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sUMi�mA itY

( �hmlortetracyciiiie, adummumist cued intraveimously, inhibited! the increase iii t imymmmi(hine kinase
activity in 24-iuu regenerating rat liver. The effect was (lose-related! and! ��‘as accompanied by
depressiout of l)NA svmmtiiesis and tiiyumuidylate syiitiuetas�e activity. The sensitive period for

a(!ministratiomm of time drug was restuicte(! to time first 12-hr after operation at 30-iur time

emizyumue activities escaped iumiui)itioml. Nuclear RNA synthesis was miot inimibited, nor wa_s

1C-leucimie nmcorporation into acid-precij)itable protein when nmeasure(! at several immtervals
luring this period.

iN TItODU CTION

The imepatotoxicity of tetracychiumes, whicim

is usually manifested! in clinical situations
as abnornial lipid metabolism (1) and
muegative nitrogen balance (2, 3), led us to
examine the effect of cimlortetracychine oum
sonic aspects of mmucleic acid metabolism iii

regeumeratimmg rat liver, It was felt that the
regenerating tissue, witim the characteristics

of accelerated growtim, mumighmt amplify the
unaummunahian toxicity of tetracyclines and

��em’unit furtimem’ d!efimmition of time biochmeniicai
abnormmmahities produced by a drug of this

type. Time studies repom’ted here show that

cimlortetracycline immterferes with the changes
in DNA uumetal)olismmi of regeumerating rat
liver and arrests time iumcrease of timynmidine

kinasc activity imm this tissue.

MATERIALS AND METHODS

Animals and materials. Male Wistar rats
were obtained from Simonsen Laboratories
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and weigimed 120-160 g wimeum studied. They

were fed Purina laboratory chow and given

watem’ ad libitum. Cimlortetracychine hydro-

cimloridle was supplied b� Led!erle Labora-

tories. Tritiatcd! andh mmotmradioactive mmucleo-

sides aimd mmucleotides were oI)tained frommm

Schmwarz BioReseam-cii. Piuosphmoenolpym’uvic

acid, tricyclohexylamimme salt, amid crystal-
himme rabbit muiuscle pyruvate kinasc \\.d’I.e

purchiased! from Sigma Chemumical Conipaimy;

“C-leucine was obtained froumu Caihioclieni.
E.vperimental conditions. Partial hepa -

tectoumuy was performed uumder etimer aumes-
thmesia by the procedure of T1iggins amid

And!ersOmi (4). Chmlortetracychiime imydrocimlo-
ride was (lissolved! imm 6% glucose in water

om’ in immide Wistar rat. serumum (1)11 7.0) amm(!

was adummiumistered! slowly by thue tail veimm.

Control animals received the suspcmmclimig
medium with no d!rug. All radioactive corn-

pounds were adlmminiistered by time tail vein.
Time ammimals were fasted! after surgery. hut

��‘ere given w’ater ad hibitummi.

Methods. At various timmmes after hepa-

t.ectoimmy, time rats were killed by mlccapita-

iou amid 1)1cm! timouougimiv, aimd time livers

were quickly removed and cimilled. For cmi-

zvn’e assays. a poit�oti of time rigimt. lateral

lOi)c \\‘IIS disilm!)tc(1 in 0.25 M sucrose, 0.012

�r Ti’i.-(11 (pH 8.0) , aimd 0.006 M potassium

th’orimlc iim a Tefloim-glass hmoumiogenizer. The

liver saumples were honmogeimized in 2 or 4
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times their wet weight of unediuun aumd thcmm

centrifuged at 35,000 X g for 45 mimi. Ali-

quots of time supermmataimt fraction were used!

for enzynme assay aumd did not vary umuore

thamm ±2.5% in protein content. For studies

on tmuclei, time reuumaiuuder of time liver was

disrupted imm 0.25 �‘ suct’ose-2% citric acid

ill a Dounce homogenizer. The homogenate

was passed timmouglm two layers of gauze and
cemmtrifugcd at 1000 X g for 10 nmium. Time

pellet was suspended in 10 tim! of 2.2 M

sucrose and cemituifuged for 45 immin at

80,000 X g. The superimatammt fluid was re-
moved, and time pellet was suspeumded in 7%

perchloric acid amud centrifuged. Timis pellet
was then dissolved in 1.0 N potassiuimm imy-

droxide and left overnight at moomn temmi-
perature to imydrolyze the RNA. Time solu-
tion was themu cooled to 00, and the DNA

and proteium were precipitated with 7%
perchloric acid!. The precipitate was co!-
lected, washed with cold 5% trichloracetic

acid, and extracted for 1 hr in boiling 10%

sodium chloride, pH 7.5-8.0 (phenol red),
buffered with sodiuni bicarboumate. The pre-

cipitate was discarded, and to time super-
natant was addled 4 times its volume of

95% ethammoi. Timis muuixture was chilled for
10-20 hr at -20#{176}.TIme resulting precipitate
was centrifuged, washed with cold 5% tn-

chloracetic acid, aumd extracted with boiling

5% trich!oracetic acid for 1 imr. DNA tie-
terminations were made oum time m’esuulting

supcrumatant fractioum, and aliquots Were

takemi for nmeasui’enmeimt of radioactivity.

Timymimidine kimmase was assayed by time

nmetimod of \Veissnuan, Simmeilie, and Paul

(.5). Each assay tube contained ATP, 1 .0

1.mole; Tnis-cimloride, pH 8.0, 10.0 p.mo!cs;

pimosphoenolpyruvate, 0.5 �.nmole; magne-

sium chloride, 1.0 u.mmuole; i)otassiumn duo-

ride, 1.0 1.�mnole; timymnidine, 0.005 j�mo1e;

pyruvate kinase (.10 mimg/mnl), 0.5 p.l; triti-

ated thynmidimme, 0.25 p.Ci; anti euuzynue in a
final volunme of 0.1 mum!. The assay mixture

was incubated for 20 mimi at 37#{176},and the
reactioim was stopped by boiling for 2.5

mmmiii. Appropriate aliquots were passed over
Ecteoia cellulose and! eluted first. witim water

aimd timeim with 0.1 N imydrochloi’ic acid.
Aliquots of time eluates were counted to
determmmiumc remaining timymumi(hne and its

phosphorylation products. Thyinidylate
symuthetase was assayed by time method of
Roberts (6). The radioactivity of samples

dissolved in Bray’s solution (7) was mea-
sured in a Nuclear-Chicago scintillation
spectrometem’, model 720. Protein was deter-
mined by the biuret metimod as modified by

Gorruall et al. (8). DNA was measured by

time (liplmeimylammmine imietimot! of Dische (9)

RESULTS

Pam’tia 1 imepatectommiv causes prouuouumced

mmmetahohc cimammges to occur sequentially in

time remnaining liver. Twenty- foum’ hours
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Fm. 1. Response �f thymidine kinase activity in regenerating rat liver to varying doses of chlortetracycline (CT(’)
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TABLE 1

Effect of chiortetracycline on protein synthesis and thymidine kinase activity in regenerating liter

Animals were giveuu 6% glucose in water with or without chlortetracyclimue, 50 mg/kg of body weight

intravenously, immediately after partial hepatectomy. Twenty minutes prior to being killed, they were

given u4C_leuciuie, 10 MCi/kg intravenously. ‘4C-Leucine incorporation into acid-precipitable material was

deternmined oim the 33,000 X g supernataumt fraction of the liver Imomogemmate. No thymidirie kinase activity

wa.s found in the supernatant fractions from livers which were regenerating for 12 or 16 hr. The enzyme

activity in the 24-hr regenerating livers is shown 1)elow.

Time of

death

Chlortet-

racycline

Leucine incorp oration into protein Thym iditue kinase

Rate Imuhibition p Activity Inhibition p

1fl�L?flOles/fltq

hr dpm/mg % liv er/20 mm %
12 -

+

5390

4130

± 242� (3)’

± 6S� (4 23 NSC
16 -

+
5�S3

3414

± 334 (4

± 616 (3) 8 XS
24 -

+
7700

7729

± 410 (4)

± 499 (‘h <1 NS
203 ± 62

33 ± o S4 0.02

a Standard error of the mean.

Number of animals is given in parentheses.
Not significant; significance was determined by a two-tailed 1-test..

after removal of two-timir(!s of time liver,

time m’enuaiimimmg tissue has immarkedly elevated!
levels of mumammy of time enzymes of nucleic
mnetaholisnm (10) , iimclu(!ing timynuidine ki-
nase. Table 1 simows timat time misc in acti)’-

ity of this emizynme at 24 1mm’aftem’ partial
hepatectoimmv was greatly imuhii)ited! 1�’ a
single (lOse of cimlortetm’acyclimmc, 50 aug/kg,

given nmmmmmed!iately after surgery. Table 1

also shows thmat thmis dlose of drug only

s!ighmtly lowered gemueral hepatic proteimm
syuutimesis as mmueasured by 14C-leucine jim-

com’poi’atioim into pi’oteiuu at d!iffereflt times

Itftd1’ l)�tI’tial imepatectonmy. I’lmis depmessiomm
iim protein syntimesis ��‘as mmot statistically

signifieaimt. Figure 1 shows the relatioiu of
(lose of cimlortet.racvcliime to inhihitiomm of
timyrni(limme kinase. A single iuitravemmous

dose of 50 muig of ammtibiotic per kilogramn
inunuc(!iately a fter ram’tia 1 imepatectomy
commupletelv iimimibited time activity of timis
emmzymuie whmeum assayet! iii m’egcmmeratimmg liver

24 imr later.
To t!etcu’rnimme wlmethmer muucleic acid syum-

thesis in vivo was affected by cimlom’tetm’a-

cvclimme, time iimcorpoi’atiomm of #{176}H-tlmyumiidine

TABLE 2

�JT((t of chiorlelitteijeline on 0JJ4/iy,,,j(Ij,ie tncorporation into D.’s.1 in rcqencratinq liver

Animals were given (hlortetrarychuIe (50 mg/kg� in rat scrotum nut ravenously immediately after partial

hepatectomy. Twenty-two hours later, all auuimtils were given ‘H-thvmidine (10 MCi/kg) intravenously.

The rats were ku led at 24 hr. DNA and #{176}1I-t hymnidi ne incorporation were measured iii nuclei, and t hymidine

kinase was assayed in the 35,00() )< q superumatant fraction. Each group (otutained six auuinmals.

Thvnmidiiue kinuLse #{176}H-Thymidine incorporation into DNA

Chloutetracvcline Activity Inhibition p Uate Inhibition p

ul/Amnoles/uly

lirer/20 mimi % vipmn/ing %
- 293 ± 62 885() ± 1715

+ 1 ± 5 99 <0.0005 713 ± 218 91.3 <0.0005

a Standard error of the mean.
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TABLE 3

Effect of chiortetracycline on #{176}H-deoxycytidin e incorporation into regenerating

rat liter and on pyrim idine-mnetabolizing enzymes

Aninmals were given chlortetracycline (50 mg/kg) in rat. scrotum intraven�us1y, iinuneliately after partial

hepatectomy. Twenty-two hours later, all animals were given #{176}H-deoxycytidine (40 1iCi/kg) iuutravenusly.

The rats were killed at 24 hr. DNA and 3H-deoxycytiiine incorporati�n were muue:tsure.1 in mmuclei. Thymi’

dine kinase and thymidylate synthetase were assayed in the 35,000 X g supernatant fraction. Eaclu group

contained five anima!s.

Chiortet-
racycline

Thymidine kinase

Inhi-
Activity bition p

Thynmidyl ate synthetase

#{176}H-Cytidine incor

into DNA

Inhi-
l�ate l)ition

poration

pAdtivit3�

mimi-
luition p

-

+

m�mnoles/mq

liver/20 miii �7.O

274 ± 12#{176}

19 ± 6 93.2 <0.0005

mn�mnoles/mng

liter/hr

921 ± 29

317 ± 68

%

65.6 <0.0005

i/pm/m�j %
8210 ± 603

1440 ± 230 82.5 <0.0005

a Standa rd error of the mean.

into DNA was (leternuimed. Ciulortetra-

cycline immhibited! time incorporatiomm of thy-
mumid!immeinto I)NA, as showmm jIm Table 2, in
a sequence of reactiomms wimicim require thy-

midine kimmase to form dTMP. Simuce this

emmzyme was foumud to be depm’essed by
chlortetm’acyclimme, :iHd!eox\Tc\.tidiume, w’hose

incorporatioum iiuto 1)NA is independent of

tluymidiume kimmase, was also used as a I)re-
cursor. Table 3 shows that time fou’nmation

of DNA froiim deoxycytidhmme was depressed
over 80% by a single (!ose of cimlom’tetra-

cycline givemm 24 lii’ before time aninmals were

killet!.
The activity of thyrnidylate symmtimetase

rises mumam’kedly after partial hepatectomy

(11). Table 3 shmows that time 24-hr post-

operative level of this enzynme was also

depressed l)y clmiortetracychine, hut that its
inimibitiomu was sigimificaumtlv less prommoummccd
thamu time inhibitiomm of thmyuumit!ine kinase.

Time relatiommship of time of adnmimiistra-
tion of ehioi’tetm’acycline to the extent of

imiiuii)itiOmm of timyniidine kimmase in 24-hum’ me-
generatiiug liver is showim in Fig. 2. Adumiimm-

istration of time drug within the first. 12 hr

a ftcr hiepatectonuv pm’evemmted time appear-

ammce of the enzymmme. If time d!rug was given

16 hr aftem’ hmepatcctommiv, or later, time cmi-

zvmmme was fully active imm time 24-1mm’ re-
generating liver.

Time inimil)ition of timymmmidhume kinase by
chiortetracycline was not periumamment, and

by 27-30 hr after surgery in treated ani-

mals, time eimzynme was elevated to time coim-

trol level found in tue 24-hr regemieratiimg

liver. This delayed rise in thmymidine kinase
activity occurred even if the antibiotic was

given 9 hr after partial hepatectomumy, a

time of immjection which completely immhmii)ited

the 24-hi’ rise in thymidine kinase.
Table 4 shows that admimmistrat.ioim of

cimlortetracycline also delayed time imicrease

�5OO

400 I.

300
L�J�
2
3o.

200

‘U)

100. #{149}

�. L
L.
0 4 8 2 6 20 24 26

TIME OF CTC 4DMINISTRATION

Fi;. 2. Susceptibilitij at (Iifferen( times of hepatic

regeneration to inhibition by chlorletracycline ((‘TC)

of thymidine kinase

.\.ninmals receive(l chlortet racy(’hne (So nig/kg in

6�3 glucose in water jut ravenously) at the 1 imes

indicated after 1)art ial hepateet omy. They were all
killed 24 hr after surgery, and their livers were

assayed for thynuiditue kinase. Three to five livers

were assayed for each point.
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TABLE 4
Escape from inhibition by chiortetracycline of 1/i ymidine kinase and DNA synthesis

All animals un(lerwent partial hepatectomy at. zero time. At. varying times thereafter, they received

clilortetracychne (30 mg/kg in 6% glucose in water, intravenously). Controls received 6% glucose in water.

Two hours before being killed, the animals in Experiment 2 received ‘H-deoxycytidine, 40 �iCi/kg in 0.9%

NaCl, intravenously. The animals were killed at the times indicated, and the remaining livers were assayed

for ‘H-deoxycytidine incorparation into DNA and for thytnidine kinase activity.

Drug and time of Tinue of #{176}H-Deoxycytidine
admirmistration death Thymk line kiua.se incorporation into DNA

Experiment 1

6% glucose

Chiortetracycline, zero time

Chiortetracycline, 9 hr

6% glucose

Chlortetracycline, zero time

Chlortetracycline, 9 hr
Experiment. 2

6% glucose (4)a

Chiortetracycline, zero t inue (8

6% glucose (8)

Chiortetracycline, zero time (8)

hr

24

24

24

30

30

30

24

24

30

30

mn�.umnoles/mng

liver/20 mm

824

0, 69

0, 0
290, 316

161, 247

323, 343, 510

341) ± 22b

50 ± 13

418 ± 23
332 ± 33

3297 ± 633

7s3 ± 113
2456 ± 300

4217 ± 630aNumber of animals is given in parentheses.

Standard error of the mean.

imu DNA synthesis to 30 hmr, as mumeasured by

�Hdeoxycytidimmc immcorporatiomm.

Several reports (12, 13) have established
that following partial hmepatectomy, the in-
corporation of radioactive precursors into

TABLE 3

Effect of chlortetracycline on ‘4C-orotic acid

incorporation into RV�1 in

regenerating liver

Animals were given chlortetracycline (50 mg/kg)

in 6% glucose in water intravenously immediately

after partial Imepatectomy. They were giveum u4C_

orotic acid (10 MCi/kg) in 0.9% NaCl intravenously

20 mm prior to the times of death indicated. Counts

incorporated into nuclear RNA and the DNA

content were determined.

Fime of

u4C_Orotic acid incorporation into I)NA

death - Chlortetracycline + Chlortetracycline

hr dpm/mg

4 22 ,700 ± 2800a (4)b 25,000 ± 170)0 (2)

30,500 ± 1190 (4) 33,000 ± 740 (4)

#{176}Standard error of the mean.

Number of animals is giveii in parentheses.

the nuclear RNA of liver is imucreased. We
stu(!ied time immcorporation of #{176}4C-orotic acid

into nuclear RNA of cimlortetracychine-
tI’eatedi amuiuumals. As shown in Table 5, the
antibiotic had mmo effect on the incorpora-

t.iomu at 4 or 8 hr postoperatively.

DISCUSSION

Time iuepatotoxic effects of the tetra-
cychimmes have been documented in man and

in experimmmental ammimals (1, 14). In bac-
teria, tetracyclines have beemu shown to

interfere with the attachment of amino-

acyl-tRNA to nibosomes (15), but since the
biological effects of these drugs in bacteria

are mumuch greater than in mammals, time role
of this nmecimanism in nmammahian toxicity
has been disputed. Although the effect of

tetracycliimes in reducing amino acid in-
corporation into protein is much less marked
in liver than in other tissues (16), the

major clinical toxicity of thmese drugs is

imepatic failure. Franklin studied tetra-
cycline effects on tryptopiman-induced he-

patic tryptopiman pyrrolase and found no
inhibit ion by the antibiotic (17), although
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lie was able to simo�v that time drug imihmibite(l
protein syimthesis imm a cell-free system �18).

Because time synmtimesis of imepatic nucleic

acids and pi’oteimu is selectively imucreased mm
regemmeratiimg liver, we stu(hed time effects of

chlortetracyclimme on this tissue amid �s’em’e
able to denmommstrate hiocimemimical alterations
at1 dosage levels withmimm time conummuonly enu-

ployed timerapeutic rammge.
After remumoval of two-timird!s of time liver

of a rat, there is aim immuiedhiate rise jim time
rate of RNA symutimesis in the remainimig

hepatie tissue. Several imout’s later, time

levels of the euuzynmes related to DNA symm-
thesis exhibit imucreasedi activity, and DNA
synthesis begins. This is followed! by a

period of mitotic activity. Bucimer and as-
sociates have denmonstrated that time precise
time course of this sequence depenuds on time
age and size of time animals (19), and the

effects of diurnal variatiomm are well known
(10). Timus, aithuougim the sequence of events

is generally as described, time precise timing

of each event may vary and the reported

effects of chienuica! agemmts on regeneration
may differ.

Thymidine kiumase, an enzynme associated

with DNA symutimesis, increases in the re-

maining liver after partial imepatectomy
(20). As reported here, chlortetracychine in-

hibited timymuuidine kinase activity 24 hr
after partial hepatectomy, although the in-
corporatiomm of labeled amino acid into pro-

tein was not sigmmificantly affected at 12, 16,
and 24 imr. Administration of the drug

within the first 12 hmr after operatiomm sup-

pressed the activity of thymmiidine kimmase at

24 hr. If chlortetracycliime was givemi at 16

hr, a time at whicim there was still no in-

crease over baseline tlmymid!ine kinase ac-
tivity, the enzyme rose to time same level

during the next 8 imr, as it did in regenerat-
ing livers of untreated! animals. The data

suggest that chlortetracycline interfered

with the process of regulatiomm of thymidine
kinase synthesis to a new rate, but not with

time activity of enzyme which was already
fornued or whose increased rate of synthesis
bind been progm’ammmmed. This effect of chlor-

tetracycline is sinmilar to the inhibition by

actimmomycin D of thynmid!ine kinase (21),

and of deoxycytidylate deaminase by puro-

mycin and fluoropimenylalanine (21) . In

each case the drug was only effective in
�)reventing time rise of enzyme activity at

24-28 hr if adumimmistered within time first

12-14 Imr after iuepateetomumy. Although
cimlom’tetm’acyciimme givemu witimitu time first 12

hmr fully immiuibited timynmidinme kiimase imica-

sured at. 24 hmr, by 27-30 hr time activity of
this eimzymne immcm’eased!. Time m’ate of DNA

symmtimcsis, whmich was inimibited at 24 hr i�’
cimlom’tetracychimme, also simo�ved a sinmilar

later immcm’case. This delayed escape fronm mm-

imibitioim h�’ time (mug again resenmbles the
effects reported for actimiomnycimi D ( 12) . A
corres�)ommdimug effect of actimmonmycimu D aimd

cimlortetracychimue huas also beemi mmotc(l iii the
failure of either dirug to block time diet-

imuducedi l’ise in amuiimuo acidl-mrmetabohizing

enzyme (22).

Early mu time course of imepatic regenera-
tion, time syiutimesis of RNA I’ises markedly.
Cimurchu anud McCarthy (23) were able to
d!enuonstrate time appearammce of a d!ifferent

species of nuclear RNA witimimm time first.

hour after partial iuepatectonmy. A quanti-
tative increase jim time rate of RNA syim-

thesis also begi�ms iiummumediate!y after hepa-
tectoimuy amid continues for time first 5-12 hmr
(12, 13). We were unable to demonstrate

aimy commsistemmt effect of cimlortetracychitme Oii

nuclear RNA synthesis. Altimougim aim oc-

casional experinment shmowed inimibition of
orotic acid incorporatioim into muuclear RNA,
iumost expem’imemmts failed to substantiate

thmese observatiomms. Furt.huem’mumore, at no time
(lid! isolated mmuclei fromum livers of elmlor-
tetracychuue-treated animnals show ammy
change iii their ability to syntimesize RNA
frommu radioactive nuucleoside t riphiospimates.

Aumotimer commsideratioum strongly suggests

timat chuiom’t.et racychine d!ocs imot immtem’fere

witim thuynuidimme kinase fornmatioim by block-

ing nuclear RNA symmthmesis (!urilmg early
regeumeration. By 12 lmr aftem’ partial imepa-

tectomuuy, most of the increase in nuclear

RNA formmmatioim imas already takemu place
(12, 13). If time drug hind! acted! mmuaimmly by

blocking nuclear RNA synthesis, it would
not have heemm effective if given at 12 hi’.

Time fact thuat cimlortetracychmme giveim 12 hr

aftem’ hmepatcctomumy fully inhmil)itedl 24-hr

timymmmid!immekimmase activity (Fig. 2) suggests

that it. did not act by immhibit.iomm of nuclear
RNA formumation. The question whethmer the
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antibiotic imulmibited time syumtimesis of a pam’-
ticular species of iuuclear RNA oi’ its tramms-

fornmatiomu atud tm’ammscriptioim is ummanswem’ed.

Puronmycin and etimiommine, kmmo�vmm immhmibi-
tors of iroteimm syrutimesis, hmave i)eemu sImo�vn

to l)rodUce fatty liven’s in rats �24, 25�.

Both t.imese agemmts inimil)it sevem’al of time
emmzymes timat immcm’ease iiu regeimei’atimmg liver’
(22) . Etimionmiume imas also been simowmm to

block tlmymnidhmue imucom’poration immto DNA of
regenerat.imug liver (26) . Jim regemmeratimmg
liver, somume of the b)iochemmmical effects of

cimlortetracychine m’esemumble chamuges pm’o-

duced by inhibitors of muucleic acid or pm’o-

tein symmthmesis. Howevem’, onue mumeasure of

protein symutimesis, time ineorporatiomu of leu-
cimme into cytoplasmnic acidl-precipitable pro-

tein, was muot sigmuificantly diecreased by
amounts of chlortetracycline that immhibited

timymidine kinase and DNA syntimesis; time
incorporation of orotic acid! into mmucleam’

RNA also was mmot inhibited under these

circumstammces. Time iumechammisnu of chlon’-

tetracychimme’s hepatotoxicity cannot be de-
duced by analogy with agents such as
actinonmycimu, aim imuiuibitor of DNA-depemmd-

ent RNA symmthesis, and puromycin, which
interferes with ribosomal pm’otein symmthesis.
Although timese drugs act at different sites,
many of timeir mmet effects on DNA and en-

zyme synthesis in regeneratimmg liver are

similar. Furthermumore, actinoimmycin D has

a \‘ery imigim affinity for DNA and binds to
nuclei (27, 28); tetracyclines bind to extra-
mmuciear structures amid cause nmitochondrial
alteratiomms (29, 30). However, ademmosine
triphosphate levels are not changed in liver
i)y imigim levels of t.etracychines, and mu-
paired oxidative phosphorylation is not
commsid!em’ed to be an adequate explanation
of hepatotoxicity (31). To evaluate the

possibility timat chlortetracyclimme iimhihited
enzyme fom’mnation by umommsj)ecific metal
bind!immg. its effects wem’e conmpam’ed witim
those of EDTA. an agent w’hmose chmelating

properties am’e sinmilar to those of chlor-
tetracycline. 1mm mn published expem’i memmts,

we found! timat l)am’emmtet’al admumimmistratiomm of

anioummts of EDTA 2-fold! greaten’ thmamm the

drug hind uio effect on thyimmidimme kinase
activity.

A more complete description of the mo-

iccular effects of cimloi’tetracychiime oim i’e-
gemmeratimmg liver will i’edluim’e assessmuient of
cimammges of several species of imuclear and
nucleolar RNA and studies of the symutluesis
of time specific proteimms whose activities are
diepressedi by time drug.
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