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INTRODUCTION

Modern scientific investigations show an increasing tendency
to cut across fields which once were insular, The merger of the
words, ideas, and tools of physics and biology, of neurology and
chemistry, etc., has produced exciting new concepts and approaches
to old problems, and has revealed many new problems. To paraphrase
Donne, no field of inquiry seems to be unto itself an island.

This thesis, from the Department of Anatomy, deals fundamentally
with a biological problem, but the author has not hesitated, magpie-
fashion, to accumulate a glittering array of ideas and techniques and
terminology from the fields of cellular physiology, cytogenetics,
mathematics, biochemistry, pathology, etc., which he hopes have not
been too badly misused,

SJince it has been only slightly over 100 years since fSchleiden
and Schwann postulated the cell theory, it is not surprising that
the main line theories of growth and development and differentiation
and organization have been developed mostly in this century. Follow-
ing the widely encompassing researches of Jacques Loeb, around the
turn of the century, there have been an ever increasing number of
workers who have looked upon the understanding of the living cell
to be fundamental to an understanding of life itself,

Hertwig (19,20,21), shortly after 1900, proposed the nuclear-
cytoplasmic ratio theory of cell division which, in somewhat modified
form, is still widely held today. In any case, whether it is valid or
not, it has led to a great deal of research on the events of cell divi-

sion, with particular regard to metabolic and physiologic changes in both



the nucleus and cytoplasm prior to, during, and after division.

Popoff(h9) s working with the microorrarism, Frontonia, was
perhaps the first Wor#er to prolong artificially the intermitotic
interval by removing bits of protoplasm at a certain time prior to
an expected division, He regarded this as verification of Hertwig's
tﬁeory.

These men postuluted thet Ma uniform rate of cell r~rowth is a
property inherent in living protoplasm," and went on from there to
investirate the ways in which this prowth rate might be modified,
and to what other bioclogical events it might be correlated. This,
one feels, is still a very usef:l approach.

Howard and Schultze(23) s in 1911, published a monograph on the
tiolory of tumor cells, In spite of the tremendous advances which
have been made in this area since that time, much of the work still
seems valid, They state the conditions under which growth and cell
division take place in the adult metazoan, e.g., for renewals or
replacement of cells or parts, repair of wounds, inflammziory new
formations, production of sex ceils, and tumor formation,

Fundamentally, it is still the comparison ol events, biochemical,
biophysical, ete., which are associated with these conditions, that
we continue to explore today in the hope that our und rstanding will
vltimately lead to inereased control.

It was W.B.Canon( ¢ )who, in 1929, coined the term "homeostasis,”
and thus gave great impetus to the notions, which now seem almost
self-cvident, concerning the self-repulatory nature of cell prolif-
eration,

The most recent theory of homeostasis is that of Osgood(38) R



who postulates an inhibitor substance or substances produced by
cells which affect only closely related cells.

Of direct bearing on theories of cell inhibition have been the
contributions made lorgely by the biochemists in producing a great
number of substances which have a toxic Qr inhibitory effect on
certain micro-organisms, This is clearly important in the possible
control of pathogenic organisms subject to these svbstances, but
porhaps more importantly than that, they have directed our attention
to certain basic metabolic i rocesses which are going on at a cellular
level, and opened new avenues of attack-~the nse of metabolic analogues—-
on solving metabolic problems, Of particular intcrest are the prow-
cesses involved in the synthesis of nucleoproteins, an understanding

of which sho 1d contribute to btiochemistry, virology, renetics

and biology in general,

Furocoumarinsg

Recently there has been a revival of interest in the furo-
coumarins, and especially Aemwethoxypsoralen, particularly among
dermatolorists in repard to its supposed act on as a "suntan® pill.
There has been a burst of clinical abservationé, and some exprrimental
atudies have been made,

Almost, if not all, of this work has centered on the proprrty
of furocoumarins like 8-methoxypsoralen to be photodynamically
activated in the presence of long wave ultraviolet light

The present study was also originally planned to include an
investipation of this | roperty in regard to its 9ctioﬁ on cell

populations, Instead, ho ever, a large amount of data has been



accumulated on the dark reaction. It is possible, of course, that

its dark reaction is but a part of a chain of biochemical reactions
which are intrinsic to the photodynamic reaction also. It is of
interest that FEvenari (13), studying germination in plants, found

a thermally linked skotomechanism to which coumarin was connected,

and a photomechanism which was not sensitive to coumarin, No evidence
is offered here concerning such a relationship.

It is intripuing that 8-methoxypsoralen, which Rodighiero (53)
and Musajo (35) have shown to have an inhibitory effect on the
growth of plant tissues, can be shown here to have the same effect
on animal or animal-like cells, It does not necessarily follow that

the mechanism for inhitition is the same in both cases, however,



DEF INITIONS

Throughout this paper certain terms are erployed for which
simple dictionaryd finitions do not always suffice, This is not
to sugg st that these terms should run counter to such definitions,
but that it may be useful to state as precisely as possible what
is meant by them here,

By "growth®™ is meant the developmental increase in the mass of
a body, strictly. The confusion about this term possibly arises
from its being applied to protista, or tissue cultures, on the one
hand, and metazoa on the other. Considering the metazoan as a whole,
it is obvious that developrental increase in mass is accomplished
by increasing the number of cells, fluid, extracellular products,
etc, When we sp-ak of growth of human beings, for example, we cite
increases in height, weight, -tec., ﬁith the unstated proposition
that this is due to cell multiplication.

By analogy, when speakingy of a nopulation - of cells, the term
"growth" is often used to mean an increase in the number of cells
in that population, even though this is not precise.

Another p-int is that these two concepts are not independent,
‘ell div sions cannot take place very often without there heing an
accompanying urocess of growth, Hen'e, when we speak of the rrowth
of a cell population, the underlyinr assumption is that there is a
causal relation between the increase in the number of cells and the
growth of each individual cell such that no increase in numbers can
occur without accompanyine growth, For very short prriods of time this

may not be strictly tmie--under some circumstances a seri~s of cell
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divis' ons may take place so rapidly that the daughter cells produced
are actually smaller than their "parents." ¥Tventually, how ver,
prowth must catch up with division, and the cells are established
at a size presumably governed by their penetic make-up,

The term "cell" itself is not without some ambiguity. The
classical use, or rather the classical scientific use, of the word

(58? and

way be said to have begun with the work of Schleiden
Schwann{gg) » Who meant by it any of the minute bits of protoplasm
which make up organized tissue. As such, it should be considered

as a part of a larger orranization,

But the term is almost universally applicd to bacteria, y-asts,
fungi, protozoa, otc., which usually very clearly do not exist as a
part of an orranized tissue, but are themselves highly orvanized and
complex organisms,

The term "unicellular orpanisms" has been used, but it is no
more precise than the term "cell." The term "acellular orcanisms®
has been proposed also, but not generally accepted. The term
"protista™ has enjoyed widesprcad use among people who ﬁork with
them, but does not seem to be generally in vogue,

This is not sheer pedantry. A term such as "cell" insensibly
carries with it some notions of how a cell should behave, If a
cell is a bit of protoplasm which is but a part of an organized
tissue, which is in turn part of an organ, which is part of a complex
orpganism, then this bit of protoplasm, though subjrct to a bewildering
variety of external and internal influences, follows a certain pattern
of behavior. To what extent does it have a 1ife of its own? Vhat

happens to this pa‘tern when these various influences are removed



and diiferent ones are substituted? A partial answer is that to date
only a certain number of cells have heen demonstrsted to be culturable
in vitro. And even more importantly, cells which will grow in vitro
are subject to alteration in culture in such a way that they way
‘exhibit dil.erent ,roperties irom those in an intacl orpanieml They
may becowe typically walignant cells (Leightoun, 30; soore, 34). In
terms of wrpanization they may no longer resemble cells 8o mwuch as
they do protista, though they still have a linite life span.

Here the term “cell" has been used in accordance with the popular
use of the word to refer to individuals within a tissue culture,
individual protists, and individual functional bits of protoplasm
which are part of an organism.

There is, however, one more set of notions to develop in this
regard. There are various modifying adjectives which serve asg
functional qualifiers for the term "cell."” These are such terms as
"immature,” "mature," "diflerentisted," Mundif‘erentiated," "malig-
pant," "normal," ete¢., which may often ineclude, in addition to anatom~
igal description, certain ideas of function. It would be exceedingly
difficult as well as immodest to attempt to give precise deiinitions
to all these combinations of terms. I, general, one altempts to give
the same meaning to them as do the bulk of the workers in the {ields
which snploy them.

ror the purposes of this paper, the term "differentiated cell®
means a morpholopically and chemically mature cell of a metazoan, as
the term "undifierentiated cell" means an immature cell of a metazoan.
Only undifferentiated cells are considered as being capable of division.

Protista might be classified as undifferentiated cells, but not in the



senge of maturity; it is betier not to classily them as either difier-
enticted or undifferentiated cells (which is one »f the avpuments for
not clascifying them as cells at all).

There is, nuwever, repeaited reference made to "malignant" cells
in this papsr. Yhis is in accordance wilh the rootl meaning oi the
Latin word, malignare, to act maliciously. These cells are charac—
terized by morphological alterations--increased nuclear size, hyper-
chromatism, etc.--by means of which they are identitied and c¢lassi-
fied, and are certainly cells which act "maliciously" toward the
organism in‘which they are growing, although no notion of intent is
implied hsre.

“lorwal” cells genervally should be taken to mean cells which are
functionally and anatomically characteristic of the organism. Generally
it is possible to show that they are useiul to the organism, atthough
thig involves a value Jjudemeni which it is coften preferable to avoid.
Used in reierence to protista, "normel cells™ means srganisms which
are growing, dividing, metabolizming, eic., in ways which are charac-
teristic of that speciss. This use of the term is admitledly not
precise, tut it is convenient.

"

"Cell division"” is the process, paradoxically enough, which
vroduces “cell multiplication." It is almost always preceded by the
process of mitosis smong the protists and cells in tissue culture,
although in the latter it is notl uncommon for wmitosis to vceur without
a subsequent cell division. thus, cell ﬁivisionvia actually a broader
ters than mitosis, since it usually includes mitosis. Amitotic divie

sions probauly do not sccur in hologzoic organisms, but in any case need

not concern ug heres



A Ppopulation® means a group of cells or protista spatially
bounded, i.e., in a growth chamber of scme sort. "Population
ensity"” means the number of cells per umit volume. "Population

doubling® means that a population has become itwo times s dense as
a piven measurement. "Population doubling time®™ ig the interval of
time during which & population doubles. When dealing with a single
cell, which divides %o become two, ®population doubling" means the
same as "generation.® In this case "generation time" is the same
as "population doubling time."

In the case of many cells, however, it may be that some divide
ét diiferent rates and also that some cell death ccecurs. In this
avent, in order to double the density it would be necessary for some
cells to divide wore than once, or jor cells to divide and their
daughter cells also divide within this time period. In this case,
it is only possible to refer to "mean peneration time®, as if one
is dezling with time per generation in a population in which there
is, in that interval, no cell death and in which each cell has the
same division rate. MYean gensration time, usually *T/G," is deter-
mined by dividing a time intervel by the number of population doublings
within thal interval.

An example may be clariiying: if a population doubles twice in
2L hours, wean T/CG is 24/2, or 12 hours. It is quite possible, of
course, that the first doubling occurred in the first 8 hours, and
the second in the last 16. T/0 could only be constant during true
exponential growth.

"iitotic time" is the time course of the events of karyokinesis.

SIntermitotic time®™ is the interval from the formation of a daughter
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cell to the commencement of mitosis in that cell. A cell incapable
of further divisions has no true intermitotic or mitotic time. 1In
this case, it is proper to speak of the "life span® of the cell: that
interval from its formation from 2 pre~existing cell to its death,
For certain purposes it may be convenient to think of the inter=
mitotic time plus the mitotic time as equivalent to "life span®,
A "growth curve" is a plot of density of organisms, or cells,

against time (Fig. 1). Yost kinetic studies (Van Niel, 60) are

based on growth curves, The interval (a-b) in Pig. 1 is termed the
"lag® phase. It nccurs whenever older cultures are transferred to
fresh medium, but can be abolished by rapid transfers (Fhelps, L6).
It is followed (e) by a period of exponential growth, The period (m)
represents the maximum density, If it is prolonged it is often
called the "maximum stationary phase®., Finer divisions of the curve

may be made, but these are sufficient for present purposes,
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PROELEM AND AFPROACH

With due recognition of the fact that a problem can rarely be
entirely formalized, set out in a completely clear-cut, preconceived
plan, and then pursued in a logical fashion following that plan, one
may still state the general objectives of a project, subject to
certain reservations,

In point of fact, since a thesis is composed after experimentation

has been carried out, it would be all too easy to write, ex post
facto, a set of propositions under this section, the truth of which
is presumed to be demonstrated in sections following, In practice,
the operation is very much different from this. In the beginning it
is possible to entertain a wide spectrum of ideas and notions which
range in clarity from relatively simple propositions which admit of
a "grue® or "false" answer, to complex and conditional hypotheses
which may or may not have any answer, As investigation proceeds, a
few questions may be answered, but meanwhile many more problems and
questions arise, The formal statement of a problem almost certainly
varies according to the particular time it is stated, and the criterion
of success which is perhaps the most useful to apply is the extent
to which the investigation has created new problems.

The specific objective of this investigation was to test the
action of a chemical compound, B-methoxypsoralen, one of the furo-
coumarins, on living animal organisms at the celluiar level,

The idea of the "unity of biochemistry® —— that, to use Hutner's
phrase, "life shows uniformities in molecular morphology" =- has given

rise to the hope that information pained from isolated cells of multie-



cellular animals, {rom protisis, and Iroe metaphytes may often be
relevent to metagoes.

hs ciled above, it had already been shown that Semethoxypsoralen,
as well as related compounds, has an inhibitory effeet on the growth
of some higher plants. The question naturally arises as to what, if
any extent does this compound show an inhibitory effect om the growth
ol animals? If 4t does have such an m&i@ct it should be of great
intersst primarily because 1t would then operate to the sawe end in
species which are poles apart, bviologically., And the sorts of sube
stances which can be shown io aol both in plant and animal cells,
such a8 gluco®e, oxygen, eic., are considered to be intimately ra-
lated to fundamental life processes.

?ar@nthetzc&llyy it should be added that this class of comrounds
is a normal constituent of, that is, ie produced by, a preat variety
of plents, particularly adult plants (Fathak, L5} and therefore these
compounds are ingesied by a great veriety of amimsls, perhape in
coneiderable quantity.

48 has also been mentioned; furocoumarins in general, and f-
wethoxypsoralen in particulsr, have recenlly bteen studisd by blo-
chenists, dermatologists, bsctericlogists, ste., in special regerd io
thelr property ol producing photosensitization in a large numver of
organisms, macye and micre. It is clear; however, thet if this
compound (B-methoxypsoralen) ie capable of so altering fundamenisl

lile processes im such a way as to changs or inhibit the prowih rate

ol en orgenism indspendent of its photosensitizsiion effect, thie role

should be better understood.

To assay to study the action of & compound on animels raires many
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technical problems, It is true that metazoesns exhibit certain types of
organization which may yield qualities different from, or greater than,
the sum of the properties of all their parts. This attribute of organe
ization, therefore, may produce an alteration in the responge of such
organisms from that of the isolated response of any simpler system. But
28 stated before, the hope is that the study of simpler systems may be
useful and applicable to more complex systems, an analyticél device
which is suggested in general terms by Polya (L8).

Common laboratory animsls demand space, quantities of food, and
time, in dimensions which almost preclude their use in assaying a
population response to an alteration in metabolism, useful as individual
studies have been in the past, In the present case it would reguire
working out an effective means of administration, noting physiological
and growth alterations, and sacrifiecing the animal and studying sece
tions taken from various tissues of the body,

These complications have led, not only in the present study, but
in general, to a search for biological systems which, on a micro scale,
retain and reflect the salient features of multicellular organisms in
respect to metabolism and growth. They have led to intensive research
in broad and over-lapping fields: the use of bacteria in micro-bio=-
assay; the studies on cell and tissue cultures of multicellular organisms;
the use of protozoa.

The last two of these methods have been used in this study, The
isolation and propagation in tissue culture of human cells perzits the
carrying out on living human protoplasm of experiments which would not
ctherwise be possible, Iven though profound changes, often of an une

known nature, may take place both before these cells are cultured and
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after, nevertheless it is highly probable that they retain certain
characteristics of human cells in general, and of the particular
tissue or cell series from which they were taken.

The fact that such alterations occur, however, may, at least for
the present, preclude the possibility of studying wholly normal human
cells by this technique. Wany cells have not yet been prown, in the
sense of long-term growth, in tissue cultures, particularly cells of
adult tissues. Further, there is evidence (Moore, et.al., 3k; Leighton,
30) that even when successful lines of some cells are established from
normal tissues, neoplastic changes may subsequently develop in vitro.

Since it is known that such changes alter the size and shape of
the nucleus, increase numbers and types of chromosomes, etc,, it is
entirely likely that the metabolism and subsequent growth and cell
division of such cells are altered also, If the in vitro culture of
human cells produces an environment conducive to neoplastic changes
in these cells, it would seem that the attempt to study the action
of 8-methoxypsoralen on a cell undergoing normal metabolic processes
in vitro would be foredoomed to failure.

In the face of such mutually exclusive actions, it is necessary
to seek an entirely different and alternative cell system.

The establishment of certain ciliate protozoa in axenic culture
has been particularly stimulating to research, providine for metabolic,
morphologic, genetic, ete,, investipations unhampered by the presence
of bacterial or alpal contaminants. And for one ciliate, Tetrahymena
8p., it is now possible to obtain growth and reproduction on chemically
defined media (Seaman, 58; Kidder & Dewey, 28).

Seaman (59) notes the similarity between the requirements for
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Tetrahymena and of mammalian tissue: e.g., the amino acid requirements
of the ciliate are almost identical with those of the rrowing rat and
man, and Tetrahymena avpears to metabolize carbéhydrafes in the con=
ventional manner,

In some respects the metabolic behaviour of Tetrahymena is very
mich like that of a metagoan such as the chick or rat. The use of
Tetrahymena merely reduces the scale of analysis,

The problem of investigating the action of 8-methoxypsoralen
falls conveniently into two parts: the first, dealing with tissue
cultures of cells cultured from the blcod of a levkemic patient,
which are représented as malignant human cells, and the second,
dealing with axenic cultures of the ciliate protozoan, Tetrahymena,
which are represented as normal animal cells,

Because of this, the presentat:on of material is made in two
distinet parts, following the course of the investigative procedure,
Under each part there is a presentation of the materials and a
description of the methods used, followed by a presentation of each
individual experiment in the section, with a discussion of particular
problems and results obtained in that, and in closely related, ex-
periments,

Following these two parts there is given a general discussion
which relates the findings of all the experiments to the problem as
8 whole, and in which 1= included projected investigations which
might profitably be carried out, together with some comments on

techniques which might be useful to such an investication,



“alirnant Cells
A. Deg:cription of Oregon J 96,

Tre cell strain Oregon J 96 was started April 7, 195L, from the
blood of a 2 -ycar-old patient with tubscute leukemic monocytic leu=
kemiae Lt was initially srown in a medium composed of Larle's bale
anced galt solutionl 60%, ana human pleural {luid, 40%. In 20 wl.
of wedium with an initial count of 1500 cells per cubie millimeter
in an 120 ml. {lat-sided rharmaceutical bottie, lying on ths ilat
gide, this gave a depth of € mm., and a "pradient iactor® (Csgood,
43) o 1.2 (that is, 0.8 x 1.5). Later this strain went into rapid
growth, many subeultures were made, and it has been widely distribu-
ted. (Osgood, 42).

This cell sirain is usually referrcd to as simply "J 96," and
this shortensd name will be generally used in thig paper.

The uee of the term "malirnant® in referring to this strain
stoms frowm the description of its history and characteristics. It
was isolaled {rom the myelomomocytic, or Naegli, ilype. Ospood!s
(32) description in 1557 is still valid today. He comments osn the
extrase pleomorphism of 1lhewe cullures which has existed since J 96
went into zapid growth. bany of the cells closely resemble fibtro-
blasts, many resembls tissue histiocytes or reticulum cells, and
in 7act, these are predowinant. 1In addition, there are cells re-
seubling Langhan's, foreign-body giant cells, and lorothy Reed cells.
According to Usguod (39), "Nearly all the typee of giant cells so
well described and pictured by Rebuck (52), which might be derived
from histiocylic or momocytic tissue, are seen in these cultures." We

lDifec, item 0351

16
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have scen giant cells with a giant nucleus (mononuclear giant cells)
as well as multinuclear giant cells with one or more nuclei in div~
ision.

Further evidence of the malignant character of these cells nay
be adduced from the work of Burchenal (8) in making animal transplants.

B, The slide cap culture method.

The slide cap culture method uses Yahn antigen mixing vials whose
lips have been ground flat with emery powder on a plate glass surface
(Osgood and Brooke, ,2), These shell vials are effectively sterilized
by aluminum foil wrapping and heating in a dry oven, After steriliza-
tion, the lips of each vial are dipped into beeswax which has been
brought to smoking temperature and then slightly cooled. The vials
are then held vertically upside down until the wax has congealed and
then reverted to an upright position (preferably under a sterile hood),
and allowed to cool., A convenient amount of fluid is pipetted into
the vial and a sterile glass microscope slide is placed over the vial
with sterile forceps,

When a complete set has been made in this way, and placed on a
tray, the vials may be moved to an incubator at 37.5°C. for % to 3
hours to permit gas equilibration before sealing, Or, as was later
discovered, if the air temperature of the hood is kept at this temp-
erature or higher, the period of equilibration may be eliminated,

The vials are then removed, still held upright, a Bunsen flame
passed lightly over the slide and, if properly done, the melting bees-
wax will flow to the slide, making an airtight, moisture-tight seal.

The chambers are once again inverted so that they rest on the micro-
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scope slide, and placed in the incubator,
The cells in the culture medium tend to fall to the surface of

the slide, attach, multiply, and form colonies,

C. Preparation of the culture media.

Culture medium is generally composed of a balanced salt solution
to which certain enriching substances are added, In this series of
experiments the balanced salt solution is composed of NaCl, 7.46 cwm.;

KCl, 0.37 gn.; CaClz, 0,22} gm,; ¥gCl,, 0.20 gm.; Na HPO , 0,12 gm.;

2? 2y
KHpPQ) , 0.03 gm.; MgSOL'HQO, 0.07 gm.; CHBGOO§a, 0.50 gm.; dextrose,
1.00 gm,; and water to make 1000 ml,

A convenient method is to make up one liter of these salts in
10x concentrations with the exception of the CaCl, which should be
made up separately as autoclaving this salt with the others results
in the formation of a fine precipitate., This 10x concentration may
safely be kept non-sterile in stoppered bottles under refrigeration
and diluted and autoclaved as needed., The CaClz is made up in 10x
concentration and autoclaved in vacecine-stoppered bottles\(which are
evacuated before heating)., This reapent is added by sterile syringe
after the calcium=free balanced salt has cooled, just before use,

A variety of nutrients and vitamin mixtures have been tried, For
a protein source we have used human pleural fluid which was sterilized
by force-filtration through Corning TC sintered glass filters, re-
constituted lyophilized human serum, and Difco TC Horse Serum. Perhaps

the best results were obtained, however, with the use of 10¢ human
serum, whole, from Courtland Laboratories, Los Angeles, and Difco
TC Vitamins Fagle, item 0792,
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To obtain media containing appropriate amounts of 8-methoxypsora-
len (which will subsequently be referred to as "8-MCOP"), this come
pound was weighed out and diluted in calcium-free balanced salt sol-
ution to give 50 mg;/ liter. This was autoclaved, cooled and thé
proper mutrients were then added to bring it up to complete medium,
Serial dilutions were made directly in the shell vials, using a com-
parable medium as a diluant, but not containing 8-MCOP,

An alternate procedure, used later, was to make serial dilutions
of 8-MOP in calcium=~free balanced salt solution in several bottles
which were vac~ine-capped, autoclaved, and cocled. The nutrients
were then added to each of these bottles,

Fach bottle containing 5-MOP was wrapped with aluminum foil to
protect it from the light.

The highest concentration of B-#0P before adding cells was 2.315

% 10"h

Molar, and after adding cells this became approximately 1.7 x
10 yoler. Serial dilutions were made to give a ratio of 1:10, 1:100,
1:1000, etc., and in some cases an additional series was made with
ratios of 1:20, 1:200, 1:2000, etc.

Tn other terms, the final highest concentration was always 36 yg./
ml,, followed by 3.6 pg./ ml,, etc., in the first series, and 18 pg./
ml., 1.8 ng,/ml., etc,, in the other series, when the latter was made,

It might be of some interest to observe at this point that the
1D/50 of 8-MOP in mice has been established to be in the range of
685-700 mg./ kg. (Pathak, L5). For several reasons these dosages

cannot, however, be directly compared to the dosages given J 96,

D, Counting procedures.

A bulk culture bottle of rapidly growing J 96 was selected and
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given a medium change two or threes days hefore the experiment. At the
time of the oxperiment the bottle was shaken-slightly and the supere
natant fluid with floating or loose cells was removed. Ten ml, of
culture medium was used to wash the surface of the cells, this also
being discarded. Another 10 ml, of medium was added, and to this
1 ml, of 1,5¢ FDTA was added al ong with a few drops of 5% Na,C03 to
adjust the pH to the alkaline side (Phenol Red being used as an
indicatér in all culture media). The bottle was placed back on its
side such that this fluid covered the cells and it was allowed to sit
for 30 minutes, or until the cells came free with gentle agitation,

Depending on the amount of growth to be seen when previously
examined under low power, another 30 ml., or more of medium was then
added to the bottle to suspend the cells and dilute the FDTA, Counts
were taken on this suspension and appropriate dilutions were then made
to pgive the desired number of cells.,

This "desired"™ number changed during the course of the experi-
menvs, Initially, we tended to think in terms of the éarameters of
the first successful isolation and cultivation of this cell strain,
and hence were dealing in suspensions of 1000 cells per cu, mm., or
more, /As experimentation progressed, as will become clearer, it was
seen that J 96 had altered enough in continuous culiure to permit much
wider latitudes of culture conditions, making it possible in this work
to come down to suspensions of 10 cells per cu, ma. T am now informed
(Brooke, 5) that Puck, using his special techniques (Puck, 50; Marcus,
32) has succeeded in producing a clone from a single cell,

For accurate establishment of the maximum number of cells which

could be present in the initial inoculum, nuclei counts were made,



21
For this purpose, 1 ml. of well-suspended cells was taken up in a vol-
umetric pipette and diluted with 1 ml. of 1% citric acid solution and
1 ml. of citric acid-cresyl vioclet soclution., This was shaken vigor-
ously, and the purple stained nuclei were counted in an hemacytometer,
This number gave the greatcst number of cells which could possibtly
grow since some of the nuclel must be derived from non-viable cells,
and perhaps in sane cases several nuclei came from a single cell which
may not be destined to give rise to other cells,

The slide caps were sacrificed and the cells enumerated after a
certain period of time to be described below, The supernatant fluid
was discarded without a count, and this requires an explanation., An
examination of this fluid revealed that there were very few viable
cells in this supernatant, When this material was centrifuged and
stained smears made, the cells were seen to be almost inveriably in
some stage of disintegration., They probably represented the non-
viable and inJured cells present in the original inoculum, plus some
others trapped on the walls during inversion of the shell vial, Over
the range of this experiment, the actively growing cells, for the
most part, attach to the glass slide and multiply there,

Thus the glass slides were saved, very lightly rinsed with bal-
anced salt to remove any cell debris (especially valuable in reading
older siides), fixed with absolute methanol, and stained with Wright's
stain, Giemsa, or the stain of Chen-hui Liul.

Farly counts were often made with the 20x objective, whereas
later counts were made under oil immersion, which permits some detailed
examination of cellular morphology during the counting procedure,

i, ; i
Dr. Chen-hui Liu is presently at the National Taiwan University Hospital,
Taipei, Taiwan.,
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A Miller disc was fitted into the eyopicce, the field of which =as

calibratod for cach objective with a stare micromuter. The Jlclds

=

rere sclscted for eoanting by moving the slide inm & siraight line

equi-alent to 10 tives the side of a Hiller disc beiore counliag the

)y

next sield. Twent;-five te 10J such fields were counted on each of
iwo or tiree repl.czte glides Lor each concentration of 8-40F and
conirols, at each sampling time. A total of 200 to 1000 cells were
counted for each point. Slides were filed for review, recounts,
and reexamination for any chanpgee in morphelogy which wight have

occurred curing the course of the study.

RISULTIE AND DIUCUSSION

Firet of all it should be stated that, in the hands of this
investipator, the techniques described above are not entirely catise
Yactory. There are far too many variebles, the sensitivity of which
is not known, for there to te the kind of repeatability which we
desire in experimentation.

There are diffcrences {rom bateh to batch of pocled human SeIUm,
perhape elizht differences in the elanced salt solutions depending
on weipalag errors and ever In the time for autoclaving. Thers are

5

slight all.erences in the tewperature of the room, in the hood, and

[
i

t

erpaps even in the incubator, any of which may slter the amount of
dissolved rases, cause convection currents, etc., which could pPOSEi-
bly shift the microenviromment of the srowing cells.

We do not yet kmow in which ureas and in what ways these cells
are most gensitive. There'ore it is that two dilferent experiments

vay give tw, different absolute values. The saving reature, however,
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seems to be that with any one experiment, excluding such obvious
faults as contamination, leaks around the seal, etc., the results
are internally comparatle., Thet is, within any one experiment, by
setting up triplicate or quadruplicate controls, these will be found
over a period of time to be ajproximately the same, and the experiment—
al proup with various concentrations of B8-MOP will be found to differ
from the controls by an amount that may be highly significant,

There follows a discussion of the individual experiments, how
they may have been carried out in ways which differ from the others,

and the results obtained by each of them,

Fxperiment 1

Cells from a bulk culture of J 96 were removed from the glass
in 10 ml. of culture medium to which 1 ml, of 1.5¢ FDTA had been
added. The concentration of EDTA necessary to remove cells from
glass is about 150 mg, per cent, Approximstely 30 ml, of medium was
added and counts were made, The suspension was computed to have 145
cells/ mm.

Rows of 6 shell vials were set up and to the first was added
2,5 ml, of medium containing 50 g,/ ml. BMOP (which is 2,315 x
lO“h Wolar), Serial dilutions (1310) were made by carrying 0,25 ml,
of the B-MOP medium to 2,5 ml. of normal medium in the next vial,
mixing, transferring 0,25 ml. of this mixture to the next vial, ete,
Controls were made using 2,5 ml, of normal medium,

To each of the vials 1 ml, of cell suspension was added, the slides
placed on top, the chambers then allowed to equilibrate in the incu~

bator for 3 hours, brought out, sealed, inverted and replaced in the
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incubator, undisturbed until sampled,

It should be noted that a suspension of 1L5 cells/ S means
that there are 145,000 cells put into the vials., When inverted, the
cells should drop onto an area of about 175 mmz, giving an initial
count of 8,300 cells / mmz. Actually, this is a crude approximation,
and too high,

The problem of getting accurate counts is a little complicated,
but should be appreciated. All tissue cultures are kept in sterile,
closed containers, usually stoppered with vaccine caps, Transfers
are made by going through a pool of T70% alcohol with a sterile needle
and syringe, Thus, volumes are only as accurate as can bé measured
with a syringe,

Furthermore, the ideal counting suspension turns out to pive
about 6L cells per large square (o.l mmB) of an hemacytometer. FRut
this is much too large (640,000 cells/ml,) for an ideal inoculum,
Therefore, it would be greatly diluted. But the number of cells
ideal for an inoculum would be so small that it would take dozens
of counting chambers to count a proper number of cells., The com-
promise 18 to take an ideal counting suspension and then try to
dilute it as accurately as possible with the syringe., In this kind
of experiment the matter is not of crucial importance since we are
interested in differences, rather than absclute values.

From an examination of Table 1 it will be seen that at 120 hours
the control slides (which revealed typically healthy cultures) showed
an average of 239 cells / mg. We have already said that computations
from the inoculum predicted 8,300 calls/mmg initially. One might

conclude that these cells are not growing at all, This is clearly
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not the cace, and perhape the paradox can be resolved by turning
to a previous experiment.

Usgood and frooke (42), in an experiment using J 96 in slide
:aps to measure normal rates o1 growth, found 5 day cultures had
increased near.y 8 times the incculum. More precisely, slide caps
sambled on day 5 in this series had increaced 7.6 x that of the slide
caps sampled on day 1 (24 hourg). Thie really says little bout the
initial inoculum.

At this tiwe it was customary in Usguod's laboratory to set the
slide caps with an initial "gradient ractor® (L3) of 2--calculated
by multiplying the number of cells in thousands per cubic millimeter
times the depth in centimeters. Since the standard depth of 3.5
turns out to be 2 cm., this means that there were 1000 cells/mm”
in the inoeculum, or 3,500,000 cells in sach slide cap. talling on
angrea vi 175 mmz, this would mean 20,000 cells/mn® on the slide.
The calibration of the microicope used to make thece counts was
such th;t 109 fields of the Miller diec under oil immersion equaled
1 mat. Thus, there would have been initially 183 cells per field,
under oil. A referral to fig 2C, a plate about the size of such a field
taken under oil imrersion, shows one binuclear and six mononuclear
cells at this magnitication. One can imagine the crowded living con-
ditions were 183 cells crowded into such a field!

From such a considuration two things are clear: evidently only
a iraction of the original inoculum curvives to grow and divide, and
further, that the best estimate of the true inoculum of viable cells
is to e gained by extrapolating puinis back to the origin. The

data given do not permit this to ve done with accuracy, but it is
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possible to draw a smooth curve with not more than 1/30th of that
inoculum, namely, 100,000 cells, as the number which actually attached
to the slide and began to grow and divide,

To return to the present experiment 1, suupose one applies this
crude rule, and divides the inosulum by 30, Then there would be l,833
cells destined to attach and grow, or 27 cells/m°. In these terms
it is possible that the 120 hour controls, with a mean of 239 nells/hmz,
show quite pood growth, comparable to that of the normal srowth rate
calculated by Osgood ard Brooke (L2),

In any event, there i8 a striking diference in the controls
and those vials having 36 ug./kl. of 8-MOP, In the latter there was
not only no growth, but at the end of five days there were no viable
cells,

The diferences in some of the other concentrations as compared
to the controls is much less, and at this time it was felt that they
were not preater than chance differences,

The praphs of data from experiments 1,3,h, and 5 are showm in
Fig, b Tabrlations of the data are shown in Table 1. In all of
these runs, the sampling was done on day 5, at 120 hours; in experi-
ment 5 samples were also taken at other times. On Fig, L the plot
is Log Number of cells/'mm2 on the ordinate and concentration of
8-M0OP on the abscissa, The origin of the shscissa represents
zero concentration of B-MOP, or the contrcls, The inoculum is the
same for all slide caps for & piven experiment,

It will be noted that in spite of dif"erences in the size of
the inoenlum, as well as other differences in procedure to be noted

below, the cirv:g are remarkably gimilar, especially those for
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experimente 1 and .,

Experiment 2
A1l slide caps in this experiment were contaminated after 2l
hours, the contaminant probably being introduced in the medium or
cell suspension, Fven ufter a great deal of experience, setting up
an cxperiment takes from 6 to 10 hours and may cost from $20 to ILO,
This is probably the most annoying way to produce large cultures of

bacteria,.

Fxperiment 3

Cells from a bulk culture of J 96 which had had a medium change
three days earlier were removed ard suspended as in experiment 1,
Direct counts were made after diluting to a volume of about L0 ml,
This was computed to have & count of about 350 eells/ﬁmB and was
accordingly further diluted, almost 50 per cent. Direct counts then
pave 155 cells/hmB.

Slide caps were prepared and dilutions of the medium containing
8-MOP were made as previously., One ml, of the cell suspension was
added to each vial and the vials were equilibrated, sealed and
incubated as before.

At this time, however, a portion of the cell suspension that had
just been used was taken for nuclei counts. To a one ml. sample of
cell suspension one ml. of 1% citric acid solution was added in a
miero test tube, the top covered with Parafilm and the contents
vigorously shaken, Then 1 ml, of citric ac'd-cresyl violet was
added and the contents shaken asrain,

On 8 fiel’s in the hemacytometer 6l nuclei wrre counted, or
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8.5 per field, or 85/mr. The dilution was 1:3, so the final count
on nuclei was ZSS/hmB.

This is quite different from the diréct cell count on the cell
gispension. In gen ral, nuclei counts are more accurate for the
physizal reason that a s spension of nuclel flows under the cover
slip of the hemacyhometer better, and gives a better distribution.

On the other hand, these are abnormal, heteroploid cells, often
multinucleate,

As a matter of side interest, if th-se counis were entirely
reliable, they would afford a means of computing the average number
of nuclei per cell., Above, this would clearly be 1.6 nuclei per
cell, Obvionsly this distribution could be such that for each cell
With only one nucleus there is another with two, or that for each
three cells with one mucleus there is another with three, or for each
Tive cells with one there is another with four, etc.

Since there is evidence (given zbove) that direct counts sctrally
pive a figure greater than the probable true viable inoculum, and
since nmuclei counts give even a hipgher figure, it is r-ally protable
that heteroploidy exists to a marked degree. Studies in the morphology
of these and closely related eell populations, such as Oregon J 111
(0sgood, 39), have been and are being carried on. (foldstein, 16,
Hsu, 2L).

Table 2 shows the results of this experiment, It was quite
disapuointing as cormpared to the first oxperiment., The differences
are such as could be ascribed to chance, Several points are actually
higher than the controls, one of which, at 3,6 x 10_3‘pg./h1. 8-u0p,

was as much hicher than the control as the highest concentration,
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3.6 x 10 pg./ml,, was lower,
In the light of these findings, the following experiment was
changed in the way the cells were suspended, in the size of the

inoculum, and in the counting method,

Pxperiment §

The preparation of the cell suspension was rather more elaborate,
beginning on 7~12-57 with the washing and FDTA extracting of a culture
of J 96, Five ml. of this suspension was édded to a new culture
bottle contairing 15 ml, of medium, This was then :ncubated =ntil
7-15-57 and used as a source of cells for this exp riment.

The object in the above manipulations lies in observations of
the subeultures. Cells treated in this fashion attach to the fresh
bottle, spread out and appear to be in active growth and division for
the next several days, Aftcr a while, hovever, cells begin to pile
up several cell layers deep, and probably as a resvlt of this, many
become necrotic and begin to disintegrate, iaking a snbeulture
three days prior to use is probably super or merely to giving a medium
change at that time; a medium change is stimulatine, but the s beul-
turing technique reduces the population to a monolayer, as well as
providing new medium,

The bottle thus selected was removed from the incubator, the
medium poured off, and 30 ml. of Ca-free balanced salt solution was
added and the cells were gently rinsed with this, Then this was
poured off (taking any loose cells or cellular debris) and another
30 ml. of the Ca-free balanced salt was ndded.

Two ml., of 1,5¢ EDTA solvtion was added (100 mg.%) to the 30

ml., volume, the sclution was mrde alkaline to phenol red (1%) with
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a few drope of 5% 3"5@1@&339 and the cells came off in & few minutes.
. was thoroupghly shaken and a sample resoved lor
counts, The dirsct count gave 175 celle/mm3.
1t was desired, however, that thie experiment should begim with
& very low couni, reascning that in previous experiments the count
had been toe high initially, so that the resulis were probably
coniused with the secondary effects of crowding, difficulty of
aceurate counting, sod possible deteriorstion of some of the cultures.
in this run, it was decided to use 10 cells/mm3, arrived at ae
followss growth over the teet perind will probably not excesd 10
imes the original mumber., Approximately 20 celle per ¥iller disc,

wiier oll lemersion, are as nany as can be counted sccurately.

by

Therefore, it would be convenient to start with 2 cells per Viller
dises This would be roughly 200 cells/mm? on the slide. There

sre just over 175 W% svailable for the total population of cells
{as o "landing {ield"), therefore we should have about 35,000 cells
in each shell vial. This sust be added in & volume of 1 sle., hence
the inoculus sust have 35,000 cells/ml., or 35 cells/mm3. When
thie is added to the 2. ml. of medium already in the shell vial,
the volume will be 3.5 ml. and the final count will be 10 aﬁlﬁﬁ/ﬁm3,

‘ Thersfors § ml. of the cell suspension with 8 count of 175 cells
per mn3 was diluted to LO ml. with fresh medius. This gives 1,400,000
cells/h0 wl., or 10 eslle/mm’.

The results of this sxperiment are shown in Table 3 and Fige Lo
The resulis clovely parallel thore of experiment 1. The concentration
of 36 ng./mle of 8~MOP has apparently complotely blocked the rowih,

or divislon, of these cells.
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The question of toxicity of the 8-MOP in this concentration may
be raised, but it cannot be ~ffectively treated at this time. If
it is toxic, one can only concl de that it is toxie to a very low
degree, Toxicity studies in livines organisms have centered around
the interest in the photodynamic effects of this compound (Fowlks,15;
Patek, L45) etc., and hence are not comparable to this type of
experimental design.

Nevertheless, the nmere cessation of dfvision would not account
for the reducztion in cell numbers at the end of five days., But Osgood
(10,43,0l) has adduced evidenrne that the life span of cells of the
mohocytic series may be around 108 hours. Fven if this is subject
to errors of the magn'tude of 50%, one might expect that, at the
end of 120 hours in the absence of division, these cells, failing

to divide, have rcached the end of their life span and died,

Experiment 5

This was the final and most elaborate of this series of tests,
and the design of the éxperiment was modified from the previcus ones,

The B-MOP was weighed out and diluied in balanced salt solution
to the various dilutions needed, each of these being distributed
to separate bottles., These were vaccine capped, rvacuated, a toclaved,
cooled, and to each the nutr'ents of Fagle's medium added,

Cells from rapidly prowing J 96 were given FDTA, suspended,
counted and diluted ﬁo give 35,000 cells per ml,, just as in experi-
ment L.

Ezch of the six dilutions used (3.6 x 101, x lOO, and x 107 and
1.8 x 101, x 100, and x 107 yg./ml.) plus the controls were in

separate bottles, The dilutions were volumetric, and the cell sus-
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pensions were such that 10 ml, could be added with a 10 ml, syringe
to each bottle, Under these circumstances, ths volume of cell sus=-
pension is probably not preatly different from bottle to bottle,
Turther, the replicates for eacn dilution are quite comparable
without the nsual pipetting errors made when the dilntions w:re made
in the glide caps and the cells sdded later.

In this experiment each dilution and the controls were set up
in slide caps to be sampled on each of four days, each in duplicate,
The sampling times were at 72, 120, 1Lk, and 168 hours (3,5,6 and

7 days). During the course of the run, however, a few slide caps
leaked and a few showed gross contamination, resulting in a reduction
of numbers such that on the Tth éay there wiore not enourh duplicates
left for several of the concentrations., In these cases, only one
slide zap was counted,

The results are given in Tables L and LA and Fig. h. The
inclusion of the results along with other experiments in Fip. L

has heen done by vsing only the data at 120 hours,
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Table 1, WMean Population Densities of Oregon J 96 Cells Grown 120
Hours in the Presence of Various Concentrations of 8-Methoxypscralen,

Experiment 1
Concentration Ho. of #icro= No, of Area
of 8-MOP# fields scope cells cougted Ca%ls/
(pg./m1.) counted Objective counted (mm®) mm Yean
Controls
(no 8=MOP)
1 (contaminated) - - - - - -
2 25 20x 1007
3 25 20x 11kL7
L 25 20x 1297
5 25 20x 1188
19.36 239 239
3.6 x 10‘“
1 25 20x 953 L.8L 197
2 2g 20x 850 .8l 176
187
3.6 x 1073
1 (contaminated) - - - - -
2 25 20x 1135 L.8W 23k
234
306 X 10‘2
. ‘ 25 20x 813 L.84 168
2 25 20x 878 LBy 181
175
306 X 10-1
1 25 20x 857 L.8y 181
2 25 20x 121k L.8h 251
21l
306 X 100
1 25 20x sLs L.BL 113
2 25 20x 808 L.8h 167
140
3.6 x 10t
1 25 20x none L84 0
2 25 20x none L8k 0
0

# B-MOP 18 8-methoxypsoralen
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Table 2, Mean Populstion Densities of Oregon J 96 Cells Crown 120
Hours in the Fresence of Various Concentrations of B-iethoxypsoralen.

Fxperiment 3
Concentration five of LT o~ No, of Area
of 8-10P fields scope cells caugted t’:e]‘,'ls/
(pg./md.) counted objective counted (m®) mm Mean
Controls
(no BetiopP)
1 50 oil IR 0.48  11s
2 , 50 oil 748 O.48 1631
: , 1526
1.8 x 10 50 oil 970 0.48 2118 2118
3.6 x 107 50 oil 826 0.8 1800 1800
1.8 x 103
1 25 20x 834 he8h 18551
2 2g 20x 600 L.8h 1116
1333
306 x 10'.3
1 25 20x Shly LBk 1786
2 2g 20x 1008 L.8k 1875
-2 1617
1.8 % 10
1 25 20x 858 L.Blk 1596
2 25 20x 676 L.8Bh 1258
1 1h27
108 X 10"
1 25 20x a5 L8y 1516
2 25 20x L79 L8l f91
-] 1203
306 x 10
1 25 200 92 LBk 1713
2 29 20x 82k o8 1533
o , 1623
1 25 20x 821 ho8h 18527
2 2g 20x 613 L8y  11h0
0 1333
306 x 10
1 25 20% 992 L.84 1848
2 2 20x 765 L84 123
163h
1.8 x 10*
1l 2y 20 688 Li.Bh 1280
2 25 20x 527 L. 8l 980
1130
306 X 1(31
1 25 20x 626 4.8y 116l
2 25 20x 633 L.8L 1177

1170
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Table 3. Mean Population Densities of Oregon J 96 Cells Crown 120
Hours in the Fresence of Various Concerntrations of B-tethoxypsoralen,

Fxperiment L
Concentration No. of lii cro- Mo, of Area
of Beii fields scope cells cougted Ce%ls/
(pg./ ml.) counted  objective counted (mm®)  wm Mean
Controls
(no 8-1OP)
1 100 oil 749 0.92 816
2 100 oil 666 0,92 726
3 100 oil 702 0.92 765
769
3.6 x 1074
1 100 oil 817 0,92 891
2 100 oil 659 0.92 718
8ol
306 x 10 3
1 100 oil 558 0.92 608
2 100 oil 618 0.92 67k
3 100 oil 627 0,92 683
655
3.6 x 1072
3 100 oll 623 0.92 679
2 100 oll 8Ll 0,92 920
3 100 oil 689 0,92 751
783
3.6 x 107+
1 100 oil 809 0.92 882
2 100 oll 291 0.92 £ iy
3 100 0il 52 0,92 57
L4118
3‘6 -4 100
1 {(contaminated) = - - - -
2 100 oil 32 0.92 35
3 100 oil 25 0,92 27
3
3-6 X 101
1 100 oil ) 0.92 0
2 1060 cil 0 0,92 ¢
3 100 oil 0 0.92 0
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Table L. Mean Population Densities of Uregon J 96 Cells Grown for
Various Times in Various Concentrations of B8-lMethoxypsoralen.

Fxperiment 5
Concentration Ho, of ¥ cro= No, of Area
of B-HOP fields scope cells cougted Cells/
(pg./ ml.) counted objective counted (mm©) nme Mean
TIME: 72 hours.
Controls
(no 8-x0P)
1 100 oil 257 0,92 280
2 100 oil 28l 0.92 310
a 295
1.8 x 31D
1 100 oil 211 0,92 230
2 100 oil 270 0,92 29k
262
3.6 x 1071
1l 100 oil 218 0.92 238
2 100 oil 270 0.92 294
266
1.8 x 10°
1 100 oil 338 0,92 368
2 100 oil 308 0.92 336
: 352
3.6 x 10
1 100 oil 225 0,92 L5
2 100 oil 222 0.92 2h2
1 , 2l
1.8 x 10
1l 100 oil 165 0,92 180
2 100 oil 169 0,92 184
182
3.6 x 10t
i 100 oil 87 0,92 95
2 100 oil 83 - 0,92 90
73
TIME: 120 hours.
Controls '
1 100 oil ch7 0.92 596
2 100 oil 580 0,92 633
- 615
1.8 x 10
1 100 oil L65 0,92 507
2 100 oil Lhé 0.92 486

L97
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Table ki (cont,) Wean Population Densities of Oregon J 96 Cells Grown
for Various Times in Various Concentrations of B=Methoxypsoralen.

Concentration Ko, of Micro= Ho, of Area
of B-hOP fields scope cells counted Cells/
(pg./ m1, ) counted Objective counted (mm?) #m Mean
3.6 x 107L
1 100 oil L73 0.92 518
2 100 oil 439 0.92  L79
- 497
1,8 x 10
1 100 oil 589 0.92 642
- L 100 oil 492 0.92 536
0 589
306 x 10
1l 100 oil L83 0.92 526
2 100 oil 467 0,92 509
518
1.8 x 10t
i 100 oil 202 0.92 220
2 100 oil 205 0,92 224
, 222
306 X 161
1 100 oil Th 0,92 81
2 100 oil 52 0,92 57
69
TIME: 1LL hours
Controls
{no 8-MOP)
1 100 oil 456 0.92  L97
2 100 oil Lél 0.92 507
1 502
1.8 x 10™
1 100 oil L38 0.92  L77
2 100 oil kL9 0,92 Lig 48
3
3.6 x 107¢
1 100 0il 383 0,92 ki7
2 100 oil 395 0.92 L3
0 L2k
1.8 = 10
3 100 oil 391 0,92 L26
2 100 oil 398 0,92 L3k
y 130
3.6 x 10
1 100 oil 323 0,92 352
2 100 oil 267 0,92 291

jaz
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Table 4 (cont,) lMean Population Densities of Oregon J 96 Cells CGrown
for Various Times in Various Concentrations of 8-lethoxypsoralen.

Concentration Ho. of ¥icro- No, of Area
of 8-¥OP fields scope - cells cougted Cells/
(pg./mi,) counted objective counted (mm“) Py Mean
1.8 x 10 |
i 100 oil 60 0.92 65
2 100 oil 73 0,92 80
, 73
3.6 x 10¢
1 100 oil 28 0.92 31
2 100 oil 27 0.92 29
TIVE: 168 hours.
Controls
(no 8-MOP)
1 100 oil L90 0,92 53k
% 53k
1.8 x 4™
1 100 oil 34 0.92 375
A 375
3.6 x 102
1 100 oil Loz 0.92 438
o L38
1.8 x 10
| 100 ofl Lk7 0,92  L87
487
3-6 X 100 )
3 100 oil 09 0.92  Lbé
2 100 oil 329 0.92 359 b
03
1.8 x 10t
1 100 oil 128 0.92 140
1 . 140
306 x 19
1l 100 oil 30 0.92 33

33



Table LA, Resume of Table L.
Populations against Sampling Times

Concentration of
8-methoxypsoralen
(ng. / ml, )

Times sampled,

Chart to Show lieans Only of Cell

39

WO succcaes conbaimaeald:  ARD 1l 168
Controls 295 615 502 53k
1.8 x 1071 262 497 L83 375
3.6 x 1071 266°  L97 ka2l L38
1.8 x 10° 337 589 130 L87
3.6 x 10° 2y 518 322 Lo3
1.8 x 10% 182 222 73 o
3.6 x 10t 93 69 30 33
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PART II

Protozocan Gells

A. Description of Frotozoan Cells.

Tetrahymena sp., & small ciliate protozoan, was first isolated
in pure culture by Iwoff (31) at the Pasteur Institute in 1929.

The organism is ubiguitous in nature and has subsequently been
isolated by different workers all over the world. Dr. Austin Phelps,
at the University of Texas, has started cultures of fetrahymena

from samples of water taken from icy mountain sireams as well as

hot springs whose iemperature was as high as 40° C.

from the outset il became clear that this organism afforded a
special means of studying a vaeriety of problems. Its organization
and metabolism proved to be of & complexity on the order of that of
& mammalian cell, but it provided the technical approach that had,
until its isolation, been more generally reserved for bacteriological
problems. |

The nutritional requirements for Tetrahymena wef@ worked out
primarily in the laboratories of hidder and Dewey (28, 29)_over a
gafioﬁ‘af about 10 years, with the rcsult that it is possible to
degign for this organism & purely synthetic and couwpletely defined
diet.

This opens the possibility oi making biochemical studies with
an accuracy and definition not possible with any other organism of
this complexity.

On the other hend, it is possible to grow Tetrahymena on an

extiremely simple medium from the standpoint of meintenance. They
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grow well on 0.5 or 1% protecse~peptone (Difce, item 0121) or
1% yeast extract {Difco, item 0L27)e The latter was used in‘tha
following experiments.

The degree of predictsbility and repeatability of exp@wiménts
with Tetrahymens depends on a variety of factors. The growth chevace
terictice vary with species, nutdlents, tesperature, light, piy st

Phelps, U6, L7).

Changes in one of these iactors may clearly alfect the population
in such a way as to change other factors. Tor exasple, Srowning (6)
showed thal the time per peneration was at a ninioum when cultures
were stirred with 20% 0. Of course in nature, in the shallow rools
winere they often thrive, their enviromment is in equilibrium with
atmospheric Oy which is just about 208,

By sampling various depths of a still pond, one will find the
bulk of tae jopulation st the surface--which, of course represents
the highest 02 gradient. And in the laboratory, in tast tubes, one
will {ind thet in a few hours the bulk of the repulation isg in the
top few centimeters.

Thie provides a rational explanation for the fact that cultures
bubbled with sterile air present shorter division times, and resch
& higher saximum phase, than those bubbled, e@.g.; with 508 Oze

From another standpoint, however, the bubbling of flasks
introduces a number of problems. One must guard mors carefully
against contamination, care must be taken against evaporation,
bubbling systens are liable to clogging, ete.

In general, lor each step taken to yield smeaximum growth rates,

saximum populations, etc., there is a price to be paid in complexity
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of apparatus, medium expense, time, etc, The decision has to be made
as to whether the particular experiment must be mode in terms of
maximum erowth, or whether it is equally satisfactory to measure
in terms of standard growth,

In the following experiments usine five strains represanted by
two species the decision was to r@iy on a large volume of studies
under a standard set of conditions, i.e., to standardize growth
conditions,

In the last 15 years a tremendous wealth of literature has
appear d on and about Ictrahymena in much of which, as here; the
intercst has been primer ly focused on some problem of biochemistry,
genetles, growth, antibiotics, virus culture, etu,, rather than on
the organism itself, It would not be pertinent to review this
literature here; a rlance into a recent issue of The Journal of

Protozooloy, for example, will lead into a vast number of references

in each particular field of interest.,
For the present study cultures were obtained from Ir, Forloff
of Lewis and Clark Coll: e, Portland, Oregon. They consisted of

and T. vorax PE.

B. The culture method,
The method was as simple as sossible, Cultures vere made in
250 ml. Erlenmeyer flasks, cotton stoppered. Test tubes were ised
for the experimental worlk, for the most part, althourh in one experi-
ment, to be described, small flssks were used. Medium was artoclaved

in the flasks or tubes and subcvltures were made with sterile cotton
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pligged gerological pipettes, The test tubes were placed in racks
and incubated at 27° ¢,

Tubes were penerally set up in duplicate for each concentration
of B-M0OP tested and for each time point,

Stock cultures were maintained at reoom temperature,

C. Preparation of the culture media,

The medium emploved was also as simrle as could be found., It
consisted of 1% y-ast extract m-de up in ordinary tap water.

In orver to prepare medium containing 8-MOP, however, the
decigion was made not to auntoclave 8-MOP with the yeast extract,
Therefore, a flask containing 50 jg./ml, 8-M0P solution was mized
in equal volum s with 2% y ast extract, yielding 25 pg./ml. 8-HOP
in 1% yeast extr-ct, Alternatively, & Mlask containing 10f yeast
extract and another flask containing 56 pg,./ml. of 8-MOP in water
were prepared, each being autoclaved separately and mixed when cool
in the proper propertion to give a final concentration of 50 pg./ml
8-MOP and 1% yeast extract,

Serial dilutions were made of this medium with ordinary medium
several days before an experiment, the tubes being held at room
temperature, in the dark, during this time., By this mans, it was
possible to catch certain contaminants which might have ~rown up
during this period, it being difficult in making a large number of
such dilutions to avoid some air contaminants,

Precastions were taken to protect solutions of H-M0OP from the
light dvring the preparation of medium and after the tests had been

prepared,
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De. Bampling techniques,

The sampling of a population of these protozoa growing under
the conditions described must be rigidly controlled, As mentioned
above, in the restinc tube the bulk of the .opulation tends to swim
to the top layers of medium, probably seeking a higher oxygen tension,
It is necessary to swirl such a tube scveral times in order to get
a uniform distribution of cells,

It would be possible, and simpl r, to remove the cotton plug
and invert the contents of the tube, thus getting a well-mixed sample,
It is often desirable, how ver, to keep the tube sterile for observa-
tions for some time after the sample is taken, Often, a contaminant
which may have bren slowly growing will not be apparent when the
sample 1s taken, but shows vp in the culture later. In this event, the

counts on samples from this tube are considered invelid, since the
presence of a bacterium or mold may have altered the experiment, aven
though it was there in a quantity too small to be detected at the
time of sampling.

These protista, being ciliated, are highly motile, Subjectively,
theyseen fairly to zip across the microscopic field. Clearly they
cannot be counted under these conditions, so they must be killed, In
this study, a few drops of 10% formalin in which a small amount of
rmethylene blue had been dissolved was used. The presence of the
dye is certainly optional, but it seemed to increase the conirast
and make the orpanisms casier to count,

Unfortunately, after they are kille, in 15 or 20 minutes they
tend to stick topether and form clum:s., These clumps are impossible

to break up without also ¢:striying some individual orranisms, For
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this reason, counts were made at a uniform time after killing.

The guostion of resamplin-, or repetitive samplinc, arises.
Tt would seom for some purposes better to grow a culture in a flask
which could te sampled over a course of time. The flaw in this lies
in the sampling method. When the cultures are stirred prior o
sampling, this must violently change the kind of "structuring” of the
growth flask. Cells which are dead fall to the bottom of the flask,
while living cells swim to the top. Vhen this is stirred up, the
material undergoing antolys’s in the bottom is brought to the top
where it may compete with the living crpanisms for oxygen., In any
case, it is demonstrable that the count will drop dramstically when
a culture is resampled a few hours after it has been sampled first,
whoreas a duplicate culture that has been growing under the same
sonditions, but had not been sampled, will show contimued growth,

Counts were made in an ordinary hemecytom~ter. The number
of cells counted depended on the informstion desired from the count,
In most cases interest was directed to a difference in densities of

the population at a particrlar time., In order for the diference in

two densities to be significant at a 0.05 level of confidence, the
following formilae, kindly supplied by Dr. Carl Hopkins, of this
institution, were used:

N N
vl'"" 7

2

s Where N=

number of cells and V=rvolume) or, when counting the same volume, this
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reducas to,

Co oo 3
12 2 (g ¢)

C, 4+ C
s Wiere ¢ & counts

B: Specific Probloms

initially ;ilwt studies were run comparing the grawth of 2. pyri-
forsis E and WH M snd I. vorax PP and Y1 with ond without BetoP,
¥Within two days visual exemination of the tubes revealed turbidities
in the control group up to two or three times that of the group cone
taiving B-40P,

Although careful analysis done later doss not support this view,
at this time in the investiration it was Lelieved that the J 96 cells
had shown gome ability to "detoxify" or in some fashion neutralise the
effects of BaN0OP. With this belief in mind 1% wae natural to try to
find cut if these sirains of Tetrahymena hed the ability to resove the
H=-¥0P from the wedium. '

One of the sub~problers then was to test the possibility that ava&
& poriod of time sctively growing cells would mets olise or neutralise
the 3-MOP presents

To this end paper chrocatograzs were made on a Series of tostes
ons group of tubes contained protosos and 1% yesst exiracty one group
contalned protosoa, 1% yoast extract and 8-90P} cne group contained
no rrotozoa, but 1% yeest extract and Ge30P,

Aftsr imcubation sach of these was sampled over & period of seve
eral days and paper chrosatograse were prepared fror each sanple.

The resulls were sgsentially nerative.
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In all cases the spot on the paper made by 8-MOP (which is fluor-
escent in U~V light) showed up equally well in both samples from pro-
tozoa~containing tubes and those tubes without protozoa.

Under the conditions of the experiment, we could detect no dif-
ference in the size or intensity of the spot to offer any support to
the proposition that this material was being removed from the medium
and altered in any way such as to change its characteristics on the
chromatogram,

One of those mysteries which beleaguer and bewilder every inves-
tigator occurred at this point., A& test was prepared with T, vorax PP
testing the afore mentioned ideas., It was negative as usuwal with
respect to showing any diminution of 8-MUP, but a curious thing ap~
peared: a spot with Rf value of (.22 appeared on the chromatogram of
a sample from protozoa in normal media, whereas no such spot showed
on the sample from 8-MOP media, Repeated sampling showed the same
results. It seemed that cells growing normally were producing scme
material which was being blocked in 8«¥0P,
| Samples were taken from a second and third set on the 3rd and
Sth day with essentially the same results, BPut then on the 16th
day the fourth and final set was sampled. These showed no such spot,

Since each sample wag taken from a separate set of replicate tubes
contamination of the previous samples was suspected. Therefore the
stock cultures of the protozoa were put through a special apparatus,
described below under Experiment 2, designed to remove any bacteria
which might be present,

Using these "washed" protozoa the experiment was run again., 4t

this time no spots were seen at this Rf, seeming to point to a contam-
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inant in the first experiment,

The mystery is, however, what material did appear at that spot?
It was negative to phosphomolybdic acid, ninhydrin, and diazatized
sulfonilic acid, It was fluorescent in U=V light. With the small
quantity of materisl it was possible to run only one sample on the
spectrophotometer: it appeared to have a slight peak at 260 wu,
Since subsequent runs never produced that spot, it was impossible
to run further tests. On reflection, however, it would seem that
if there were bacteria present in these "false" tests, and if these
were responsible for this spot, it probably should have given a pos-

itive ninhydrin test.

RESULTS AND DISCUSSTON

Following the organization pattern of Part I, the various ex-
periments conducted using species of Tetrahymena will be presented
below, one by one, For some purposes data will be grouped from
several experiments and presented graphically. In addition, data
and discussion of individual experiments will be given.

The first four experiments, using three strains or species, were
for the purpose of demonstrating and measuring the simple effect of
growing cells with and without 8-MOP. To this end high concentrations
of G-MOP were employed,

The next four experiments, using all strains and species, were
to attempt to determine the effect on growth of various concentratiens
of 8-MOP, For this purpose the following concentrations were always
used, stated in pg./ ml,: 50, 25, 15, 5, 2,5, 1, and 0.5. Control

flasks contained simply 1¥ yeast extract medium,
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The final experiment was conducted to determine if after being
cultured in 8-MOP for various lengths of time cell populations tended
to exhibit any change in growth patbterns upon being transferred back

to normal medium,

Txperiment 1

Tubes were prepared with 9 ml, of medium in two groups. The first
froup contained 9 ml. of 1¥ yeast extract medium., The second group
contained L nl, of 27 yeast extract medium to which § ml, of a solution
of 50 pg./ ml, 8-10OP was added after autoclaving each of these solutions
separately,

Cultures of T, vorax PP grown in 1% yeast extract at room temper-
ature were used., Direet counts on the stoek solution gave 16,350 cells/
ml. This stock was diluted with fresh medium to give suspensions of
about 1600 cells/ ml., One ml. of this suspension was added to each
tube, hence the initial inoculum in each test tube was 160 cells/ ml.

A1l tubes were placed in the incubator at a temperature of 26-
21° g. ’

Samples were taken for direct counts at 2, 72, 120, and 360 hours.
Results are shown in Table 5,

As described under Section F., above, when samples were taken
paper chromatograms were prepared from an aliquot of this material,
the study of which did not, however, contribute to our understanding
of the mode of act’on of the B-MOP,

The differences in growth characteristics between the test group
and the controls are significant. The control achieved a higher density

and a greater maximum than the group with 25 pg./ ml, 8-MOP, 4 gtudy of
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of the first 2L hours reveals that the number of times the population
doubled, N, which is given by the equation,

N = log £ — log a
og
(where log £ = last
reading, log & = first reading), is L.6 for the test group and 6.2 for
the control.

The mean time per generation, T/G, can be computed by dividing N
into the time interval to be tested, Over the first 24 hours, the mean
T/G for the test group is § hours, but for the control only 3.9 hours,

On the other hand, this does not represent a particularly high
growth rate, even for the controls; hence not too much reliance should
be placed on these data alone, From later experiments, for example, it
will be seen that, in general, populations reach their maximum density
in about LB hours, That this group did not, but was etill increasing
slightly at 16 days, casts that much doubt on the validity of the resulis.

Fxperiment 2

As described in Section E., above, paper chromatograms of material
taken from Experiment 1 showed, irregularly, spots which might be inter-
preted to be due to some contaminant which could not be readily identi-
fied. In addition to this, as also described, the growth rate of the
control groups in this experiment did not seem to be very high,

The stock cultures of T, vorax PP were then held to be suspect, and
steps were taken to insure the establishment of a pure culture.

An apparatus which appears to be something of a Rube Coldberg
invention has been designed which in practice works quite well, It con-

sists of a flask equipped with a larre coitton plug through which a
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glass tube ent®¥s, extending to the bottom of the flask. The glass
tube has waoy spirals and anglesy its other end terminates in an
ordinary thiztle tube. The entirs apperatue is filled with oulture
wedium and the level of liquid is adjusted by raising or lowering
the height of the thistle tube on a ring siand. Then the apparatus
is autoclaved.

Protozoa suspected of being contaminated with bacteria, mold,
yeast or other prolosve are introduced inte the thistle tube.

They begin growing and migrating toward fresher medium. Eventually

=

they either grow and/or swim into the flask which ie carefully obeerved
each day. When protosos are Iired noted in the {lask the tube is ree
woved and the few protozos which -came over into the ilask are allowed
to grow up to provide new stocks.

The principle of the a paratus depends on these factors: 1) the
protosea are “driven” by the gradient of frash medium &s they begin to
exhaust the medium where they ave iptroducedy 2) bacterie usually
exhibit elther a positive or nsgative geotropism, thue tending to re-
mein at one or another @S the many angles or bendsj 3) protosca have
imzensely greater swimming speeds than bacteria; 4) non-motile orpan-
iems are quickly left behind; and 5) in the case of other protosoca,
nong other dhan Tetrahymena have besen found to have the avility to
live in pure culture in the absence of bacteria, elec., or even to live
upon Tetrahymens alons.

Thus, for one of various reasons, if the gpparaius is dizcommected
when ihe protosca first eppear in the collecting flask, success is
practically 100%.

This spparetus was used to "decontaminate® the stocks of T. vorax

e

b
I3
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Subcultures were prepared and when adequate stocks were estabiished
all old gtocks were discarded.

The present experiment was prepared just as in Fxperiment 1,
using cells growing in 1¢ yeast extract medium for the controls and
cells growing in 1¥ yeast extract medium which contained a final cone-
centration of 25 pg./ml, 8-MOP as the test.

The cell suspension used had 3750 cells/ ml., One =l of this was
added to 9 ml. in the tubes, hence the initial inoculum was 375 cells/
ml, Samples were taken for counts at 2L, 72, 120, and 360 hours.

The results, shown in Table 5, are quite comparable to the first
experiment, N values for the first 2l hours are, for the test group
1.7L, and for the controls, 6,55. T/¢ for the test group for this
period is 15.5 hours, but for the control, only 3.6L hours, Again
the control gro p reached a smuch greater maximum phase than the test
group, and this meximum was higher than in the first experiment,

Later it will be shown, however, that these data are not sufficient
to characterize well the growth of a population, and thus this same
data will be dealt with in a different mamnmer at the end of this section,

After 48 hours in the 8-MOP medium a sample was taken for inocula-~
tion into normal medium to see’if the cells would continue to show the
effects of 8-M0P, A sample of 1 ml. was taken having a count of 3750
cells/ml., and put into fresh tubes of 9 ml, of 1% yeast extract medium.
As it happens, this gives a starting inoculum identical with that of
the beginning of the experiment, 375 cells/ ml, Samples were then
taken and counts made at 2L and 72 hovrs., This culture still contained,
of course, 2,5 ug./ ml, of 8-MOP.

The results of this are shown in Table 6. The rrowth rate occupies
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a position intermediate between that shown in the 25 pg./ ml. and that
of the control, although it is closer to the control., For the first 24
hours, N = 4,55 and T/0 = 5.3 hours,

It cannot really be determined from this data whether the culture
in the presence of 8-MOP had damaged these cells in some way, resulting
in a somewhat reduced growth rate, or whether the presence of 2,5 pg./
ml, B-MOP was still sufficient to inhibit, slightly, their growth rate

in the new medium,

Experiment 3

Subcultures of T. pyriformis F. taken from stocks which had been
isolated from the decontamination apparatus were made one day prior
to the beginning of this experiment., Samples were taken from a flask
of rapidly growing cells and direct counts were made,

The tubes were prepared as previously described, such that the
test group had 25 pg./ ml, 8=M0P in 1% yeast extract medium and the
controls were grown in 1% yeast extract medium alone.

Fach tube was inoculated with encugh cells to give 2500/ ml, as
a final suspension., Samples were taken and counts made at 24, L8, 72,
120, 1kL, 168, 192, and 216 hours,

The results, shown in Table 5 show some differences from the
first two experiments, although the interpretation is the same, That is,
the absolute values are somewhat different, but there are the same
significant differences between the test and control groups,

N values are, for the control, L.765 for the 8-uOP séries, 2.17,
during the first 2l hours, Mean T/G's are, respectively, 5,0l hours

and 11,05 houry for this period,
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After 72 hours in the £-MOP medium a sample from this series was
taken for inoculation into normal medium, as was done in ¥xp. 2, Samples
of 1 ml,, having a count of 35,000 cells/ml, were put into tubes contain-
ing 9 ml, of normal medium, giving en inoculum of 3500 cells/ ml, as an
initial suspension, Samples were taken and counts made at L8, 72, 96,
and 1L hours,

Results are shown in Table 6, Since a sample was not taken aﬁ 2k
hours it is 5n13'p033ible to compute N for the first 48 hours., This
gives 5,9, The mean T/C for the whole !, hours is 8.1 hours., It is
clear that for the first 2L hours these values would be close to those

of the control group.

Fxperiment U

This experiment was similar to the above, except that T. pyriform-
is WH 1l was used. It was run concurrently with Fxperiment 3,

The inoculum used gave a final cell suspension in the tubes of
12,500 cells/ ml. Samples were taken and counts made at 2L, L8, 72,
120, 1kh, 168, 192, and 216 hours,

The results are shown in Table 5, Some strain differences in
growth characteristics are exhibited here. WH 1L sesms to have a some-
what slower growth rate, but shows the ability to reach higher maximum
populations,

For the first 2L hours ¥ values are, for the control, 3.12, and
for the test, 0,38, Wean 7/ for this period are, respectively, 7.L5
hours and 63 hours.

These figures are considerably different from those of Experiment

3. Nevertheless, it is of more importance that they are considerably
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different from each other,

After 72 hours in the 8-MOP medium a sample from this series aléo
was taken for inoculation into normal medium., FEach sample of 1 ml.,
having a count of 30,000 cells/ﬁl, was transferred to tubes containing
9 ml, of normal medium, piving an inoculum of 3000 cells/ ml. as an
initial inoculum. Samples were taken and counts made at L8, 72, 96,
and 1hh hours,

Results are shown in Table 6. As above, samples were not taken
at 2l hours, hence calculation for N and T/t were taken for the first
L8 hour period, They are, respectively, 6,05 and 7.9 hours,

It may well be that this represents a significant difference
between the growth in 2,5 pg./ml, 8-40F following transfer from
25 pg./ul. 8-MOP as compared to those cells which grew only in
normal medium, Although these data will be further analyzed, below,
it is felt that no definite statewent can be made regarding this
point., That is, from this evidence, we cannct rule out the possibility
that either the initial growth in inhibiting concentrations of 8-MOP,
per se, or that some selective process operating, or some combination
of those with other factors, may actually provide some stimulatory
effect on subsequent growth, On the other hand, this one sub-
experiment, without adequate controls, can scarcely be considered
as very strong evidence for any such stimulatory cffect, and it
will be shown that there is more evidence %o contradiet than to

gipport the hypothesis of stimulation following inhibition,

Experiment S

Having determined the inhibitory effect of a 25 ug./ml. solution
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of B8~MOP, it was next decided to test the effect of various concen-
trations,

The main value of Experiment 5, however, must lie in the realm
of experience and working out of techniques, as the results were
quite incomprehensible, Only two samples were taken, after which
the experiment was abandoned when it became clear that the figures
appeared to have been taken from a table of random digits, Tt was
not even possible to prove contamination, which might otherwise well
have explained the resuvlts,

The method of preparing a series of dilutions was as follows:

A solution of 56 pg./ml, of 8-MOP was prepared, which is close to
the limit of solubility of this substance in water, Then, a flask
of 10% yeast extract was prepared. The addition of 9 ml. of the
8«%0P solution to 1 ml., of 10% yeast extract pives a solution which
contains about 50 pg,/ml, of 8-HMOP and 1% yeast extract solution,
These were prepared and autoclaved separately, in the dark, and
mixed asegptically after coolinr. Dilutions of this solution were
made with 1% yeast extract by volumetric pipette into flasks. Then
the tests were prepared by pipetting 9 ml. of each of these solutions
into a series of tubes to which could be added 1 ml, of cell sus-
pension, |

Due to the fact that contamination was suspected in this experi-
ment, in subsequent efforts these tubes would be placed in the dark
several days to allow pessible contaminants to grow up before the
tubes were inoculated,

Another error in designing experiment 5 was in the simultaneous

use of all five strains of Tetrahymena, In practice this becomes too
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unwieldy since one is dealing Wiﬁh 8 different concentrations times
5 different strains times duplicate samples for each sample periodj
even without recounts on a particular sample, this means 80 opera-
tions for each time period, Fach operation consists of taking a
sample from the tube and transferring it to a killing flask, killing,
taking a sample from this suspension and getting it to flow well
under the cover-glass of the counting chamber, counting, recording
tﬁe count, cleaning and drying the chamber and cleaning and drying
the flask,

Fven if each count is reduced to 3 minutes, it 3till takes on
the order of L hours to make such a total count with the problems
that 1) a perhaps not insignificant time period has elapsed between
the beginning and end of the operation, and 2) the operator becomes

fatigued to the point of making it very easy to make errors,

Experiment 6
With the lessons of the last experiment firmly in mind, this
experiment was designed to study the effect of varying concentrations
on a single strain, |
A culture of T. vorax PP taken from a "decontamination® flask
on Aug. Sth was prepared and subcultured prior to setting up this
experiment on Aug. 1lth,

A series of B-MOP solutions was prepared as described above,
Inoculations were made such that each tube contained 750
cells/ml. initially. Samples were taken and counts made at 2L, L8,

96 and 120 hours,

The results are shown in Table 7A, It becomes clearer in
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retrospect that it would have been better to have more points during
the first I8 hours since maxima are achieved in about‘this time,
particularly in the control groups and lower concentrations.

This data will be analyzed more extensively below,

Experiment 7

This ig almost identical in desipn to the experiment above,
Cells of strain T. pyriformis E. were employed rather than T. vorax PP.
They were collected frcm a "decontamination® flask which had been
prepared Sept., 5th and had been through two subcultures prior to
the beginning of this experiment, Sept. 26th.

A series of 8-HOP solutions in yeast extract medium was prepared
as usual,

Tnoenlations were made to give a cell suspension of 750/ml.
final concentration. Samples were taken at L8, 96, 1Lk, and 168
hours., As noted above, it would have been better to have earlier
points,

The resulte are shown in Table 7B, They are rather poor,
probably due to the fact that most of the later points are past
the maximum stationary phase of crowth and thus represent the
wide fluctuations which may occur after this time. In the case of
the tubes having a concentration of 1 pg./ml., however, there are
probably some errors involved, either in counting or in the initial
inoculum or in some other way, as this does not fit well in the
gencral pattern,

As in:experiment 6, this data will be analyzed more extensively

below,



Experiment 8

Due in part to the somewhat erratic results of the previous
experiment, it was decided to test a new technique for sﬁudving
population growth., This technique was patterned after that which
has been successful in measuring growth of some microorganisms,
the densiometric method,

To this end a number of tubes were matched to give the same
reading, with water, on the Reckman Model B Jpectrophotometer,

The entire study of effect of concentration was run in two
concurrent wayss by making a ssries of {our tubes for each con-
centration of 8-MOP, and for the controls, and also water blanks,
Cells (T. pyriformis E) were inoculated into these tubes to give
an initial suspension of 100C cells/ml, The second part consisted
of a series of flasks containing the same concentrations of B-iOP
also with 1000 cells/ml. |

Samples were taken for direct counts from the flasks at 2&,‘
48, 72 and 96 hours, The tubes in quadruplicate for each concen-
tration were read after shaking at time zero, L, 8, 16, 2, 32,

Lo, L8, 6k, 72, and 96 hours.

The averages of the four readings and the cells/ml, taken from
direct count are shown in Table 8, It may be seen that though there
is some increase in turbidity over the 96-hour period that most of
the increase occurs between LO and L8 hours, Since it will be seen
more ¢learly later that some of the more intrresting information
cencerns the period prior to this, one must conclude that this is

not sufficiently sensitive for the purposze of measuring growth,
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Experiment 9

Tt had appeared in Ixperiments 2, 3, and L that orpanisms that
had first been cultured in the presence of B8-MOP and then transferred
to a normal medium exhibited an increased growth rate over controls
which had grown in normal medium alone for the same period of time,

It was known, hovever, that merely transferring orpanisms to fresh
medium had a stimilatory effect upon them, and these initial observa~
tions were not controlled.

In Experiment 9 a number of tubes of media were prepared, half
of which had 50 pg./ml. #-HMOP, A flask af T. pyriformis F which had
been subcultured U8 hours previously wﬁs selected for the inoculum,
This inoculum was made with sufficient cells in 1 ml, to give a
final concentration in the test tubes of about 1000 cells/ml,

At the end of 2L, L8 and 96 hours, samples were taken from the
top layers of unshaken tubes to get the largest number of cells and
this sample was transferred to a tube of frosh medium, Counts were
made on this material and appropriate amounts inoculated into flasks
having a volume of 20 ml, of fresh medium,

This procedure enabled one to dilute the £-MOP about 13100, yet
still obtain enough cells to make an inoculum, Also, by not stirring
the tubes, and by taking the top layer, one selected the more vigorous
swimming cells in this region so that the counts more truly represented

the number of cells capable of continued growth and division, ‘

Samples were then taken for direct counts an additional 2, 48
and 96 hours on cells growing in the flasks, These cells, then,
either grew for a specified time in normal medium and then were

transferred to fresh normsl medium where they grew another specified
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length of time, or else they srew for a specifisd time in an 8-MOP
medium and then were transferred to normal medium where they grew
another specified length of time,

Due to the fact that very few cells were to be found in the
tubes containing 8-MOP at the end of the various periods, and to
the fact that high diluvtion of the B3-MOF was necessery, a very small
number of cells were in the inocvlum to the test flasks. Since the
tubes with normal medium always had numcrous cells, and since the
inocula were prepared in essentially the same manner, these inocula
were larger, To make direct comparisons, however, it is only necessary
to find the point at which the cells first grown in 8~QOP, the test
rroup, reached the number eqrivalent to the original inoculum of
cells first prowm in normal medium, the control grovp, and compare
the growth characteristics of each for a measured interval following
this point,

Table 9 shows the number of cells counted at each test period,
It will be seen that both sets attained a maximum density at about

I8 hours, Those started from 1 cell per ml., however, had farther

to go to attain this maximum, Calculations of N, or number of times
the population has dovbled, have been made for each 2li-hour period,
There are siriking differences. The cells which had had prior
treatment with 8-MOP have dovbled better than 10 times in the first
2li hours while the control group doubled less than 7 times. In the
next 2l hours, the test proup still seems to double over § times,
whereas the control group has doubled less than 2 times,

Mean times per gencration for each 2l~hour period were caleculated

by dividing dovbling time into 2L, Again it appears that the test
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group had much shorter generation times,

It would have been pleasant to stop here and indulge in specula=-
tion about the nature of action of §«40P on inhibition of these cells,
Hypotheses certainly might arise concerning the possibility that
B-30P might inhibit some key process necessary for division, while
allowing the cccumlation of elements necessary for subsequent
division when the "restraint® was removed. Or again, that such an
experimental procedure had resulited in the selection of a more
vigorous population, etc., etc,

However, another analysis remains to be done. BSuppose we plot
the densities of these populations, or rather the lorarithm of such
numbers, against time, Then s:ppose we locate the intercept on the
curve of "est" groups at a value equal to that of the value of
the inoculum of the "control® groups. An examination and comparison
of the two a-ts8 of curves from this point tc the point of maximum

dengity eghould give a critical velue: the slope of these curves,
If the "test" group is prowing at a higher rate, then this value
should be significantly higher,

Such data are presented in Pig, §. Attention is called to the
following points concerning this figure: at a time not later than
L8 hours all sroups reached a maximum, Fluctuations after this time

do not have significance, The interesting period, then, is in the
first L8 hours. The M™test™ group reached 1000 cells/ml. (Log = 3.0)
in about 20 hours. In the next 23.2 hours this curve intercepts the
line (Log = 5.0) 1In the remaining L.8 hours it attains the line
(Log = 5.4) which is the maximum, But the "control" group took 2l

hours to go from (3.0) to (5.0). And if one makes the not unreasonable
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assumption that this group also increased from here to (5.4) in
about L.8 hours (the hypothetical extension of this curve), then
the groups are as nearly identical in growth characteristics as

experimental variation would permit}

Such an analysis gives, geometrically, an almost perfect
parallelogram with both slides having the same slope, indicating
that in this experiment there is evidence that the growth rate of
the two groups is almost identical,

It was thought instructive, though obviocusly not conclusive,
to plot similar data from Fxperiments 2, 3 and L, Since these
were originally done in a rather casual fashion, merely béing at
this stage designed to see whether the cells were still capable
of growth after having been in 8-40P, a real "control® group con-
sisting of transfers from normal to normal media were not set up
at this time, Still, if one may consider that the original inocula
in each experiment when made into normal media represent a close
approximation to such a specifiec control, then comparisons may be
made to Fxperiment 9, Such plots are shown, but without extensive
analysis, in Fig. 6.

It seems fairly clear that cells of the WH 1l strain, as well
as a different species, T. vorax PP, pive comparable results, that
is, there is no demonstrable stimulatory effect from being relieved
from "-EOP inhibition, but on the other hand, it seems certain that
once the inhibition is relieved these strains studied are capable of
- resuming nermel growth,

It would be of obvious advantage in a study such as this to

ocbtain a single value which would represent the growth performance
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culture time. Tor convenience in comparison, the lorarithm of this
number was ‘aken, This number is, then, the log, organism-hours per
hour, which can be termed LOH,

For the periods measured here, this nurmber provides an excellent
means of comparison, especially of the effects of variovs concentra-
tions of 8-MOP which were employed in Fxperiments 6 and 7.

Fig. 7 has been prepared to demonstrate these differences,

A particular relationship is apprarent: with but two exceptionsg

LOH is smaller for each increase in 8-NOP, One exception is the

LOH value for 25 gamma 5-MOP in Fxperiment 6 which is actrally slightly
higher than the preceding value for 15 gamma 8-}MOP, The other is

for 2.5 gamma B8-MOP in Fxperiment 7, Tn gen ral, however, the

decrease in LOH with increasing concentration of B8-MOP over the

entire range is quite clear and easy to read.

Data for these calculations are shown in Tables 10, 11 and 12,

There remains but one observation to be recorded, On Jan. 3rd,
1959, a culture of cells was noted which had been used the preceding
%éc. 27th in preparing Fxperiment 9. These cells had been in
8-MOP medium (50 jig./ml,) for over 168 hours., A drop of this
culture was examined and a few cells were found to be swimmin-~ very
slowly, One ml. of this suspension wae inoculated into a flask
containing 20 wml, of frash medium,

The following day (2l hours) there were too few cells to be
counted in the hemacytometer, A drop of approximately 0,05 ml,
from a WBC pipette was placed on a slide and this drop was surveyved
under low power. One cell, swimming at normal speed, wﬁs ohzeorved,

To the extent that this was a "good" sample, this implies that there



66
were on the order of 20 cells/ml. at this time,

The day following this (L8 hours), a sample again was taken
from this flask, At this time the count was 86,000 cells/ml}

Assuming the 2Li-hour count to be valid, this yields a doukling
time of 1.92 hours, or that the population doubled 12,5 times within
this 2li=hour perioed, surely a remarkable rate for a cell of this
complexity.

Both from personal observations of cell division with phase
contrast microscopy and from conversations with cellular physiologista,
there seems 1o be fairly close agreement that the actual mitotic
time is probably rather constant, on the order of 30 minutes, and
that variations in generation time are due to variation in the

intermitotic interval,
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Table 5. The Effeect of 25 ug./ ml., 8-Methoxypsoralen on the Crowth of
’ Various Strains of Tetrahymena.

Fxperiment X Inoculum: 160 cells/ mi,

I. yorax PP

Cells/ ml,
Time(hrs)
of Sample  §-MOP Control
2l L, L4oo 11,600
48 22,500 60,000
120 26,000 6l;,000
360 55,000 87,500
_ﬂzh% LG 6,2
Tzh/b*% S hours 3.9 hours
Experiment 2. Inoculums 375 cells/ ml,
T. vorax PP
= - Cells/ ml.
Time(hra)
of Sample B-MOP Control
el 1,250 35,000
L8 3,750 19,100
72 5,000 73,750
120 16,250 57,500
1L 32,500 66,700
168 18,750 82,500
192 37,500 10k, 750
W), 1.7h 5.55
Txperiment 3. Tnocuium: 2,500 cells/ mi,
T. pyriformis F
- - Cells/ ml,
Time(hrs)
of Sample 8-MOP Control
2L 11,250 67,500
L8 30,000 116,250
72 35,000 120,000
120 53,750 122,500
1hl 75 ,000 61,250
168 35,000 95,000
192 50,000 68,750
216 27,500 40,000
Tgh/b 11,05 hours 5.0 hours (cont, )
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Table 5 (cont.) The effect of 25 jg./ ml. 8-llethoxypsoralen on the
Crowth of Various Strains of Tetrahymena.

Experiment 4. Inoculums 12,500 cells/ mi,
T. pyriformis WH 1L
Cells/ rl,
Time(hrs)
of Sample 8=10P Control
2l 16,250 108,750
L8 17,500 102,500
72 30,000 176,250
120 20,000 125,000
bk 25,000 200,000
168 35,000 206,250
192 31,250 206,250
216 13,750 167,500
th 0.38 3.12
Toy /G 63 hours 7.45 hours

gy, = Humber of times the population doubles in 2L hours.

~1iv‘~LT2h/G = Mean time per generation during the first 2 hours,
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Table 6., The Effect on Growth of Transferring Species of Tetrahymena
from Solutions Containing 25 yig. /ml. B-ilethoxypsoralen to Fresh
Medium Containing 2.5 pg./rl. O-lethoxypsoralen.

Fxperiment 2

Speciess vorax PP

Inoenlums 375 cells/ml. '

Time of ~rowth in 25 pamma B-MOP: L8 hours

Time (hrs)

of sample Cells/ml. Ny # Tzh/G%*
2L g,750 .68 5.3 hours
72 §1,250
96 21500

Experiment 3

Species: pyriTormis E

Tnoculum: 3,500 cells/ml,

Time of growth in 25 pamma 8-MCP: 72 hours

Time (hrs)
of sample Cells/ml. M Ta/e
1.8 131,250 G 0.1 hours
72 112,500
o6 117,250
1kl 107,500

Experiment I

Species: pyriformis WH 1h

Inoculums 3,000 cells/ml.

Time of growth in 25 gamma SMOP: 72 hours

Time (hrs)
of sample Cells/ml. Mg  Tue/o
LB 1G7,500 5.05 7.0 nours
72 110,000
96 222,500
1hh 312,500

% N., and §, o = Humber of times the population doubles in 2l and 48
2k L8 :
hours, respectively.

w To), /0 and Thg/G = Mean time per gennfation during the first 24 and
48 hours, respectively.
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Table 7A., The F"rect of Various Concentrat’ons of S-Methoxypsoralen
on the Growth of T.vorax PP.

Concentration | Time of

of A-MOP in Sample
rg./ml, (hours) Zero 24 L8 96 120
Zero
(eontrol) 750 15,700 81,500 96,000 71,300
0.5 750 11,880 63,000 87,500 71,800
1 750 15,300 60,200 75,700  6k,200
2.5 750 20,hh0 63,000 50,500 90,000
5 750 13,300 146,200 74,000 50,000
15 750 12,700 42,000 60,800 60,700
25 , 750 9,560 ho,200 78,800 42,400
50 750 3,440 12,600 16,500 20,000

Table 7B, The Affect of Various Concentraotions of 8-iiethoxypsoralen
on the Growth of T, pyriformis E.

Concentration !Time of
of 8-M0P in  |[Sample

pg./ml, {hours) Zero L8 96 bk 168
Zero

(control) 750 115,000 93,600 56,000 100,000
0.5 750 53,000 104,000 60,000 45,000
1 750 60,000 119,000 35,000 35,000
2.5 750 83,000 39,500 32,000 67,000
5 750 70,000  $9,300 L6,000 67,000

15 750 L7,000 51,400 56,000 69,500
25 750 27,000 L45,000 55,000 72,000

50 750 16,000 22,80C 35,000 36,700
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Table 9, The Effect of Transferring 7. pyriformis E from Cultures
Containing 50 pg./ ml. 8-Methoxypsoralen to Normal Medium

A. Cells Orowm in Normal Medium,

Hrs. before

subculture
into normal Cells/ml. Count in Cells/ ml.,
medium inoculated at specified times
2L L 72 96
N 1000 101,000 253,000 240,000 —
L8 1000 110,000 244,000 216,000 --.
96 1000 118,000 - — 202,000
B, Cells Crown in 50 pg./ ml., 8-MOP,
Hra. before
suberlture
into normal  Cells/ml. Count in Cells/ ml.
medium inoculated &t gpecified times
2L ) 7e 96
2 1 E,ﬁﬁﬁ EH;,EJG é!I:GUﬁ i
L8 1 5,000 207,500 223,000 ==
96 3 7,500 — - 236,000
Calculationss

Number of doubling times in interval specified

Nal, .8 Nog
Controlyp), 6.6 1.38 —
18 6.78 1.15 i

n 96 6088 -~ 1011
Test p), 10,35 5,61 —
» }48 10-35 5037 e

L 96 11-28 —_—— hc9?

Mean Time per Ceneration in interval specified

Controly), 3.6L 17.4 -
. ha 305& 2008 —

" 96 3.49 — 21.6
Teat 2l 2,32 L.3 ——
L ha 2.32 h.s el
" 9 2.12 - L.8



Table 10, Analysis of Data of Experiment 2 to Compute LOH,

Interval Control B-10P (25 ug./ml.)
1 7500 3000
2 11000 3000
3 20000 2000
L 27000 1000
s 34000 1000
6 37000 1000
¥ L0000 2000
8 143000 2000
g 116000 2500

10 L9000 3000
11 53000 3500
12 58000 1000
13 63000 4500
1k 68000 5000
15 73000 5000
16 71000 6000
17 69000 7500
18 68000 8500
19 66000 10000
20 6L,000 11000
21 63000 12000
22 61000 13000
23 59000 14,000
24 58000 15000
25 58000 18000
26 60000 21000
27 62000 2,000
28 61,000 27000
29 66000 31000
30 69000 30000
31 72000 27000
32 75000 21000
33 79000 24000
3k 82000 18000
35 87000 21000
36 92000 25000
37 97000 28000
38 101000 3L000

2275500 L, B8200
x5 x5
11377500 2LLI000

1]

L.771
11,108

LOH (control)

i1

Log (11;377,500/192)
Log ( 2,L41,000/192)

1"
i

LOH (test)



Table 11,

7L

Analysis of Data of Fxperiment 6 to Compute LOH.

Interval Concentrations of B8-MQP

17.
18.
19.
20,
21.
22,
23.
2h.

Control 0.5 1,0 2.5
3500 3000 3500 LR00
6500 5000 6500 7000
9500 7500 9000 1200
12000 9500 12000 16000
15000 11500 15000 20000
26500 20000 23000 27500
LO00O 30000 37500 34000
54000 LOOOO L1000  Ls000
68500 50000 50000 54000
81500 61000 59000 62000
83000 65500 61500 62000
B4500 HBO00 63500 60500
86000 70500 65000 59500
87500 73000 66500 58000
89000 75500 68500 56500
90500 78000 70000 55500
92000 80500 72000 5L0O00
93500 82500 73500 53000
95000 B6000 75000 S1000
95000 87000 75000 855000
89000 B3500 73000 63000
8LOOO  80ODO 70000 70500
79000 76500 68000 79000
7L000 73500 65500 87000

5.0 15 25 50

3000 3000 2500 1000

5000 5500 L4500 2000

8000 7500 6000 2000
10500 10000 7500 3000
13000 12000 G000 3500
18500 17000 14000 4500
26000 23500 20500 6500
32500 29500 26500 8500
39000 36000 13500 10500
L6000 L2000 39000 12000
L9000 L5000 L4000 12500
52000 L6500 L7500 13000
55000 47500 52000 13500
57500 50800 55500 14000
61000 52500 60000 14500
63000 SL0O0O 63000 15000
66500 56000 67500 15500
65000 57000 71500 15800
72500 60600 76000 16000
72500 61000 76000 16500
467500 61000 68500 17000
63000 61000 61500 17500
57500 61000 53500 18500
53000 61000 L7000 19500

Control: ( intervals x 5 = 76950003

0.5

¥

it

"

[

A

x 5 = 69355003
x § = 6117500;
x 5 = 57925003
x 5 = 53050003
x 5 = 4B00000;
x 5 = 50425003
x § = 13600003

Log (7695000/120) = L.806
Lop (6935500/120) = L.761
Log (6117500/120) = L,706
Log ( 5792500/120)= L .68k
Log (5305000/120) = L.5L6
Log (LB0000C/120) = L.602
Log (50L2500/120) = L.623
Log (1360000/120) = 4,047
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Table 12, Analysis of Deta of Experiment 7 to Compute LOH.
Interval Concentrationg of 8~§;§DP
Control 0.5 1.0 2.5 5 15 25 50
o 3000 3000 5000 5000 5000 3600 2200 1400
2. 18000 8200 11200 16000 11200 7800 L800 3000
3. 30000 1LOOO 16800 22000 18800 12600 8600 4600
L. L2000 19000 22500 30800 26000 17500  10L0OO 6200
g ghOOO 25000 29000 39600 33800 22400 13000 8000
6. 66000 30200 35000 LBOOO L0BOO 27200 13700 oL0o0
T 78000 36000 L1000 66800 L8000 32000 18400 11000
8. 90000 L1000 L7000 65200 55000 36600 21000 12600
9. 110000 L6000 53600 74000 62000 L2000 23800 14200
10, 114000 52600 60000 82000 69200 L6600  26L00 15800
AL 113000 58000 66000 83600 72000 L7LOO 28500 16500
12, 111000 63000 72000 8LLoo 74000 L7800 30200 17200
5, 109000 68600 78000 85200 76000 L8300 32300 18100
1k, 107000 7LOOO  BLOOO 86000 78000 L8700 34100 18600
18, 105000  79L00C  $0000 86000 20000 L9200 36100 15LOC
16. 103000 B8L6OO 96000 87400 82000 L9600 37900 20100
1% 101000 $0000 102000 88000 B8LOCO 50100 39500 20900
18, 99000 95200 108000 88800 86000 80600 L1600 21600
19, 97000 100000 11LOOO §9600 86000 51000 L3600 22300
20, 9L000 100000 120000 88800 88000 51600 LL200 23100
21, 90000  $6000 108000 82LOC 83200 52000 L6300  2L500
22, 86000 91LO0 100000 76LOC 79000 82500 L7300 25800
23. 82000 87000 $0800 7TOLOO T7LOOO 53000  LB300 27000
Ble 78000 82800 82000 64LOO 68000 53500  L9LOO 28300
25, 73000 78000 72000 58000 65200 5LO00 50500 29600
26, 69000  7LLOO  6LOOO 52000 60LOO SL3UO 51500 30800
27, 65000 69800 5LBOO L5200 86000 S5LBOO 52600 32100
28, 61000 6LB0O  LBLOO 39600 51800 S55LO0 53700 33300
29, 56000 61000 36000 33200 L7000 55800 S5L700  3L600
30, 62000 58200 3ILOOO 3ITO00 L9200 57800 §7600 35200
31. 72000 55000 35000 h5500 53800 60700 61100 35600
13, 80000 52L00 35000 51600 58000 63500 ALLOO 35900
33. 90000 L9200 35000 60000 62000 66300 68000 36380
3k. 99000  LBLOO 35000 66000 66000 69100 71600 36600
Control: f intervals x & = 135850003 Log (12585000/168) = L.907
0.5 :§ " x 5 = 107720003 Log (10772000/168) = L.806
i :f " x 5 = 10L00500; Tog (10LOOB00/168) = 4,792
2.5 1§ " x 9 = 104580003 Log (10LLBOOO/168) = L,79L
g 5§ ¥ x § = 102570003 Log (10257000/168) = 4,786
15 T x § = 77260003 Log (7726000/168) = L.663
25 (& » x 6 = 6383500; Log (6383500/168) = L.579
50 1§ " x5 = 36995005 Log (3699500/168) = L.3h2
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AFITRAL DISCUSSTON

In studies of both malipnant human cells and protista the action
of J-methoxypsoralen has been shown to inhitit cell reproduction,

At the same time it has been demonc:trated that, al least with the
protozoa, the inhibition oniy takes jplace during actual contact with
the compound; upon reduction of the concentration inhibition is
reduced, and when the compound is sufficiently diluted cell repro-
dvction again commences at rates which must be considered normal,
immediately after dilution,

There is no evidence of toxicity in concentrations great enough
to produce complete inhibition, as measured by subsequent growth
patterns or as evidenced by observable changes in morphology, either
in cytoplasmic or nuclear detail, These cellvpopulations behave, in
fact, during contact with $~¥OP; as if they were hibernating, if one
can use such an analogy.

A& number of considerations sugpest the possible significance of
these findings,

Since Fhrlich first applied his "Lock and Key" analogy to the
theory of structural placement-—or displacement--in the field of
immunclogy, there has developed what might be called the metabolic
analogue approach to biological research. In pen-ral this involves
studies of enzymatic inhibition by chemicals structurally related to
the natural substrate,

The elucidation of the relationship of p-aminobenzoic acid,
sulfonamides, and later folic acid are classical ékamplrs of the profit

of such an approach, from Woods' (62) identification of p-aminobenzoic



acidy PATA, ae being the sulionamide-inhivitor which Treen (17)
had isclated from yeast. Reviews of this relationsiip ars given by
Henry (10) and Horthey(36).

Thousands of metabolic analogues have been preparsd and tested
on a variety of systems, although it wust be confessed thut most of
these have not, to this date, proven useful. Utility, howsver, nay
depend on the purpose: whether to find spescliic chemotherspeutic
agents which will act sgainst disease or whether one i@ trying to
undersiand certain biochemical and phyesiological functions.

It should be mentioned at this point that Tetrahymena peleii

has been uzed as & test organism by Kidder and Dewsey (26,27) in

*

testing analogues of some of the purines and pyrimidines.

The rational approach to studies in biological antasoniswm is,
of course, to produce slierstione in molgcular structure of certain
crucial metabolites, especially vitamins, or nucleoproteins, which
are thought to onter eritical reactions as parts of COBNBYHES OF enaAyne
eyalons.

in the present siudy, however, we are confronted with a kind of
accidental dizcovary, not bascd on predicted behavior from knowledge
of chemical siructure. Nevertheless, the implications should not
be ovaerlooked that the sction of B«JOP, structwrally not very simi-
lar to any known metabolite, produces & result which is not ine
consistent with competitive inhibition, and therefore just nay
indicate hitherto unsuspected wetabolic reactions of great impore
lance. The indlcations. that it lunctions similarly, thet isy; to
the same end resull, in certain plant tissuss, lend support to this

hypoihesis,
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Of great importance also might bhe the relations of the presont
findinps tc the Jsgood (38,b1)‘concept concerning the etiology of
levkemia, ctc.

Tt is desirable to swmarize briofly the salient features of
this concept in order to clarify the presumed relationship.

After an embryonic stage of growth, only the immature cells
of multicellular organisms divide, After such a division, only
one of the daughter cells would normally differentiate, leaving
the other cell immature and still capable of subsequent division,
This type of cell reproduction may be termed arithmetic division
since it leads to arithmetic chanpges in the cell number, Since
only a few exponential divisions can mathematically account for
the total number of cells in the adult, it is probable that in
postnatal life only four or five such divisions actually cccur.
If this is the case, each series of cells of any type for which
there is a dynamic equilibrium established requires regulators of
a more or less specific nature to maintain this equilibrium,

Osgood's stimulating concept is that with the majority of
cell series the homeostatic regulator of arithmetic division might
reasonably be produced by the most mature cells of that series,
Parther, somewhat earlier there must be produced an inhibitor of
the loparithmic divisions of which the most primitive cells are
potentially éapable.

The type of cell reproduction occurring in various sysitems
may be clarified by reference to a plot of this growth on different
types of graph paper, That is, arithmetic division, which charac-

terizes the type of change going on over moderate periods of time
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in the adult organism, would pive a straight line on ordinary arith-
metic paper. The total rrowth of an organism, e.g., in the growth of
a human {rom periods of infancy to adulthood, in which the intervale
between logarithmic divisions become progressively longer, would
give a straight line plot on log~log paper. Finally, protista,
in a suitable environment, grow at a rate in which doubling times
are equal and the growth data can be illustrated by a straight line
on semi-log paper,

Osgood postulates that "the fundamental alteration (to proén&e
leukemias, etc,), is any genetic change leading to lack of any
enzyme system necessary for a full life span of the differentiating
cell of a series," Thus any such chanre which resulted in early
cell death, that is, shortening of the life span ofla moture cell,
might result in a quantitative decrease in the amount of inhibitor
which it is capable of producing, with the result that the next
more immature cell which is capable of division begins to divide
at a Taster rate, G8ince each division carries the finite risk of
more damaring genetic changes, such a laster rate of division
increases the risk of further alterations, of these immature cells
being also affected in such a way that they no longer produce
inhititor for more immature cells, atc., as seems to bappen, for
example, in the terminal acute phase of a lonr-standing chronic
leukemia,

it is possible to loock on a cancer cell as if it were a foreign
invading orpanism of no relation to the patient, or the tissue in
which it prows, as if it were a parasite. Such a view leads %o
questions as to how best to rid the host of the "parasite"--by

surgery, by chemotherapy, by radiation, or other techniques desipgned
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to kKill or remove this invader. Put it is possible to look at a
cancer cell az a symptom of a process which continues to g0 on in
an organism for any number of reasons, which process may potentially
0 on no matter how many cancer cells are removed or destroyed. It
is trve that in a relatively blind attack on cancer cells it may

be that at times we also accidentally, aa it were, do alter this
process. Of this we cannot be sure; it lacks predicﬁahility, If

it did not, then we should be n‘hlé to cite a "sure cure" for cancer,
leukemia, etc, Put this approach may not be the most fritful if
the development of malignancy is basically the absence of some
agent, rather than the presence of some supposed carcinogen., (This
i8 not to deny that careinorens potentially produce cancer; it
would simply imply that they do so only by interference and al-
teration of the normal growth process,) 8till, it is rather like
an attempt to eliminate automobile accidents by sendins out wrecking
crews of one kind or another to remove all gutos which have been
damaged in wrecks,

Rose (5L) has found evidence that fresh, adult tissues produce
alterations in the same tissves of developing embryos, and Saetren (55)
has demonstrated A specific inhibitory effect on the regeneration of
liver cells with extracts of liver cells.

It is possible that the transient benefits of exchange trans-
fusion in the treatment of leukemia is due to the introduction of
normal inhibitor substances,

The partial success in the administration of irradiation and
chemotherapeutic apentg, including inhibitors of mitotic division,

in the treatment of leukemic patients has been conceived of by



Csgood as acting as substitutes for the absent inhibitor in such a
way that they tend to keep the leuvcocyte count maintained and thus
reduce the total number of cell divisions with the reduction in the
attendant risk of further penetic change that might lead to a still
further shortening of the life span of the cell., Unfertunately,
both irradiation and effective mitotic inhibitors so far discovered
are mutagens, a property which the normal inhibitor or inhibitors
probaily do not have.

In studying Oregon J 96 in which the cell populations have
shifted to logarithmic growth, probably by a change in distribution
of the ratio of immature to mature cells, we have found in 8-MOP
an inhibitor for logarithmic divisien, Going further, to a study
of unicellular organisms which are certainly capable of logarithmic
gro-th, we have shown that 8-MOP is quite an effective inhibitor
here, again of logarithmic division. The probebility is thatAcertain
groups of cells of the rapidly growing onion root tip and wheat
coleoptile, being embryonic tissues, also exhibit logarithmic growth,
and B-}OP has been shown to be an effective inhibiter here.

It would be apparently worth investirating if 8-MOP has any
matagenic properties., The fact that psoralens in peneral are normal
constituents of the pericarp of certain seeds suggests that, for
these plants at any rate, psoralens are probably not mutagenic,

The absence of any observeble morphological changes in Oregon J 96
grown in the presence of 8-MCF does not, at least, give any evidence
thet it is mutagenic for this type of cell., Tetrahymena would
presumably not e a good test system to use to study this point,

since they heve a very low natural mutation rate, and have resisted
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attempts by means of radiation, ete., to increase this rate, Proto-
zoa grown in 8-FOP exhibited no morpholorical chance but showed
reduced swimming speeds,

In any ~vent, it might seem that 84MOP fulfills the require=-
ments for the role of an inhibitor such as is normally produced.

It does not destroy the cells which are capable of logarithmic
division rates, but merely prevents them from dividing, ‘If the
Osgood concept is correct, the destruction of these cells is not a
desirable end in itself, since there would be nothing left to pro-
duce inhibitor, On the other hand, it might be that if these cells
were kept alive without dividing, some differentiation mipght take
place with the subsequent produetion of normal inhibitor., Fven if
this were not the case, the stoppage of production of new cancer
cells might be desirable from the view of the enerpetics of the
orranism as a whole, Since it can be postulated that this production
of leukemia has certain feed-back characteristics where each damaging
alteration increases the probability for further damapging alterations,
etc,, then the mere act of breaking into this circuit should increase
survival time,

If it could be shown that B-MOP, or seme related compound, is
sufficiently non-~toxic and free of too many unfavorable side effects,
then it is even possible to speculate that, even if it fails to
reverse the process entirely, it could nevertheless be administered
in doses designed to maintain a certain level of inhibition which
might result in greatly increased survival times of patients suffer=-
ing from malignancy diseases.

This line of thought approaches apain, frow a different direction,



the notion that 8-MOP may be structurally or at least funetionally
similar tc some normal metabolite,

Tt would be tempting to use the term "mitotic poison™ in regard
to this action but for the difficulty, pointed out by Biesele (2),
in the use of this term in view of the failure to point oub the
precise function poisoned,

On the other hand, Hughes (25) believes the term can be u.ed
to describe the delay or interruption of mitosis by "treatment of
a cell with drugs at & concentration which has no visible effect
on the cell during interphase., In this respact, natural cell
constituents can act as 'mitotic poisons,'™

To elucidate in chemical terms the structures and functions
of such inhibitors and to test them in biolorical systems may well
be rewarding. It may not only result in the production of new and
useful chemotherapeutic agents, but alsotroaden our understanding
of cancer, wound h~aling, aging and growth in general,

The approach to meny of these problems has been reflected by
the question, "How do cells grow?" It may well be worth asking,
"ihy do they stop growing?" That is, as the study of biological
systems has been simplified from the standpoint of organication
complexes, toksingie cells or populations of single or closely related
cell types, provided with a suitable'environment, srowth and repro-
duction increase., Even some cells which rarely divide in the adult,
such as certain nerve cells, or bone cells, can be shown to grow
and divide in tissue culture, under the proper conditions., Fas- |
cinating though the question may be of what stimulates these cells

to grow, it is possible to start with the axiomatic assumption
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that the structure and components of the cell favor rrowth and
examine what components of the biological system delimit growth,
It is éasy to list a few: exhaustible supply of metabolites, tem-
perature, accumulation of wastes, need for respiratory pases, etc,
Rashevsky (51) has used biomathematical theorems to describe the
limitation in size of a single cell, under certain conditions. It
is possible to extend these concepts to include multicellular organ-
isms or even whole populations,

Volterra (61), a mathematiclan interested in population dyna-
nics, has described mathematical models for slosed ecolopical
systems, i.e., ideal systems, in which several species are competing
with each other. It might be possible to develop analocous mathe-
matical models to describe the development of different tvpes of
cells within a multicellular organism, :

The experimental teehniqurs used in the present study are
subject to prave limitations of accurate mathematical relations be-
cause of the physical construction of the gystem, Fven with an
adeguate number of samples and sampling intervals, we can only
plot the familiar growth curve and subséquent analysis must be
based upon that. Much general information may be derived, butbsame
of the crucial questions of the dynamics of the system which migcht
provide information as to the basis of homeostatic regulation remain
elusive,

Such a growth curve is the contimuous algebraic summation of
two curves: the rate of production of new cells, which we might
think of as "birth rate," and the rate of destruction or disinte-

gration of cells, which may fairly be called the "death rate," An
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exanination of Fig, 1, for example, will make clear the Tollowing
assumptions: during the lag phase the population consists of a
certain number of cells which, though still alive, have, in the old
culture from which they came, passed a critical point such that certain
irreversible changes have alr-ady begun to take place, They are
destined to die, even in the new, superior environment, The cells
capable of division are synthesizing materials necessary for division.
Here, death rate slightly exceeds birth rate, but both are very low,
During the phase of exponential rrowth, all these old cells carried
from the old culture have died and all cells present are dividing
at the maximum rate of speed possible under these growth conditions.
Here, death rate is negligible, or zero, and the curve is due almost
entirely to birth rate. During the maximum stationary phase, birth
rate probably drops to ncar zeroj as more and more energy is spent in
seeking food, less is available for division; death rate, however,
is also near zero, Then, toward the end of the curve, death rate
gradually begins to rise,

In such a system it is extremely difficult to study an apent
which has an effect on "birth rate™ alone, whether that agent
causes "stimulation" of birth rate, such as a vitamin, or whether
it causes depression of the birth rate, such as we believe B-HOP
is doing, simply because there is no way to rule out that that which
apparently increases birth rate could be, either in addition to or
independently, decreasing death rate,

If we assume that the events of cell reproduction involve the
synthesis of a great variety of proteins, nucleoproteins, ete,,

involved in enzyme systems, plus a host of metabolites which the
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daughtor ceil will carry with it, plus the duplication mf'certuia
structures which may bs inltially single {as of mouth parts in
Tetragzﬁenn)g whereas death must invelve the wearing sut or irre-
versible blocking of certain ensyme sysiems essential to metebolism,
then in order to understand the molecular events of cell inhibition
it is necessary to separate theze eventis for analytical purposes.

Tetrahymena is uniquely suited to such a study. It ie sufficient-
iy complex biolorically and blochsmically to present blochemlical sys-
tems homologoes to higher organisms, and physiological systems anslos-
ous to higher organisms. It is iree-living end pay be cultured in syn-
thetic medium. &n gpperatus specifically designed for stabilizing
the enviromment of Teirahymena in order %o permit careful studies mi
population responses Lo messured stimuli hes been descrited by Arown-
ing (7).

The principal advantage of this type of apperatus is to hold &
culture at en equilibrium population. The dynamics of the systes
are not the "natural® dynamics of a growing culiure in which death
rate accounts for the removal of srganisms f{ros the populatiom, but
rather as a gynthetic, contrellable davice for removing cells from
the population before they die and at a rate just equal %o birth rate.
It is the ideal system with which to study Yexfolistive® growth,
deiined by Hoffman (22) as the resultant growth of & population in
which cells are removed as fast as thoy are produced.

This is accomplished by permitting a flow-through rate sgeinst
a certain volume in the prowth charber to carry in fresh mediuw of a
given nutritive content while at the same time it 18 washing out a

certain fraction of the population. As the density of the population
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increases, given a constant volume fraction being renoved during each
time interval, an increasing numbar of cells will be washed out, By
adjusting the flow-through rete for a given set of conditicns, it is
possible to stabilize the population, and more importantly, it can be
gtabilized at a level such that the time per generation is minindzed.
For this population, also, death rate is minimized, and is probably zero.

Under these conditions it is thus possible to devise an extreme-
ly sensitive system which will respond to very slight changes in any
envirommental factor. The addition to this system of a test substance
will give informetion which can be strictly related to the rate of
cell division, since toxicity effects could be tested by further ana-
lysis of samples collected,

Reference to Fip. D will sugrest & method whereby, with the
proper arrangements of drive shafts operated in a constant ratio off
a central drive shaft of a motor which can be moved perpendicular to
the axis of its shaft at a constant speed, media from two different
flasks might be delivered in a constantly changing and predetermined
ratio., This would allow for measurements of all concentrations of a
test substance, by means of delivering a complete range of mixtures
of two substances, In the Fig, 9, for example, if the distance be-
tween the two drive wheels for feeder a and feeder b were equal to
the radius of the central drive wheel, then when "a" is at the edge
of the wheel, all medium being delivered comes from reservoir A, A#s
the motor moves such that drive wheels a and b are equidistant from
the center of the shaft, then equal amounts of media are being delivered
from each reservolr,

Instead of testing discrete concentrations of a substance at
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arbitrary intervals, this allows for a contimuous lest {or svery concen=
tration over the entire range.

At the outflow of the rrowth chamber it might be desirable to
introduce & photocell=-photomultiplier or resistance grid-amplifier
which could be led t0 & continuous recording device. Additionally,
it wight be desirable to devise a collesction apparatue on the design
of a frection collector which would colleet a given volume in‘a CQIrw
tain time period into each of several tubes from which [wrther studies
gould be made.

The author has assisted in the design and facrication of such
& chemostat. The growih curve obtained [rom one set of conditions
is wuch like that shown in Fig. 0. It will be sesn that the curve
resentles a demped sine wave around an hypothetical stable population
level.

it could be more quickly stabilised, prior to a test rum, by
using inforpation from & continuous recording device as to the
number of cells in the outflow to modify continuously the flow rate,
although this should mot be necessary, in pencral.

It would seem that with this system, a chemostat in which are
growing Tetrahymena and in which chemically defined medium was used,
information regarding regulation of growth should become more readily
accaseible. It would be possible, for sxample, 1o msasure the volume
of protoplass being produ ed arainet the reduction or diminution of
eny iactor or :actors being used in the mediuwm. This could readily
be used in conjunction with radioisctopes. It should be possible, by
the elimination of factors or fractions of factors in the input medium

to & point just preater than that at which growth is affected, to



g9

obtain Pirally the minirmum guantities of each individual substance
necessary to permit prowth under given conditions, With this inform-
ation to be compared to the quantity and variety of new factors present
{1 beAl the intre~ and extin-oelluley compartments of the outflow
medium, it is conceivable that virtvally the entire energetics of the
system might he worked out,

Much of the above discussion is highly speculative, but it
should be pointed out that this does at least furnish 2 means of
obtaining some quite valuable information, It is possible to get an
accurate dose-response curve, giving a starting point for testing the
effect of a particular sgent on a multicellular organism. It is
possible to test whether a response is due to depression of the mitotic
rate, per se, the rate of synthesis of metabolites in general, or
perhaps T™NA in perticular, or to the blockage of some enzyme system
which might result in the accumulation of a metabolite, eté.

If a riven cell inhibitor produces chromosomal aberrations, or
morphological changes, or nuclear/eytoplasmic ratio changes, etc.,
it would be possible to test the concentration necessary to produce
these changes, The mutagenie rate of a cell inhibitor could easily
be measured,

It would seem worthwhile at this time to test the action of
8-40P in experimental animals in which tumors occur or have been
produced, The Mleukemic® strain of AKR mice would seem to provide
an excellent test animal for this compound, to determine if it can
increase the survival time in those mice which “spontaneously" develop
leukenmia,

Since 8-MOP is being tested in photodynemic systems on a
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variety of laboratory animals and is currently being used clinically
for certain purposes, generally in relation to the effect produced by
subsequent irradiation with visible light (sun) or with pure U<V light,
it should be emphasized again that the reactions reported here are

dark reactions, not dependent on subsequent irradiation.



SUMuARY

Evidence has been presented to show that S-mwethoxypsoralen, a
naturally=-ogeuwrring chemical cospound of the furccoumarin c¢lass, elicits
an inhibitory effect on the rate of cell division in two comples,
but widely separasted biological systems. Thie evidence has been
obtained experimentally by epumcrailing populations of eslls or ore
canises grown withoul or with various concentrations of this drug
under otherwise similar culture conditions.

The data have Leen anslyzed im several ways in an atlempt to
illustrate these fipndings in 88 clesr a way as possible.

Ko blochemical studics of the action »f this drug have been
undertaken; the mechaniews of ils action upon. the cell as to
wetabolic or worphologic loci, elc., remain unknown. Comparisons
heve been wade, however, to its possible role as an antisetauvolite
and also a cosparison has been drawn between its action and that
which would be expected of an inhibiior substance produced by ceils
which have to do wilh homeostatic auto-regulation.

Sugrestiona and recommendstions ere mede in regerd to further
investirations. In perticular a speclal growth apparstus is dise
cussed, the use of which should permit a high derree of quantitative

blological anelysis of growth phenomena.
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Fige 1. Ideal growth curve, "or explanation
see p. 10 of the text,
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Slide~cap Culture. # Kabn antigen
mixing vial is affixed to a2 micro-
scope slide with beeswax and in-
verted, Cells grow on surface of
slide,







Fig. 34,

Farly stages of slide-~cap culture
of Oregon J 96. Cells resembling
fibroblasts, reticulim cells, and
giant cells may be seen,
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Pig. 3B. later stages of glide=cap culture of
Oregon ¢ 96, Reticulum cells pre=
dominate. 1 toses are prezent and
mailtinucleate giant cells may be
noted,



FIG. 3B




Pig. 3C.

A& photomierograph under oil immersion
of Oregon J 96. Hote large nuclear
mazses with several nucleoli, The
cell to the center, left, is bi-
micleate,




FIG 3C




Fige lie A Dose-response curve for 8-MOP on
Oregon J 96, .at 120 hours, See
also Tables 1-hA and text, p.23
and following for discussion,
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Fig. 5.

A comparison of cultures of Tetra-
hymena transferred from 8-Y¥0OF med-
iun 3o nornal versus those trange
ferred at the same time from normal
teo normal media,
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An analysis of Fxperiment 9. Cee
also Table 9 and text, p.62, This
analysis strongly sugrests that
there iz no change in growth rate
in Tetrahymena after the inhibition

effects of B-u0P are relieved by
transfer to normal medium,
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Fig, Te

Log OrganismeHours plotted apainst
concentration of 80P, Fach point
is obtained by integrating the area
under the curve of & growth curve .

of Tetrahymena cultured in the ‘ne-

dicated concentration of B-M0OP.See
also Tables 10, 11, and 12, and
text’ P.éh.
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Fig. Bv

TIdealized prowth-curve for free-
living organisms in & chencstat.
Fresh medium is added and a frac-
tion of the pepulation is being
removed at a set rate,

See also text, p. 86,
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Fig. 9.

Proposed design for an anparatus
to te used in conjunction with a
chemoatat for testing a continuous
range of concentrations of a given
substance, See text, p, 87,
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APPARATUS TO INTEGRATE FEEDING OF TWO
DIFFERENT MEDIA TO CONTINOUS GROWTH CHAMBER

A .
SELRI _B_ “—reservoir

feeder a ~— 4« —feeder b

T e T T, e I\\“\\\\‘\} Shaft

Growth
Chamber






