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A COMPARTSON OF THE EFPECTS OF
ALPIREN, SUDTUM SALICYLATE, AND ACEYALE
O% CHLLY [ VLITRD

Abstract of asertation

Salfeylie deid and its corenets have long becn userd for the ) :
mivtitgenant of pain, feover, and Inflammation, If this umroup; acetyl-
sallcylic aciil, or asnirin (ABA) i1 proved to be the most potent
io each case, Although hydrolysis, the first step din biotransformatlon
of asplrin tukes place very rapidly, many workers feel that Libe greater
effectiveness is Jue to a unique actloa of thé intact molecule;
nowever, others disdnree.  In this study, the effects of aspirin and

its hydrolvsis products, salicylate and acetaty, on marmallan cells
in vitro were conperred in drder to obtain a graéater amount of informa-
tion roldtxnh to Lhu nroblem,

Various councentrations of asplrin, sodium salicylate, the combina-
tion of sodium salicylate and sod lum acetdte, and sodium acetate by
itself, were used. The effects on growth, glucose utilizacvion, lactic
acid production and fat depositlon were ascertained. At 0.35md, the
compoumls exerted little vr no ¢onsistent effeet on growth, glucose
atilization or lactic acid production. Whilé some effect could be
seen ot 1.07mid, a clear-cut trend emerged at 2,37mil. Aspirin, at
thal coucentration, was most inhibitory to growth and resulted in
the greatest amount of glucose wtilized amd lactic acid produced.
Inhibition of growth and increase in mlucose utilizacion and lactic
acid production were less marked on exposure to sodium salleylate
than in the case of aspirin and the combination of salicylate and
acetate resulted in a atill further deerease in effect.  Sodium .
acetate stimulated ngrowth aud resulted in glucose utilization and =
lactlc acid production similar or slightly nigher in degrce than in ’
the controls. The highest ratio of lactate produced to glucose
utilized resulted from exposure to aspirin. Decreasing ratios were
encountered for sodium salicvlate and the combination of salicylate
and acetate. Ratios [n the case of acetate were similar ot slightly
lower than tiwse of the control cultures,  Varfation in fat content
appeared to be related, at least in part, to factors dther tham the
compounds under investigation, thus making interpretation difficolt.

Results of this study indicated that the hydrolysis prodoucts of
aspirin did not act tegether to preduce an effect similar in magnitude
to aspirin on growth, glucose utilization or lactie acid productiony
nowever, thig dnvestigation as well as many others has demonstrated
tiidt sodlum salicylate bas similar effects to aspirin on a variety
of phenomena but alwost fnvariably to a lesser extent when used at
the same concentration. - This, whew considered with other factors,
suclh 4s relative degree of protein binding, sugrests tue possibility
tivit aspirin is unique by virtue of {ts ability to get to the site
of action but is not necessarlly uvnique otherwise,

it was proposcd tliat the antaponistic action of acetate on saliey-
late nay be duv to an abilitv of acetate to hypass the pyruvate
delivdrorenase complex oo entrance into the ¢iteic acid cycle, This
sugnests that the elfect of salicviate on this complex is of poarticu-
iar significance. )
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INTRODUCTION

Aspirin, or acetylsalicylic acid, is probably one of.the most
widély used drugs in existence. It bélongs to a group of agents thch | =
hgve the 2-hydroxybenzoate radical in common and are collectively knpwn
as the salicylates. Naturally occurring members of this group are'found

_in the hark of willow, flowers of meadowsweet; and oil of wintergreen

and, in theilr natural forms they have been used as medicaménts since
. very early times. |
While salicylic'acid had been pfepared from plant sourcés
several years earlier, it was ndt until 1852 that Gerland first synthe-
sized 1t; C. F. Gerhardt was successful in synthiesizing acetylsalicylic
acid in 1853, The process was quite_difficult, however, and it was
not until 1893 that Felix Hoffman, A Bayer chemist; developed é .
practical mathod fpr producing large quantities of what was later to
bg called aspirin.
-The salicylates have proven to be remarkably effective agents
in the managmnént of pain, inflammation, and fever and for this reason
they have been the subject of cousidefable-research.
One of the earliest discoveries concerning métabolic effects of
these compounds was ﬁaae by Singer (1901), who noted that toxic doses
of acetylsalicylic acid, given to rabbits, céused'an increase in
oxygen consumption. While an extensive amount of work related te
thiz phenonenon was done during the following years, it was not until.
much later thét it was etudied inm an in vitro sltuation. Sproull (1954).

1



2
demonstrated that concertrations of 5 to 30 mg.% salicylate caused an
increase in oxygen consumption in mouse 1iver preparatibns, and Brody

(1956) further defined the site of this action by demons trating the

‘same phenoumencn using mltochoneral preparations of rat liver and

kidney. The increased oxygen tonsumption appears to be caused by the
uncoupling of oxidative phosphorylation., Although phosphorylations
associated with the entire respiratory chain are affected; Fenilall

(1958) has presented evidence that the final one 1s the most sensitive

to salicylate.

In addition to the uncoupling action, salicylates alsgo act to
reduce cellular ATP levels by stimulating adenosenhe triphosphatase
activity as demonstrated by Brody (1956) and Falcone (i9595.

Increased oxygen consumption due to salicylate 1s well decu-
mented, howevef, Fishgold, ¥Field, and Hall (1951), usinpg rat cerebral

cortex preparations, have shown that high concentrations of salicylate

cause a decrease in consumption. This appears to be due to an inter— .

fureﬁce with the OhLdﬁtJOH of dntermediary metdbolites. Evidence to
support this has come from the work of Kaplan and Kennedy (1954) Using
homogenates of rat liver and kidney, they found that_coucentrat10n5 of
app:@ximately 90 mp.% inhibit e& -keto glutarate dehydyogenase and
succinic dehydrogenase. IHines, Bryant, and Smith (1963} employed
lysad guinea pig witochondria aud indicated.that'thé appatent.suécinate
dehydrogenase inhibition is actually due to inhibition of malate
detiydrogenase

Smith, Bryant, and Hinés (1964), using preparations of respiring
witochondyria, havé fufther shown that the inhibition of ﬁalate
dehydrogenase is due to reversible saliqyléte competitiba for the

pyridine nucleatide coenzyne,

PR
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It is now generally known that any dehydrogenase that operates
with either a flavin or pyridine cofactor is susceptible to salicylate ;

inhibition.

Another important effect of salicylate is that exerted on
glutamate metabolism. Research in this area by several investigators
has indicated that practically every enzyme system using glutamate as’

a substrate is inhibited in vitro by salicylate. Of these, the inhibition

.

— - of transeminations appears to be the most significant.

In rat serum containing 5 mM salicylate, Hugging, Smith, and
Moses (1961) have dewmonstrated inhibition of glutamic~pyruviq trausa-
minase activity. At the same concentration, Yoghida, Metcoff, and
Kaiser (1961) observed inhibition in homogenates of rat brain, kidney,
ldver, and muscle. Later, Gould and Smith (1965) presentéd evidence
that concentrations of 10 mwM salicylate caused a general inhibition of
cransaminations involving glutamate. They further demonstrated that
this inhibition was due to a competition with the amino acid and the

¢ -oxeacid substrates.

Other offects of salicylate on glutamate metabolism are also
significant. Smith and Smith (1966) in a summary of specific actions
demonstrated 1n vitro, list its conversion to glutemine, decarboxylation
ta ﬁ”ﬁﬁinobutyrate, incorporation into proteins, conversion to
proline, and oxidative deamination to cﬂroxpglutarate in addition
to the inhibitioﬁ of transaminafions already mentioned. They also
sug;ést how these zctions may relate to ig_giig gituations. For
example, inhibition of the cciversion of glutamate to glutamine may
affect the syntheais of mucopolyéaccharides and purine nucleotides.

Interference with the formaticn of F-aminobutyrate in brain



“tissue may be the cause of the convulsions due to toxic levels of

salicylate, while dinhibition of related protein synthesis can have

several effects including interference with connective tissue

metabolism., In addition, the effect on transaminase activity probably

causes silgnificant alterations in the relative size of the various
amino acid pools, thereby upsetting normal metabolic patterns. This
appears to be related to the "overflow" aminoaciduria and associated

negative nitrogen balance encountered at high salicylate concentrations.

' Many, if not all of the reported effects of salicylates may in
some way be related to the uncoupling of oxidative phosphorylation,
activation of ATP-ase, inhibition of the dehydrogenases and/or
transaminase inhibition. The following several examples are repre-
sentative. |

Manchester 52 51 (1953), have shown that salicylate inhibits
the in vitro incorporation of amino acids into proteln in rat
diaphragm.

Bellamy, Huggins, and Smith (1963), obtained results indicating
that salicylate inhibits the biogenesis of éome forms of collagen and
collagen-Jike proteins in rat costal cartilage. Bostrom et al (1%63),
using bovine heart valves, and Whitehouse et al (196), 1962; 1963,
1964) using bovine cartilage and cornes as well as rat cartilage,
observed an iuhibitién in the synthesis of mucopolysaccharide sulfates
in vitro, Bostrom.gg al (1964) have alsq shown an in vivo inhiﬁition

in rat rib cartilage.
The cffacts of salicylate on fat metabolism are contradictory.

Brody (1956) with preparations of vat liver witochondria, has shown

that a lmM coucentration depressed the oxidaticen of octanocate by over



50%; however, Whitehouse (1963) had demonstrated an incréase in
oxidation of octanocate in cartilage slices at a concentration of 4 mM,
but o ef?cct at_S m4. Barrom (1970) has indicatéd that a COncentrg—
tion of 2.78 mM aspirin caused an incredse in fat depositién in

cultured mouse fibroblasts which, 1if due to inhibition of oxidaticn

~rather than stimulation of synthesis, would tend to add support to

Brody's work.

The recent discovery that salicylate as well as other "anti-

defensive" anti-inflammatory agents inhibit the production of certain
prostaglandins has proven to be a significant step toward clarifying
their mode. of action, For example, Vane (1971) has reported that
both asplirin and sodium salicylate blocked the syntﬁesis of-

progstaglanding E, and an in cell-free Nomogenates of guinea pig

2

lung, with aspirin being the more potent of the two. Smith and Willis

(1271} have reported similar results using a suspension of human

‘platelets.

Since the prestaglandins may pléy a tole in the omset of fever
and cmrtain‘types of pain ag well as inflammatiOn, many investigations
are now being carried on in this area. ‘

in the brief review presented above, it can be seen that wﬁile
a variety of experimental systems have been utilized, little work has
been doune concerning the effects of dalicylate on cells in dulture.
The relative newncss of thie technique is.the probable reasonj
howaver, it.offcrs'many advantages, ‘It offers a large, homogeneous
pOpulatidn in a state that lends itself well to a great variety of
cytological procedqres as well as to detailed microscopic'examination.

The system is also free of the influencs of other cell types, tissues,




-and organs but still retaims the quality of being intact. While_
culture conditioné ﬁust be carefuily controlled, it is still a._'
relatively simple matte? to provide.an'environmént with few variables
which is extremely well suited for experimentation.

Using cell culture teehniqués, Barron (1970} has studied the
effects of aspirin on growth, glucose utilizaﬁion and lactate production;
also its effects upon the enzymes éuccinic dehydrogenase and cytochromé

oxidase, as well as the effect ou fat deposition already mentioned.

Growth in Low Line cells (derived from mouse suBcutaneous
connective tissue), as indicated by increase in cell numbef, was
stimulated by a concentration of 0.55 mM aspirin; it was inhibited
by concentrations of 1.67 mM and 2.78 mM. |

‘Glucose utilization and lactate production decreased when the
cells were exposed to a coﬁcéntration of 0.55 mM aspirin but in higher
concentfations glucose utilization.and lactate production increased,
The ratios of lactate produced to glucose utilized were increased in
all cases with a direct relationship between concentraﬁion and effect.

Aspirin.did not affect cytochrome oxidase activity in Low
Line cells at concentratiohs as high as 2.78 mM: sueccinic dehydrogenase
activity Was inhibited in K strain (adult rat kangaroo kidney) cells
exposed to concentrations =8 16w as 0.55 mM. In addition, it was
noted that long term exposure (30 days) of Low Line ceils to a
concentration of .55 oM aspirin caused an unexplained iucrease iu the
numﬁer.of "eiant" cells.

Tt is obvious that since Singer's time a great deal has been
learned about the netabelic effects of aspirin and salicylate dn

general.  Unfortupately, this Information dees not give us any clear



[

cut indication how the aﬁti—inflammatory, analgesic, or anti"pyretic
actions are achieved. Although the mechanisms are undoubtedly:
complicated, certain discoveries, such as their effect on the pro-
staglandins, have helﬁed considerably to clarify the pictufe;
however, many guestiong femain to be answered. One relates to the
fact that aspirin acts in a different maﬁner than other saiicylates.

Thompkins and Lee (1969) have shown that the intact aspirin molecule

does not uncouple.oxidative phosphorylation és does saiicylate. In
addition, as already noted, it is a more potent inhibitor pf éertain
prostaglandins. Whether or nof these actions are totaliy or in
part related to its greater potency as an anti—inflammatory-and
anti~pyretic agent remains to be seen.

Because relatively'few reports aﬁpearing in'the.literature have
déalt with the effects Qf salicylate at the cellular level (with
little or nothing repoited on growth, glucose utilization, lactic
acid production or fat deposition) and because little is known
concerning aspirin's unique effects, the félldwing investigations

were made.
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MATERTALS AND METHODS

IZEZ!.*.' oL

SO

Origin and Nature of the Cells Used

The cells used for this study are commdnly knowﬁ as Low Lide
or NCIC clone 2555 (American Type Culture Association number is CCLI2).
This clone was derived from a culture of subcutaneous aredlar and
adipose connective tiséue taken from a normal 82 day old C3H/HeN
‘mouse by Ligely, Sanford, and Earle (1952). Sanford, Likely, and
Earle (1954) later found‘that injection of cells of this'pafent
strain into mice produced sarcomas in about one percent of the cases
while, under similar conditions; cells from one éf the clones
' deVelopéd from this line (clone 2555) produced no éarCOmas; however
the term "Low Line”,'ﬁhich originally denoted low tumer producing o o
fibroblasts, i still used,

These cells have been cultured since their origin iﬁ medium
NCTC 109 (now identical to NCTC 135) plus 10% ﬁewbmrn calf sgerum.

The contents of the medium are shown in Table T agpe 10.
s pag

Nature of the Chemical Agents

In the experiments reported here,.the cells were expesed to
acetylsalicylic acid (aspirinj, sodium salicylate, sodium aéefate,
or a combination of sodium salicylate aﬁd'sodium.acetate.

Acetylsalicylic acid (USP) exists mainly in the form of
elongated monoclinlc crystals. It is colorless and odorless with a

solubility in water of 250 mg. per ml. at 20°C. TIts chemical formula _
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TABLE T
The Conteunts of Medium NCTC 135 -
NCTC 135 MEDIUM
-Ref.: Evans, V. ), et al., Ca. Res., 16:77-94 {1956).
McQuilkin, W. T, et al,, J. Nat. Ca, Inst., 19:885 (1057). -
Evans, V.J., Bryant, J. C., Kerr, H. A,, anc! Schilling, E. L., Exp. Cell Res., 36:439 (1864). =
Component g/l Compnnent my/L =2
MaCl. ..o i e 6800.0000 Pyridoxal HGL . oo oo e e 0.0625 5
] 400.0000 Niacin, ..., e e e e 0.0625
CaCladanhydl) ... o i 200.0000 Nigcinamide. .. ..o ir i i . 0.0625
MaSOa . oo e e 100.0000 D-Ca pantothenate. .. ..... .. P . 0.0250
MaH.POs - H O 140.0000 Biotin, v eee e e 0.0250
D-Glucose .. i 1000.0000 Folicadld........... P 0.0250
I Vo T 31.6000 Choline CLo o ver ci e I 1.2500
f')v"\nL;:‘.' we-Arine-a-bubyrieseid 55000 Mitamhr- B 10.0000
L-Arginine HCL. .o oo ce oot 31.2000 Hlnositol, 0.l e e ‘e 0,1250
L-Asporagine « HaO L oo n i 8.2009 Para- Ammobenmlc a(:|d .............. Cen 0.1250
L-Asparficacid, ... .o v e 9.2000 Vitamin A ... ... e . 0.2500
l.-Cystine . ......... e e 10.E000 Caleiferol L ... oo it e U 02500
D-Glucosamine HCL ... ..o oo oot 3.0000 Menadione ... .. ... e e 0.0250
L-Glwarnic acid ... .uas. e PRI . 8.3000 Disoctium alpha-tocopherol phosphate.. .. .. 0.0250
L-Glutamine. ..o v i e oo i v o, 136.70G0 Sodium glutathione'. ... ... .. ver e ea, 10.0060
GIYEINe. o 13,5000 Ascorbicacich oo o oo e, R . B0.CO0N
L-Histieline HGL-H10. .. ... L. P 26.7000 Dlphcnsphopymhnu mscleomie e 7.0000
Hydroxy-L-proline.. . ... ... . L. 4.1000 Triphosphopyridine nucleotide .
Lelsolougine . ooy e 15,0000 fmonosodium) .. i i e, 1.0000
L BUCINE. sttt i i e a . 20,4000 CoBnZYIME A s ot et et e e - 2.5000
L-Lysime HOL oL oo 38.4000 Cocarboxylase ..........., e 1.0300
L-Methioning ... ..o o i ey 4.2000 Flavin adenine dinucleotide , ... .. .. . o 1.00C0
LOmithina HCH L oL o, - 0.4000 Sedium uridine triphasphate .. ... ... 1.0000
L-Phenylalanine . ... .. o i ., 16.0000 Deoxyadenosine. .. ... o i e 10.0000
L-Profine oo e e G.1000 Deoxyquanosine. .o o i il we o 100060 L
LeSaring . . e i e 10.00600 Thymidine . .. .......i.. PR 100006
L Tauring . e e e - 4,2000 G-Mathyleytosine oo oo i e e 0.1000 .
[ ] €T 3113 T 15.0000 Tween 80% ... ... .. .. B, 12.5000
E-Tryptophan. ..o oo oo n ... 17.8000 D-Glucuronelactond. ..o .., ., PN . 1.8000
L Ayrosing .. oo iee i nn e 16.4000 Sodivm glucuronate* HaO L Lo . 1.8000
LValine . . e e e 25.0000 Sadiumacetate - 3320, .. .. oL o, 50,0000
Thiamine MG .. o e - 00250 Ethanol - For solublizing !|p|(lcomponents 46,0000
Piboflavin .. ... . e 0.0250 Phonolred ..o .o o i 20.000
Pyridoxine MCL ..o oo et 0065625 NaMCOa oo e s . 2200.0000
Y Trademark af Atlas Powdor Co.
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weight of 180.15:

v COOH

oca C”3

acetylsalicylic acid
Although aspirin is stable when dfy, exposure to moist air
results in a gradual hydrolysis to acetic acid and salicylic acid.

For thie reasomn, care was taken to keep the container tightly closed

:r!il!i‘ II‘!!

and In a dessicator when not in ugse. Because of.its instability ip
solution, aspirin was added to the medium immediatelf before each
medium changef

Sodium salicylate (UsP) is found in the form of white, odorlesé
erystals, scales, or powder. it has a2 solubility of one grém in
0.9 ml. of water and the molecular weight is 160.04: Its chemical

‘

formula is HO.C_H. .COONa:

H
64

CoGha

%ﬁ## on
It.is light-sensitive and mﬁst, therefore, be kept in an bpaqﬁé
contalner.

Sodium acetate egists as colorless, transparent erysials or as
grénular.powder. The molecular weight 1g 136,07 aﬁd it has a
solubllity of one.grém in 0.8 wl. of water. It should be protected
from conditions of high humidity and, as a precaution, it should
dlso be stqred in & dessicaror. Its chewlcal formula i1s NaCZHBOz.SHZO.

Reagent prade was used {n these investigations.
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Cultivation of the Cells

In all cases, cells were cultured in pyrex flagks that were -
sealed with sllicone stoppers, Stock cultures were maintained in

pyrex T-60 flasks, while cells used in experimental procedures were

‘carried in 1-15 flasks, Leighton tubes, or Carell flasks.
All flasks were prepaved for use by soaking in a 1:100 solution
of Cytoclean (Isolab, Inc., Akron, Ohio) for a period of 24 hours.

-They were then rinsed and placed in dichremic acid for a similar

period after which they were rinsed fifteen times in tap water and
three times in distilled water. Coverslips or slides used in
Leightoﬁ tubes were scrubbed gently in household cleanser, rinsed,
ultraéonically_cleaned in a solution of Cytoclean and then rinsed in
tap water 15 times and distilled watexr three timeé. ALl othérlglass—
ware.uscd in these investigatiouns was soaked for 24 hourg in Cytoclean.
and rinsed as above. After final rinsing in.diétilled water, all - -
glasgware was dried, wfapped, autoclaved (25 minutes at 25GOF), and
then placed in a drying oven at 1509 fOr several hours before use.
The medium used was NCTC 10Y plus 10% newborn calf sefum.
This medium is available in powdered form and was obtained from Grand
Island Biological Company, herkeley, Ca. The serﬁm which was added
during preparatioﬁ of the medium, obtained from North Amefican
Biological, Gardena, Ca. The contents of the medium afe listed in
Table I, ‘ : . _ ' .
Sterilization of the medium wﬁs accomplished by filtration
through a Millipore filﬁer with a pore size of 0.22 micron. The
medium was then stored in 600 wl. serum bottles at QOC. uqtii needed.,
At the time of use, it was warmed to approximately r§Om”temperéture

and refiltered through a .22 wicron Millipore.



The medium was changed three times per week in the stock
cultures. This was accomplished by drawing off the old medium in the
.flasks with a Pasteur pipette attached to a vacuum evatuator and.adding
a mininum of 12 ml. of fresh medium from a dispensing flask. Each
culture was gassed with a wmixture of 95% air and SZ COZ'

When subculturing these stocks, the cells were harvested with
the aid of a nichrome scraper and the.resulting guspension was then

aspirated into a 10 ml, pipette and divided equally between four new

flasks. Additional fresh medium wds added, the cultures were gassed,

sealed and then placed in the incubator at 37°C.

Experimental Procedure

All culturés, other than stocks, were replicated according to
the method of Pace and Aftonomos (1957). During the course of this
study a further modification of the replicator was developed. While
this modification dees not alter the basgic design of the original
device, hence retaining its reliability, it does.make it possiﬁle
to add the gas phase (95% air.and 5% COZ) as the cell suspension is
introduced into the culture flask. Previously, this wés done after
the introduction of the cell suspension by using a separéte gassing
device. By reducing the number of manipulations involﬁed, this system
gives greater gassiug consistency, lessens the chance.for_contaminaw
tion, and saves a considerable amount of time.

The modification involves only the dispensing bell of the
replicator. The original type’is shown in Figufe la.and the mddifica~
tion is shown in figure 1b.

The cells to he replicated were harvested. during the log phase

by the same methed vsed for subculturivg., In order to obtain an
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FIGURE 1. Modification to the replicating device.
A. The unmodified sterile filling bell
B. The sterile filling bell modified to

“include the gassing mechanism
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jnnoculum of approximately 100,000 cells per ml., the cells in one
half of the number of sfock cultures thought to be necessary for the
experiment were added to the replicator and to this was addea,onen

-

half the amount of medium required to sel up the run. A cell count

was then made with the aid of a Coulter Counter (model B), tlie necessary

adjustments were made, and then the remainder of the medlum was added.

The cells were maintained in a uniform suspension by means of a magnetic

stirrer (Pace & Aftonomos, 1957). After tem minutes, or longer, the

suspension was sufficiently uniform to proceed with the replication
at which time cell counts were made.

Replicate cultures were prepared by adding 2 ml. of the cell
suspension to the.TuIS's and 1.5 ml. to the Leighton tubes and Carell
flasks. The cultures were then gassed, sealed with silicone stoppers
and place& in the incubater. For studies on growth, glucose utili-
zation and lactic acid production, 70 T-15 fl;sks were prepared; four
werTe used for preliminary counts and the others were divided into four
experimental groups and one control group, - Ten to fifteen Leighton
tubes were used for fat determinations and ten Carell flasks; for
euch tiﬁe—lapse study, Foliowing replication, the cells wefe allowed
48 hours to attach and adjust before.baing sﬁbjected to experimental
conditions.

At 48 hours, solutions of the cowmpounds under investigation
were prepared by placing the appropriate amount of each substance in
an Erlenmeyer flask wiﬁh amount of medium requirved and then spinning
eaclt with the aid of‘é magnetic stirrer for 30 minu£95. Iﬁ all cases,
solutiong were prepared immediately before use.

Resterilization and addition of the medium was accomplished in
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one step with the aid of a Millipore filter affixed to a 30 ml. syringe.
Three such syringes were necessary. One for the control cultures

which, aflter use, was flushed with the aspirin solution and then used

fer the culﬁures.to which the aspifin was to be added. .Thé second was : .
used to add the sodium salicylate and then flushed with the medium %—
containing sodlum sallicylate and godium acetate and used to add that.
combination. The third wag used for the sbdium_abetate golution. In

all cases, the proper amount was added to esch flﬂﬁkgﬁfﬁﬂl_thegﬂﬂmplﬁﬁIL____g;;;

removal of the old medium by means of the evacuator and Pasteur
pipettes. After fresh medium was added to each, it was gassed and

resealed,

Growth Measurement

In this study, increase in cell aumber was taken as ah'indiéation .
of "growth". Twenty-four hours after each medium change, two T-15

flasks in each group were removgd and the cell number ascertained with

the ald of the Coulter Counter. Before addition of the counting

solution, the medium was removed and the two samples in each category

were pooled and frozen for later analysis.

Chemical Anq}x§ig of the Media

Twenty~-four hour samples of the different media were analyzed
for glucose and lactate by colorimetric methods. Glucose was assayed
by Hultman's method as modified by Hyvarinen and Nikkili (1962) which
is relatively free of interference, gives highly reproducible resﬁlﬁs,
and has good sensitivity and specificity while retaining the simplicity
ol the original methed. Absorbance zt 630 mp was mweasured by means of

a Coleman Hifachi 10l ov Hitachi Ferkin-BElmer 139 Spectrophotometer.
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Lactate was determined by the method of Marbach and Weil (1967).

This technique is essentially the same as that used in previous

enzymatic methods with the exception of the precipitant. In this

instance metaphosphoric acid is used because it does not affect the

stability of NADH in the reactlon mixture.

The redction is as follows:

l-lactate -+ NAD+g;gg% pyruvate + NADH + H+

+

Although equi1ihxium_iaygrsgxhe_juLmaﬁioufgf_lac;atfgandJMHLﬂ_____ff———
the reéction can be shifted completely in favor of pyruvate and NADH
by using hydrazine to trap the formed pyruvate, an alkaline medium,
and an excess of NAD+. The amount of NADH produced was asﬁertained

with the aid of a Beckman ACTA C II spectrophotometer (340 my).

Cytochemical Determinations

Fat content df the cells was ascertained by means of the stain,
0il-red-0 after they were subjected to e#perimental conditions for a
period of five days. The stain was added while the coverslips were
still within the Leighton tubas.

The medium was first removed and.the célls fixed with neutral
buffered.formalin. They were then washed with double distilled water
and prepared to accept the stain by immérsing them in 100% propylene
glycol for five minutes. After_this, they were staine& with 011-Red-0
(in propylene glycol) for éeven minutes. Differentiation was achieved'
by removing the stain and covering the cells with an agueous solution
containing 85% propvlene giycol (volume for volume). ”hié was followed
by a wash in double distilled water and the covérslips wefe then.

removed from the Lelghton tubes and mounted on standard size slides

using glyceregel as the wouating medium. Fat deposits appear pink
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“to red in color while the rest of the cell is essentially colorless.

Photomicrographic Techniques

Cells to be photographed In the living state were éultured in
T-15 or thin bottomed Carrel flasks, while those to be fixed and
“stained were cultured on number one cuversliﬁs in Léighton tubes.

While the optical properties of the T-flasks wére relatively

good, they are not suitable when extremely high gquality photomicro-

—_grdphs are desited; however, Lor general purposes, they are adequate
and their use makes it unnecessary to set up extra cultutres speclfi-
cally for photography;

For timewlapse studies,.the thin-bottom Carrel flasks proved
to be well suited, In addition to being optically superior to the
T-flasks, the medium within could be easily changed while the flask
was affixeq to the microscope stage.

_Cells fo be fixed and stained were cultured on number one
ceverslips in Leighton tubes.. Becauée the coverslips are extremely
thin and are optically flat, they ave well suited for high.fesolution
microscopy.

For color photograplhy, a Zeiss model BA microscope fitted

was utllized. The film used was Kodak EHB 135.

For black and white Photography, either still or time-lapse,
an inverted model M Nikon with phase contrast optics was used. Still.
pictures were taken with a 35mm Nikon F equipped with a Nikon photo~-
micrographic adaptor. The film used was Kodak Plus X .Pan.

For time-lapse work, a Sage cinematographic unit was used,

Direct positives wore made with lémm Eodak Plus X Reversal film
8

with Nemarski @iffevential Interference optics and a 35mm Zelss camera
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while negatives were made with Kodak Plus X. The correct temperature
for the culture being studied was maintained by a Sage Air Curtain .

Incubator.




RESULTS



RESULTS

Growth Effects

Throughout the text of this reéport abbreviation or symbols will
be used to represent the various compounds; for example, aspirin (ASAJ,
sodium salicylate (Sal), sodium acetate (Ac), sodium salicylate and

acetate (Sal-Ac), and control {(Con).

Concentrations of 0.55 mM, 1.67 mM, and 2.78 mM were used for
each compound or combination and a minimum of two experiments were
made for each coudition. ,

Table II shows the data‘collected during the experiments using
a concentration of 0.55 mM, and Figures.ZA and 2B present this material
graphically. Whiie it appears that there might have been some‘degree
of growth inhibition among the experimental ecultures by day three, the
day five results.do not suﬁstantiate this. At this tiwe, the calls
cultured in a medium cdntaining ASA or Sal had populations that fell
within the range of the control cultures in both experiments; cells
exposed to .Sal-Ac were moderately lower in number in one experiment
aﬁd glightly higher in the btheyr. 7In the case of Ac, the cell.number
was within the centrel range in the second run, but zlightly higher in
the first. At this coacentration, then, little or no effect upoﬁ
growth could be detected,.

At 1.67 mM, the next higher concentratioa of the various

compounds used, gome cffects on growth began to appear. The data

ohtained during the cxperiments is presented in Table III, with graphical.

represenbtations in Figures 3A and 3D.
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The effects of the various compounds under investigation,

TABLE II

23

at a concen-

tration of 0.55 mM, upon growth, glucose utilization, and lactate
production in Low Line cells. :

EXPERIMENT I

Glucose

b LiNJI

Time of  Experimental No. of cells  Average no. Lactate )
exposure condition per ml. (x10°) of cells per utilized produced =
in days Two cultured ml.(xlOs) (ugx10-3) (ugx10“3)
0 Con 1.10; 1.53 1.32
1 Con ©3.12: 3.30 3.21 7.06 6.58
ASA 2.92; 3.58 3.25 7.45 6.86
Sal 3.73:; 3.58 3.79 8.36 6.32
Sal-Ac 3.22; 3.40 3.31 9.28 8.47
Ac 3,40, 3.85 3.62 8.25 6.55
3 Con 6.22: 8.00 7.11 4.79 6.53
ASA 6.04; 6.48 6.26 6.06 6.96
Sal 5.255 7.35 . 6.35 5.48 5.78
Sal-Ac 4,25y 7.22 5.74 6.45 8.52
_ Ac "6.30; 7.80 7.05 6.71 7.76
5 Con 12.00; 12,30 12,20 3.29 3.21
ASA 12.00: 12.40 12,20 3.31 3.16
Sal 12.30; 12.30  12.30 3.62 4.32 -
Sal-Ac 10.80; 11.00 10.90 3.79 4.65
Ac 12.50; 12,60  12.60 3.56 4,57
. : EXPERIMENT I1
Time of Experimental No. of cells Average no. Glucose Lactate
Exposure condition: per ml. (x10°%) of cells per. utilized produced
in days e Two cultures ml. (x103) (ugx10"3) (ugx10"3)
0 Con e e
1 Con 2.65; 3.48 3.06 11.30 17.80
ASA 2.80; 3.08 2.94 6.22 16.20
Sal 2,13; 2,65 2,40 3.78 19,30
Sal-Ac 3.30; 3.45 3.38 2.11 13.60
Ac 2.68; 2.90 2.79 2,80 12.70
3 Con 6.12; 6.62 6.37 5.61 14.60
ABA - 5,033 5.32 5.18 - 5.37 14,10
Sal 5.48; 5.55 5.52 6.17 20.60
Sal-Ac 5.85; 6.00 5.92 4 .60 16.60
Ac 5.68; 6.05 5.86 4,04 13,20
5 Con 7.32; 7.80 7.56 3.44 19,60
. ASA -6.90; 7.38 7.14 4,84 12.80
Sal 6.88; 7,58 7.23 5.47 17.30
Sul-Ac 8.05; 8.10 8.08 4.63 12.50
Ac 7.32; T.40 "7.36 . 5.67 17.80
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FIGURE 2. The effects of the various compounds at a
concentration of 0.55 mi on growth in Low Line
cells. Hach barlrepresenté the average of two
counts (indicated by vertical lines).

A. 'Expgriment I

B. Experiment IT
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TABLE III .
The effects of the various compounds under inves tigation, at a concen-

tration of 1l.67mM., upon growth, glucose utllizatlon, and lactate
production in Low Line cells. :

EXPERIMENT I

Time of  Experimental No. of cells Average No. Glucose lLactate

exposure condition per ml,(x10°) of cells per utilized produced
in days Two cultures ml. (x105) (ugth" ) (ugxl0” 3)
0 Con 1.85; 2,50 2.18
1 : Con - 4.88; 5,00 4,94 4.59 13.00
-ASA 4,785 4,95 4.86 4,88 16.30
8al 4.92; '5.32 5.12 5.20 12,20
Sal-Ac 4.62; 4.78 4.70 5.89 14.00
Ac ' 4.60; 4,62 4,61 6.67 18,10
3 Con 8.08; 8.98 8.53 2.92 - 4.80
ASA 8.15; 8.80 8,48 3.34 .9.83
sal 8.10; 8.82 8.46 3.96 o 7.43
8al-Ac 8.20; 8.98 8,59 3.77 " 6.51
Ac 8.50; 8,95 8.72 3.84 8.35
5 Con 11,703 11.90 11,80 2.55 .3.47
ASA 11.30; 11.30  11.30 4,42 7.00
gal 11,005 11.30 11.20 3.23 7.30
Sal-Ac - 10.60; 11.20 10.9%90 - 3.38 6.68
Ac 12,90; 13,60 13,20 2.28 3.03
- EYPERIMENT IT
Time of  Experimental WNo. of cells Average no. Glucose  Lactate
exposure condition per ml.(xlOS) of oelIs per utilized produced
in days _ Two cultures ml.(10°) (ugx10“3) {ugxl0~ 3y
0 Con 0.832; 0.932
1 Con 1,224 1.45 1.34 12.30 42,20
© ASA 1.17; 1.52 1.34 14,10 40,40
Sal 1.225 1.42 1,32 14.80 46.70
Sal~Ac 1.18; 1.37 1.28 14.80 39.00
Ac 1.27; 1.72 1.50 13.80 33.90
3 Con 2.32; 2.62 2,47 "11,70 33,20
ABA 1,513 1.70 1.60 18,10 £3,80
Sal 1.463 1.58 1.62 ' 17,20 75.00
Sal-Ac 2.30; 2.55 2.43 11.70 34,40
_ Ac 1.,95; 2,46 2.20 13.40 43.30
5 Con 4.85; 5.30 5.08 8.37 26,40
: ASA 2.78; 3.12 2,985 12,80 41,30
54l 2.72: 2.80 2.76 13,80 43,60
Sal-Ac 2.60; 3.72 3.16 12,20 37.00

Ac 4,225 4,98 4,60 2.89 32.20



27

- flE

- !‘

FIGURE 3. The effects of the various compounds at a

concentration of 1.67 mM on growth in Low Line

cells,

Each bar represents the average of two

counts (indicated by vertical lines).

A

B.

Experiment I

Experiment 1I
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While 1t is obvicus that proliferation got off to a consider-
ably slower start in the second experiment at this concentration, and , é—

that the compounds were therefore added at a time when fewer cells were

present, the end results of both experiments were similar in most
respects.

In the first experiment at 1.67 mM (¥igure 34), the compdunds
appéared to exert no effect until fhe fifth day. At that time,'a

slight inhibition of growth in the cultures exposed to ASA, Sal, and

Sal-Ac could be seen. The cells exposed to Ac alone wele noderately
higher ih nunpar than those of the c@ntrol cultures,

In the second run, some effect could be seen by day 3
(Figure 3B). 1In cultures exposed to ASA and $al, a moderate inhibition
was evident while little or no effect could be seen in the case of
Sal-Ac or the Ac alous; however, by the fifth day there was marked
inhibition in the cultures exposed to Sal-Ac as well as those exposed .
to ASA - and Sz2l.  The cells exposed to Ac alona_increased considerably
in nuﬁber by tﬁat time and, while there was sowme overlapping of range,
their average number was higher than that of the contro]sr

It appears then, at a concentration of 1.67 aM, ASA, Sal, and
Sal-Ac are sewawhat inhibitory to growth. This elfect ils more pro-
rovnced when the compounds are added to cultures that are.initially
lower in number and/or have had a slower growth rate in general, Ac
gives evidence of being Stimulatéry.to growth in conditions of high
ceil density while having Ifittle or uno effect under less crowded
conditions.

Data collected during the gro&[h studies at the highest con-

centyation (2,78 mM) are presented in Table IV and Figures A and 43,
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TABLE IV

The effects of the various compounds under investigation, at a concen-
tration of 2.78 mM., upon growth, glucose utilization, and lactate
production in Low Line cells,

EXPERIMENT T
No. of celld  Average no. Glucose  Lactate

Time of  Fuwperimental

I

“.'IIT‘EFNI‘! RS ¥ R

pxposure condltion per ml.(xlOﬁ) of Cellg per utilized produced
in days Two cultures ml,(x10-) (ugx10-3) (pgxlO*B)
0 Con 2.60; 2.%0 ° 2.75
1 Con _5.583 6.12 5.85 4. 2h 16.30
ASA 5.22; 5.40 5.31 5.33  ° 19.70
Sal 4.98; 5.40 5.19 6.11 23,10
Sal-Ac 5.55; 5.78 5.656 5.61 20.70
Ac 6.48; 6.50 6.49 5.12 18.60
3 ~ Con 9.90; 10.20  10.10 3.52 10.20
ASA 6.00; 6.15  6.05 . 6.83 24.00
Sal - 7.503 8.35 8§.02 5.14 17.00
Sal~Ac 8.65; 9.00 8.82 4,88 - 14.30
Ac 10.20; 10.40  10.30 3.54 9.98
5 ~ Gon 11.90; 13.00° 12.40 2,79 7.43
ASA 6.90; 7.05 6.98 5.83 . 21.60
Sal _ 9.52; 10.10 9.81 4,34 214,20
Sal-Ac 10,80; 11.10 11.00 3.99 13.30

Ac 14,00; 14.40 14.20 2.90 - 7.28

EXPERTHENT T1

Time of Experimental No. of cells  Average to. Glucoge  Lactate

exposure condition - pex ml.(x107) of cells per utilized produced
in days _Two cultures ml.(xlos) (ugxlO“B)-(ugxlO‘B)
0 GCon 1.88; 2.3¢6 2,12

i Con 4.50; 5.18 4,84 4.50 15.10

ASA 4.72; 4.70 4.56 4.67 15.70

Sal 4.62; 4.87 4.75 4.38° 16.30

Sal-Ac 3.65; 4.25 3.95 6.04 20.60

Ac 5.15; 5.35 5.25 5.77 17.80

3 Con 7.82; B8.08 7,95 447 13.20

ASA 7.02;  7.30 7.16 6.00 19,80

Sal 7,805 .42 8.11 5.08 16.40

Sal-Ac 8.67; 8.70 8.69 4,63 14.00

Ac 9.52; 9.72 9.62 3.50 10.40

5 Gon 10,80y 12.50 11,60 2.70 5.86

' ASA 8.77; 9.25 8.76 4.86 16,20

Sal 6.80; 9.52 - 9,16 4.60 13.70

Sal-Ac 10,903 11,00 11,00 3,76 12.00

12,10 3.33 §.75

Ac 11.80; 12.40



FIGURE 4. The effects of the various compounds. at a
concantratién of 2.78 mM on growth in LQE.EEEE
cells. Cﬁch bar represents the average of two
counts (indicated by vertical lines).

A Experiment I

B. Experiment II
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Here, a relatively clear trend appeared by day 3. The greateét
inhibitory effatt was exerted by ASA, followed by Sal and then Sal-Ac.
While cell.number in the cultgres expﬁsed to Sal was within the range
of the controls in the first run (Figure 4A) results at day 5 of that
particular experiment plus day 3 and day 5 of the second run (Figure
4B) seem to indicaté that this ccunt may not havée been representative.
Sodium acetaté had a stimulatory effect that appeared by day 3 in

both experiments.

Morphologically, cells exposed to the various compounds at
this concentratinn for a period of five days were different in one
significant respect from the controls. In each case, ﬁhile thé cell
body did not show any noticeable change, . the mumber and character of
‘the protoplasmic extensions was altered. In all instances, there was
an Increase in their punber as well as In the degreae of bifurcation;
the amount of naterial present in these extensions was also greater,
possibly indicating increased pinocytotic activity., Photomicrographs

taken at this [ime are &hown in Figure 5.

Clucose Utilization and Tactate Production

During the. course of the growth studies, glucose utiiization
and 1actata.production woere ascertained., The results obtained for
gluéﬁse uptike ara giﬁcn in Tables 11, 17T, and IV and presented
wraphically in.figufes 6, 7, dand & (C.55 mM, 1.67 M, and 2.78 mM
respectively). It will be noted that under contro) conditions there
is a decrease in Lhe awount of plurose vtilized with time which is
actnally velated to dipcrease dn coll pamber.  While cells exposed to
fhc Vﬂrioﬁs conpounds under dnvestigation generally produced patteynsy
Chal wave Similar,'tho guantities utilized were unnally greator,
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At concentretions of 0.55 wM, the compounds had little if any
consistent effect; however, by day 5, the amounts of glucose taken

up appeared to be equal to or greater than in the controls. (Figure 6).




Photomicrographs showing the effects of

exposire ﬁp the variouvs compounds at a
concentration of 2.78 mM for a period
of five days.

A, Aspivin

B. Sodium salicylate

C. Control

D. Sodium salieylate and sodiui’

acetate

- E. Sodium acetate
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FIGURE 6. The effects of the various compounds at
a concenktration of 0.55 mM on glucose
utilization in Low Line cells.

A, DYExperiment 1

B. Experiment II
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GLUCOSE UTILIZED/CELL, 1 molas x 10-3
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FIGURE 7. The effects of the various compounds
at a doncentxation of 1.67 wM on
glucoge utilization in Low Line
cells.

A, Experiment T

B. Experiment II
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FIGURE 8. The effects of the various compounds
at a concentratinﬁ of 2.78 oM on
glucose utilization in Low Line

- cells.
A, Experiment I =

B. Experiment IT



' i ;i
’ .
ﬂ -
-
FIGURE 8
1]
20~ - 29
1 $:1 ) . lB--—
s Con i6}
ASA
™ Sai
! Sni~Ac
fa) L. L.
A Ac 14
t 4
5
g 1zp 12b
3
4
ot
0y
o 1ob - 10|
a
i {8}
| ~
1 ;_—-' <3 o et
[LN] .
v}
8 63 6 —
s |
e
U o—y
&y &1
|
} 2z ;_
; BAY 1 T DAY 3 o DAY 5 DAY 1
I
|
DAYS FOLLOWING ADDITION OF COMPOUNDS




- 42
At 1.67 mM, there was considerable variation among the experi-
mental groups, but, in almost every instance, glucose utilization per =

cell was greater thanm in the control cultures (Figure 7). 1In the

second experiment at this concentration, uptake per cell was consider-
ably higher than that encountered in any other. This was apparently e
related to an unusually low number of cells and a slower than normal

growth rate.

At the higher concentration used (2,78 wM), a clear trend was

establishe@ (Figure 8). ASA resulted in the greatest amount of glucose
utilization (roughly twice‘that of the controls), followed, in order,
by 8Sal, Sal-Ac, and finally Ac.

Clqsely roléted to glucdse utilization ié lactate production.
The results of this portion of the study are shown in Tables II, III,
and IV, with graphical representations in Figures 9, 10, and 11.

In general, the results varied directly with glucose uptake =
and, at a concentration of 2.78 mM ASA the greatest amount of lactate
was produced (Figure 11), Exposure to other compounds at this con-
centration also resulted in a greatev production of lactate in the-
following order: Sal  Sal-Ac  Ac., In the second experiment at this
concentration Ac appeared to cause an increase by day 5. However,
the results obtained for days 3 and 5 of the first experiment as well
as the day 3 results of the second, indicate that the amount produced
whsleither similar or less than that of the controls.

The relationshilp between lactate production and glucose
utilization {at 2.78 mM) as demonstrated by the glycolytic ratio is'
revealed in Yable V. The results obtained at day 3 were selected

bhecauzn this allowed enough time for the compounds to exert thelr



FIGURE 9. The effects of the various compounds at a
concentration of (.55 oM on lactic acid
A. Experiment I

B, Experiment IX
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FIGURE 10.

The effects of the various compounds at a
concantrahion of 1.67 wM on lactic acid
production in Low. Line cells,

A, Experiment 1

B, Experiment IT
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FIGURE 11.

The effects of the various compounds
at a toncentration of 2.78 mM on

lartic acid production in Low Line

tells.,

A. Experiment 1 -

B. Experimenﬁ 1T
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TABLE V

The ratioc of lactic acid produced to glucose utilizeq on exposure to
the various compounds at a concentration of 2.78 mM for a period of

three days.

EXPERIMENT I

EXPERIMENT TT

‘Hiiif ”il

Con 2.90 Con 2.96
ASA 3.52 ASA 3.30
Sal 3.20 Sal | 3.23
‘Bal-Ac 2.93 Sal-Ac 3.02
Ac 2.82 Ac 2.97
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effects but avoided possible influence due to cell crowding that
would occur by day 5. | |
Cells exposed to ASA (2.78 mM) had the highest glycolytic ratio,
followed by those exposed to Sal and Sal-Ac. In the case of Ac, the
ratip was either similar or slightly lower then that of the control

cultures.

Fat Determinations

S i

The degree of intracellular fat deposition after exposure to
experimentallconditions for a period of three days was determineﬁ by
staining with 0i1-Red-0. While an attempt was made to photograph
representative areas, i1t should be noted that even within.the game
culture there was variation in the number and size of the fat dropletis
present.

The photomicrographs in Figure 12 indicate that the least
amount of fat was found in cultures exposed to the Sal-Ac combination.
The control cells were next in order, with increasing amounts of fat
appearing in cells exposed to ASA, Sal, and finally Ac. 1t is felkt,
however, that these results may not represent a true relationship
between the compounds under study and the effects observed., Results
of a gecond experiment which was continued for a period of six days

after addition of the compounds tend to confirm this.

Time-lapse Studies

In order to gain a greater understanding of how these compounds
might effect cells in a dynamic sense, time-lapse studies were made,
Agpirin, apparently the most potent growth inhibitor of the group,

was selected and used at a concentration of 3.3 mM. The {ilming rate
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FIGURE 12. Photomicrographs showing the effects of the
various c;mpounds on fat deposition after
exposure Lo a concentiation of 2.78 m for
a period of three days.

A, Aspirin

B. Sodium Salicylate

C. Control

. Scdium salicylate and sodium acctate

E. Sadium acetate
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FIGURE 12 .
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was one frame every 45 seconds and, after observing the cells for a
period of eight hours under control conditions, the medium was removed
and that containing the ASA was added. Observation was then continued
for a period of 30 hours.

On exposure to ASA, several of the "giant" cells immediatelﬁ
rounded and within a few hours, some of these ceased all movement.

During the last hours of this study, three of the remaining "giant"

cells lysed in rapld succession. Cellis ot norﬁﬁi—ﬁﬁrphbivgy‘appéaféﬁ
to be relatively unaffected; however, it is significant that no
 mitotie activity was noted during the 30 hour period.

Enlargements of selected frames exposed during this sequence

are shown in Figure 13.
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/
FICURE 13. Selected frames from a timé—lapsé study
of tﬁe_effects of aspirin at’a concen—
tration of 3.3 mM.
A, A frame taken immediately,beforé -
the medium was exchanged for
" that containing the aspirin.'~
B. A frame taken immediately after _‘
addition of the medium con-
taining aspirin. Several
rounded cells can be seemn.
C. ~ At approximately 25 hours after
addition of the aspiéin a
"piant" cell lysed (arrow).
D. At approximately 30 hours-two

more "glant" cells 1 sed (arrows).
y
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DISCUSSION

The first step in the biotransformation of aspirin is

hydrolysis. It has been shown by Leonards (1962) to occur at a rapid
rate in dog, the t£§ value being on the order of 0.30 hour. This means

that 1f it has unique effects they must be initiated in a relatively

slort period of time of The breakdown products, salicylate and aéetate,_
may act together in a manner different from salicyiate alone. The
ccmbined effect of acetylsalicylate, salicylate, and acetate is, of
Course, the remaining possibility.

In this stu&y, the effects of aspirin were compared to those
of sodium salicylate, a combination of sodium salicylate and sodium s -
dcetate, and sodium acetate alone in an effort to obtain a greater
atnount of information relating ot the subject. Concentrations of
0,55 mM, 1.67 mM, and 2.78 mi were used for all but the time-lapse
Studies.‘ In terms of plasma levels, these would cover the therapeufic
to toxic range in man. The lower concentratioen would be encountered
when only analgesia is desired, while the intermediate would be attained
in the managément of inflammation and the highest could prove.fatal.‘

The selection of these coneeﬁtrationé was based on the results
of ?rGVious work by the author (1970) concerning the effects of aspirin
on Low Line cells; during tHat investigation it was also shown that
there is, at least, some variation in the degree of response for
different cell types.

In this study it was found that, of the various compounds

57 -
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considered, at a concentration of 2.78 mM, aspirin was most inhibitory
to growth. Sodium salicylate and the combination of sodium salicylate ;f

‘and sodium acetate were less inhibitory. Sodium acetate alone appeared

to be soméwhat stimulatory. When one considers the fact that the

salicylates are capable of uncoupling oxidative phosphorylation, stimu-
lating ATP-ase activity, and Inhibiting many dehydrogendses and

trangaminases, it is not surprising that they should have a negative

Aﬁ___ggjﬁﬁﬁﬂuLJnl_cellular proliferation. However, still uﬁexplained is the
_ reason why aspirin is more potent in this respect and why it is more
potent that ofhér salicylates in the management of pain, inflammation,
and fever. Some authors, such as Martin (1963), propose that aspirin
has a greater ability to reach the site of action than does salicylate
and, once there, salicylate is released and the desired effect is
accomplished, But others disagree. Smith and Smith (1966), for
example, feel that aspirin has a unique action and propese that iIn
the case of analgesia it has a greater ability to occupy the poreé of
surface of chemoreceptors for pain. No direcﬁ evidence has been given
to support this.
Collier (1969), on reviewing the subject, concludes that since
aspirin, given at the same dose level of sodlum salicylate produces a
lower blood level of unsubstituted salicylate yet still exhibits
analgesic activity, it must be acting in its own right. This, however,
overlooks the possibility that it may.be a greater ability of aspirin
to get to the site of action that makes it more effective.
Several vears ago, Lester, Lolli, and Greenberg (1946) reported
that the binding powev of plasma protein for free salicylate was wuch

greater than for acetylsalicylate. While they, too, felt that aspirin
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was unique In action, it seems likely that the limited degree of
binding exhibited by this compound would only act to enhance its , é“

efflciency,

Again condisering the results of this study, it seems probable

that the observed effects on growth are due to a combination of effects

rather than action at a single or very limited number of sites. This

leaves us with the possibility that aspirin, by coincidence, is not

only more—petent—than other salicylates in the management of pain,
-fever, and inflammation but is also more.effective in accomplishing a
general effect on growth. Since salicylaté, at the same concentration
as acetylsalicylate, has, in every instance, the same acfion, but to a
lesser degree, it seems more likedly that the effects observed are due
to a greater ability of acetylsalicylate to get to the sites involved.
Sodium acetate was shown to antagonize the effect of sodium
salicylate on growth and the amount of acetate released on hydrolysis . -
oﬁ aspirin would, in all probability, have a similar effect although
this would bg'difficult if not impossible to measure., While the
mechanism of action of sodium acetate can only be hypothesized at
this time, it seems likely that it may serve as an additional substrate
for the citrié acid cycle, partially substituting for tﬁat which would
enter via glyéolysis but does not,.due to possible effects of salicylate
on the pyruvate dehydrogenase complex. As mentionéd eatlier, it appears
that any dehydrogenase operaﬁing with a pyridine of flavin cofaﬁtor is
susceptible to inhibition by salicylate. This, of tourse, also means
that glyeolysis jtself as well as the citrie acid cycle can be affected.
The growth stimu}atdry effeet of sodium acetate alone presents

a different sitvation. Pace et al (1967) have dewmonstrated that, at a
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concentration of 1.22 mM, sodium acetate inhibited growth of human

skin cells (NCTC 2414), Hela cells, and human lung cells in culture;

however, at the same concentration, it stimulated growth in mouse

fibroblasts (Strain L, NCTIC 929)}. Since inhibition at'this_level was

evident in all three types of human cells and stimulation occured in.
the mouse cells used in that study as well as those used in this present
one, there s a reasonable possibility that this is a species dependant

————=aetion—and; for -that vesason, results should _he assessed with caution,

In respect to the concentrations used in these studies, it should be
noted that sodium acetate is present in the medium NCTC 135 at a
concentration of 0.37 mM; all references made to the acetate levels
Ei used here are in addition to thils amount,

The effects observed could be again due to a partial substi-
tution of the exogencus acetate for substrate made available by
glycolysis; but, in this situation, instead of glycolysis being -
inhibited,: the amount of glucose available may be the limiting factor
because of high cell density. If this is the case, it might be more
apprbpriate to consider the role of acetate as one of facllitation
rather than stimulation.

In studies of this sort, care must be taken to distingudish
between actual inhibition of proliferation and relative reductlon in
cell number due to a lethal effect the substance under investigation
might have. If a lethal effect occurs, the dead cells would tend to
datach from the culture vessel and, for that reason, not be counted.
While the time-lapse study indicated that aspirin at a concentration’
of 3.3 uM was lethal to "giant" cells, it appearced that prevention of

mitosis wos the major effect on cells of normal worphology.
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.Closely related to growth is glucose utilization and lactic
acid production. Fulton et al (1956) using cultures of HeLa cells and
Munyon and Merchant (1959), using L Strain, have demonstrated that,
under normal conditions, there is a high rate of giucose utilization
and lactate productiou at the beginning of the logarithmic growth phase
and that this falls off, at first rapidly and then more slowly as the
phase progresses. This trend is reversed as the declinerphase is

reached, Barron (1970) has shown that this sequence is also followed

by Low Line cells. A similar pattern was produced by cells exposed to
aspirin at concentrations of 1.67 mM and 2.78 mM; however, the amounts
of glucose utilized and lactate produced were considerably-higher
than could be accqunted for by the growth and density effect. The

current study indicated that this may also be said of sodium salicylate

-although the effect is less pronounced.

While the relative degree of inhibition of the various
dehydrogenases involved is not known, it seems probable that an effect
of the pyruvate dehydrogenase.compleX-and the dehydrogenases of the
citric aclid cycle would cause a shift toward the less efficient
glycolytic pathway. In addition, the uncoupling effect on oxidative
phosphorylation would reduce the effectiveness of even the limited
number of hydrogens made available by the eycle, thus further in-
creasing the dewmand for glucose or other suitable substrates,

Ag was true in the growth studies, sodium acetéte antagonizes
the effects of sodium salicylate on glucose vtilization and lactate
production and, here again, the antagonism may be due to the ability
of acetate to bypass the pyruvate dehydrogenase.ccmplex on entry into

the citric acid eyele, If this dis true, the effect of salicylate on
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this compléx would be of considerably greater significénce than'ité
effect on other dehydrogenases involved.

At a concentration of 2.78 mM (at day 3), exposure to aspirin
resulted in the highest ratio of lactate produced to glucose utilized.
High ratios were élso found in cells expoéed to salicylate and the
combination of salicylate and acetate. Acetate alone produced a ratio
that was very close to or lower than that of the contrels. While this

data indicates that there i1s, indeed, a shift toward the glycolytic

pathway in the case of aspirin and sedium salicylate, as suggested
above, it also implies that acetate bas the opposite effect.

| In all instances, the ratio of lactate to glucose was higher
than could be accounted for by glucose metabolism only. While the use
of other substrates is obvious, little can be said concerniﬁg them and
their degree of iuvolvement in this situation.

Anoﬁher related complication is the fact that lactate can be
utilized by cells in culture in some situations. Graff et al (1964),
using Strain L (moﬁse fibroblasts) and Fhrlich ascites tumor cells,
have shown that low levels of glucose, 5 mg.% or less, lactate was
congumed rather than produced. Munyon and Merchant (1959) using L
Strain had previously demoustrated that lactate may be utilized during
the second part of the logarithmic growth phase. While the.adequate
uge of controls allows meaningful assessment of the results in a
relative sense, when one considers the total amountsz of lactate and
glucose invelved, the possibility of lactate utilization cannot be
overlooked.

The role of fat metabolisw and its relationship to glucose

utilization and lactate production was also studled. While it was felt
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that valuable informatipn might be obtained, the results indicate thatU
fat deposition was variable within control as well as expeiimental
cultutes. This variability appeared to be at least partially related
to immediatg cell'density. While it lpoked as though tﬁe cotmpounds
under investigation exerted some effect, segregafiﬁg this ffom that
which was due fo other factors, was not possible.

The sum of the information gained during these investipatioms

indicates that salicylate and acetate, the hydrolysis products of
aspirin, did not act together to produce an effect similar in magnitude
to that of aspirin on growth, glucose utilization, and lactic acid
production., Salicylate's éffect was less pronounced tﬁan aspirin's and
the presence ofracefate reduced this still further.

Tt was shéwn that aspirin and sodium salicylate tend to cause
a shift towaxd a wore glycolytic metabolism. In the case of salicylate,
the presence of acetate tends to reverse this, Since glucose utiliza- -
tiocn does not appear to be inhibited_to any great extent and acetate is
capable of bypassing.pyruvate dehydrogenase; it seems probable that
inhibition of this enzyme complex is of majof significance.

Several studies, including this one, have demonstrated that
salicyvlate has the same effect as aspirin on varlous phenomena, but
the wagnitude has almost always proved to be less. It appears that
aspirin nay be-uniﬁua in dits ability to get to the site of action, but
it is not necessarily unique in any other respect. The acetate
released on hydrolysis would, if aunything tend to reduce it's

effectivenaess.
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SUMMARY



SUMMARY

1. A comparison was made between the effects of aspirin, sodium

salicylate, a combination of sodium salicylate and sodium acetate,

.and sodium acetate alone, on Low Line cells igiyitro; Growth, a
glucose utilizaiton, lactic acid production and degree of fat

deposition in the cells were studied. In addition, time-lapse

studies of the effects of aspirin at high concentration were made.

2. The compounds under ipvestigation produced little or no effect
on growth at a concentration of 0.55 mM. While some effect could
be seen at 1.67 nM, a clear-cut trend emerged at 2.78 mM. At
7 fhat_concentration, aspirin was‘most inhibiﬁory, followed by ' -
sodium salicylate and then the combination of salicylate and

acetate, Seodium acetate stimulated growth,

3. Time-lapse studies of cells exposed to 3.3 mM aspirin indicated
that this concentration was lethal to "giant" cells within a
short time; however, prevention of mitoesis -appeared to be the

. major effect on cells of normal morphology.

4. As was true ln the growth studies, a distinct trend in glucose
utilization and lactate production was demonstrated at a concen-—
tration of 2.78 mM. Exposure to aspirin resulted in the highest
rates. The rates were also high when the cells were exposed to

godium salicylate, a combination of salicylate and acetate, and

sodium acetate. Ratics of lactate produced to glucose utilized

65
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followed the same pattern. Exposure to sodium acetate resulted
in a ratio that was similar or moderately lower than that of the

control culture..

5. The degree of fat deposition was ascertained after exposure to the
various compounds; at a concentration of 2,78 mM, for a pericd of
three days. Variability of fat content that appeared to be related

to other factors (such as immediate cell density) made it difficult

to interpret these results at this time.

6. It was prqposed that the antagonistic action of acetate on
salicylate may be due to its ability to bypass the pyruvate
dehydrogenase complex on entrance into the citric acid cycle.
This suggests that the effect of sélicylate'on this complex is of

particular significance,
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