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In cartier published works (2 1, we discovered the structurs! and functiosial changes in ovaifes which ro-
sulted from prolonged protin starvation followed by a well-balanced diet, Thy clianges resulting from the
starvation were expressed by growth retardation, delayed follicular differentation and intensification of folli-
culatatresiz  at the fmerinie dlate stages of follicular development, which led toa cexsation of sexual &:vclap-
ment ia hnmature 2t and, $n mature 1ats, 1 3 cussation of the estrusl cycle, In the ovares of the starved
rats, the primordial foltivics. were befter prescrved than the other structusal components, After the animals bad
heen-transferred to # well-bslanced diet, e structure and function of the ovarics was restored,

The purpose of this work was © study the changes fn the ribonuclcic and desoxyribonucleic acids in-the
structural componcnts of evaries In rats which had first undergone prolonged preatin starvation and then been
put-on a balanced dieg,

The studies were done on linmature raw weighing 45-55 g and on wxually inature a8 weighing 140-156
g, A total of 150 rats were used, The animals were kepton a synthetic diet, with.a 18,5% protein content {a
W2 control and a 1,5% prote n content in the cxperimental rats, The f2t, vitamin and mineral content of both
diets was the same, The inunatwe ras were kept on the protein-deficient diet for a period of 23-64 days, the
mature 1215, for 45~ 145 day,

After long protein stapvation, 57 rats (matere and immature) wege put on the control diet, The immature
rats were sacrificed on the 41hy 7th, 14th, and 17th days after the change of diet, and the mature rats, on the

14th, 25th and 50th days,

The snimals were all sacrificed by decapltation; the matuic rats were always killed during the diestrus
period, The ovaries were fixed In Zenker-formol and by Geili's method, and the material was imbedded in
paraffin, Ribonucleic scid (KNA) was determined by Brashe's method; sections € microns thick were stained
with miethyl green-pyronino according to Unm—?appcm}cxm and some preparations were first processed with
ribonnclease and then stained In the same way, Desmynbonuckic acid (DNA}Y was shown by Felgen’s-reacdon,
with the preparations fisst stained light green,

Exsimination of the ovarisn sections fiom the control rats, mature and fmmature, showed that e cocyte
of the primordial follicle contained a large, bladder-like nucleus, rich in DNA, which was distributed In granu-
les around the nucleolus, the nuclear membrane and on the threads of the linin.net, One, or occasionally two
nucleoli, which stained well with pyronine, were usually distributed eccentrically in the nucleus; the oocy®e
cytoplasm contained 8 considerable smount of RNA,

In the follicular cells, DNA was disuibuted over the entire nucleus in the form of large granules, The
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nuclei contained one roundnucieolus, rich in RNA, The cytoplasm of these cells contained much RNA (Fig, 1,2),

DNA distribution in the oocyn pucleus changed according to the degree of growth and matumy of the pri-
mordial follicles and their transformation ino young follicles; there were many small as well as large granules
of DNA which were centrally placed around the nucleole, ‘of sometimes more 1 one side of {t, The space nucleolus
around the nuclear membrane was usually frec of DNA,

Fig, 1. Swuctural components of o"var) ln 3 control at, Stalped with
methyl green-pyronine.

3) primerdial foliicle; by oocym of young growing follicle; c) cocyte
of graafien vesicle,

The puclectus was round, placed cither fa the ceater or to one side of the pucleus, and sometimes two nuclecli
were ohserved: thore wias ke ANA I enucleclusthan in the pﬂmoréia! follicles, There wat efther no RNA in
the cywplarn, or ouly traces of it sround the nucleus and periphery of the oocyte,

The nuctef of the follicular cells in the young growing follicles were Larger, rounder and richer in DNA,
which way disvibuted throughout the nucleus o large granutes, The cytoplasmo of the follicular cells contained
a comiderable amount of RNA (Fig, 1,b),

The smount of DNA In the nuclens changed sharply during the process of growth and differendation of the
yaung follicle and is tramformaton ino s gxa:fsm vesicle, the amount of RNA in the nucleolusdecreased, and
thore was no FXA in ﬁm cytoplasm,

We did not observe any matenal changes in DNA distribytion in the nuclei of the follicular celis nor in
the amount of RNA in the nucleolus and cytopiasm of these cells but the DNA granules did become larger (Fig,
Iey

. The interkinetic nuclel of the cells of the young corpora Jutes contalned 2 small quantity of DNA ~ small
lumps and granules of DNA were distributed throughout the entire nucleus, The lutein cells nucleoli contained
& large amount of RNA and stsined intensively with pyronine, One could observe the nucleoli coming out into
the cytoplasm of the hutein cells, & process which, when observed completely, began with the approach of the
aucieolus o the pucicar membrane 2cd ended with its complete escape into the cytoplasm,.

The cytoplasm of the young corpora Jutea cells contained a smali amount of RNA, which was mainly
dbuibuted around the nucleus, Some of the young corpon lutea cells were mitoticaily dividing, snd the nuclkel
of such cells were rich In DNA, but thelr cytoplasm contained less RNA than the cytoplasm of the cells whose
nuclel were interkinetie,

In the regression stage of the corpus Tuteum, its cells becanie small',' the amount of DNA {n it nuclef
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Fig, 2. Stuctuars] components of 3 rat’s ovary afier
protein starvation, Stained with methyl green-py-
tonine, a) primordial follicle; b) cocyte of young
follicle,

decressed, the nucleol stained weally with pyronine #nd RNA cither compictely disappeared from the oytoplasm
ot remalned in 2 small amount,

Prolonged grotein starvstion cauers 3 series of changes n tx structural components of ovaricy In mature
snd imimature rats, These changer were of the sime type, and we shall Gercfore give & general deseription of
them below,

The DNA granules in the nucleus of the primerdial follicke cocyte became coancer snd were principatly
distributed around the nucleyr membrase,

Fig, 3 Structral components of a rat's ovary during
the restosation period, Stained with metiyl green~

pyronine, a) primordial follicle; b) young growing
follicke,

‘The amount of RNA in the nucleolus and cytoplasm of the oocyte became somewhat smaller than the a=
mount found in the prirordial follicle oocyte from the coatol rat's ovary, but RNA did noy, however, complete-
ly disappear, ‘ :
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In the nuclel of the follicular célls, DNA was diswributed {n coarser granules thmug_hout the nuclews; the
nucleolus and cytoplasm of the follicular cells contained Jest RNA and began to stain less intensively with py-
ronine (Fig, 2, a),

The following changes were obscrved fn the oocytes of the young follicles: the DNA granules became
iarger and were mainly concentrated sround the nucleolus; the smount of RNA in the nucleolus decreased; there
was o RNA evident in the cytoplasm,

The DNA granules 1n the nuclei of the follicular cells became larger than the cclls of normal ovaries,
The cytoplasm and pucicoli of the follicular cells contained little RNA (Fig, 2, b),

In spize of the prolonged protcin stan atlon, many {ollicular cells of the young follicles appearcd fn 2
siate of karyokinetic division,
There were po undamaged mature graafian vesicles found in the ovaries of the starved rats,

During protein starvation, & serics of changes alwo occurred in the corpora lutes of the matwe rats, The
amiownt of BNA granaies io the nucied of the lutein cells decreased, the nucleolus contsingd a small quant!ty
of RNA 2nd noANA was found in the cytoplasm of the luwein cells,

Ail the corpora luzea of the starved rats were in the regression stage,

Conseguendy, protein starvaton cawes the quantity of RNA w decrease in the nucleoli and cytoplasm
of all the ovazian sructural commponents studied, One must note that the changes meationed were most weakly
expresszd o e primondial fellicivy which were better prc.scrvud than the other stectural components in the
ovarics of imymature and (maLWC 13N,

sfier prolonged woteln starvation, some of the animals were switched to 8 dict rich in protein,

The ovarien sTuctiral compponents of the hminature rats changed consfderably alter 4 days of the Lalanced
diex.  Thramountof TNA in tw nucleoli and cytoplasm of the primordial follicle nocyles became greater
then that in the mimordial follicles of the ovaries In the starved rats,

The nuceli of the “"ﬁi,cuz.&r cells of the pamordial Tellices rerained the laige, coarse granules of ONA,
and e amount of B4 {a the oytoplaun and nucleeliof these cells retumed to normal (Fig, 3, 9),

In the young, matuing fo '£§c‘¢t, the amount of RNA in the nucleolus and cytwplasin of the vocyte increascd,

The auclei of the Toj hm;ar cells stit] retained the coarse granules of DNA, and the amount of RXA in the
nucleoli and C}\a?pmsw of these cells increased (Fig 3, b

The maturing pri imerdial follicles ant the graafian vesicles in the ovaries of immature r#6 which had been.
put on a balaaced dist after proteinstarvation (balanced diet for 14-17 days) were morphologically and cytologi-
cally the samie as the corrasponding structural components in the ovaries of the control animals,

E ;m 3 -

The study of evaran structure in mature animals put on 2 balanced diet for a period of 4-7 dayr Hllowing
protein starvaton showed 2 picture essentially the same as that found in the ovaries of the farved animals; the
gonads were Uwrelor studicd at later dates after the restorative diet had begun (14th, 25th and S0th days),

After 13 days of e balanced diet, 2 series of changes was observed in the cytological stucture of the
ovarian structiral components in mature, starved rats, For example the amount of RNA in the nucleolus and
cyreplasn of de primeordial follicle oocy s increased to the amount found in the control rats,

‘The amount of ANA also retumned o normal in the cells of the follicular epithelium,

As 1o DNA diszibution in the nuclei of the oocytes and follicul ar epithelium of the young follicles, the
ovaries of the experipental rats were the same as those of the conwol rans, The nucleoli contained 2 large a-
mount of RNA,

when we examined ovarian sections from mature animals which had been put on a balanced diet afer
long protein sarvation (duration of experiment ;25 days), we found that the ovarian structure and cytoplasm
properties of these rats were the same 33 in the control animaks,

Nonnal cogenesis was restored in the ovarles of the mature raw after 50 days of the balanced dlet, Estrs

436



was observéd in all of the aniinals 3-4 times during this period,

In_the ovarics of rats fed a balanced dict for 25-50 days, the phenomenon of nucleolar escape from the nu-
cleus was observed in the lutein cells; morcover, it was of a massive character,

The phenomenon of nuclcolar escape which ‘was obscrwed In the corpus futeumn cells could be considered
as $w manifestation of intense nucleic acids exchiange between the nucleus and cytoplasm, which, in in turn,
indicates the Intensification of protein synthesis in the lutcin eclls,

The phenomenon of nuclcolar cscape was obscrved by Belowsova (1) in the liver cells of rats fod a bal-
anced dier after protein starvation,

As our studies have shown, Jong protein starvation causes the aimount of DNA (n the nudel and the amount
of RNA In the nucleoll and cytoplasm of the corpora lutes ard of the follicles at variows stages of maturity to
decrease which indicates the decrease of nucieoprotein exchange in the ovarfan structural components,

when a balanced diet Is restores, 5o is the nuclvoprotein exchange in the 131’ ovaries, which is expressed
by the increased amount of DNA and RNA in the cclis of the structural components,

The cytological changes caused by protein starvation are less apparemt in the primordial follicles, where
the smount of DNA and RNA returns to the nuemal sooncy than in the other structural components of the ovary,

SUMMARY

In sexually mature and immatuce ran kept for & long period of dme on a protein-deficient diet (1.5% of
protein) a fall of nucleoprotein metabolism in the structural components of the ovaries was observed, 1t was
mantfested by & decrease in the quantity of DNA In the nuciel and RNA in the cytoplasm and nucleoll of the pr-
mordial graafian follleles and corpus futeum, Cytologic changes were less manifested in primordial follicles,

When the rats were subsequently put back on a balanced diet (19,%% of prowein) the quantity of DNA and
INA 10 the cells of structural components sose 1o bormal, and the nucleoprotein mmu!nitsm in the ovarics was
sestored,
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