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OBSERVATIONS RELATED TO THE MECHANISMS OF
TETRACY CLINE- INDUCED LIPID ACCUMULATLON
IN A STRALN OF MOUSE FIBROBLASTS

CULTIVATED IN VITRO

s

Abstract of Dissertation

Intravenous adminlstration of tetracycline has been
known to result in fatty degeneration or the liver. This
study was undertaken in crder to ellucidale some of the
actions of tetracycline on mammalian cells in culture and
to attempt te relate these findings to the ¢linical —
condition of fatfy degeneration of the liver menticned
above,

Low Line cells were exposed to varicus concentrations
of tetracycline hydrochloride dlssolved in the tlssue culture
medium. Under the conditions of this study no cytotoxic
effects as evidenced by morphological changes were chserved
when the cells were exposed to concentrations of less than
10 meg/ml., In fact this concentration resulted in a stimulation
in growth. Con centrations greater than 50 meg/ml depressed
growth rate. Concentrations of 10, 50, and 10C meg/ml
caused an increase in the amount of glucose utilized by the
cells and a corresponding increase in the amount of lactic
acid produced. These concentrations also depressed succinic
dehydrogenase activity, RNA coentent, and DNA content of the
cells. Fifty mcg/ml stimulated acid phosphatase activity.
No efrect was observed on cytochrome oxlidase activivy and no
alkaline phosphatase activity was observed in the cells
studisd. Concentrations of 50 and 100 mcg/ml resuited in
an increase in the lipid content of the cells and a decrease
in the rate of both total cellular protein and serum protein
synthesis.

It is suggested that liplid accumulation occuring after
"tetracyecline adminlstratlion is posslible the result of a
decrease in B-lipoprotein synthesls and enzyme inhibition.
These factors cculd result from the high blood levels of
tetracyline seen after large and rapid intravenous injections
of the drug into normal patients or those suffering from
kidney lmpairment.
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CHAPTER X

IRTEODUCTION

fPLRAE Y

Farly wethodology associated with tissue cullure
develonsd qulite naturally from werk in ihe avea of
embiyology. However, prior to its acceptance as a
separate and unique progpective several signii
advances ccoured which should be noted. The Tirst
successful attempt at maintaining explanted tiscue was
by Roux (188%). In 1898 Ljungren demonssrated that
human skin could survive in vitre Zor many dayn Lf stored
in azcitic fluid, Jolly (1903) maintained amphinisn
leveocytes in hanging drops for up 4o one nmouth. By using
this wethed he was able to rapbrt the firss ebgzicvations
of cell survival and cell division in viiro.

The fivaet work with sufficient sophistication
be calied pere tissue culiure research must vbe atlributed
to Ross C. Harrison {1907). He was able to succesaifully
explant pieces of frog embrye medullary tissue inte cletiad
frog lyeph which resulied in the cutward growth of small
fibers from the original tissue.

o
8 0L

Y

Although erxiremely important, the technigu

rison were svill limited and it remained for others to

A
—

refine them. Two notable investigators wsre Burrows (1912)

and Carrzl (1914). The contributions of these two men are
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too veluninous to review at this time. We ghould,
howevesr, mention that sclientists are particulavily indebted
¢ technigues which allow the continuous
cultivation of rapidly grewing and dividing cells over
Jong periovds of Hime.

Pregently, bthe amount and quality eof work done in

this field continues %o grow although the majerity of

0

pharmacclogical studies are still being conducted utile
izing animals cr cell~{ree extracts. MTissue culiure,
howaver, offers the advantages of large guantities of
homogeneous cell povulations free from the interflevence

of other cells, organs, and nervous conirol, as wall as

casy manipulation of expevimeutal conditions.

34.

Heveirtheless, great care must be exterceised in the
selection of possible studies, for the following limitations
wust also be considered if the above advantages are to be
used vo obtain valid resvits. Most cells utilized when
employing tissue culture techniques aré quite different
than these in vivo. Their chromosome number may have

been altered so that mest are polyploid, and they tend to

dedif

Yy

srentiate, hence, losing many of their apecialized
functions. The praviously stated advantage of the absence

of interfering influences from other systems of the whole

arimal can also be considered a possible disadvantage.

Drugs work within the configuration of the systemic



environment, thus ultimate decicions avout thelr acticn
wugt be made accordingly. The in viire and in vive
envirenneaus are also different. Although sowme cell
gtrains can be culiured in a chemically defined medium

i

(Bvans et al., 195€}, most reguire the addition of between
5 and 25% gerum which is quite different from the amcunt
preseut under in vive conditions. Anether factor which
may affect the dynamic state of the cells is the lack of

continuous removal of wastes and constant renswal of

After consideration of these izsues, an attempt was

ermining soeme of the basic

—

made Lo devise a study for deti

vharmacolegical actions of the antibiotic tairacyclineg.

Thege findings were then relinted to ottty doageneraticn of

(;ti

the liver, a toxic response which has been attributed to
this drug.

It appearea appropriate te study these toxic responses
in conjunction with the pharmacological action, for the
increased avallability of potent drugs has resvlied in a

oncurrent inersasz in the number of drug-induced patho-
logics) conditions.
Almost immediately after the disceovery of the
tetracyclines, Lepper et ald., (1951) and Skorov and

Sutherland (1951) reported many serioug and sometimes

fatal side effects resulting from adminisiration of this



drug. The reports of 111 effects continuad to appear and

r sgcite . T — ccannrins T bl asn TS
at Pirset seemed to svu a correlation betwaon

o N S . e~ P dsginy e LT o
LRRGE RN CL LIV <inducsed Tabty Liver ',\"‘f enevation and intrae~

venous administration of the drug during preznsncy (Davis

L4

. Ces (e (- T L P T £ b 3 s masd s i
irid Kaufweon, .!9 63 Allen and B:.".:ul’“., 190 >4 I,)O\i’-&.m.li;:') 2 I.‘SI-‘_}_)GJ. 3

Wl Whalley et al., L9%4%). However, afier move careful

\(‘

3¢
examination ¢f the literature it would appesy ithul

he independant variadble, dince nenato-

¥

pregnancy is notd

-

toxXicity resuliting from intravenoug adninisitration of

o5
L

~.
P

tetrecycline in non-pregnant women is also well docunern
(Lepper et al., 195i; Batemen et al., L952: Wruble et al.,
1965; Davis and Kaufman, 1966). Nor dees 3% appear o he
confined to females. Recently, Robinsen and Rywiin (1970)
have reportad a male patient exhibiting syuptoms ol
seiracycline-induced fatity llver.

It has been demoastrated thav liver Jdamage does not
appear to be assoclated wilth tne low dlood levels which are
obtained after oral administration of tetracycline {(Cohn
and Zaslow, 1955; Orenbreich, 1L965). Therefore, it would
appear that an adequate hypothesis should seek to establish

relationsghip beilween high blood levels and liver damage.
In pursuing this asscciation, anhother factoyr which night
provide a ccnnection for the above citations of clinical
observations must be considered. The tetracyclines are

excreted primarily by the kidneys (Goodwman and Gillmen, 19565),
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therefore 2 decrease in renal Ffunctlion would resuli Ln
L = 2w o 1 i 4 [l SR e Wiy ey TR o
inereased bloed levels. Therve s, then, o possible

corvelinticon between large intravenous deseg of the
tetracyclines in patients with poor renal funetion,
whi.ch subsequently wmay result in high hilcoed levalis anpa
liver damage.

»
Il

In contrast to the abundance oi reeoorts Luving
clinical effects of tetracycline toziecity there is a
paucity of studies dealing with in vitre ztiempts to etudy
some «f the metabolic actions of thisg drug. The moest
significant to date are ag follows. Leoirs et al,,
obsarvaed the presence of numerouvs vacucles aznd (atily
egencration in epithelial and fibroblast cells derived
from chick embieyo when exposed to a concentraiion of 1LG0
meg/ml of chlortetracycline. DuBuy and Showacre {1961},
utilizing the fluerescent properiy of the teirooyelinaes,
eimonstrated that the drug became localized in the nito-

y kidney cells after a dosage of 20 meg/ml,

.

ghondria of nonke

Journey and Goldatein (1963) made ultrastructursl ouservations

:n

L 13

HelLa cellis exposed 10 various conazatrabio 0L ouy-

tetracyecline and reported distortisn of witochondria in

cells esxpcsed to a concentration of 100 meg/mwl. PFPinally,
Zuckernan et al, (1967) observed accumulation of lipid

droplets in primary human embryo liver cells in culture

when expossed to a concentration of 1000 meg/ml of tetra-



eyeline: ‘The present study will attempt to sdd to this
sazll hody of literature dealing with metabolic actions of
the dirrug in viiro.

It would appear that tissue culiure techniques
would be particularily useful for the study of 1lipid
metabolism for as Mackenzie et al., (1964) have observeda

When analysis hag shown that the amount of lLipild in

an organ or tissue is increased, stalning reactions

can only suggest, but cannot prove, that the 1ncreoase
hag cccurred primarily in specific cell types in the
hetercgensous cell population. ...it would appser,
therefore, that homogensous populations of cuitured
cells offer distinet advantages in the investigation
and evaluation ef the intracellular (genetic) and
extracellular (envircnmental) factors that regulate
the lipid content of cells.

The zppearance of lipld-staining material in cultured
cells has been assoclated with aging of cultures, crowding,
cessation of growth, toxic substances and degeneration
(Bailey etv al., 1959; King et al., 1959). Healthy cells dc
not normally exhibit distinct droplets of lipid and although
lipid mzaterial can be exitracted from them, it is not stained
by the Sudan dyes. Originally a2 controversy existed as to
whether the dreplets arising in unhealthy cells were merely
invisible lipids made visible by some of the previously
stated conditions or an accumulation of lipid subsequent to
the damage. It haa now been documented that both factors are

involved (Dixon, 1958). The invisible state of cellular

lipids can be explained in terms of colleid chemistry since



Tipid material ig not goluble i the agueous environment
e Vo ¥ T E na = g e i P S P T
af the eell. It 18 held in o 1incly disperned state DY

enulsilying agents containing a pelar group on one end of

the wolecule. The phosphollpids belong te this class of

.

compouncs.  The laminar micslle Llg an arrangemant of these
molecules uilented in parcallel plates with non-pelar ends

, ohus seperated frow the agqueous phase. Their

= are external and in contact with water'. These
micelleg have the capacity to incorperate water-ipnscloble

lipids in bLetween the two layers and in this way fora

1
>

stable emulision. This can ve termed micellar Tat which
distinet irem the observabls 1inid dreplete or globular fat.

-\r; - . . - = e v : . 42 2 e o = aph ey Ao Pyos desgy e
58) has svggested that an equilibdzium cxisis betwsen

]
o
1t
@
-~
-
w3
-~
[

these wwo forma. I there iz an adsquate arount of —

phospholipid and protein present to act ag emulgifying

.

agents fthe eguilibri

1 favors the micellar fat., However,

if conditions result in a decrease in emulsifying agents

or an increase an lipid boyvond the capacity of the available
emulsifying agents,or a 2ombination of both, the equilibrium
will shift toward the zlobular fat

Although the incrsase in lipids observed in
; P

- *

tetracyeline~induced fatty liver have b2en shown to be

;

mainly conposed of triglycerides {(Lewis et al., 1967), tne

-

1l See Dixor (1958) or Alexander and Johnson (1951) for
urther explanation.



nechanism{s) responsiole for this accumulation remain
unknewn.  There arc several possible mechanisws which
could affect the above mentioned equilibrium belween

nicellar and globular fat and result in visible lipid

1. ITnecrease in falty acid synithesis

Ve ge in oxidation of fatty acids

3. Inereazse in nobilization of peripheral adipose
depots

L, Decrease in secretion of triglycerides from the
cells

5. Increase in formation of triglycerides {rom

, fatty acids :

6. Decrease in phoespholipid synthesis

The aim of this projset was to study many of the
effects of tetracycline on growth and metaboliga of culiurad
cells and to attempt te cerrelate these observations with

zome or zll of the suggestions for the possible causes of
tetracycline~induced fatty liver listed azbove. In this way,
an atltenpt was made to define the mechanism of teitracycline-~
indueed faitty liver and also demonstrate the feesibility

of using tissue culture as a tool for studying certail

pharinacolegical actions of drugs

~



MATERIALS AND METHODS
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CHAPTER 17
MATERIALS AND KETHODS

rin and Nature of the Cell Straing Used

s M e BT A

o
fre

10

5
2

i

Low Line cells, classified as NCTC clone #2555,
were utilized for these studies. They, along wiih the
High Line (NCTC clone #2742), were isclated from a 97
day-cld parent culture of normal subcutaneous adipose
conniective tissue obtained from a C3H/He mouse (Likely et
al,, 1952). Before cloning, these cells were non-malignant,
however after the 12th and 19th transplants the High and Low
Line produces tumors in normal. C3H/He mice. After 1% years,
the High Line cells produced $3% garcomas and the Low Line,
none. Three years later, the numbers had increased to 3$7%
and 1%, respectively (Sanford et al., 1954).

In one phase of this investigation the NCTC #2071
cell strain was employed. This strain was derived from
Strain #929 established by Evans et al.3(1956), but differs
from it in that it is cultured in chemically defined medium.
The original Strain L was established in 1940 by Earles and
was one of the first cell strains to be grown in continuous
culture. The parent Strain L was derived from normal sub-
cutaneous areolar and adipose tissue of a 100 day-old male

C3H/An mouse.
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Al

Cultivation of the Cells

Stock cultures.of the c2lls were cultivated in Pyvrex

glasyg T=50 Flasks (Barle et al., 1951) and maintained et

370 in 2 Sherer envirctmental chambér .  BXperimenval
studiss were conducted using either T-15 or T-60 flasks.
Cytochemical observations were made of cells grown on glass
cover slips in Leighton tubes. Silicone stoppers were
employed for all flasks in as much as they contain a minimum
of toxic substances which could dissolve in the medium.

All glagsware was rinsed with tap water and placed in
2. detergent solution for at least 30 minutes. It was then
remugved, rinsed with tap water and placed in chromic acid
for seversl hours. Next it was rinsed with tap water 15
tines and then with triple distilled water 5 times. Drying
‘was accomplished by means of a drying oven at 70°C with
subsequent wrapping for sterilization. Cover slips for use
in Leighton tubes were subjected to 30 minutes ulirasonic
cleaning, rinsed in tap water, dried at 70°C and placed in
the Leighton tubes before sterilization. 41l sterilization
was carried cutl in an American Sterilizer auteclave at
121%C for 20 minutes and dried under vacuum for 15 minutes.

The Low Line cells were cultured in a synthetic

medium, NCTC #1091 (Evans et al., 1956) supplemented with

1 Grand Islaﬁd Biological Company, Berkeley, California



il ) 9 ':’ & AL et P | i
Lo new-born calf serum*. This medium wasg coriginally de-
velcped For loug-term cultivation oi Strain L cells, bu

it has alsce proven to be effective in the cultivation of

cther coll strains when supplemented with serum. After
the addition of the serum, the medivwm was sierilized by

filtration through a sterile Mllligofe filter (4-8 pounds
pressure with compressed air contalining 5% C0z) with an
average pore size of 0.22 micron into sterile 500 ml bottles
for stourage. The sterile medium was stored at 4°C until

ready foe use at which time it was warmed ie room temper-

oy
e
\.u.l
o]
l—!-

i
-5
0
i
o

ature and refiltered through a sterils €.22 niszron Mi
filter.

NCTC. #2071 cells were maintained in z serum-fres
chemically defined mediwn designated ROTC #1335 (Evens et sl.,
l;éh), This medium was obtained as a 2X concentratel.

Prior to iis use the concentrate was diluted with tripple

distilled water and sterilizesd by filtration as described

Al) c¢ell transfer procedures were carried out under
a Lab Con Co Tissue Cultvre Heod, which had been wiped clean
with 70% ethanol and sterilized with ultravislet ivradiztion

for 20 minutes prior to use.

2 Hyland Laborateries, Inc., Los Arngeles, California

3 Grand Island BioLogical Company, Berkely, California



Replicate Culiure Techniques

L#+]

The raplicate technigues used during this study werse
similar to those used by Pace and Aftonowmos (1957). The
¢ells were removed from the stock T-60 flasks by sceraping
with a nichrome wire and gently shaken to disperse the
individual cells. The cell suspengion was then drawn intoe
the replicator and the cell density adjusted to the desired
level by dilution with medium. A cell density of 1 to
1.5 X 105 celles per ml was normally used, Twe ml aliquois
of the suspension were used for the T-15 flasks, 12 ml for
the T-60 flasks, and 13 ml for the Leighten tubes. The
flasks were then gassed with a mixture of 95% air and 5% CO,.
stoppered and placed in the incubator.

Forty-eight hours after replication, the medium was
removed by suction and fresh medium and gas mixture added.
This was repeated at 48 hour intervals throughout the du-

ration of the experiment.

Measurement of Growth

For this study, cell numbers were obiained by means
of a Coulter Counter Model B. The cells were prapared for
ceunting by suspending in a counting solution composed of

Darvanu. and EDTA in balanced salt solution (BSS). The cells

4 R. T. Vanderbilt, New York, New York.
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from omT-15 flagk were diluted to 25 ml with counting

b

clution., Thid¢ sugpension was then drawn through the 100
micron aperture of the counter. As each cell passed through
the aperture it displaced electrolyte, momentarily causing

a reduction in current. This produced a voltage pulse which
was amplified, scaled, and counted. Coincidence losses were

corrected by a coincidence correction of plus 3%, In all

cases counts were made of two and sometilimes three flagks.

Chemical Analysis of the Medium

Glucose concentration of the medium was determined
24 hours after the addition of fresh medium to the flasks
by the method of Hyvarinen and Nikkili (1962). This method
also determines galactose and msnnose; however, since these
sugars are not present in the medium they are of little
conseguence. The results obtained were highly reproducible
and checked to within 0 to 4 mg % of the enzymatic method of
glucose analysis (Keston, 1956).

Lactic acid was ascertained by the method of Scholz
et al., (1959) and involved measurement of the amount of DPN
which was converted to DPNH in the presence of excess lactic
dehydrogenase (LDH):

_ LDH
Lactic Acid T/ == —» Pyruvic Acid

B-DI'N B~DPNH
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For thils purpose a Colenan Hitachi 101 Specirophotometer

at 340 mu was used.

Chemical Analysis of the Cells

Test for total protein, deoxyribonucleic acid (DNA),
and ribonuecleic acid (RNA} were made 20 hours after tﬂe addition
of fresh medium. A+t this time the culture medium was reQ
plaéed with warm calcium and magnesium-free balanced salt
solution (CMF-BSS) containing 0.25% trypsin; After the_célls
became detached the suspenéion was centrifuged at 2000 RPM for
15 minutes at 4°C in a Sorvall refrigerated cenvrifuge (Model
RC-2). The cell pellet was then extracted according to the
method described by Merchant et al., (196k). The total protein
content of the cells was ascertained by means of the Folin-
Ciocalteau phenol reagent (Lowry et al., 1951). This method
is based on the color reaction of the aromatic amino acids
tyrosine and tryptophan with thé Folin-Ciocalteav reagent.
DNA content was obtained by means of the method described by
Burton (1956) which is based on the reaction of diphenylamine
with deoxyribose. RNA was estimated by the orcinol reaction
(Me joaum, 1939), which measures the pentose content. The
above proccedures are summarized in Table I.

The colorimetric determinations of acid and alkaline
phosphatase activity required a greater quantity of cells to

get within the sensitivity of the procedures employed. For
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. FLOW SHEET rOR THE SEPARATION. OF RNA, DNA, AND PROTEIN

IN MAMMALIAN CELLS CULTURED- IN VITR

B

; 6
Cell. Pellet (0.5 to 2.0 x 10 cells)

1.0 ml 0.5N HC10,

hllow to extract d* 4% @
. for 30 mﬁndvpl
Acid-soluble Centrifuge 4°C, 2000 rpm

vhospnate . supernatant Y

sclution =

Residus

Wash in absclute ethanol
cantﬁining C.2M pobassium
acetate,

Centrifuge 4° ¢, 2000 rpm

supernatant

Besldus
Extract 2x wifih -
3@15V at 38” C
“ro spholiold e T Centriluge 47 O,
fraction ..Q_.';)..U:p".‘,_I.\_.(.]_fL‘-.._ 1._.,._.. m"r
kesidue (11p d-free)
Resuspend in 1.0 ml O,1N XKCH

\ 16-18 hours, 37” B
Solublilized cell material

Add 0.034 wl GN ¥HCl and 1.0
ml O.5N HC10,
Centrifuge 4° S, 2000 rpm

RNA supernatant \

WM& oaum orcinel™ _ o

reaction : S Residue (DMA 2nd protain)
Resuspend in 1 O ml C.2N
HC10y Heat 00 C 15 minutes.

DA - _supernatant \ Centriruge 49 ¢, 2000 rpm

Purton S

reaction ; Residue (protein _
Dissolve in 2.0 mls 1.ON NaOH

Proteln . Y Proteln solution

Towery =

method
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thig reazon T«-60 flaske were used for culturing. Twenty-
four hours after the additlon of fresh medium the cells were
trectaed with 0.25% irvpsir in CMF-BSS which caused them to
datach from the {loor of tue flask. The cell suspensicn was
then ceﬁtrifugeé at 2000 KPM for 15 minutes. The cell pellet
was washed -3 times with BSS and recentrifuged after each
washing. The washed pellet wae then extracted with 2 ml
of an extraction medium Drepared according to Shonk and
Boxer (1964). fhe cell pailet was suspended in this so-
lution and then homcgenized for 2 minutes in a motor
driven, previocusly chilled 10 ml Potter—Elvejhen homogenizer,
The homogenate was then divided into 3 portiens: 1 for
alkaline phosphatase, 1 for acid phosphata=s, and 1 fox
protein determination. The phosphatase activity was ex-
pressed as‘"phoséhatase‘activity permg of total protein”.
The phosphatases were determined by the method of Bessie
et al.,(1946) which depends on the enzymatic hydrolysis of
p-nitrophenylphosphate. Appropriate aliquots of the cell
homogenate were incubated with buffered subsirate for 30
mlnutaa at 37°C. A% the end of the incubation period the
reaction was terﬁinated by the addition of alkali znd the
p~nitrophenyl measured colorimetrically at 410 mu. Tests
for acid phosphataée activity were made in 0.05 M citrate
buffer at pH 4.8 and those for alkaline phosphatase activity
in 0.05 M glycire buffer at pH 10.5.



Cytochemical Procedures

A%t *the designated tine the cover slips were removed
from Leighton tubes and the cells stained for neutrai fats,
suceinic dehydrogenase, and cytochrome oxidase.

The presence of neutral fats was indicated by the
pink t¢ bright red droplets which became obviouz after
fixing in formalin and staining with 011 Red-0,

Suceinic dehydrogenase activity was ascertained using
the method of Seligman and Rutenburg (1951). The cover
glips on which the cells were attached were incubated in a
mixture of equal parts of C.l M phesphate buffer (pH 7.6),
0.2 M sodiuvm succinate, and ditelrazolium chioride (1.0 mg/mi).
After a 2 hour incubation period the cover siips were
rinsed in BSS and mounted in glycerogel. Succinic de-~
hydrogen&se‘causes the pale ditetrazolium to be reduced to
either & blue, water-insoluble pigment (diformazan), or a
reddish-purple, water-inscluble pigment (monoformazan)
depending upon the enzyme activity.

For determination of cytochrome oxidase activity the
cover slips were incubated in a solution of p-aminodiphenyl-
gmine plus tetrahydro quinoline - in tris buffer (pH 7.4) for
15 minutes or longer. These were then fixed in 10% ccbaltous
acetate in 10% formalin for 1 hour, washed in water, and

mounted in glycerogel. Cytochrome oxidase activity was

evidenced as a blue color forming at the site of enzyme
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activity (Burstone, 1961).

Lipid content, succinic dehydrogenase activity, and
cytochrome oxiaase activiiy were determined 4 hours after
exposure of the cells to various concentrations of tetra-
cyelina. The recovery from the effects of tetracycline was
also studied by treating the cells as described above,
removing the treated medium, rinsing the flasks 3 times
with BSS and adding fresh medium. Cytochemical observations
were then made on the cells 24 hours after the addition of
the fresh medium.

The effect of adenosine triphosphate (ATP) on lipid
content, succinic dehydrogenase asctivity, and cytochrome
~oxidase activity was also ascertained. ATP was added to the
control and tetracycline medium and the cells were incubated
for 4 hours. The cover slips were removed and the tests
performed as described earlier.

Representative samples were photogra?hed using a
35—mm.Zeiss Tkon camera attachment on a Standard Zeiss
GFL microscope. High speed Ektachrome film (Daylight) and
the appropriate color conversion filters were used. Black
and white photomicrographs were made using Addox KB-14 film

processed in Neofin developer.

Measurement of Protein Synthesis

The rate at which carbon-14 labeled L-leucine5 was
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incorporated into cellular protein was used as an indication
of the rate of protein synthesis. Leucine is required in
the medium of cultured mammalian cells (Levintow and Eagle,
19561) and is thus actively incorporated into cellular
protein.

For the purpcse of this investigation the tetracycline
wés added 24 hours prior to the addition of the labeled amino
acid or, in a separate experiment, at the same time as the
radicactive tracer. 1In all ingstances the labeled medium,
both control and that containing the tetracyecline, contained
0.0l uCi/ml. of carbon-1l4 leucine. This level of radiation
provided sufficient incorporation of labeled amino-acid to
allow scintillation counting of 1% accuracy within a
reasonable amount of time. The cultures werse then incubated
at 3?00 for 2 hours. After the incubation period the medium
was removed and the flasks rinsed gently three times with
' BSS in order to remove as much of the radioactive medium as
possible. Ten ml of a balanced salt solution containing
Darvan and EDTA was added to each flask to detach fhe cells.
The treatment of the resulting cell suspension is summarized
in Table II. One ml of the suspension wae analyzed for
total cellular protein by the method of Lowry (1951). One
ml was used to ascertain the number of cells per ml and 5

ml were analyzed for the incorporation of radioactivity

5 L-Leucine-UL-C-14 was obtained from International Chemical
and Nuclear Corporation, City of Industry, California,
The specific activity was 240 mc/mM.



TABLE

PROCEDURE FOLLOWEDR IN TREATING THE CELL SUSPENSION

AFTER INCUBATION WITH BADLOACTIVE LEUCINE

’

7

1 ml for protein
determination

“’ - -
Add 2 wl cold 1.0%
trichloracetic acid

A r . »
Protein precipitate
Centrifuge 10 min @ 2000 RPM

Wash B\timea with 2 m1 cold
10% trichloroacetic acid
Centrifuge 10 min @ 2000 KPM

Dissolve precipitate in 1 ml
1 N NaOH f

v )
Protzin solution

i
Determine protein by
Lowry method (1951)

10 m3 Cell Suspension

»

S

1L mi for cell
count
N
5 ml for scintillation
counting

Add 5 ml cold 103
trichloercscetic acid

s
Protein precipitate
Centrifuge 10 min @ 2000 RPH

iy .

U
Wash 3 times with 5 ml cold
10% trichloroacetic aeid
Centrifuge 10 mnin @ 2000 RPM

Dissolve precipitate in 5 ml
1 N NaOH

N
Protein solution

A7
1 ml for scintillation
counting
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intoe cellular protein. Analysis of the trichloroacetic acid
used te wash the protein precipitate demonstrated that by
the third wash the radiation level had returned to that of
background, indicating tha: the precipitafe was washed Iree
of residual carbon-l% leucine.

The amount of carbon-ll leucine which had been in-
corporated inte cellular protein was determined by standard
liquid scintillation methods. The scintillation cocktail
used for this study was first used by Newman (1968). The

formulation ig as follows:

Solvent Toluened
Primary Fluor PPG7 (8 am/ 1)
Secondary Fluor POPOP’ (50 mg/1)

One ﬁl of the protein solution was solubilized in the
cocktail by first mixing it with 2% ml of Bio-Solv6 and

then adding 10 ml. of cocktail. The samples were then shaken
vigorously to ciear the solution and counted at the 1% error

level in a Beckman CPM-100 liquid scintillation counter.

6 Scintillation Grade, Beckman Instrument Company,
Fullerton, California

7 Scintillation Grade, Packard Instrument Company,
La Grange, Illinois



Isolation of Serum Proteins

For the purpcse of this study serum preileins will be
defined as those proteins synthesized by the cells and re-
leased inte the medium. RﬂpliCdLe cultures of Low Line cells
were established in T-60 flasks at a cell density of approxi-
mately 1.75 X 109 cells per ml. Four days after replication,
12 ml of fresh culture medium containing tetracycline at 0
and 100 meg/ml was added to the flasks which were then allowed
to incubate at 37°C for 12 hours. Eight hours after the
addition of the drug, a quantity of carbon-14 labeied leucine
wae added to each flask to give a final concentrétion o 0«5
uCi/ml. TFour hours later the medium was removed and centri-
fuged at 2000 RPM for 15 minutes at 0°C to remove any cell
debris which might be pfesent. The medium was then fraciion-~
ated'by ultracentrifugation according to a modification of
the procedure as specified by Radding and Steinberg (1960).
Ten mil samples of each were removed for analysis. The density
of these samples was adjusted to 1.063 by the addition of a
solution of NaCl-KBr (d=1.35)8. The samples were then placed
in cellulose nitrate centrifuge tubes, capped and filled with
a solution of d—i.0639. They were then centrifuged at 41,000

RPM for 22 hours in a No. 65 centrifuge head in a Beckman

8 Solution of d=1.35 was prepared by dissolving 153 gm NaCl
and 354 gm KBr in 1 liter of water.

9 Solution of d=1.063 was prepared by mixing 10 ml of a
solution of d=1.006 (9 gm NaCl dissolved in 1 lltbr) and
2 ml of solutlon d=1.35.
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Ultracentrifuge Moded LZ2-65B8 at 129C.. After the centrifugation
all material down to 2.1 cm below the bottom of the tube. cap
wag removed and placed in L5 ml Pyrex glass centrifuge tubes.
The bottom 2 cin sawple was also removed and placed in centri-

o
£

fuge tubes. The serum proteins in both fractions were precipi-

tated by the addition of ethanol and trichloracetic zcid to a

final concentration of 70% v/v and 5% w/v respectively. The

mixtures were then shaken and allowed to stand at 0°C for

24 hours., After this time the éamples were centrifuged at
2000 RPM for 10 minutes at 0°C. The precipitate was then
washed with 70% ethanol coniaining 5% Trichioracetic acid
until the radiation level of fhe_wash solutions approximated
the normal background level. The precipitates were then
washed twice in hot (50°C) zcetone and ethanol {(1:1). After
the iipids were removed the remaining protein precipitate was
solubilized in 5 ml 1 N NaOH and 1 ml samples were prepared
for liquid scintillation counting as described earlier. One
ml samples were also removed for determination of total
protein. Robinson and Harris (1961) reported the results of
two experiments which were carried out to determine whether
carbon-14 leucine that was not incorporated into protein would
be removed from the protein precipitates. In both instances
they found virtually no incorporation. In order to verify
this, a 12 ml sample of medium containing 0.5 uCi/ml of carbon-
14 leucine was used as a control. Serum proteins isolated

from this sample contained no detectable radiation.



Lipid Extraction
For the purpose of this investigatiéb, replicate

cultures were esitablished in T-60 flasks. The cells were
incubated for 4 hours in a culture medium containing either
0 or 100 mcg/ml»of tetracycline. Both the control and the
tetracycline-containing medium also contaihed carbon-1L
labeled sodium pyruvatelo at a concentr#tion af 0025 wei/ml
At the end of the designated incubation period, the medium
was femoved and the flask gently rinsed 2. times with BSS.
Ten ml  of BSS containing Darvarn and EDTA were added to zach
flask. One ml of the reéulting cell suspensicn was removed
for determination of cell count after which the cell densities
were adjusted by dilution in order to obtain the same number
of cells in each flask. Eight ml. of cell suspension was
then removed and centrifuged for 10 minutes at 2000 RPM.

The cell pellet was extracted for 15 minutes with two 5 ml
portions of hot (50°C) chloreform and methanol (2:1). This
mixture of a polar and non-polar organic solvent removes

not only the free lipids but also those bound to protein
(Scott, 1969). The total lipid extract (10 ml) was washed

with 2 ml of 0.05 N NaCl according to the procedure of

10 Eodium pyruvate-Z-Clu was obtained from New England
Nuclear, Boston, Mass. The specific activity was
4.0k mec/mM.



Folch et al. (1957). The combined extracts weve mixed and
aliowed to szevarate into two phases. After removing and
discarding the upper phase, the interface waz carefully
ringsed three times with 1 ml portions of "pure phase Uum—:*“"l'L
After rinsing the interface, the lower phase and washed

interface were made -‘into one phase by the addition of

Rl

methanol. This washing procedure removes essentially a

«

A%
the nen-lipid -contaminants from the extract with a2 concomitant
loss of relatively few lipids. In order to verify this, 0.5
wl of the labeled mediwn was added to 10 mls of chloroform
and methanol (2:1) and subjected to the washing proccdure

as described above. When rrepared for liquid scintillation
couniing, this sample averaged no more than 4 counts per
minute sbove the background level. After the extracts had
were washed, they were evaporated to dryness under nitrogen
and redissolved in 1 ml of petroleum ether. One-half ml
samples were then added to 10 mls of scintillation cocktail
and the uptake of carbon~1l#4 pyruvate into total cellular

lipid was determined.

11 Pure phase upper was previcusly prepared by mixing
ch]oroform, methanol and an aqueous solution of C.58%
NaCl in a separatory funnel in the proportions 8:L:3 by
volume. When the mixture is allowed to stand, a biphasic
system is obtained. The upper phase, termed pure phase
upper, was saved.
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Cells utilized for time-lapse studies were grown in
Carrel flasks. These flasks have a sufficiently thin boitom .
to allow good photomicrogvapny and alse allew the medium to
be changed while minimizing the danger of contanination.

& flask containing the cells to be photographed wags
secured on the stage of an inverted Model M Nikon micero-
scope« The medium could then be changed and the flasks
gassed as required.

Motion pictures were made using a Bolex 16 mm camera
mounted on a Sage Model 500 Cinematographic apparatusg. The
temperature c¢f the flasgks was maintalnea at approeximately
37°C uzing a Sage Air Curtain Incubator. KXodak Plus-X
Reversal film (7276) exposed at 1L frame per 45 seconds was
used for these studies. Control cultures and those cultures
exposed to tetracycline were photographed for approximately

LE hours.

Nature of the Chemical Agent

The antibiotics have become so widely and successfully
used in the practice of medicine that they are ncw considered
to be essential. Among the antibiotics, the tetracycline
group has achieved an enviahle reputation for dependable
medication. In fact it has been estimated that the world

production of the tetracyclines exceeds 1,000 tons per year
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(Schindel, 1965).

n2d from

}J-

Most of the tetracyclines are obhta

Streptomyces species by fermentation procedures. Of the

o

available forms, four are most fregquently used. Chlortetra-

strepitomyces gureoig?iggﬁ by

* - e

eycline was isolated from

Duggar (1948). This was followed by the igelation of

oxytetracycline from Streptomyces rimosus by Finlay (1950).
Y

Tetracycline was obtained by a process of catalytic hydrogen-
olysis of chlortetracycline developed by Conover (1955).

Demethylchlortetracycline was isolated by MeCormick (1957)

The tetracycline entibiotics are known as broad-
gpectrum antibiotics because they are effective agzinst
a variety of gram-positive and gram~negative microcrganisms,
many of which are also susceptibleﬁd other antibiotiecs.
They are also effective against rickettsia and the large
viruses of lymphogranuloma, psittocosis, and viral pneumonia.

In addition they are active against the intestinal forms of

Entamoeba histolytica (Sellers and Marine, 1965).

Their mode of action has been reviewed by Gale (1963)
and Jackson (1964) who suggest that they act primarily by
inhibition of protein synthesis, specifically the transfer
reaction (to be reviewed in more detail in the discusgsion).

The tetracyclines, not unlike many other organic

compounds (Udenfriend. l962),are capable of exhibiting
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fiuworescence wien exclted by ultraviolet irradiation
(Salteman, 1950). Bottiger (1955), the first to report a
practicasl use of this phenomenscn, studied the distribution
off chlortetracycline in the various tilssues and organs of
white mice. The retention of the tetracyclines by tumor
tissue was reported by Rall et al.,in 1957. The properties
of retention by tumor tissue and fluorescence were thought
to be an ideal method of cancer detection. However, it was
later shown that tumor retention and fluorescence were not
only quite species specific but also depehdant on such factors
as type of tumor, temperature, plH, and dosel3,

The chemical sitructures of these compounds are shown
in Figure 1. All are amphoteric crystalline compounds which
have a common octahydionavhithacene ring structure {(White,
1966) . |

For these investigations tetracycline hydrochloridelu.
the most widgly used of the.tetracycline group, was employed.
Hereafter it will be referred to as tetracycline.

Just prior to use, tetracyclinewas dissolved in the

medium in the highest concentration required. This solution

was then steriliied 4s described and dilutions were made with

13 See James, 1969 for iurther review.

14 Provided by Charles Pfizer and Company, Inc., Brooklyn,
New Yorl:.



e
O

Figure 1.

Chemical structures of four commonly used
tetracycline homologues.
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sterile medium to ovtain the desired: lower concentrations.
A concentration of .00 meg/ml resulied in no change of +the

pH o¢f the culture medium.
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CHAPTER III

Cytetoxicity of Tetracycline

2l

The initial phase of this investigation was concerned
with determining the cytotoxic level of tetracycline in
Low Iine cells. These preliminary observations were based
on gross morphological changes only. Low Line cells were
culiured in T-15 flasks and exposed to 0, 1, 5, 10, 50,
100, and 250 mcg/ml of tetracycline. Those cells exposed
to 0, 1, 5, and 10 mcg/ml evidenced no chanrnges in morphoclogy.
Seventy-iwo houirs after the addition of the drug the cells
exposed to 50 mcg/ml appeared more granular and contained
several vacuoles which were later determined to be comnposed
of neutral lipids. Seven days after the initial treatment
these cells were very granular and many were oveginuing to
round up. In medium céntaining 100 mecg/ml of tetracycline,
increased vacuclization and the appearance oi numerous
granules occurred within 48 hours. A large percentage of
the cells were vecoming spherical in shape and by 72 hours,
many of the cells were detached from the flask. . A concen-
tration of 250 mcg/ml rezsulted in toxic effects within 24
hours with no viable cells remaining after 36 hours exposure. .
Photographs of cells exposed to the above concentrations of

tetracycline for 72 hours are shown in Figure 2.



‘Typical examples of Low Line cells exposed te
various concentrations of tetracycline for 72 hours.

"A. Control F. 1 meg/ml
C. 5 mecg/ml D. 10 mcg/ml
E. 50 mcg/ml F. 100 mcg/ml

G. 250 meg/ml (24 hours)
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Time«lapse photographs were faken in order {to study
the development of the morphological changes observed above.
These photographs were made of the cells in the control
cultures and those cxposed 1o 100 mcg/ml of tetracycline.
The most significant cobservaticn was the development of
numerouse vacuoles as a result of an increase in pinocytotic
activity. Photonicrographs taken from @ 4. widely spaced

frames of the film are shown in Figure 3.

Low Line cells in T-15 flasks were exposed to
tetracycline concentrations of 0, 10, 50, and 100 mecg/ml
for 9 days. Samples were counted every 2 days as described
earlier. For the first 3 days cell proliferatiocn in control
and treated cultures remained approximately the same. How=-
ever, by the 5th day those cells exposed fo a concentration
of 100 mcg/ml demonstrated a marked decrease in growth rate
and after day 7 an actual decline in cell number indicating
possible sloughing off of injured or dead cells. Ten and
50 meg/ml actually seemed to stimulate growth through day 7
after which those cells exposed to 50 mcg/ml. also began to
detach. The results of these studies indicate that a concen-
tration of 10 mcg/ml had no deleterious affect on growth
rate and actually stimulated it slightly. The results of

2 o consecutive runs are compiled in Figure 4,
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Figure 3

Photomicrogravhs taken from four widely spaced
frames of a 16 mm film used in a time-lapse study of
elopment of the cytoioxic effects in lLow Lina
5 exposed to a concentration of 10U mom/nl of
2tracycline.
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Figure 4

Average of two experiments demonstrating the
effect of various concentrations of tetracycline on
growth of Low Line Cells. (See Appendix I.).
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Glucome Utilization and Lactic Acid Production

The resulte of the effects of various concentrations
of tetracyeline on glucose utilization and lactic acid
preduction by Low Line cells are compiled in Figures 5 and
G, respectively. It is apparent from these results that all
concentrations of tetracycline employed caused an increase
in the amount of glucose utilized per cell and a corre-
sponding increase in the amount of lactic acld produced.
Three days following the initial treatment, the cultures
exposed to 100 weg/ml showed a sharp increase in both
glucose utilization and lactic acid production. On thz
5%h day a noticeable decrease in both ocecurred, followed by
a steady increase. Identical results were produced by a
concentration of 50 mcg/ml, however, to a lesser degree.
Exposure to 10 mcg/ml evidenced a slight increase in glucose
utilization and then a steady decline similar to that ob-
served in the control cultures, yet remaining slightly
higher throughout the study. The lactic acid production
of those cells exposed to 10 meg/ml followed a pattern
similar to that of glucose utilization, although the amount

of lactic acid produced seemed to be higher than the amount

of glucocse utilized.

Acid and Alkaline Phosphatase Activity

Acid phosphatase activity, expressed as Sigma units

4



Figure 5

Average of threec experiments showing the
effects of various concentrations of tetracycline
on glucose utilization by Low Line celis. (See
Appendix I.).
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Figure 6

Average of three experinents showing the effects
of various concentrations of tetracycline on lactic
acid production by Low Line cells. (See Appendix TE.Ja
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per mcg of protein, increased sharply in both the controel
and tetracv~oline treated cultures until the 3rd day. At
this time the activity ir the cells of the centrel cultures
increased less sharply and by the 5th day began to decrease
gradually and continued to do so throughout the duration of
the experiment. The zctivities in the cells of the cultures
exposed to 10 and 50 mcg/ml are approximately similar until
the 4th day at which time the activities in cells exposed
to 50 mcg/ml began a sharp increase. The activity of those
cells exposed to 10 meg/ml closely parallels that of the
control cultures and it is questionable whether the slight
decreases and increases above and below the control cultures
alter the 5th day are ' notable. - These results are
presented in Figure 7.

Repeated attempts were made to ascertain the prescence
of alkaline phosphatase by both cytochemical and colori-
metric analyses on the culture medium, cell homogenates, and
the cells themselves. At no time was any alkaline phosphatase
activity observed. The significance of these findings will

be considered in the discussion.

Deoxyribonucleic Acid (DNA)

The curves representing the amount of DNA per cell
approximated the various growth curves presented earlier.

The amount of DNA per cecll in the control cultures increased
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Figure 7

Average of three experiments showing the effect
of various concentrations of tetracycline on the acid
phosphatase activity of Low Line cells. (See Avpendix
II-)‘
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sharply: during the period corresponding to the logarithmic
growth phase c¢i the cells. It then reached a plateau and
after several days, vegan to decline. A concentration of
10 meg/ml of tetracycline resulted in a DNA content per cell
which approximated that of the control cultures, although,
there did seem to be a slight inhibition prior to the 4th or
5th days. Both 50 and 100 mcg/ml of tetracycline inhibited
DNA production, with the 100 meg/ml exhibiting marked inhi-
bition after the 3rd day. The results demonstrating the
effects of tetracycline on DNA content of the cells are seen

in Figure 8.

Ribonucleic Acid (RNA)

The results obtained for RNA content per cell are
quite different from those of the DNA per cell and they aré
presented in Figure 9. The amount of RNA per cell in the
control cultures increased sharply during the logarithmic
growth phase (days 1 through 3) then began teo gradually
decline until the termination of the experiment. Those cells
exposed to 10 mecg/ml of tetracycline did not increase in
RNA content as rapidly as the controls, however, they did
remain elevated through day 7 before declining sharply to
the level of the control cultures. The plotted curve of the
RNA content of those cells exposed to 50 mcg/ml parallels

very closely that of the control cells only at a reduced amount.
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Figure 8

Average of three experiments showing the effects
of various concentrations of tetracycline on the DNA
content of Low Line cells. (See Appendix IIT.).
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Figure 9

Average of three experiments showing the effects
of various concentrations of tetracycline on the RNA
content of Low Line cells. (See Appendix I11.).
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In contrast, the cells exposed te a concentrations of 1380
meg/ml of tetracyceline showed a marked increase in the
amount of RNA per cell at day 3. This was followed by a
very sharp decline tv 2 Jevel considerably lewer than the

control and othesr ireated culiures.

Succinic Dehydrogenase Activity

Sucecinic dehydrogenase activity in Low Line cells was
evidenced by the presence of reddish-purple granules within
the cytoplasm of the cells after exposure teo the ditetra-
zolium reagent (Seligman and Rutenburg, 1951). Representa-
tive photomicrographs of cells exposed to variocus concen-
trations of tetracycline are shown in Figure 10. It is
evident that there was a direct relaticnship between the
amoﬁnt of succinic dehydrogenase activity and the concen-
tration of the drug to which the cells were =xposed. The
control cells contained considerable quantities of succinic
dehydrogenase. Those treated with 10 mcg/ml of tetracycline
seemed to show a slight decrease in enzyme activity. When
the cells were subjected to 50 mecg/ml there was a noticdable
decrease in activity although it may not be evident in the
photograph for the activity appeared to be confined to
vacuoles rather than diffuse as seen in the previous
photomicrographs. Those cells exposed to a concentration

of 100 mcg/ml of tetracycline show very little enzyme



Figure 10

Photomicrogravhs of Low Line cells treated with
ditetrazolium chloride reagent, resulting in a
demonstration of succinic dehydrogenase activity.
The cells were exposed for four hours to the concen-
trations of tetracycline listed below.

A. Contrel

B, 10 mecg/ml

C. 50 meg/ml

D. 100 mecg/ml
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activity.

ATP was added %o the culture medium in a concentration
of 0.001 M and the above experiments repeated. The results
cotained were identical to those without added ATP.

In order to determine the reversibility of the
inhibitory action of tetracycline, ceils were cxposed to
the same concentrations of tetracyline as described above.
Four hours after the exposure, the medium was removed, the
flasks rinsed '~ 3 times with BSS and fresh medium added.
Twenty-four hours later the succinic dehydrogenase activity
of the cells was determined. The most ~levident . observation
was the great increase in enzyme activity. Figure 11 compares
the results seen after a 4 hour exposure to 50 meg/ml of
tetracycline and 24 hours after the removal e¢f the treated
mediﬁm. Seventy-%wo hours after the addition of fresh

medium, the enzyme activity had returned to normal levels.

Cytochrome Oxidase Activity

The presence of cytochrome oxidase activity was
demonstrated cytochemically by the technique of Burstone
(1961) which resulted in the formation of a blue-black
stain at the site of enzyme activity. It can be seen from
the photomicrographs in Figure 12 that the Low Line cells
contained considerable quantities of this enzyme. It can
also be observed that the ° 3 - concentrations of tetra-

cycline employed during this investigation had little, if



M.gure 11

Photomicrographs of Low Line cells treated
with ditetrazolium chloride reagent, resulting in
the demonstration of succinic dehydrogenase activity.
The cells were exposed to various concentrations of
tetracycline for 4 hours after which the treated
medivm was removed, the flask rinsed, and fresh
medium added.

A. Cells in control cultures exposed to 50
meg/ml of tetracycline for 4 hours.

B. Cells in control cultures exposed to 50
meg/ml of tetracycline for & hours and
then photographed 24 hours after the
addition of fresh medium.



59




60

Figure 12

Cytochemical demcne
oxidase activity of Low Lin
concentrations of tetracyc

tratien of cytoehrom
¢ cells exposed %o variow
1

n
line for fou1 hours.

A. Control

B. 10 mecg/ml
C. 50 meg/ml
D. 100 mecg/ml
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any, effect on the cytochrome oxidase activity of the celils.

Celluiar Lipid Accumulation

Cviochemical demonstration of lipid content. 01il-Red

0 was used to demonstrate the presence.of neutral iipids
within the cells. When present the lipid droplets stain
pink to btright red. The photonicrographs in Figure 13 show
that, as with succinic dehydrogenase activity, there was a
direct relationship between amount of lipid present and
concentration of tetracycline employed. Control cells
exhibited a relatively normal amount of lipid. In those
cells exposed to a concentration of 10 mcg/ml tetracycline,
a slight increase in neutral lipids can be observed. Ex-
posure of Low Line cells %to a concentration of 50 mecg/ml
resulted in a - marked ~ increase in lipid deposits.
Similar resulis were obtained when cells were exposed to a

' cdncentration of 100 meg/ml. As in the case of succinic
dehydrogenase, it was deemed necessary to study the possible
reversibility of these effects. Cells were treated with
various concentrations of tetracycline for "4 hours. The
treated medium was then removed, the flasks rinsed 3

times with BSS and fresh medium added. Twenty-four hours
after the addition of fresh medium the cells were stained
with 0il-Red 0 to determine the amount of neutral lipids

present. The results obtained were very similar to those



Pigure 13

Cytochemical demonstration of lipid content
of Low Line cells expossd to various concentrations
of tetracycline.

A. Control

B, 10 meg/ml

C. 50 meg/ml

D. 100 mcg/ml
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ohtained for succinic dehydrogenase. It -was guite obvious

that the amount of lipid present was decreasing. Photomlcro-

graphs demonstrating this effect are shown' in Figure 14,
hat 72 heurs after the removal of the

s

It was alsc observed t
tetracycline medium the amcunt of lipid present was nearly
back to normal. It order to determine if some of the
accumulated lipid was due to an increased uptake of serum
lipids alresady present in the medium, NCTC #2071 clone of
Strain L cells were exposed to the same treatment as the

Low Linc Cells. These cells were maintained en serum-free

=

edium and the results obtained were identical to those

2

o

observed with the Low Line cells. There was an incre in

™
[0

lipid content in direct proportion to the concentraticn of

tetracycline employed.

Radiotracer studies. In order to express the cyto-

chemical resulis in a more quantitative form, Low Line

cells grown in T-60 flasks were treated with 0 or 100 mcg/ml
of tetracycline. The medium used for this study also
contained 0.025 uCi/ml of carbon-1/t labesled sodium pyruvate.
The cells were exposed for eitﬁer 1 or 4 hours to this

medium. After exXposure, the treated medium was removed and
the total cellular lipids extracted as described earlier.

The results showing the incorporation of labeled pyruvate into
the total lipid fraction are summarized in Table III. Both |
after 1 hour and 4 hours of exposure, an increase in the

uptake of carbon-1l4 labeled pyruvate into the lipid fraction



Pigure 1L

Cytochemical demonstration of the lipid
content of IL.ow Line cells exposed to a concentration
of tetracycline of 50 meg/ml for four hours after
which the treated medium was removed, the flask rinsed,
and fresh medium added.

A. Cells in control cultures exposed to S50
meg/ml of tetracycline for 4 hours.

B. Cells in control cultures exposed tc¢ 50
meg/ml of tetracycline for 4 hours and
then photographed 24 hours after the
addition of fresh medium.
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Table 111

Compilation of 5 expériments shoving the.
effect of varicus concentrations of tetracycline
on the uptake ol carbon-14 labeled pyruvate into
cellular lipid.
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SAMPLE TOTAL LI?ID.RﬁDIOAgTEVITY
(epm/10" cells)
Control (no Isctope) 11 43
Control (Isotope Added) : b3 4+ 8
10 meg/ml 1C | | 80 + 4
50 mcg/ml TC ' 170 +17
100 meg/ml 1C 104 + 6
FOUR HOUR EXPOSURE TO0 TETRACYCLINE
.SAMPLE TOTAL LIPID RADICACYTIVITY
(cpm/10° cells)
Control (No Isotope) 13 + 5
Control (Isotope Added) 49 +11
10 meg/ml. TC 157 +13
50 mcg/ml TC 213 +24
100 mecg/ml TC 177 +1b

Valueg are expressed as means 4 standard deviation
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is observed with an increase in fetracyuline concentration.
At both Jand 4 houvrs the maximum increase i observed in
those cells exposed to 50 meg/ml and a decrease is observed

at 100 meg/ml.

Protein

Total cellular protein. The results of the effect of
various concentrations of tetracycline on the pretein content
cf Low Line cells are shown in Figures 15 and 16. When thnese
results are expressed as mcg of protein per ml of medium in
which the cells were growing (Figure 15) the curves are
similar to the growth curves, However, when expressed as
mcg oi protein per cell they are somewhat different (Figure
16), A concentration of 100 mcg/ml of tetracycline sesms to
have liitle effect on total cellular protein although there
is a slight increase st the termination of the experiment.
Concentrations of 10 and 50 mcg/ml seem to cause a slight
stimulation in protein synthesis similar to their effect on
growth.

Protein synthesis. The results of this phase of

the investigation will be expressed in three ways: counts
per minute (CPM) per cell, CPM/mcg of protein, and mecg of
protein per cell. During the first part of the experiment,
the cells were treated 2. hours with medium containing both

the desired concentration of the drug and the carbon-14



Figure 15

Average of three experiments showing the effect
of various concentrations of tetracycline on the amount
of protein per ml of culture medium in vhich the Low
Line cells were grown. (See Appendix IV.}.
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Figure 16

Average of three experiments showing the effect
of various concentrations of tetracycline on the amount
of protein per cell. (See Appendix IV.).
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labeled mediwnm. Samples were then prepared as described
earlier and the appropriate calculations made. The results
are presented in Figure 17. They indicate that tetracycline
caused a decrease in CPM/cell in all treated cultures. The
CPli/mcg of protein increased slightly-when the cells were
exposed to 10 meg/ml and decreased when exposed to 50 and
100 meg/ml of tetracycline. Under the conditions of this
expariment there was little, if ahy, effect of 10 and
50 mcg/ml on the amount of protein per cell. However,
those cells exposed to a concentration of 100 meg/ml did
show a decrease in the amount of prectein per cell.

The second part of tinis experiment invelved pre-
treating the cells with the desired éoncentratiﬁn of
tetracycline for 24 hours. After the 24 hour period, fresh
medium containing tetracycline as well as 0.0l uCi/ml of
carbon-1%4 labeled leucine, was added. Two hours later
this medium was removed and the cell samples prepared as
described earlier. The results of this phase of the investi-
gation are given in Figure 18. A concentration of 10 mcg/ml
did not have the same effect on the CPM/cell as it had in
the first part of this experiment. However, in contrast to
the previous experiment, tetracycline concentrations 6f 50
and 100 mecg/ml did cause a marked decrease in CPi/cell.

411 concentrationé of the drug caused a slight proportional

decrease in CPM/mcg of protein. The amount of protein per



Figure 1Ly

Average of two experiments showing the eftfect
of various concentrations of tetracycline on protein
synthesis by Low Line cells. The cell culftures were
exposed to the medium containing the desired concen-
tration of tetracycline and 0,01 uCi/ml of carbon-1X4
labeled leucine for 2 hours. (See Appendix V.).
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Figure 18

Average of twio eXperiments showing the effact
of various concentrations of tetracycline on protein
synthesis by Low Line cells. The cell cultures were
pre~treated with the chosen concentration of tetra-
cycline for 24 hours. At the end of this period
fresh medium containing tetracycline and C.01 uCi/ml
of carbon-14 labaled leucine was added and the cells
incubated for 2 additicnal hours. (See Appendix VI.).
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cell was affected differently by the various ccncentrations
used. Tetracycline at 10 meg/ml resulted in a slight in-
crease in mecg of protein per cell; 50 meg/ml had no effect;

and 100 meg/ml caused a decrease in mcg of protein per cell,

Serum proteins. Low Line cells were incubated in

medium containing tetracycline for 8 hours and then for

4 more hours after carbon-14 labeled leucine was added to
bring the final concentration to 0.5 uCi/ml. The medium
was then removed from both the control and the treated
cultures and fractionated by ultracentrifugation. Repeated
examination of the top fraction (density less than 1.063)
failed to show any incorporation of carbon-14 labeled amino
acid. No activity higher than the background was recoerded.
A protein precipitate was observed in this fraction, which
averaged less than 5 mcg total, however it apparently was
unlabeled. The bottom fraction, containing the balance of
the serum proteins, did contain significant amounts of
incorperated labeled leucine. In all instances the
tetracycline-treated samples showed a lower level of activity

than the controls. The results are compiled in Figure 19.
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Figure 19

Average of four experiments showing the effect
of 100 meg/ml of tetracycline on the incorporation of
carbon-1l4 labeled leucine into serum proteins. The
cells were pre-treated for 8 hours with tetracyeline.
At this time a quantity of labeled leucine was added
te each flask 1o bring the final conceniration to
0.5 uCi/ml. After 4 additional heours cf incutation
the samples were prepared as described in tha text.
(See Appendix VII.).
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CHAPTER IV

DISCUSSION

It was found that Low iine cells exposed to tetra-
cycline at concentrations up to 10 meg/ml exhibited no
apparent cytotoxic effects. It was also found that a concen-
tration of 250 meg/ml was toxic to the cells aimost immedi-
ately. These results are in partial agreement with Journey
and Goldstein (1963) who used the homologue oxytetracycline.
They reborted that HelLa cells exposed to 300 mcg/ml of oxy-
tetracycline for two hours resulted in degenerétion of the
mitochondria and other cytoplasmic eliements. They also
found that 100 meg/ml produced ne toxic effects and that
1000 meg/ml was lethal to 2ll cells. James (1969) has
reportied simiiar resvlts when studying the effects of tetra-
cycline on Ehrlich ascites cells. The results of the present
study would seem to be in conflict with the two above mentioned
reports for it was found that 100 meg/ml of tetracycline did
result in toxic effects on Low Line cells. It will be noted,
nhowever, that the studies of the above investigations were
of short duration (less than 24 hours) and the toxic effects
reported here did not become apparent until 48 hours after
the administration of the drug. The lowest concentration
used in the current study was approximately twice as high as

the average blood level following therapeutic oral adminis-
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tration (Welch et al., 1957; Whalley, 1964). It is, however,
less than half the concentration suggested feor use in tissue
culture medium in order to prevent bacterial contamination
(Parker, 1961).

The effect of tetracycline on growth of Low Line
cells was consistent with the morphological observetions.
The'Slight stimulation in growth rate observed when the
cells were exposed to a concentration of 10 meg/ml was not
wholly unexpected. The use of several different antibiotics
in animél feeds to stimulate growth was introduced after
investigations, such as those of Migicovsky et al., (1951),
showed that inculsion of penicillin in the diet of infant
chicks 1ed to a2 marked increase in the index of calcium
absorption. In 1954, Rusoff et al., published results
demonstrating that weekly intrmuscular injections of chlor-
tetracycline in young calves increased growth by 30% over
control animals. The possible mechanisms to explain these
findings are still unknown, however, it is obvious that a
cbrrelation exists between the effect on growth and concen-
tration of drug administered.

Another part of this investigation dealt with the
effect of tetraéycline on glucose utilization and lactic
acid production. Control cultures exhibited a high rate of
glucose utilization during the initial phase of the treat-

ment corresponding to the logarithmic growth phase. This
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initial increaze was followed by a gradual decline during
the later growth phases. This pattern of glucose utilization
is similar to those reported for cther cell types (Fulton

et al., 1956; iMunyen and Merchant, 1959). All concentrations
of tetracycline enployed during this investigation caused
inereaseg in glucoze utilization.’ "A. cbncentration

of 10 meg/nal . did not scenm to totally alter the metabolic
functions of the cells sgince glucose utilization at this
level parallels that of the controls. In contrast to this
observation, the higher concentrations differ markedly f{rom
the normal pattern. There is a sharp ircrease st day 5. It
is possible that this is an attempt to return to the more
"normal® pattern. The tetracyclines have been shown to
uncouple oxidative phosphorylation (Loomis, 1950; Van Meter
et al., 1951) which would result in a decrease in the amount
of ATP available. The net effect would be an increase in
glucose metabolism as demonstrated by this study.

In many instances the lactic acid production cbserved
during this investigation exceed glucose utilization. This
was especially evident when the cells were eXposed to 50 and
100 mcg/ml of tetfacycline. It is apparent that the increase
in lactic acid must result from metabolic pathways other
than glucose metabolism. It is been found that glucose is
not necessary for the production of lactic acid. Wilson
et al.,(1942), working with chick embryo tissue, and Bailey

et al.,(1958) using mouse lymphotlasts found that lactic
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acid.was formed botﬁ in the presence and absence of glucose.
One posciblie source of this excess lactic acid may have
been lipid material. An increase in lipids has been reported
in this study and will be discussed lﬁter. Because free
fatty acids and triglycerides supply energy through the
oxidation of fatty acids (Rothblat, 1966G), an increaserin
metabolism of this lipid might be a possible scurce of the
excess lactic acid reported in the current investigation.

It is also possible that glucose utilization was acutally
decreased in relation to lactic acid production. - In other
words, there may have been a decrease in the ahaunt oF
glucose available to the cell possibly atitributable 1o
either the interference of glucosge transpori or some enzyme
system in the conversion of glucose to pyruvate. Thus, the
lactic acid produced was probably from some other source
such as the oxidation of lipid. This could be possible
since Bailey et al., (1958) found that cells survived in the
absence of glucose for 48 hours, apparently utilizing lactic
acid.

The fact that lactic acid can be produced from sources
other than glucose, and also can be utilized by cells, could
perhaps account for the discrepancy between glucose utili-
zation and lactic acid production.

The lack of alkaline phosphatase activity reported

in this study is in agreement with Cox and Macleod (1962)
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and Shaw (1909). Reported histochemical and colorimetric
determinations fallsd to. show any activity of this enzyme.
Even though the enzyme ca2n he found in many tissues, ite
function remains poorly understood. As has been observed
by others, its localization in the zellular membrane area
(Melnykovych 2t al., 1967) and its increase, during neonatal
development, in proportion to the absorptive capacity of the
intestinal mucosa (Clark, 19571, would suggest an involvement
in cellular absorption. Since Cox and Macleod {1962) did
find alkaline phosphatase activity in epithelial cells but
not in human or mouse fibroblasts 1t would alsc appear that,
the activity is limited to certain cell types.

In contrast to the lack of alkaline phosphatase
activity, Low Line cells did exhibit considzrable acid
phosphatase activity. Acid phosphatase is usually considered
to be associated with the cellular lysosomes and hence is
- used as an indication of the stability of the lysosomal
membrane. Cristofalo et al.;(1967) have reported an in-
crease in acid phosphatase activity in human lung cells
during aging. The present study however, which demonstrated
a decrease in enzyme activity of Low Line cells during the
growth cycle is in agreement with Shaw (1969). It would be
purely speculative to suggest that the increase in acid
phosphatase activity seen with tetracycline administration

might be due to similar metabolic effects as those which
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result in the increase observed during aging as reported by
Cristofalo et al.)(1967). It is obvious that further
research in indicated in both of these areas. Nevertheless,
the end results are similar. The increase in acid phosphatasé
activity tends to lower thz concentrations of metabolically
important phosphatase esters and shifts the equilibrium away
from synthesis towards catabolism, thus resulting in a
general deterioration of the cells (Cristofalo et al., 1967).

The decrease in the amount oif DNA as compared to
concentrations of the tetracycline employed parelleled the iﬁ?ﬁé:
observations on growth with one notable excé;%isﬁ;rﬂgithnugh 2
the decrease in amount of DNA and the concentration of drug
uséd were in agreement, 2l) treated cultures evidenced a
lesser amount of DNA than the controls.. This was especially
evident during the early stages of the experimeht where the
concentrations of 10 and 50 mecg/ml actually stimulated growth.
However, after this initial period it would appear that the
higher concentrations of tetracycline were inhibitors of
mitosis.

When studying the effects of tetracycline on the
amount of RNA as compared to DNA, one is immediately cognizant
of the differences in the 10 and 100 mecg/ml concentrations.

It was found during these investigations that the inhibition
of protein systhesis was most pronounced after 48 to 72 hours

of exposure té the drug. In reference to the large increase
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in“RNA ‘production early during exposure to a concentration
of 100 wmeg/ml it would appear that there was a decrease in
mitosie (as seen in the DNA study). At the same time there
was not an inhibition of RNA synthesis thus there was an
increase in amount of RNA per cell and also a concomnitant
slight increase in the amount of protein. After the initial
phase (day 3 toc 5) a rapid decrease in RNA content of the
cells was ndted. probably a maniféstation of other cytotoxic
effects. The increase in RNA conteﬁt observed when the cells
were exposed to 10 meg/ml may be related to the growth
gstimulatory effect which wag also observed at this c¢oncen-~
tration.

It was stated earlicr in this discussion that +the
increase in glycolytic activity which was cbserved might be
attributed to the uncoupling of oxidative phosphorylation.

_ It is also possible that such an affect may be due to an
inhibition of the tricarboxylic acid cycle. The complete
oxidation of glucose via the pentose shunt and tricarboxylic
acid cycle yields 38 high energy bonds in the form of ATP,
while only twec such bonds result from the anaerobic metabolism
of glucose. It is obvious then that a decrease in activity

of the tricarboxylic acid cycle would result in an increase

in glycolytic activity. The results of this investigation
indicated that tetracycline had a definite inhibitory action
on the enzyme succinic dehydrogenase (see also James and

Pace, 1970). These findings were in agreement with the
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earlier work indicating inhibition of certain igolated
ensyme systems by chlortetracycline and other antiviotic
agents (Arora and Murti, 1951).

The actual effect of the tetracyclines on cellular
respiration has not been resolved. Loomis {195C) first
repoirted an uncoupling of oxidative phosphorylation without
effect on respiration. In contrast to this, VanMeter and
Oleson (1951} reported a definite iﬁhibiﬁion of cellular
respiration along with uncoupling of oxidatlive phosphorylation.
During the present investigation we have found no effect on
cytechnrome oxidagse. However, 1f a more exitensive study were
made it is pessible that a correlation between dose, length
of exposure, and type of cell might be found.

Accumulation of lipid material in cells exposed to

certain concentrations of tetracycline was observed as early

as one hour after sdministration. This was not due to "shock"

from media change since control cultures were changed at the
same time and did not exhibit lipid accumulation. Nor was

it due to changes in medium pH. Although reduction of pH
levels frem 7.4 to 6.9 have been reported to result in an
increase in 1ipids in cells (Mackenzie et al., 19€7a), it

was reported in the current study that the concentrations
used resulted in no change of pH (pH = 7.4). Journey and
Goldstein (1963) also reported pH values of 7.1 to 7.4 when
using even higher concen*rations, Increases in lipid content

have also been shown te be related to the amount of lipids
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present in-the serum of the culture medium. Howard (1968) .
and Mackenzie et al., (1947b) using labeled exogencus fatty
acids, have shown that under standard conditions exogenous
fatty acids carried in the serum contributed from 80 to 95%
cf the fatty acid carbon ingcorpoerated inte cellular glycerides
and phospholipid. The observed accunulation of lipid
material from tetracycline administration is apparently not
due to an increased uptake of fatty acid pfecursors from

the medium, since the present study demonstrated that identi-
cal lipid accumulation occured in Strain I cells grown on
serum-free medium. One suggested mechaniem of the cause of
tetracycline~-induced fatty liver has been that the antiblotics
in. high concentrations interfere with hepatic cellular

energy (ATP) synthesis (Wruble et al., 1965}, resulting in

impaired fat metabolism. This zssumption would seem valid

since other substances which cause a fatty liver (ethionine,
carbon tetrachloride, and alcohol) also depress hepatic ATP
(Hyams and Isselbacher, 1964). It has been found, however,
that the hepatic ATP levels of preghant and non-pregnant rats
treated with tetracycline were not lowered below the level of
the centrol animals. In the current study ATP was added to
cultures of Low Line cells in order to ascertain the effect
of additional ATP on the lipid accumulation. It was feound
that both the action on the enzyme succinic dehydrogenase

and the accumulation of lipid were the same in ATP-treated

and control cultures. These results become difficult to
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interpret when one considers the fact that one of the internal
controls of fatty acid synthesis is the amount of ATP (White
et-aly-1968)+—Increases—in-ATP-will-inhibit-the enzymes— -
citrate synthetase and iso-citric dehydrogenase. An inhi-
bition of citrate synthetase will reduce the activity of the
tricarboxylic acid cycle resulting in an accumulation of
acetyl co-enzyme A which will be shunted into fatty acid
synthesis. ' When this is considered it becomes apparent that
more work 1is necessary before the decrease in ATP observed
in certain liver pathologies can be adegquately understood in
terms of lipid accumulation.

The observations of Lewis et al-,(lQé?) and
Mukher jee and Mukherjee (1969) suggest that the increase in
lipids resulting from tetracycline administration are meinly
due to increases in triglyceride content. The reversitle
nature of cellular lipid accumulation has been demonstrated
by several investigators. Geyer (1967) has shown that lipid
droplets begin decreasing after the conditions resulting in
the accumulation are changed. He suggests that the decrease
in triglyceride content is accompanied by an increase in
phospholipid synthesis. Moskowitz (1967) claims that the
disappearance of lipid droplets may not only result from
changes in the conditions which originally resulted in
lipid accumulation, but may also result because of an adap-

tive response of the cell.
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inhibited protein synthesis in bacteria at bacteriacidal
concentrations. Since that time, numerous reports on the m—
exact mechanism concerned with inhibition of protein

synthesis have appeared in the literature. Connamacher and

Mandel (1964) first reported that tetracycline could bind

to the 30-3 subunit of Escherichia coli. This observation

has been confirmed by Day (1966 ‘a,b,c) who also noted
binding to the 50-~S subunit although to a much smaller degree.
More recently, Connamacher and Mandel (1968) have presented
evidence from which they postulate that the tetracyclines
bind specifically to the 30-S subunit of the ribosome at the

point of attachment of tRNA, thus preventing the formation

of a tRNA-mRNA-ribosome complex.

The present investigation confirms the inhibition of
protein synthesis by tetracycline. A concentration of 100
meg/ml definitely results in a decreése in the uptake of
labeled amino acid into protein. However, the results ob-

tained when cells are exposed to 50 mecg/ml do nol demonstrate

a decrease in the amount of protein per cell. There is a

decrease in CPM/cell and CPM/mcg of protein. The effects
on rate of cellular division by tetracycline must also be
considered. It is possible that the rate of division has
been slowed which probably results in a accumulation of
protein within the cell even.though the rate of protein

synthesis has decreased.
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v iThe e ffect of tetracyeline on serum protein synthesis
is . considered an important factor in regard to the accumu-
lated lipid material noted earlier. The inhibition of total
ecellular protein synthesis by tetracycline may also apply
to serum proteins synthesized by the cells. In this way
synthesis of the protein moiety of the B=lipoprotein would
be decreased. Since triglycerides are transported out of
cells in the form of lipoproteins, a decrease in synthesis
of the lipid-acceptor protein moiety may result in an
accumulation of lipid material within the celle. It has
been suggested that Ffatty liver resulting from ethionine
and carbon tetrachloride administration may be due 1o a
reduction in the rate of synthegis oif vlasma lipoproteins
by the liver (Robiﬁson and Harris, 1961l) An inhibition of
plasma lipoprotein production in liver slices exposed to
puromycin has been shown by Robinson and Seakins (1962).
The results of the present investigation, indicating an
apparent decrease in synthesis of serum pfoteins by Low
Line cells exposed to tetracycline, would seem to confirm
this as a possible mechanism of tetracycline-induced lipid
accumulation. Another factor which should be-considered is
the apparent binding of the tetracycline molecule to the
lipoprotein complex. Lacko et al. (1959) first reported
that tetracycline formed a complex with lipoprotein and

actually used this property to isolate serum lipoproteins.
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This wasg later confirmed by Berquist et al., (1963) who found —
that the tetracyclines were bound to the B-lipoprotein
fraction of the serum proteins. Whether it is the effect
of inhibition of protein synthesis demonstrated by the
present study or a possible disruption of the transport
mechanism by binding with the B-lipoproteins is still de-

batable.



1 2 =
=5 = = = e —=— = =

"
.




98
= e GHAP TER S —————

SUMMARY AND CONCLUSIONS

Tetracycline in concentrations of 50 mcg/ml and
above caused cytotoxic effects on Low Line cells as evidenced
by morphological changes and changes in normal aerobic
metabolism. Concentrations less than 10 mcg/ml resulted in
no observable morphological changes.' A concentration of
250 mecg/ml was almost immediately toxic to the cells.

The growth of the cells was stimulated by a concen=
tration of 10 meg/ml. Those exposed to 50 mcg/ml appeared
to show a slight increase in growth rate from days 4 through
7 followed by a marked decline after day 7. The growth rate
of'thosesubjected to 100 mecg/ml was cdonsiderably decreased
until day 7 after which a very sharp decline occurred.

The acid phosphatase activity of Low Line cells ex-
.posed to 10 or 50 mecg/ml of tetracycline was less than the
control cells through the 5th day of the experiment. The
curve representing the results obtained when the cells were
exposed to 10 mcg/ml approximated that of the controls, while
those cells exposed to 50 mcg/ml showed a definite :: in-
crease in enzyme activity. At no time during these experi-
ments was alkaline phosphatase activity detected in these
cells.

DNA content of Low Line cells was decreased by all
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concentrations of tetracycline employed. Ten mecg/ml resulted
in a slight decrease through day 6 following which the curve
representing DNA content per cell approximated that of the
controls. After the 3rd day of treatment the cells exposed
to 50 or 100 mcg/ml of tetracycline evidenced a leveling
df of the content per cell. This was followed by a steady
decline througlmt the duration of the experiment. The RNA
content ot ‘the cells was increased sharply by 100 meg/ml of
tetracycline through the 3rd day after which a rapid decline
occurred. There was a decrease in RNA concentration of the
cells exposed to 50 meg/ml throughout the experiment, while
10 mcg/ml caused a increase from day 4 through 8.

The enzyme succinic dehydrogenase was inhibited by
all concentrations of the drug used during these investij_
gations. The greatest inhibition seemed to occur in those
cells exposed to 100 mcg/ml of tetracycline. This effect
was reversible after a four hour exposure and the activity
was greatly increased after the drug was removed.

The cytochrome oxidase enzyme of Low Line cells appesred
to be unaffected by tetracycline under the conditions of this
investigatioﬁ.

An accunulation of lipid droplets occurred in cells
treated with 50 or 100 mecg/ml of tetracycline. This accum-
ulation was reversible after a four hour exposure to the drug.

Low Line cells exposed to tetracycline exhibited a
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decreased rate of synthesis of both total cellular protein
and serum proteins.

It can be concluded that lipid accumulation cccurring
after tetracycline administration is the result of several
factors. Two of the most important appear to be an inhibi-
tion of serum lipoprotein synthesis and enzyme inhibition.

A decrease in B-Lipoprotein synthesis could result in a de-
crease in removal of synthesized triglycerides from the cells.
At the same time, there appeared to be a decrease in the
activity of the tricarboxylic acid cycle which would result
in the availability of more acetyl co~enzyme A for-synthesis
of lipid material.

In attempting to relate these findings to the c¢clinical
situation, it could be said that the high blood levels of
tetracycline resulting from large and rapid intravenous
injections of the drug into normal patients or those suffer-
ing from kidney impairment could cause the above mentioned

effects resulting in fatty degeneration of the liver.
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Appendixes

I. .Data for Growth and Glucose Utilizationr

Day Tetracycline Cells/ml Glucose Utilized/cell

meg,/ml meg x 1073
1 0 125,000 0.68
' 10 125,000 0459
50 125,000 0.50
1100 125,000 0.36
3 0 510,000 064
10 560,000 0.69
50 375,000 D72
100 510,000 1.10
5 s 915,000 0.52
10 —1401:05000 066
50 965,000 0.59
100 645,000 1.02
7 0 1,165,000 0.47
10 1,495,000 0.62

50 1,460,000 Dillies

100 760,000 1.2l
9 0 1,570,000 0.42
=10 - 1,590,000 0.57
50 620,000 0.95
100 _ 175,000 1.29
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II. Lactate Produced and Acid Phosphatase Activity

Day Tetracycline Lactate Prodused/céll Acid Phosphatase

mneg/ml meg x 10~ Sigma Units/ .
mcg protein
1 0 0.36 6.9
10 Ol 7+8
50 0.25 9.1
100 0.18 -
o 0 0.38 1358
10 0.54 1152
50 0.62 12
100 0.78 - =
LS 0 0.36 255
- = O 0+-50 — 4.6 .
50 0.48 16.8
100 0.74 2%
7 0 0.24 13.9
10 0.57 14.7
50 1.50 1847,
100 1!86 -
9 0 0.19 12,1
10 0.39 13.7
50 er L 19.2
100 4.10 &
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III. DNA and RNA Content

Day Tetracycline DNA : RNA

meg,/ml meg/cell X 10-6 meg/cell x 10-6
1 0 .5 63
10 h.5 63
50 .5 63
100 ¥'5 63
3 0 12.8 84
10 10.6 7
50 9.1 71
100 5.9 92
5 0 L3l 72
10 { E2d 77
50 8.9 52
100 =l 89
4 0 13.4 59
10 14.0 73
50 8.3 51
100 L,3 28
9 0 1157 56
10 11.0 52
50 7.9 L3
100 Fve 18
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IV. Protein Content

Day Tetracycline Protein Protein

meg/ml " meg/ml meg/cell x 1072

=F 0 57 0.48

10 57 0.48

50 Y. 0.48

100 57 0.48

3 0 143 0.33

10 ' 139 0.29

50 144 0.27

100 121 0.27

5 0 276 0.31

10 293 : 0.35

50 291 0533

100 224 0.31

7 0 348 0.29

‘ 10 363 0.3k

50 : 288 0.31

100 227 0.30

9 0 461 0.29

10 390 0432

50 281 0.32

0.+310

100 218
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V. Effect on Protein Synthesis of a two Hour Exposure to

Tetracycline., Average of two Experiments.

Tetracycline CPM/cell x 107 CPM/mcg Protein Mcg Protg&n/cell

meg/ml _ $=10
0 1404 St 3.6
10 ks 7 3.8 3.4
50 11.9 B 3.4
100 8.1 2.9 250

- VI. Effect on Protein Synthesis of a twenty-four hour Exposure

to Tetracycline. Average of two Experiments

Tetracycline CPM/cell x 107 CPM/mcg Protein Meg Prote%n/cell

meg/ml x 10
0] 9.8 2.9 3.6
10 : 1041 2.7 L.1
50 Bl 2.4 3.6
100 6.6 2.1 350

VII. Effect of Tetracycline on Sefum Protein Synthesis .

Tetracycline CPM/mcg Protein x e

"meg/ml

=0 ' >}
100 5:6
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