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.Inclusion of vitamin E (dl—d—tqbdéhéfol);iﬁtthe cultu#e médium for
“human diploid cells greatly prolohgéfghei;“in vitro liféspan.' The addition
of lOb Hg of dl-a-tocopherol pervml Sf mgdiuplﬁas'ai;owed us fo culture
WI-38 cells for_more thah 100 popﬁlgﬁiqnﬁdoué;igés té'qéte. (These_célls
normaliy have an in vit;q lifespén éf Sd.i:lo;popu;aﬁion doublings). Cells
at the 100th popﬁiation doublingvh@ve a'nof@gl diploid kéryotype, appear
to bghave in g;ljbther réspects ;ike young Wi738 ceiis‘and aie still
actively dividing. We }ﬁterpret:thié'resﬁlﬁras support. for the free

radical theory of aging.
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. IﬁTRODﬁCTION

The finite llfespan of human dlplold flbroblasts in culture has
attracted attentloa since the proposal by Hayfllck and Moorhead (1,2)
.that,such a system may serve as a model for cellglar aging. For
exaﬁple, morthLOgicai and 5iochemica1 chahges:hdoe been observed to
occur aufing the lifespan of these cells in culture.(3). and electron -
microscopic e#amination has revealed'an increase in'the oumber of lysosomes,
electron dense re51dual bodles surrounded by membranes, and amorohous
insoluble dep051ts (cf. studles of Crlstofalo and Llpetz (4); Robbins
et al al (5)) More recently, Deamer (6), using ‘1uorescence microscopy,
has demonstrated large 1ncreases in diffuse and partlculate fluorescent
material in cultures'near the end of their in vitro 1ifespan. Evidence
invoked to sup?ort the hypothesis that cell death in this system is
relevant to aging in viﬁo has come froﬁ studies showing an inverse corre-
;ation between the age of the doﬁor'of skin fibroolasts and the 1ifespan
of these celis in vitro (2,7). |

WI-38 cellsvcoatain extractable amino‘iminopropene substances, known
. to be formed as a consequencevof oxidative damage_orocesses that lead to
crosslinking reactions.(a,s).’ In thishrespect, Harmanfs-prooosal of
'several years ago, that free radical-mediated reactions midht contribute
sxgnlflcantly to, the aging process (10), is of 1nterest, particularly in
'llght of  recent ev1dence that antioxidants, known to inhibit free radical-
~mediated reactions, effectlvely increase the llfespaa of organlsms
in vivo (ll,lé). Aatioxidants also inhibit the accumulation of lipofuscin
- (age pigﬁent) in various tissues (13,14,15)., Nevertheless, convincing
evidehce that free radical-mediated'reaCtions are'important in aging

- processes of human cells has hot vet been reported. On this basis, we



have chdsen to Study the effect of vitamin E, a unive:sél, natural
antioxidant, on cultured WI-38 embryonic human lung cgllé. Comparéd té
other systems used to investigate aging processes, thevhuman diploid‘lv
cell system is relatively simple, and iﬁs_immediate cellular environment
is easily ﬁodified. Vitamin E presumably acts to terﬁinate’peroxidatioﬁ
reactiqns in\cellular'membranes (16)} and‘its basié biological function

seems to be to terminate free radical reactions.

MATERIALS AND METHODS

Cell Culture. Starter cultures of WI-38 éells.obtéined from
Dr. Hayflick's laboratory we%e‘cgltured iﬁ Eagle's Basal Medium‘(Hanks'T
salt) that contained 10% fetal calf serum (Pacific.Biologicalé Co.,
Berkeley, Ca.) and So.ugvaurgomycin per ml {(Lederle Labdtatories). -A
single lot of fetal calf serum waé usedlthroughout these experiments.
This lot of serum was screened for viﬁal contamination.by Pacific
Biologicals Co. and found to be uncontaminated. The cultﬁre conditions
and subcultivation procedures have been described previously (1,17). 100 mg
d;-a-tocopherol,:vitamin E, in sealed sterile ampuies from Sigma Chemical Co.,
‘'St. Louis, Mo. (or Eastman,Organic‘éhemical Co.), was added to 100 mi basal
medium that écntainéd fetal éaif se;umﬂand homogenized in a Waring blender for
30 sec. Thisvprocedure resul;ed in a crude sﬁspension of dl-a-tocopherol in
the mediuﬁ which remained tu?bia for 3 to 4 days. Tocopherol—containing'medium
was used immediately after preparétion. The toc0phe£61 was added directly to
tﬁe‘medium ih oxrder to ;void possible complicéti;ns due to the additionv
of oréanic solvent# to the systeﬁ. ;The'culturé medium was unchanged for
one week, after which time the cuitureé wefe gplit 1:4 or 1;2 and were
given fresh medium that contained theAappropriate concent:atiqn of

dl-a~tocopherol. At each subcultivation the cells from duplicate flasks
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. of'both“céhtroliand‘tieated’cuiture.were trypsiniééd and counted in a
Coulter Countef (Coulter Eieﬁtroﬁiés, Inc., Hiéleah, Fia.)} and ﬁhe
number of Célis pgricmz of growth suffécé calcplated.' éﬁé population
b"doubling level was estimated by adding'z populétio; doublings at each.1:4
split or 1 at each i:2 sélit. Whenlgultﬁres.woulavhdrloﬁger grow into

a confiuent moholé?er,of celis Qithin three Qéeks after a 1;2 spliﬁ when
fresh medium}was adéed each week, the cultures were'designéted as Phase IIT,
i.e.,lat'tﬁe énd of their lifespan’in vitro. ,Con;rdi andlexéerimehtéi
cﬁitu;es‘wére'tested périodically_forImycoplasmé cohtamination'(tééﬁs'
perforﬁed by L. Hayflick; StanfofdrUnivefsitYS éndeeré always found £o
be negéﬁive."? | |

Labeling Index. The percentage of cells synthesizing DNA was determined

essentially by the method 6f Cristofalo and Sharf (13). Cells'we}e planted
4 4 2 - 2 : "
at 1 x 10 or 2 x 10 cells per cm in Falcon 25 cm flasks, and 0.5
uCi/ml[3H]thymidine (specific activity, 20 Ci/mmole) was added.24'hrs after
planting. Thirty hrs after addition of [3H]thymidine,'the culture medium
' ’ . o . X ) ++ ++
was decanted; the cell sheet rinsed twice with Ca - and Mg ~free
phosphate buffered saline, fixed for 5 min with methanol, and washed once
with methanol. The cell surface was coated with nuclear track emulsion
(type NTB, Eastman Kodak Co.), e#posgd for four days at 10°C, developed
in Kodak D-19 developer, and fixed in Kodak rapid fix.. A light stain of
hematoxylin was used as a nuclear stain. The percentage of cells that had
synthesized DNA was determined by countihg at least 200 cells per flask in
several fields taken at random over the surface of the flask. If a cell
had at least 10 autoxadiographiq grains over the nuéleus, it was scored

positive for DNA synthesis (backgrouﬂd was 1 to:21Qrains per nucleus).



Karyology. Cells were prepared for chromosome analysis according to

standard methods (10,18). Karyotypic analysis was performed by Dr. A. Mitchell,

Stanford Research Institute, Menlo Park, Ca., and subjected to the test
for normal human diploid karyotypé set ‘down by the Cell Culture Committee
[1969 (19) and 1971 (20) meetings] to determine suitability of human cells

for vaccine. production.

Thiobarbituric Acid-Reactive Material. The concentration of intra-

cellular lipid peroxidation products was estimated>by the reaction of

thiobarbituric acid (TBA) with malondialdehyde, accbrding to a modification

of the method of.Barber (21). Culfureimedium was reméved and the cell
sheet was rapidly washed thrée times with ice cold Ca++; and Mg++—free
basal salﬁs. Three ml of 5% trichloroacetic acid were added to the cell
sheet. .Cells were sc?aped from.tﬁe flask and then homogenized in the :

, trichloroacetic acid. To the homogenate, 0.5 ml 0.75% of thiobarbituric
was added, the sélutioniwas boiled‘for 15 min.,”co6led»to 4°C and the
suspensions centrifuged'a£ 800 x g for 10 min to ?emove the precipitate.
The absorbance_ of the Supernatant at 532 nm was taken as -an indiéation
of thevpresencé of thiobarbituric acid reaction material. Total cellulér
protein.wéé estimated accotding to the method of Lowry et al. (22).

Detection of Fluorescent Damage Products. Fluorescence microscopy

was carried out as described by Deamer (6-8).

Incorporation of dl-o-tocopherol. Dl—a—[3HJtocopherol (Amersham-

" Searle) was mixed with unlabeled tocopherol (final specific activity,
200 uCi/mg) and added to the culture medium as described above. ‘The

[3H]tocopherol—containing medium was added to confluent cultures. After
one to two days of treatment, the medium was removed and the cell sheet

' , . . ++ ++
washed five times with Ca - and Mg -free Hanks' balanced salt solution.
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The cell sheet was removed by scraping, then sonicated for 1.5 min in

++ ’ ++ ' :
2.5 ml of Ca - and Mg -free phosphate buffered saline and an aliquot

. of the homogenate was centrifuged fot'20 min at 800 x g to sediment

unbroken cells and large debris. The superna;aht’Was centrifuged 45 min

~at 100,000 x g.:  The culture medium, wash solutian,icell homogenate,

supernatan£ fractions, and fesuspended 100,000 x g.pellet were assayed for

tritium content in 2 ml of BioSolve (Beckman Instruments, Inc.) to which

was gdded 10 ml scintillation fluid.

~ Environmental Stress. Visible light treatment - Confluent cultures

in 25 cm2 flasks at the 25th population doubling level were exposedvtO'

1000 foot candles in the visible light range (400—690_nm) at room temperature

(23°C) for 20 hrs.. During illumination, the growﬁh'medium in experimental
and-contrél cultures was replaced'by Hanks' balanced salt solution with 5%.
fetal calf sérum'to eliminate possible‘phdtdsensitiéaﬁion by the vitaminé,
amino acids and phenol red dye'pfesent in the growth medium. Control
cultures were kept at room temperature while the experimenﬁal cultures

were illuminated. Immediately after illumination, the medium was replaced

and the number of cells per flask was deterﬁined 24 hrs later.

Growth in the presence of high oxygen concentration:-'Cultures were

prepared as described above except that the caps of the flasks were left

loose to permit equilibration of the atmbsphere of flasks placed inside

-desiccators containing higher oxygen concentrations. - To prevent medium

evaporation, a reservoir of water was used in the desiccators. The
appropriate atmosphere was introduced from compressed air tanks (Liquid
Air Corp., San Francisco, Ca.) containing either 20, 40 or 60% oxygen,

S% carbon dioxide, and the balance nitrogen.



RESULTS

Cell Proliferation. The effect of dl-a-tocopherol on the long-term

:proliferation of WI-38 cells in culture is shown in Fig. 1. 1In parallel‘
subcultivation series (which originated‘from a single'stéiter culture)

in which two.different concentrations of tocophérol were“employgd (lCOIUg/ml
énd 10 Ug/ml).in the medium, it was observed that the cells grown in the
presénce of tocopherol from the 4Sth population doubling level (PDL) |
consisFently had.a longer lifespan in vit?é_than the coptrol cells. Thg
control cells rééched Phase III at the 65th poéulation doubling wﬁile-the
treatedACells wgre apparently_héalthy and were still capabie df.grqwing

in culture despite the'fact that they had been subéultiQated for.mére

than 100 populétion doublings (Fig. 1).

After the cultures grown in the presence of 10 and 100 ug tqcopherol
per ml medium hadvreached the 73rd pobulation'doubling level,:tocophefbl
was‘removed from‘the medium and the cells were grown in tocopherol—frée
medium. These cells haveAundergone 95 to 100 population doublings aﬁd’
are.grcwing asvwell as those which have been continuously cﬁltured in
tocopherol medium since the 45th.populatioh doubling level. Thus, a
relatively bfief period of growth iﬁ tocopherol appears to have a long-term
effect on cell proliferation. | |

From éutoradiographic analysis, performed at evefy second populaﬁion
doubling from population doubling level 85 to 97 on cells continuously
exposed to,toéophérol, we consistently foqnd that 95 * 3% of the cells

were capable of syhthesizing DNA betwéen the 24th and 54th hour afterx
subcult;vation. According to. Cristofalo apd Sharf (23), this result

—suggests that these cultures have about 70% of their in vitro lifespan

remaining.
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The p£oportion_of(ce;ls that attgched to the g#ow;hvsp;face at
subgultivation Was'determined by trypéiﬁizing and gguﬁting the cell
._suspension wifh a Coulter counter foflgbntrol cglls and for éells grown in
: lOd ugvtocopherol per ml medium at 8'hfs afte;rplaﬁting for foui consecutive
1:4 subcuitivétigns. About 40% of tﬁe conttél cellsvattachedf while
about 30% of_the:tocopﬁeroI éelis attached atveaCh'subcultivation, indicating
that‘the‘ingfeased number of population aoublings observed in tocopherol-
treaﬁﬁd culturés is dge to an increased numbe; of cell divisions rather
than é deqrease in éell loss upon subéultivation.

The groﬁth of cells at the 20th population.doubliﬁg in various
.congentrations of tocopheroi is shown in Fig. 2. bNo éffecﬁ‘on growth raﬁe
or saturation density was cbserved at the concentrations of tocopherol
used in this‘gxperiment. Howeyer, an inérease in the time between
subcultivation and the beginning of cell diviéion was §bserved_with.100
and 300 ﬁg tocopherol/ml of mediﬁm. Hence at the copcentrations oé
tocopherol.used for long.term growth experiments,li#ﬁle effect on t@e
short term growth of'wI—38 cells occurs. |

Normalcy of WI-38. Cells with Increased Lifespan. Tocophéiol treated

' cells were>subjected to a number of tesfs afterrthé‘85£hqupul;tiqh
'doubling level to determine whether they met criteri; for normal rhuman'
cells. Cells whi;h héd been cdntinuously treated With.100>ug tocopherol
per ml nedium exhibited density dependent iﬂhibitién of'proliferatién
expeéted for néfﬁal WI-38 cells és shown by the g:bwth éurves bf tocopherol-
. treated cel;§ at the 95rd popul#tion doubling level and control;cel}s at the
25th population doubling ievel (Fig. 3).. | ‘
Tocgpherol;treafed cglls were subjected to karyotypic analysis'at'thg

85th and 100th population doubling level by di:ect‘microscopic analysis 6f
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chfomosome preparations. In addition, the 100th populaﬁién doubling level
.culture was subjecﬁéd to more étringent énalysié, requifing photographic
reconstruction of 20% of the chromosoﬁe "spread;f examined. Table I
summarizes the karyotypic data from these two anal&ses.  Both cultures
bhad a normal human diploid karyotype.

Cells at the 100th population dqubling level'met ali,the exacting
criteria for normalcy set down by fhe 1969 meeting of thé'Cell Culture
Commi}tée (19) with modification from the 1971 meeting (205."

Cells from the same subculti&atioh series were‘tested fof the presence
of SV-40 tumor éntigen (SV—4O T-antigen) and showed no indication of
SV-40 Erahsformation according to this criterion. 'Whep tested in parallel
with the focopherol—treaﬁed WI-38 cells, cells known to be transformed by
SV-40 gaQe positive T?antigen reactions.

Examination of tocopherol-treated cells by light microscopy after
more than 90 population doublings revealed that these cells manifested
the same properties as young cells in_ﬁerms of size, shapé and pattern

of growth (24) (Fig. 4).

Incorporation of TQCOphefol iﬂto the Subcellulér Fracﬁion. To determine
whether tocopherol added to the medium in the manner described above was
incorpbratea iﬁto cellular organélles, we followed the fate of tritium-
labeléd tocopherbl mixed with unlabeled tocopherol. .About 85% of the
tocopherol was lost from the medigm because cf adsorption to the sides of

‘the flask and formation of a thin film of tocopherol oh:top of the medium
within the first 24 hr. When 100 ug of.tocopherol was added per ml of
medium, about 0.5% of the tocopherol remaining in the medium was incorporated
‘iﬁto cellular organelles klOQ,OOO X g pellet after sonication). This is

equivalent to 2-3 pg tocopherol per mg cellular protein.
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Profection Against Oxidétivé Damage by Tocopherol, If the mechanism
of dl—q—tpcopherol in prolonging celiular lifespan;is due to its action
as an antioxidént, it sﬁould prevent accumulatioﬁ qf oxidative damage to
medium consgituen;s or to cellular cémponénts. To test this, WI-3Q cells
Weré examineq-fof the presence of thiobarbituric aéid rea;tive mateiiél,
indicétive of the formation of ‘malondialdehyde, a hydropéroXide decomposition
product 6f”polyunsaturated fatty aci@s. Inv§ typicélléxperiment control
cells showed O.7vt6 1.0 and tbcopherol'tfeated ée}ls'O;OB to 0.5 nmoles
of thiobé;bituric‘acid'reactive.material per mg'protein. Exéminationiof
cells growh in the presence of tocopherol by flgofescence microécoby>
(Fig. 4) :evéaléd’the‘virtuai absence of'the fluofeécent material shown
by Déamer (6)¢£o be>associatéd with non-dividing cells.

Protection by dl—a;Tocqpherol Against Environmental Stress. To further

evaluate the potential protective action of dl—a-focopherol on WI-38 ce;l
prolifération, experiments were designed in which_thé.cells were subjected
to acute environmental stiéss'by raising_fhe oxygen tension ana by illumina—
ting with visible light. It is generally agreed ﬁhat such environmental

¥ .

stress leads to free radical production and subsequent oxidative damage by

peroxidation.

Treatment of WI-38 cells with visible light decreased the number of
viable cells in éultures without tocopherol by 90 t 5% éomparéd to
V unirradiatéd cultures. " When 1 mg tdcophérol'per ml ﬁgdium‘ﬁas preéent in
the baiadqéd‘éélt 56;utién, the decrease in the numbér of viable cells was
only 30.i 10%;j The-nuhbe? of viable cells in conﬁrol cultures was not
décreased by standing at room temperature in Hanks'balancédAsalt solﬁtion
+ 5% fétal calf serum for 20 hrs.

In other experiﬁenﬁs;‘we observed about 90% inhibition of diQision

rate when cultures were placed in. an atmosphere composéd of 40% oxygen,
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55% nitrogen and 5% carbon dioxide as compared to control cultures.grown
in 95% air and 5% carbonrdioxide. The addition of 1 mg of £bcopherol‘

per ml of medium resulted in a partial reversal of this inhibition to about
50% of the value obtained in 20% oxygeﬁ without.addedvtocopherdl. No cell

growth was obtained in an atmosphere of 60% oxygen.

DiSCUSSION

Hayflick!(l,Z).has proposed that normal hpman fibrébiasts in cell
culture are capable.of a finite number of'aivisions_wﬂén cultured'in an
adequate envifonment. However, we have been able to grow WI-38 cell
cultures to 100 population doublings in the presence of 106 ug of dl-a-
tocopherol per ml medium. Throughout the entire course of these éxperiments
WI—38 cells were the only cells cultured in our laboratory, thus e;imin;ting
the possibility of contamination by other cell types.  At the 100th
population doubling levél, £hese cultures still have the'normal karyotype
and are still groWing as rapidly as cultures at the 20th population doubling
level. These cultures also exhibit normal deﬁsity dependent inhibition of
growth and mérphology. They do not possess the tumor»antigen of SvV-40,
‘which is the only virus known to permanently transform these cells. The
_percentage of cells capable of synthesiéing DNA is equivaiept to cultures
with more than 70% of their in vitro lifespan remaining (23). According
“to this criterion these cultures are expected to‘undergo many more population
doublings before reaching Phase III. The experiments‘reported here suggest
that in an appropriate environment, human fibroblasts may be capable of a
very large number of divisions, and perhaps an indefinite number.

Previous attempts to extend fhe lifespan of human fibroblasts in vitro

utilizing high serum levels in the medium} continuously perfusing the medium
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.. or adding ﬁydrbéoftisone have h;d only limited sdcééss.‘ 1n:noné of these
éases doeS'a:sbecific_explanation exist for the effecf Obsefvéd_(see review
by Cristofaio (25)).‘_1n one instaﬁcé;'hiéh.levels of‘bovine serum albumin
added to ﬁhe medium.increased the lifespan‘éf‘sevéfalvstrains of fibréblasts,
including somevqf human origin (26);.it may ﬁe pfoposéé that.the bovine.serum
~ albumin moieCﬁleé scavenge free unsaturated fatty ééids}feleased from phospholipids.
This explanatibﬁ is consiséen£ with the‘resuits repofﬁed here éhd Qith the
'dire%t correélation betweeh dietary vitamin'E gnd-unsatufatea fatty'acid'i
levels (27).

"Itiis generally accepted that tocopherol e#erts its protective action
by inhibiting}oxidétive damége.- Tocopherol is'preférentialiy par;itioned'
into the hydrophqbic'areas of mgmbfanes where this éubgtanée comes in clése
' proximity to the unsaturated fgtty chains of lipids to stabilize éhe
membrane (28).. The medium in wﬁich certain typeé ofihuman cells are
.QSdally cultured may con;ain inadéquate quantities of natural antioxidant§,
i.e., a vitamiﬁ B'deficiéhcy may exist. Normél’levéls of Qitamin E in
human and bovine plasma are about 15 pg/ml. Our culture medium sﬁpplemgnted
with ;0% fetél calf serum contains at leastvlo-fold~lqwer levéis of
vitamin E. Thﬁs; enfiéhment of the culﬁure medium with dl-a-tocopherol
probabiy brings the level of this vitamiﬁ into the physiological concentra-
tion rgnge’for plasma. The_efféétiveness.of vitamin ﬁ taken up fiomvthe‘
médiﬁm as an antioxidant in thié systenm is indicatéd by lower amounfs of
detectable.thidbarbiﬁu:ic acid reactants and protecﬁiOn‘from'the deleterious
effects of high oxy;en concentratioh-énd photosensitizéa cellular aamage.

The actioﬁ 6f'd1;a;t§copherol in prdlonging the liféspan suggests that
free radiéal-mediated peroxidatioﬁ reactions'céuld damage macromolec;lés,

such as proteins‘and nucleic acids. We have found evidence that the
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. oxidative capacity of the mitochondria of WI-38 célls is about twice tﬁat
needed to maintain cell prolifer;tibﬁ (29). In_vitamih‘E deficiency, WI-38
membranes, particularly those of mitoéhondria, are readily susceptible tq
peroxidative attack. The spreading of this procesé ih théﬁcytoplasm.
could interfere with the turnover of belluléi‘matérials'resulting.in.an
accumulation of'indigestible'éolymers and defective enzymés. Consistent
with such vieﬁs is the diminishedjaccumulétion ofrfluofescent damage B
produfté in vitémin E treated cells. |

The presént investigation suggesﬁs that senescence in WI-38 cells is
associated Withvoxidative damage océurring duriﬁé their proliferation in
culture. A balance probably exists between the occurrence of environmentally
induced oxidative damage to cells in culture and their ability to neutralize
it. It is possiblé”that by decreasing the rate of occurrence 6f this damage,
its gradual acéumulation_may be prevented, thus alloWing prolonged cellular
proliferation; |

Since tocopherol confers upon WI-38 cells a long-term ability to
proliferate in cﬁlture( these WI-38 cells provide a uniqﬁe model system
for evaluating environmental effects (30,31,32) on the growth potential
of human cells. In vivo accumulated dahage to cells may account for the
inverse rélationShip between the age of the human donor and the lifespan
of skin fibroblasts (7). 1In additioq, the increased in vitro lifespan
should increasé the probability of cbtaining stable mutants and chemical

transformation in these cells.
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'TABLE 1. Karyotypic analysis of WI-38 cells

Frequency (cells per 100) -

R Hyperf'” Hypo4 Chromosome ' Chromatid Structural -~ -  Other _
Cultures . =~ . diploid diploid Polyploidy @ breaks = . breaks  abnormalities -abnormalities
eDLEBS 0  6: 0 0
PDL 100 RS | 16 0 0
‘Maximum acceptable 2 ‘18 4 At-discreﬁion
number#* _ of control

authoriéy

*References 19 and 20.

. PDL = population dbubling level.

o
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.Figure Legends
Fig. l..,ﬁffect of al—aftocopherol on in vitro préiiferatioﬁ of WI-38
human dipioid»lung fibroblasts. A. éumulative'population doublinés in'thé
continuous presenée of vitamin E. ‘Control‘culturés, o;'cuitureé treatéd
continuously from the 45th populétioﬁ doubiiﬁg lével‘with 10, '4; or lQO_pg
tocopherol/ml medium, o.
Fig. 2. 'Gféwth of cells at the 20th pépulation dogbl;ng'}ével in various
concgptrationé of dlja—tdcopherglt. 2.SXl05 cells/25 cmz flaék‘wefé éianted
~on day zero. Duplicate flasks at‘éach éoncéntration Qere counted each day.
Thé medium was'not‘changedvduginé-this experimeﬁt; —o;y.contrbl;
—e—, 10 ug/ml; —4—, lOQ_ug/ml; —A—, 300 ug/ml.
Fig. 3. Comparison of growth rate and saturatioh dénéity‘of control .
and vitamin E'(lOO ﬂg/ml) treated‘cells. 2.5><1O5 cells were plaﬁtéd on
day zero. .The medium was replaced with fresh medium>every three déys.
Each point represénts the.average of two 25 cm2 flasks. |
Fig. 4. Mofphology apd fluorescencé of control and vitamin.E treated
- cells. Magnification 250x.  A. Control cells at the 20th’§opulation
doubling level. ‘B. Control cellsvat the;53rd popuiation doubling lével.
C. Cells at thé 90th poéulation-doubling-level continubusly‘treatea Qith
lOO‘ g £ocophefol per.mlimeﬁium. D..Fluorgscencé in.control cells at 25th
population doubling leQei. .E;'Fluérescence in control cells at the 50th
population dbubling level. F. Fiuorescehcé in tocopherol treated'(lOO ug/ml)
cells at the 97th population- doubling level. Cells were.érown for two
weeks without aureomycin. Photomicrographs were taken‘8'day§ after a
1:4 split. A, B, and C cells,Qerevfixed inrﬁethanol aﬁd stained with

Giemsa stain.
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privatély owned rights.
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