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We  previously  found  that parietal cells  in

guinea pigs starved  for a  few days  con-

tained giant mitochondria  while  the cells

of  animals  starved  and  then injected
with  histamine mostly  did not.  To  test
whether  mitochondria  change  their size
and  activity  according  to energy  demands
for acid  secretion,  we  examined  the
dynamics  of mitochondria  stained  by
rhodamine  123  in living parietal cells  in

gastric glands under  a  confocal  micro-

scope.  The  glands were  isoeated from

guinea pigs starved  for 60-72 hr. Be-
cause  mitochondria  were  closely  packed
in the cytoplasm,  we  failed to observe

the  morphological  changes  of  each  mito-

chondrion  in parietal cells.  However,  we

successfully  observed  that 10'5 M  hista-
mine  induced an  increase in the fluo-
rescence  intensity {the concentration  of

rhodamine  123) in mitochondria  in sub-

populations of  parietal cells;  the fluores-
cence  intensity increased sharply  within

minutes  after  the histamine administra-

tion in some  cells,  whifie  it gradually in-
creased  from  just after  the administra-

tion in other  cells.  We  also  found  that a

subpopulation  of mitochondria  within  a

parietal cell responded  to the secreta-

gogue. The  findings suggest  that parietal
ceSls  exist  as  a  heterogeneous  popula-
tion in gastric glands and  contain  heter-
ogeneous  mitochondria  in terms  ef  their
mitochondrial  response  to histamine.
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l. Introduction

   Mitochondria are ubiquitous  cytoplasmic  organelles

numerous  in cells that generate and  expend  large amounts
ofenergy  such  as  hepatocytes, cardiomyocytes,  renal  tubule

cells  and  gastmc pametal cells  They  are  an  excellent

morphologieal  indicator  of  the state ofa  eell's activity and

health Unique  about  them  is the appearance  of  giant mito-

chondria  Giant mitochondria  have been found in  a  vanety

of  human diseases, in expemmental  animals  subjected  to

nutntional  manipulation,  the administration  of  reagents  and
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metabolic  ]ngury,  and  in  hepatocytes and  hepatocyte-denved
cell 1ines treated with  chemicals  generating free radicals  [13,
22, 24, 31, 39] Few  papers exist on  giant mitochondria  ]n

normal  cells in aphysiological  state {23, 37, 40] in spite of
the  large number  of  studies  on  giant m]toehondria  under

pathological conditions

   Gastric panetal eells  show  unique  behavior corre-

sponding  to their state  ofgastric  acid  secretion,  and  will  dra-

matically  transform their membrane  system  from a  restmg  to

an  acid-secreting  type In response  to the  st]mulation  ofacid

secretion,  panetal cells  expand  the  apical  canalicular  mem-

brane by forming developed microvilh  at the expense  of  an

extens:ve  intracellular  membrane  network  called  tubulo-

vesicles,  which  is the characteristic  feature of  the resting-

type  panetal cel]s  Both membranes  are  mch  in  the gastnc

proton pump  (H, K-ATPase) Many  investigators  have thus
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tbcused on  the mechanism  of  the morphological  transf'orma-
tion because the nature  of  the tubu]ovesic]es  is ambiguous,

and  controversy  exists  as  to whether  the tubu]ovesicles  arc

a distm¢ t membrane  compartmcnt  L9, 25] or  contmuous

with  the ap!cal membrane  [29] To  the best of  our  know]-
edge,  there are no  reports show]ng  that mitochondria  m

pametal ce]ls, which  supply  a large amount  ofenergy  fbr the
acid  secretion.  change  the]r morpholog>,  correspondmg  to
the membrane  transformation  In our  previous study, we

found that restmg  parLetal cells m  the stomach  ef  gumea
pigs starved  for 60-72  hr contaEned  giant as  well  as  normal-

sized  mitochondrsa  N-'hile  acid-secreting  parictal ce]]s con-
tained mttochondr]a  homogeneous  in  sizc  and  structure  m

the an]mals  fed freely Moreover. giant mitochondria  were

rarely  found in gastmc pametal cells  tn  the antma]s  starved

and  then injected  with  histaminc [26] We  also  morpho-

metncall},  demonstrated mitochondma]  enlargement  in the

resting  state under  starvahon  and  a return  to normal  dimen-    L.sions

 in  partetai cells  ofguinea  pigs st]mu]ated  with  htsta-
msne  fb]lowing the  pemod  ol' starvation  [271 We  therefore

hypothesized that mitochondna  changc  the]r size and

activity  accordmg  to the energy  demand  for acid  secretion

in parietal ceEls  In this review,  we  descnbed the  dynamLcs
of  mitochondna  stamed  by rhodamine  123 after  the stimu-

lation ofacid  secretion  with  histamine ]n  hvmg  partetal cells

in gastnc glands from fastcd an]mals  under  a  confocal  micro-

scope  This may  bc the  first study  to c]early  momtor  the
t'unctional statc  ofm]tochondrta  :n Lndiv]dua]  lwtng parietal
cel]s  in  gastnc glands in  situ

IL Preparation  for Confocal Microscopy

    Hartley gutnea pigs oreither  scx wcighing  300-500 g
were  used  and  there were  no  sex differences in thc present
study  The animals  were  mamtained  on  a 12-hr 1ighVdark
cyc]e  and  had access  to a standard  diet (REQ, Char]es
River Japan Inc, Tokyo)  and  water  ad  libttutn befbre the

experiment  They  were  fasted for 60-72  hr before the fo}-
low]ng processing Anima]  experimentation  protocols -'ere

approved  by the un]verssty7s  Animal Research Committee

    The isolation  procedure for gastme glands was  Ihat of

Berglmdh  and  Obnnk  [Sl with  some  modifications  Under

sodium  pentobarbrtal anesthesia.  the animals  were  perfused
with  oxygcnated  20  mM  HEPES-buffbred  Hanks' ba]anced
salt solution  containing  1O- ̀M  cimekdine  and  1O" M  atro-

pmc  under  high prcssure The stomach  was  exciscd,  cut

open  a]ong  the lesser curvature  and  emptied  The  cardial  and

antral regions  were  tlten discarded The corpus  was  rmsed

several  times  ]n  Dulbecco]s PBS  The  mucosal  surface  was

blotted with  filter paper to remox,e  adhenng  mucus  and

surface  mucus  cetls  The  mucosa  was  scraped  v]gorously

with  a  scalpe]  to free the glandular mucosa  from the  muscu-

lar layer and  then minced  mto  smatl  pieces with  a  pair of

scissors The pieces were  :ncubated  under  gentle sttrHng
with  50 ml  ot' oxygenated  coElagenase  (1 mglml,  Type  IA.

Sigma-AldrEch Japan K  K  , Tokyo)-20  mM  HEPES-butller-

ed  Eagle's mmimum  cssential medium  eontaming  10'4 M

cimetidine,  1O'7' M  atrop]ne,  rabbit  album]n  C] mgfEnl.  Frac-
t]on V, Sigma-A[drich Japan KK)  and  trypsin inhJbitor

(O2 mglml,  Nissui Pharmaceutical Co,  Ltd 
,
 Tokyo)  at

370C for 90 min  Aftcr the ]ncubation,  the suspens:on  was

filtered through  ny]on  mesh  (60G) tnto  a  15 ml  test tube  ln
the  test tube, Tntact  g]ands raptd]y  sedimented  to thc bottem
whLle  the free or  damaged  ce]ls remained  m  suspension,

and  thus  isolatcd  g]ands could  be washed  without  centr]fu-

gation Aftcr wash]ng  three "mes,  the viability  of  parietal
cells  m  the g]ands was  assessed  usmg  the  trypan  blue-exclu-
sion  test the v]ab]]tty  was  more  than 95%  ]n  the s,lands

    lsolated gastric g}ands ",ere  suspendcd  tn 20 mM

HEPES-bufTt]red Du]becco's modi{ied  Eagte's medEumi'

Ham's  nutnent  m]xture  F-12 (DMEM,'Fi2, JRH  Bio-
sciences.  Lenexa, KS. USA)  conta]nmg  hcat-]nacttvated
1 O%  ne-,born  calfserum  (Equitech-Bio. Inc . Kerrv]11e, TX.
USA)  at  a  concentratson  ofO  5-1x1O(' cellsi'ml  The  suspen-

sion  -'as  diluted twofold  ",ith  a  collagcn  so]utton  (2 16
mgi'ml  type 1 and  O 24 mglml  type  IV collagen  ]n HEPES-

buffbred DMEMIF12)  or  EHS-tumor  matnx  gel solutton

(Asahi Techno GIass Co, Ltd, Funabashi, Japan) at  40C
F]fty ul ofthe  suspenston  ",as dropped mto  the well  (1O mm
m  diameter) of  a  glass-bottom culture  dish {35 m]n  tn

diameter, MatTek  Co 
,
 Ashland, MA,  USA)  and  al]owed  to

polymerize for 30 m]n  at roonn  temperature  Then  25  m]

ofthe  culture  medium  was  added  to the  dish

    We  used  rhodamine  123 to examine  the  strueture  and

functional state ofmitochondma  in  par]eta] cells  because it is
oflow  toxicity, quickly reaches  an equilibr]um  bet",een cel]s
and  med]um  and  can  be used  to revcal  the  energy  state  of

mitochondna  (reviewed m  r2, 3]) Rhodam]ne  123 (Stgma-
Aldr[ch Japan K  K  ) was  added  to the medium  at a  concen-

tratien of1  pghnl (2 6xlO'" M)  Gastmc  glands in the gel
were  maEntained  at  300C  or  370C  on  a  microscope  stage  [n

a  handmade chamber  equipped  ",ith  a temperaturc  eon-

trol]cr Mttochondria in 1ivmg ce]ls were  imaged  using  a

confoca]  inverted  m]croscope  (CI.SM. Leica. Wetzlar,
Germany)  fitted with  (]) a  2-50  mW  argon  ion  laser beam
generator and  (2) a  ]0× ob.lective  ]ens (NPL Oil Fluotar,
NA. O 45) at  a  pmhole  diameter of80  pLm C7 7 ,uni at  Z-axts
rcsolutton)  and  a 40× otuectwe  ]ens (NPL  Oil Fluetar, NA,
l 30) at a  pinhole diamcter of  180 pfn (O 81 pm  at Z-axis
reso]ution)  Filter combmations  werc  BP488  excttat]on  and

LPS15  emisston  foF rhodamine  123 lmages  (8-16 fi'amc
aN,crage) were  acqutred  at  a  constant  power  ot' the laser
beam  and  a  constant  x,o]tage  of  the  photomulliplicr at 15-

min  tnteri,als  and  stored  as  a  size  of  512x512  ptxels ",ith

256 gradicnts After the uptake  of  rhodamine  l23 into

mitochondna  was  saturated  (the intens}ty  oi] thc fluorescence

became constant),  histamine was  added  to the  mediutn  at  a

concentration  of  1 O'5 M  Te  examme  the  corre]ation  between
the concentration  of  rhodamine  123 and  the fluorescencc

under  a  conft}eal  ]nicroscope,  we  measured  the  intensity

ot' the tluorescence from standard  samples  made  at  concen-

trations of  1, 5, 2S, 50, 100 and  250 yM  rhodam]ne  123 in
a Permafluor mounting  medium  designed tbr fluorescence

mlcroscopy
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III. MitochondrialDynamicsinParietalCells

    The  intensity  ofthe  fluorescence was  highly correlated
with  the concentration  of  rhodamme  123 m  the standard

samples  under  the confocal  microscope  (Fig 1)
    Liv]ng panetal cells were  easily identified in gastric
glands because of  the large number  of  mitochondria  stained

by rhodamine  123 in  the cells The  membrane  integrity

(trans-membrane potential) is necessary  for the  accumula-

tion of  rhodamme  123 and  mitochondria  rapid]y  re[eased

rhodamine  123 when  they  received  membrane  imuries  from
radiation  over  a  prolonged period with  a  strong  Laser beam
Thus  it was  easy  to identify damaged parietal cells having
damaged, eg  swollen,  mitochondna  under  the confocal

microscope  We  aborted  the  observation  if the parietal cells

abruptly  lost tluorescence As  we  found that  mitochondrta

mcreased  m  number  in  parietal eells  under  an  electron

microscope  after  the stimulation  by histarnme [27], we  tried

to observe  the division of  giant mitochondrta  in  hvmg

parietal celts  It may  occur  withm  60 min  after  the admin-

istration ofhistamine  [26, 27] However, we  could  not ob-

serve  each  mitochondrion  separately  m  hving parietal cells

in the matrix  gel even  under  the confocal  microscope  be-
cause  the  mitochondria  were  closely  packed together  in  the

cytoplasm  (Fig 2) Moreover, we  could  not  fo11ow up  mass-

es  ofmitochondna  as  an  ]dentifiable  source  of  fluorescence
m  the ILvmg cells at 370C  at 5-min intervals,  in part because
at 370C parietal cells quickly changed  in morphology  and

mitochondria  moved  m  all directions (three-dimensionally
due to culture  m  the  gel) withm  a  few min  Thus  we  failed to

observe  the morpholog:ca]  changes  of  each  mitochondrion

in  1tving paneta] cells after  the stunulation  ofacid  secretion

Histamine )nduced  the membrane  transformation of  parietal
cells in  gastric glands from the resting  to acid-secreting  type
at  30eC  in 30 mm  under  an  electron  microscope  (F]g 3)

Therefore, we  tried to fbllow the intensity  of  the fluores-

cence  ftom an  identifiable mass  ofmitochondria  at 300C at

15-min intervals after the admmistration  ofhistamine,  after

the  saturation  of  rhodamine  123 uptake  (within 60  min),  the

voltage  of  the  photomultiplier was  ]owered to avoid  a  satu-

ration ofthe  intensity  and  then histamine was  added

    Histamme  mduced  an  mcrease  of  fluorescence Lnten-

sity  (the amount  of  rhodamine  123 in  mitochondr]a)  ]n a

subpopulation  of  parietal cells  in  gastmc ggands from guinea
pigs starved  fbr 60-72  hr Figure 4 gives a typical example
of  time-lapse images  taken  with  a 10× objective  lens (oil,
NA,  O 45) showmg  an  ]ncrease  in the intensity  ofthe  fluores-

cence  in panetal cells after the  admmistration  Parietal cells

were  roughly  divided into  three types based on  the  changes

in  the ]ntensity  in  type  one  cells,  the fluorescence intensity

:ncreased  sharply  within  mm  (usually at  30 or  45 mm)  after

the administrat]on,  in  type two cells,  the fluorescence inten-

sity  gradually increased  from just after the admmistration,
while  in  type three cells, it remained  nearly  constant  after the

administration  (Fig 4B) Th¢  former two types were  located

generally tn the upper  part ofthe  gastric glands and  the latter

type chiefiy in the lower part In gastric glands wtthout  his-

tamme  admimstration  (control), the fluorescence intensity

did not  increase  after  the saturation  of  rhodamLne  123

    Histamine induced  an  increase  in fluorescence intenstty

]n  a  subpopulation  ofmitochondrLa  Figure 5 g:ves an  exam-

ple oftime-lapse  images  taken with  a 40×  obj ectiye lens (oil,
NA,  1 30) showing  an  mcrease  in the intensity ofthe  fluores-
cence  in  a  mass  of  mitochondna  after  the  administration  In

the  same  cell,  histamrne clearly  mduced  an  increase  in fluo-

rescence  mtensity  from one  mass  of  mitochondria  but not

from another  (Fig 5). Mitochondna  that responded  to hista-

mme  were  generally located in  the basolateral region  of

panetal cells,  but not  m  the apical  region  We  do not  think

that thts was  due to an  artifact of  the permeabi1ity ofrhoda-

o  180o[m
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                    Concentration of  rhodamtne  123  ("M)
Fig, 1. The fluorescencc mtensity  ofstandard  samples  at a concen-

 tfation of  ], 5, 25, 50, 10e, and  250  pM  rhodamine  123 in  Perma-

 fluor as  a  mounting  medium  The  intensity  was  recorded  under  a

 confocal  microscope  with  a IOx objectrve  lens (oi], NA, O 45) at  a

 pmhole  diameter of80  pm  The  ]ntensity  was  highly correlated  with

 the  concentration  ofrhodamine  123 (eorrelation coefTicient=O  997)

Fig. 2. Living paneta] cellsofgastric  glands staLned  with  rhodamine

  1 23 A  large number  ofmitochondna  are  close]y  pHcked  in  the  cyto-

 plasm  lndividua[ mitochondria  cannot  be separately  observed  in the

 hvmg  cel]s  in matnx  gel on  an  opticalty  sliced  plane, U81 pm  in

 thickness, even  under  a confoca]  mieroscope  with  a 40x  ebjective

 lens (oil, NA.130)  Bar=5  pm
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Fig. 3. Typtcal e]ectron  nitcrographs  ofparietal  cells in isoiated  gastric glands from guinea pigs starx･ecl for6C) hr<A; control)  and  in the tsolated

 g]ands ofthe  starved  an  tmal  that were  mcubated  with  lO'fi M  histamine at 30"C for 30 min  (B) The  parietal celUreated  Lwth  histamine pessesses

 developed mtcrovilli  and  normal-s]zed  mitochondrta.  whereas  the panetal cell tn the control  possesses deve]oped tubulovesJcles (TV) and  large

 n]:tochondrTa  ]C u]traee]lularLtnaliculi  Bar=2pm

mtne  123 through  the  cell  membrane  because m  the control

gastmc glands the tluorescence mtenssty  was  simtlar  among

mitochondrta  in par]etat ce]ls  (as seen  in  F:g 2)

IV. Methodologicall Vallidity andNatuTe  of

     Mitochondria  in Parfietal Celes

    Gastnc  parietat cel]s  can  be morpho]ogscally  div]ded

mto  two  types  an  acid-secreting  type  and  a  restmg  type  ln
the  previous study,  we  found that starvat]on  for 60-72  hr

significantly  induced  mitochondnal  enlars,ement  m  gastrtc

par}etal cells  and  a  secretagogue  fbr acid  secreti  on  histaniine
significant]y  decreased m]tochondrsa  Ln  size to thc  normal

dimensions found in the  animals  fed ad  libitum withm  one  hr

in the ce[ls  of  starved  gumea  pigs, mitochondr]a]  enlarge-

ment  was  mostly  found in restmg-type  cells ot' the animals

fasted, some  giant mitochondna  consisted  of  several  seg-

ments  on  a  plane of  a sing]e  seetion  suggesting  the fus:on

of  nornial-sized  rnttochondria  ]n the ft}rniat]on of  g[ant
mitochondria  [26, 271 Recent studies usmg  fluorescence
microscopy  demonstrated that nvtochondria  form a larg.ely
Lnterconnected  and  dynamic  network  ]n  hving cclls  [1, 7,
30] Usinga  three-dimensional  reconstruction  based on  sLriat

electron  micrographs,  Duman  ct  al  [9] sho",ed  mitochon-

dmal interconncction  in  the gastmc pa-eta) cells  suggestmg

a  mitochondna]  orgamzation  as  an  extens]ve  reticu]ar  net-

work  throughout  the  cytoplasm  Ho",ever, the  cytochemicai

propertics of  m]tochondr]a  in thc  gastnc pa-etal cells  wcre

heterogeneous [32, 34] sus,gesting  mstochondria  exist  as  a

parmcle element  To  reveal  the  naturc  of  mitochondma  in

parietal ceils,  we  examined  the  dynamics  ot' mitochondria

stasned  by rhodamine  123 We  selected  a culture  ofgastrie

glands mounted  m  matrix  gel mstead  of  an  isolated  cell

culture  because panetal cel]s [n gastr]c glands much  more

NII-Electronic  
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Fig. 4. A: A  typica] example  of  t]me-lapse images  of  gastrtc glands
 sta]ned  ",ith rhodamme  l23 under  a  confocal  microscope  with  a 1Ox

 otvecttve  lens (oil, NA,  O 45) at a pinhole diameter of  80 pm  (7 7 pLrn
 at Z-axis reselution)  Htstamme was  added  at O m]n  and  images  were

 stored  at 15-mm  mtervals  under  a censtant  power efthe  laser beain and

 a censtant  voltage  of  the photomultipher IIistamme induced  an

 increase  m  the fiuorescence mtensity  of  a  subpopulation  of  parietal

 cclls (marked by 1 and  2) in gastmc g]ands from guinea pLgs starved  for

 60  hr Bar-50  ym  B:  Changes  m  the re]at]ve  intensity  ofthe  flueres-

 ccnce  in the panetal cel]s marked  1, 2 and  3 in A  after the admtnistra-

 tion  ofhistamme

closely  resemble  the  situation  tn  vtvo  and  the latter has
certain  disadvantages when  examining  the  nature  of  mito-

chondria  in  sitzt first, isolated  parietal cells  frequently lose

their normal  membrane  polarity [15], and  second,  cultured

epithelial  cells  at or near  the periphery or  leading edge  ofthc

outgrowth  accumulate  significantly  more  rhodamine  123

than do cells deeper in the outgrowth  [1 8]
    We  succeeded  ]n fo11owing the mtensity  ofthe  fluores-
eence  from a  mass  of  mitochondr]a  m  an  optically  slLced

plane after the stimulation  of  acid  secretion,  histamine in-
duced an  increase  in  the  fluorescence intensity  ofrhodamine

123 m  a  subpopulation  ofpanetal  cells  Johnson et  at  [18]
suggested  that the functional state  of  mitochondria  was

reflected  by the  magnitude  of  the  transmembrane  potential

that paralleled the concentration  of  rhodamine  123 in mito-

chondria,  i e , the intensity of  the fiuorescenc¢  Moreover,
they  showed  that cel]s using  ATP  faster had a higher mito-
chondrial  potential suggest]ng  that the  elevation  in  mem-

brane potentiai refiected  a  requisite  increase  in  the rate  of

mitochondnal  ATP  synthesis  Studies demonstrated that
the onset  of  acid  secretion  increased  the  level of  glycolytic
intermediate  in  the citrbc  acid  cycle  and  ofoxygen  consump-

tion in  gastnc panetal cells,  indicating  the  activation  of

oxidative  phosphorylation m  mitochondna  [4, 5, 11, 33]
Thus  the  findings by  confocal  microscopy  may  directly mdi-

cate  that the  onset  ofacid  secretion  increased  the functional
state  of  mitochendria  in  panetal cells  in  situ  The  use  of

potential-dependent probes in congunction  with  fluores-

NII-Electronic  



Japan Society of Histochemistry and Cytochemistry

NII-Electronic Library Service

JapanSociety  of  Histochemistry  and  Cytochemistry

260 Ogawa ct al

A

B,.za.".2.02seg9it

 15mnc

10

                          O  30 60 90 t20

                                                        Time  <min>
Fig. 5. A: An  examplc  od'ttmc-]apsc  itnages  oi'gastrtc  glands stadncd  ",ith rhodamine  123 under  a contbca]  microscope  u,ith  a 40x  objecLive  lens

 (oil, NA,  1 30) at a  pinhole diameter of  1gO prn (O g1 pLm at  Z-axis rcsolutTon)  Histamine -'as  added  at O min  and  images  were  storcd  at 1S-tnm

 mlervals  under  lhe satne  eonditions  ]ttstamme mduced  an  mcrease  m  the  tluoreseence intensity  in the  mass  of  mitochendria  rnarked  by 1

  Bar=25  gtm B: Changes  in  the  relative  mtensity  ofthe  t]uorescenee m  the  mass  ofmitochondna  marked  by T and  2 m  the  same  parietal cell  Tn

 A  after the administration  ofhistamine
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cence  confocal  microscopy  has the advantage  over  spectro-

metric  techniques  of  allowmg  the  examma"on  of  mdividual

cells  The  present study  may  be the  first to clearly  monitor

the  functional state  of  mitochondna  in  sttu  m  mdividual

1ivmg parietal cells
    We  demonstrated that histamme activated  the  function-
al state of  mitochondria  m  a population ofpanetal  cells gen-
erally located in the upper  part (isthmus and  neck)  ofgastric

glands but the mitochondrial  response  to the secretagogue
was  heterogeneous among  panetal ce}ls  Cytochemical  stud-

ies  suggested  that acid  secre"on  is more  active  in  parietal
cells  in  the superficial  part ofgastnc  glands [6, 8, 16] Our

finding agrees  with  these studies  Perrneant cationic  fiuores-
cent  probes stained  all  mitochondna  with  a  simiiar  fiuores-
cence  mtensity  withm  a  gwen  cell  suggestmg  that the func-
tional state of  mitochondria  is mamtamed  unifbrmly  by all

mitochondria  of  an  mdividual  cell [1, 7, 18, 17, 20-22],
whereas  Smiley  et  al  [36] showed  two  populations ofmito-

chondria  in  some  cell  1ines These  findings may  indicate

mitochondria  as  a  single  network  entity  m  vanous  types  of

cells  We  found intracellular  heterogeneity ofmitochondria

monitored  with  rhodamine  ]23 m  response  to histamme m  a

single parietal cell This may  indicate  that mitochondr]a  are

not  organized  as  a  single  reticular  network  Therefbre, the

present result  is mconsistent  with  the findmg  (mitochondna
as  an  extensive  reticular  network  in partetal cells) by  Duman

et  al  [9] using  the three-dimensional  reconstruction  ofserial

sections  Smce the serial  sections  covered  only  a  thin seg-

ment  ofa  parietal cel1, this is insu  fTlcient to show  the overall

organization  ofmitochondria  in the parietal cell Because an

extremely  large number  of  mitochondria  are closely  packed
in the  cytoplasm,  ]t Ls Jmpossible  to precisely fbllow the con-

tinuity of  mitochondria  ]n 1iving parietal cells  even  under  a

confocal  microscope  due to the 1im]ts of  resolution  Three-

d]mensional reeonstruction  usmg  ultrathm  serial sections

may  elucidate  the morphological  nature  ofmitochondria  in

pametal cells,  although  tt is very  difficult to make  serial

sections  to cover  a  whole  parietal cell  Another approach

may  be necessary  to address  the morphological  enttty  of

mitochondria  m  parietal cells, that is, whether  they exist

as a particle element  or a single network  element

    Recent studies  demonstrated that fi/ee radical inducers

such  as  hydrazine and  hydrogen  peroxide mduced  the  for-

mation  of  megamitochondria  in  cultured  hepatocytes, and

that free radical  scavengers  countervailed  the fbrmation by
the  inducers  [20-22, 41] This mdicates  that oxidative  stress

causes  the forrnation of  megam:tochondr]a  We  fbund that
mcgarnitochondria  were  present in  resting  panetal cells  of

starved  an:mals,  but not m  acid-secreting  pametal cells  of

animals  fed ad  libitum This may  indicate  that the  fonna-

tion of  megamitochondna  in gastric parietal cells  occurs

under  low oxidative  stress lt rs generally accepted  that
superoxide  dismutase protects cel]s  against  free radicals,

and  a  certa]n  amount  ofmanganese-  and  copper,  zinc-super-

oxide  dismutase exists  in the  mitochondria  and  cytoplasm  of

gastnc panetal cells,  respectively  [10, 28, 35] Thus  the

mechanism  of  formation may  be different between  the two

cells It is necessary  to examine  the etTect of  free radical

mducers  on  the  formation of  giant mitochondria  in  gastric

partetal cells

    H2-rcceptor antagonists  and  H, K-ATPase mhibitors

are  widely  used  as antiulcer  drugs against  gastnc acid  secre-

tion Morphologtcal studics showed  that an  administration

of  H2-reeeptor antagonists  induced  the  membrane  transfbr-

ma"on  ofgastnc  parEetal cells from an acid-secreting  type  to

a restmg  type [19, 38] They dtd not  focus on  ultrastructural

changes  ofmitochondria,  but sLmply  reported  an  increase  in

condensed  mitochondria  as  well  as  swollen  mitochondria  in

dead parietal cells  Studies also  showed  that H2-receptor

antagonists  decreased mitochondna]  activity  in  gastric
glandular cells  and  hepatocytes [12, 14] Thus the confbcal
microscopy  procedure mtroduced  here may  be a  good
method  of  analyzmg  the effects of  certain drugs on  gastric
parietal cells in  vitro

v.Concluding  Remarks

    We  fbund that histamme  induced  an  increase  m  the flu-
orescence  mtensity  (the concentration)  ofrhodarnine  123 in

mitochondria  in  subpopulations  of  parietal cells  in  gastric

gland and  in subpopulations  of  mitochondria  withm  a

parietal cell The  results  suggest  that parietal cells exist as

a heterogeneous poputation in gastric glands and  contain

heterogeneous mitochondria  in  terms  of  their mitochon-

drial response  to histamine The  present study  may  be the
first to clear]y monitor  the functional state  ofmitochondria

in individual  1iving parietal cells  in  gastric glands after  the

stimulation  ofactd  secret]on
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