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SUMMARY 

An electron microscopic examinat ion  has been made of th in  sections of kidney mito~ 
chondria isolated in o.44 M sucrose from v i tamin  D deficient rats and from vi tamin  D 
t reated rats. Vi tamin D deficiency resulted in swollen and  morpho}og~cally damaged 
mitochondria  characterized by  large intercristal  spaces and disrupted cristal systemao 
These changes were prevented by  v i t amin  D. 

INTRODUCTION 

T h e  well-established a ccumulatio~ of ci trate in tissues fol]owing v i tamin  D a dmini~:- 
t ra t ion  1 prompted  our invest igat ion of Krebs cycle oxidations in vi tamhl D treated 
and  deficient ratsK I t  was found that  v i t amin  D specifically reduced the o×idation of 
ci trate and  isocitrate by kidney homogenates  and mitochondria  2,a, This effect was 
also produced by  the addi t ion of v i t amin  D i~t vitl'o 4. Fur ther  studies :~ ~o be published 
in detail later, suggested tha t  the reduction in oxidation was not  necessarily due to an 
enzymic inhibi t ion,  bu t  was possibly due to physical inhibi t ion of citrate penetratioi~ 
of the mitochondria.  In support  of this, it has now been found tha~ t}~e morphology 
of mitochondria  isolated from v i tamin  D deficient rats differs markedly from that  of 
v i tamin  D supplemented rats. 

?dETHODS 

Young, male Hol tzman rats weighing 70-80 g w e r e  fed. ad Zibit~f~t an. adequate  Ca a~d 
P semisynthet ic  diet with and without  vitamil~ D for 21.-.28 days a,s described earlier ~ , a 
They were killed by  a sharp blow on the head followed by decapitation. T}~<: kidney~- 

* 1Jub]Jshed wit]] the approval of the director of the ~'ATiscor~sb~, Agr~ctlltura] ]Sxpcriment 
Station. \Ve are indebted ~o tim \Visconsin Alum~li Resear(']~ Foundation :for 7ina~cia] 5upporf:. 
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were quickly immersed in ice-cold o.44 M sucrose solution. A IO % homogenate of the 
chilled tissues in 0.44 M sucrose was prepared with a Potter-Elvehjem homogenizer 
fitted with a Teflon pestle (A. H. Thomas Co., U.S.A.) and IO ml of the homogenate 
was layered over IO ml of 0.52 M sucrose in a lusteroid tube at o °. The layered prep- 
aration was centrifuged in an International PR-2 refrigerated centrifuge equipped 
with a high speed rotor No. 296 at 80o × g for 12 min to remove nuclei, cellular 
debris, unbroken cells, etc. The upper layer was centrifuged at 3500 × g for 12 rain 
to sediment the mitochondria. The resulting pellet, which was washed once with 
0.44 M sucrose was a relatively pure mitochondrial preparation, as was revealed by  
both electron and phase-contrast microscopy. This method was a modification of the 
method used for the preparation of liver mitochondria in o.44 M sucr0se 6, since with 
kidney tissue that  technique gave poor yields and impure preparations. 

The mitochondria were fixed for 2 h in a buffered, 2 % osmium tetroxide- 
hypertonic sucrose solution (o.16 M veronal-acetate buffer, pH 7.2, o.60 M sucrose, 
0.08 M osmium tetroxide), essentially according to the method of PALADE 7. The fixed 
pellet was broken up and washed 3 times with 0.32 M veronal-acetate buffer, pH 7.2. 
I t  was dehydrated by  washing consecutively with ethyl alcohol of gradually increasing 
concentrations and finally with butyl methacrylate. Samples of the pellet were 
embedded at 49 ° for 36-48 h in a mixture of butyl methacrylate-methyl  methacrylate 
(4: I) with 0.8 % benzoyl peroxide as the catalyst. Sections were cut with a Servall 
Porter-Blum microtome, and examined with an RCA EMU-2 or a Siemens Elmiscop I 
electron microscope. 

RESULTS AND DISCUSSION 

Preliminary observations with a phase-contrast microscope revealed that  kidney 
mitochondria from vitamin D deficient rats were larger than those isolated from 
corresponding rats which had received vitamin D. Furthermore they indicated 
differences in structure. These indications have been confirmed and extended by 
observations with the electron microscopes on preparations made in parallel from 
vitamin D treated and vitamin D deficient rats. 

In the vitamin D deficient rats there was a consistent increase and a greater 
variation in the size of mitockondria. Table I presents data obtained by  measuring 
all the mitochondria in the central area of comparable electron micrographs. At least 
25 mitochondria were measured for each experiment without selective elimination. 
Figs. i and 2 also show the difference in size and in addition a difference in structure. 
The preparations from the deficient rats are characterized by  large intercristal spaces 
or vacuoles (C). In many  cases the cristae are withdrawn from the outer mitochondrial 
membrane (E). Fragmentation or disruption of the cristal organization occurs with 
some degree of frequency (D). In most cases, however, the outer double membranes 
and cristae are still present. 

By way of contrast, the mitochondria from the vitamin D treated rats are 
relatively intact structures (Fig. 2). The outer double membrane closely envelops 
a tightly and uniformly arranged cristal system in which few intercristal vacuoles 
appear. Disrupted cristal systems or cristae withdrawn from the outer membrane are 
rarely encountered. 

To our knowledge, electron micrographs of isolated kidney mitochondria have 
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TABLE 1 

THE EFFECT OF X,'ITAMIN D ON THE DIM]E,~SIONS OF ISOLATED ]¢.IDNE'~' MITOCI~O~-TDRL~ 

The rats were fed an adequate Ca and ]-? containing diot for 21-28 days. XVhere indicated the rat~ 
received 75 I.U. of vitamin ]) ever,, 3 days. Each figure represents an :'.veragc measmcmcnt of 

~5 mitochondria from a given experiment. 

Group ]: xp[. No. Grealcst diameter S~nailcst diameter 
It It 

No vitamin D 

Average 

]?lus vitamin D 

Average 

I o.9I :': o.25' 0.47 _-'- o.~-" 
2 0.98 4- 0.25 0.58 _~'- 0.2: 
3 I .oo  :-[: o.31 o.6J _+_ o.15 
4. 1.o.5 -~- 0.36 o.51 J-.,_ o.12 
5 0.95 ~ 0.36 o.52 :" o.x8 

0.98 -~: o.3I 0.54 i o..'. 6 

1 0.62 __'4- o.18 o.39 .:.'u o.o9 
2 0.85 -".': o.~9 o.6J: .J- o.12 
3 0-77 ."k o. .~8 0.43 :!: ,.'.10 
4 0.84 :j: 0.22 o.sr :!,- o.I:, 
-5 0.87 :k o.i8 0.5) + 0.09 

0.79 -- o.19 0.49 -: o.yo 

" Standard deviation == X , / ~ .  

not  ye t  appeared  in. t i le  l i tera ture ,  a l though SJfST,~AX DAND RV:OD!N s and .]?:hI,ADE n 
have  publ i shed  micrographs  of k idney  mi tochondr ia  in  situ. On the  o ther  hand,  
numerous  micrographs  of l iver  and  l leart  mi tochondr ia ,  both  .,.oh~_d and in si!**., 
have  been published~, s-l°. \VJTTEI~ et al.. ~', found t ha t  l iver  mi tochondr ia  isola ted it... 
o.44 M sucrose solutions closely approa.ched the morpho logy  of mi tochond ria in in tac t  
t issue. ZIEGLER et a l )  o, also showed tha t  t i le use of l~3q)ertonic sucrose SOlutions 
resul ted  in the  isolat ion of nea r ly  in tac t  s tructures•  Similarly,  the  isolation, of k idney 

rata .,,. mi to -  mi tochondr ia  (Fig. 2) from 0.44 M sucros'~ solutions yields  relati, , ,ely " " ~ 
chondr ia  as  judged  b y  the i r  s imi la r i ty  to in situ, micrographsL 

The now a b u n d a n t  morphological  s tudies  on isola ted  mi toehondr ia  opens the  
o p p o r t u n i t y  for a corre la t ion of s t ruc ture  wi th  the  ab i l i ty  to oxidize ex te rna l ly  a d d e d  
c i t ra te .  I t  has been kp, own n fox" some t ime t ha t  hea r t  mitochondria,  cannot  oxidize 
added  c i t ra te ,  bu t  c a r  oxidize in te rna l ly  genera ted  c i t ra te .  This f inding ha.s been 
reaffirmed 1~ recent ly  and corre la ted  with mi tochondr ia]  s t ructure .  ! t  is al,'~o we]i 
es tabl ished 9 t ha t  hea r t  mi tochondr ia  conta in  a large number  of cris+ac per  uni t  of 
mi tochondr ia l  volume ar ranged  in a t i gh t ly -kn i t  b ranch ing  sys tem.  !;J. corn:fast to 
the  hea r t  part ic les ,  l iver  mi tochondr i a  read i ly  oxidize externa l  c i t r a te  and have  
compara t i ve ly  few cr is tae  which are  widely  separa ted  trom each other  "~. Fu r the rmore ,  
k idney  mi tochondr ia  fi'om nornlal  ra t s  (Fig. 2), which oxidize added  cJtrato, ve ry  
slowly 5, a p p r o x i m a t e  hea r t  par t ic les  in the i r  compac t  and  dense orista; a .rrangement 
while those  from vi tamin  D deficient  ra ts ,  which •oxidize c i t r a te  more . r ap id ly ,  have  
more  widely  sepa ra t ed  cr is tae  (Fig. I) .  F r o m  these spa t ia l  re la t ions i t  migh t  be 
permissible  to assume tha t  the  c i t r a te  molecules are oxidized slowly because  *hey 
have  more diff iculty in gaining access to the ox ida t ive  si tes in the more densely  
packed  part icles .  This  is suppo r t ed  b y  the observat ion  of ATP inhibi t ion of c h r a t e  
oxidation: ' ,  n ,  13, since A T P  is known to  reverse or  p revent  mi tochondr ia l  swelling I¢: ~. 
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Fig. i. Electron micrograph of kidney mitochondria  isolated in o.44 M sucrose from a vi tamin D 
deficient ra t  (adequate Ca and P diet). The outer double membranes  are clearly discernible (A), 
as are the cristae (B). Note:  the large intercristal spaces (C); the swollen appearance of most  
mitochondria;  the disrupted cristal a r rangements  (D), and the separat ion of the cristae from the 

outer  membrane  (E). Magnification: 34,ooo x .  

Fig. 2. Electron micrograph of kidney mitochondria  isolated ill O.44 ~,a/I sucrose from a vi tamin D 
supplemented rat.  (Adequate Ca and P diet plus 75 I. LT. of v i tamin  D~ every 3 days.) The outer  
double membrane  (A) envelops a t ight ly packed and highly organized cristal sys tem (B). Note 
the rods (C) and the small intercristal spaces (D) which are poorly visible in most  cases. 

Magnification: 34,ooo x .  
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It  is not certain that the morphological differences observed here occur i:i intact 
tissue as it is entirely possible that tile deficiency in vitamin D so changes the mito- 
chondria that they become susceptible to injury by the technique used for their 
isolation. This nevertheless means that vitamin D had effected some change in mito- 
chondrial structure. There is a possibility that a difference in homogenate composition 
may also account for these changes, since numerous agents whicll promote or prevent 
mitochondrial swelling are now known~6,18. This now appears u,:likely, since sus- 
pending the lnitochondria from vitamin D treated rats in the supernatant fraction 
from vitamin D deficient homogenates and vice versa resulted in no change in citrate 
oxidation. 

Because of the intimate relation between vitamin D and Ca mete, bolism, the role 
of Ca and other cations should be considered with regard to mitochondrial damage. 
On the basis of our present knowledge it does not appear that these changes could 
have been effected through Ca, since vitamin D would be expected to elevate kidney 
Ca z and Ca is a knm~71 swelling agent for isolated mitochondria ~.'. These studies on 
mitochondrial structure are being extended to giye a more thorough understanding 
of factors affecting morphology. 
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