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The determinants of reduction of the dye MTT (3-[4,5-
dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide) in rat
hepatocytes have been investigated. NADH, NADPH, and
succinate were substrates for MTT reduction in rat liver
homogenate, activity being greatest with NADH and least with
succinate. Similar results were obtained with sub-
mitochondrial particles isolated from rat liver. NAD(P)H-
dependent reduction of MTT was also detected in rat liver
microsomes and cytosol. Rotenone, at a concentration that
inhibited NAD(P)H-dependent MTT reduction in sub-
mitochondrial particles, did not inhibit MTT reduction in rat
hepatocytes. Malonate, at a concentration that inhibited
succinate-dependent MTT reduction in liver homogenate, did
not inhibit MTT reduction in rat hepatocytes. Incubation of rat
hepatocytes with ethanol or lactate (increase NADH levels),
dicoumarol (inhibitor of DT-diaphorase), aminopyrine or
hexobarbitone (substrates for the NADPH-requiring
cytochrome P450-dependent microsomal monooxygenase)
led to significant increases in the level of cellular MTT
reduction. From these data, it is concluded that extra-
mitochondrial NAD(P)H is the principal reductant for MTT
reduction in rat hepatocytes, with mitochondrial
dehydrogenase activity being only a minor contributor. It is
also possible that cellular generation of superoxide (as might
be expected on redox cycling of endogenous quinones
following inhibition of DT diaphorase by dicoumarol) may be
another source of MTT reduction. Caution should be
exercised in ascribing an alteration in the level of cellular MTT
reduction to a change in mitochondrial performance in the
absence of corroborating evidence.

Keywords: MTT reduction, rat liver, hepatocytes, NAD(P)H,
succinate, mitochondria.

Introduction
Reduction of  the te trazolium dye MTT  (3-[4,5-dimethylth iazol-

2-yl]-2,5-diphenyltet razo lium brom id e;  thiasoly l  blue)  is

co m m o nly  used  t o  m easu re  cel l  v iab il i ty  an d num ber in  a

var iety of in  v i tro situat ions (Mosm ann 1983) . S la ter  et  al.

(1963) used  MT T red uct ion  as  a  m ea su re  of  succinate

d e h y d rogenase act ivi ty  in  rat  l iver  mitochondr ia,  and this

re p o rt  has been  used by som e workers to  inf er  that  MT T

reduction in  intact  ce l ls  is  a  m easu re  of  mitoch ondr ial

d e h y d rogenase activity (Bonnefoi  1992,  Yam ash oj i et al. 1992).

Ind eed,  some author s have stated that  changes in  the level  of

MT T reduction in  advance of  g ross  cel lular  d am age o n

ex p o s u re to  toxic agen ts is indica t ive of  a primary  act ion 

of  the toxic  agent  to  the mitochondr ia  (Bonnefoi  1992).

S et against  this,  a  num ber  of  worker s have ad voca ted

cau tion in  the use of  the MT T  assay as a m easure of  ce ll

num ber  in  l ight  of  num erous m etabolic  influen ces on  the 

level of  MTT  (Thaye r 1990 , Vist ica et al. 1991, Schil ler  et al.

1992,  Berr idge and  Tan 1993, Burd o n  et al. 1993).

F u rt h e rm o re , reduction  of  te trazolium  d yes is w idely used 

in  bioch em istry  and  histo ch em istry  as a  detect ion m eth od 

for  a var iety  of  m itochondrial  and non -m itochon drial

d e h y d rogenase  ac t iv i t ies (Chayen  et  al. 1 973 , A bdal lah an d

Biellm an n 198 0, Mu nujos et al . 1993). Recen tly, MTT

re duc tion  h as be en used as  a  m easure  of  the al te ra tion of  

redox balance in  PC12 cel ls fo llowing exposure  to  am ylo id

p ro tein (Shearm a n  et  al . 1994) .

In  l ight  of  these  divergent  views on w hat  the MT T  

assay actually  m easu res,  an d ou r i nterest  in  the use  of  

iso lated h ep ato cytes in  study ing m echanism s of  x en obiotic-

m ediated  to xici ty,  w e have invest igated the m echanism s of

MTT  reduction in  rat  l iv er  ho mo genates and  in  r at

hep ato cyt es.

MATERIALS AND METHODS

Chemicals
MTT and all substrates, inhibitors and reagents for cell isolation and incubation

were obtained from Sigma Chemical Company, Poole, Dorset, UK. 

Animals
Male Wistar rats (170± 200 g) were obtained from the University of Nottingham

Medical School Animal Unit. They were housed at a constant room temperature of

22°C, with a 12-h light± dark cycle. Animals had free access to standard

laboratory diet and water at all times.

Preparation of homogenate and tissue fractions
Liver homogenate was prepared by polytron homogenization in 0.25 M sucrose. For

preparation of the microsomal and cytosol fractions, this homogenate was

centrifuged at 10000 g for 20 min to sediment the mitochondria and tissue debris,

and the supernatant centrifuged at 100000 g for 1 h. The supernatant from this 

step was used as the cytosol fraction. The pellet was resuspended in

Tris/sucrose/EDTA buffer (20 mM/0.25 M/5.4 mM; pH 7.4) and recentrifuged at

100000 g for 1 h. The pellet was finally resuspended in Tris/sucrose/EDTA buffer;

this represented the microsomal fraction. Liver sub-mitochondrial particles were

isolated as described by Cain and Skilleter (1987). All tissue fractions were stored at

± 80°C until use.

Hepatocyte isolation and incubation
Hepatocytes were isolated by lobe perfusion with collagenase and purified by

Percoll centrifugation as described previously (Hammond et al. 1995). Cells were

suspended in Williams’ E medium containing 10% (v/v) newborn calf serum and

plated at 106 cells per well into tissue culture-grade six-well plates (Falcon). The

plates were incubated at 36°C in an atmosphere of 5% CO2 in air for 2 h to allow

the cells to attach before use.

Assays
Microsomal cytochrome P450 was assayed by the method of Omura and Sato

(1964), whilst homogenate P450 was assayed by the method of Joly et al. (1975).
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For measurement of cellular MTT reduction, cells were exposed to MTT in medium

at 5 mg ml± 1 for 25 min, after which the medium was removed, propan-2-ol (1 ml

per well) added to each well to dissolve the formazan crystals, followed by

measurement of absorbance of a 200 m l sample in a plate-reader at a wavelength

pair of 570/655 nm. The measurement of MTT reduction in tissue fractions was

adapted from the method of Hansen et al. (1989). Tissue fraction (typically 10 m l),

diluted in Tris/sucrose/EDTA buffer (to a total volume of 800 m l), was mixed with

100 m l of substrate solution, and the reaction started by addition of 100 m l of MTT

solution (5 mg ml± 1). After incubation at 37°C, the reaction was terminated by

addition of 100 m l of SDS/DMF buffer (10%/45%, adjusted to pH 7.4 with glacial

acetic acid) to dissolve the formazan crystals, followed by measurement as

described above.

Data presentation
Values are reported as the mean (±SEM in tables) of at least three separate

experiments, each representing the mean of triplicate determinations, for the

homogenate/fraction studies, and of six culture dishes for the cell studies. The

data presented in the tables demonstrate there to be only a small variation in

values within a single experiment. Similar findings were noted with the results

presented in the figures, and, accordingly, error bars were omitted from the

graphs for clarity. Statistical analysis was performed by paired t-test or ANOVA

followed by Dunnett’s test as appropriate.

Results

Homogenate experiments
MT T  was red uced  to  a form azan  w hen  in cub ated w ith rat  l i ver

ho m ogen ate  i n  t he p rese nce of  succinate, NADH, or  NADPH, at

the con cen trat ion s u sed b y Berr idge and  Tan (1993) (20  mM ,  1

m M ,  an d 1 mM respect ively) .  This res po n se w a s de p en d en t o n

incubation t ime (Figure  1(a))  and hom ogen ate  volume

(exem pli f ied  w ith NADH  as  subst rate , Figure 1(b)) . Incubation

of ho mog enate  in  the absence of  any exo gen ously-add ed

su bst r ate yielded a  co nstan t abso rbance th rou gh o ut  t he

incub at io n per iod.  T h is v alue w as  subtr acted  to  p ro d uc e  t h e

tes t  values il lustr ated.  Fro m these s tu dies,  an incu batio n t im e

of 5  min and a  ti ssue fract ion volum e of 10 m l  p er  m l

incubation volume (equivalent  to  5  m g t issue p er  ml)  were

chosen for  further  s tudies.  E ssentia l ly  id en tical  t im e-  and

vo lum e- resp on se s w e re  observed  in  the ho mo genate fract ions

(data  n ot  shown ).

MT T  redu ctio n wa s also  d epen den t on  sub stra te

concentrat ion (see  Figure  2 for  data on  NADH and  NADPH).

F ro m  these da ta  app rox.  K
m

values of  0.10 mM for  N ADH and

1.0  mM for  NADPH were  calculated.  A ccord in g ly, for furt h er

studies substrate co ncentr at ions of  800 m M NADH, 10  m M

NAD PH (both based on presen t  s tud y)  and  20  mM su cc ina te

(based on data of  Berr id ge and Tan (1 993) an d Mun ujos et  al .

(1993)) were  u sed to  en sure  sa turat ion of  the resp ecti ve

p ath w a y s.

U nder  these optim al co ndit ion s,  N AD H w as the m ost

effec tive  substrate for MTT  red uction in  l iv er  ho m ogenate ,

fol low ed  by NA DPH w ith only poor red uc tio n  w ith su ccin at e

as  subst rate  (Table 1) .  As expected ,  the differe nc e be tw ee n

NA DH and N ADP H was ex aggerated when equim olar

concentration s (8 00 m M )  were  used (see Figure 1) .  T he oxidized

forms of  NAD H and NADPH w ere  no t  subst rates for  MTT

red uctio n (data  n ot  sho wn) .

A t tem p ts w ere m ade to  iden tify  the subcel lular  si te (s)  of  

this MT T  redu ct ion.  In  the f irs t  ex per im ent, liver  h omogenate

was fract ionated in to  m icrosom al  and cytoso l  f ract ions.

M icro so m al reco very  was assessed b y m easurem ent of  the

cy to chro me P 450 con ten t of  h omo genate  an d m icro som es.

T his  value for  m icro so mal  recov ery  (54%  of homogenate  

P450 reco vered  i n  m icro som es,  s im ilar  to  pu blished v alues

(Joly et al. 1975))  was used  to factor  the resu lts for  m icro so m al

MT T reductio n to  allow  for  the loss of  end oplasmic 

re t ic ulum  du r in g preparat ion of  th e microsomal fract ion. 

T h e result s are  p resen ted  in  Tab le 1 .  No  su ccinate-depen dent

MT T redu ction  co uld be detected  in  the m icro so m al  an d

P. Dhanjal and J. R. Fry112

Figure 1. Influence of incubation time and homogenate volume on MTT reduction

in liver homogenate. (a) Rat liver homogenate (10 m l ml± 1 incubation) was

incubated at 37°C with 1 mM NADH (c), 1 mM NADPH (N), or 20 mM succinate (n) in

the presence of MTT for various times, and the MTT reduction measured. (b) Rat

liver homogenate (0± 12.5 m l ml± 1 incubation) was incubated at 37°C with 1 mM

NADH in the presence of MTT for 5 min, and the MTT reduction measured. Values

are mean of five determinations.
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cytoso l  frac t ions. T his f inding indica tes  a lack  of  succin ic

d e h y d rogenase  in  th ese fract ions,  which in  turn  i nd i cat es

m inim al co ntam ination of  these  fract io ns with mitochond ria .

T he bulk of  NAD H-dependent MT T  red uct io n ( app rox.  80% )

w a s recove re d i n  the m icrosom al fract ion , with app roxim ately

9%  in the cytoso l .  O nly 32%  of  the NA DPH -dependent 

MT T  re du ction  wa s reco vered in  th e m ic ro somal fraction 

w ith 5%  in the cytoso l .  I t  was assu med th at  th e ac t ivi t ies

u nacco unted for  resided  in  th e m ito chon dr ia ,  b ut  mo re  di rec t

evidence for  this was obtained fro m  a s tud y with  sub-

m i to cho n dr ial  p art ic les . T he results (Table 2; absence of

roteno ne) ind icated  that  the level  of  su cc in ate-dependen t 

MT T  re du ctio n in  t his  preparatio n w as  s imilar  to  that

m e a su red in  h om og enate  i n  th e p revio us ex per im ent,  wh ils t

NADH was a  good substrate  for  MTT  red uction,  th e act ivi ty

w ith NA DPH  being interm ed ia te .

Malonic  acid  pro d uce d a  co nce nt ra t io n -d ep en de nt

in hibit ion  of  su ccinate-dep en dent M T T  redu ctio n in  l i ver

h om ogenate  w ithin the con centrat ion  rang e 0±1 0 mM ,  w i th

l it tle eff ec t on NADH- or NADPH-dependent act iv ity  (Figure

3). Rotenone  (10 m M)  pro duced su bstantia l  (5 0%  or  greater )

inhibition of  N ADH- and NA DPH-dependent MT T  re d u c t io n

in  sub -m itocho nd rial  part ic les  with no dem onstrable  effect  on

succinate-d ependent act ivi ty  (Table 2) . Dicoumarol (10 m M)

w as w itho ut  effec t  on NA D(P)H- or  succinate-dependent MT T

redu ction in  h om ogen ate  or  m icrosom al frac t ion (data  not

sh o w n ) .

Hepatocyte experiments
T he  level  of  MT T red u ct io n  w a s a p prox. 3 .5-f old  gre at er  w h en

h epa toc ytes we re  incu bated in  co m plex cel l  cult ure  m e d iu m

(Williams’  E) when  com pared with Hank’ s /H epes,  a  s im ple sal t

solut ion (Table 3).  Om issio n of  glucose from  th e s im ple sa l t

solu t ion  wa s w ith out  effect  on the level  of  MTT red uc tio n .  T he

followin g studies were  p erform ed with H ank ’ s /H e p es w i th o ut

glu co se .

Ad dit ion of  6  mM m alo nic acid  w as with out  effect on the

leve l of  MTT  reduction.  A lso ,  ro tenone (10 m M)  d id n ot

diminish  the level  of  MT T redu ction,  r a ther  i t  pro d u c ed  a

sign if icant  19%  increase  (Table  4) . Ethano l (20 mM )  and lactate

(10 mM )  produced  signif ican t  2 .5-fold increase  in  MT T

re du ction ,  wh ils t  d ico um arol  (10 mM)  pro duced a  hig hly-

sign if ican t 4 .9-fold  increa se  in  the level  of  redu ctio n.  In

add it ion ,  the cyto chrom e P45 0 su bst rates am inopyr ine (100

m M )  and hexobarbitone (100 m M )  produced signif icant  1 .3-  to

1.5-fold increase s in the level  of  MT T  re duct ion .  T h e d ata  i n

Table 4  also  indicates  that the level of  MT T red u ct io n in  th e

co n t ro l  si tuat ion show ed a 2 .5 -fold variat ion between

ex pe rim en ts .

Discussion
Results  p resen ted  in  th is  p aper  h ave dem o nstra ted that

su cc inate ,  N ADH  and NAD PH  support  MT T redu ction in  r at

l iver  hom ogenate,  the extent of  w hich is greates t  with NA DH

and least  with su cci nate .  T hese results  are  in agree m e n t w i th

those  obtained with hom ogenates of  cells  of  a  bone- marro w

der ived ce l l l ine (Berr idge and Tan 1993). Similar  re su lt s  w ere

ob tained  w ith  sub -m ito cho ndr ial  part ic les. Collect ively,  these

data  indicate  that  succin ate-m ediated  reduction of  MT T, and ,

by  im p licat io n,  m itocho nd rial  succin ic  d ehyd rogen ase (SDH)-

m ed iate d  reduction of  MT T, is unlikely to  be a  major

con tr ibutor  to  cellular  MTT  red uct ion .  In  su pp ort  of  th is ,

malonate (a  sel ect ive inh ibitor  of  SDH in homogenate ,  F igure

3) exert e d n o inhibito ry eff ect  on  MTT red uct ion  in  r at

hepatocytes .  Malonate  was s imilarly  in effect ive in  ce lls of  the

PC1 2 rat  ph eo ch ro mocytom a cell  l ine (Hawtin et al. 1995 ).

T he h om og enate  d ata  p oin t  to  the adenine n ucleo tides

NADH  and NAD PH being the principal  subst rates for  MT T

red uction  in  rat  h epatocyt es .  T h is co nclusion  is su bstantia ted

by the f inding that  e thanol and lactate , a t  concentrat ions

d ocu m e nted  t o  in crea se NADH leve ls (Reinke et  al.  1982,

Ko walski et al. 1992), inc rea sed the level of  MTT  red u c tio n,

and by the f inding that  two subst rates of  th e m icros om al

cy to chro me P4 50 m o noox ygenase system (am inop yrin e and

hexobarbitone),  the m etabolism  of  which lead s to  an incre a se d

flux of  NADPH (T hurm an  an d Ka uffman 1980),  al so  incre a se d

the  level  of  MT T  metabolism. F urt h e rm o re,  Hu et  et al. (1992)

have used  MT T  redu ctio n as  a  m easure  o f  NA DH-dependent

d e h y d rogenase activi ty  in  intac t  ce l ls.

T he en do plasm ic  re t icu lum , m itocho ndr ia  an d cytosol  

w e re ident if ied  as possib le sub-cel lu lar  si tes of  NAD(P)H-

de pe nd en t MT T  redu ctio n.  Ho we ver, the lack  of effect  of

ro tenon e,  a t  a  concen tr at ion that  blocked NA D(P )H-dep end ent

MT T red uctio n in  sub-m ito cho nd rial  pa rt ic les (Table 3) ,

indicates that the bulk of  NAD(P )H-dependent MT T 

re duction in  hepato cytes o ccur s out sid e th e m ito chon dr ia .

T his suggest ion is consistent  with the effec ts observ ed  w i th

lactate  and ethan ol, w hich  generate  N ADH  in the cytoso l

th rou gh  lact i c  deh yd rogen ase an d alcoh ol deh ydro gen ase

re sp ectiv ely.  Other authors,  w orking with different  cel l  typ es

hav e arr ived at  sim ilar  conclusio ns.  T hus, Lov eland et  al.

(1992)  dem onstr ated that  resp iratory-d ef ec tive lym phocytes

possessed  levels of  MT T  re ductio n com parable  to  t hose

m e as u red  in  n o rm al ly m pho cytes,  w hi lst  H awtin  et  al .

(1995) demonstrated  tha t  a  var iety  of  re sp iratory  inhib itor s

Determinants of MTT reduction in rat hepatocytes 113

Figure 2. Influence of NADH and NADPH concentration on MTT reduction in rat

liver homogenate. Homogenate (80 m l ml± 1 incubation) was incubated at 37°C with

0± 1 mM NADH (C) or 0± 10 mM NADPH (c), in the presence of MTT for 5 min, and

the MTT reduction measured. Values are mean of five determinations.
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( in cluding  ro ten one ) w ere  w ithout  effect  on MT T red u c tio n i n

PC12 ce lls.

Vist ica et  al. (1991) have  re p o rted that  MT T re d uc t io n  

in  hu m an tu m our  cel l  l in es var ied  w ith  t he m ediu m  u se d.  

T his w as fo und to  be re lated to  the level  of  glucose  in  the

m ediu m, wh ich i nfluenced  the cel lular  co ncentr at ion s of

NADH and NAD PH. T his re info rces the view that  MT T

re duct ion is  p rin cipall y  a  m easure of NAD(P)H red ox status.

We also determined that  the level  of  cellular  MT T re d u c t io n

wa s inf luen ced by the m ediu m  used (Table  4) ,  the level

ob tain ed in  Will iam s’  E  m ed iu m being approxim ately 3.5

t im es tha t  m ea su red  in  a  sim ple salt  solu t ion (H ank’ s) .

H ow e ve r,  the om issi on of  glucose from  the Hank’ s  so lu t io n d id

not modify the level  of  MT T reduction.  I t  is l ikely that  the

d ifference b etween  tum ou r cel ls and h epatocy tes in  g lucose

de pen de nce  o n M T T  red uction  is a  consequen ce  of  the

d iffer ing  metabol ic  subst rates ava ilab le to drive NAD(P)H

generat ion .

T he enzym es(s)  responsible  for  the NAD (P)H -dependent

MT T redu ction i n  r at  hepato cytes remain  to  b e established.

A n d re w s  et al . (1996) hav e re p o rted  that  the  NAD(P)H-

d e p en d en t  reduction of  a  re lated te trazolium  dye,  A lam ar

Blue Ô , by rat  l iver  fract ions was inh ib ited by dicoum aro l (30

P. Dhanjal and J. R. Fry114

Substrate
MTT reduction (absorbance units/mg tissue/5 min)

(Concentration) Homogenate Microsomes Cytosol

NADH (800 m M) 0.189±0.001 0.147±0.002 0.018±0.001

NADPH (10 mM) 0.120±0.007 0.038±0.002 0.006±0.001

Succinate (20 mM) 0.014±0.000 ND ND

Table 1. Substrate-mediated MTT reduction in rat liver homogenate and

fractions.

The MTT reduction values were corrected for basal activity (no substrate). The

microsomal data were corrected for microsomal recovery as indicated in

R̀esults’.

Values are mean±SEM of five determinations.

ND = not detected.

Substrate
MTT reduction (absorbance units/mg tissue/5 min)

(Concentration) ±  Rotenone + Rotenone

None 0.001±0.000 0.001±0.000

NADH (800 m M) 0.132±0.009 0.030a±0.002

NADPH (10 mM) 0.022±0.001 0.011a±0.001

Succinate (20 mM) 0.011±0.001 0.011±0.001

Table 2. The influence of rotenone (10 m M) on MTT reduction in sub-

mitochondrial particles isolated from rat liver.

Values are mean±SEM of three determinations.
a Where indicated, values are significantly different from (± Rotenone) value (P

< 0.001; unpaired t-test).

Figure 3. Influence of malonic acid on MTT reduction in rat liver homogenate.

Homogenate (80 m l ml± 1 incubation) was incubated at 37°C with 0± 20 mM

malonate in the presence of succinate (20 mM) and MTT for 5 min, and the MTT

reduction measured. Inset shows the % inhibition of MTT reduction by 10 mM

malonate with succinate (20 mM), NADH (800 m M) and NADPH (10 mM) as

substrates. Values are mean of five determinations.

MTT reduction (absorbance/well)

Medium ± Malonic acid + Malonic acid

Hank’s/Hepes (no glucose) 0.125±0.005 0.118±0.011

Hank’s/Hepes (+ 5.5 mM glucose) 0.126±0.010 0.135±0.016

Williams’ E 0.433±0.045 0.492±0.054

Table 3. MTT reduction in rat hepatocytes incubated in different media in the

absence and presence of malonic acid (6 mM).

Values are mean±SEM of six dishes.

Hepatocytes were incubated for 25 min in the appropriate medium containing

MTT.

Experimental conditions MTT reduction (absorbance/well)

1. Control 0.137±0.004

+ Rotenone (10 m M) 0.163a±0.004

2. Control 0.109±0.006

+ Ethanol (20 mM) 0.285a±0.026

+ Lactate (10 mM) 0.277a±0.022

3. Control 0.272±0.014

+ Dicoumarol (10 m M) 1.342a±0.040

4. Control 0.176±0.009

+ Aminopyrine (100 m M) 0.231±0.004

+ Hexobarbitone (100 m M) 0.257a±0.006

Table 4. Effect of various compounds on MTT reduction in rat hepatocytes.

Values are mean±SEM of six dishes.

Hepatocytes were incubated for 1 h in the absence (control) or presence of

test agent, with MTT being added for the final 25 min.
a Where indicated, values are significantly different from control (P < 0.01 or

less) by t-test or ANOVA/Dunnett as appropriate.
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m M ),  an inhib ito r  of  DT-diaphorase  (NAD(P ): (quinone

acceptor)o xidoreductase) ,  bu t  we were  un able to  detect  any

inhibit ion of  MTT  red uct io n by  d ic ou m arol  in  rat  l iver

f ract ions,  and, paradoxical ly,  pro d uc ed  a  m ark ed

en han cem en t o f  reduction in  intact  ce l ls . Th e rea sons for  this

a re  cu rre ntly  un clea r,  a l thoug h i t  is know n that  dico um aro l

can inh ibit  a  num ber of  enzym es in  add itio n to  D T-dia ph orase

(Ross et al. 1993).  Hawtin  et  al. (1995) sim ilar ly observ ed  a

lack  of  inhibitory eff ect  of  dicoumarol on MT T re du c tio n  i n

P C12 cel ls ,  a l thou gh n o enh an cem ent was re p o rt ed .

T he pla sm a m em brane has b een d em on st rated  to  co ntain an

N A DH -d epen den t t r an sm em b ran e redox activi ty  (L öw and

Crane 1995), and i t  is  possible that  th is subce llular  organ elle

m ay be another  si te of  ce l lu lar  MT T  redu ction .  C onsisten t  w ith

this suggest ion was the f inding of  Hawtin et  al . (1995) that  an

inh ibitor  of  this  t ransm em brane redox ac tivi ty  (act inomycin  D)

in hibited MT T  reduction in  P C12 cells .

I t  is w el l  established that  te trazolium dy es  re la ted to  MT T

(nitro blue te trazolium , iod onitro  tet razolium ) can  also  be

red uce d on  in ter act ion  wi th sup eroxide anion radical  (T hayer

1990),  and it  has been re p o rted  that  MTT  can  also  be re d u c e d

b y  su p eroxide (Burd o n  et  al . 1993). I t  is thus possib le  that

cel lu lar  g enerat ion of  superoxide m ay  be an other  so urce  of

MT T  red uction.  T he st im u latory  effec t  of  dicoum aro l  no ted  in

th e hepatocyte  s tud ies m ay  be l inked  to  su peroxide generat ion ,

in  that  inhibition of  DT-diaphorase  m ay al low fo r  an

u n o p p o se d  redox  cycling  of  endo genou s quino nes with the

con sequ ent gen er at ion of  sup eroxide. Reac tive oxygen  spec ies,

i nc lu d in g  su p eroxide,  may also  be generated by `uncoupling ’

dur ing m etabolism  of subst rates  of  the m icrosom al cy tochro m e

P 450-dependent m ono oxygenase system (Bern h a rd t  1995),

and it  is  possible  that  the resu lts  o bt ain ed wi th am in op yr in e

and  hexobarbitone (Table 4)  may also ,  in  part, re f lect this.

In  conclusion,  the re sul ts  presen ted  i n  th is  p ape r

d em on st rate  th at  MT T  redu ct ion in  rat  hepatocy tes i s m ost

l ike ly a  ref lect ion of  ex tra-m itochondrial  NAD(P)H re d o x

b alan ce ,  b ut  that  th e precise  subce llu lar  localizat ion(s)  of ,  and

th e inv olvem ent of  su peroxide in ,  this  ac t ivity  rem ain  to  be

established. I n  a broader co ntex t ,  i t  a lso  appears  that  the

p a rt icu lar  reactio n(s)  w hich determ ine ce l lular  redu ction  of

tetrazolium  sa l ts m ay vary  w ith th e cel l  type and the sa l t  u sed.

Cau tion sh ould be ex erci sed  in  ascribing an  alterat ion in  the

level  of  ce llular MTT  reductio n t o  a  chang e in  m itocho ndr ial

p e rfo rmance in  th e absence of  corroborat ing  evidence .
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