
Do Mitochondria Participate in General Cardiac Hypertrophy?+ (25666) 

It is known that muscles which have a con- 
5tant heavy amount of work, such as the 
breast muscles of birds have a very high den- 
sity of mitochondria, while muscles with a 
lighter work load tend to have fewer mito- 
chondria per unit of muscle mass( 1.2 ') . In 
muscles with a rich supply of mitochondria, it 
is possible that the increased number of mito- 
chondria is determined by forces a t  work dur- 
ing embryological development I or that the 
increased number of mitochondria in these 
particular muscles is an adaptation to their 
heavy work load. It therefore seemed of in- 
terest to find out how much of an adaptive in- 
crease of mitochondrial mass occurs in a typi- 
cal mammalian muscle which has undergone 
hypertrophy to meet an increased work load. 
Our model for muscle hypertrophy was the 
marked hypertrophy of the wall of the left 
ventricle which occurs in the rat  following pro- 
duction of experimental renal hypertension. 

iMeihods. A number of normal Ii'istar rats 
were divided into 2 groups. One group with 
12 rats was left intact. This group had blood 
pressures ranging between 89 and 136 mm Hg. 
I n  the second group: one renal artery of each 
ra t  was narrowed with a silver clip. Six 
months later, 14 of the rats with the narrowed 
renal artery had developed moderate to se- 
vere hypertension, as determined by a micro- 
phonic manometer (3) .  Blood pressure was 
taken on a t  least 3 separate days within the 
week prior to killing the rat. The  hyperten- 
sive rats with blood pressures ranging between 
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1 7 1  and 230 mm Hg were culled out to be 
compared with the ccmpletely normal, intact 
rats. Arterial pressures averaged 196 for hy- 
pertensive rats and 119 for normotensive rats. 
Our procedure for assessing degree of hyper- 
trophy of the different fractions of the heart 
was as follows: The  animal to be killed was 
anesthetized with ether and weighed and the 
heart promptly excised. All the blood was 
blotted from the cardiac cavities, and the right 
ventricular wall was trimmed away, as well as 
both atria, leaving only the left ventricular 
wall and the interventricular septum. The  
left ventricle which remained was quickly 
weighed on a torsion balance, and diced into 
cubes 1 16th of an  inch in size. The  cubes 
were then suspended in .25 molar sucrose con- 
taining .01 molar versenate in a Potter-Elveh- 
jem homogenizer. The  heart tissue was ho- 
mogenized for 5 minutes while the homoge- 
nizing solution was kept at about 2°C. The  
homogenate and rinsings were then added to a 
precooled lusteroid tube, and spun in a 
Spinco Model L Centrifuge a t  600 g for 1 2  
minutes. The  supernate from this spinning 
was transferred to another precooled lusteroid 
tube. The  precipitate was resuspended in .25 
molar sucrose and spun for another 15 min- 
utes at  600 g. The supernate from this spin- 
ning was added to the other supernate fraction 
and the precipitate was again resuspended in 
.25 molar sucrose and the mixture spun a t  600 
g for one more time. This supernate was then 
added to the other 2 supernates to comprise 
the total mitochondrial fraction. The  com- 
bined supernates containing the mitochondrial 
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fraction were then spun in the Spinco Model 
L Centrifuge at 18,000 g for 20 miiiiites. The 
precipitate frolm this centrifugation was con- 
sidered to be the genuine mitochondrial frac- 
tion. The supernate from this spinning was 
transferred to another precooled lusteroid 
tube, then spun for 15 minutes a t  105,000 g. 
The precipitate from this spinning constitutes 
a sub-mitochondrial fraction which will1 be 
discussed below. The supernate from this 
centrifugation can be considered the Lfsoluble” 
fraction. This fraction was then added to the 
original nuclear precipitate leaving 3 rsepa- 
rate fractions: 1 )  the combination of nuclear 
and soluble fractions; 2 )  the genuine inito- 
chondrial fraction; and 3 j the sub-mitochon- 
drial fraction. Trichloroacetic acid was added 
to all 3 fractions to provide a final concentra- 
tion of 10% TCA. The trichloroacetic acid 
mixtures were shaken for an hour. After all 
protein had been precipitated, they were spun 
for 20 minutes a t  2.000 rpm in an Interna- 
tional Centrifuge. The supernates from all 3 
of these fractions were decanted and dis- 
carded, and precipitates were heated in an 
oven a t  110°C over night after the method of 
Hoch and Vallee(4 j . After heating, the pre- 
cipitates were allowed to cool in a vacuum 
desiccator, then weighed on an analytical bal- 
ance. The weights obtained provide an esti- 
mate of the protein content of the various 
fractions, as outlined in the method of Hoch 
and Vallee(4). In this system of analysis wet 
weight of the heart gives an estimate of total 
heart mass. The fraction which is a combina- 
tion of the soluble and nuclear fractions gives 
an estimate of total amount of protein in the 
heart which is not present in any of the par- 
ticulate fractions. This fraction will be desig- 
nated as the “non-particulate fraction.” The 
heated precipitate of the “genuine” mitochon- 
drial fraction gives an estimate of amount of 
protein in the intact mitochondria. Amount 
of protein in the sub-mitochondrial fraction 
was also determined. The particles .which 
make up this fraction are smaller than typical 
mitochondria. In  the usual liver homogenate 
such particles would be called the “microso- 
mal” fraction. However, heart muscle is said 
to contain fewer microsomes than liver ( 5 ) .  
Ziegler ef aZ.(6) have reported studies which 

suggest that certain sub-initochondri;il parti- 
cles are 1)riniarily comlrosed of fragments of 
mitochondria. Their evidence reasolnably 
supports this contention. The sub-mitochon- 
drial particles in our fractiolnation prolbably 
represent a mixture of microsomes, mitochon- 
drial fragments and possibly other types of 
fragments and smalI particles. Total number 
of mitochondria in the mitochondrial suspen- 
sion was determined by counting 4 samples in 
a Petroff-Hausser counting chamber. Total 
protein in the mitochondrial fraction was then 
divided by total number of mitochondria to get 
average mass of protein per mitochondrion. 

As would be expected, average 
heart weight:body weight ratio among the 
hypertensive group of rats wasl 55% greater 
than that of the normotensive group (Table 
I).  Also, as would be expected, the “non- 
particulate” proteins of the heart were also in- 
creased per unit of body weight in hyperten- 
sive group compared to nolrmotensive group. 
This ratio averaged 53% greater in hyperten- 
sives than in normotensives. The mitochon- 
dria also participated in the total hypertrophy 
of the heart. Total mitochondrial protein: 
body weight ratio was 2570 greater in hyper- 
tensive rats than in normotensive rats. It is 
noteworthy that the mitochondrial fraction in- 
creased only 25% while the heart as a whole 
and the “non-particulate” proteins increased 
about 54% during the hypertrophy, resulting 
in a significant decrease in amount of mito- 
chondrial protein per unit of left ventricular 
weight and per unit of “noln-particulate” pro- 
tein. The number of typical mitochondria in 
the mitochondrial suspension per 100 g of 
body weight was 50% greater in the hyper- 
tensive rats than in the normotensives (p  = 
.08). The protein in the sub-mitochondrial 
particles also underwent a hypertrophy per 
unit of body weight in the hypertensive rats. 
This ratio was 37% greater in hypertensive 
rats than in normotensives. The hypertrophy 
was not as great, however, as that of the left 
ventricle as a whole or of the “non-particu- 
late” protein. 

The average mass of protein in an individ- 
ual mitochondrion was somewhat smaller in 
hyllertensive rats than in normotensive ones. 

Reszdts. 
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However. the difference was not statistically 
significant. 

1 . Left ven- 
tricular weight: body weight ratio of a group 
of hypertensive rats was 55% greater than 
that of similar group of normotensive rats. 
2.  Ratio of “non-particulate” proteins of left 
ventricle to total body weight was 53% 
greater in hypertensive group than in normo- 
tensive group. 3. IIitochondria of left ven- 
tricle also participated in cardiac hypertro- 
phy of the hypertensive group. Mitochondria1 
protein:body weight ratio was 2 570 greater 
in hypertensive group than in normotensive 
group. 4. Sub-mitochondrial particles of left 
ventricle, smaller in size than the mitochon- 
dria, also participated in cardiac hypertrophy. 
Ratio of protein in these particles to total 
body weight was 377% greater in hypertensive 
series than in normotensive series. 5. Hyper- 
trophy of mitochondria, however, was not as 
great proportionately as that of left ventricle 
as a whole. Ratio of mitochondria1 protein 
to total left ventricular weight was 19% less 
in hypertensive rats than in normotensive 
group. When expressed as ratio of mitochon- 

Conclusions clnd s u v z ~ n u q ~ .  

rlrial protein to “non-particulate” protein, the 
ratio was 17% less in the hypertensive group 
compared to normotensive group. 6. Hyper- 
trophy of the sub-mitochondrial particles in 
hypertensive rats was also proportionately less 
than the hypertrophy of left ventricle as a 
whole. 7. The  mass of protein in individual 
mitochondrion was slightly less in hyperten- 
sive rats than in normotensive group, but the 
difference was not significant. Total number 
of mitochondria increased 50% as the left 
ventricle hypertrophied (p = .OS). 8. It 
seems clear that the total mass of mitochon- 
tlrial protein in the left ventricle can increasie 
i n  adaptation to an increase in work load. 

The authors gratefully appreciate the advice of 
Tlr. R. W. Von Korff concerning fractionation of 
cellular particles. 
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Development  of Lipemia in Rats Following Intravenous Injection of 
India. Ink.* (25667) 
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In the course of studies of the role of the 
liver in destruction of clearing factor, Hig- 
gins’ India Ink was injected into rats. I t  
was observed that blood samples withdrawn 
one to 2 hours after injection were lactescsent. 
This lactescence was associated with an in- 
crease in level of total fatty acids. The lipe- 
mia occurred in fasted rats thus indicating 
that the India Ink was either stimulating an 
increase in rate of mobilization of fat from 
the depots or blocking the exit of the mobi- 
lized fat from the blood stream. Since the 
reticuloendothelial system is readily saturated 
with the India Ink particles, the lipemia could 
have resulted from inhibition of the normal 
function of these cells. It has been reported 
(1) that the reticuloendothelial system func- 
tions in uptake of cholesterol from the blood. 
The evidence (2,3) is against these cells play- 
ing any major role in uptake of chylomicirons. 
The following experiments were carried out 
in an attempt to determine the mechanisrn by 
which India Ink induced lipemia. 

Methods and materials. Total  f a t t y  acids. 
The lipids were saponified by heating in pres- 
ence of alkali and alcohol. The alcohol was 
removed and the fatty acids were freed by 
addition of acid in excess. The fatty acids 
were transferred to a solvent and, after evap- 
oration of the solvent, were titrated by stand- 
ard alkali. The details were as follows: 0.2 
ml of plasma was added to 5 ml of alcohol- 
ethyl ether mixture (3: 1 v/v) and heated to 
boiling in a water bath. The mixture was 
then cooled and filtered into a graduated test 
tube. The residue was reextracted, filtered 
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into the same test tube, and total volume of 
the extracts made up to 12.0 ml. Five ml of 
the filtrate was placed in a 15 x 85 mm test 
tube with screwcap stopper and 0.1 ml of 
saturated NaOH was added. The mixture 
was heated in a boiling water bath for 30 min. 
It was then cooled and while cooling suf- 
ficient 33% sulphuric acid solution was added 
to give an acid reaction, Six ml of petroleum 
ether was added. The tube was stoppered 
tightly and shaken vigorously for 1 minute; 
then 3.5 ml of water was added and the tube 
shaken again. The mixture was allowed to 
settle, then two 2 ml aliquots of the clear su- 
pernatant were placed in 15 x 85 ml test 
tubes. The so’lvent was removed by evapora- 
tion and 3 ml of a 0.004% alcohol solution of 
thymol blue was added. Titration was car- 
ried out with 0.02 N KOH. Results are ex- 
pressed in reference to a standard solution of 
oleic acid ( 100 meq/liter) . 

India I n k .  Higgins’ India Ink was obtained 
from the Higgins’ Ink Co. Chin Chin India 
In,k and Pelikan Carbon (C11/143 la) were 
obtained from the Heinz Jordan and Co. Ltd. 
These were diluted 3: 5 with saline and 1 ml 
was injected into the exposed jugular vein of 
each rat. Unless otherwise stated the term 
India Ink will refer to Higgins’ India Ink 
only. 

The animals used were female rats 
of the Wictar strain weighing 200-250 g, 
maintained on a standard cholw diet and 
fasted over-night prior to injection. 

Protarnine and heparin were supplied by 
the Connaught Medical Laboratories, Tor- 
onto. 

Results.  In the first experiment India Ink 

Rats .  


