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Summary. A group of diabetics, well controlled as far 
as blood sugar, free fa t ty  acids and acetoacetate were 
concerned but with a high frequency of diabetic angio- 
pathy in different organs, was compared with a group of 
controls in terms of the respiration and phosphorylation 
reactions in mitochondria isolated from skeletal muscle. 
Two keto-acidotic patients were also studied. The reac- 
tions studied were: respiration with glutamate or pyru- 
r a t e  plus malate as substrates, and also ratios of esterificd 
inorganic orthophosphate to oxygen consumed and 
respiratory control with these substrates. The respiratory 
control in the absence of adenosine triphosphate was 
measured for pyruvate  plus malate, and also the influence 
of serum albumin on this. Adenosine triphosphatase 
was measured under basal conditions and after maxi- 
mal act ivation with 2,4-dinitrophenol. No certain 
differences were found between the non-ketotic dia- 
betics and controls. Caution must be exercised in the 
interpretation of certain of the results because of diffi- 
culties in standardization of the mitochondrial isolation 
procedure in a patient  material  with wide ranges of age, 
infiltration of fibrous material  in muscles, atrophy of 
muscles and other factors. 

Respiration et phosphorylation des mitochondries isoldes 
du muscle du squelette de l'homme atteint de diab@te sucrg 
et de t'homme normal. 

Rdsum~. Un groupe de diabdtiques, bien contr61ds au 
point de vue de la glyc6mie, des acides gras et de l'ac6to- 
acgtate, mais frdquemment porteurs d'angiopathie diabd- 
t ique dans diff6rents organes, a 6td compard k un groupe 
de tdmoins en ce qui coneerne les rdaetions de respiration 
et de phosphorylation dans les mitochondries isoldes du 
muscle du squelette. Deux patients edto-aeidosiques ont 
dt6 dgalement dtudids. Les r6actions dtudides 6taient: 
la respiration en prdsence de glutamate ou de pyruvate  
plus malate en rant que substrats, et dgalement les 
rapports de l 'orthophosphate inorganique estdrifl6 sur 
l'oxyg@ne consommd et le eontr61e respiratoire avec ees 
substrats. Le contr61e respiratoire en l 'absenee d'add- 
nosine triphosphate 6tait mesurd pour le pyruvate  plus 
mMate et aussi l 'influenee de la sdrum-albumine. L'aeti-  
vit6 addnosine triphosphatasique dtait mesurde dans des 

conditions basales et apr~s une activation maximale avee 
du 2,4-dinitrophdnol. Aucune diff6rence certaine n 'a  dtd 
trouvde entre les diabdtiques non-edtosiques et les 
tdmoins. On doit interprdter avee prudence eertains 
rdsultats en raison des diffieultds de standardisation des 
proedd6s d'isolement des mitochondries dans des prdlbve- 
ments tissulaires effeetuds sur des patients d'gge tr~s 
diffdrent, prdsentant une infiltration fibreuse des muscles, 
de l 'atrophie des muscles, ainsi que d'autres faeteurs. 

Atmung und Phosphorylierung in isolierten Skelet- 
muslcelmitochondrien beim menschlichen Diabetes. 

Zusammenfassung. Bei einer Gruppe yon Diabetikern, 
deren Stoffwechsel auf Grund der Bestimmungen des 
Blutzuckers, der freien Fetts/turen und der Acetessig- 
s/ture gut eingestellt war, die aber in verst/trktem Mal3e 
diabetisehe Gef/tl3erkrankungen in versehiedenen Organen 
aufwiesen, wurde im Vergleich zu einer Kontrollgruppe 
die Atmung und Phosphorylierung in isolierten Mito- 
ehondrien yon Skeletmuskeln gemessen. Aul~erdem wur- 
den 2 keto-acidotische Pat ienten untersueht. Im  einzeinen 
best immten wir : Die Atmung mit  Pyruva t  oder Glutamat 
plus Malat als Substrat, ferner das Verhgltnis yon 
esterifiziertem, anorganisehem Orthophosphat zum Sau- 
erstoffverbraueh und die Kontrolle der Atmung bei diesen 
Substraten. Der Einflul3, den Serum-Albumin auf die 
Atmungskontrolle ausiibte, and diese selbst wurden in 
Abwesenheit yon ATP und in Gegenwart yon Pyruvat  
and Malat gemessen. Die Aktivit/~t der ATPase wurde 
unter Ausgangsbedingungen und nach st/~rkster Stimu- 
lierung durch 2,4-Dinitrophenol bestimmt. Zwischen den 
Kontrollpersonen und nieht ketoaeidotisehen Diabetikern 
ergaben sich keine sieheren Unterschiede. Ein Tell der 
Ergebnisse mul~ allerdings besonders vorsiehtig inter- 
pretiert  werden, da das Isolierungsverfahren fiir die 
Mitochondrien nut  schwer zu standardisieren ist, weft im 
Pat ientengut  sehr starke Schwankungen in bezug auf 
Alter, Bindegewebseinlagerung in die Muskulatur, Mus- 
kelatrophie und andere Faktoren bestehen. 

Key-words: Diabetes mellitus, skeletal muscle, mito- 
ehondria, respiration, phosphorylation, free fa t ty  acids, 
ketosis, ATP:  ase, angiopathy. 

Cell respirat ion in diabetes mell i tus  in the  experi-  
men ta l  animal  has been the subject  of much  research 
wi th  pa r t ly  conflicting results. I n  studies on mito-  

* Reported briefly at the Fif th  Congress of Inter- 
national Diabetes Federation, Toronto, Canada, Ju ly  23, 
1964. 

Reported at the Meeting of the Scandinavian Asso- 
ciation for Diabetes Mellitus Research in tielsing6r, 
Denmark, December 12, 1964. 

ehondria  isolated from tissues of diabetic  animals ,  
VESTER and STA~)IE [26] as well as HALl. et al. [13] 
found a deficient respirat ion and phosphoryla t ion ,  
whereas o ther  invest igators  were unable  to find such 
impai rments  [21], 2. 

Recen t  research on the  metabol i sm of plasma free 
f a t t y  acid (FFA) seems to have  in teres t ing implicat ions 
for mi tochondriM metabol i sm in diabetes  mellitus.  I t  
has been shown t h a t  an increase of F F A  is an early 
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p ronounced  metabo l ic  error  in d iabetes  in the  h u m a n  
[3], p roduc ing  an  increased outflow of F F A  from 
p l a sma  into  t issues [12, 6]. B y  compet i t ive  mechanisms  
a t  mi tochondr ia l  level th is  p r o b a b l y  produces  a de- 
creased p y r u v a t e  ox ida t ion  [9, 7, 10], poss ib ly  corres- 
ponding  to  the  impa i r ed  p y r u v a t e  to lerance  in d iabetes  
mel l i tus  in the  h u m a n  [20, 19]. F u r t h e r m o r e  f a t t y  acids 
a d d e d  in vitro to i so la ted  mi tochondr ia  cause severe 
de rangements  of mi tochondr ia l  metabol i sm,  bo th  as 
far  as phosphory la t i on  react ions  [22, 15, 23] and  elec- 
t ron  t r a n s p o r t  [4] are  concerned.  To wha t  ex t en t  
corresponding phenomena  migh t  occur in vivo is 
unknown. 

FFA concentration in plasma has been considered 
as a regulatory mechanism for oxygen uptake in peri- 

Clinical material 

The ma te r i a l  comprised  13 pa t i en t s  wi th  d iabe tes  
mell i tus,  age 31 to  61 years  (mean 48 years).  The 
du ra t ion  of the i r  d iabe tes  was 1 to  18 years .  The con- 
t rols  were 11 pa t ien ts ,  age 42 to  61 years  (mean 52 
years) .  Pa t i en t s  above  65 years  were exc luded  for 
reasons discussed la ter .  

Al l  the  d iabet ic  pa t i en t s  requi red  insulin t r e a tmen t .  
They  were well r egu la ted  and  in a s table  metabol ic  con- 
di t ion,  except  for two pa t i en t s  who were ke toac ido t ic  
when the  b iopsy  was per formed.  

The first ke to t i c  d iabet ic  pa t i e n t  (case No. 10, 
Table  l )  agreed on wi thd rawa l  of insulin dur ing  24 
hours in order  to  make  the  examina t ion  possible.  He  

Table 1. Clinical da ta  for diabetic pat ients  

Duration Vascular Skin- l~Iuscle 
Case No. Age of diabetes Type of ]glood l~etinopathy l%phropathy Neuropathy manifesta- biopsy biopsy 
and sex (years) diabetes pressure tion 

1 m 59 18 JD 200/100 + + + ~- -~ + m.a. N 
2 m 55 13 JD 175/95 + --  ~- -- @ @ m.a. m.a. 
3 m 53 11 JD 120/90 0 0 @ ~- m.a. m.a. 
4 m 50 12 JD 130/80 + + + ~ @ ~ m.a. N 
5 m 50 6 JD 150/80 . . . . .  N 
6 m 44 8 JD 145/95 0 0 + ~ N N 
7 m 40 16 JD 125/70 ~- -~ 0 0 -~ m.a. N 
8 m 33 7 JD 130/80 ~- 0 0 0 m.a. ? N 
9 m 31 14 JD 130/80 ~- -t- 0 ~- 0 m.a. N 

10 m 1 56 12 JD 180/70 + ~- @ --  m.a. N 
11 f 61 1 MD 160/100 0 0 0 0 N N 
12 f 50 1 MD 180/100 0 0 0 0 N N 
13 fl 40 14 JD 130/60 ~- @ ~- -~ ~ m.a. 

1 = ketoacidosis. 

Abbreviations: 
Diabetic Ret inopathy  : 

@ = microaneurysm 
-~ = mieroaneurysm @ haemorrhages with or without exudation 

~- ~- ~- = proliferative lesions 

m.a. ~ microangiopathy JD:  Juvenile diabetes 
N = normal findings MD: Matur i ty  onset diabetes 
m = male 

f female 

phera l  t issues [6] and  some evidence for this  view has  
been ob ta ined  [25, 14]. The old clinical observa t ion  of 
h y p e r t h e r m i a  in d iabet ic  ketoacidosis ,  migh t  in this  
w a y  be caused b y  the  ex t r eme ly  high levels of F F A  
in ter fer ing  a t  some level of mi tochondr ia l  metabol i sm.  

I n  view of the  somewhat  conflicting findings in the  
field of me tabo l i sm of mi toehondr ia  from tissues of 
d iabet ic  an imals  (reviewed b y  STADIE [24]) and  par-  
t i cu la r ly  because of the  a p p a r e n t  lack  of s tudies  in 
d iabetes  mel l i tus  in the  human,  the  presen t  s t u d y  was 
per formed.  The funct ion  of mi tochondr ia  from h u m a n  
skele ta l  muscle has  been s tudied,  ut i l iz ing a recen t ly  
descr ibed me thod  for the i r  i so la t ion  in a func t iona l ly  
i n t ac t  s ta te  [1]. 

was a d m i t t e d  to  the  hospi ta l  and  his condi t ion  follow- 
ed closely. A t  t ime  of muscle b iopsy  he had  the  va lues  
of b lood glucose, F F A  and  aee toaee ta te  l i s ted  in Tab-  
le 2. Fu r the rmore ,  his serum t o t a l  CO 2 was 7 m E q /  
l i tre,  and  serum sodium, po ta s s ium and  chlorides 132, 
4.9 and  97 mEq/ l i t r e  respect ively .  

The second ke to t i c  pa t i en t  (case No. 13, Table  1) was 
a d m i t t e d  to  the  hospi tM in a eomatous  condit ion.  Ow- 
ing to  a series of unusua l ly  favourab le  circumstances,  
muscle b iopsy  could be ob ta ined  under  local anaes-  
thes ia  (Lidocain,  1%, A S T R A )  wi thou t  de lay  of ade- 
quate  t r e a t m e n t  of the  pa t ien t .  Besides the  b lood me- 
t abo l i t e  values  l i s ted  in Table  2, the  b lood pI-I of 
this  pa t i e n t  was 6.95, pCOe < 10 m m  I tg ,  t o t a l  CO z 
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3 mEq/litre,  and serum sodium, potassium and chlori- 
des 126, 6.3 and 107 mEq/li tre respectively. 

The occurrence of diabetic angiopathy was thor- 
oughly investigated. Ret inopathy was graded by  an 
ophthalmologist in 3 grades tha t  are defined in Table 1. 
Constant proteinuria without signs of infection was 
called diabetic nephropathy.  Neuropathy was con- 
sidered present when there were physical signs and 
symptoms of motor  or sensory disturbances, or a 
pathological electromyogram. The peripheral arteries 
were studied with oseillometry, X-ray  of the vessels of 
the lower extremities and skin temperature  measure- 
ments. 

Histological examination was performed on a skin 
biopsy from the lateral par t  of the foot and on the 
muscle biopsy taken for isolation of mitochondria. The 
material  is given in detail in Table 1. 

The controls had earlier had only insignificant di- 
seases except one patient, who was operated on for kid- 
ney tuberculosis 20 years ago. They were all admit ted 
to the surgical service - -6  because of fibroadenomatosis 
mammae,  1 for hyperplasia mammae,  3 for carcinoma 
mammae  and 1 because of hydrocele testis. In  all these 
patients the histological examination of the muscle 
biopsy showed no abnormality. 

Methods 

The investigation was performed over approxima- 
tely 12 months. The examinations of the diabetics were 
scattered between the normals over the whole period 
of the investigation. 

All patients were informed in detail about  the 
procedure and i ts  motivation. They were fasting 12 
hours before biopsy, and the diabetics received no 
insulin during this time. At 7 p .m. . the  day before 
biopsy, 7 a.m. and a t  t ime for biopsy next  day, ante- 
cubital venous blood w~s drawn for the determination 
of blood glucose [17], serum FFA [5], and aeetoacctate 
[27] concentrations. Under light anaesthesia (0.5--1 g 
of Evipan-Sodium/Sodium hexobarbital,  Bayer/intra- 
venously, and nitrous oxide), 5--12 g of museulus 
peetoralis major was removed and immediately placed 
in 0.15 IV[ KC1 in melting ice. The tissue was immedia- 
tely brought to the laboratory, dissected free from fat  
and connective tissue as far as possible, blotted and 
weighed, cut very finely with a pair of scissors, and 
homogenized in an al l=glass  Pot ter-Elvehjem homo- 
genizer in 10 parts  of KC1-Tris medium [1] in melting 
ice. The homogenizing pestle shaft was at tached to a 
motor. Three movements  of the homogenizing pestle 
down and up in the homogenizer cylinder at a rotating 
speed of maximally 2,000 r.p.m, was used throughout,  
furnishing enough homogenization of the tissue. Then 
the fractionation procedure described by  A z z o ~  and 
co-workers [1] was followed. The final mitochondrial 
sediment was suspended in 2 ml of 0.25 3I sucrose and 

0.25 ml added to the Warburg flasks and 0.15 ml to the 
ATP:  ase incubation tubes. 

l~espiration was measured by  the Warburg tech- 
nique, utilizing flasks of about 5 ml volume. To the 
main compar tment  of each flask was added 25 #moles 
K~HPO 4 (adjusted to pH 7.5 with HCI), 30 #moles 
glucose, 8 ~moles MgCl~, 25 #moles Tris (adjusted to 
p H  7.5 with HC1), 50 #moles KC1 and 63 ~moles 
sucrose. The centre well contained 0.05 ml 20~o K O H  
and the side arm 0.1 ml 30% trichloroaeetie acid. Six 
flasks were set up for each experiment. Except  for the 
additions ment ioned above, the first two flasks con- 
tained 10 ~moles glutamate (potassium salt, Sigma) 
and 0.5 #moles ATP (disodium salt, Sigma), one with 
and one Without 25 units hexokinasc (Sigma, cry- 
stalfine). The remaining four flasks contained 25 #moles 
pyruvate  (sodium salt, Sigma) and 0.5 #moles malate 
(potassium salt, Sigma) as substrate; two of these 
flasks contained hexokinase; and of the two flasks 
containing no ATP and no hexokinase, one contained 
1 mg albumin (Armour, Bovine Serum Albumin, Frac- 
tion V). 

The flasks were incubated at  37.4~ for a 5 minute 
preincubation period and then for 20 or 30 minutes. 
The incubation was terminated by  tipping the trich- 
loroacetic acid into the main compartment.  The gas 
phase was air, the final volume 1.2 ml, and the final 
p H  7.5. 

ATP:  ase activity was measured in a system con- 
taining 125/tmoles sucrose, 5 ,umoles ATP, 25 #moles 
Tris and 50 #moles KC1 in a final volume of 1.2 ml. 
Final p H  was 7.5.2,4-dinitrophenol -(DNP) stimulated 
ATP:  ase activity was determined at  the concentration 
0.8 • 10 4 M of DNP, a concentration which gives 
maximal  activity [1]. Samples for phosphorus deter- 
mination [8] were taken after 6 minutes of prein- 
cubation and after another 30 minutes of incubation 
at  37 ~ 

In  some patients the ratio inorganic orthophosphate 
esterified to oxygen consumed (P/O ratio) was mea- 
sured, extrapolating oxygen uptake during the prein- 
cubation period. 

l~espiratory control was expressed as the ratio 
between the oxygen uptake in the presence of hexo- 
kinase and tha t  in the absence of hexokinase. 

Protein was determined according to the method 
of Low~Y and co-workers [18]. 

Results 

In  Table 2 are given the values of glucose, FFA and 
acetoaeetate in the blood of the diabetic group and the 
controls. Although only moderately elevated, the 
means of glucose, FFA and acetoacetate were higher 
in the diabetics except for the values of FFA and 
aeetoacetate at  7 p.m. The two ketotic pat ients  had 
markedly elevated values. 



Vol. 3, No. 3, 1967 PER BJORNTO~ et al. : Oxyda t ive  Ph o s p h o ry l a t i o n  of Mi toehondr ia  349 

I n  Tab le  3 are  g i v e n  t h e  r e su l t s  of t h e  m e a s u r e -  
m e n t s  of m i t o c h o n d r i a l  r e s p i r a t i o n  a n d  p h o s p h o r -  
y l a t i o n  r eac t ions .  On no  p o i n t  was  t h e r e  a n y  signi-  
f i can t  d i f fe rence  b e t w e e n  n o n - k e t o t i e  d i abe t i c s  a n d  
cont ro l s .  

co n t ro l  was  in  t h e  lower  r a n g e  for  t h e  l a t t e r  s u b s t r a t e ,  
b u t  s imi l a r ly  low v a l u e s  were  f o u n d  for  b o t h  n o r m a l s  
a n d  n o n - k e t o t i c  d i abe t i c s .  I n  t h e  a b s e n c e  of b o t h  
h e x o k i n a s e  a n d  A T P  t h e  s e v e r e l y  k e t o t i c  p a t i e n t  also 
h a d  t h e  h i g h e s t  v a l u e  r e c o r d e d  for  o x y g e n  u p t a k e ,  

Table 2. Blood glucose, se rum free f a t t y  acids and  ace toaee ta te  of d iabet ics  and  controls .  
(Mean • s t a n d a r d  deviat ion)  

Non-ketot ic  Ke to t i c  Ke to t i c  
Controls diabetes  pa t i en t  pa t i en t  
(n = 11) (n = 11) 1 2 

Blood glucose, 7 p .m.  76 • 13 133 4- 77 212 --  
(rag/100 ml) 

7 a .m. 89 ~: 25 143 ~: 65 290 --  
a t  b iopsy  76 • 7 193 t :  137 312 504 

Serum free f a t t y  acids 7 p .m.  520 -4- 170 474 --  220 1170 - -  
(#moles/l i ter) 

7 a .m. 625 =~ 161 739 =~ 111 1923 --  
a t  b iopsy  875 • 360 1163 ~ 226 2272 2558 

Blood ace toace ta te ,  7 p .m.  1.0 4- 0.3 0.8 ~ 0 . 4  1.6 - -  
( rag/100 ml) 

7 a.m. 0.9 • 0.4 1.4 _-t: 0.9 29.2 - -  
a t  b iopsy  1.0 • 0.4 2.4 ~: 1.2 33.1 45.4 

Table 3. Results of mitoehondrial respiration and phosphorylation. Mean • standard deviation, with range. Oxygen uptake 
data given as #atoms taken up per mg mitochondrial protein per 20 minutes 

Ketotic Ketotie 
Controls Non-ketotic diabetics patient patient 
(n = 11) (n = 11) 1 2 

Mean S . D .  Range  Mean S . D .  R a n g e  GLUTAMATE 
Oxygen  uptake ,  plus hexokinase  6.40 0.91 
Oxygen  up take ,  minus  hexokinase  1.44 0.89 
Resp i r a to ry  control  ra t io  4.4 - -  

1.73--11.49 6.41 0.90 4.22--11.58 4.32 9.20 
0.28--  2.58 1.59 0.89 0.29--  2.93 1.10 2.60 
1.9 --12.8 3.9 - -  1.5 --14.1 3.9 3.5 

P/O,  plus hexokinase**  2.5 - -  - -  2.7 - -  - -  2.3 2.7 

PYI~UVATE -}- M~ATE 
Oxygen  up take ,  plus hexokinase  4.30 1.50 2.59--  7.68 5.11 1.40 3.28--  6.67 - *  6.57 
Oxygen  up take ,  minus  hexokinase  1.90 0.71 1.22-- 2.62 1.65 0.92 0.09--  3.04 --  3.96 
Resp i r a to ry  control  ra t io  2.3 - -  1.6 - -10.0  3.1 - -  1.7 - -  5.0 - -  1.7 

Oxygen  up take ,  minus  hexokinase  
minus  A T P  0.55 0.14 0 - -  1.12 0.66 0.11 0 - -  1.18 - -  1.64 
Resp i r a to ry  control  ra t io  8.51 --  5.6 --  oo 7.12 - -  5.0 - -  oo --  4.0 

Oxygen  up take ,  minus  hex. ,  minus  
ATP,  plus a lbumin  0.38 0.36 0 - -  1.14 0.30 0.30 0 - -  1.02 --  0.93 
Resp i r a to ry  control  ra t io  16.51 --  4.8 - -  ov 12.98 --  4.3 --  Go --  7.0 

P/O,  plus hexokinase**  2.2 - -  - -  2.3 - -  - -  - -  2.1 

P ro t e in  yield in mi toehondr ia l  
sed iment ,  mg/g  muscle  0.52 0.14 0.33--  1.49 0.62 0.11 0.36--  0.97 0.42 0.68 

1 * P y r u v a t e  - -  ma la t e  samples  lost. 
2 ** D e t e r m i n e d  in 3 controls  and  3 non-ke to t ic  diabet ics .  
3 

1 pa t i en t  
4 pa t i en t s  = 
2 pa t i en t s  = 

0% no t  included in mean .  
o% no t  included in mean .  
co, no t  inc luded in mean .  

The  f i rs t  k e t o t i c  p a t i e n t  s h o w e d  no  a p p a r e n t  ab-  
n o r m a l i t i e s  in  h is  va lues .  T h e  s e c o n d  k e t o t i c  p a t i e n t ,  
w h o  was  m o r e  s eve re ly  k e t o t i c  t h a n  t h e  first ,  h a d  a n  
o x y g e n  u p t a k e  v a l u e  w i t h o u t  h e x o k i n a s e ,  w h i c h  was  
in  t h e  h i g h e r  r a n g e  fo r  g l u t a m a t e  a n d  t h e  h i g h e s t  
va lue  r e g i s t e r e d  for  p y r u v a t e  p lus  m a l a t e .  R e s p i r a t o r y  

whi le  r e s p i r a t o r y  co n t ro l  a n d  o x y g e n  u p t a k e  a f t e r  
a d d i t i o n  of a l b u m i n  were  w i t h i n  t h e  r a n g e  of o t h e r  
o b s e r v a t i o n s .  

D i f f e r en t  c a l cu l a t i ons  of c o r r e l a t i o n  were  pe r -  
f o r m e d .  T h e r e  was ,  h o w e v e r ,  no  s ign i f i can t  c o r r e l a t i o n  
b e t w e e n  on  t h e  one  h a n d  b l o o d  glucose ,  F F A ,  ace to -  
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acetate and on the other any of the measured mito- 
chondrial reactions. Nor was there any correlation 
between duration of the diabetes or signs and symp- 
toms of diabetic angiopathy and any of the measured 
reactions. 

No differences of mitochondriM reactions between 
men and women were apparent. There was, however, 
probably another factor which interfered with the 
measured reactions. As exemplified in Table 4, the 
respiration of mitochondria from the atrophic muscles 
of this old nondiabetic woman was very low when 
expressed per milligram protein. The yield of mito- 
ehondrial protein was in the lower range of those 
values of the other patients (Table 3). The sediment in 
this case was of a lighter colour and not so firmly 
packed as the sediments usually obtained. This 
phenomenon did not follow age in the cases included, 
since some of the oldest patients had high yield of 
mitoehondria per wet weight of muscle and some of 
the youngest patients low yield. 

Table 4. Results of mitochondrial respiration in the pecto- 
ralis major muscle of a 76 year old non-diabetic woman 

Glutamate 
Oxygen uptake, plus hexokinase 
Oxygen uptake, minus hexokinase 
Respiratory control ratio 

1.42 
0.36 
3.9 

Pyruvate ~- malate 
Oxygen uptake, plus hexokinase 0.16 
Oxygen uptake, minus hexokinase 0.18 
Respiratory control ratio 0 

Oxygen uptake, minus hexokinase, minus ATP 0 
Oxygen uptake, minus hexokinase, minus ATP, 

plus albumin 0 

Protein yield in mitochondrial sediment 
(mg/g muscle) 0.37 

Oxygen uptake data given as #atoms taken up per 
mg mitochondrial protein per 20 minutes. 

Table 5. Basal and 2,6 - dinitrophenol-stimulated A T P :  
ase activities of sIceletal muscle mitochondria from diabetics 
and controls. Mean 4- standard deviation. Values given as 
#moles inorganic orthophosphate per my mitochondrial 

protein per 20 minutes 

Cont ro l s  N o n - k e t o t i c  
(n = 11) d iabe t i c s  

(n = 11) 

Basal ATP: use 1.96 • 0.78 1.29 :]= 0.43 
2,4-DNP-stim. ATP: use 3.25 =~ 1.22 3.21 ~= 0.95 

ATP:ase  activity under basal conditions and after 
stimulation with DNP is given in Table 5. Here also 
no significant differences could be found between non- 
ketotic diabetics and controls. 

Some of the patients, with or without diabetes, 
who had high FFA also had high values of basal 
ATP:ase.  I t  was only possible to inhibit partially this 

ATP:ase  activity with oligomycin (Sigma, 2 #g/ml).  
No correlation between yield of protein in the mito- 
chondrial sediment and FFA was found. 

Discussion 

Azzo~E and associates [1] recently demonstrated 
that  the mitochondria of human skeletal muscle can 
be isolated in a functional state where a tight coupling 
of phosphorylation to oxidation is present. This was 
confirmed in the present work, where the same tech- 
niques were utilized. 

Since it was planned to study the effect of diabetes 
mellitus in the human not only on respiration but also 
on phosphorylation reactions of isolated mitochondria, 
those substrates were chosen that  AZZONE and asso- 
ciates [1] had demonstrated gave highest respiratory 
control, viz. glutamate and pyruvate @ malate. The 
latter substrate was used for the study of respiratory 
control both in the presence and absence of ATP, 
which could be thought to mask a true respiratory 
control by furnishing phosphate aeeeptor to the 
phosphorylating system by the action of ATP:  uses [1]. 
Albumin was added to a flask with otherwise similar 
contents to trap fat ty acids possibly present, and 
thereby making possible an evalution of fat ty acid 
effects in the system. 

No differences between non-ketotic diabetics and 
controls were found in any of the reactions measured. 
Neither were any correlations found between different 
blood parameters of the metabolic state of the patients 
and mitochondrial reactions, nor between degree of 
diabetic angiopathy or duration of diabetes and mito- 
chondrial metabolism. 

This lack of differences must, however, be inter- 
preted with some caution. The wide range of, among 
other things, age and clinical condition in the present 
material might open np possibilities for variations of 
factors that  are hard or perhaps impossible to control. 
I t  was thus found in patients of high age with atrophic 
muscles that  a lower yield of respiring protein was 
obtained in the mitochondrial sediment in the isolation 
procedure. For this reason older patients were ex- 
cluded, and in the remaining material no variation 
between age and mitochondrial reactions or mito- 
ehondrial protein yield could be found. I t  is, however, 
still possible that  contamination of non-respiring pro- 
tein also occurred in the mitochondrial sediment from 
some of the younger patients, even if histological 
examinations gave no indication of fibrous, atrophic 
changes and the frequency of angiopathy in these 
muscles was low. To what extent such factors might 
have hidden differences in, e.g. rate of oxidation of 
pyruvate, found in experimental diabetes [11], where 
standardization of the material investigated is easier, 
is not possible to deduce. 

Furthermore, there was an increased ATP:ase  
activity in the basal state in some patients with high 
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levels of F F A .  A considerable  p a r t  of this  ac t i v i t y  was 
no t  inh ib i t ed  wi th  oHgomycin. This  suggests  t h a t  p a r t  
of the  A T P : a s e  a c t i v i t y  was no t  of mi tochondr ia l  
origin [16], and  migh t  be an  expression of impur i t i es  
in  the  form of o ther  cell const i tuents ,  in the  mito-  
chondr ia l  p repa ra t ion .  This con tamina t ion  d id  no t  
seem, however ,  to  be of such magn i tude  as to  be 
demons t rab le  in  the  y ie ld  of p ro te in  in the  mi tochon-  
dr ia l  sed iment  in  re la t ion  to  original  muscle b iopsy  
weight .  

A con tamina t ion  of the  mi tochondr ia l  sed iment  
wi th  ma te r i a l  t h a t  conta ined  A T P : a s e  migh t  expla in  
the  h igh  " res t ing"  resp i ra t ion  of the  mi tochondr ia  of 
the  severely  ke to t i c  pa t i en t .  The fac t  t h a t  in  the  
absence of A T P  the  res t ing resp i ra t ion  was stil l  the  
h ighest  observed  might ,  however ,  be an ind ica t ion  of 
a t rue  de rangemen t  of mi tochondr ia l  metabol i sm.  This 
is in agreement  wi th  the  resul ts  of VESTEa and  STADIE 
[26] and  tIALL et al. [13] in the  expe r imen ta l  animal .  
A lbumin  correc ted  the  e l eva ted  res t ing resp i ra t ion  in 
the  absence of A T P  in the  pa t i en t  in  quest ion,  br inging 
i t  back  to  the  no rma l  range,  poss ib ly  ind ica t ing  f a t t y  
acids  as a responsible  factor .  

I n  spi te  of the  discussed difficulties in s t andard-  
i za t ion  of p r epa ra t i ons  and  the  effects of th is  on com- 
par i sons  be tween  popula t ions  wi th  considerable  over- 
l app ing  of the  p a r a m e t e r s  to  be compared ,  cer ta in  
conclusions seem possible  f rom the  resul ts  presented .  
Phospho ry l a t i on  reac t ions  measu red  as r e sp i r a to ry  
control,  A T P :  ase a c t i v i t y  or P / 0  ra t ios  do no t  seem 
to be de ranged  in we]] contro l led  d iabe tes  mel l i tus  in  
the  human .  Fu r the rmore ,  a high ra te  of resp i ra t ion  in 
the  presence of a non- l imi t ing  a m o u n t  of phospha te  
acceptor  can he ob ta ined  in d iabe t ic  pa t i en t s  bo th  
wi th  g l u t a m a t e  and  p y r u v a t e  plus ma la t e  as subs t ra te .  
A decreased ox ida t ion  of p y r u v a t e  in the  mi tochon-  
dr ia  of ke to t i c  d iabe t ic  pa t ien ts ,  such as has been 
descr ibed  in  the  expe r imen ta l  an imal  [11], is b y  no 
means  exc luded  b y  the  p resen t  work;  b u t  i t  has no t  
been possible  to  s t u d y  this  p rob lem a n y  fur ther  wi th  
ava i lab le  techniques .  
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