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ABSTRACT 

- - 

The ab i l i t y  o f  phenol ics  t o  s t imulate  or  inhibi t  orni th ine decarboxylase 

ac t i v i t y  i n  C3H 10T1/2 ce l ls  has potent ia l  as a screening procedure f o r  tumor  

p romot ing / tumor  inh ib i t ing act.ions o f  pheno,lics. In  a survey o f  several 

p lant-der ived phenol jcs,  their  add i t ion t o ~ t h e  culture media o f  C3H 10T1/2 

f ib rob last  ce l ls  f r o m  mouse  embryos  had, i each case, a dramat ic impact  o n  the 

ac t i v i t y  o f  orni th ine decarboxylase (ODC). Three phenolic: increased. four  

decreased and one increased and decreased the orni th ine decarboxylase act iv i ty .  
L. 

The order o f  their ab i l i t y  t o  increase ODC levels ' w a s  as f o l l o w s ;  catechin 

(50-900pM) >>> gal l ic  ac id  (gallate at neutral pH) (0.07-175pM) > catechol  

(30-500pM). The order o f  their ab i l i t y  t o  decrease ODC leve ls  w a s  as f o l l ows ;  
- 

eugenol (3-305pM) < ca f f e i c  ac id  (0.01-139pM) < quercet in (0.5-50pM). Ellagic 

acid (3- l66OpM) exhibi ted bo th  e f fec ts .  These e f f ec t s  on  ODC ac t i v i t y  correlate 

w e l l  w i t h  previous repor ts  o f  their po tency  in  increasing or  moderat ing the 

- 
act ions o f  carcinosens and tumor  promoters .  The ODC assay, t2erefore has 

/ 
potent ia l  as a screening procedure f o r  the tumor  p romo t i on  or  p ro tec t i ve  act ions 

o f  phenol ics and perhaps other compounds. 

To  invest igate whether act ive oxygen or t rans i t ion meta l  ions p lay  a ro le  in  

the abovement ioned ab i l i t y  o f  gal late t o  induce an increase i n  the ac t i v i t y  o f  

ODC, the cel ls were incubated f o r  one hour w i t h  savengers o f  ac t ive oxygen or  a 

meta l  chelating agent pr ior  t o  the addi t ion o f  gal l ic acid. Superoxide dismutase, 

catalase (both at 10 and 50U/ml)  or  D-manni to l  (25 and 50mM) increased gallate's 

ab i l i t y  t o  ~ n d u c e  ODC, wh i le  f o rm i c  acid or benzoic ac id  (both at 50 and 75mM)  

comple te ly  pre\vented the s t imu la t ion  o f  ODC ac t i v i t y  b y  gallate. Desfer r ioxamine 



(at 50 and 100pM) comple te ly  prevented the s t imulatory  e f f ec t s  o f  gallate. , 

When these same scavengers were compared w i t h  respect t o  their e f f ec t s  o n  

the reac t i v i t y  o f  gallate towards 0 ,  i n  v i t ro ,  the compounds which increased the 

rate o f  autoxidat ion a lso increased the e f fec ts  o f  gal late o n  ODC act iv i ty .  
\ 

Conversely, compounds wh ich  s l owed  the autoxidat ion decreased these ef fects .  

Evident ly intermediates i n  the ox idat ion o f  gallate rather than gallate i tse l f  are 

responsible f o r  the induct ion o f  ODC act iv i ty.  Since superoxide dismutase or 

c alase d id  not  inhibi t ,  these s t imblatory  intermediates are neither' superoxide no.r 8 
HIO,. That f o rm ic  acid or benzoic acid moderat@ the gallate-induced increase i n  

,-. 
ODC ac t i v i t y  suggests that the intermediates wh i ch "  mediate the gallate-induced 

increase in  ODC act iv i ty ,  are hydroxy l  radicals or related species. 
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CHAPTER I 

GENERAL INTRODUCTION 

Pol yamine function 

- 
Polyamines are a group o f  l o w  molecular welght, long-chaind cationic 

aliphatic compounds w i th  mult iple amine and/or imlno groups ubiquitous t o  all 

mammalIan cells (Persson et a1 1985). Levels o f  these organic cations: 
.- 

\ --- 
pwtresclne, spermld~ne and spermlne fluctuate In parallel w i th  'DNA and RNA durlng 

chlck embryo development (Russell and Snyder 1968) and are therefore thought t o  

Influence cellular growth and di f ferent lat lon b y  affecting r ~ b o s o m a l  and nuc le~c  

acld function. They are alsa thought t o  af fect  the metabolism and b~o log l ca l  

act iv i ty o f  proteins and phospholipids (Whaun and Brown 1985, Sadeh et a/ 1984 
6 

and Fidelus et a/ 1984). -. 

. Polyamine biosynthesis is one o f  the earliest events o f  cellular prol i ferat ion 

(Bachrach 1975). Increased production over that o f  non-proliferating cells .has 

been dbserved in rapidly growing tissues such as embryonic tissue, regenerating 

liver, some tumors and n b r m a ~  tissues - o f  tumor-bearing animals (Janne et  a1 

1978, Russell and Snyder 1968, Heby and Russel 1973, Noguchi et a/ 1976). 

Consequently, much attention has been, focused upon the biosynthesis o f  

polyamines and the impl icat ions o f  their presence in normal and neoplastic tissue. 

.Of the four enzymes o f  the polyamine biosynthetic pathway, ornithine 

decarboxylase -(E.C. 4.1.1.17) (ODC) is rate l imit ing in the formation o f  the 
P 6 

polyamines aqd therefore holds a key posi t ion in the regulation o f  polyamine 

metabol ism (Bachrach 1975). 



> 
- 

t 

Ornithine decarboxylase 
r 

The decarboxy ta t i on  o f  L -orn i th ine  i n  'mammal ian  ce l l s  b y  o rn i th ine  

decarboxy lase i s  the  o n l y  p a t h w a y  f o r  the p r o d u c t i o n  o f  p-utrescine 

(1.4-diaminobutane). Th is  d iam ine  i s  t hen  used  as a precursor  f o r  the f * rma t ion  

o f  the  t w o  m a j o r  p o l y a m i n e s  spermine and spermid ine (Heby e t ~  a/ 1 9 f 5 . - ,  Sekar 
( 8 '  -7 , 

et a1 1983). P o l y a m i n e  *b iosyn thes i s  , i n  m a m m a l i a n  ce l l s  i s '  t he re fo r$  s o l e l y  
. , 

dependent o n  the i n i t i a l  a t t i o n s  o f  o rn i th ine  decarboxy lase.  S ince ,a re la t i onsh ip  * , 
r 1 .  

3 :  

b e t w e e n  orn i th ine  decarboxy lase act  i ~ i  t y  and p o l y a i n i n e  b iosyn thes i s  ex is ts ,  

(Haselbacher et a1 1976, Chen et a1 1976, Noguch i  et a1 1976) many  inveSt iga tors  

use orn l th ine  decarboxy lase a c t i v i t y  ins tead o f  p o l y a m r n e  f ~ r m a t ~ i o n  t o  ind ica te  
, \ ' ,  

the p r o l i f e r a t i v e  s ta te  o f  a ce l l .  

Because o f  the p resumed  assoc ia t i on  b e t w e e n  orn i th ine  .decarboxylas% and 

cel lu lar  p r o l i f e r a t i o n  and the obse rved  inc rease ,  i n  orh i th ine"ecarboxy lase b e f o r e  
' r  - 

the g ross  ,appearance o f  h y p e r p r o l i f e r a t i o n  (Connor a n d  L o w e  1983), i t  IS thought  

that  o rn i th ine  decarboxy lase leve ls  f luc tuate  i n  a ce l l  cyc le -spec i f i c  manner. 
-% - 

A n a l y s i s  o f  spec i f i c  genes In  the  ce l l  cyc le '  has' indicated that  orn i th ine  
9 

decarboxy lase express ion d o e s  i n  f a c t  change throughopt  the  c y c l e  (Calabretta et 

a1 1985). There i s  an increase o f  o rn i th ine  decarboxy lase a c t i v i t y  p r i m a r i l y  dur ing  

the G, phase (Heby et a1 1976). I f  th is  increase does  n o t  occur the  ce l l  

b e c o m e s  quiescent  and does  n o t  enter  the  S-'phase (Thompson  et a1 1986). 

Effects of growth- l ike factors on ornithine' decar;boxylase 
3 ,  

, 

M i t o g e n s ,  t u m o r  p r o m o t e r s  a n d  t roph ic  h o r m o n e s  increase orn i th ine  

decarboxy lase a c t i v i t y  i n  a var ie ty  o f  t i ssue and, c e l l  l ines. The regu la t i on  o f  

o rn i th ine  decarboxy lase i s  o f  spec ia l  in teres t  bedause th is  e n z y m e  i s  induced b y  

b .  

2 



a wide spectrum o f  growth stimulators, and shows remarkable variabil i ty it? 

response to  di f ferent stimuli. I n  cultured cells o~n i th ine  decarboxylase levels are 
- 

enhanced b y  many peptide hormones, includipg growth hormone which el ic i ted an 

.*. increase In renal and hepatic ornithine decarboxylase act iv i ty  (Nicholson et a/ 

1977, Clark 1974). Addi t ion b f  glucagpn or insulin t o  isolated hepatocytes causes 

rapid transient .increases i n  the enzyme act iv i ty,  showing peak enzyme activit ies 

(100 fo ld  and 25 f o l d  control  values. respectively) at 3.5 hours a f t e r -  

administration. However, there is  a rapid decline in act iv i ty  t o  basal levels af ter '  

this t ime (Lumeng 1979. Haselbacher and Humbel 1976). 

Ornithine decarboxylase is one o f  the ten mammalian genes that undergo 

ampli f icat ion under a selection pressure or appropriate cellular stress (Schimke 

1984; Alhonen-Hongisto 1985). .This increase in ornithine decarboxylase act iv i ty 

was thought to  result f r om r is ing levels o f  CAMP. This possibi l i ty was 

investigated by  introducing exogenous compounds which incregsed intracellular 

levels o f  this second messenger. The presence o f  dibutyryl  cAMP or the cAMP 
a 

B 

phosphodiesterase inhibitor lBMX gave opposite effects. IBMX increased ornithine 
I 

decarboxylase by 370 fo ld  after 4 hours incubation w i th  N115 neuroblastoma cells. 
* 

Dibutyryl  cAMP did not increase ornithine decarboxylase levels above control 

(Bachrach 1975). Although some o f  the -s t imul i  (glucagon, -epinephrine - and 
2 

isoproterenol) act via CAMP, this mechanism cannot account for  the stimulatory 

ef fect  o f  insulin, insulin-like st imulatory factor and epidermal growth factor which 

do not  increase intracellular cAMP levels (Wil ley et a/ 1985). Cycloheximide in  

all the cases mentioned above, inhibited 'the induction o f  o r n i t h i n ~  decarboxylase 

act iv i ty indicating that the stirnul.ation is contingent on  de novo mRNA synthesis 

(Lumeng 1979, Bachrach 1975). Thus increases in  ornithine decarboxylase act iv i ty 



may also be due t o  gene amplif ication, alterations in translation and enzyme 

, stabil i ty (McConlogue 1986). 

Effects of tumor promotors on cellular ornithine decarboxylase acgivity 

Tumor promotors a f f e ~ c e l l s  biochemically, changing their abi l i ty  t o  alter the . + 

\ 1 
expression o f  many genes involved in growth and cellular di f ferent iat ion (Gilmour 

/ 

et a1 1987). The f inding th{t tumor cells accumulate polyamines at certain stages 

o f  tumor growth (Heby and 1973) lead t o  an investigation o f  the ef fect  

o f  tumor prmotors on ornithine 4kcarboxylase act iv i ty.  Many investigators have 

focused on the e f fec ts  o f  the natural occurring complete tumor promoter. 

12-0-tetradecanoylphorbol-13-acetate (TPA), found in  croton oi l ,  on ornithine 

b 

decarboxylase (Lichti et a1 1977). 

The ef fect  o f  TPA on the cellular ornithine decarboxylase act iv i ty  is both 

dram.atic and transient (Verma 1985b). Appl icat ion o f  TPA t o  mouse epidermal 

cells both i n  

decarboxylase 

vi t ro and i n  v ivo produced a 200-fold transient i n  ornithine 

act iv i ty.  The enzymatic act iv i ty  peaked hours after 

application and returned to  the normal basal levels b y  24 hours. The levels o f  

ornithine decarboxy lse  mRNA fo l lows a similar pattern reaching a maximum at 

3.5 hours and then decreases. The increase in  ornithine decarboxylase act iv i ty  is  

probably due, therefore, t o  alterations occurring at both the transcriptional and 

translational levels (Gilmour et a/.. 1986. Gilmour et a/ 1987. Verma and Erickson 

1986). Although the mechanism o f  the TPA induction o f  ornithine decarboxylase ' 

act iv i ty is not  clear, evidence indicates that the epidermal induction  of ornithine 

decarboxylase act iv i ty  is an essential component o f  tumor promot ion  b y  TPA -in 

cells. \ 

i 



1 nvok vernent of 0,- in  the induction of ornithine decarboxy f ase. 

Mechanisms o f  the actions o f  tumor promoters such as TPA are not  readily 

ident i f ied due t o  the complexity o f  the internal environment o f  t t k  cell. The 
, . - 

promot ing actions b f  substances such as bleomycin and TPA seem ' t o  involve ' 

activated species o f  oxygen, since superoxide dismutase inhibits the 
* ' 

promoter-induced neoplastic transformatihn o f  cultured cells (Borek and Trol l  

1983). This raises the question o f  whether superoxide also mediates the TPA 

4 

decrease in  ornithine decarboxylase act iv i ty.  

In fact, the TPA induced ornithine decarboxylase act iv i ty  in  mammary tumor 

cells (Mm5mtK1)  can be suppressed b y  var iou i  antioxidants. While superoxide 

dismutase or catalase individually d id not  signif icant ly decrease the e f fec ts  o f  - 

TPA on -0rni thine decarboxylase act iv i ty.  the t w o  scavengers in  combination, or 

mannitol alone, inhibited the increase in  ornithine decarboxylase act iv i ty b y  50% 

(Friedman and Cerutti 1984). The cells were not preincubated w i th  the antioxidant 

before adminstration o,f .TPA, which may  have ted---to a false negative. In  order 
- 

t o  provide a clearer pictire o f  the ro le , o f  active oxygen species, the cells 

should' be either preincubated w i th  the scavengers before TPA administration or 

the biomimetic analogs should be used (Kensler et a1 1983). Cu(ll) 

(3,5-diisopropylsalicylic acid), (CuDIPS), a biomimetic analogue o f  SOD induced a ' 

46% and 93% decrease ih the numbei. o f  papil lomas per mouse when CuDlPS was 

administered 30 minules before topical application o f  TPA (Kensler et a/ 1983). 

A causal ro le o f  02- in  the induction o f  ornithine decarboxylase is  disputed 

b y  Ghezzi et a/  (1986), who compared the macrophage cel l  l ine J774.16 w i th  a 

I mutant l ine which can npt  generate superoxide in  response t o  TPA. They 



reported a dissociat ion 

decarboxylase induction. 

decarboxylase act iv i ty,  

-- -- -- 

b e t w e e n s t i m u l a t i o n  o f  the oxidative burst a n d  o z i t h i n e  

Retinoic ac id  inhibits the TPA s t3mu ia t im  o r n i n l n e  

but it i s  unclear whether it acts as a f.ree radical 

scavenger, or  if it e f fec ts  intrac6llular processes such as gene expression (Verma 

1985, Verma and Erickson 1986). 

Role of naturally occurring plant phenolics 

Phenolic compounds are widespread in  the environment. B o t h  harmful and 

antineoplastic ef fects are attributable t o  plant phenolics (Clemo 1958; Stich et a/., - 
1981). Many studies have i;tablished the deleterious e f fec ts  o f  phenolics in  

cigarette smoke and i ts  link t o  lung cancer (Clemo, 1958). On the other hand 

plant phenolics, are potent ial ly useful f o r  the prevention o f  human disease as . 

suggested b y  the antineoplastic e f fec t  o f  many plant preparations (Powell and 
-z 

Smith 1979). There is an inverse correlation between the consumption o f  

vegetables and the incidence o f  cancers o f  the stomach (G.raham et a/., 1972; 
0 

-- 

Haenszel et a!., 1972; Haenszel et al., 1976) colon (Modan et al., 1975; Graham el 

Obviously a test t o  distinguish harmful f r om beneficial 

useful. A practical predictor o f  the tumor promot ing action 

phenolics, w i l l  be 

o f  a -phenolic may 

1 ,  1978; Haenszel et a/., 1980). and breast (Phillips 1975; Armstrong and Dol l  

be i t s  abi l i ty  t o  stimulate orxnithine decarboxylase act iv i ty.  The fo l low ing 

phenolics were selected fo r  the study. 1) O u e r c e t i n w h i c h  is  one o f  the most  

ubiquitous f lavonoids in  the plant kingdom. I t  is  found in  f ru i ts  and vegetables 

and is particularly high in  clover b lossoms and ragweed potten. 2) i l l ag ic  acid, 

which also occurs in  a wide variety o f  green plants. Major dietary sources o f  
C 



this @aromat ic  phenol ic include co f fee .  grapes and nuts. 3) Caf fe ic  acid 

[3.4-dihydroxycinnamic acid] wh ich  i s  found in  plants i n  a conjugated f o r m  is  

readi ly hydro lyzed t o  y i e l d  f ree  ca f fe ic  acid. It i s  readi ly iso la ted f r o m  green 

co f fee ,  roasted co f fee ,  vegetables such as red and wh i te  cabbage and celery. 4) 

Eugenol wh ich  i s  an act ive component  i n  dental analgesic medicines 5) catechin 

[trans-2-(3,4-dihydroxyphenyl)-3,4-di-hydro~H-1-be~nzopyran-3.5~-triol] wh ich  i s  ' 

found p r imar i l y  i n  w o o d y  plants and i n  .cigarette smoke. 6) Gal l ic acid wh ich  i s  
0 / 

f ound  free, and complexed i n  the f o r m  o f  tannins, i n  a w ide  var ie ty  0 4  plant . 

species. It is par t icu lar i ly  abundant i n  Japanese green tea leaves and can be 

obtained i n  i t s  complexed f o r m  f r o m  the tannins o f  nutgal ls (excrescences upon a 

var iety o f  plant species). I t s  presence in grapes means that it i s  a lso found  in 

high concentrat ions i n  red  and wh i t e  wine. Lastly, 7) catechol w h i c h  i s  found" i n  

c o f f e e  and i s  reportedly.  the major  const i tuent o f  c igarette smoke. 

Perspective . 
The corre la t ion . - between suppression 8 f  

ac t i v i t y  and prevent ion o f  TPA enhanced 

orni th ine decarboxylase induct ion m a y  b e  an 

TPA induced orni th ine decarboxylase 

pspi l loma fo rmat ion  suggests '  that 
- 

impor tant  mechanism i n  .promot ion.  ' 

- .  . Hence the ab i l i t y  o f  a compound t o  increase (or suppress an increase) i n  

orni th ine decarboxylase ac t i v i t y  mBy indicate that it i s  a tumor p r o m h y  o r  

A 
inhibitor. Because carcinogenesis i s  a mult i -stage process invo lv /ng  many 

environmental  factors ,  i t  w o u l d  be  o f  great interest t o  var ie ty  o f  

natural ly-occurring compounds f o r  their  e f f ec t s  on  orni th ine decarboxylase. I n  the . - 
f i r s t  part  o f  th is study, w e  assess the e f f ec t s  o f  various natural ly occurr ing 

C 

I 

phenol ics o n  the ac t i v i t y  o f  orni th ine decarboxylase i n  C3H 10T1/2 cells. These 

data were  compared w i t h  available mutagenic and clastogenic data, w i t h  the hope 



b f  establishing the system as -an assay procedure for  putative tumor promoters -- -- 

and inhibitors. I t  is also hoped that this study wi l l  provide a model for  
-- - - 

predicting the inhibitory and stimulatory effects of  the phenolics on .ornithine 

decarboxylase, based on their structures. 
> 

Scavengers o f  active oxygen species prevent the enhancemen: o f  Bapilloma 
R. 

formation by TPA. In the second part o f  the study therefore we investigate the 
.a Cs 

role of  oxygen free radicals and metals as mediators in enhancing the 
- 

phenolic-induced stimulation o f  the ornithine decarboxylase activity. Gallic acid 

was chosen for this study since free radicals are produced during i ts autokidation 

and data indicating the effects o f  various scavengers o f  active oxygen species on 

the rate o f  oxidation was available. 



CHAPTER II 

GENERAL MATERIALS AND METHODS 

Reagents 

DL-[I-14C] Ornithine (61 mCi/mmol)  was obtained f rom New England Nuclear. 

. 12-0-tetradecanoylphorbol- 13-acetate (TPA), pyridoxal 5'-phosphate, L-ornithine-HCL, . 

disodium ethylenediaminetetracetate (EDTA), ci t r ic acid monohydrate, caffeic acid 

[3,4-dihydroxycinnamic acid], quercetin, (+)-catechin [trans-2-(3.4-dihydroxy- 

phenyl)-3.4-di-hydro, 2H- 1-benzopyran-3,5,7-triol], ellagic acid [4,4',5,5',6,6'-hexa- 

hydrodiphenic acid 2,6,2'6' dilactone], bovine serum albumin, soperoxide dismutase 

EC 1,15.l.l, f rom bovine blood, (3100U/mg protein) lo t  #93F-9305, catalase EC 
4 

1.11.1.6, f r om bovine l iver, (1 1000U/mg protein) lo t  #82F-08.38, formic acid . 

(sodium salt), benzoic acid (sodium salt.), dithiothreitol, and D-mannitol were all 
1, 

f rom Sigma Chemical Co., St. Louis, Mo. Tris(hydroxymethyl)methylamine, and 

2-methoxyethanol, were f rom BDH - Chemicals, Vancouver, B.C. Ethanolamine was 

f rom Fisher Scientif ic, Fair Lawn, ,N.J. Gallic acid [3,4,5-trihydroxybenzoic acid] 

and catechol were f rom Aldr ich Chemical Co., Milwaukee, Wis. Bradford protein 

was f rom Bio-Rad Laboratories, Richmond, Calif. Desferrioxamine 
- 

ylate) was a g i f t  f r om ClBA Pharmaceutical Co., Summit, N.J. ,. 

Cel l  Line 

The contact sensit ive mouse embryo cell line, C3H 10T1/2, passage -8; was 
.i 

obtained f r o m  American Type Culture Collection, Rockville, Maryland. Cells for  

experimental purposes were grown in Nunclon plastic dishes o f  100mm in 

diameter in Dulbecco's mod i f ied  Eagle's medium "growth medium" (Gibco 

Laboratories). This was supplemented w i th  10% (v/v) fetal bovine serum (FCS), 



P 

(Flow Laboratories, McLean Virginia), and 20mM HEPES [N-2Hydroxyethytpiperazine- 

N'-2-ethanesulfonic acid (Sigma Chemical Co.). Stock cultures were maintained in 

80cm2 Nunclon flasks. Both the 80cm2 flasks and the 100mm dishes were seeded 

at the same density (approximately 120 x l o 4  cells/plate) aGd al lowed t o  reach 

confluency over f i ve  days, w i th  no change o f  growth medium. The cultures were 

incubated at 3 7 ' ~  at 5% CO, in a humidif ied atmosphere. 

Trypsinization procedures fo r  this particular cel l  l ine were optimized, and all 

subsequent trypsinizations were then carried out systematically; ce1.l medium was 

poured of-f and the cells were washed once w i th  0.05% trypsin (8ibco) dissolved 

in phosphate .buffered saline (0.8% NaCI; 0.02% KCI; 0.115% Na,HP04; 0.02% KH,P04; 

0.02% EDTA). The cells were then incubated w i th  0.05% trypsin i n  phosphate 

buffered saline for 30 seconds and the trypsin poured o f f ;  residual trypsin was 

al lowed to  stay on the cells for  an additional 45 seconds. The ce l l s ,  were then 

resuspended in Dulbecco's mod i f ied  Eagle's medium and the cel l  density was 

determined using a -  Bright-1,ine hemacytometer. . - This entire procedure was 
- 

performed under sterile condit ions i n  a laminar f l o w  hood. 

Cel l  Treatment 

411 treatments were applied t o  a confluent monolayer o f  cells i n  a 100mm 

dish, w i th  no media changes during the 5 days between subculture and treatment. 

Stock solutions o f  the appropriate chemicals were made up i n  growth medium. 

The <ppropriate volume was then added direct ly t o  the 10ml o f  a 5 day o l d  

condit ioned medium on the plates. Af ter  treatment the cells were returned t o  

the 3 7 O ~  incubator. 



Af ter  the predetermined 

aspiration and the monolayer 

I I 

exposure period, the medium was removed b y  

was washed twice w i th  co ld  phosphate buffered 

saline. The cells were removed f rom the plates (using a rubber-policeman) 

resuspended in phosphate buffered saline, and transferred t o  5ml  Falcon tubes. 

The cells were centrifuged at 50 revolutions per minute (RPM) fo r  5 minutes, the 

phosphate buffered saline waz then removed and the pellet o f  cells was s-tored 

at -70•‹C. unt i l  ornithine decarboxylase enzyme act iv i ty  assay could be performed. 

Ornithine Decarboxylase Activity Assay 

The cel l  pellet was thawed at room temperature and resuspended in assay 

buffer. The assay buf fe r  contained 2 5 m M  Tris.HCL (pH 7.5), 25pM pyridoxal 

5'-phosphate, 2.5mM dithiothreitol, and 50pM EDTA. The cel,ls were then 

49 
disrupted b y  three successive cycles o f  freezing and thawing, and the '  cellular 

debris was removed f r o m  the cellular extract b y  a 10 minute centrifugation at 12 

x 103 RPM. The clear supernatant was removed and incubated fo r  10 

37 O c. 

The ornithine decarboxylase act iv i ty  o f  the supernatant was determined b y  

measuring the release o f  l f C 0 2  f rom the enzymes' substrate, DL-[1- l49ornithine * 
hydrochloride (Feo et a/ 1985). The reaction was ini t iated b y  

2 5 0 ~ 1  o f  c e l l u l a r  extract in to the eppendorf tubes which 

L-ornithine (0.77pM). 

Once init iated, the entire assembly was incubated i n  a 3 7 ' ~  ya. ter  bath fo r  
,- 

1 hour. The reaction was then terminated and CO, was liberated f rom the center 

wel l  b y  the injection o f  5 0 0 ~ 1  o f  2M citr ic acid through the rubber stopper. To 

ensure complete absorption o f  CO, b y  the ethanolamine and methoxyethanol 



- 
- -' - 

----_ 
\ 

-\ . . 
1 ;  2:1 v/v) (which is located at :he bottom ofl-ation vial) 'i.e., the 

compartment of  the assembly (refer t o  figure 2.1). The assambly was teft 

at room temperature for an additional 18 hours. Finally. the eppendorf tube was 

removed and the outside wall of  the eppendorf tube was rinsed with 1ml ethanol 

(to wash c f f  any ethanolamine:methoxyethanol which might have come into 

contact with the outside of  the eppendorf tubes). The center wells were then 

capped and discarded. Five ml of  toluene-based scintillation fluid was added to  

the scintillation vial and miged. The radioactivity was measured in a Packard 

Tri-Carb liquid scintillation spectrometer which counted each tube for 10 minutes. 

A given cell treatment on any one day was done in triplicate (3 separate 

100mm dishes were exposed to the same conditions). Two .ornithine 

decarboxylase determinations were performed on the cell extract obtained from 

each dish. Thus, for each cell treatment, on any given day, a total of  six 

ornithine decarboxylase activity measurements were taken, figure 2.2. 

The protein content of  the cellular extract was 'determined by the Bio-Rad 

procedure using bovine serum albumin as the p r o i ~ i n  standard (Bradford 1976). 

---, The Bio-Rad assay is based on differential -color changes of  the dye Coomassie 

Brilliant Blue to varying concentration of  proteins. The binding of  protein to the 

dye shifts the absorbance maximum of the dye from 465nm to 595nm. Protein 
% 

content of an unknown was determined by spectrophotometric measurements at 
- - 

595nm and estimated by comparison to  the results obtained with known 

concentrations of bovine serum albumin (Spector 1978) ranging from 0.02-0.140 : 





Legends For F,.gures 
- 3 

Figure 2.1 Schematic representation of  the assay procedure used for ornithine 
- 

decarboxylase activity determination 

Figure 2.2 Scheme of cell treatment for the ornithine decarboxylase assay 
- 



\) ~ntroducact l lex t rec t in to  
b 

center well and ttrl 
incubate 1 hbur 

t e  r mi note 

'OH\ 0 
r i n se  

after 

Orni t h i n e  

, 
edd t o l u e n e  based  - r 
s c i n t i l l a t i o n  f l u i d  / 

o 



In summary,  2 a c t i v i t y  d e t e r m r n a t l o n s  w e r e  
p e r f o r m e d  o n  c e l l  e x t r a c t  ob ta lned  f r o m  each plat?, 

3 p l a t e s  a r e  t r e a t e d  identically, the re fo re  
5 a c t i v l t y  m e a s u r e m e n t s  rep resen t  one t r e a t m e n t .  

-hese e r e  d u g l i c e t e d  on a  d i f f t r e n t  dey so  t h a t  any one c o n d i t i o n  
reDor ted  is i n d i c a t i v e  o f  a  c o m p a r i s o n  o f  a t  l e a s t  12 
x t i v i  t y  measu remen ts .  

16 



CHAPTER Ill 

OPTIMIZING EXPERIMENTAL CONDITIONS 

Preliminary experiments were undertaken to  opt imize the ornithine 

decarboxylase assay. The object ives were t o  establish: (1) the '  best me%thod fo r  

releasing cellular extract f rom the cells, (2) a saturating concentration o f  substrate , 

in the reaction mixture, and (3) an optimal t ime fo r  trapping all the 14C0,  
I 

released i n  the reaction catalysed b y  ornithine de-c,arboxylase. We also 

established cell-handling procedures which provided 1o.w basal act iv i t ies o f  

ornithine decarboxylase. - 

Sonication and freeze thawing were compared as methods for disrupting 

cellular membranes. Sonication was carried out as fo l lows;  the cells were 

harvested and resuspended in assay buffer in a 5ml  Falcon tube. The Falcon 

tube was placed in  an iced water bath and a sonicating probe was inserted into 
- 4  

the tube. The cells in the tube were subjected to  3 cycles o f  a 15 s pulse o f  

sonication at a sett ing o f  30 using a Bronwil l  Biosonik I l l  sonicator, w i th  a 30 s 

pause between each pulse. The "freeze/thawW technique was as fo l lows;  cells 

were resuspended in the assay buf fer  and subjected t o  three cycles o f  freezing 

and thawing. In each cycle the cells were al lowed t o  freeze in  a .  dry ice-95% 

ethanol bath for 1 minute. Thereafter they were removed and submerged in a 

37OC water bath fo r  4 minutes t o  ensure thawing. 
C, * 

The act iv i t ies o f  ornithine decarboxylase recovered b y  each technique were 

compared. Figure 3.1 shows that cel l  extracts obtained b y  the "freeze/thawU 

method had a 3- fo ld greater ornithine decarboxj/lase act iv i ty  than d i d .  those 

subjected t o  the sonication method. The' reproducibi l i tyL o f  the freeze thawing 
. . 

I . l i '  



technique was evident b y  the high degree o f  consistency 

trial represented b y  one bar). We therefore chose t o  

between the tr ials (each 

disrupt the cells i n  all 

subsequent experiments b y  the freeze thawing m~ethod described above. 

To determine that the reaction mixture contained a saturating concentration 

o f  substrate, extracts f rom cells exposed t o  TPA (100ng/ml f inal)  fo r  5 hours . 

were incubated w i th  a iange o f  substrate concentrations (0.33-4.6pM). Figure 3.2 

showed that the act iv i ty  reached a maximum value when the ornithine 

concentration was 0 . 7 6 ~ M  or greater. We therefore ,chose t o  include 0.77pM 

ornithine in the assay mixture. 

We determined the t ime required fo r  the ethanolamine:methoxyethanol mixture 

to absorb all the CO, released f rom the enzyme reaction. Ten assemblies ,we re  

' (  prepared containing the same react ion mixture, namely 25mM T ~ ~ S . H C L .  25pM 
5 

pyridoxal 5'-phosphate, 2.5mM dithiothreitol, and 50pM EDTA. Af te r  incubation at 

3 7 ' ~  fo r  one hour the reaction was stopped b y  the injection o f  500pl o f  2M 

citr ic acid. The assemblies were opened one by  one at hourly intervals and the 

amount o f  CO, absorbed determined. We found that at least 15 hours is  required 

for a complete absorption o f  .they CO, released In an enzyme reaction. To ensure 

that there was enough alr movement In the assembly to  move the CO, f rom the 

center we l l  Into the outer chamber t o  be trapped, an experiment was performed 

where convection currents were set up inside the assembly (by heating one side 

o f  the aDparatus and keeplng the other cool). I t  was found that creating these 

convect ion currents d ~ d  not Increase the amount o f  l4CO, trapped over that which 

was trapped after 15 hours o f  room temperature Incubation. We therefore 

routinely al lowed the assembly t o  stand at room temperature fo r  18 hours or 

longer be for^ we determined the 14C0, trapped. 



were al lowed t d  grow under the standard condit ions (refer t o  materials 

methods) fo r  1 t o  6 days fo l low ing subculture w i t h  no  medium change. 

cells were then harvested and stored at - 7 0 ' ~ .  The ornithine decarboxy 

. act iv i ty in the cells harvested on di f ferent days were compared. Figure 

To obtain a l o w  basal level o f  ornithine decarboxylase, C3H 10T1/2 cells 

were subcultured on  day zero at a density o f  1.2 x106 cells/100mm plate. Cells 

and 

The 

,lase 

3.3 

indicates that not only  d id  the basal levels o f  ornithine decarboxylase decrease 

as the cells approached confluency (compare bars f rom day one w i th  those o f  

days 5 or 6). but the consistency o f  ornithine decarboxylase act iv i ty  pe r  plate 

increased (each bar represents the results o f  one plate). I n  v iew o f  this w e  

.chose t o  chemically treat the cells f i ve  days after subculture w i th  no  medium 

change between subculture and treatment. 

I t  has been shown that the cellular response can change w i th  the "age" (i.e., 

the passage number) o f  a cel l  l ine (Rozhin, et al. 1984). I t  was our concern - 
+ 

therefore to  ensure that the cellular responses remained stat ist ical ly similar 

between the di f ferent passage numbers o f  C3H 10T1/2 cells. Cellular responses 

to a 5 hour incubation o f  TPA (100ng/ml f inal)  were monitored in  cells ranging 

in  age f rom passage 12 to  22. I t  is  evident from, f igure 3.4(i) that the absolute 

value o f  ornithine decarboxylase act iv i ty  o f  control  and TPA treated cells did 

vary f r o m  passage to  passage. However the percent increase in  ornithine 

decarboxylase act iv i ty  induced b y  the treatment did no t  seem t o  f luctuate greatly 

0 
. as the cells aged (figure 3.4(ii)). 

To ensure a reproducible and maximal response o f  ornithine decarboxlase t o  

gallate, preliminary trials t o  opt imize the preparation and cellular intubat ion t ime 

were carried out. Solutions o f  gallate were prepared both anaerobically and 



aerobically i n  double dist i l led water, phosphate buffered saline @r serum free . 

Dulbecco's mod i f ied  Eagle's medium. There were no  signif icant di f ferences in  the 

gallate-induced ornithine decarboxylase act iv i ty  among the di f ferent solutions used 

to dissolve the phenolic, nor was there a signif icant d i f fe ience in the results 

f rom anaerobically versus aerobically prepared gallate. The gallate stock solut ion 

w a g  therefore prepared under aerobic condit ions in double dist i l led water. 

The cellular incubation t ime was opt imized by  exposing a number o f  plates 

o f  C3H 10T1/2 cells t o  gallate (prepared as described above) for  di f ferent times. 

Af ter  the exposure t ime the gallate containing medium was removed and replaced 
1 

wi th  fresh serum containing Dulbecco's modi f ied Eagle's m e d i u m  A l l  o f  the 

treated cells (regardless o f  the exposure period) were harvested 5 hours after the ' 

exposure to  gallate was initiated. Refeeding the starved cells w i th  serum- r ich 

medium, after gallate was removed. greatly increased the levels o f  ornithine 

decarboxylase act iv i ty (c.'f. the ornithine decarboxylase act iv i ty  o f  nontreated cells 

w i th  no medium change was 101 pmole CO, released per hour per m g  protein, 

whereas nontreated cells w i th  a medium chanCge had an ornithine decarboxylase 

act iv i ty ranging f r o m  1170-2966). This large abi l i ty o f  serum t o  increase 

ornithine decarboxylase part ial ly masked the ef fects o f  gallate. We therefore 

concluded that the best response was obtained when gallate was incubated w i th  

the cells for  the entire f i ve  hour period w i th  no medium change.(figure 3.5). 



Legends For Figures 

Figure 3.1 Ornithine Decarboxylase a c h y  as a function of the method used t o  

disrupt cells 
l i  

1 

C3H 10T1/2 cells were subjected t o  freezing fo l l o  ed  b y  thawing or sonication. 

The freeze-thaw method involved subjecting the c f Its t o  three successive cycles 
I 

o f  freezing (dry ice-95% ethanol bath for  1 min), thawing (submerged in a 

37' water bath fo r  4 min). The sonication 3 cycles o f  a 

15 s pulse. The assay condit ion were the earlier in the 

section headed "Assay for  Ornithine Decarboxylase Act iv i ty " .  Ornithine 

decarboxylase act iv i ty was measured b y  the release o f  14C0, f rom lac-,L-ornithine, 

and the protein content was determined b y  the Bio-Rad protein assay. The 

act iv i ty is expressed as pmole o f  CO? rekased per hour per m g  protein. Each 

bar represents one sample. 

Figure 3.2 Saturating substrate concentration , 

Cellular extracts o f  C3H 10T1/2 cells treated w i th  TPA (100ng/ml f inal)  fo r  5 

hours were incubated w i th  increasing .substrate concentration. Condit ions were as 

indicated for figure 3.1. The enzyme act iv i ty is reported as pmole o f  CO, 

released per hour incubation per m g  protein. 

Figure 3.3 Basal levels o f  ornithine decarboxylase as a function o f  number o f  days 

from subculture 

C3H tOT1/2 cells were seeded onto 100mm plates on day zero. On day one 

(one day after subculture) six plates were scraped and the cells were isolated 

and stored at - 7 0 ' ~ .  This procedure was carried out daily up unt i l  and including 
P 

day 6. Conditions were as indicated for figure 3.1. The ODC act iv i ty  was 

determined and reported a s  pmole CO? released per hour per m g  prot'ein. Each 



point on the graph represents one plate o f  cells. 

Figure 3.4 Effect o f  cell age on ODC response absolute values and values relative t o  

control 

3.4(i) crosses represent the ODC act iv i ty  (pmole CO, re leasedhr/mg protein) o f  

U 

control  cells i.e., no treatment 

diamonds represent the ODC act iv i ty  (pmole CO, released/hr/mg protein) o f  cells 
4 

after a 5 hour treatment o f  TPA (100ng/ml final). The plates containing control  

and TPA treated cells e isolated and frozen on the same day. The assay 

condit ions fo r  the determin o f  ornithine decarboxylase were as described fo r  
- 

figure 3.1. Each mark -repre ents one plate o f  'cells. Ii C 

3.4(ii) The condit ion were the same as in 3.4(i). The % change f rom control  

represents the percentage di f ference between treated and nontreated cells ((treated 

- nontreated/ nontreated) x 100). Each bar represents one plate o f  cells. 

Figure 3.5 The effect o f  duration o f  exposure t o  gallate on ornithine decarboxylase 

activity 

The condit ions . w e r e  as indicated in  f ~ g u r e  3.1. The duration o f  exposure t o  

gallate refers to  the t ime (in minutes).  that the cells were exposed t o  gallate. 

Af ter  exposure the gallate containing medium was removed and the cells. were 

"refed" w i th  f esh serum containing medium. The cells were then incubated w i th  I 
fresh medium k n t i l  the exposure t ime plus incubation w i t h ' f r e s h  medium t i m e  

1 
equalled 300 minutes. The cells were isolated and ornithine decarboxylase 

act iv i ty  determined. The % change f rom control  is as indicated in  f igure 3.4(ii). 

Each bar represents the average o f  t w o  plates 
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CHAPTER IV 

THE EFFECTS OF PLANT PHENOLICS ON THE ACTIVITY OF ORNlTHlNE 

DECARBOXYLASE IN C3H 1OT1/2 CELLS 

ABSTRACT 

Addition of plact-derived pheno4ics to the culture media o f  mouse embryo 

fibroblast cells (C3H 10t1/2) had a dramatic 

decarboxylase (ODC). Catechin ( 5 0 - 9 0 0 i ~ )  inc 

of 2200%-above control at 90pM. The ODC 

impact - 6 n  the activity o f  ornithine 

:reased ODC activity to a maximum 

response to the addition o f  gallic 

acid (0.07-175pM) reached a maximum increase of 400% at 160pM. Si.milarly, 

catechol (30-500pM) reached a maximum increase of  350% at 300pM or above. 

Other phenolics (eugenol, 3-305pM; caffeic acid, 0.01-139pM; and quercetin. 

0.5-50pM) at all concentrations tested decreased the enzyme activity by As much 

as 27.8%. 31.5%. and 48.1%. respectively. Ellagic acid was the only phenolic 

tested which had both inhibitory and ~ stimulatory effects on ODC activity. At 

concentrations of 3-331pM it decreased the activity o f  ODC, inhibiting maximally 

(43% inhibition) at 331pM. Higher concentrations had no inhibitory effect but 

instead stimulated, up to 12% above control at 1660pM ellagic acid. The order 

of effect~veness in stimulating or inhibiting ODC activity was thus dihydroxylated 

phenols (ortho more than meta), < trihydroxylated phenols. < tetra and penta 

hydroxylated phenols. This trend coincides with reported effectiveness in 

carcinogenesis as well as with the ability o f  similar phenolics to  induce 

. 
chromosomal aberrations in cultured cciis. Introduction o f  an alkyl group to the 

ring, or replacement of a hydroxyl group by a meethyl ester decreases the ability 
\ 

of a compouhd to induce ornithine decarboxylase. 

28 



INTRODUCTION 

Both harmful and antineoplastic e h e c t s  are attributable. t o  plant 'phenolics 

4 . m (1.2). Many studies have showed the deleterious ef fects o f  phenolics in cigarette 
- 

smoke and their link t o  lung cancer (1). Antineoplastic e f fec ts  o f  plant 

4 
preparations, which may in  part be due t o  phenolics, are potent ial ly u s e f i L ~  fo r ,  the.  

\ <%. . <. 
  rev en ti on o f  human disease (3). For example, there is an inverse correlation 

between vegetable consumption and the incidence o f  cancers6. o f  the stor;~ach 
d 

(45,6). c b ~ o n  (7.8.9), and breast (10,11). which may in part. be due t o .  <egetab.le ' 

phenolics. 

Because phenolic compounds are widespread in the environment, their 

apparent harmful and protect ive e f fec ts  have aroused much interest. Many 
I1 

investigators have examined the clastogenicity, mutagenicity, tumor promating, and 

antioxidant nature o f  phenolics (2,12,13,14,15,16).: Var ious  phenolic - compounds 

induce chrdmosomai breaks in  the chinese hamster .dvary (CHC) cells, whi le others 

decrease the number o f  chromosome break,s per cell (2). On the basis o f  the 

Salmonella typhimurium test, some phenolics protect the bacteri3 against the 
, . 

mutagenic actions o f 7P.8~-dihydroxy-9a.1 Oa-epoxy-7.8,9,10-tetra- 

hydrobenzo[a]pyrene (12). ~ - m e t h ~ l - ~ ' - n i t r b - ~ - n i k o ~ u a n i d i n , e  (MNNG) (13,14), 

methyl-nitrosourea (MNU) and 2-aminoanthracene (2-AA) (15.16). 

Although many f lavonoids -are 'mutagenic (17). they are no t  carcinogenic 

(18.1920). However, administration' o f  10pg/ml o f  quercetin t o  Chinese Hamster 
I I 

Ovary (CHO) cells did .not increase, chromatid breaks or exchanges (15). In  fact. 

prior application o f  quercetin., (10-30pmol/mouse) to  mouse epidermis decreases 

' the number o f  12-0- te t rade~ano~ lphorbo l -13-ace ta te  (TPA) induced papil lomas per 



k' 
CD-1 mouse b y  71% (18). Moreover, in  teleocidin promoted cells, que rce t i n~  

,/ 
f 

(30pmol/mo<se) decreases the number o f  papi l loma fo rmat ion  per mouse b y  831 

* 
whi le also decreasing the size o f  the tumors (21). 

\ 

Ellagic acid has. a very profound inhibi tory e f fec t  on the mutagenic and 

cytotoxic actions o f  the carcinogenic metabol i te o f  benzo[a]pyrene, and is  the 

putative prototype o f  a new class o f  cancer-preventing agents (22). The 

.. 
presence o f  ellagic acid also decreased, in  a dose-dependent manner, the amount ,' 

o f  mutagenicity (induced by  benzo[a]pyrene 7.8-diol-9,10-epoxide-2) in  TA100 cel ls 

b y  as much as 90% at an ellagic acid concentration o f  6bM (12). The 

antimutagenic actions o f  this phenolic supposedly result f r om a direct interaction 

w i th  benzo[a]pyrene 7,8-diol-9.10-epoxide-2 (23). 

In contrast, catechin (30pmol) d id not  inhibit either the TPA-induced ornithine 

decarboxylase act lv l ty In mouse epidermis, or the format ion o f  'TPA-induced skin 

papil lomas (24), (although in the former studies posi t ive e f fec ts  o f  catechin may 

, have been masked b y  the even larger ef fect  o f  TPA). However, catechin in. 
;. I 

mil l imotar concentration, does inhibit the mutagenicity o f  methyl-nitrosourea in  the 

TA1525 strain (13). In  mammals (Syrian golden hamsters) oral administration o f  

catechol (at 1.5% of  diet)  caused epithelial damage and consequent regenerative 
I 

hyperplasia in the py lor ic  region, but i ts  administration did no t  lead to  severe 

hyperplasia or tumorous lesions in  the forestomach (25). In mouse skin however. 
1 

catechol (2mg per applications) enhanced the carcinogenicity ,of  benzo[a]pyrene. 

more than doubli,ng the number o f  mice w i th  papil lomas over control  (26). 

There is some structural basis fo r  the net proxidant or antioxidant e f fec t  o f  

the phenolics. Quercetin and three other structurally similar f lavonoids: morin, 

,' 



f iset in and kaempferol  all moderated the .TPA-induced increase in  ornithine 

decarboxylase act iy i ty  in the order: mor in (95% inhibition)>fisetin=kaempferol (86% 

inhibition)>quercetin (76% inhibit ion) (18.24). Studies w i th  c"ompounds structurally - 
rD 

, similar t o  eugenol and caf fe ic  acid (p-coumaric and ferulic acid) indicafe that - 
- 
/ 

compounds w i th  t w o  hydroxyl groups on the ring are more potent in  c a w i n g  
L 

chromosomal aberrations and mutagenesis (13) than those w i th  one hydroxyl 

(compare ef fects o f  p-coumaric (6mg/rnl) and caffeic acid (0.2mg/ml)). 
I- 

Dihydroxylated phenolics are also more potent in causing chromosomal aberrations 

than those Gi th  'one hydroxyl group p1us.a methyl ester (compare caffeic 

(0.2mg/ml) t o  ferulic (25mg/mt) acid and eugenol (0.4mg/ml)) (2). Methyl gsters 

decrease the protect ive nature o f  a compound towards the mutagenicity o f  

- benzo[a]pyrene (12). A n  ortho diphenol orientation i s -  more potent for  st imulat ion 

(or lack o f  inhibit ion) tha'n the meta orientation (compare catechol. rgsorcinol and 

\ hydroquinpne) whi le para-hydroxyl 

hyperplasia in  hamster forestomach 

substitution is the 

(25) and chromosoma 

Despite 6 e s e  styctural corre lations, however, i t  

least potent in inducing 

I aberrations (15). 

is  not  yet  possible ' to  

distinguish harmful f r om protect ive phenolics on the basis o f  their structure, 

although the usefulness o f  such a dist inct ion is apparent. In this regard the 
. . 

.abi l i ty  o f  a phenolic t o  increase the act iv i ty  o f  orniThine decarboxylase enzyme = 

may be a seful  predictor o f  i ts  tumor promoting action. A n  increase in  act iv i ty  r 
L. 

o f  this enzyme is  one o f  the earliest events o f  cellular prol i ferat ion in cel l  

culture and in  animal models (27). Growth hormone, glucagon. insulin ,as wel l  as 

tumor promoters, al l  increase the act iv i ty  o f  ornithine decarboxylase (2829.30.31). 

, r 

Because o f  the scimulatory ef fects o f  tumor promoters on ornithine 

decarboxylase act iv i ty ,  a number o f  investigators suggest that the induction o f  



this enzyme has a causal role in tumor promotion (32,33). Many antioxidants 

.. (33). phenolics -(19.24,25.34) and flavonoids (1824) have been administered - 

concurrently wi th tumor promoters. and the effects .on ornithine decarboxylase . 
e 

activity reported. The results t o  date suggest that the enhancement or 

suppression o f  ornithine decarboxylase act ivi ty may be useful as a short-term 

screening process for potential promoters. and inhibitors of  -tumorigenesis (32). 

In  the current study therefore, we report the effects o f  various naturally 

occurring phenolics on the activity o f  ornithine decarboxylase in C3H 10T1/2 cells. 

Our objective was to determine whether the assay would prove t o  be a reliable, 

method for the prediction o f  the tumor promoting and inhibitory actions of  the 

phenolics. It was also hoped that the results would suggest a structural basis 

for t h e ,  inhibitory and. stirnulatory effects of  the phenolics on ornithine 

decarboxylase activity. 



J 

MATERIALS AND METHODS 

Reagents 

DL-[I-14C] Ornithine (61 ' m ~ i / m m o l )  was obtained from New' England Nuclear. 
> 

12-O-tetradecanoylphorbol-13-acetate (TPA) lot #34F-0682, pyridoxal 5'-phosphate, 

L-ornithine-HCL, disodium ethylenediaminetetracetate (EDTA), citric acid monohydrate, - 
caffeic acid [3,4-dihydroxycinnamic acid], quercet in, (+kcatechin 

[trans-2-(3.4-dihydroxyphenyl)3,4-di-hydro 2H-l-benzopyran-3.5.7-triol], ellagic acid 

[4,4',5,51,6,6'-hexahydrodiphenic acid 2,6,2'6' dilactone], and bovine serum albugin Ir 

.(lot #25F-00571, were f rom Sigma Chemical Co., St. Louis. Mo. 

Tris(hydroxymethyl)methylamine, and 2-methoxyethanol, were f rom BDH Chemicals, 

Vancouver, B.C. Ethanolamine was f rom Fisher Scientific, Fair Lawn, N.J. Gallic 

acid [3,4,5-trihydroxybenzoic acid] and catechol were from Aldrich Chemical Co.. 

Milwaukee, Wis. Bradford protein assay dye lot #31751 was 

Laboratories, Richmond, Calif. 

Cell Line 

The contact sensitive mouse embryo cell line, C3H 10T1/2, passage 8, was 

obtained from American Type Culture Collection, Rockville, Maryland. Cells for 

experimental treatment, were grown in Nunclon 100mm plastic dishes in Dulbecco's ,P 

> modif ied Eagle's medium (DME lot #60K1862) obtained from Gibco Laboratories 

b 

Grand Isle., New York. D i s  was supplemented wi th 10% (v/v) fetal bovine serum 

(FCS, ,select silver lot #29161018). Flow Laboratories, McLean Virginia, and Hepes 

[N-2-Hydroxyethylpiperazin'e-N'-2-ethanesulfonic acid! (lot #46F-56~55). cell culture 

tested, (20mM) final concentration f rom Sigma Chemical Co. 



Stock cultures were maintained i n  80cm2 Nunclon flasks. Both the 80cm2 

flasks and the 1OOmm dishes were seeded at the same density (approximately 

120 x l o 4  cells/plate) and al lowed t o  reach confluency over f i ve  days, w i th  no  

change o f  medium. Although the stock cultures and the 100mm dishes were 

8" 
stored in  di f ferent incubators, the environment in  both incubators was d o s e i y  

regulated at 3 7 ' ~ .  95% a i r h %  CO,. 

F'or this particular cell line, duration o f  trypsinization was optimized, and all 

subsequent trypsinizations were then carried out systematically; cell medium was 

poured o f f  and the cells were washed- once w i th  0.05% tl'ypsin (porcine parvovirus 
4 

- 
tested, lo t  #72P4615 obtained f r o m  Gibco) dissolved in  phosphatebsaline (0.8% 

NaCI; 0.02% KCI; 0.1 15% Na,HP04; 0.02% KH,P04; 0.02% EDTA). The cells were 

then incubated w i th  0.05% trypsin in phosphate/saline fo r  30 seconds and the 

trypsin was poured. o f f ;  residual t ryps in was 

additional 45 seconds. The cells were 

Dulbecco's modi f ied Eagle's medium and the 

al lowed t o  stay on the cells fo r  an 

7 
then , resuspended in supplemented 

cel'l density was determined using a 

.Bright-line hemacytometer. This entire procedure was performed under steri le 

condit ions in  a laminar f l o w  hood. 
a .  

r - 3  
\ A l l  treatments were per formed on a conf luent monolayer o f  cells in  a 
L, 

100hm dish, w i th  no media changes during the 5 days between subculture and 

treatment. Stock solutions o f  the appropriate chemicals were made up in  DME 

medium and the pH was checked t o  conf i rm neutrality. The appropriate volume 

was then sdded direct ly t o  the 10ml o f  (5 day old) conditioned' medium which " 

covered the c-ells. This procedure was once again carried out in  the laminar f l o w  



hood. The cells were 

o f  95% air/5% C 0 2  f o r  

under an atmosphere 
. 

- 

f i ve  hburs. 
. . 

\ -. . 
1. . 

After  this f i ve  h the medium was removed b y  aspiration and -- 

the monolayer was washed twice w i th  cold phosphate/saline. The cel ls were ,A -4 

I removed f rom the plates using a rubber-policeman, resuspended in 

phosphate/saline, and transferred to  5ml  Falcon tubes. The cells were centr i fuge4 

at 50 revolutions per minute (RPM) for  5 minutes, the phosphate/saline was then . 

d 
removed and the pellet o f  cells was stored at -70•‹c unti l  ornithine decarboxylase 

- 
enzyme act iv i ty  assay could be performed. 

Opt imiz ing Experimental Conditions 

-2 
Preliminary experiments, were undertaken t o  opt imize the ornithine 

decarboxylase assay (chapter 3). I t  was veri f ied that freeze t l ~ s w i n g  as apposed 

t o  sonication was the method o f  choice fo r  disrupting cellular membranes and 

releasing hrn i th ine  decarboxylase protein. The assay procedure had best results 

when a satwaung substrate concentration o f  0 . 7 7 ~ M  was used. The 

reproducibil i ty in the cellular response between days was opt imized by  achieving 

very l o w  basal levels o f  ornithine decarboxylase,,not using cells older than 

passage 22 and opt imizing the chemical exposure t ime "kh o he cells. 

Assay for Ornithine Decarboxylase Activity 

The cell pellet was thawed at room temperature and resuspendedZ in.  assay 

buffer.  The assay buf fer  was 25mM wi th  respect t o  Tris-HCL (pH 7.5),, 25pM 

wi th  respect t o  pyridoxal 5'-phosphate, 2.5mM wi th  respect ' to  dithiothreitol.. and 

e 

50pM wi th  respect t o  EDTA. The cells were then disrupted b y  three successive 



- 

cycles o f  freezing and thawing, and the -cellular debris was removed f rom the 

cellular extract b y  a 10 minute centrifugation at, 12 x l o 3  RPM. The clear 

supernatant was removed and incubated fo r  10 minutes at 3 7 ' ~ .  - 

. 
---\ 

The ornithine decarboxylase act iv i ty  o f  the 'supernatant was then determined 

, by  using a prewarmed 37' center we l l  assembly, designed fo r  our purposes i n  

our laboratory, which was used t o  measure the release o f  J4C0, f rom 

DL-[1-14C]ornithine hydrochloride. The reaction was init iated b y  the introduction 

o f  250pl o f  cellular extract into the center we l l  which already corltained 

L-wnithine (0.77pM f inal)  (35). - 

Once initiated, 'the entire assembly was incubated in  a 3 7 ' ~  water bath fo r  

1 hour. The reaction was then terminated and CO, was simultaneously l iberated 

f rom the center we l l  b y  the inject ion o f  500pl o f  2M citr ic acid through the 

rubber stopper. CO, trapping t ime was ref ined b y  a series o f  preliminary studies 

(chapter 3) that indicated complete absorption o f  CO, b y  the 

ethanc 

wi th in 

w i th  

ethano 

amine:methoxyethanol (100pl; 2:1 v/v), w a s  achieved at room temperature 

rs. Finally, the center wel l  was removed and the outsides rinsed 

ethanol (to ensure the complete absence o f  the 

ami L :methoxyethanol f rom the outside o f  the center well). The center 

wel ls were then capped and discarded. Five m l  o f  toluene-based scint i l lat ion 

f l u ~ d  was added t o  the scint i l lat ion vial, i.e., ' the outer compartment, and mixed.' 

The radioact iv i ty was measured in a Packard Tri-Carb l iquid scint i l lat ion 

spectrophotometer which counted each tube for  10 minutes giving an average 

count per minute at the end o f  10 minutes. The prote in content o f  the cellular 

extract was determined b y  the bio-Rad procedure using bovine serum albumin as 

the protein standard (36). 



Colony Forming Eff ic iency ICFEJ 

A t  approximately 4:30 <pm the day before the experimental treatment, a stock 

flask o f  C3H 10T1/2 cells h a s  trypsinized and seeded onto 60mm dishes at a 

density o f  150 cells per plate. A t  approximately 9 am the fo l low ing day the 

cells were exposed to  the appropriate chemical for  5 hours. The medium was 

then removed, washed once w i th  DME medium containing no fetal  calf serum, and 

the cells were then resupplied w i th  DME medium containing 10% fetal cal f  serum 

and al lowed to  grow at 3 7 ' ~  (95% ai r /  5% CO,) for  5 days. A f te r  this period 

o f  incubation t k e medium was removed a n d  the plates were rinsed w i th  dist i l led 

water. Methylene blue was then added to  the plates and a l lowed to  set fo r  10 

to 30 minutes, depending on the freshness o f  the stain, and the cells were rinsed 

w i th  dist i l led water. The colonies were counted under a dissecting microscope. 

Statistical Analysis 

One unit o f  ornithine decarboxylase act iv i ty,  was def ined as one pmole o f  

CO, released per hour incubation per m g  and the "percent o f  control", 

defined as the percent change between trekted and nontreated cells, were 

determined f rom raw 14C0, data. The error introduced by, the ornithine 

decarboxylase assay procedure and b y  the variabil i ty among the tripl icates - 

performed on any one day were small compared to  the variabil i ty in  =the ornithine 

decarboxylase response between days. The standard deviat ion was calculated b y  

taking the square root  o f  the sum o f  the relative differences (obtained fo r  many 

di f ferent ODC act iv i ty values) squared, divid'ed b y  the number o f  di f ferent ODC 

activit ies used minus one. The- standard error o f  the mean was then calculated 

by  dividing the standqrd deviation b y  the square roo t  o f  n, where n is the 



number o f  samples analysed i n  determining orni th ine decarboxylase act iv i ty .  

Repeated p lo t s  o f  the gallate-induced orni th ine decarboxylase response curve 

(which w a s  repl icated many t imes)  showed that absolute var iabi l i ty >was 

proport ional  t o  the magnitude o f  the reading, i.e., re la t ive var iabi l i ty was  constant. 

On this basis, standard error o f  the mean was determined t o  be 8.1% o f  the 

mean value. The error bars i n  the f igures therefore represent 8.1% o f  the 
I 

ornithine decarboxylase values p lo t ted.  Where the rates are expressed as .a 

percentage o f  the mean value, the standard error o f  the values .p lo t ted were 2 x - 
8.1% or 16.2% o f  the mean. 



RESULTS 

The dose response curves fo r  the various phenolics represent di f ferent 
P 

concentration ranges because o f  constraints o f  solubi l i ty and cytotox ic i ty .  A l l  

doses used were nontoxic t o  the cells (as determined b y  CFE). To standardize . 
the condit ion o f  the cells before the administration o f  the t&st substances, w e  

adhered r igidly t o  the protocol  described in the material and methods section. 

t 

Phenolics which suppress the orni thine decarboxylase act iv i ty of C3H 10T1/2 cel ls 

Quercetin was the most  e f fec t ive  inhibitor o f  ornithine decarboxylase (figure 
r' 

4.1)  I t  decreased the enzyme adt iv i ty in a dose-dependent manner. inhibit ing ', 
maximally (48.1%) be low c o n t r o l '  at 10pM. Further increases in quercetin 

concentrations to 50pM did not  alter the response. 

Ellagic acid was next in inhibi tory effect iveness, decreasing ornithine 

decarboxylase 

o f  inhibit ion, 

concentrations 

was reached. 

act iv i ty in  a' dose-related fashion (figure 4.2). The maximum value 

43% be low control, occurred at 3 3 1 ~ M .  A t  s t i l l  greater 

inhibit ion diminished unt i l  at 1660pM a 12% increase, above control, 

Caffeic acid 'was the next-. most  potent inhibitor o f  ornithine decarboxylase 

(figure 4.3). As w i th  ellagic acid, the maximum inhibi t ion fo r  caffeic acid was 

obtained over a very broad concentration range, so that a 31.5% inhibi t ion - 

occurred at 16.5pM. Increasing the concentration o f  caffeic acid t o  139pM d id  

not furt-her increase the inhibi tory ef fect .  

I, 



Eugenol was the least potent inhibitor o f  ornithine decarboxylase act iv i ty 

tested. Over a broad concentration range, 3-305pM the maximal inhibit ion ranged 

f rom 12 t o  27.8% below control  (figure 4.4). 

Phenolics wh ich  enhance orni thine decarboxylase activity 

Five hours o f  exposure o f  the C3H 10T1/2 cells t o  catechin caused a 

d r a m t i c  increase in the ornithine decarboxylase act iv i ty  (figur'e 4.5). The 
<. 

response increased w i t h  increasing corrcentration and reached a. maximum 

st imulat ion o f  1502% t o  2229% above control+-Lt 9OpM. t o  900pM. Higher 

concentrations o f  this compound were cytotoxic,  on the basis o f  co lony forming 

eff ic iency. 

- Gallic acid induced a smooth dose-dependent increase in  the act iv i ty  d f  

ornithine decarboxylase. A maximum stimulation o f  400% was reached at 175pM 

(figure 4.6). and further st imulat ion d id  not  occur w i th  higher concentrations. 
7 

Catechol (figure 4.7) exhibited a dose response curve very similar t o  that o f  

gallic acid, reaching a maximum st imulat ion o f  350% at 300uM. A t  higher 

concentrations (up t-o 500pM) the response remained constant at 350%. 

On the basis o f  a compound's abi l i ty t o  alter the act iv i ty  o f  ODC f rom 

basal levels the order o f  potency o f  ;he t e i t e d  compounds ( f rom,  their greatest 

s t~rnulatory t o  greatest inhibi tory e f fec t  on ornithine decarboxylase act iv i ty  in 
9 

C ~ H  10T1/2 cells) is as fo l lows:  catechin >> gallic acid=catechol >> eugenol > 

c%feic acid > ellagic acid > quercet inS(f igure 4.8).- As  -an alternative way o f  

assessing potency, we compared concentrations o f  phenolics needed t o  double (in 

the case o f  the st imulatory phenolics) and to  halve (in- the case o f  the in ibi tory € 



phenolics) the control  levels o f  ornithine decarboxylase act iv i ty.  Concentrations 

. of  6.7bM catechin. 17.5pM gall ic acid, or 40pM catechol increased control  levels 

o f  ornittiine decarboxylase b y  loo%, whereas 10uM quercetin or 33 1bM ellagic 

acid statistically decreased control  levels o f  ornithine decarboxylase b y  50%. The 

maximal ef fects o f  eugenol and caffeic acid d id no t  reach 50% inhibi t ion "(figures 

4.4 and 4.3 respectively), and thus the ED,, values are inf ini te.  These t w o  

methods o f  assessing t h k  effect iveness o f  the ph;nolics y ie ld essentially the 

same order o f  effectiveness. 
3 ,  



DISCUSSION 

ip 

Phenolics exhibit ing an inhibitory effect on ornithine decarboxylase activity 
-1 '. 

I 

The observation that 40 minute preincubation w i th  quercetin (10-30pM/mouse) 

inhibited (by 71%) the -s t imulat ion o f  ornithine decarbox.ylase act iv i ty  b y  TPA (18), 
6 

is consistent w i th  the current f indings that quercetin administration t o  the 

C3H 10T1/2 calls led t o  a decrease o f  up to  48% i n  the basal act iv i ty  o f  

ornithine decarboxylase. The 43% decrease in the act iv i ty  o f  ornithine - 
decarboxylase result ing f rom 331pM ellagic acid is also consistent w i th  a .I 

previously observed 90% protect ion against benzo[a]pyrene induced mutagenesis i n  

TA100 cells obtained b y  addit ion o f  6pM ellagic acid t o  the culture medium =. 

The variable effed'ts o f  ellagic acid on ornithine decarboxylase act iv i ty  

(13%43% inhibit ion f rom 3 

above cont ro l .  at 1660pM) 

so'me o f  these compounds 

t o  331pM and a stirnulatory e f fec t  o f  up t o  12% 

indicate how-  profoundly the biochemical actions o f  

may depend on their concentrations. Some o f  the 

conf l ic t ing reports o f  e f fec ts  o f  the phenolics in the literature might be resolved 

i f  the researchers had carried oc;t dose reiponse studies instead o f  relying on  

single concentrations. 

b 

That 0.01-33.3pM caffeic , acid induced a 10-31.5% decrease in ornithine 

decarboxlase act iv i ty  is consistent w i th  earlier f indings that this compound also 

suppresses the mutagenicity o f  N'-methyl-N'-nitro-N-nitrosoguanidine (MNNG) i n  

salmonella typhimurium' strain TA 1525 (at 4- 10mg./ml) (13.14), and benzo[a]pyrene 

In TA100 (at 150pM) (12). I t  is also consistent w i th  reports indicating that the 
- 

presence o f  caf fe ic  acid (2%) in  the diets o f  mice leads t o  a 50% decrease i n  



the * f r e q ~ e & ~  o f  micronuclei induced b y  7,12-dimethyl <benz[a]anthracene (37), and 

wrth the evidence that caf fe ic  acid (0.06mmol/g rat chow) is  a weak inhibitor o f  
P J  

i/ l 

the induction :of tumors o f  the foresthmach by  benzo[a]pyrene (38). However i t  " 3 , . -2 

IS not  consistent with' the f inding that caf fe ic  acid (1%) inducks mi ld '  t o  moderate 
-. - 

h y p e r p f a ~ j a ~ i n  the forestomach o f  Syrian golden hamsters (25). ~ h e ' s e  conf l ict ing 
_, . . 

. res'r;lts m i y  again' ref lect differences in  the concentrations used. , . 

The 27.8% decrease in ornithine decarboxylp.e act iv i ty  levels induced b y  

;30.54~ eugenol is consistent w i th  reports o f  a 50% inhibi torq e f fec t  on 

benzo[a]pyrene, mediated carcinogenicity at an application size o f  10mg (26). 

' However-the finding is less consistent w i th  re%ults o f  Stich et a/ . ,  (1981) and 
I 

Stich and Powrie (1982) who showed that the abi l i ty  o f  eugenol t o  cause 

chromosomal aberrations in CHO cells is dose dependent. These conf l ict ing 

results preclude simple correlation o f  the e f fec ts  o f  eugenol i n  v i vo  wi th  ef fects 

on ornithlne decarboxylase ~n v ~ v o .  
.d 

Phenolics e x h l b ~ t i n g  a stlmylatory effect on orni thlne decarboxylase activity 

The 2229% increase i n  ornithine decarboxylase act iv i ty  induced b y  catechin in 

our study contrasts w i t h  i ts  inhibi tory ef fect  on this same endpoint when 

comblned w i th  TPA '(24): Gallic acid was somewhat less e f fec t ive  than catechin, 

iqcreaslng ornlthine decarboxylase act lv l ty  b y  400% in the C3H 10T1/2 cells. 'Th~s 

IS In general agreement w l th  the ability o f  0.3mM g a l l ~ c  acid t o  cause 

chrorr)osomal aberrations in CHO cells (2,15). Although l o w  goncentrations o f  

galllc a'cid (2 to  1 1 0 ~ ~ )  d id no t  alter the mutagenic e f fec t  o f  TA1525 kxposed 

to  a mixture o f  ni tr i te and methy!urea, highec concentrations ' o f  gallic acid 

(2 . lmM) ' inhibited mutagenesis. b y  50%. The 350% increase in ornithine 



decarboxylase act iv i ty  caused b y  administration o f  catechol ( 3 0 0 ~ M )  is i n  

agreement w i th  the various types o f  chromosome aberrations reported 

administration o f  catechol t o  CHO cells (2,39,40). 

general 

fo r  the 

As  can be seen f r o m  table 4.2 a measure o f  agreement can be ident i f ied 

between the abi l i ty o f  a given phenolic t o  induce ornithime decarboxylase act iv i ty  

and i ts  reported abi l i ty  , to  act in  a mutagenic, carcinogenic, or clastogenic nature. 
* 

Similarly, a measure o f  agreement is also seen in the abi l i ty o f  a phenolic t o  

suppress ornitH,ine decarboxylase act iv i ty,  t o  inhibit mutagene&s; carcinogenesis and 

cause no chrom 5 somal aberrations. 

1 

Structure-activity relationships 

k- A r iew o f  compounds structurally similar, t o  those 

respect t o  rnutagenlcity. c lastogenic~ty and m a m m a b n  

used in  this study, w i th  

carcinogenicity indicates 

that their biological actions, depend upon features o f  their" chemical> structures 

i > - 
(Table 4.2). 

/ The ab,litles o f  related phenolics to  inhibit a TPA induced ~ n l r e a s e  in  

orni thine, decarboxylase were sl ight ly,  but signif icantly di f ferent i r i  the order 
. , + ' I' 

morin>f iset in=kaempferol>quercet in.  Upon comparison o f  the str,uctures o f  the 

t'ested phenolics small structural ohanges (compare catechin w i th  quercetin) can 

result in very large alterations in the ef fects on n i t h i k  decarb'oxylase act iv i ty.  

Substituents on  the ring therefore determine the or proxidant nature o f  

a substance. The presence o f  meta hydroxyl groups on, bath rings was necessary 

for maximiim inhibitory power, whi le ortho, hydroxyl groups on  one r ing confer 

less inhibi tory power. ' The similarit ies in the maximal 'inhibition o f  caf fe ic  acid 

(31.5% iE7hibit'ion) and' eugenol (27.8% inhibit ion) may ref lect s imi lar i t ies in  , their " 



, .  

s t ruc tures  (Table 4.1). Catecho l  a n d  ga l l i c  ac id  w e r e  a l s o  s im i la r  i n  the i r  e f f e c t s  

on  orn i th ine  decarboxy lase (350% end .400% stimulat ion). The o b s e r v a t i o n  tha t  the  
6 

r e a c t i v i t y  ga ined (in t e r m s  o f  c h r o m o s o m a l  aber ra t ions) '  b y  i n t roduc ing  a th i rd  

hydroicy1 g roup  o n t o  the  r i ng  i s  l o s t  , b y  add ing an add i t i ona l  c a ~ b o x y l  g roup (2), 
\ 

a lso  h o l d s  i n  the ,  current  da ta  f o r  the i nduc t i on  o f  o rp i th ine  decarboxy lase 

ac t i v i t y .  

I n  s u m m a r y  then, d i h y d r o x y l a t e d  substances ( spec i f i ca l l y  o r t h o  m o r e  than 

"d meta), are s l i g h t l y  l ess  e f f e c t i v e  than t r i hyd roxy la ted  pheno ls  b o t h  i n  the i nduc t i on  

o f  o rn i th ine  decarboxy lase (current  s t u d y )  and i n  carc inogen ic  ac t i ons  (25,26) as' . 

w e l l  as i n  the  a b i l i t y  t o  induce c h r o m o s o m a l  aber ra t ions  (2). . The in t roduc t i on  o f  

an a l k y l  g roup  o r  rep lacmen t  o f  a h y d r o x y l  g roup b y  a m e t h y l  es ter  decrease the , 

ab i l i t y  o f  a c o m p o u n d  t o  induce o rn i th ine  decarboxylase.  

The in t roduc t i on  o f  a l k y l  g roups  o n t o  the r i n g  increases l i poph i l i c i t y .  W e  

the re fo re  compared  the compoun$s7 ab i l i t i es  t o  G c r e a s e  o r  decrease ors;-ithine 

decarboxy lase a c t i v i t y  w i t h  the i r  hyd rophob ic  character and  their  molecu lar  we ight .  

A s  can  b e  seen In  tab le  4.1, the  e f f e c t i v e n e s s  o f  a - p h e n o l i c  i n  p roduc ing  i t s  

e f f e c t  (whether s t i m u l a t o r y  o r  i n h i b i t o r y )  increases w i t h  increas ing molecu lar  

w e ~ g h t .  I n  cont ras t ,  e f f e c t s  o n  o r n ~ t h i n e  decarboxy lase a c t i v i t y  'of C3H 10T1/2 

ce l ls  are ~ n d e p e n d e n t  o f  solubility. 

W e  r e p o r t e d  e l sewhere  (chapter 5)  that  the  increase i n  b rn i th ine  

decarboxy lase a c t i v i t y  b y  ga l l i c  a c i d  i s  med ia ted  b y  spec ies  resu l t i ng  f r o m  the 

reduc t i on  o f  oxygen.  These ac t i ve  spec ies  are n o t  scavenged b y  superox ide 
. 

dis inutase o r  cata lase,  and  r e s e m b l e  h y d r o x y l  rad ica ls  i n  the i r  ab i l i t y  t o  b e  

scavenged '  b y  f o r m a t e  o r  benzoate.  T rans i t i on  m e t a l  i ons  are requ i red f o r  the i r  



format ion.  On this basis i t  is  re levent that the structural changes wh ich  increase 

the e f fec t i veness  in  inducing orni th ine decarboxylase, a lso  increase the 

e f fec t i veness  o f  thee substance as a proxidant. I t  i s  no t  a coincidence t h a t -  the 

character ist ics wh ich  mak,e a g iven phenol ic an e f f ec t i ve  inducer o f  orn i th ine,  -i 

decarboxylase ( two  unmethylated aromat ic  hydroxy ls  ortho- o r  para- t o  each 

other)  are prec ise ly  'what i s  needed t o  make i t  an e f f ec t i ve  reductant o f  oxygen. 

Conversely,  character ist ics which Increase the antioxidant nature o f  a substance 

( fo r  example an in t roduct ion. ,  o f  a ketone group), c.f 

- e f f ec t i ve  as a reductant o f  oxygen, and less e f f ec t i ve  

decarboxylase. 

quercetin, q a k e s  i t  less 

as an inducer o f  Arnithine 



CONCLUSION 

There i s  a c o r r e l a t i o n  b e t w e e n  the ab i l i t y  o f  pheno l i cs  to. increas,e a c t i v i t y  

o f  ce l lu la r  o rn i th ine  deca rboxy lase  a c t i v i t y  (as seen in the current  s tudy )  and the 

p r e v i o u s l y  r e p o r t e d  mutagen ic  and c las togen ic  ac t i ons  o f  the pheno l ics .  Further 

s tud ies  o f  the  e f f e c t s  o f  pheno l i cs  o n  m a m m a l i a n  s y s t e m s  w i t h  changes i n  ODC 

a c t i v i t y ,  p a p i l l o m a  f o r m a t i o n ,  and c las togen ic  a c t i v i t y  as w e l l  as  co r re la t i ons  w i t h  

\ 

p ro -  and ant i -ox idant  a c t i v i t y  i n  v i t ro  are needed. C m f l i c t i n g  repo r t s  o f  

g e n o t o x i c i t y  o f  s o m e  pheno l i cs  i n  v ivo  m a y  b e  r e s o l v e d  w h e n  m o r e  appropr ia te  

compar i sons  are m a d e  u s i n g  a w i d e r  ranga o f  concent ra t ions ,  and deta i led  d o s e  

response  re la t i onsh ips  are  ava i lab le .  Meanwhi le .  the response  o f  o rn i th ine  

decarboxy lase t o  p rox idan ts  has p r o m i s e  as a screen ing procedure  f o r  the i r  @ 

p o t e n t i a l  t u m o r  p r o m o t i n g  e f f e c t s .  . Becauqe sma l l  s t ruc turd l  changes "(co?npare 

ca tech in  w i t h  quercet in )  resu l t  i n  great  changes i n  the e f f e c t s  o n  orn i th ine  
- 

decarboxy lase a c t i v i t y ,  a de ta i l ed  s t u d y  shou ld  b e  car r ied  ou t  us ing  corn pound^ 
a 

spec i f i ca l l y  synthes ized t o  tes t  de ta i l ed  and s p e c i f i c  hypo theses  regard ing 

' s t ruc tu re - func t i on  re la t ionsh ips .  
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LEGENDS FIGURES 

FIGURE 4.1 Effect  o f  quercetin on  ornithine decarboxylase activity 

Quercet in was  added d i rec t l y  t o  a conf luent  monolayer  o f  C3H lOT1/2 ce l ls  

g rown in Dulbecco's m o d i f i e d  'med ium,  supplemented w i t h  10% (v/v)  fe ta l  bov ine  

serum and 2 0 m M  HEPES. The "cel ls were  incubated f o r  5 hours at 3 7 ' ~  i n  95% 

air/5% CO,, i n  the presence o f  the phenol ic,  wherecrpon the med ium was  removed,  
/- 

the cel ls were scraped, pe l le ted and s to red  at - 7 0 ' ~  u n t ~ l  orn i th ine decarboxylase 

agt iv i ty  cou ld  be det6rmined. Cont ro l  values varied f r o m  one day t o  another 

f r o m  46 t o  101'  pm'ole- CO, released per hour per m g  protein.  The e f f ec t s  o f  

the phenol ic on  orni th ine decarboxylase. represented as the percent change f r o m  

the cont ro l ,  induced b y  the t reatment,  i.e., ((ODC ac t i v i t y  o f  t reated cel ls - ODC 
- 

ac t i v i t y  o f  nontreated (con t ro l )  cel l)/ODC act iv i ty .  o f  nontreated ce l l s )  x 100. The 

- e r r o r  bars represent 8.1% o f '  the orni th ine decarboxylase value f o r  any 

concentrat ton considered. This value was  calculated b y  repeatedly p l o t t i ng  the 

gallate-induced orni th ine decarboxylase ac t i v i t y  response curve (n>>10 f o r  each 

po in t  considered) and determin ing the re la t ive di f ference. 

, 

FIGURE 4.2 Effect  o f  ellagic acid on  ornithine decarboxylase activity 

The condi t ions were ident ical  t o  t h o s e  -described f o r  f igure 1. The con t ro ls  

ranged f r o m  43-98 pmo le  CO, released per hour per m g  p ro te in  be tween days. 

FIGURE 4.3 Effect  o f  cef fe iz  acid on  ornithine decarboxylase activity 

The condi t ions were   den tical t o  those descr ibed f o r  f igure 1. .The con t ro ls  

ranged f r o m  25-150 pmo le  CO, released per hour per mg<, p ro te in  be tween days. 
.A,- 

FIGURE 4.4 E:fect o f  eugenol on ornithine decarboxylase activity 



The con t ro ls  ranged f r o m  25-55 prnole CO, released per hour per rng p ro te in  

be tween.  days. The condi t ions were  identical t o  those descr ibed f o r  f igure 1. 

, 
--* 

FIGURE 4.5 Ef fect  o f  catechin on ornithine decarboxylase activity 
I 

The con t ro ls  ranged f r o m  106-168 pmo le  CO, released per hour per m g  protein.  

The condi t ions were  ident ical  t o  those described f o r  f ~ g u r e  1. 

FIGURE 4.6 Ef fec t  o f  gallic acid on  ornithine decarboxylase activity 

The con t ro l  ranged f r o m  20-250 pmo le  CO, re1ease.d per hour' per rng protein.  

The condi t ions were  ident ical  t o  those described fo r  f igure 1 

FIGURE 4.7 Effect  o f  catechol on ornithine decarboxylase activity 

The con t ro ls  ranged f r o m  98-152 p m o l e  COz released per hour per 'mg protein.  

The condi t ions were ident ical  t o  those descr ibed f o r  f igure 1. 

FIGURE 4.8 Maximal e f fec ts  o f  phenolics on  ornithine decarboxylase activity 

The max imum percent change f r o m  con t ro l  (produced at the mos t  e f f e c t i v e  ' 

concentrat ion) is shown. "Max dose "  means the dose  o f  phenol ic in pM which 

gave the mos t  extreme response. "Max percent change" re fers  t o  the max imum 

percent change between treated and nontreated ce l ls  occurr ing at the max imum 

dose (calculated as descr ibed in  f igure 4.1). "CN" represents catechin;  "GA" gal l ic  

acid; "CL" catechol ;  "EUG" eugenol; " C A W  ca f fe ic  acid; "EA" el lagic acid; and 

"QUE" represents quercetin. 

TABLE 4.1 Physical and experimental data on the tested phenolics 

This , table summarizes data der ived frorn f igures 4.1 through 4.7. "DOSE AT 

M A X  EFFECT" re fe rs  t o  the dose o f  the part icular phenol ic wh ich  caused the 

maximal  e f f ec t  (be i t  p o s ~ t i v e  or  negat ive)  on  orni th ine decarboxylase ac t i v i t y .  



r 

"MAX EFFECT IN (pmolCO,/hr/mg protein)" refers t o  the actual enzyme 

measured at the most  ef fect ive dose. where "C" indicates control  values 

act iv i ty 

i.e.. n o  

treatment, and "P" indicates the actual enzyme act iv i ty after treatment. "MAX % 

change f rom contro l "  . refers t o  the percentage difference between control  and . , . 
treated values. The + indicates that the treatment was s t h u l a t o r y  over control 

and the - indicates that t h e  treatment was inhibitory w i th  respect t o  control. 

TABLE 4.2- Phenolics and their ef fects on ODC activity and their reported effects in 

other systems 
4 \ 

The ef fects o f  the phenolics on the act iv i ty  o f  ODC refers t o  the percent change 

f rom control caused b y  a 5 hour incubation o f  the phenolic w i t h  - 

cells. The mutagenic e f fec t  refers to  results froma the Salmonella 

test. Carc~nogen~c data were ob ta~ned  f rom mammalian ~n v ~ v o  
/ 

chromosomal aberrat~on data were ob ta~ned  using the ch~nese hamster 

cell system. 

typhimurium 

studies and 

ovary (CHO), 
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COHPOUNQ 

grllk rcd 

Cmw 170.12) 

STRUCTURE DOSE AT HA% EFFECT IN 
HA% EFFECT (pmolC02/hr/ 

mg protein) 

HAS % 
ch8ngm from 

control 

C *  pmol CO2 releascd/hourlmg protein i n  c o ~ t r o l  cells l .8 . .  no treatment 
P= p m l  C02 re l ceW/hour /mq  protein r n  treated cell3 



Table 4.2 

Compound number o f  , effect on ODC mutagenic carcinogenic chro&mrl ' 

hgdroxyl groups (current  study) aberrations 

catechi n 

ga l l i c  acid 3 

5 . ,  + 2 2 0 0 %  i n h i b i t  .no da ta  no data 
( ImM) - 

catec hol 

e uge no1 

caf fe ic  acid 2 

ellagic acid 4 

quercetin - .  5 

no e f f e c t  no d a t a  pis1 t i v e  
.(2- 1 1 OuM) (0.05rng/ml) 
suppressed 
(2.1 mM) 

enhanced yes  pos i t i ve  
(0 .05mg/ml)  

-27.8% no da ta  no no e f f e c t  

1 (0 .05mg/ml)  

\ pos i t i ve  
(0.4mg/rnl)  

-3  1.5% suppressed both e f f e c t s  bo th  e f f e c t s  
-& repor ted  repor ted 

suppressed no da ta  - no data 

no da ta  no no e f f e c t  



CHAPTER V 

GALLATE ON THE ACTIVITY OF ORNITHINE DECARBOXYLASE 

ABSTRACT 

S o m e  scavengers o f  ac t i va ted  o x y g e n  enhanced, w h i l e  o thers  modera ted  the 

induct ion  o f  o rn i th ine  decarboxy lase (ODC) i n  the presence o f  gal late. 10 the 

absence o f  gal late, none  o f  the scavengers had any s ign i f i cant  e f fec ts .  Thus. 

superoxide d ismutase (10 o r  50U/m l )  enhanced the gal late- induced s t imu la t i on  o f  

ODC b y  60 o r  215?6, cata lase at 50U/ml  increased the response b y  up t o  42%. 

and mann i to l  (50mM) s t imu la ted  b y  up t o  200%. I n  cont ras t ,  f o rma te  (50 o r  

75mM).  benzoate (50 o r  7 5 m M )  o r  des fe r r i oxamine  (50 o r  1 0 0 y M )  prevented the 

gal late- induced increase in  ODC ac t ! v i t y .  These inh ib i t o ry  e f f e c t s  o f  f o r m i c  acid, 

benzoate and desfer r loxamine w e n t  b e y o n d  m e r e l y  prevent ing  the ODC Fesponse t o  

gal late. They t rans fo rmed  gal late f r o m  a s t imu la to r  o f  ODC t o  a suppressor o f  
<' 

ODC, leve ls  fa l l i ng  t o  50 t o  8006 b e l o w  r50ntrol at a l m o s t  a l l  concent ra t ions  o f  

gal late. Compar ing  the current resu l ts  i n  cu l tu red ce l ls ,  w i t h  p rev ious  data fo r  

the i n  v i t r o  autox idat ion  o f  gal late,  compounds  wh ich  accelerated the autoxidat ion,  

i n  general increased the ODC a c t i v i t y ,  w h i l e  compounds  w h i c h  s l o w e d  the ' 

. , 

a,utoxidation a l so  decreased ODC ac t i v i t y .  Thus, s o m e  p r o d k t  generated i n  the 

autox idat lon  o f  gal late (and n o t  gal late Itself.) IS  responsible f o r  the Increase i n  

the OD$ a c t i v ~ t y .  The fa i lu re  o f  superox ide d ismutase o r  c a t a l a s e .  t o  inhib i t ,  
/ 
/' 

, 
suCgests that  the ODC s t imu la t i on  I S  n o t  med ia ted  b y  gal late-generated superoxide 

f 
or H,O,. That gal late In the Dresence o f  f o r m a t e  and benzoate decreased ODC t o  

k. 

b e l o w  basal  levels;  ind ica tes  that  s o m e  specles re la ted t o  the  h y d r o x y l  radical  



may mediate the induct ion o f  ODC ac t i v i t y  i n  the presence of gallate, and that 

gallate i t se l f  is a suppressor o f  ODC act iv i ty .  
b 



INTRODUCTION ,- 

Carclnogenesis i s  a mu l t i s tep  process. w i t h  d ist inguishable in i t ia t ion  and 

p romot iona l  phases. I n  mouse  skin, in i t ia t ion  requires a s ingle subthreshold 

app l r ca t~on  o f  a carcrnogen (1.2) w h ~ c h  Jeads t o  permanent genet lc  changes (3.4). 
, /' 

F' 

T h ~ s  event ,  however ,  does  not,-glve r ise  t o  tumors  unless the  ~ n ~ t ~ a t e d  s k ~ n  IS 

, 
repeatedly exposed t o  l 6 w  doses o f  a promoter ,  upon  wh lch  s k i n  papr l lomas 

appear a f te r  a 6-10 week latency pe r iod  (5). This p romot iona l  phase, is  i n i t i a l l y  

revers ib le.  bu t  becomes i r revers ib le  w i t h  pro longed exposure. 

Many tumor  p r o m o t e r s  are a lso  f ree  rad~ca l -genera t ing  compounds.  Benzoy l  

peroxide,  lauroy l  perox ide and the .xanthine/xanthine oxidase sys tem,  t o  name o n l y  

a f e w ,  are tumor  p romote rs  (1.4.6.7). Phorbo l  esters, such as 

12-0-tetradecanoylphorbol-13-acetate (TPA), wh lch  are the m o s t  po ten t  p romote rs  
- 

r 

(8), m a y  ac t  through f ree radical  1n:ermedrates (9.10). The ro le  o f  ac t lve  oxygen 

- 
I S  in fer red f r o m  a decrease In VE ef fec?~veness  _s_f p r o m a t e r s  In  the presence o f  

- 
2 

- - - - 

many a n t ~ ~ x ~ d a n t s ,  ~ n c l u d i n g  superoxide dismutase or catalase. Thus a n t l a d a n t s  

l ike superoxide dismutase or  catalase decrease the number o f  pap i l lomas produced 

in  m l c e  b y  TPA, or decrease the number o f  t rans fo rmed  f o c i  i n  cel l  culture 

(6.7.1 1,12.13,14). 

TPA i s  the m o s t  w i d e l y  used p romote r .  A l though i t s  n o d e  o f  ac t ion  IS . no t  

en t l re ly  c lear.  i t  causes many  blochemica1 changes (8,15,16.17). A m o n g  these, the 

induct ion  o f  ornithrne decarboxylase a c t ~ v i t y ,  epidermal  ce l l  pro ' l i ferat ion,  and the 

appearance o f  dark basal  kera t lnocy tes  have the best  cor re la t ion  w i t h '  i t s  

promoting ab i l i t y  (18 ,19202122) .  Superoxlde d ismutase in  comb ina t ion  w i t h  

catalase. or  manni to l  ac t ing  a lone,  inhib l t  the induct ion  o f  orni th ine decarboxylase 

6 7 



b y  TPA (23). a s  d o  antioxidants such as bu ty la ted  hydroxyantso le  and / 
I 

acid (242526,2728). Thls suggests that  f r ee  radical  p roductng s y s t e m s  m a y  act 

at the p r o m o t i o n a l  stage. v ia  an i&rease i n  t he  orn i th ine  decarboxy lase ac t iv i ty .  

There IS a relationship b e t w e e n  the a b i l i t y  o f  a pheno l ic  t o  increase o r  

decrease orn i th ine  decarboxylase a c t i v i t y  and i t s  repo r ted  a b i l i t y  t o  enhance o r  

tnhtbtt t umor  p r o m o t i o n  (chapter 4). For example,  o ra l  admln ts t ra t ton  o f  ca techo l  

causes epidermal  damage and consequent  regenerat ive hypera las ia  in the p y l o r i c  

reg ion  o f  Syr tan go jden  hamsters  (29) and external  app l i ca t i on  enhances the  

c a r c ~ n o g e n i c i t y  o f  benzo[a]pyrene i n  mouse  ep idermis  (30). M o r e o v e r ,  add i t i on  o f  

catechol  t o  the cul ture med ium a l so  increases , o rn i th ine  decarboxy lase a c t i v i t y  in 

mouse  e m b r y o  C3H 10T1/2 f ~ b r o b l a s t  ce l l s  (chapter. 4). TPA and te leoc id in  
\ 

induct ion  o f  p a p ~ l l o r n a s  when  top tca l l y  -applied t o  the sk in  o f  m i c e  can b e  

decreased by  the pr lo r  appl lcatron o f  querce t ln  (31.32) a c o m p o u n d  w h l c h  a l so  

decreases the a c t t v ~ t y  o f  orntthrne decarboxy lase In C3H 10T1/2 ce l l s  (chapter 4). 

Many  dletary and e n v ~ r o n m e n t a l  pheno l ics  produce f ree  r a d ~ c a l s  b y  
- 

autoxldat ton.  For  t k e  current  s t u d y ' h e  se lec ted one  o f  the phenol tcs,  name ly  

g a l i ~ c  ac ld  (gallate), t o  determine the extent  t o  whtch  i t s  s t t m u t a t o y  e f f e c t  o n  

orn i tn lne  decarboxylase a c t ~ v i t y  cou ld  b e  supressed b y  the pr to r  presence o f  a 

. . 
meta l  chelat lng agent o r  scavengers o f  ac t i ve  oxygen.  A m a j o r  reason  f o r  the 

,-. selec t !on  o f  gal la te w a s  the ava i lab i l i t y  o f  a- b o d y  o f  data (appendix) o n  the  

e f f e c t s  o f  superoxide . dtsmutase.  cata lase,  benzoate and des fe r r i oxamine  o n  the 
9 

ra tes  o f  oxidation o f  gal late. 



MATERIALS AND METHODS 

Reagents 

I 

DL-[I-14C] Orni th ine (61 m C i / m m o l )  w a s  obta ined f r o m  New. England Nuclear. 

12-0-tetradecanoylphorbol-13-acetate (TPA) l o t  #34F-0682, pyridox-al 5'-phosphate, 

L-orn l th lneHCL. d i s o d ~ u m  ethylenediaminetetracetate (EDTA), c i t r i q  ac id  monohyd ra te ,  

b o v i n e  serum a lbumin  tot #25F-0057. st lperoxide d ismutase EC 1.15.1.1, b o v i n e  

b lood ,  3 100U/mg p r o t e i n  to t  #93F-9305, catalase EC 1.11.1.6, b o v i n e  l i ver ,  

11000U/mg p ro te in  l o t  #82F-0838, f o r m i c  ac id  (sod ium salt). benzo ic  ac id  (sod ium 

salt), d l th iothrer to l ,  and D - m a n n ~ t o l  w e r e  f r o m  S igma Chemlca l  Co., St.  LOUIS, 

Ma. 'Tr~s(hydroxymethyl)methylam~ne, and 2-methoxyethanol ,  w e r e  '\ f r o m  3DH 
1% 

Chemicals, Vancouver,  B.C. E thano lamine w a s  f r o m  Fisher Sc ien t i f i c .  Fair Lawn, 

Milwaukee. Wis.  B r a d f o r d  p ro te in  assay d y e  l o t  # 3  

~ a b o r a t o r l e s .  Richmond.  Cal i f .  D e s f e r r ~ o x a m i n e  (Desfera 

N.J. Gall lc ac ld  [3.4.5-tr~h~droxybenzo~c acid] w a s  f r o m  A ld r i ch  Chemlcal  Co.. 

1751 w a s  f r o m  Bio-Rad 
- 

I m e s y l a t e )  w a s  a g i f t  

f r o m  ClBA Pharmaceut ical  Co.. Surnml t .  N.J. 

Cell L ~ n e  

The contac t  sens i t i ve  mouse  e m b r y o  ce l l  l ine,  C3H 10T1/2, passage 8. w a s  

o b t a ~ n e d  f r o m  Amer l can  Type  C u l t w e  Col!!ection. R o c k v ~ l l e .  Mary land.  Ce l ls  f o r  

experimental purposes,  1.e.. t rea tment .  w e r e  g r o w n  i n  Nunc lon  7OOmm p las t i c  

d ~ s h e s  rn Dulbecco's m o d i f i e d  Eagle's m e d i u m  ( "growth  m e d i u m " )  ob ta ined f r o m  ' 

G ~ b c o  Labora tor les  Grand Isle..  N e w  York. ' Th is w a s  supp lemented t o  10% (v /v )  

f e ta l  bov lne  serum (FCS), o f  "select s l l v e r "  grade. f r o m  F l o w  Laborator les,  McLean 
1 

Virginla. and 2 0 m M  HEPES [N-2-Hydroxyethylp1peraz1ne-N'-2-ethanesulfon1c acid], 
2 & 

f r o m  S lgma Chemical  Co. 



Stock cultures were maintained in 8 0 ~ ~ 2  Nunclon flasks, Bo th  the 80cm2 . 

f lasks and the 100mm dishes were seeded at the same densi ty (approximately 

120 x l o 4  cel ls/plate) and a l lowed t o  reach conf luency over f i ve  days, w i t h  no  

change o f  growth medtum. The cel ls were m a ~ n t a ~ n e d  in hurn~d i f i ed  air w i t h  5% 

CO? at 3 7 ' ~ .  

.'4 
Trypsinlzation procedures f o r  this parti-cular cel l  l ine were optimized, 

subsequent 

poured o f f  

tested, lo t  

t ryps~nizat ions were then carried out systemat ioal ly;  cel l  medium was 

and the cells were washed once w i t h  0.05% t ryps in  (porcine parvovircs 
'%w 

#72P4615 obtained f r o w  Gibco)  dissol-ved i n  phosphate buf fered saline 

(0.8% NaCt; 0.02% KCI; 0.1 15% NajiPO,; 0.02% KH,PO,; 0.02% EDTA). The cells 

were 'then incubated w i t h  0.05% t ryps ln  in  phosphate buf fered saltne f o r  30 

seconds  and the trypstn poured o f f ;  resrdual t rypsln was a l lowed t o  stay o n  the . 

cel ls for  an additional 45 seconds. The cells were then resuspended in  g rowth  

medium and the cel l  d e n s ~ t y  was determined ustng a Brlght-line hemacytometer.  

Thls entrre procedure was per formed under stertle condl t lons ~n a lamlnar f l o b  

hood. 

Cel l  Treatment 

A l l  treatments were per formed on  a confluent monolayer o f  cel ls in  a 

100mm d ~ s h .  w l t h  no medla changes* during the 5 days between s ~ b c u l t u r e  and 

treatment. ' Stock solut ions o f  gal l lc acid were made up in double d is t i l led water. 

Stock solut ions o f  the appropriate scavengers were a lso made up in  double 

d i s t ~ l l e d  water. Stock soiutrons o f  enyzymes were kept at O'C. The appropriate 

amount o f  scavenger  was added direct ly to  the 5 day o ld  condi t ioned medium 

(10mls) and ceils. The cells were incubated at 3 7 ' ~  fo r  one hour before the 



A f t e r  the b e d e t e r m i n e d  exposure per iod.  the medium w a s  r e m o v e d  $ - 
aspirat ion and t h q  z s n a i a y e r  w a s  washed t w i c e  w i t h  c o l d  p h o  hate b u f f e r e d  "te 
saline. The ce l ls  were  r e m o v e d  f r o m  the plates and resuspknded in  phosphate 

bu f fe red  saline, b y  scraping w i t h  a rubber pol iceman, and the ce l l  suspension w a s  

t ransferred t o  5 m l  Falcon ,tubes. The tubes w e r e  t h e n ' c e n t r i f u g e d  at  50 

revo lu t ions  per m i n u t e .  (RPM) f o r  5 minutes,  and the phosphate/sal ine was  

removed . .  The pe l le t  o f  ce l ls  w a s  s tored at - 7 0 ' ~  un t i l  the orn i th ine  

decarboxylase enzyme assay cou ld  b e  per formed.  

Optimizing experimental conditions 

I n  a serles o f  e x p e r ~ m e n t s  a number o f  expertmental parameters were  

~ p t ~ r n i z e d  be fo re  the o r n ~ t h ~ n e  decarboxylase jbssey w a s  p e r f o r m e d  (chapter 3). 
\ / 

The resul ts  o f  these exper iments i den t i f i ed  the b e s i  method. f o r  d isrupt ing the 

cel lular membranes,  saturat ing substrate concentrat iono f o r  the ODC assay, max imal  

CO: t rapping t ime ,  op t ima l  cel lular cond i t ions ,  p re fer red med ium f o r  chemical  

s tock  so lu t ions  and op t ima l  exposure t i m e  f o i  the cel ls. 

~ r n i t h i n e '  Decarboxylase Activity Assay 

, Ornithin-A- decarboxylase a c t i v i t y  w a s  determined b y  the 12C0, t rapp ing m e t h o d  

d e s c r ~ b e d  In chapter 4. Cellular supernatant f r o m  the var lous c h e m ~ c a l  t rea tments  

was, r n ~ x e d ,  w ~ t h  DL-[I-lJ,CO,] o r n ~ t h ~ n e  hyd roch lo r~de .  In the center  tube o f  the 

C0 :  t rapping assembly  (33). The react lon  p r r~g ressed  at 3 7 ' ~  f o r  one  hour and 

the " C 0 2  IiberaJed w a s  co l l ec ted  i n  the ma in  chamber b y  2 3  

ethanolamine:methoxyethanol. A f t e r  comp le te  14C0, l ibera t ions  the amount  



absorbed w a s  determined b y  a Packard Tri-Carb l i qu id  , sc in t i l la t ion  

.C 
spectrophotometer.  The p ro te in  content  o f  the cel lular extract  w a s  determined b y  

the bio-Rad procedure us ing bov ine serum a lbumin  as the p ro te in  standard (34). 

'%, 
Colony Fo rm ing  Ef f i c iency  {CFEl  

Start ing at approx imate ly  4:30 p m  the day  be fo re  the exper imental  t reatment,  

a s tock  f lask o f  C3H 10T1/2 ce l ls  w a s  t ryps in ized and seeded o n  A60mm dishes 

at a dens i ty  o f  150 ce l ls  per p late.  A t  approx imate ly  9 a m  the f o l l o w i n g  day 

the ce l ls  were  exposed t o  the appropr iate chemical  f o r  5 hours. The med ium 

was  then removed, washed once w i t h  DME med ium c o n t a i r ~ i n g  n o  fe ta l  ca l f  serum, 
Z 

and the cel ls  were  then r e s u p p l ~ e d  w i t h  OME m e d ~ u m  conta ln lng 10% fe ta l  ca l f  

serum and a l l owed  t o  g r o w  at 3 7 ' ~  (95% air/5% CO,) f o r  5 day's. The med ium 

was then removed  and the p la tes  were  r insed w i t h  d i s t i l l ed  water .  The ce l ls  

were f i xed  and sta ined w i t h  0.1% methlene blue i n  50% methano l  f o r  at least 10 

minutes. The cel ls  were  r insed w i t h  d i s t j l m  water  anQd a l l o w e d  t o  air dry.  The 
e.3 

co lon ies  were  counted under a d issect ing  microscope.  

Statist ical Analysis 

One uni t  o f  o r n ~ t h ~ n e  decarboxylase ac t i v i t y ,  ,was de f i ned  as one p m o l e  o f  

CO: released per hour incubat ion p e r  m g  prote in.  The "percent change f r o m  

c o n t r ~ l ' ~ .  I S  the percent  * c h a n g e  i n  14d0, re lease be tween  the o rn i th ine '  

decarboxylase ac t i v i t y  o f  t rea ted and nont reated cel ls  caused b y  the t reatment.  

Percent change equals ((treated ce l ls  - nont reated cel ls) /  nont reated ce l ls )  x 

100. The error  int roduced b y  the orn i th ine  decarboxylase assay procedure and b y  

the var iab i l i t y  among  the t r ip l i ca tes  p e r f o r m e d  o n  any one d a y  were  sma l l  



'\ 

compared t o  the var iab i l i t y  i n  the orni th ine decarboxylase response between days. 

The standard dev ia t i on  w a s  calculated by taking the square r o o t  o f  the sum o f  ' \ '< 
the re la t ive  d i f fe rences (obtained f r  many  d i f f e ren t  o rn i th ine  decarboxylase 

\ P 
a c t i v i t y  values) squared, d i v i d  b y  the number o f  d i f f e ren t  orni th ine 

decarboxylase ac t iv i t ies  used m i n  one. The standard error  o f  the mean  w a s  

then calculated b y  d i v i d ~ n g  the standard d e v ~ a t l o n  b y  the o f  n, Mere- 

n IS the number o f  samples  analysed in  d e t e r m ~ n i n g  decarboxylase 
,- 

act i v i t y .  Repeated p l o t s  o f  the gal late-induced orni th ine decarbo y ldse response 5 
curve (which w a s  rep l ica ted m a n y  t imes )  showed that abso lu te /  var iab i l i t y  w a s  

9 - 
propor t iona l  t o  the magni tude o f  the reading, i.e., re la t ive  var iab i l i t y  was  constant .  

O n  th is  bas is :  s tandard error  o f  the mean  w a s  8.1% o f  the mean. The error bars ! 

In the f igures there fore  represent 8.1% o f  the o r n ~ t h i n e  decarboxylase values 

p lo t ted .  Where the rates are expressed as a percentage o f  the mean  value, the I 

standard error  o f  the values p l o t t e d  were  2 x 8.1% o r  16.2% o f  the mean. 



RESULTS 

In the absence o f  gal la te,  none  o f  the scavengers tes ted ,  (manni to l ,  catalase. 

superoxide, d ismutase.  f o rma te ,  benzoate and des fer r ioxamine)  s ign i f i can t l y  a l te red 

the basal  leve ls  o f  o rn i th ine  decarbox;lase ( f igures 5.1-5.7). However ,  they 

a l tered the gal late- induced s t imu la t i on  o f  o rn i th ine  decarb6xylase,  under at least  

some o f  the  cond i t ions .  Three o f  the  scavengers (superoxide dismutase.. catalase 

0 or mann i to l )  nhan e d  the induct ion  o f  o rn i th ine  decarboxy lase b y  gal late, re fu t i ng  

they  m igh t  amel io ra te  the ac t ions  o f  ga l la te  o n  orn i th ine  

b y  scaveng ing radical  in termediates.  The other  three 

benzoate o r  des fer r ioxamine)  pa r t i a l l y  o r  c o m p l e t e l y  

y e v e n t e d  the s t imu la to ry  e f f e c t  o f  ga l la te  o n  orn i th ine  decarboxy lase ac t i v i t y .  In 

1 
fac t ,  their presence caused ga l la te  t o  become an inh ib i to r  o f  o rn i th ine  

decarboxylase a c t i v i t y ,  s ince i n  thei r  presence orn i th ine  decarboxy lase a c t i v i t y  w a s  

decreased to s ign i f i can t l y  b e l o w  basal  level.;. 

Compounds that enhance the gallate induced ornithine decarboxylase activity 

Mann i to l  (25 and 5 0 m M )  d i d  n o t  s i gn i f i can t l y  e f f e c t  the  s t imu la t i on  o f  

- 
ornrthine decarboxylase a c t i v i t y  induced b y  8.9-89.5pM gal late. However ,  at 

175uM gal late,  mann i to l  (at e i ther  25 o r  5 0 m M )  enhanced the s t imu la to ry  e f f e c t  

o n  orn i th ine  decarboxy lase ac t i v i t y  b y  about  200% ( f igure 5.1). 

Catalase at 10U/ml  d i d  n o t  e f f e c t  the ga l la te  induced orn i th ine  decarboxylase 

a c t i v i t y  ( f igure 5.2) but 50Ufmt cata lase increased the a c t i v i t y  o f  o rn i th ine  

decarboxylase b y  32, 2 5 .  42 and 40% at  ga l la te  concent ra t ions  o f  8.9, 17.5, 89.5 

and 175pM respect ive ly .  



t 

Superoxide dismutase augmented the st imulatary e f fec ts  o f  g q a t e  (figure 

5.3), the e f fec t  being signi f icant ly greater at 50U/rnl superoxide dismutase than at 
A 

Y 
10U/ml. The e f fec ts  o f  10U/ml superoxide dismutase were not  stat ist ical ly 

signif icant at gallate concentrations o f  8.9 and 17.5pM. A t  89.5 and- 175pM 

gallate, 10U/ml SOD increased gallate induced ornithine decarboxylase act iv i ty  b y  

45% and 60%. A t  50U/ml however,  superoxide dismutase augmented the gallate 

induced ornithine 

concentrations o f  

Compounds which 

decarboxylase act iv i ty  by ,  35% 30%, 117% and 215% at gallate 

8.9, 17.5, 89.5 and 175pM, respectively. 

inhibit the effects of gal late on orni th ine decarboxylase activity 

In contrast t o  the abovementloned compounds, formate to ta l ly  prevented the 

st imulatory e f fec ts  o f  gal late (f igure 5.4). In the presence o f  gallate formate 

decreased ornlthine decarboxylase be low control  values, f r om  5 0 8  be low controls 

at 8.9uM gallate t o  74% be low control  a t  175pM gallate. The lnhlbl tory response - 
was m a x ~ m a l  at 50mM formate,  there being no Increase In the e f fec t  when the 

concentration o f  formate was increased t o  75mM. 

Benzoate was as inh ib i tory  as formate at l o w  gallate concentrations, but i t  

was somewhat less inhibi tory at the highest concentrations o f  gallate. Thus the 

greatest inhibi tory e f f e c t  o f  benzoate (seen at 8.9pM gallate) being a 65% 

decrease in ornithine decarboxylase act iv i ty  be low cont ro l )  (f igure 5.5). The 

, degree o f  inhibi t ion decreased progressively as the concentration o f  gal late 
I '  

increased, unt i l  at .175pM gallate no  e f fec ts  o f  benzoate o n  gallate induced 

ornithine decarboxylase act iv l ty  were observed. 

The e f fec ts  o f  desferrioxamine were similar to  those o f  benzoate (figure 

5 . 5 ) ,  in that at the highest concentration o f  gallate the st imulatory e f fec ts  o f  



gal late began t o  ove rpower  the i nh ib i t o ry  ac t i on  o f  des fer r ioxamine.  The e f f e c t s  

thus ranged f r o m  63% b e l o w  c o n t r o l  a t  8.9jtM. t o  80% above  c o n t r o l  at 175pM 

{compared w i t h  a 314% increase above c o n t r o l  caused b y  ga l la te  alone). 

Stimulation of ornithine decarboxylase activity' involves de novo pro te in  synthesis 

W e  made  several  a t t emp ts  t o  de termine whether the  s t imu la t i on  o f  orn i th ine 

decarboxylase ac t i v i t y  b y  gal late i n v o l v e d  . i nduc t i on  o f  de novo synthes is  o f  ei ther 

mRNA o r  prote in.  - W e  made  t w o  a t temp ts  t o  iso la te  n e w l y  synthes ized orni th ine 

decarboxylase mRNA. btit f a l l ed  t o  produce nondegraded mRNA. W e  a lso  carr ied 

out three Incubat ions o f  C3H 10T1/2 ce l ls  w i t h  ga l la te  p lus  ac t i nomyc in  D, and 

three studies i n  wh ich  the ce l ls  w e r e  pre incubated w i t h  a c t i n o m y c i n  D, w i t h  var ied 

and inconc lus ive  resul ts .  However  cyc lohex im ide  produced a dramat ic ,  cons is ten t .  

and statistically s lgn l f i cant ,  ~ n h i b ~ t ~ o n  o f  the a b ~ i l t y  o f  ga l la te  t o  stimulate 

ornrthine decarboxylase.  I n  S I X  separate experiments, three l n v o l v l n g  p r e m c u b a t ~ o n  

and three c o - ~ n c u b a t ~ o n  o f  C3H 10T1/2 ce l ls  w l t h  c y c l o h e x ~ m ~ d e  (5ug /m l  o r  

1 0 ~ g / m l ) ,  cyc lohex imide caused a cons is ten t  80 -1008  i nh lb l t l on  o f  the expected 

gal late- induced Increase In ornithrne decarboxylase ac t l v l t y .  *In four  out  o f  t h e  

s ix  exper iments  the lnh lb i t ron  w a s  to ta l  ( f lgure 5.7). 

On the basis that the e f f e c t s  o f  cyc lohex im ide  are p r imar i l y  due t o  i t s  

i n h i b r t ~ o n  o f  RNA t rans la t ion ,  one  can c o n ~ l u d e  that  the increase i n  orn i th ine 

decarboxy lase ac t l v i t y  re f l ec t s  de novo pro te in  synthesis.  However .  because o f  

the inconc lus ive  studies w i t h  a c t i n o m y c i n  D and mRNA synthes is ,  i t  remains  t o  be  

d e t e r r l n e d  whether the  c o n t r o l  i s  exer ted  at the leve l  o f  D N A  t ranscr ip t ion  or 

mRNA translat ion.  



Comparison of the effects of scavengers on the i n  v i t ro  autox ida t ion  o f  gal la te and 
\ 

the gal late- induced increase i n  o rn i th ine  decarboxylase ac t i v i t y  

Compar ing  the e f f e c t s  o f  scavengers o n  the gal late- induced increase i n  

o rn i th ine  decarboxylase a c t i v i t y  w i t h  prev ious  studies o f  thei r  e f f e c t s  o n  the i n  

v ~ t r o  a u t o x ~ d a t ~ o n  o f  ga l la te  a f e w  n o t e w o r t h y  r e l a t l o n s h ~ p s  are ~ d e n t ~ f ~ e d  (table 

5.1). I n  the case o f  three scavengers o f  the  four  f o r  w h ~ c h  w e  have data, an 

Increase or  decrease In a u t o x r d a t ~ o n  ra te  w a s  associated w ~ t h  an o r n ~ t h ~ n e  

decarboxylase a c t l v l t y  response In the same d ~ r e c t ~ o n .  y T w o  o f  the three 

scavengers w h ~ c h  accelerate a u t o x ~ d a t ~ o n  a lso  s t ~ m u l a t e d  orn~th'ine decarboxvlase 

ac t iv r ty .  wh i l e  one scavenger/chelator  w h ~ c h  s l o w e d  autox ida t ion  d im in i shed  the 

o r n ~ t h ~ n e  decarboxylase a c t ~ v i t y  response.  The one except ion  w a s  benzoate wh ich  

st rmulated q u ~ n o n o ~ d  product  f o r m a l m n  but d i m ~ n ~ s h e d  the o r n ~ t h ~ n e  decarboxylase 
- 

ac t i d l t y  response.  This s ~ n g l e  o b s e r v a t ~ o n  p roves  that ~t IS  n o t  the q u ~ n o n o ~ d  

- - - 
product  wh ich  s t ~ r n u l a t e s  orn i th ine  decarboxy lase ac t i v i t y .  

\ 



DISCUSSION 

Role of H,O, and 0!  i n  the gallate-induced increase in  ornithine decarboxylase 

act~v i ty  

The s t imu la to ry  e f f e c t s  o f  superoxide disrnutase, cata lase o r  mann i to l  o n  t h e *  

ga l l a te -~nduced  Increase i n  orn i th ine decarboxylase a c t i v i t y  cont ras t  w i t h  thei r  i 
l n h ~ b i t o r y  ac t ions  o n  TPA- induced increases In o r n i t h ~ n e  decarboxylase ac t i v i t y  

(23). The resul ts  suggest that superoxide and H,O, are i n v o l v e d  in the induct ion  

o f  d rn i th ine  decarboxylase ac t l v l t y  b y  TPA. but no t  gal late. Au tox ida t i on  o f  

gal la te I S  somewhat  accelerated upon  the remova l  o f  superoxide and H,O, (refer 

t o  table 5.1 and appendrx). 

The lack o f  e f f e c t  o f  10U/ml catalase and the sma l l  e f f e c t  seen at 50U/ml  - . 

catalase s h o w s  that a c c u m u l a t ~ o n  o f  hyd rogen  peroxide 1s no t  impor tan t  t o  the 

s t ~ m u l a t l o n  o f  orn i th ine decarboxylase.  The sma l l  s t imu la to ry  e f f e c t  o f  cata lase ' 

m a y  In part be  due t o  the  previously observed sma l l  Increase i n  the ra te  o f  

a u t o x ~ d a t t o n  o f  gal la te b y  product  r e m o v w  appendix). and i n  par t  t o  the 

increase In 0 ,  tension,  resulting f r o m  0 ,  produced i n  the enzymat ic  d e c o m p o s ~ t ~ o n  

o f  hyd rogen  peroxide.  That  the presence o f  superoxide d ismutase s t i m u l a t e s  

rather than inh ib i ts  the induct ion  o f  o rn i th ine  decarboxylase a c t i v i t y  b y  gal late . 

suggests that superoxide d i d  n o t  med ia te  the s t imu la t i on  o f  o rn i th ine  

decarboxylase ac t i v i t y  b y  gal late. Ins tead i t  i s  m o r e  p lausib le that .superoxide 

a ismutase s t imu la tes  b y  accelerat ing autox ida t ion  o f  gal late. 

The abovement ioned data taken together suggest that  o rn i th ine  decarboxylase 

ac t i v i t y  i s  induced by s o m e  ac t ive  oxygen  species (other than superoxide o r  H,O,) 

p roduced dur ing the autox ida t ion  o f  gal late. For  example,  superoxicie d ismutase 



cer ta in ly  enhances p roduc t i on  o f  H,O,, (in compe t i t i on  w i t h  o ther  p roduc ts -  o f  the 
P 

. 
react ions  o f  superoxide). However  the s t rmula tory  e f f e c t s  o f  cata lase exclude the 

poss ib i l i t y  that orn i th ine decarboxylase s t imu la t ion  i s  med ia ted  b y  hyd rogen  

peroxide.  M o r e  p laus ib ly .  the presence o f  superoxide d ismutase increases steady 

s ta te  leve ls  o f  other  ac t ive  species prev ious ly  r e m o v e d  b y  reac t ion  w i t h  

supero.xide (35). A s  . a  specr f ic  example,  i n  a re la ted  reac t i on  reduct ion  o f  

molecul%r oxygen  b y  3 - h y d r o x y a n t h r a ~ i l i c  acid, superoxide drsmutase enhances th? 

y ~ e l d  o f  hyd roxy l  radicals (36). 

Role of metal ions i n  the gallate- 1 nduced increase i n  orn i th ine decarboxylase activity 

The e f f e c t s  o f  d e s f e r r ~ o x a m ~ n e  are consistent  w i t h  a requlrenient  f o r  redox 

c y c l ~ n g .  o f  me ta l s  rn the autox ida t ion  o f  gal late, r e f l e c t e d  In  the dramat ic  

decreases In the ra te  o f  a u t o x r d a t ~ o n  o f  gaj la te caused b y  des fer r roxamine (see 

appendix). The inh ib i to ry  ac t lons  o f  des fer r ioxamine tnere fore  re in fo rce  the v i e w  

that s o m e  rntermediate product  o f  the autox ida t ion  o f  gal la te i s  respons ib le  f o r  

s t rmula t ion  o f  ornithrne decarboxylase.  A t  hrgh concent ra t ions  o f  gallate, 

s u f f ~ c i e n t  quant i t ies o f  the  in te rmedia te  are pr0duce.d (despi te the presence o f  

des fer r ioxamine)  t o  cause substant ia l  s t imu la t i on  o f  o rn i th ine  decarboxy lase ( f igure 

5.6 last  t w o  bars). 

Role of the hydroxyl  radical i n  the gallate-induced increase i n  orni th ine 

decarboxylase activity 

The s t rong  i nh ib i t o ry  e f f e c t s  o f  the - t w o  hyd roxy l  radical  scavengers ( fo rmate  

.and benzoate)  suggest that the s t imu la to ry  in te rmedia te  m a y  b e  h y d r o x y l  radicals. 

This i s  re in fo rced  b y  the e f f e c t  o f  benzoate o n  the  ra te  o f  au tox ida t ion  o f  

gal la te (table 5.1). Since benzoate increases the ra te  o f  au tox ida t ion  o f  ga l la te  



but decreases the gal late-rnduced increase i n  orn i th ine ,.,decarboxylase ac t i v / t y ,  

s t rong l y  suggests i t  mus t  be the h y d r o x y l  radical  and n o t  the qu inono id  product  

wh ich  ts necessary f o r  the s t tmu la t ron  o f  o r n r t h ~ n e  decarboxylase ac t i v i t y .  The 

srmrlar e f f e c t s  o f  the h y d r o x y l  radrcal scavengers benzoate and fo rma te  - a n d  the 

meta l  chelator  des fer r ioxamine suggests that hyd roxy l  radrcals f o r m e d  rn a 

Fenton-type reac t ion  . m a y  b e  r ~ s p o n s i b l e  f o r  the ' s t imu la t ion .  However  the 

-w ' 

~ n e f f e c t i v e n e s s  o f  m a n n ~ t o l .  another h y d r o x y l  scavenger, o n  orntthrne decarboxylase 

ac t tv t ty  tnt roduces a marg tn  o f  doubt  tn thts concluston.  Either the mann i to l  has 

less access t o  the ( in t racel lu lar)  s i t e  o f  hyd roxy l  radrcal productron.  o r  the 

rad4cals ' a r e  generated In a "st te s p e c ~ f ~ c "  manner accessib le t o  f o r m a t e  or  

benzoate.  but n o t  t o  mann i to l  (37). Based' o n  the d r a m a t ~ c  in te r fe rence o f  

c~ . ic lohex~mtde o n  the gal late Induced Increase rn ornithrne decarbory lase ac t rv r ty ,  

the s imples t  conclusto,n i s  that the radrcals responsrble act t o  st rmulate n e w  

p r o t e ~ n  synthesrs. Future s tud ies  should consider  the p o s s i b i l i t y  that 

cyc lohexrmide acts b y  other  mechanrsms i n  add i t ion  t o  s imp le  p reven t i on  o f  
- - 

mRNA t rans la t ion  i n t o  protern. M o r e  deta i led  studies of the nature and cel lu lar  

s i tes  o f  actron o f  b i o a c t ~ v e  pheno l ics  w i l l  y i e ld  s ign i f i cant  advances i n  the 

mechan isms o f  t umor  p romot ron .  



t-- 

CONCLUSION 

The e f f e c t s  o f  f ree  radical  scavengers o n  the gal late induced increase i n  

o r n ~ t h i n e  decarboxylase a c t i v ~ t y  paral le l  the e f f e c t s  o f  .scavengers o n  the ra te  o f  

reduc t i on  o f  oxygen b y  gal late in v i t r o  (see appendix). I nh ib i t o ry  e f f e c t s  o f  

hyd roxy l  radical  scavengers suggest that the hyd roxy l  radicals are i n v o l v e d  i n  the  

Induct ion  o f  orn i th ine decarboxy lase a c t i v ~ t y  b y  gal late. The ro les  o f  ac t i ve  

oxygen In tumor  p r o m o t ~ o n  and the a b ~ l i t i e s  o f  t umor  p r o m o t e r s  t o  induce 

o r n i t h ~ n e  decarboxylase suggest  a re la t ionsh ip  be tween  the p roduc t i on  o f  oxygen  

radicals and b o t h  tumor  p r o m o t i o n  and induct ion  o f  o rn i th ine  decarboxylase 

ac t i v i t y .  NToreover, e f f e m n e s s  o f  s a w g e r s  in - -modu la_t ing  the p roduc t i on  

o f  oxygen  radicals induced by tumor  p romote rs  r e f l e c t s  t h e ~ r  capac i ty  t o  p ro tec t  

ce l l s  agalnst at least one consequence o f  tumor  p r o m o t i o n .  
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LEGENDS FIGURES . + 1 .  

U 

FIGURE 5.1 Ef fec t  o f  rnannitol on  ornithine decarboxylase activity 

The scavenger w a s  added d i r e c t l y .  t o  a conf luent  mono layer  o f  C3H 10T1/2 ce l ls  
I 

g rown  i n  Dulb&cco's m o d i f i e d  med ium Supplemented w i t h  10% ( v / v )  fe ta l  bov ine  

serum- and 20mM HEPES one hour be fo re  gallate. admin is t ra t ion.  A f t e r  gal late 

admin is t ra t ion the ce l l s  were  incubated f o r  'another 5 hours,  then the med ium was  

removed.  Cel ls were  scraped, pe l le ted  and s to red  at - 7 0 ' ~  ( for  up t o  15 days)  

unt i l  o rn i th ine decarboxy lase assay cou ld  be per fo rmed.  "GA a lone"  (dark bars)  

stands f o r  the e f f e c t  o f  gal late;  "+25mM M A N "  (s t r lped bars )  re fe rs  t o  the 

cond i t i on  o f  gal late p lus  2 5 m M  mann i to l ;  "+50mM M A N "  (hatched bars)  re fe rs  t o  

the presence o f  5 0 m M  mann i to l  w i t h  gallate. The con t ro ls  ranged f r o m  50-93 

p m o l e  CO? released per hour per . m g  p ro te in  be tween days. Error bars represent 

8.1% o f  orni th ine decarboxy lase value f o r  any concentration cons idered by 

repeated ly  p l o t t i ng  the gal late- induced orni th ine decarboxylase ac t i v i t y  response 
+ .  

! curve (n>> 10 f o r  each po in t  cons idered)  and determin ing the re la t i ve  d i f ference.  

FIGURE 5.2 Ef fec t  o f  catalase on  ornithine decarboxylase activity 

The cond i t i ons  were  ident ica l  t o  those descr ibed f o r  f igure 1. % ~ l o n e V v  (dark 

bars )  stands f o r  the e f f e c t  o f  gal late act ing alone; "+1OU/ml C A T "  (s t r iped bars)  

and "+50U/ml C A T "  (hatched bars )  re fer  t o  10U/ml and 50U/ml  c a t a l a s e  

( respec t i ve ly )  ac t ing in  combination w i t h  gallate. The con t ro l s  ranged f r o m  

95-170 p m o l e  C O I  re leased per hour per m g  p r o t e i n  be tween days. 

% 

FIGURE 5.3 Ef fec t  o f  superoxide disrnutase on  ornithine decarboxylase activity 

The cond i t i ons  were  i d e n t ~ c a l  t o  those descr ibed f o r  f igure 1. "GA a lone"  (dark 



- -- 
-- -_  _ -  

bars) stands f o r  the e E c f  o f  y d ; ~ & n e ; _ I I _ + l O U / r n l  SOD" (stripedF bars) - 
\ 

and "+50U/rnl SOD" fhaici-ted bars) refers t o  lUU/mt m d  50tf/mt- stlperoxtde 

dtsmutase (respectlvely) a c t ~ n g  in combthat ion w i t h  gallate. The controls ranged 

f rom 95-186 pmole  CO? released per hour per m g  ro te in  between days. " FIGURE 

5.4 Effect  o f  formate on  ornithine decarboxy!ase activity 

The c o n d ~ t i o n s  were identical t o  those descrtbed for  f igure 1. "GA atone'" (dark 

bars) refers t o  the e f fec t  o f  gallate act lng alone; "+50rnM FORM" (striped -bars)  

and "+75mM FORM" (hatched bars) refers t o  the condi t ion o f  gallate plus 50mM 

forma.te and 75mM f o r m t e  (respectlvely). The,- contro ls  ranged f rom 66-95 

between days. t% 

FIGURE 5.5 Effect o f  benzoate on ornithine decarboxylase activity 

The condit ions were ident ical  t o  those described for  f igure 1. "GA alone" (dark 

bars) refers t o  the condi t ion where gallate is act ing alone; "+50mM .BENZW 

(strrped bars) and "+75mM BENZ" (hatched bars) lndlcates the presence o f  50mM 

and 75mM benzoate, respect lvely,  w i th  gallate. The controts ranged f rom 45-60 

between days. 

FIGURE 5.6 Effect o f  desferrioxarnine on ornithine decarboxyiase activity 4 

I 

The condit tons were identical t o  those described for  f igure 1. "GA alone" (dark 
2 1 

bars) retfers t o  gallate acting atone; *+50uM DES" (striped bars) and "+100uM 
r . .  - - 

DESw .?hatched bars) refers to  the presence o f  50pM and 1OOpM desferrloxamine.' 

resoec?~ve ly ,  w ~ t h  galiate. The contro l  ranged f r o m  63-114 between days. 

F 

F ~ G ~ R E  5.7 Effect o f  cycloheximide on gallate-induced ornithine decarboxylase activity - 
Cjc iohe<tmide at 5 ~ g I m t .  ?OHg/mI or 2 O ~ g / m I  (represented on the graph as 

+5~9/r r ; l .  + 1Oaig/rnl and +20tig mi respect1 i e l y )  was added along w ~ t h  8 9 . 5 ~ M  galtic 



i - 

acid t o  the C3H 10T1/2 ce l l s  f o r  a 5 hour incubat ion -per iod.  - T h e  dark bars, 

- - rwhcate that the c y c l o h e x t m ~ d e  -- - - w a s  added t o  the ce l l s  one hour be fo re  the ga l l ic  
- -  - - 

- - - --- 
ac id  w a s  added (1 hr (pre)) wht ie  the s t r tped bars rndicate that  the cyctoh&&ide 

and gallrc actd were  a d d e w  the C3H 10T1/2 ce l ls  at  the same t i m e  (no (pre)). 

The con t rd ts  ianged  f r o m  36-55 be tween  days. 

TABLE 5.1 Comparison of the kf fec t s  o f  scavengers o f  active oxygen on the 

gallate-induced increase in ornithine decarboxylase activity and the rate o f  autoxidaiton 
I '  
; ,  

of gallate d 

This tab le  summarizes the e f f e c t s  o f  scavengers o f  actrve oxygen  o n  the 

autox idat ion ra te  o f  *ga i !a te  as we l t  as their e f f e c t s  o n  the gal late- induced 

increase tn ' orn i th ine decarbox.i!ase. Data f o r  the e f f e c t s  o f  the Sarious 

scadengers o n  the au t .ox rda t im ' ra te  o f  gal l ic  ac i d  are r ep lo t t ed  ; f r om  the 

appendix. Superoxrde d ismutase and catalase were  at a c ~ n c e n t r d ' t r o n  o f  250U/ml,  

benzoate w a s  at a concent ra t ion o f  50mM and des fe r r~oxamtne  w a s  at a 

1 c o n c e n t r a t ~ o n  - o f  I m M ,  and gai!ic acicj present at a concenrrar ion o f  2mM. 

\ 
The e x o e r ~ m m t a l  condt t rons f o r  t h e  autoxidatron studies were :  pH  8.5. temperature 

2 5 ' ~ ,  carr ied o u t ,  i n ,  air-saturated 0.5M HEPES Suffer.  The scavenger 

concen t ra l ion  an-d experiments! cogdt t i3?s f o r  the ornrthrne decarboxy lase a c t r v ~ t y  

exper iments ,  are as indlcazed in f,gures 5.1-5.6. 
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CHAPTER VI 

GENERAL CON= 

There i s  a measure of correspondence between the induct ion o f  cellular 

o rn~th ine  decarboxylase act iv i ty  seen i n  the current study, and the 
. - "., 

documented mutagenic and clqstogenic actions o f  the phenolics. Further studies 

are necessary t o  correlate' the e f fec ts  7x o f  phenolics on mammalian systems w i t h  

changes in ornithine decarboxyiase act iv i ty ,  papi l loma fo rmat ion  and clpstogenic .: 

act iv i ty.  Conf l ict ing reports o f  genotoxici ty o f  some phenolics i n  v ivo may be .. I 1 

.. 
f resolyed when more  appropriate comparisons are made using a w ide  range o f  

concentrations. C' 

\ 

Comparing the e f fec ts  o f  scavengers on  rates of autoxidat ion o f  gallate i n  

v i t ro  w e  conclude that the st imulat ion o f  ornithine decarboxylase act iv i ty  caused 

by  gallate is  closely t ied  t o  the autoxidation o f  gallate. The e f fec ts  o f  hydroxyl  

radical scavengers suggest that the product ion o f  hydroxyl  radicals may be largely 

responsible fo r  the abi l i ty  o f  gallate t o  stimulate ornithine decarboxylase act iv i ty .  - 

Meanwhile. t,he response o f  ornithine decarboxylase t o  proxidants is  a use fu l  . 

screening procedure fo r  their potent ial  tumor promot ing  ef fects.  Moreover,  the 

'ef fects o f  scavengers and antioxidants on  promoter  st imulated ornithine 

decarboxylase act iv i ty  may predict their ef fect iveness as chemoprotect ive agents - - 
- 

against tqrnor promot ion.  

*' 

* 
The response I S  inhibi ted b y  at least one agent which b locks de novo 

prote in synthesis. Th i s  sugges ts  that the induct ion o f  ornithine decarboxlase b y  

gallate involves synthesis o f  n e w  prote in rather than any f ree radical mediated 



acttvatton of pre-extsttng enzyme. W e  do not  know at this t ime whether this 
a 

mvolves regu la t~on  at the t ranscr~pt ional  or  translational levels. Future studies 

should focus on  the moFe precise idef i t i f icat ion of the species involved i n  The r  

- 
regulatron o f  ornrthine decarboxylase actrvl ty,  and e luc~datron o f  the preclse step 

In synthetfc control  mechanisms at which the species act. Corre lat~ons w i th  

proxidant and 

the relat ively 

decarboxylase 

p o ~ n t s .  

antroxidant ac t iv i ty  of phenolics 3 r w 1 a l s o  needed. The ease and 

rapid turn around t ime  o f  results indicates that the ornithine 
6 

act iv i ty  assay may  be a good system in future t o  c lar i fy  these 
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ABSTRACT 

Rates o f  ox idat ion o f  gal l ic  acid (3.4.5-trihydroxybenzoic acid) were 

* 
determined rn the presence o f  m ~ x t u r e s  o f  catalase (250 U/mi), superoxide 

- a 
d~smutase  (250 U/ml), benzoate (50 mM), dgsferrroxamine (1 mM), and 

T 

ethyfenediaminetetracetate (EDTA) (1 mM) b y  measurrng the rate o f  appearance o f  

qutnonoid product at 630 nm. When added individually, superoxide dismutase and 

catalase, d ~ d  no t  s tgn~ f i can t i y  accelerate ox idatBn.  where is  the addi t ion o f  

benzoate signif icant ly increased the oxtdat ion rate b y  21%. EDTA d id  not 

s~gn i f i can t l y  decfease the oxidation rate whereas . the add~ t ron  o f  desferrioxamine 

induced a 61% decrease. ~ d d r t t o n  o f  scavengers and che la t~ng  agents tn 

cornbrnatjon produced more  compfrcated effects. Oesferrtoxamtne or EDTA 
-- - -- 

together w t h  other scavengers tn~ariabty decreased the o x ~ d a r ~ o n  rate. In 

contrast to therr e f fec ts  &en added afone, superoxide d tsmutme or catalase 

stowed the ox idat ion when desferrfoxamine or EDTA -&ere present. Benzoate 

accete:Meb 3oxtbatton w%m a6ed :O moxureS contammg any sombLnatmn of 

sca~iengers. The data support t h e  vrew That transitton metal  ions p lay a major -. 
ro le tn the  react ion of galttt acid +irth molemla r  ox+gen. to the potnt where 

.. 

propasat ion b y  active sDecres of gx.+gen 1s detectrble only ~f contaminant traces 

of meta l  ions are bound b i  che:arrr,g agents. 

Keywords.: g a l l ~ c  actd. oxtda!~oc. metal  tons, free radtcats. f ree rad~caf  scavengers, 



Gafiic acid (3.4.5-trihydroxybenzoic acid) is  a phenolic compound found free 

in l o w  concentrations in a w ide  variety o f  plant species. Vegetable tannins and + 

C.  

other bound fo rms are thought to  be  the main sources o f  gall ic acid i n   food^^.^. 

The antioxidant properties of gaftic ac id have been known since the 1940sJ The 

propy l -  ester fo rm tn part~cular  i s  w ~ d e i y  u s e d  in  the processing o f  f oods tu f f s  

stisceptthle t o  autoxrdattve bamageLx4. Afthough numerous studies have por ted 

the relat ive harmlessness o f  gaitat&'..-+-J, several recent workers have 

the fact that the metabot~srn  of plant-derived phenolic compounds in animals may 

produce t o x ~ c  ef fects under certain condfttons !.'. 

There are confi icrrng reports concerning the b io logical  e f fec ts  o f  gall ic acid. 

Clinically i t  has been ttsed as an anti- inflammatory agent'? and t o  protect against' 

radiat ion damageii. As rn ?fie case of  other phenolic compounds however, 

- b 

rherapeutrc benefrts and 'toxrcrry frequently co-exist1. Gallrc acid potent iates 
* 

ep~nephrlne ioxrcrty by inhtb~trng catechof 0 -methy l  transferasei:*'?. I t  ~ n h i b i t s  

hepat I C  i,ipogenesis and giucmeogenesis;'. 'antagonizes the e f fec ts  o f  bradykinin on 

smooth -muscle , suppresses certain aspects o f  the tmmune responsei6, and may 

produce an a l ie rg~c copract dwmat  ?rs -. ,in add~Lron, although g a l l ~ c  a c ~ d  has been 

raprred t o  be n u n - ~ t i r a g e n t c - ~  and ro be capable o f  decreastng the clastogenic 

effects  o f  model rittrasatian srrsrems - i r  has been shown t o  be genotoxlc In 

mammalian cetl ttnes:!. The acme t o x i c i t i  o f  gaffic ac id rs apparently fower than 



The act ions o f  piant-derived phenolic compounds are complex, in _that _neither pppp 

i 

pro-nor antioxidant properties c$n -account for a l l  o f  their observed -_ ef fectslP2*. -- 

- -, 
Interactions between quinonoid react ion products, oxygen species and metal ions 

are crbcial in determining whether the net e f fec ts  are protect ive or  dam,aging. 

Gallic acid i s  oxidized by molecular oxygen, particularly i n  the pres,ence o f  

enzymes such 

format ion o f  

. ~ oxygen teads 

- 
as polyphenot oxidase2I. Oxidation o f  gall ic ac id results i n  the . 

quinonoid products2'  wh i le  the concurrent reduction- o f  molecular 

t o  a var iety o f  radicat species. B o t h -  quinonoid\ products and 

activates oxygen may then participate i n  further free radical chain reactions. For 

example; further reactions of gall ic acid w i t h  the product (H,OI) involve reactive 

species including singlet s tate oxygen, as revealed by chemiluminescence2'. 
, 

in the hope o f  gaining insight in to  the -mechanisms underlying free radical 

generation in the gatlic acidfO, react ion and the role(s) o f  transit ion metals, we 

~nvestrgated the e f fec ts  o f  selected free radical scavengers, (individually and in  

G, 
combmation), and o f  meEat chetatfng agents on the rate o f  react ion o f  gatlie acid- 

2 w ~ t h  motecular oxygen. 



MA TERIALS AND METHODS 

Reaqents 

A l l  experiments were  per formed at 25OC using air-saturated 0.5 M HEPES 

buf fer  (N-2-hydroxyethylpiperazine-N'-2-ethansufonic acid) (Sigma Chemical Co., 

St. Louis, M o )  prepared ,with double d is t i l led water and titr,ated t o  pH 8.5 using 

KOH. Other reagents purchased f rom Sigma Chem. Co. tncluded gall io acid, 

catalase EC 1.11.1.6 (bovine Itver, 1860 U per mg), superoxide dismutase EC 

1.15.1.1 (2800 U per mg) and bovtne serum albumin. Sodium benzoate was 

purchased f rom Anachem Chemical Ltd. (Toronto, Canada), and 

ethylenediamintetracetate 

Desfer r io~amrne (Desferyl mesylare) was a g i f t  f r o m  CIBA Pharmaceutical Co., 

' Summit N.J. 

Preoaration of Anaerobic Solut ions of Gall ic Ac id  

Nirrogen was bubbted Through 10.0 mT o f  0.5M pH 8.5, HEPES buf fe r  

contained In a rubben capped r i a l  fo r  a per iod o f  10 minutes pr ior t o  the 

additron o f  gattic acid to ensure ni trogen saturation o f  the buf fer .  A measured 

quantit:i ~f dry gall ic actd was introduced in to  the bu f fe r  so lut ion as quickly as 

posslbie fo l i owed  b y  another nttrogen purge. The v ia l  was then seated under a 

slight p o s i t ~ v e  pressure of  nitrogen. The vial  was subsequently wrapped in  

aitlrninum foil, in order t o  minimize the destructive . e f f e c t s  o f  ambient light, and 

n 
magneticail:; st i rred far 45 minures to enswe complete sulcttiun of gallic acid.' 

Procedure 



Air-saturated HEPES b u f f e r  (0.5M pH 8.5) mainta ined a t  25OC, t.ogether w i t h  

var ious combina t ions  o f  scavenger substances were  added to the sample cuvet te  

t o  a f ina l  vo lume o f  2.45 ml .  The react ion was  then in i t i a ted  b y  the addi t ion o f  , 
,- 

5 0 ~ 1  o f  ga l l ic  ac id  s tock  solut ion, t o  a f ina l  concentrat ion o f  2mM. The rate o f  

the react ion determined b y  record ing the change i n  absorbance at  630 nm. The 

se lec t ion  o f  th is part icular wavelength was  made o n  the bas is  o f  resu l ts  f r o m  

% 

p i l o t  studies i n  wh ich  b o t h  the UV and v is ib le  reg ions of  the  spectrum were  - 

scanned i n  order t o  determine the change i n  spectra dur ing the autox idat ion o f  

ga l l ic  acid. The resul ts  obta lned were  i n  agreement w i t h  those o f  Fink et. <?I., 

Data A ~ a l y s e s  Stat rs t ics  - 
9- - Data analyses were  pe r fo rmed  us ing program-s w r i t t en  l oca l l y  in APL and 

imp lemented  o n  an fBM 3081 ma in f rame computer to calculate in i t ia l  rates b y  

i inear regress ion o f  the in i t ia l  ( f i rs t  order)  por t ions  o f  the reac t ion  p ro f i l e  curves. 

Because the var iab i l i ty  be tween  dupl icates w a s  - roughly  p ropor t iona l  t o  the a react ion 

rate, s ta t is t ica l  analysis w a s  based o n  the relat ive-standard error de l i ved  f r o m  the 

con t ro l  react ion. This value w a s  then used t o  est imate the standard &ror f o r -  al l  

other condi t ions.  
4 



RESULTS - 

Ef fects of Individual Scavenqers 

The e f fec ts  o f  individual scavengers on  the rates o f .  autoxiciation o f  gall ic 
4 

acid are showr! i n  Figure 1. Unexpectedly, catalase and superoxide dismutase d id  

not s igni f icant ly  change the oxidat ion rate, whereas benzoate increased the rate o f  
. 

oxidst ion b y  21%. In contrast, metal  chelating agents decreased the oxidat ion 
- 
.2 

rate, desferrioxamine decreasing the rate b y  61% and EDTA decreasing i t  b y  12% 

Also evident in Figure 1 is  the variabi l i ty o f  the e f fec ts  o f  a given scavenger 

depending on the other test  reagents present. The remainder o f  this sect ion w i l l  

discuss the e f fec ts  o f  other test reagents, simultaneously present, on the act ions 
s: 

o f  each o f  the scavengers or metal  cheJating agents. 

* .  

Ef fects of the Presence of Other Scavenqers on Ac t ion  of Superoxide 

- - 

T m u t a s e  

I t  is apparent f r o m  Figure 2 that superoxide dkmutase  may  either increase 

or decrease the .  rate o f  gall lc acid oxidat ion, depending on  which other scavengers 
: 7 

and/or chelatlng agents are present. I f  catalase or benzoate . w a s  present, 

superoxlde dlsmutase Increased the rate o f  oxidat ion b y  29% or 33%. respect ively,  

whereas i ts  addit ion in  the presence o f  a mixture o f  catalase plus benzoate d id  

not  signif icant ly change the ox idat ion rate over that seen in the sys tem 

containlng just catalase plus benzoate (superoxide dismutase absent). I n  contrsst,  
- 

superoxide dismutase inhibi ted gall ic acid axidat ion when desferr ioxamine was 

present ~ r ,  the mixture on i t s  own,  together w i t h  benzoate, or w i t h  catalase b y  

17% 19%, or 14% respect ively.  Add i t ion  o f  superoxide dismutase t o  a solut ion 

containlng EDTA led to  a 13% decrease i n  oxidat ion iate, whereas addit ion o f  



superoxide dismutase t o  a sys tem containing EDTA plus catalase or EDTA plus 
- 

benzoate d i d  no t  s igni f icant ly  alter the oxidat ion rate o f  the particular sys tem in  
a 

the absence o f  superoxide dismutase. 

& 

E f fects of Presence of Other Scavengers on''& Act ions  of Catalase 

' .  
The results presented in Figure 3 indicate that catalase, l ike superoxide 

t .* . 
dismutase, caused either an increase or decrease in  !he rate' o f  oxidat ion o f  gal l ic 

acid. These contrast ing e f fec ts  depended, once pgain, on the presence o f  

desferrioxamine or EDTA. ' Add i t ion  o f  catalase t o  react ion mixtures containing 
- ,  

superoxide dismutase or benzoate accelerated the autoxidat ion b y  26% or 2096, ' 

respect ively,  whereas i t s  addit ion t o  a system containing bo th  superoxide 
* 

dismutase and benzoate d id  no t  signif icant ly change the react ion rate. Add i t ion  

o f  catalase t o  mixtures containing benzoate and desferr ioxamine decreased the 
. \ 

oxidat ion rate b y  8%, but the addit ion o f  catalase t o  a mixtuve containing EDTA 

(or desferr ioxamine or superoxtde dismutase) plus desferrioxamine d id ,no t  

s igni f icant ly  alter the ox idat ion rate. In contrast, addit ion o f  catalase t o  benzoate 

plus EDTA or superoxide dismutase plus EDTA produced 22% and 13% -increases, 

respect ively,  in  the ox idat ion rate. 
\ P - 

I - 

E f fec ts  of the Presence of Other ~cavenqers '  on the Act ions  of Benzoafe 

Benzoate on i t s  o w n  increased the rate o f  oxidation. o f  gall ic acid. I ts  

act ion was unique in  the sense that i t  increased the oxidat ion rate regardless o f  
r, 

which other '  scavengers or chelators were present. The on ly  exception. seen in  

Figure 4, was i ts  e f fec t  in  the mixture containing EDTA alone where there was 

no  change in the o&idation rate. The greatest increases, 42% and 32%. were seen 

when benzoate was added to  react ion mixtures containing either superoxide 



dismutase or catalase, In react ion mixtures containing EDTA i n  combinat ion w i t h  

superoxide dismutase o r -  catalase, add i t ion  o f  benzoate produced increases -o f  26% 

and 28%,, respectively. Benzoate added t o  solut ions co'ntaioing desferrioxamine, 

catalase plus desferrioxamine or  superoxide dismutase plus desferrioxarnine 

signif icant increases i n  ox idat ion rate o f  996, 7% 

and. 7%, respect i  

E f fec ts  of the Presence of Other Scavengers the Act ions  of EDTA and 

- 
Desferr ioxam ine 

A comparison o f  Figure 5 w i t h  %f igure  6 shows that addit ion o f  either EDTA 

or  desferrioxarnine decreased the rate o f  oxidat ion o f  gall ic acid when in  
. > 

combinat ion w i t h  any o f  the act ive oxygen scavengers (benzoate, catalase, 

superoxide dismutase, or combinat ions o f  these). The e f fec ts  o f  EDTA were less 

s t r ~ k i n g  than those o f  desferrioxamine. EDTA added t o  react ion mixtures 

containing desferrioxamine, catalase, ,benzoate plus catalase, benzoate, superoxide a 

dismutase, catatase ptus superoxide dismutase or benzoate plus superoxide 

dismutase decreased the ox idat ion rates b y  14%- 21%, 31%. 33%, 3896, 51%: and 

54.2%. respect ively.  Greater decreases were seen upon the add i t ion  o f  

d e s f e r r i o x a m  to  the systems containing EDTA (63%). benzoate (73%). catalase 

(76%), . superoxide dismutase (go%), benzoate plus catalase ( 1 0 1 )  catalase plus 

superoxide dismutase (118%) and benzoate plus superoxide dismutase (125%); The 

change ~n oxidat ion rate seen upon addit ion o f  both chelating agents together d id  
- 

no t  appreciably exceed the sums o f  their individual contributions, (figures 5 and 6 

sev.enth bar f r o m  the l e f t  and figure 1). 



tdentif ication. of the Rotes of se tec te8  Reaction Intermediates 

The roles o f  specific active oxygen species, specifically superoxide, hydrogen 
.. 

peroxide and hydroxyl radicals, in the oxidation o f  gallic acid were studikd in 

three selected systems containing - ( I )  desferrioxamine plus catalase plus benzoate, ' -  

., ( 2 )  desferrioxamine plus benzoate plus superoxide dismutase, and ( 3 ) .  

desferrioxamine plus catalase plus superoxide dismutpse. respect'ively. As  shown 

in Figure 7, add i t im  o f  each o f  these mixtures caused a decrease in the 

oxidation rate (6096, 71% and 80%). Comparing these results wi th the inhibition by 

desferrioxamine alone (61 %) excludes the possibil i ty that activated oxygen plays a 
. J 

major catalytic role, whether as chain reaction initiators or propagators. (When 

EDTA' replaced desferrioxamine as the metal chelator the addition o f  the above 

three mixtures did not significantly alter the rate o f  oxidation f rom tha t  o f  gallic 

acid alone). This conclusion was confirmed by the effects of  a mixture 

containing superoxide dismutase plus catalase plus benzoate. The 59% increase in 

the rate o f  oxidation o f  gallic acid resulting f rom removal o f  most plausible 

forms o f  chain propagating species o f  oxygen confirm a major-dependence in the 

oxidation o f  gallic acid, on transition metal ions as chain init iating or propagating 

species. 



Like other autox idat iork invo lv ing  phenolic compounds, the autoxidation o f  

gall ic acid % i s  complicated. The extent a f  part ic ipat ion o f  a potent ial  react ion 

intermediate may  b e  ref lected in the extent t o  which the rate o f  autoxidation 

observed i n  mixtures containihg scavengers f o r  - all l ike ly  act ive species except 

th is '  agent d i f f e r  f r o m  t h e _ ? r a t e  in the presence o f  the mos t  

combinat ion o f  scavengers. This di f ference ref lects  an est imate 

contr ibut ion o f  the selected species. 

inh ib i tory 

o f  the ' 

Ef fec ts  of Metal  Chelatinq Aqents 

In all cases, desferr ioxamine decreased the rate o f  ox idat ion b y  greater than -50%. 
"i 

ref lect ing -a substantial contr ibut ion o f  transit ion meta la  ions (particularky i ron) i n  . 

the react ion o f  ga l l i c -  acid w i t h  molecular oxygen. That E D ~ A  caused smaller 
A 

decreases in  the rate o'f oxidat ion ref lects  'a smaller contr ibut ion o f  mOst 

transit ion metal ions other than iron. The d i f f e r i n g  e f fec ts  of. these chelators o n  

the act ions o f  a speci f ic  scavenger o f  act ive ' oxygen  ref lect  their dist inct 

influences on  the environment and redox state o f  metal  ions in  the system. . 

E f fec ts  of Superoxide ~ i s r n u t a i e  

The increase i n  rate o f  oxidat ion o f  gall ic acid caused by superoxide dismutase 

could be  d& either t o  the H1O, produced via the dismutat ibn reactio'n, or  t o  the 

e l iminat ion o f  some i n h i m o r y  act ion o f  superoxide, such as removal  o f  an 

import ant reaxion inteimedtate. Converseiy, when superoxide , dismutase . was 

added to rnixthres that contained one or  b o t h  o f  the metal chelat ing agents 

(except fo r  EFT!& plus benzoate or EDTA plus catalase), the oxidat ion rate was 
*-. 

decreased. This contrasts w i t h  other 0:- dependent autoxidations, where t h e '  



presence o f  E D T A  confers increased sensi t iv i ty  t o  inhibi t ion b y  superoxide 
- 

~ i i s r n u t a s e . ~ ~ , * ~  f i gu re  2 conf i rms that the add4tion o f  superoxide d i s m t a s e  to * 

L 

desferrioxamine and t o  EDTA containing solut ions i s  again inhibitory: These 

results may  indicate then, that although metals p lay a major ro le  in  propagating 

the ox idat ion o f  gal l ic acid, 0,- plays a subordinate ro le  which becomes 

detectable when metal  ions are no t  available. 

- 

Ef fec ts  of Catalase 

- 
4 

Addi t ion  o f  catalase t o  most  test  mixtures (exceptions were containing 

desferrioxamine and those containing on ly  EDTA, where the 

rate o f  oxidat ion) produced an increase i n  rate o f  a t -  least 10%. 

be due t o  the re lat ive ly  slower decrease in  the concentrat ion o f  molecular  oxygen - 

as a result o f  regeneration o f  0 ,  f r o m  H20, in  the presence o f  catal.ase. The 

decreases i n  rate caused b y  catalase in the presence o f  desferr ioxamine and 

EDTA may  ref lect  the - loss o f  the contr ibut ion o f  Fenton-type react ion 

mechanisms. 

Ef fects of- Scavenqers of Hvdroxyl Radicals ., , . 
The roles o f  hydroxyl  radicals in this system remain unclear, since the addit ion 

# 

o f  benzoate, a hydroxyl  radical scavenger, caused an increase in  the rate o f  

ox idat ion . in a lmost  every react ion i n  which it was included (the on ly  exception 

was in  the presence o f  EDTA alone). Since hydroxyl  radicals are unl ikely t o  

- hinder oxidation, we conclude that the products o f  hydrogen a tom abstraction 

f r o m  benzoate m a y ,  st imulate oxidation. More work is needed t o  establish the 

precise roles o f  hydroxyl  radicals and their scavengers. 



comparison With 

The current 

the autoxidation 

superoxide plays 

metal ions play 

H,O, or hydroxyl 

- -- 

Autoxidation of Other T r i ~heno l s  

-- 

results contrast sharply wi th the similar studies performed on - 
o f  other d i  and triphenols 28929$30.31,32. In the case o f  6-OHDA, 

a primary role in propagating the reaction wi th  Boxyge?, whereas 

a secondary role, and other- reduced oxygen species (such as 

radicals) p lay minor stimulatory roles. The superoxide anion has 
I 

also been identif ied as a major propagating species, ii the a u t o x i d h t i ~  o f  
J .  - 

epinephrine and p y r o g a l l ~ l ~ ~ . ~ ~ .  In all three systems, 6-OHDA, epineQhrine and 

pyrogallol metal ions act via alternate pathways whose importance i s  greater at 
< 

tDWer, lower, and higher pH values, resp'ectively 2 6 9 2 7 .  In contrast, in the G s e  o f  . 

gall ic acid, redox-active transifion metal ions fu l f i l l  both the primary init iating and 

propagating roles. 

These differences are accentuated by  the dif fer ing effects. o f  the addition o f  

EDTA plus SOD- upon the oxidation2 o f  epinephrine, pyroyal lol  and gallie acid. 

The E D T A - ~ ~ ~ ~ I  i b "  complex formed r-cts wi th oxygen by an outer sphere 

mechanism to  generate superoxide, which accounts for  EDTA's abi l i ty t o  sensitize 

the oxidation o f  epinephrine and pyrogallol t o  SOD. I ts  failure t o  do this in the 

gallic acid sys tem.  reinforces the ideas stated aboye. Any contributions o f  

reduced oxygen species, including superoxide, hydroxyl radicals and H20,, to  the 

overall rate o f  ,reaction o f  gallic acid wi th oxygen are kinetically inaccessible, 

occurring subsequent t o  the rate determining step. 
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LEGEND FIGURES 

Fig. 1 The ef fects o f  various combinations ~ f i _  scavengers o f  active oxygen. and metal 

chelating agents on the oxidation ra tk .  o f  gallic aci'd. The react ion cuvettes 

contained 0.5M HEPES buffer,  pH 8.5, and v a r i o u s ~ i n a t i o n s  of the scavengers 
- 

d f  act ive oxygen and metal chelating agents; C: catalase, 250 ' ~ / m l ;  S: superoxide 
e 

dismutase, 250 U/ml;  0 :  benzoate,. 50mM; D: desferrioxamine, 1m.M; and E: 

eth\/lenediaminetetracetit -acid, I m M .  The reactions were. in i t ia ted 'by the addit ion 

o f  GA:  gallrc acid. f ina l  concentratton 2mM, in a f ina l  volumk o f  2.5 ml.  A l l  
A 

reactions were per formed at 2 5 ' ~ .  The percent change represents the percent 

di f ference i n  the o x i d a t i o n - r a t e  o f  the react ion mixture under study when 

compared to  the oxidat ion rate o f  gall ic acid alone. Error bars represent the 

standard .errors as ,calculated f r o m  the relative-standard error f o r  the contro l  

reaction. , 

Fig. 2 The effects o f  superoxide dismutase on the oxidation rate o f  gallic acid. 

exper~mental  condit ions were as out l ined i n  f ig.  1. The results presented are 
- -- 

percent changes In the o x l d a t ~ o n  rate o f  a given m ~ x t u r e ,  observed upon , 

addit ion o f  superoxide dismutase. "NONE" refers t o  the  react ion condi t ion where 

gall ic acid IS the only  compound present before the addit ion o f  superoxide 

dismutase. 

Fig. 3 The effects - o f  catalase on the oxidation rate o f  gallic acid. The 

enperjmental condi t ions and abbreviat ions are as indicated in."_Jfig. 1. The results 

presented are the percent changes in the oxidat ion rate o f  a given mixture. 

observed upor; the a d d i t ~ o n  o f  catalase. *NONEu refers t o  the react ion cond i t ion  

where gaJlic acid is the oniv compound present before the addit ion o f  catalase. 



Fig. 4 T k  ef fects o f  benzoate on  the oxidation rate o f  gallic acid. Experimental 

c o ~ d i t i o n s  *and abbreviations as indicated i n  f ig. 1. The results p resented are the 

percent changes i n  the oxidatTon rate o f  a given mixture, observed upon the 

addit ion o f  benzoate. "NONE' refers to  {he  reaction cckd i t ion  where gal l ic  acid 

. is t h e ' o n l y  compound present be fore  the addit ion o f  benzoate. 

Fig. 5 The ef fects o f  EDTA on the opidation rate o f  galfic acid. Experimental 

+condi t ions and abbreviations as stated i n  f ig. 1. The results presented are the' 

percent changes i n  the oxidat ion rate o f  a given mixture, observed upon the 

addit ion o f  EDTA. "NONE* refers t o  the react ion condi t ion where gall ic acid is  

the only compound present be fore  the addit ion o f  EDTA. 
- * - 

- 

Fig. 6 The effects af desferrioxamine on  the oxidation rate o f  gallic acid. 

Experimental condit ions and abbreviations as indicated i n e  f ig. 1. The result? 

presented are the percent changes in  the oxidat ion .rate o f  a given mixture, 

observed upon addit ion o f  desf.errioxamine. "NONE" refers to ' .  the react ion 

condi t ion where gattic acid is the on l y  compound present before the addit ion o f  

desferrioxamine. 

Flg. 7 The ef fects o f  superoxide, metals, hydrogen peroxide and the hydroxyl radical 

on the rate o f  oxidation o f  gallic acid. The experimental condit ions and 

calculations are as described in f 9 .  7 .  The ro le  o f  superoxide, (role o f  02-), .. 
was est imated f r o m  the react ion rate i n  the presence o f  a mixture containing: 

ben'zoate plus catalase plus either desferrioxamine or EDTA as indicated in  the 
- .  

iegend o n  the graph. The :oie of metqts, &ole o f  M+), was est imated f r o m  the 

react ion rate in  the presenc l  o f :  benzoate plus catalase plus superoxide dismutase, 

wh11e the ro le o f  hydrogen peroxide, {role o f  H202), was est imated f r o m  the 



react ion ra te  in t h e  p r e s e n c e  of a mixture o f :  benzoa te  pius superox ide  d i s m u t a s e  

and o n e  of the  metat cheiatfirs. des fe r r iuxamine  o r  EDTA, as  indicated on the  

graph, The role of the  n i d r o z / l  radrcal, ( ro le  of OH.), !&as e s t i m a t e d  f r o m  the  

: e a c t ~ o n  r a t e  In the  presence g f  c a t a l a s e  plus  superoxrde dtsmutas-e plus  et ther 

desfr-rrtoxarnine o r  EDTP., a s  i n d ~ c a t e d  in the  legend. 
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