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We have worked out a method by which, through the narrowing 
of the descending aorta (Hajdú, M. Beznák 1943, 1945), resp. the as­
cending aorta (M. Beznák, Hajdú 1945, Hajdú, M. Beznák 1947), a 
heart hypertrophy can be produced in albino rats. We have also proved 
that this hypertrophy does not take place in liypophysectomized 
animals. In our present investigation we wanted to decide what part 
the innervation of the heart played in the production of mechanical 
heart hypertrophy.

Brandsburg (1925) found degenerative changes in the heart muscle of rabbits 
after cutting the cervical sympathetic, or extirpating the inferior cervical ganglion, 
and of dogs after cutting the cervical vagosympathetic. Ionescu and Raileanu 
(1929), on the other hand, found neither trophic nor inflammatory changes in the 
hearts of rabbits after the extirpation of the stellate ganglia. Ionescu et al. 
(1925, 1926), in several of their publications, maintain that the extirpation of the 
stellate ganglia has no damaging effect on the condition and adaptation-ability of 
the heart. Danielopolu et al. (1929) state that, whereas extirpation of the stel­
late ganglia has hardly any effect on the normal heart, grave symptoms are pro­
duced on hearts which had previously been damaged (ligation of a coronary 
branch or of a part of the muscular wall).

It therefore seemed interesting to decide how the heart reacts after 
the extirpation of the stellate ganglia, if — by narrowing the aorta — 
the heart is forced to work harder. It seemed the more interesting as 
we have found, in the case of the suprarenal, that it can hypertro- 
phize if hypertrophogen stimuli (acids, cholesterol, corticotropic hor­
mone) reach it immediately, or soon after, the extirpation of the coeliac
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ganglion; while, if a longer time elapses between, the denervation and 
the application of the hypertrophy-causing stimuli, no hypertrophy is 
produced by the denervated gland. (M. Beznák, Korényi, Hajdú 1940, 
1942). In the case of the heart, the situation’ isj different, as the heart, 
because of its autonomy, works continually. The other great difference 
is that in the rat, by extirpating the coeliac ganglion, the suprarenal 
becomes totally denervated, while the extirpation of the stellate ganglia 
deprives the heart probably only of its praeganglional fibres.

METHODS.

Our experiments were performed on 147 male albino rats weighing 
188 ± 10 g. 37 rats served as controls. The stellate ganglia were extir­
pated from 110 rats in ether anaesthesia, from behind. The operation 
caused a mortality of about 10%. A smaller part of the deaths was 
caused by pneumothorax (1—2%, always on the right side), the greater 
part by sudden failure of the heart. The ascending aortae of some 
gToups of rats were narrowed at different times after extirpating the 
stellate ganglia, with a silver ring of 1.5 mm diameter. (Hajdú, M. 
Beznák 1947).

After the experimental period, the animals still alive were killed, 
their hearts cut out immediately, freed from blood and weighed. The 
two ventricles, the atria1 and the septum were weighed separately on 
a torsion balance, with an accuracy of ±1 mg. We divided the weight 
of the septum according to the left ventricle per right ventricle ratio 
and added the resp. weights to those of the ventricular wall found by 
direct weighing.

Part of the left ventricles were used for histological examinations. 
Some of them were fixed in 10% formalin and aften imbedding in 
paraffin stained by the van Gieson method, and some observed in 
frozen slices stained with Sudan.

The dry-matter content was determined in the ventricular part of 
the heart, not including the atria.

EXPERIMENTAL RESULTS.

98 out of the 110 ganglionectomized rats survived the operation. 
These were divided in 5 groups. A separate group contained 37 normal 
rats ( g r o u p  1.). G r o u p  2. contained 13 rats, which were killed 3 days
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after the extirpation of the stellate ganglia. They served as controls 
to the 3 rd  g r o u p  of 23 rats, whose ascending aorta was narrowed 
3 days after ganglionectomy. The animals began to die — as described in 
earlier publications (Beznák M., Hajdú, and Hajdú, M. Beznár 1. c.) 
— 3 days after the narrowing, in consequence of aortic rupture. The 
surviving animals) were killed 1 week after the narrowing. The 4 th  
g r o u p  served as control to this final date, its 22 animals being killed 
9 days after stellate ganglia extirpation. The ascending aorta of the 16 
rats forming the 5 th  g r o u p  was narrowed 2 weeks after ganglio­
nectomy and the surviving animals killed 7 days after the narrowing. 
G r o u p  6 served as control, containing 24 rats whose stellate ganglia 
had been removed 20 days previously. (The T a b l e s  contain the data 
of only 22 rats, as 2 died in the course of the 3 weeks following 
ganglionectomy).

T a b l e  I. contains the data of the groups whose stellate ganglia 
had been extirpated at different times previously. Comparing the 
results of these groups, we see that the extirpation of the stellate 
ganglia causes a gradual increase in the total heart weight. 3 days after 
ganglionectomy ( g r o u p  2) there is no increase, on the 9th day 
( g r o u p  4) the increase is 6% and on the 21st day ( g r o u p  6) 11%. 
With the increase in the heart weights the significance of difference 
between the mean values also increases.

The 2nd part of T a b l e  I. contains the ratio of left ventricle per 
right ventricle. As is seen from the Ta b l e ,  this ratio remains the 
same in all stellate-extirpated groups as in the normal, jit follows, there­
fore, that the left and right ventricles take an equal part in the 
hypertrophy caused by stellate ganglia extirpation.

TABLE I.

Heart weights in mg of ganglionectomized animals.

1.

N o r m a l

2. 4. 6.
3 days after 9 days after 3 weeks after 

stellate ganglia extirpation

No. M. ± t*  

37 665 65

No. M. +  g 

13 649 69

No. M. ± n  

22 707 89

No. M. ±i*  

22 737 55

-v k = °-7 ^
D =  2%

k = 2.2
D =  6%

k =  4.6 
D — 11%
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Left ventricle per right ventricle ratio of ganglionectomized animals.

1. 2. 4. 6.

N o r m a l
3 days after 9 days after 3 weeks after

stellate ganglia extirpation

No. M. +  ft No. M. +  ft No. M. +  ft No. M. ± f t

37 2 64 0.3 13 2.67 0.60 22 2.69 0.29 22 2.69 0.39

[___ v  k =  0.2 ___i k =  0.Ö ^___ I k =  0.5 ~ ____I
D =  \% D =  2% D =  2%

T a b l e  II. answers the question how the hearts whose stellate 
ganglia had been extirpated at different times previously react to 
hypertrophy-producing stimuli. In g r o u p  3, the stellate ganglia had 
been extirpated 3 days, in g r o u p  5, 14 days before narrowing the 
aorta. In both groups the narrowing ring was allowed to act at the 
most for 7 days. On comparing g r o u p s  3 and 4, we see that there is 
practically no difference between! them: that is, between the weights 
of hearts sympathectomized 9 days previously and those whose aortae 
had been narrowed on the 3rd day after ganglionectomv. On the 
other hand, in g r o u p  5, where the narrowing took place 14 days 
after stellate extirpation, the heart weights are 9% higher than in 
g r ou p 6, where ganglionectomy alone took place. The significance 
of difference between g r o u p s  5 and 6 is 3.2. It follows from these 
results that the later the hypertrophy-causing stimulus reaches the 
heart after ganglionectomy, the greater its resulting hypertrophy.

TABLE II.
Heart weights in mg.

1. 3. 4. 5. 6.

Normal
7 d, narrowing 

3 days after 
stell, ggl. ext.

9 days after 
stell, ggl. ext.

7 d. narrowing 
2 weeks after 
stell, ggl, ext.

3 weeks after 
stell, ggl. ext.

No. M. ± f i  
37 665 65

No. M. +  ft 
23 717 84

No. M. +  ft 
22 707 89

No. M. +  ft 
16 801 78

No. M. +  ft 
22 737 55

k =  2.6 
V D =  8°/o

k =  2.2 
D =  to/o

k =  6.2 
D =  20% ^

k =  4.6 
D =  ll°/o'<

k =  0.4
D =  1 °/o

k = 3 .2
D =  9%
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Left ventricle per right ventricle ratio.

1. 3. 4. 5. 6.

Normal
7 d. narrowing 

3 days after 
stell, ggl. ext.

9 days after 
stell, ggl. ext.

7 d. narrowing 
2 weeks after 
stell, ggl. ext.

3 weeks after 
stell, ggl. ext.

No. M. +  fi 
37 2.61 0.36

No. M. + 1u 
23 3.06 0.36

No. M. +  f* 
22 2.69 0.29

No. M. ±  iu 
16 3.22 0.34

No. M. + ,« 
22 269 0.35

k =  4.2 k = 0.6 k =  5.8 k =  4.5
* D =  16%^ D =  2 % D =  22%' D =  2%

k =  3.7 
D =  14%

k =  4.8 
~^D = 21%^

The 2nd part of T a b l e  II. shows the left per right ventricle 
ratios. We see that in g r o u p  3, where the aorta was narrowed 3 
days after ganglionectomy, this ratio is 16% higher than in the normal, 
and 14% higher than in the 4 t h g r o u p ,  where stellate ganglia extir­
pation had been carried out without consecutive narrowing. That the 
ratio is increased in g r o u p  3 shows that narrowing the aorta 3 days 
after stellate ganglionectomy, causes hypertrophy of the left ventricle.

To elucidate the nature of the weight increase1 caused in the heart 
by stellate ganglia extirpation, estimations of the water content and 
histological examinations were carried out. That the weight increase 
after ganglionectomy is not caused by the accumulation of water is 
shown in T a b l e  III. It is seen from this T a b l e  that the peroentual 
dry-matter content remains the same in all stellate extirpated groups

TABLE III.

Dry-matter content in %.

1. 2. 4. 6.

N o r m a l 3 days after
s t e l l a t e

9 days after 3 weeks after 
g a n g l i a  e x t i r p a t i o n

No. M. + 1« No. M. +  n No. M. + 1« No. M. +  |U
37 21.4 1.06 13 21.6 0.70 22 21.1 0.43 22 21.0 0.61

!----->- k =1.6 -«-----1 k =  0.4 -«-----  k =  1.9
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as in the normal. The dry-matter content of the hearts of the narrowed 
groups was the same as that previously described {Hajdú, M. Beznák 
1. c.) The histological examinations of the hearts at different times 
after stellate ganglionectomy (van Gieson and sudan staining) showed 
no difference as compared with the normal picture of the heart.

DISCUSSION.

Summing up our results, we can conclude that bilateral stellate 
ganglia extirpation causes a gradual increase in the heart weight. 
We are as yet unable to state the í nature of the increase. According to 
the literature, degeneration, trophical and inflammatory changes could 
have been expected. Boyd and McCullagh (1938) reported the ac­
cumulation of interstitial tissue in rabbits' hearts after cutting the 
buffer nerves. A. B. L. Beznák and Hasch (193?) as well as 
Hausberger (1934, 1935) found accumulation of connective fat in 
those regions whose sympathetic innervation had been severed. We, 
however, were unable to show an accumulation of connective! tissue or 
fat by histological examinations of the hearts after ganglionectomy. 
The differences in species and in time elapsing between desympathi- 
sation and histological examination may, however, — at least to some 
extent — be the cause of the divergent findings. Neither can the weight 
increase of the heart be caused by an accumulation of water, as the 
percentual dry-matter content remained unaltered.

If the ascending aorta of rats is narrowed at different times after 
stellate ganglia extirpation, a further hypertrophy is caused. There is 
hardly any difference between the weight of the whole hearts of 
g r o u p s  3 and 4 — as was seen in the upper parts of T a b l e s  I 
and II — yet the left per right ventricle ratio is significantly greater 
in g r o u p  3 (where narrowing took place) than in g r o u p  4 (only 
ganglionectomy). This apparent discrepancy can be explained in two 
ways. Narrowing 3 days after ganglionectomy causes either an ex­
clusive left ventricle hypertrophy with no, or a correspondingly 
smaller, right ventricle hypertrophy due to ganglionectomy, or an 
exclusive left ventricle hypertrophy which is superimposed on the 
general hypertrophy caused by stellate ganglia extirpation. Owing to 
the rather small weight of the right ventricles, the question cannot be 
decided from uor present data. When, however, the narrowing takes 
place 14 days after ganglionectomy ( g r o u p  5), it causes a consider­



ably greater total hypertrophy, with a greater increase of the left per 
right ventricle ratio. It is certain here that narrowing produces an 
exclusive left ventricle hypertrophy which is superimposed upon the 
general hypertrophy caused by the ganglionectomy, preceding the 
narrowing by 14 days.

The conclusion seems, therefore, warranted that the longer the 
time elapsing between stellate ganglia extirpation and narrowing of 
the aorta, the greater the hypertrophy of the heart in consequence of 
the narrowing. This is an interesting dif ference, when compared with 
the behaviour of the rats' suprarenals. It was shown by us earlier 
that the suprarenals of rats atrophise in consequence of the extir­
pation of the coeliac ganglion. If hypertrophy-causing stimuli reach 
the suprarenals soon after coeliac ganghon extirpation, a suprarenal 
hypertrophy is produced. The longer the time elapsing between de­
nervation and the application of the hypertrophy-causing stimuli, the 
smaller the resulting hypertrophy. This difference may be accounted 
for by the fact that in the rat the removal of the coeliac ganghon 
causes a total denervation of the suprarenals, depriving them of all 
postganglional fibers, whereas in the heart the parasympathetic post- 
ganghonal fibres in particular remain after the extirpation of the 
stellate ganglia.

SUMMARY.

1. Extirpation of the stellate gangha causes in albino rats a gradual 
increase in the heart weight. This weight increase is not caused by 
the accumulation of water, nor was an accumulation of connective 
tissue or fat detected by histological examinations.

2. If the ascending aorta of rats is narrowed at different times 
after stellate gangha extirpation, an exclusive left ventricle hyper­
trophy — as is the case in normal animals — is caused, which is 
superimposed on the general weight increase due to stellate ganglia 
extirpation. The hypertrophy is, however, the greater the longer the 
time elapsing between stellate ganglionectomy and narrowing of the 
aorta.

Grateful acknowledgment is made to A. Gedeon Matoltsy for 
carrying out the histological examinations. Our thanks are also offered 
to Prof. A. B. L. Beznák for help and advice during the course of this 
work as well as to Mrs. Jean Thompson Yass for help in the English 
translation.

Mechanical heart hypertrophy of albino rats rf í

Biológia XVIII. 2



18 Beznák, Hajdú

LITERATURE.

Beznák A. B. L., Hasch Z.: (1937). Magy. Ora. Arch. 38. 1937. Quart. J. ex per. 
Phys. 27. 1.

Beznák M., Korényi Z., Hajdú I.: (1940). Magy. Oro. Arch. 41. (1942). Arch, inter­
nst. Pharmacodyn. et Thér. 67.332.

Beznák M., Hajdú I.: (1944). Orvost ud. Közi. No. 35. (1945). Schweiz. Med. Wschr. 
75. 300.

Boyd J. D., McCullagh G. P.: (1938). Quart. J. exp. Phys. 27. 293.
Brandsburg B.: (1925). Münch, med. Wschr. 72. 1775.
Danielopolu D., Marcu I., Proca G. G.: (1929). Arch. Mal. Coeur. 22. 769. 
Danielopolu D., Proca G. G.: (1929). Arch. Mal. Coeur. 22. 769.
D anielopolu D.: (1929). Arch. Mal. Coeur. 22. 783.
Hajdú I., Beznák M.: (1943). Orvtud. Közi. No. 19. (1945). Schweiz. Med. Wschr. 75.665. 
Hajdú I., Beznák M.: (1947). Arch. Biol. Hung. 17.
Hausberger F. X.: (1934). Z. Mikrosk. Anat. Forsch. 36.
Hausberger F. X.: (1935). Klin. Wschr. 14. 77.
Ionescu Th., IonesCU D.: (1925). Press, mód. 33. 1697.
Ionescu Th., Ionescu D.: (1926). Zeitschr. f. d. ges. exp. Med. 48. 516.
Ionescu D., Raileanu C.: (1929). Wien. Arch. inn. Med. 19. 199.


	Beznák Margit  - Hajdu István: The effect of the extirpation of the stellate ganglia on the mechanical heart hypertrophy of albino rats����������������������������������������������������������������������������������������������������������������������������������������������
	Oldalszámok������������������
	11���������
	12���������
	13���������
	14���������
	15���������
	16���������
	17���������
	18���������


