproductive
organs (Mason, 1954). This has contributed to the
relative neglect in the study of the effects of vitqmin‘

E on the rgproducﬁive system.

Intrauterine death and resorbtion of the fetus in

.well nourished rats was the pheﬁomenon responsible for

the discovery of vitamin E (Mason, 1933).

Several lower animals have also been shown to have

<
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requirements for vitamin E. The house cricket Cacheta

domestica requires vitamin E for spermatogenic activity

.and.egg production, when raised on'purified diets

(Meikle & McFarlane, 1965). In a study of the

nutritional requirements of the snail Biomphalaria

glabrata raised under axeﬁic conditions, Vieira (1567)
-observed that vitamin E was requi}ed for normal eggq
prdductiop.

Most of the studies that have attempted to '
evaluate the role of vitamin E on reproductiog‘have'
been based on observations of animals grown with
vitamin'E—defiéient diets, with a view to determining
‘the direct effect of a-tocopherol. However, it is
difficuit to éepleée a diet of vitamin E without
depletihé it of other»essentiél nutrienté.
Supplementation of a-toqopherol was chosen as the
_test%ng.method for this study. This factor should be
considered in evaluating thése findings.

It wag decided’ to study the effects of dietary
a-técopherol on the reproductive capacity of Turbatr;x
éggEi in axenic‘media, because of‘the very.noticeable‘~
effgpt of éhis vitamin on gqis‘basic pﬁysiqlogical

function. It was hoped that these studies would

complement the results obtained in the studies on

i

aqging. /
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. measure the effects of a-tocophercl supplementation and

-

I
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The effects of a-tocopherol on reproduction were

studied on young, senescing and nutrient-depleted worms. .
.a O » N

Several approaches were used in-evaluating the role of

©
[y

a~tocopherol on reproduction. First, the effects of -
various reproductive parameters were accurately
measured to determine which ones were affected by

dietary a-tocopherol. The second approach was to

1

-
[P

depletion at different stages of development on
reproduction. In this way an attempt was made to narrow

the effect down to a'specific stage of development, an

to distinguish begween a maternal and a direct effect

[}

( Riggs et gl.,1952 ). The third approach was to

2

‘measure thé effects of a-tocopherol on nematodes mated

w

in alternate ways,.to allow evaluation of reproductive

performance of both male and female nematodes.

A review of some of the characteristics of the
rep;oductive cycle or thié_séecies may at this poinp s
be valdable. 'éever@l«studies have been published on ' " .
the fecundity, ;nd the duration of the feproductivé | '

vperiod of Turbatrix aceti under varying experimental ‘ B

conditions. Axenic culture conditions for this ahd

other species were developed recently. Rothstein and
H

Cook (1966) were able to produce favourable growth S

conditions for the reproduction of mass axenic cultures

. v

.
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of Turbatrix aceti_étﬂBO?C.‘ In a similar medium, and

N 6 ' . . Y

at 27°c., Kisiel and Zuckerman (1974) were able B

to show that gggbatrix aceti mated on day seven after f

~

birth, started to reproéuce-oh\déy eight, and that

reproddction lasted-eleven days. Females gave birth to

an average of 106 offspring,

i

In this set of oéservations, nematodes cultured

“ P . e, .
in control medium for generations were compared with those

cultured in a-~tocopherol mé&jia for more than two

géﬁefatLOn; The following reproductive parémeters were 9

followed: . (1) the pefcentage of nematodes fertilized;
(2) "the time of mating and oﬁ'onset‘of reproduction;
(3) the length of the reproductive period; and (4) the ;

nuhber ofqlive.offspring. I will alsoudiscuss, where .

relevant, differences between the different culture

* . v

methods used (single, mass, individually mated pairs).

The p%fCentage of nematodes fertilized wa# defined ’
. - R M § .

. by the number- of nematodes producing -live brogeny. The M

fact that a significaantly higher percentage’ of

a}tocophgrol nematodes was fertilizeg (Table 5 ),'as, ‘
compared go'control nematodeé,'ﬁgy be caﬁsed.by an effécg ‘
6f a-tocopheroi on tqé maturation of germ cells.  Since

the control nema%odes showed no qross mo}phologlcal :

Y v
abnormalltles (as observed under the llght mlcroscope),

and had a low number of. dauerlarvae, the’ problem of o

s

.
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-infertility probably does not lie in the maturaﬁgon "

processes ‘of the embryos, but rather:in those of the .

. » . ‘
germ cells (spermatogenesis and oogenesis). Observation

" of occasional unfertilized but mature eggs in paired

cultures, and of non-fertile females in single cultures,

- confirms that both spermatogenesis and oogenesis were

/

sometimes impaired in contrqi cultured , riematodes.
Further histological analysis of pvarian and
spermatogenic tissue of these infertile nematodes wouid
bé required to determine the stage at which impairment °
occurs. Specific biochemical analysis of tﬁese cells
&ould be %equiréﬂ to discgver any variation in DNA and

o

RNA turnover, impaired protein Eynthésis or diminished

. mitotic or meiotic activity.

with 'the maturation results shown’

Nematodes cultured in a-tocopherol mate approximately

one and a half days earlier than control cultured

°

hematodes (Figure 9 ). This finding. is in accordance.

iin previous sections.

Mating was meashred in single cultures, and hence it is -
Q N

not surprising that. the onset of the repfoductive period

.

was one and a half days earlié; in sinhgle aftoc0pherol

]

A

4 -

cultures than in s@ﬁgle control cultures. Again, this
L]

3

-}&pports the. theory that a-tocopherol ensures early

/ R
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o ' ' maturation. - R .
._ . o : /'
. One of the most interesting results found in this :

L . -

experiment was that while there was a significant

. difference between mean time of onset of reproduction
in control paired groups and control single groups,

. there was no such difference between a-tocopherol

s

groups. The later Mean onset in cohtrol paired groups

E

- _suggests that there is a great‘yariabiiity in the agé

© o r— s Ka P e

a&éﬁhich these nematodes reach sexyal maturation. '

K

§ingle cultures allow a measure of female maturatien,
since the large number of males present in the mass

- . cultures prior to isolation of the female greater

[y
-

7

increases thécprobability of having a matured male. In ,. :

e

paired cultdfes, both male and female must be mature

q

before reproduction can occur. Thus, the fact that “w

‘ " a-tocopherol' single cultures had anﬁearlief onset than
e - A ‘ .
control single cultures demonstrates that a-tocopherol

has an efféct on ‘female.maturation. The fact that
, -
paired .cultures have a similar time of onset to .

a~tocopherol single- cultures. demonstrates thatf

o

"L, a~tocopherol als¢ assures early male maturation.
‘Paired a-tocopherol cultures had a longer mean

. ' reproductive period than did paired control, cultures. i
. v

- o b I _

Y o L.
However, the mean reproductive period was similar for

”u\£pcopherol and control single'cultures; Control

N '
.
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single cultures had a significantly longer mean

reproductive perfod than did control paired cultures.

—

Taken together, these results give rise to several
interesting conclusions. The first conclusion is that

the maturation time of the male may be the key limiting

S “

factor in determining tge length of the reproductive
period. This explains the fact that control paired 4
cultures, which had a later onset than did control

single cultfires, also had a shorter reproductive period.

" This is supported by the observation that the length

of the reproductive period was similar in control and :
a~tocopherol single cultures, where variability of

male maturity would not. be a significant factor. This
observation also suggests that a-tocopherol does not

affect the length of the reprdductive period éer se.

Rathei, it affects male’maturatién, which may affecﬁ . !
the length of reproduction.

I postulate that for this nematode, there is an

optimum réproductive period, which startsaassodnmas the

. female is able to stgrt reproduction, and which is not

affected by the time of actual fertilization. Thus,
the longer after the beginning of this period that

fertilization occurs (depending upon male maturity),

+

the shorter Cse observable reproductive period will Dbe. s .,

The length of the optimum reproductive period does not

a ¢
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appear to be affected by the time the female takes to
mature; since a-tocopherol single cultures, which
matured earlier than'did cont£01 single cultures, still
had a reproduc£ive period of‘aéproximately the same
length. Thus, a-tocopherol does not appear to affect

,

the length 'of the reproductive period directly. These

results support the conclusions in the preceding - -

-~

section, which suggest that oa-tocopherol ensures early

gr;wth and maturation. | | ST
The conclusions 1 have regched about both the’

time of onset and' the length of the reproductive éeriod

sques£s a furthe; interpretation, This is, that

a—toéopherol)does not actually accelerate cell division

in theses nematodes but rather it ensures prompt s

’

maturation.

The mean onset of'repgoducﬁion is earlier in single.
a-tocopherol groups, but the’'mean :eproductiﬁe-length is
about the same. In most animals acceleratipn of the
onset of repro&uctionnleads to a“shorter reproductive
perioa (Snell & King, 1977).- I suégest that the earlier
mean onset observed in the results is not caused by
acceleration, but by }ess variation, or greatéer
con;istency, in the time of onset; ‘The controltvaiues

for measurements of growth and maturation had a much

greater range than did the a-tocopherol values,

§
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suggesting that a—tocopherbl is possibly assuring prdmpt

maturation, rather than accelerated cell division.
Instead o% advancing the onsethof reproduction, it =«
prevents delays in the onset of reproductioﬁ.

The advaptages and disadvantages of using the mean
number of progeny as a parameter to e%aluate
reproducti&e Capacity has been discussed in previodus
sections. If one asumes that the genetic variability
causing the variation among nematodes Af the same group

is similar for control-and a-tocopherol cultures,

“comparisons between thé number of offspring .produced by
N‘

these groﬁps are probably valid. A measure of the number

of qffspring is valuable because it allows estimation

of the number of viable germ cells produced.

[

It is tempting to relate the number of live
offspring to the length of the‘rgpfoductive period.
The a-tocopherol pair ‘cultures énd single éﬁltures;
which had similar reproductive periods, also had

similar numbers of live progeny. Control 'single
’ Vo
cultures had a longer reproductive period than control

"

ﬁair cultures, .and also had .more offspring than control
pair cultures. The mosf interesting result is that

a-tocopherol single cultures had significantly more

offspring than did control, single cgltures, although

¥ “

the reproductive periods were not significantly

242
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different. . ,

In most free-living nematodes sperm (mature or
immature) age stored in the female after mating, until
fertilization ocqprs (Duggal, 1978)., Females of closely
related species are believed to produce oocytes through-
out the reproducti;e period. Duggal (1978), has repor£ed

that a constant number of oocytes are produced daily.

Detailed reproductive patterns of Turbatrix aceti  have
. R .

not been reported, however. 1In any eVenf, studies

i

made on closely related species and other animals make

it reasonable to assume ,that the limiting factor in the

*

production of offspring is the number of oocytes, rather

than the number of sperm. The results suggest that

~

. this is true, since the numbers of offspring in

a-tocopherol single and pair groups Aare Approximately
the same. If the number of sperﬁ were a limiting
fécgor, We wquld ‘expect fewer offspring in pair groups
despite equally long reproduétive periods.

The highef number of live offspring proddcea in

a-tocopherol single cultures than in control single

iculture§, despite similar reproductive pericds; suggests

th&t'a-tocopherol affects the production of oocytes. It’

-

. i : 9
should be noted from Figure 14 that the

~difference in the number of offspring produced in these

groups lies in the number of progeny they produced on

[ | T NS S ™

. ——— i,

%




i
V

244
K ) the first day. The rate of offspring production during

the rest of/;he reproductive period was similar for

/ - ) both %;jypéh It.is possible that a-tocopherol females

'

’ ' J
store sore mature oocytes before being fertilized with

’

. matdre sperm. This suggests that a-tocopherol ensures

arly maturation of viable oocytes. Females have been
7 . -

shown to mature approximately one day earlier than

-

males in this species (Zuckerman, 1974). This explains
why in fact both groués produce significantly more
of fspring on the first day than on any other day.

In summary, the observable effects of a~tocopherol

on reproduction of Turbatrix aceti are probably the

——e

result of an a-tocopherol affect on maturation.,

Having established that a-tocopherol has an effect
4

“ - v
on the reproduction of Turbatrix aceti, studies were

* . d(done whereby a-tocopherol was added to or removed from‘

the media at different stages of development. By
ascertaining the earliest stage at which supplementation
. with a-tocopherol affected Qgrioué reproductive
parameters, and the latest stage at which depletion
+  affected them, I hoped to determine at just what '

developmental stage the presence of a-tocopherol was

| required in order to produce a significant effect on

- “ !

reproduction.

A significantly earlier onset of reproduction

o
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the first.day. The rate of ofgspring production'du£ing
the rest of the reprod&ctive period Qas similar for
both- groups. It is possible that a-tocopherol females
store more mature ooéytes before being fertilized with
mature sperm. This sqqgésts that a-tocopherol ensures
early maturation of viable oocytes. Females'ﬁavevbeen
éhown to mature approximately one day earliér than
males in this species (Zuckerman, 1974). This explains
why in fact both groups produce significantly more
offspring én the first day than on any other4day.

In summary, the observable effects of a-tocopherol

on reproduction of Turbatrix aceti are probably the

result of an a-tocopherol affect on maturation,

Having established that a-tocopheral has an effect

"on the reproduction of Turbatrix aceti, studies were

; . - ]
Hone whereby a-tocopherol was added to or removed from’

“the media at different stages of development, By

o

ascertaining the earliest stage at which supplementation .

with a-tocopherol affected various reproductive

. parameters, and the latest stage at which depletion,

affected them, I hoped to determine at just what

developmental stage the presence of a-tocopherol waé

required in order to produce a significant effect* on

T i -

reproduction. - .

Pl XN

A significantly earlier onset of réprbduction
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was achieved by suppléﬁenting progenf before birth.
Supplementﬁtiqn after birth, up,until'6 hours of age,
, also produéea an earlier onset of reproductiéﬁ, although
_this value was of borderline significance. Depletion
experiments showed that the onset of reprgduction was
significantly deiayed if a—toéo?herol nematodes were.

1

transferred to control media as late as 0 to 6 hours
after birth. Depletion after this time had no
significant effect. This suggests that a-tocopherol

o

is required as late as six hours after birth, in order
to ensure early onset of reproduction (assdﬁing minimum
stress due t; héndling,at this early age). The
~supplementation results suggest that a-tocopherol is
required during embryogenesis (before birth), as well,
in order to ensure an early onset of reproduction in
this nematode species. The maturation studies also
included supplementatioﬁ and depletion experiments
(Table 3 ). . The depietion results in these experiments
are in agreement with the above. Depletion in late
embryogenesis (just before birth) cauéed a later onset
" of reproduction. Althdugh ‘these results suggest that
a-tocopherol is required after embryogenesis, it does
not rulé'out its requirement during embryggenesig.
A number of complicating factors must be

considered in evaluating these results. It is

¥
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poséible that embryos. in very late stages of
development are unable to absorb this lipid molecule.

Viviparous nematode embryos have been shown to have eég
walls impermeablg'téyallarge variety of molecules
(Anya, 1976)? 1 meﬁtioned above that Riggs and his
co-workers “(1972) reportéd that the rotifer is the only
lower animal in yhich a-tocopherol effects have been
induced by direct supplementétion of a-tocopherol to
the larvae rather than via the mother. On the other
hagd, stress due to handling of young larvae could be
masking some of the beneficial efffects of a-tocopherocl
Suppiementation. In summary, then, the results
suggeét that a-tocopherol is required before the onset
of gonadogenesii (but after birth) to ensure a
's%gnificantly‘earlier'onset of reproduction. . Whether
it is required during emﬁryogenesis is not clear.
a-Tocopherol appears to be required during, but _‘
not earlier than, the late ;ﬁages of éonad~dévélopment
. in order to produce a significantly longer reproductive;
. period. This suggests that the pathway that determines
, thehlength of the reproductive peribd is determined
. ‘during late gonadogenesis (oqgenesis or spermatogenesis).
Generally; the resglts'show that the longer ghe
nematodes are ﬁeét in h—tocopherol, the longéer the

reproduétive period will be. i}

‘t
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Depletlon experlments showed that a- tocopherol

depletion before 12 hours of age signlflcantly affected
fecundity (% fertilized) in this nemqtode:
Supplementation experiments on the other hand are not

clear, and are'probably affected by an absorbtian .

factor. In any event, it appears that for a-tocopherol °

to have an gffect on this parameter, its presence is
reddired in the g;owth media during xhe.laker stages
on gonadogenesls.

"Observations of the mean number of livé offspring
of paired cqltufes showed a significant decregse when
a—pocopherol was removed'fro% the newatodes érowth
media prior Fo the later stages of gonadogenesis.
a-Tocopherol increased the number of liv; progeny even
when“added 120 hours after birth. These results agaln'
suggest that the number of offsprlng produéed in’
paired cultures varies with the 'length’ of the
‘reproductive period.’ It may be that both of these
parameters (1ength of :éproductive period and number
of offsprlng) are governed by the effect of a- tocopherol
1n ensuring the v1ab111ty of early oocytes, or possgple
‘spermatocytes. Once again these effects are most llkgly
a result of early maturation.

“

It was demonstrated that a-tocopherol causes an

f .
L] ' -

increase in the reproductive capacitydofithis‘nematode!
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Another interesting effect of g-tocopherol is the

formation of dauerlarvae. 0ddly enough, supplementation

'or depletion of a-tocopherol at spécific stages of

development .results in the formation of more dauerlarvae

than the usual number present‘in either control or

i

. . I
a-tocopherol cultures. Gilbert et al. {1968) induced
mictic females in rotifers supplemented with o

a—tocophe¥ol in their growth media. These females are

z
formed to overcome poor environmental ‘conditions. Daur-

larvde were induced with supplementatioﬁﬂagd depletion
of a-tocopherol. It may be that the sudden additipn
of &—tocopﬂerol to the nematode§' growthAmedié at a’
specific stage of development ;nduces poorféondi£ion§.

Since a-tocopherol has not been shown to induce adverse

-

conditions with respect to reproduction, it is possible

o

that the interaction is between this lipid ‘and the

molting Hormohes, which likely have an essential role

in this developmental process. The presence of large

S

numbegs of’dauerlérvae.gs a result of depletion is not
so surprising, -although their absence in-nematodes

- depleted béfo;e twenty-four hours of age‘(Table 12) is.
Even more puziling is the presence of these poor%y

developed larvae in the next two generations,' in ‘Y

I . o
particular because these progeny were not the.result

A |

of dauerlarvae -parents, y )

B . B
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I. also observed the reproductive parameters of’

thé'progeny of the nematodes transferred to or from

a-tocopherdinefore birth and before the onset of

reproduction. I found that after depletion there

were no significant effects :of ‘a~tocopherol ‘transferred

from one gcneration to thé next.

did show.is that the poor reproductive c&pacity that

."results from a-tocopherol depletion during development

is passed on to these‘parents'progeny.

Although thg¢se results do not allow us to identify
with precision the meghanism affected by a-tocopherqi,
.they'do suggegt that more than.oné'mechanism related
to reproduction is affected §n this nematodgs spécies.

I have also shown that'mogt,\if not all, of the

il

" effects of a-tocopherol on the reproductioﬁ of

Turbatrix aceti are rqlated to .an effect’ of this

molecule in ensuring fmaturation or viability of ‘their
germ cells. There is no evedence however, to .
I 4 "

distinguish between a direct effect on cell division
and an effect merely on nutrienéﬁavailébility. The
observed effects on the actual molting process, and
the fact -that ﬁ-tochHerol is required before, rather
than durlng, gonadal cell division'for an early onset
or'répfOQuctioA(‘éndxafter goenad formation for an -

increased pfoduction of offspring, might su@géat

3

What these ‘restults . .
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ff% . that rthe effect of u-tocopherol under our culture ' !

i1

K condltlons is. ¢hat of ensuring the avallablllty of b,
v y R ’ ;
* ' . essential ﬁutrients. N S GO L

M "
. . . A 5 N

-

N ‘ There. are several tbeorles on the ‘mode of action

~

ofggbtocopherol which would. explaln tHls avallablllty - .

’ !"! AR et s e
. , .

. ©_ They are, however, beyond the scope of this study.
: + . -..., Effécts of a—Tochherol on Parental Senescence . | T
o . . . 7 sy ' i
‘ So far, I  have shqwn that progeny from aged s
b . x
¥ \‘ _. parents have an 1nc5eased mean maguratlon rqte, as

~

,cgmpared'with progeﬁy from ypung parents;\ I.hayé

"also showr} that a—tocopherol supplémenration to+ the

3 .
. nematodes' growth media ‘ensures early maturatiom in a . s
' + . ~ .

4 . Pt e B i
»leIgér'number of nematodes. Ty
«. i . 4\'/) . . . Y ,'
To further evaluate the effects of Earéntgl- l' =
¢ . N\ . ’ ’ . ’\
. ‘senescence on the maturation of progeny, l examlned ) ‘

s -

Py

: < the reproductrve capacity of aged V1rgln nemaéodes . fﬁ A :
< ' A . ' . :
mated to each’ other angd td\younger nematodes. We also ’

\ .
. examlned the reproductlve capa01ty of progeny from i ,

3 . A

b ‘ ., young and Old parents. . \ . » S "'

. . ] w
A number of investigators héve~shown that parental = ., ‘

i ' ‘

‘senescgnce in hlgher organisms has an.effect on the Fy T S AR

" ]

o

' geﬁbratlon espec1ally thh regard to reproductive.
; *  function (Lansrng, 1947; Comfort, 5@57; Klass, 1977). . . : )
* Thg variability observed in the®éproductive behavior '

e T » / : ‘

Al




among Fl generations has caused some controversy,

hemaphrodltlc spec1es. Furthermore,‘the small numbers

»
n

of F, progeny producea by the F qfneratlon were

3 ‘“about tﬁis,postqlate. It'wastsuggésted byla number of
investigatofs thatﬁit may be explained by the
" : genotypic heterogeneity in some épecies {(Beguet &
thn, 1972). Usﬂhg the ﬁerﬁaphroditic nematode
' C. élegans, tﬁese investigaﬁdrs‘studied the éffect
: of pare@tal.senesceﬂgeioﬁ‘the sexual maturatien‘of
the F1 genefation.‘ ) '
' o Beguet and his_}&—wofke;SFQerelable to show that:
* S lgrvaé'pkoauced by aged parénts matured more rapidly
"© t  than those bred. from young parents.‘LThese
/ 1nvest1gators,belleve that’thls is causéakby .an §
L . ‘1nten51f1ed metabolism in the embryo due to an ' qﬂ
; acceleration \in gelluiar,multiplacation or in mitotic
/ : R '“ac£ivit;.v:The s\inbéstigétoéé also found:a reduction
.o - in the‘quBe}'of\spermato;oa iq,progeny of agéa |
x ‘ parents, and attfib‘ted thi; observation to«the

duratlon of the male phase (spernatogene51s) of thls~,n_

RZS

.
~ *

. attrlbuted to a. laige i
eggs,
. generation. - . .,

) ‘In-this experimente I

oy

QC1dence of mortality in the

Lther than reduced sperm numbers in the Fl

v

»,

-

found ghatthe reproductivé{
\

llfe of\v1rgln females is, . longer in control cultur;é

'M

i o 4 o e




.

nematodes ‘that in a—-tocopherol supplemented females
: : . @(Table 15), suggestlng that early maturation leads to
an earlier end-of reproductlve life in virgin nematodes.

" The significant decfease in the length of the - q
- A p reproductive perlod and number of live offspring
produced by these pairs as compared with young palrs,‘
is not surprising since these nematodes mate late in .
their reproductive lives. Similar observations have

. been reported by Zuckerman (1974) in the same

¢ nhematode species, although his.stuéy showed a muche

T -

longer reproductive life for both male and females.

A s

SR . Thed® flndlngs are 1n accordance with those’ dlscussed

,

&

in previous sections. An-earlier maturatlon in
i3 ) . '

.

v a-tocopherol nematodes would be expected to lead to

" an early end os the reproAduc‘:tive period.

o~ " In addition to these findings, we showed that
\ . ’

- : .

“

»

CEF N R e e SOMIROORG, Be O

Zan

e
-~
~

{t

» senescing~contrdi\paﬁints‘produced a large number of

. ‘ .

S
-

- f - Ge

larvae that died befcre'mathration. ‘Dead 'F) ‘larvae:
’\\ -
- were not obser ed in sene501pg o~ tOcopherol cultures.

v

1f the .pfesence of dead larvae in aged tontrol

2 A
.

L

.
£y
.

Sk
1

- f
[} s

. cultdres can.be attributed to-a disorder: in the
; .. , e ,
- . . senescent germkgell offf the parents, as‘has beén A

N v N P o . S -~

e suggested by Begu Brun (1972), it is possible:
| uggested by Beg it ig S

v that:this disorder 1
] Ce .

'S

protein Qynthe51s mechanrsm 31nce th;s is an ’

.
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rélated to misfunctions in the s -~




.
A gng — O, .
SRR RN, I e S TS e e - e g
.

s ol

~/\\ "early litters and the reproductive.capacity of late

w———n s T

v a

éssential tunction for the production of viable offspring
(Lee, 1965; Anya, 1976). If this is the oase, it may.be
postulated that a-tocopherol-is able to prevent; or at

;' 1east, mask this disorder. Supplementation of

a-tocopherol to the grdwth media of Turbatrix aceti has

been shown to-have an effect on the patterns of enzyme
activities ln senescing nematodes {Bolla & Brot, 1975)
Comparisons between the reproductive capac1ty of
"\ litters, obtained from the same parents (Table 17), .

in both controf and a-tocopherol cultures, showed that

254

late control litters that managed to survive to reproductlve

age, had a 51gn1ficantly lower reproductive capa01ty

A

than the comparable'lltters cultured in g-tocopherol
medium. Late litters of control parents also showed a

‘ sxgnlflcantly lower reproductlve capacity than early

litters. Very late lltters {rarely produced in control

~

. \
cultures) were undble to reproduce, although no gross

,abnofmalities weré obhserved with iespect to maturation

(as seen under the light micro$cope).

It should be noted that litters (IV, W_VI) which
1n’prev1ous experlments showed an accelerated

maturation dld not show an early onget .of reproductlon

in this experlment. This might suggest that.although

Y

. embryogenesis and early gonadogeneais.agggayed to be
. . r., . . 3 - ﬁ oy
- . \ '

Tay T
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=
accelérated, possibly by the.influence of the parental

oobytes (Beguet & Brun, 1972), oogenesis and

.Y
zzéxvatogenesis might not have been accelerated.

-

Bugd%t and Brun (1972) found that spermatogenesis

was reduced in the'F, generation..

In examining the reproductive capacity of the

a~-tocopherol litters, I found that although ve&y lgte‘

‘1![tters in this group (XII, XIII) are able to reproduce,’

e

they show a somewhaf loﬁer fecundity (% fértilization)
»thaﬁ ghe early liéters in the same cultures. It should
be noted that the other parameteré of reproduction are

' also somewhat affected in the later litters kTablé‘l?).
The exact effect of a-tocopherol on late litters is .
difficult to interpret, due to ‘the interac£ion between

acceleration due to a~tocopherol supplementation, and

acceleration due to senescent germ cells. The fact

that these very late litters show a normal reproductive

' ' 7/
capacity, as compared with that observed in early
control nematodes, does indicate that a-tocopherol has
a significant effect on the mechanism that results in

A ’

Progeny with faulty reproductive capacity.

Although accurate measurements of the-reproductive‘

v

' cépacity of the prqgenyiof these 1@U3£itters (FZ)

,were not done due to low numbers, general observations
«

.indicate that their growth and méturatiqn were normal

- \ - N .‘. Ll

\'4 ) N 2
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.matugﬁtion;

: & L

in both control and a-tocopherol culture groups.

e

The following can )then be concludeé from this

particular set of experiments: 1) aetocbpherol

.

nematodes have a mean reproductive life that begins and
ends earlier as a result of an earlier mean -

' %
2) if mating is allowed as soon as sexual

PO ]

maturation is reached, a-tocopherol ensures normal
reproductive capacity in all litters.

I1f.the effect of parental senescence is to disturb
the regulatlon of the gametogenic cellular division in
the F, progeny (Beguet & Brun, 1972), and if we accept
the premis that this is a Eesult of a disturbance in

1972;

b

“ - X N
maternal oocytes {(Beguet & Brun, Clark &

Rockstein, 1964), it could be postulated that under*

.

- our experimental conditions a-toc0phefpl ensures. normal

vitellogenisis "in the maternal oocyte. Thie pgg;aigie
is further sdpperted By the fact that eﬁanges in

proteins
with age has been reported for this and other ge@atode

enzymatic activi%y and an increase in aberrant
v i

(Rothstein et al., 1974; Erlanger & Gershon,

species,
1970; Reib et al., 1975; Gershon, 1979; Prasanna,
1979). Furthermore, changes in enzyme activities have

N\

been reported follow1ng supplementatlon W1th

a- tocopherol in Turbatrlx aceti (Bolla & Brot, 1975).

I postulate _then that. even 1f a-tocopherol

256
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-acgelerated, possibly by the influence of the parental
oocytes (Beguet & Brun, 1972), oogeﬂé%is an : . [
. sbermatogene51s might not have been accelerated

(1972) found that spermatogenegis
N

‘Buguet and Brun

was reduced in the F, generation.- L,

' )

In examining the reproductive Eaﬁecity of the
a~tocopherol litters, we found that although very late . \
XIII) are able to&feproduCe,

i they show a somewhat Fower fecundity (% fertilization)

than the early litters in the same cultures, It should

be noted that the other paramefers of reproduction ‘are

alsd® somewhat affected in the-later litters (Table 17).

A

The exact effecd of a-tocopherol on late litters is

difficult.to inter\ret due to the interaction between' .

acceleratipn due to a- tocopherol supplementatxon, and ‘ /e

' /

acceleration due to senescent germ cells. The fact . /

- | that these very late lltters show a normal reproductive

v . capacity, as compared with that observed in early . "
control nematodes, does indicate that a-tocopherol has //

AL a significant effect on the mechanism that results in )
. ’ /

progeny with faulty reproductlve capacity. ,
Although accurate measurements of the reproductlve

- capacity of thelprogeny,of these late litters (F,)

- wé?e hot dong due to low numbers, general observations

?

indicate that their growth and matﬁratian were nprmal..
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69 * 4 days) lead these investigators to postulate a |

13

direct effect of antioxidants on the aging process.

‘Several reports have been published on the

 longevity of Turbatrix aceti under varying

experimental condiéions. &Publishéd results on
maximum longevity range from 48 days (Pai, 1928) to

ten months (Hennenberg, 1900). I found that under L

these experimental conditions Turbatrix aceti had a

b .
mean life span of 45 £ 29 days, a life expectancy of

58 days, and a maximum life span between 96 and 104

days. The weighted mean life span was 37 days.

The a-tocopherol-supplemented nematodes haa é’mean

life span of 64.4 + 28, a life expectancy'of'68~days,'- .

a weighted mean life span of 41 days, and a maximum |

life span of llZ-léO days. It shégld be noted that’

the valueﬁ that represent the.overall survivorship

are not in agreement with each otﬁer.: ’
The surviyorship curveglobtained from tﬂ;ee

replicate e#periments (Figure 24) indicate that thp °

di fffrence between the survivorship of control-cultured

nematodes and that of a-tocopherol-cultured nematodes

. is most pronouncgd during the early (0 ,to 30 days) and

late (72 to 104:'days) stages of the nematodes' life

cycle. Life téblés.obtained,from these data (Figures 27

a and b) support these observations. These figures,l
4. o F

.
+ 4
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indicate that control nematodes showed a_close to normal . :

distribution in the number of deaths per day (dx); a
% .
P distribution that would be expected in a senescing

.

) ) population (Lamb, 1977). o-Tocopherol-supplemented B ~

¢

st v o

- ‘nematodes, on the other hand, showed a more spread-out
distribution.

. A R . »

" Maximum life span (the longest-living nematode

in an éxperimental group) always appears to be . ;

lengthened in a—tocophe;ol—treéted cultures. Gershon’

and his co-workers: (1972) héﬁéﬂpostulated than an

L3
T R

extension of the maximum life span is %indicative of a

]

direct effect of a—toéophe ol on senescence. Due to

the low number of nematodes/ involved in this measurement,

. I felt that for'my purposes, the other parameters '

-

chosen to evaluate the effects of g-tocopherol on !

longevity would be more conclusive.
For the purposes of this discussion, the effects

of ‘a-tocopherol on longevity will be examined first in

terms of effects that prevent or delay early mortality

(death before 24 days), and then ‘in terms off ‘effects

., oy
that delay senescence or late mortality. I will |
discuss these separately because of the different 5

causal relations involved, Parameters used to

evéluatetthe overall mortality (weighted mean life ) T

) 2

span, life expectancy) are used to evaluate the

. ’
%

v
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a
. - . ‘ . ;
T, : 3 - : L f
, s . s
o
" s AP I e P " "y




¥

. effects of a-tocopherol on the bverall life span.

The results show that a-tocopherol decreases  the

incidence of early mortality. Two explanations for

‘early mortality can be advanced. One is that the

high ‘incidence of death is attributable to a stress

~

faator, either induced by handling, or due to changes

a

'in environmental conditions. The other possible
explanation is that early mortality is a result of ° .

congenital abnormalities, or abnormalities brought on

by a defect present at birth.

In exdmining early mortality in detail '(Figures 28

a and b) we found a'significantly,hfgher incidence of

early mortality in control nematodes than in a-tocopherol

nematodes. I also found a lafger variance among.the
Jfour control\guives {representing experimental éroups
isolated on four different days during developmentl

than among the four abtocopherol curves. The control

) .lrves showed a’ lower mortallty rate for the labe

v

isolation dates.’ This may be due to a difference ig
susceptibility to damage due to hﬁndling, but it is

more likely the result of not being able to count' the

number of nematédes which had died before isolating the

‘later groups. The 1ncxdence of early mortallty in

a-tocopherol groups was So low that there was no

significant difference between the ‘four isolation

\
i B aiden o At L




days.
e . }
‘a-Tocopherol may act by diminishing the incidence .
. of early.mortality either by reducing the incidence of
abnormal newborn, orx by protectlng young 1arvae .

against stress (or both). Normal v1tellogene31s is . | :

i
required to produce normal larvae (Anya,. 1976). -

° ’ ‘

Therefore, it could be that a higher incidence of é
.abnormal.vitellogenesis occurs in control cultures, " i

-and that a-tocopherol ensur%g that vitellogenesis will

¢

be normal. This effect could-be cof;elated with the

effect of a—tocophefol in preventing production of

n

dead larvae by progeny of old parents. As has beenA . '

mentioned above, the production of abnormal or de€ad

. »

larvae by senescing parents has been attrlbuted to
abnormalltles in the cytoplasm of the maternal oocyte'

(Beguet & Brun, 1972). I have no evidence to rulev

gut the possibility of an effect of a-tocopherol on a
nuclear mechanism.” The possibility of a-tocopherol

praying a role in the induction of a repair mechanism

has been suggested from its radiop;qtective effect

¢

(Dr. R. M. Roy, Personal communication).

The evidence presented on the effects .on early e
mortality of the supplementation and-depletion of ' . ,

a~tocopherol at various stages of the nematode's life

'

cycle does not allow us to draw firm conclusions in

.




this réspect.‘ Th?se results suggest that the éresence
of a—tocophe?bl in the gfowth media is required after
birth (post-mitosis) a{nd pos"s:ibly before. birth, in
order to reduce the incidence of eérl§ mortality in

Turbatrix aceti. Supplementation with g-tocopherol

immediately after birth did not significantly\reducg'
early mortality (Figqre’29b). On the éther hand,
removal of pematodes from oa~tocopherol media after
birth did sigﬂificéntly inérease the incidence of early
mortality (Figure 30b). The removal of nematodes from
a—toqophéroi media after ninety—six‘hours of age did
not resﬁlt in increased'eafly mortality. Furthermore,

o

a-tocopherol supplementation after ninety-six hours of

"age did not reduce the incidence of early ‘mortality.

These results indicate that there is a period between
twenty-four and ninety-six hours of age during which
a-tocopherol is requifed to inhibit early mortality. It

should be noted that this is the périgd when most active

cell growtﬁ‘and membrane synthesis. take place in these

. nematodes (Gershon et al., 1972), The effects of,

vitamin E deficiency on protein synthesis have been

well—documentedI(DinningliDay, 1957) and have recently

_been reviéwed by Catignani (1980).

In suggesting that this time period is the
14 .

grucial'oﬂg, wg'aie assuming that absorption occurs
\ . PR [}

o




° 1 . - -

£ (] ’ !
at the time of supplementatlon.“ It 1s p0551ble that

~ Al

supplementation ‘between birth and twenty-four hours of

ageémight’haﬁe had a significant effect had t;ese
young larvae been able to absorb this Iiéid fa;t
enough. Therefore, the fact that this group had a
hlgh 1n01dence of early mortality does not AeCessarlly
mean’ that o~ tocopherol is requlred before birth to '
have a significént influence in'this regard.

§

I found that there was .no significant difference
between the mortality rates‘of nematodes supplemeeted °
@ith a-tocopherol at tweﬁty—four and ninety-six hours.
I also found that control nematodes transferred to

control media at twenty-four hours. of age, showed

roughly the same incidence of & iy mortality as

control nematodes so transferred at“ninety-six hours.

These results -indicate that the depletion results,

which indicate a significantly lower rate &f early

mortality for nematodes}%;ansferred.at ninety-six

~

hours than for those transferred at twenty-four hours,

are due to the removal from a-tocopherol, and not due
[ ,

to+the difference’in'susceptibility to damage due to

transfer at these two ages. -

t

I found that .dietary a-tocopherol, shpplemented

a

1n the nematbdes' growth media for generatlons,

S

®

|
.delayed mortalxty in senescent nematodes.

Studies

P

v

.
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have some effect bn‘delaying the. dumulative effects

- (Gershon, 1972), that take place betwegen twenty-four . ;
. 5

.
-~ - ora b ey s oy

of °

of pa-tocopherol ‘supplementation and depletion during

va;ioue;stages of the life cycle have shown that ; S

g-ﬁdcophérol supplementation as‘iatelas thirty dayév

«

after birth had an effect in delaying late mortality.

The removal of a-tocopherol after ninéty-six hours

caused earlier senescence and death. .Thus, .

[ o

supplementation of a—tocopherol»ét any -stage would

.

-

that lead to senescence. The finding that :

supplementation at such a late stage.has such an .
. g - . .
effect rules out the theory that the action of ' .

a-tocopherol is limited tO»its'influence.on'development a g /

and cell division, particularly synthesis of membranes O

and ninety-six hours. Gershon et al. (1972) found i

that irreversible age-related damage was initiated at ,
< . .8 . -
a very early age in C. eIegaﬁs,-end that treatment with ,

a-tocobherol Q._delayed the effects that }eed to

ortallty. Thése investigators suggested that this P

y

age- related daniage could be attributed to damage of i g

cellular components*thﬁ vexry slow turnover, such as -

membranes, mltochondrla and the llke, and suggested , : >

that a—tocopherol Q. may play 'a role 1n\the,prevent15n' ’ -

€

of -this damage. - ' . | S

In summary,- then, the presence of a—tgfopherol ST e
o L o7 S T . '
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an-\v\mﬁ-:wmﬂ .-

translational level resulting in

\ \:

v ! \A v
in the nematodes' growth média between twenty-four and

. . ) . \ . .
ninety-six hours redddes the incidence of early
- . ! .

mortality. Whethef its presence before birth is

essential for this effect is not clear. ‘a-Tocopherol

v

appears to delay the processes that lead to

.

' senescence and mortality even if added to the nedia

as late as thirty days after birth. | These results

suggest that the effects of a-tocopherol, on both eariy

mortality, and mortality due to senescence, occur after

cell division has terminated.

Theése, suggestions are coqsistegt with a number of
aging theories presently available. Orgel (1963)
attributes the’phenoména of aging to an increased,
frequenéy of errors at either the transcriptional or

P .
the synthesis of‘aberranp protgin‘ﬁ%lgpules. It was
also postulated by thisuinveétigator tha€ the frequency
of these errors are very low in young animals, and

that it increases exponentially due to the increased

rate of accumulation of faults in the enzymes invclve%

in proteip synthesis. Orgel (1970) further hypothesized

Y

that once a critical level of faulty proteins is

o

reached, death occurs. Imblicit in, this theory is the

asgumption that miscoding is the main mechanism for
N

. - N P O .

cajusing randow dmino acid substltutlops, that leads

265
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to catastrophic levels of errors in the, last period of life of .

-~

the'cellsu. The exact threshold of the altered enzyme

activity which becomes catastrophic to éellular

functions was not clearly specified,

Large numbers of’investiéatiéns have led to a
érea; deal of controversy about Orgel's hypothesis
(Holliday, 1979; BairdeF al., 1975; Gershon, 1979). Altﬁough .
compleée evidence for or against this theory is not yet
available, this hypothesis has been useful in’
stimulating a great deal of work in this field.

Another theory, £he postranslational error theory
has been developed by Gershon and his co-workers (1979)

over the past dectde. These investigators have

recently postulated that the errors that lead to aging *

and cell death are most‘likely due to posﬁ—translational
deterioration of proteins rather than errors at the

/ ‘ translational or.transcriptionél lgvel. The exact
reagson for the accumulation of abberant proteins,
however, is not yét cleaf.‘ It has been postulated
that it could be attributed,to a defect in the
degradation éystem of these beerant proteins in old
animals either due to the inabiliéy of proteaées to )
recognizelaltered'proteins or a deterioration in the ) '\
degradation system with age (Comolli et al., 1972).

In agreement with these postulates are studies ‘ ©

;

-
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*aging on the stability of the .protein degradation .

by a number of investigators which showed an increase,

in the half life of a number of proteins in aged animals

| o

as compared to young animals (Prassana & Lane, 1979).

o .

Prassana et al. (1979) atéempted to assess the effect of
. . .

7 o

.

machinery in Turbatrix aceti. - In spite of their
(

’ [

utilizaéion of DNA synthesis inhibitors as a tool for
o .
synchronization, these investigafors postuiated that
the protein degradatioa system becomes dysfunctional
with age }n this'species. These investigators -

attributed the progressive accumulatlon of defective

nematode enzymes with age to a fault in this

mechanism.. ‘ . , )
L . N " o
Additional evidence relating to protein or <
, .
membrane instability in aging should also be considered
»

in atEempting to understand’ the role of a~tocopherol

in retarding the Qortality of Turbatrix aceti. . .

Lysosomes may participate in the aging process in a
(

ﬁ;mber of ways. Under normal con@itions lysosomal

enzymes play a rol? in the brakedown of intracellular

p;oteins and other material (Huang & Tappel, 1971). )
We have mentioned a deficiency in the'dééradation ‘

machinery that can possibly be attributed to inadeqdaﬁe 3

lytic activity wi;@in cells, cytoplasm and nucleus ¢ ‘

k3

and 'into extracellular spaces in anjimals of increased

/
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age (Tappel, 1965, 1968; Comfort, 1966; Packer,

1967) .

Unfortgnately studies like ours do not allow
distinction between these theories without biochemical
evidence. ig any event an?-of these eﬁplanations are
consistept with a number Bf presently known: theories:

that explain ‘how a~-tocopherol might delay aging.

7

Effects of a-Tocopherol on the Life-Shortening Effects

of Gamma Irradiation

The life-sHortening effect of irradiation has led
to a great deal of investig;tion‘by researchers
‘attempting'to correlate aging processes with radiation
damagé. In thé earﬁy 1960's, these findings led‘to
the somatic mutation theory. According to this

hypothesis, natural éging and radiation-induced

life-shortening are both due to damage in fixed

postmitotic cell (Curtis, 1963). More recently; however,

a large body of evidence, based mainly on studies on
nonrenewing éeli systems such as Drosophila and other
insects (Lamb, 1964, 1965), has cast doubt og this
‘theory.

Lamb (1964) suggested, that the long-term
life-shortening effect of ionizing radiation occurs

because radiation either accelerates the natural

~

(2



aging process or causes,precocious aging. Accelerated

aging occurred if radiation caused an increasgd in the
rate of thg aging processes thréughout llfe;d 5.
precocious aying would occur if the-ahimél aged |
rapidly in thé perf%d immediately after rédiation.

.. Maynard Smith (1966) and Lamb (1974) favoured the

~

accelerated aging.hypothesis, basing their conclusions
on:Urosthila'studics.‘ Blair (1950) suggested that
radiation injury caysing lifelshortening in mammals
‘is partly reparable, and partly irreparable. Lamb
(1964), proposed a model based on repargble {acute)
and irreparable {chronic) éffccts to expl;in the
radiation life-shortening effect in Drosophila.

In a discussion about the life-shortening’
effec{s of irradiation on animals without cell renewal
systems, investigators contributing to a 1966

conference on radiation-induced life-shortening agreed

irradiation-~

that somatic mutations play no role

-

induced aging in ipsects (Lindop & Sachker, 1266).
These investigators also Agreed that th¥s conclusion
does not necessarily have any impli tions for mammals,
The do;ages used to induce aflife-shortening effect in
in;écts are usually énormous, and probably affect
enzymes and ppotéins directly, bypassing\chromosomal
damage. In mammals, on the other ﬁand, the effects

©

® * . . ) I
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seem to bejéhlefly at the DNA or chr@mosomaf level.
Furthermore, theré 1S evideﬁce that‘in insecgg,

wmdose-effect curves show no shoulder, which inéicates
th;t~radiatlon.damage is strictly cumuiétive, and N\
that there is no repair ( Metalli & Ballardin '1966)

Anothé; examplg of evidence against the somatic
mutation theory in insects is the similar sensitivity .
to irradiation opserved in males and ovaryless females,
and in diploid and.triploid Drosophila females (Lémb,
1965; Lamb & Maynard Smith, 1964). These findings and
the fact that there is no direct evidence to date as
to why adult noh—cell—renewing insects die, have led
; number of invegtigators to suégest that enzyme | '
destruction 1s the cause of radiation-induced aging.
(Lindop'& Sacher, 1966). o |

In the survivorship studies, 1t was shown that

a-tocopherol delays the processes that lead to natural

senescence 1n Turbatrix aceti. . I continued the

investigation of this phenomenon by testing the effects
of u-tocopherdl on the life-shortening effects caused . x

by gamma irradiation. Since Turbatrix aceti is eutelic,

this organism provides a simple system in which some
of the effects of a-tocopherol can be tested.

The results show that the nematode Turbatrix aceti

is resistant to radiation induced aging. It was observed that

&
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that more than 75 Kr.:are required bef¢f;K;\\

¢

significant reduction in life span is observed

(Figure 31).

t

1f we agree with the explanations of radiation

w

effects described above, it could be suggested. that

exposing Turbatrix aceti to low doses of gamma

radiation has an immediate or reparable effect (DNA
level), and that higﬁ doses of gamma radiation produce
iFreparable’effects w;ich are more obvious because
they affect proteins, enzymes and possibly membranes.

In these studies, a-tocopherol was

added both before and after irradiation (Malick &

Roy, 1978), we observed that a-tocopherol after

irradiation extended the survivorship in nematodes .
irradiated with low doses. Supplementation after
irradiation appears to more effective in extending the
survivorship of nematodes irradiated with high doses.
The results also showed that at very low radiation
doses, nematodes treated with a-tocopherol after
‘

irradiation, but not before, had a hiqﬁér surviyorship
than non-irradiated nematodes in the same group. A
similar phenomenon has been reported in unicellular

o
animals (Horseley & Laszlo, 1971), and is thought'to

be attributed to induction in the repair mechanism or

"over repair" (Howard & Cowie, 1976). The exact

i o™
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mechanism responsible for this induction is not clear.

It was showh tg’t u—tocophq;ol appears to

make essential nutrients available, it could be
postulated that low doses of radiation stimulate the

synthesis of these essential nutrients even further.

It 1s curious however, that this phenomenon was not as clear

5

in nematodes which tfre sﬁpplemented with a-tocopherol -
before irradiatitn. ' This could be explained by the :

possibility that the beneficial effects induced by
\ : ) Co ‘

radiation are counteracted by detrimental effects

of irradiated o-tocopherol molecules, present in the

body prior to irradiation. ’ .

1f I correlate these results with those obtained
in Drosophila studies (Lamb, 1964, 1965), and speculate

that damage induced by high gamma °°Co radiation goes
o N ‘ - ,

past the chromosomal level to proteins, enzymes and

i

membranes in this nematode, then it cgould be poq{?ldted

from the results that the-presence of a-tocopherol in

., »

, the nématpdes' growth mediaiﬁefore,‘rather than after,

N N ' Y]
irradiation protects these proteins from damage. It
is difficﬁlt to exglain, however, why the irradiatga
a—toéoﬁherol molecules would not have a detrimental-
effegt at high dos§ges if they appeared detrimental

at low dosages. ' ' \

The fact that a-tocopherol added immediately .

it ah B LG TR ARACC W & e it S oo C
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suggests thab~u—tocobherol plays a role immediately
after irradiation if the damage is chromosomal, and
before #gradiatlon if the damage is at the prptéin

_of membrane level.

The results suggest that further studies, with

B} ' ¢
exposure to doses higher than. 10Q kR, would be re@uired

1

to be more conclusive about the effects of a-tocopherol

supplementation before and after irradiation. The

most conclusive evidence presented in this section is

i
phat nematodes of control orfigin have a higher mgrtality
rate at high gamma ®°Co radiation doses than nematodes

~of a-tocopherol origin treated with a-tocopherol after.

irradiation.
induced by damage to enzymes and proteins, we would
postulate that a-tocopherol slows down the aging

process by protecting thése molecules from radiation

damage.

Interaction of a-Tocopherol with Essential Nutrients

Present in the Growth Media

The experiments discussed so far have suggested
l . .
that a-tocopherol plays a role in assuring optimum

maturation in most of the population. In the next

- experiment, I attempted to determine whether

after 1rradiation shows a protective effect in mice

If irradiation-induced aging is indeed o

Q

273




a-tocopherol could be involved in synthesi;ing or
. ensuring the availébilgty of. essential nutrients for’
L

4

growth and -maturation in this nematode's grbwfh media,’
]

The question of the specific metabolic role of
vitaﬁin E remains the subject bf study and of
speculation. One cﬁrrent theory postulates a role }or
vitamin E in heme synthesis. - Dinning and Day (1957)
found that nutritional‘énemia occurred in vitamin E-
deficient monkeys. This evidence, and évidence aboué
oihér anemias found in vitamin E-deficiency in several
species (Majaj et al., 1963; Nafstad, 1965; Porter et
al., 1966; Murty et ql:; 1970) have led-.a number of
investigatorf to suggest that vitamin E may play a
role in the heme biosynthetic pathway.

In a study to elucidate the érigin af an a-tocopherol-
\Vdeficiency anemia in monkeyé, it was ﬁound %hat this
) species producéd large numbers of immature red blood

cells (Porter et al., 1962). Later investigations of'

the role of vitamin E‘in'the regulation of héme
synthesis have found that this lipid-soluble vitamin
is Capable of preventing, o} at least reversing a
number of anemia-related ‘symptoms (Majaj)gtfal.,
1963) . Nair (1972) has shéwn that vitamin E
céunteracts induction of hepatic ALA "synthetase and

ALA dehydrogenase in experimental porphyra. 1In a -

S
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more specific study, these investigators showed .that
vitamin ¥ specifically blocks induction of hepatic ALA

synthetase (Caasi et al., 1972).

‘The large body of evidence presently available has
B . ‘
led a group of investigators to Pelieve that vitamin B

plays a rol: in the regulation of heme hiosynthesis.
Nair and hisg co-workers (1972) pelieye that ajéocopherol
may control the mechanism of induction and repression

of the enzymatic steps involved in‘thé synthesis of ALA
and PW&. These are synthesize& by intramitochondrial,
and soluhble cytosolic enzymes respectively (Lehninger,
(1975). |

‘ A number of theorifs that describe a~tocopherol

as a rEgulato;y factor in biochemical pathways involve
functional componentS‘afsociated with a number of heme
proteins, such as cytocﬁromes (mitochondrial), CO-
bi;ding cytochrome | liver microsomal P-450), and
catalase (peroxide scavenger) (Caasi et al., 1972).
\Some investigators ‘have also shown that both vitamin
‘E-deficiency and aging result in a significant decrease
in four heme proteins (Caasi et al., 1972).

Contrary to these findings, other investigators have

associated anemia due to o-tocopherol deficiency with
non-maturing red blood cells (@inning, 1963), shortened‘

red blood cell life span ( Porter, 1962) and increased

f
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in vitro hemolysis {Rose & Gyorgy, 1952). Dinning

found that bone marrow RNA and DNA increase in vitamin
E-deficient monkeys, other invest&gators found thdt the

/increase in RNA was atgributed to decreased degradation,

and that the increase in DNA 1n bone marrow was due to

an increased rate of nucleotide synthesislgg novo. (Pollard

1960). Contrary to these findings, further research on />
the syntheses of DNA in vitamin E-deficient monkeys ~
>
indicated that the increased DNA in the bone marrow was
. 4 '

apparently the result of erythropoieses to compensate \

for the short lived red blood cells that result from

« . .
the deficiency of this vitamin (Porter , 1962), "How
: w
- \
a~-tocopherol protects these erythrocyte precursors is not -

clear. There is evidence however against a direct effeqgt

of vitamin E on the enzymes involvea in the heme pathway -
(Bartlett et al., 1974). _

The requirement of a heme protein for optimum'grow?h\
and reproduction by some types of free-living nematodgs 1
has been well‘documented (vanfleteren, 1974). It was khe
maintenance of Turbatrix aceti, together with the obsgrva—

‘

tion of optimized growth and reproduction with the sup-

élementatign of u-tocophergl, that led to the next \\N K
question in this study: does a-tocopherol ensure the . -
availability of an essential nutrient, or can it substitution
for this essential factor ? These results

show that total replacement of




D

HLE with, a-todopherol in the growth medium does not

~ ' 4

- allow maintenance of optimum growth and develoﬁment_éf

Turbatrix aceti. On the other hand, a-tocopherol “.
N . « N . " - . LY . .
’ appears to ensure the availability of the essential

graowth factor}with the addition of/minimal amounts of - \
HLE: .These concentrations of HLE in non-a-tvcopherol-
supplemented growth media 8#o ngot maintain gfowth and

reproduction. : . . 7 C e
' ' . A
. . The results also show that there is a crucial age

‘ ‘

) before which the presence of sufficient HLE of minimal

HLE and a—toggpherol is reqhiredxfor the maintenance

- . .

of a continuous culture. Furthermore, it should be

noted that the discrepancy in these ¢rucial ages

e
-

betweén control and a—tocophe:ol—cui;ured nematodes,
(96 -~ 72 hours) clearly indicates that this factor is

essential up to a certain stage of sexual : . . :

[ -

maturation.

-

Although a-tocopherol appears to ensure the

v

availability of the essential growth factor, whether : ’ .  5?;
. . , ‘ . ‘ %
by'prométing its synthesis or merely by ensuring its . .
i . N ' ) . 5
. availability, the mechanism By which this nutrient

i
is, made available cannot be determined ' from experiments

o of this type. From evidence preéently available on

~

the mode of action of a~tocopherol, a number of . : r

‘v

I . ) . . - ‘
possible explanations' could be made in light of these
- - 4 s - .

~
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findings. .One explanation is that while a~tocopherol

cannot induce the synthesis of the essential nutrients

o

de-novo with 6utchemically-defined media (soy pgptone,

yeast extract), it may promote the synthesis of

essential nutrients (proteins) in the presence of small

4

amounts of HLE. The possible, effect of vitamin E in

protein synthesis (other than heme synthesis) has. been

well-documented (Catignani, 1980).

A second explanation is that the role of
a~-tocopherol under these experimental conditions is
- ,
merely to ensure the availability of the essential

nutrieits. A number of possible explanations of how

Tk
this might be achieved can be postulated: 1)

-~

a-tocopherol may be affecting the permeability of

the membranes, thus increasing, oxr' perhaps 'decreasing,

the-flow of certain nutrients across the membranes,
anid therefore increasing the availability of som% of
h& O

th re favored nutrients (Lucy, 1972). . 2)

N

* , .
Alternatively, a-tocqpherol may act as a carrier, oOr

vector, of essential molecules redquired for the

maintenance of Turbatrix aceti cultures. One of the

theories about the molecular make-up of/ the growth

factor postulates that there are two essential parts

. * ) )
.necessary for optimum maintenance of a number of
»
free-living nematodes in axenic medium: i) !
' b
. < ;
& '4____________________;:------Inlil
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- a heme protein, and 1ii) a lipid molecule (Hieb &

Stokstad, 1970; Vanfleteren, 1974)., It is thought that

the latter, or, a third component of the growth factor
may act as a vector in the transport of a protein

molecule to the cells (Vanfleteren 1975), 3)

* [3

a-Tocopherol may be making small amounts of proteins

available by reducing the, competition of other proteins

for specific sites, by altering their composiiion

(possible antioxidant effect; Corwin & Schwarz, 1963).

it ’

These bostulates may or may not relate to the effects
of q:tOCOpherol on heme synthesis.

. @The data obtaineé.from experimehts in which we
measured the reproductive capacity of nematodes
cultured in stale media (Table42 ) may have some

implications for the findings we discussed above. The

results showed that nematodes cultured in stale

I
Q

a—toc&pherol media were able ‘to maintain a continuous'

population, whereas in the absence of a-tocopherol, .

" nematodes failed to reproduke. %;;cén be postulated

from these results that‘a—toispﬂérol ensures the

availability of nutriezzi;ﬁfbm denatured proteins, by

inducing a protein syntfiesis mechanism, or By
Ve

%

- ° :
preventing the proteins from lgsing their nutrient

)

value. 1In any event, it appears that a-tocopherol

has” an ef;zéf on the growth of these nematodes. It..
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is not elear, however, whether it affects the cells
directly/ or whether this effect is mediated via a
nutrient in the medium, k

A nﬁmber of additional points may be‘gf interest
té the discussion of these results. Recent studies
have shown that heme may play a major role in the
regulation'of globin protein synthesis in nematodes L
(Adamson, 1971; Datta, 1977). ::The regulation of
protein synthesis by hemin is thought to be of great
iﬁportancg to nematodes during early embryogenesi§
a?d molting (Smith & Lee, 1963). The hemin moiety,
is also thought to be used for the synthesis of
cytochromes needed in largg amounts by the developing
embryo and larvae (Cain, 1976). The role of this ) -
molecula'in the male, howeyer, is not clear.

Since. previous experiments have indicated that
a-tocopherol has an effect oﬂ embryogenesis ang

¥

molting with respééf to maturation, it might be W]

. . ! ' . v .
interesting to speculate that there is a connection

between the effect a~tocopherol has on the availability

.0f the heme molecule, and the effects a~tocopherol has IS

’

on maturation. -« . . . A

.The purpose of this study was to test the effects
of a-tocopherol on a simple in vivo system. It was

hoped to avoid the pnéblems associated with more

L4
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complex in vivo systems, and in vitro systems. A great:
- . L]

.deal of the present controversy abbut vitamin E is
<

the result of early étudies on its effects an major
physiological mechanisms ip cbmplex in vivo éystems.
The complexity of the animals used Has caused mucs
confusion, and has prevented determination of the exact
mode of action of vitamin E. I cﬁbée a simple animai,
and used the appfoaches of earﬁy:investigators, along

» ' —t
with the wealth of knowledge now known §bout this

vitamin to attempt to clarify some of this confusion.

the results only allow us to understand how some of

3
J

. “the early studies came to their conclusiohs, but they

do not allow us to conclude whether a:tocopheroi hasg -a
diréct effect on these physiological functions-ér
whether the effects observed are mediated\by the
effects of a-tocopherol on another molecule or
‘Structure.

I conclude tﬁat this free-living nematode is a
good in uvivo system for morphological aging stuéies,
but unless the problem of ;ynchronization is overcome'

"it does not apPpear to be ideal-fof aging studies that

lnvolva-functional problems. ‘ ’
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and maturatlon; which in turn led to an lncrease

- ) . .o 282,
" SUMMARY -

¢

.

I investigated the effects of - a-tocopherol

on some of the major physxologlcal funcf&ons '

of the free-living nematode Turbatrlx acetl.‘ Tt .

[

was ,shown that a- tocopherol supplementation in "

LN

this nematodes growth medlum ensured oPtlmgm growth ’

¥ -

in reproductive'capacity. It was’ alap shown that when

the nematodes' 'growth medium was supplemented w1th

this . lipid, it resulted in an lncreased life span

)

in both irradiated and non-irradiated nematodes.

]

The results‘present ample 'opportunity

for generalization about the effects of this vitamin [

‘on fertjlity, life span and aging. The stage of

development at which o-tocopherol influences the

majoxr physiological functions in this nematode .

>

remain to be determined. °. - AN

+
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o S , " PLATES 1,2. Photomicrographs showing embryos
. : ‘ ; .at vdrious stages of development,
in an o-tocopherol-cultured mother.
. ‘ . The numbers 1-7 indicate embryos
: L o —e— -—at’ increasingly later stages of.
. . development. (i), intestine; *(u),
¢ . ' uterus. .
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Photomicrographs showing larvae
(control)which have been removed
prematurely from their mothers.
(3), normal; (4), dead.
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: ‘e . - characteristic is the shape. (5),
oo . ' control (female); (6), a-tocopherol
I N ~ (male). Note the droplet like particles
' i : . . o in the area where the spicule will
T - - .+ ' develop in the a- tocopherol worm
i o ° : . (arrow) . .
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PLATES 7,8,

P L R I
- 0

Photomicrographs of 5 day old larvae.
Note ‘the difference in gonad develop- -
ment, between the control larvae (7).
and the a*tocopherol larvae (8).

(ov) , ovary; (pc), ‘gonad precursor -
cell. , . ' ,
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Photomicrographs of 6 day old
larvae. , Note the difference in

.gonad development between the control

larvae (9) and the a-tocopherol larvae
(10). (t), testis; (pc), gonad
precursor ce&&; N
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PLATE 12. Photomicrograph showing various
- zones of the ovary of a young

female.
gonadal cell.. (ge),germinal
zone; \gr),growth zone.

~PLATE 13. Phptomicrbéraph showihg various -
: zones of the testis of a young

. male.
‘ growth zone;

s >
N,
N
<¢
Note the well defined- o
|

(ge) ,germinal zone; (gr), ..
; (s),spermatid. :

Stain: methylene blue; no fixative.
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PLATE 14. Photomicrograph showing cocytes produced
by a young control female before the
~ seeond meiQtic division.  (¢), cytoplasm;
R () » Auc i (nu), nucleglls. . .
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PLATES 15,16. Photomicrographs showing oocytes
‘ produced by an a-tocopherol-
. cuktured female. (15), early stage
and, (16), late stage of vittelogenesis.
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. ifference between ococytes extracted
‘ ) ’ from a ten day old control female (17),
’ and a ten day old o-tocopherol- e
treated female (18). Note that the ¢
: ’ cytoplasm ]c),.nucleus {(n) and ' |
) . nucleolus (nu) are not as well- ‘
. defined in the control cells as in
. N . the a-tocopherol oqcytes.
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. PLATES 19,20. Photomicrographs showing the

- e . . .
* of vitellogenesis of the ovaries
of a control female (19) and an .
. a-tocopherol-treated female (20) . .
. T of approximately equal ages.:'
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PLATES 21,22., Photomicrographs showing the
, difference between the vitel- ,
logenic zones of the ovaries of
a control female (21) and an
a-tocopherol female (22) at the
. end of their reproductive periods.
. . Note the diffprence in the cytop- g
) lasmic material between the control -
oocytes (c) and the a-tocopherol g o Cot
(c). ' S ’ :
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. ovary of an a-tocopherol-treated i
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Photomicrographs showing the’
difference between the ovarian
walls of a seénescing control
female (25) and a senescing a-
tocopherol female (26). Note *
the large number of lipid-1like
particles in the a-tocopherol
ovary (arrow). . ‘ ) .

-~




P s e

NS

o

‘ ¢
o
™ ' !
~— .
-
B .
.
' . R
.
B %
. . 5
i
.
et
LA
B
«
«
.
. -
o
-
.
) -
o
s
;
¥
3
L il

3
.
)
a
s
¢
4
Ay
»
’
’ L
’
. ) v
' .
‘.
°

Bty o e

.

R

> e rn G crn”

[P

R




- v T -
. o G e p - s P o - 3
- o
.
f
-t
¢
& .
.
.
p——
[4
. u » / [
. .
) , .
. i v 3 - '
° ,
. o
. 344
’
a y 5 \ v .
a - 4 - ‘
B
.
N ' -t
- ! .
° -
' ~
o1 k -
; ' :
°
!
4 ¢ o -
.
E ! i
L]
¢ ‘ ! ) B
] . ~ R
. . '
- N -
.
; . o
.
v Al O ' -

PLEERIRETIRE
a

[

. ‘o N *  PLATE 27. * Photomicrograph of the growth .
: zone of the ovary of a senescing E

[ . control-cultured female. (c),
. ) cytoplam; (n),nucleus. - ' .
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Photomicrograph' of an egg-produced
~ by a control female ‘showing the
sperm penetrating the egg membrane.
_ Note the, granulated cytopfasm.
. (n) , nucleus; (s), sperm.

PLATE 3l.

~

32. ¥ Photomicrégraph of a fertilized - .
- egg produced by an’ a-tocopherol : .
< treated female after hHaving gone
« through a number of cell divisions.
. “‘(é),qytoplasm; (n) ,nucleus; ’
> (er) ,chromatin; ,(sQ),somatic cell
Stain:methylene gluew

. _(8) ,sperm.
' Lo »no fidxative.
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PLATES ‘33,3‘1. Photomicrographs showing the
: - difference béetween fertilized -
. eggs produced by an aged control
o K female (33) and an aged a-
\ . - tocopherol-treated female (34). .
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