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Regeneration of the ovary after resection has usually been brought about when the opposite organ is ex- 
tirpated at the time of resection [1-8]. This gives rise to the question of whether the reaction of the ovary to in- 
jury in these conditions should not be regarded as compensatory hypertrophy rather than regeneration, and what 
precisely is the response to extirpation of the opposite organ. 

In order to discover if the ovary is capable of regeneration, i.e., of restoration after part of it is removed, 
we carried out experiments in which the compensatory reaction was ruled out beforehand. We studied the re- 
sponse to Injury in an ovary which had already undergone compensatory hypertrophy. Moreover, we wanted to 
find out if the capacity of ovarian ceils for proliferative activity was exhausted after the intensive restorative 
processes constituting the response to extirpation of the opposite organ. 

E x p e r i m e n t a l  M e t h o d  and R e s u l t s  

The objects of study were white rats weighing 100-120 g each. Altogether, we carried out five series of 
experiments with 10-14 animals in each series. 

The nature of the experiments and the results of weighing the ovaries are shown in Table 1. 

From the animals in the first, second, and third series of experiments we extirpated the right ovary (uni- 
lateral castration) in order to induce compensatory hypertrophy of the remaining ovary. Six weeks after the opera- 
tion, the animals of the second series were sacrificed. As was to be expected, the remaining ovary underwent 
compensatory hypertrophy. Its weight (absolute 57.4 mg and relative 0.33~ more than 1�89 times the weight 
of the ovary (absolute 37 mg and relative 0.2~ the control animals (fifth series). To demonstrate the regenera- 
tive capacity of an ovary whiehhad undergone compensatory hypertrophy, we extirpated half of the hypertrophied 
ovary in the animals of the first series six weeks after the first operation. The weight of half the hypertrophied 
ovary (absolute 24.8 mg and relative 0..13~ a little less than the weight of the whole ovary in the control 
animals. 

For a comparison of the course of the regenerative processes after resection of an ovary subject to hyper- 
trophy, and an intact ovary, we completely extirpated the right ovary and half of the left from the animals of 
the fourth series. With this type of operation we had previously observed regeneration of the ovary in mice, rats, 
and monkeys [1,2,3]. 

Six weeks after the second operation (resection of hypertrophied ovary), and three months from the start of 
the experiment, all the experimental animals (second, third, and fourth series), and the controls (fifth series), 
were sacrificed. Regeneration was discovered both in animals of the fourth series and in animals of the first series 
of experiments. The rate of the regeneration process was found to be roughly the same. The weight of the 
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TABLE 2 

Number of Generative Elements in Ovaries of Rats in Each Series 

Series 

F i r s t -  regeneration of hyper- 
trophied ovary 

Second - hypertrophy of ovary 
(6 weeks after unilateral 
castration) 

Third - hypertrophy of ovary (3 
months after unilateralcastration) 

Four th-  regeneration of ovary 
(right ovary and half of left 
removed) 

F i f t h -  control (mean from two 
ovaries) 

Corpora 
lutea 

12.3 

Number per section 

primordial 
follicles 

ripening atresic 

4.0 

Total number 
primordial 
follicles in 
whole ovary 

1.4 

14.0 

13.6 

i0.2 

6.4 

1.7 

1.8 

1.5 

1.8 

4.2 

8.3 

6.5 

5.6 

3.6 

4.0 

5.1 

3.7 

7.9 

67 

80 

81 

77 

66 

generative 
e le me nts 
per section 

21.7 

28.0 

27.0 

21.3 

20.0 

regeneration process was found to be roughly the same. The weight of the regenerated ovary in animals of the 
fourth series (absolute 51.2 mg, relative 0.23~ first series (absolute 58.2 rag, relative0.25~ was consider- 
ably increased, being approximately twice the weight of the whole ovary in the control animals (fifth series: ab- 
solute weight 31.1 rag, relative 0.13~ at the same t ime.  

Thus, going by the weight data and the restoration of the normal form of the organ, we can speak of the 
ability of the ovary to undergo regeneration after compensatory hypertrophy. 

In animals of the third series (with unilateral castration) compensatory hypertrophy effects were observed 
three months after the operation. The weight of the remaining hypertrophied ovary (absolute 63 rag, relative 
027~ was twice that of the whole ovary in the control animals (absolute 31.1mg,  relative 0.13%0 ). 

If the weight of the ovary in animals of the third and second series is compared, it can be noted that, dur- 
ing the subsequent six weeks, the weight of the ovary in rats of the third series hardly changed at all (slight in- 
crease in absolute we igh t -  63 mg against 57.4 rag, but the relative weight was reduced-  0.270/oo against 0~176 
Hence, the compensatory hypertrophy took place mainly during the six weeks after operation, and the later hy- 
pertrophy was slight. 

We made a histological study of the ovaries of the experimental and control animals, and also counted the 
number of generative dements~ The count was made in every fifth section of ovaries serially cut at 8/1. We de- 
termined the number of primordial follicles at different stages of development, and the number of atresic follicles 
and corpora lutea. We determined the mean number of these elements in a section. We noticed that each prim- 
ordial follicle appeared on not more than three to four sections through the ovary and, hence, the total number 
of primordial follicles which we counted corresponded roughly to the total number of primordial follicles present 
in the whole ovary. The results of the count are given in Table 2. We subjected these figures to statistical treat- 
ment; below we analyze only those differences which were statistically significant. 

As the data of Table 2 reveal, in the case of regeneration of half the resected ovary,In animals of the first 
and fourth series of experiments it was the specific structural components of the ovary which were regenerated. 
For instance, the total number of generative elements per section increased to 21.7 in the regeneration of the 
ovary of animals of the first series. This indicates the formation of structural ovarian elements during regenera- 
tion, since the half of the hypertrophied ovary ought to have contained approximately 14 (half of 28; see second 
series)~ The number of primordial follicles increased from 40 to 67, i .e. ,  reached the number of primordial fol- 
licles in the control, nontraumatized ovaries (66). In the ovary of animals of the fourth series, there was approxi- 
mately the same number of primordial follicles as in the ovary of the control animals, thus indicating that their 
number was restored. Judging from the number of ripening and atresic follicles per section, the maturation of 
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Fig. 1. Section through regenerated ovary which had previously 
undergone compensatory hypertrophy (first series of experiments). 
Recovery of normal shape of organ. Photomicrograph. Magni- 
fication 23 •  

the follicles in the regenerating ovaries of rats of the fourth group (5.6) and first series (4.2) was a little more 
rapid than in the ovaries of the control animals (3.6), and the atresic of the follicles was almost twice as pro- 
nounced in ovaries of the control animals (7.9) as in the regenerating ovaries of animals of the fourth (3.7) and 
first (4.0) series. 

We should also note that during regeneration of the ova ry -  both the uninjured ovary and the ovary which 
had undergone hypertrophy- the number of corpora lutea increased considerably; there were almost twice as 
many as in the controls. Similar changes were also noted in hypertrophy of the ovary afte'r unilateral castration. 
The number of corpora lutea was greatly increased. Six weeks after operation there were 18.6, i.e., more than 
twice as many as in the ovary of control animals (6.4). In the case of hypertrophy, we also noted some intensi- 
fication of the maturation processes in the follicles, and atresia took place at a somewhat lower level than in 
normal animals. 

A very interesting feature was the increase in the number of primordial follicles in the case of compensa- 
tory hypertrophy of the ovary (both the total number and the mean number per section) in Comparison with their 
number in intact animals. For instance, six weeks after unilateral castration, the total number of primordial 
follicles in the hypertrophied ovary was 80. and there were 1.7 per section; three months after operation, the 
total number of primordial follicles was unchanged - there were 81, and there were 1.8 per section, whereas in 
control animals the total number of primordial follicles in the ovary was only 86, with 1.8 per section. The 
total number of generative elements in compensatory hypertrophy was also greater (28 after six weeks, and 27.2 
after three months) than in the controls (20.0). 

Thus, an analysis of the information obtained indicates that the ovary in which hypertrophy had previously 
taken place was capable of regeneration after its resection. The normal shape of the ovary was restored, and the 
weight of the ovary was considerably increased by the specific structural components of the organ (Fig. 1). In 
this case, we observed normal functioning of the ovary (restoration of regular sexual cycles, presence of pregnancyi 
and so on). 

The regeneration of the hypertrophied ovary was similar to the regenerative process after resection of half 
of the ovary and simultaneous extirpation of the opposite ovary. In the latter case. the initial shape of the organ 
was again restored, the weight of the remaining portion was considerably increased by specific structural compon- 
ents, and the relation between the generative elements was close to normal. The regenerated ovary functioned 
normaUy. 
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Fig. 2. Section through hypertrophied ovary after unilateral 
castration (third series of experiments). Photomicrograph. 

Fig. 3. Formation of primordial follicles at site of follicular 
epithelium in regenerating ovary (fourth series of experiments). 
Photomicrograph. 

Thus, compensatory hypertrophy has features similar to those of the regenerative process. The considerable 

increase in weight of the hypertrophied ovary is due mainly to the increase in the number Of corpora lutea; a 

similar situation was observed in the case of regeneration. In addition, we noted an increase in the total number 

of generative elements per section, and an increase in the number of primordial follicles (Fig. 2). Hence, forma- 

tion of primordial follicles occurs not only in the case of regeneration, but in the case of compensatory hyper- 

trophy too. 

During regeneration of the resected ovary, we sometimes observed pictures indicating the formation of 

primordial follicles at the site of the follicular epithelium (Fig. 3). 
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The ovarian regenerative processes induced by removal of half of one ovary and the simultaneous extirpa- 
tion of the other organ, as well as those induced by resection of a previously hypertrophied ovary, and also the 
compensatory hypertrophy of an ovary after unilateral castration, are undoubtedly regenerative processes arising 
in response to injury to the ovary, to the removal of some amount of flmctioning ovarian tissue. 

When a large amount of ovarian tissue is removed, the proliferative processes are more rapid. The declin- 
ing proliferative processes arising in response to injury can be enhanced again. For instance, after compensatory 
hypertrophy, rapid proliferative processes are observed when the remaining ovary is injured (resection of half), 
and these processes lead to the restoration of a normally functioning organ. 

SUMMARY 

Six weeks after unilateral castration in female rats weighing 120 g, half of the hypertrophied ovary was re- 
sected. A considerable increase in the weight of the ovary in 1�89 months was found. The weight of the ovary was 
150% of that in the controls. The number of primordial follicles increased during the process of regeneration. 
The total number of generative elements reached the same value as in the control animals. The regenerative 
process ran a similar course to that observed in the resected ovary, provided complete removal of the paired organ 
was done .  

L I T E R A T U R E  C I T E D  

1. N .S .  Artem'eva,  Byull. ~ksp. Biol. Med. 33, 5. 68 (1952). 
2. N .S .  Artem'eva.  Byull. Eksp. Biol. Meal. 44, 8 .96  (1957). * 
3. N .S .  Artem'eva, Collection: Regenerative Processes in Vertebrates [in Russian] (Moscow. 1959) p. 231. 
4. G.R.  Rubinshtetn. Dissertation: Materials for an Experimental Analysis of the Mutual Relationship of the 

Uterus and Its Appendages [in Russian] (Yur'ev. 1899). 
5. Go V. Kharlova, Candidate's Dissertation: Morphophysiological Analysis of Regeneration of Ovary after 

Ligature of Its Neurovascular Bundle [in Russian] (Moscow, 1955). 
6. C. B, Davenport, Io Exper. Zool. 4_22.1 (1925)o 
7. B. Pansky and H. W. Mossman, Anat. Record 11_~6, 19 (1953). 
8. G~ Van Wagenen and A. H. Morse, Endocrinology 30,459 (1942)o 

* Original Russian pagination. See C. B. translation. 

81 


