
P O L S K A A K A D E M I A N A U K — Z A K Ł A D B A D A N I A S S A K Ó W 

A C T A T H E R I O L O G I C A 
VOL. VIII, 7: 115—124. BIAŁOWIEŻA 15.X.1964 

Stanisława S I U D A 

Morphology of the Adrenal Cortex of 
Sorex araneus L i n n a e u s , 1758 During the Life Cycle 

Morfoloijia kory nadnerczy ryjówki aksamitnej, 
Sorex araneus L i n n a e n s , 1758, w cykln życ iowym 

[ W i t h 2 F i g s . & 2 P l a t e s ] 

I. INTRODUCTION 

The common shrew, Sorex araneus L i n n a e u s , 1758, has formed the subject of 
much research, both biological and histomorphological. The biology of the shrew 
was described a.o. by D e h n e l (1940; 1952) and also B o r o w s k i & D e h n e l 
(1952). T a r k o w s k i (1956; 1957) investigated the reproduction and embryonic 
mortal i ty of the shrew, while its sexual apparatus was dealt with by B r a m b e l l 
(1935), W o l s k a (1952), P u c e k (1960). Variations in certain of the endocrinal 
glands during the life cycle have also been investigated. The histomorphological 
variations in the thyroid glands of the shrew during the life cycle are described in 
the paper by D z i e r ż y k r a y - R o g a l s k a (1952) and the thymus gland is 
described in the article by B a z a n (1952). 

Research on variations in the organs of animals during the life cycle would seem 
to be essential on account of the possibility of connecting the biology of the animal 
with physiological functions, which in turn gives a complete picture of the life of 
the given animals. 

The subject of my paper is formed by investigation of the variat ions which take 
place in the adrenal glands of the shrew during its life cycle. As these changes are 
closely connected with the age and funct ion of the sexual appara tus of the shrew. 
I have included a few details on the life of this animal. 

The f irst to distinguish age classes in the shrew was J a c k s o n (1928). D e h n e l 
(1949), however, considered the classification made by J a c k s o n as slightly 
schematic, not taking into account the specific anatomical and physiological pro-
perties of Soricidae, and therefore used as simplified division into classes, which 
would seem to be closer to nature . He takes period of at ta inment of sexual matur i ty 
by the shrew as the critical point. This, under Polish climatic conditions, usually 
takes place in April of the year following their birth. Up to this period, irrespective 
of their calendar age, D e h n e l terms the shrews "young adults", that is animals 
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not sexually active. Animals sexually active in the second calendar year of their 
lives are termed "old adults'". The age division described above will be used in 
describing the mater ial dealt with in the present article. 

Sexually mature males are encountered in Białowieża as from April ( B o r o w - 
s k i & D e h n e l , 1952), oestrus in females occurs about ten days later than in 
males. Pregnancy lasts twenty days, the young spend twenty- three days in the nest 
( D e h n e l , 1952). The sexual activity of shrews ends in October ( T a r k o w s k i ,  
1957). D e h n e l (1949) considered that theoretically the greatest age which the 
shrew can at tain in Poland is eighteen months. B o r o w s k i & D e h n e l (1952)  
state that young shrews do not as a rule mature sexually in the first calendar year 
of life. About 2%> of the young females mature sexually and become pregnant in the 
f irst calendar year of their lives ( P u c e k , 1960). Under laboratory conditions, with 
intensive feeding of the animals on a diet rich in vitamins, sexual maturat ion as 
a rule takes place in the first calendar year of life. 

Many papers are encountered in l i terature on the adrenal glands, describing the 
results of both morphological and histochemical research. In the latter field H u n t 
& H u n t (1959) dealt with the glycogen content in the adrenal glands of rats during 
the life cycle. R o d s (1958) investigated the presence of desoxyribonuclein acid in 
the adrenal glands of white rats. 

Investigation was also made of the dependence of the adrenal gland on other 
endocrinal glands, for example the connection between the adrenal and parathyroid 
glands was described by, inter alia, M a r t h a & L e o n a r d (1946). N a r b u 11 et al. 
(1961) described the effect of experimental hypofunction of the thyroid gland on the 
weight and function of the adrenal gland in rats. 

Investigation was also made of the dependence of the adrenal glands on other 
sex glands, and in particular the behaviour of zone X (D e 1 o s t, 1955; 1956; 1957;  
S a k i z , 1959; W i ś n i e w s k i , 1959). Zone X, called by different authors the zone 
of acidophilic cells, transit ional embryonic zone, androgenic zone, juxta-medul lar 
zone, described for the f i rs t time b y M a s u i & T a m u r a (1926), has formed the 
object of research both in humans (G r o 11 m a n, 1936; P a w l i k o w s k i , 1951;  
W o ł y ń s k a , 1956) and in animals (B a c h m a n n, 1954; D e 1 o s t, 1955; 1956; 1957;  
S a k i z , 1959). 

I have not as fa r encountered in l i terature reports on the variations in the 
adrenal glands of Soricidae during the life cycle, and on this account I have dealt 
with this problem in relation to the common shrew. 

II. MATERIAL AND METHODS 

The mater ial came from the Białowieża National Park , and was collected in 1953,  
1954, 1957, 1958, 1959 and 1960. The animals were caught on permanent capture 
areas by means of metal cylinders. The capture methods used have been described 
in the article by B o r o w s k i & D e h n e l (1952). 

The captured animals were weighed, body length measured, and the testes 
measured in the case of males. The adrenal glands were fixed in Bouin fluid and 
in formalin, and dipped in paraff in. Specimens 5u thick were cut in series, stained 
with Azan, fuchsin acc. to Masson and haematoxylin and eosin. A total of 138  
animals, consisting of 73 males and 65 females, were used for the investigations. 
The animals were divided into two groups (using the division given by D e h n e 1,  
1949) that is into young adults and old adults. There were both pregnant individu-
als and lactating individuals, which were simultaneously pregnant, among the 
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females, but there were no lactating females which were not pregnant . The breadth 
oi the zones in the adrenal cortex was measured by means of a micrometric lens. 

The subject of the work carried out and the mater ial for it were received f rom 
the late Professor August D e h n e 1, Mammals Research Institute, Polish Academy 
of Sciences. 

III. RESULTS OF INVESTIGATIONS 

1. Young adult males 

The youngest animals are encountered in June. During this period the 
adrenal cortex of males consists of three zones (Fig. 1, Plate IX), the zona 
glomerulosa, which is formed of two to three zones of cells, is situated 
most peripherally immediately under the capsule of connective tissue. 
The cytoplasm of these cells is of a foam-like structure. The nuclei of the 
cells are round, vesicular with a small amount of chromatin, and stain 
only faintly (Fig. 2, Plate IX). 

The second zone is formed by zona fasciculata, and it is far thicker than 
the iirst. It is formed of fairly large oval cells with dense acidophilic 
cytoplasm (Fig. 2). There is connective tissue between the cells. Two 
kinds of cellular nuclei can be distinguished in this zone: nuclei with 
a small amount of chromatin, but even so staining more intensively than 
the nuclei of zona glomerulosa, and nuclei with a large amount of 
chromatin, staining deeply with alkaline staining agents. 

Bet'ween the second and third zones there are sometimes small cells 
with compact, uniform, strongly acidophilic cytoplasm (Fig. 3, Plate IX), 
distinctly separating the second zone from the third one. This kind of cell 
is also encountered among the cells of the zona fasciculata. 

The third zone of the adrenal cortex, the zona reticularis, consists of an 
external and internal part. The first of these is formed of cells far smaller 
than the cells in zona fasciculata (Fig. 4, Plate IX). The cytoplasm of the 
cells is less chromatinous. Two kinds of nucleus are also encountered but 
they are smaller than those in the zona fasciculata. The thin internal 
part of the zona reticularis lies most centrally, and is formed of larger 
acidophilic cells with larger nuclei than the cells of the external part of 
zona reticularis. There are numerous blood vessel between the cells of 
zona reticularis. The thickest zone of the cortex of the animals described 
in the zona reticularis, the thinnest — zona glomerulosa. 

In July, August and September the adrenal cortex of young adult 
males is similar in structure to that in June, and during these months the 
zona reticularis continues to be the thickest. From June to September the 
zonae fasciculata and reticularis thicken, the zona glomerulosa remains 
unchanged. As from October considerable reduction of the adrenal glands 
is visible, the thickness of the fasciculata and reticularis decreasing, and 
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as from November the boundaries between the zones become obliterated. 
In November, December, January and February the adrenal cortex is far 
thinner than in the summer months (Fig. 1, Plate X). During this time no 
cells of the internal part of zona reticularis can be seen at all. In March 
the cortex again thickens; the zonae fasciculata and reticularis enlarge. 

2. Old adult males 

Sexually mature males are encountered as early as in March. At this 
time the adrenal cortex does not exhibit a distinct zonal structure. Zona 
reticularis is very narrow and does not exhibit any distinct line of 
demarcation with the zona fasciculata. In April the adrenal cortex 
thickens slightly. In certain individuals the presence of cells of the 
internal part of zona reticularis can be seen distinctly f rom the side of 
the medulla (Fig. 2, Plate X). These cells are encountered in old adult 
males only in April. In April, May, June and July, the thickness of zona 
fasciculata hardly varies at all. while zona glomerulosa thickens slightly 
(Diagram 1, A). 

3. Young adult females 

The youngest females, like the males, fall into the traps in June. The 
adrenal cortex of young females is similar in structure to the adrenal 
cortex in young males during the same period. The external zone of the 
cortex is composed of zona glomerulosa formed of two to three rdws of 
cells. It must be emphasised that individual variations in the thickness of 
this zone occur in different animals. The second zone of the cortex is zona 
fasciculata, which does not differ morphologically f rom the zona fascicu-
lata of males. I would only say that this zone is thicker in females. Zona 
reticularis also is thicker in females, and in addition has no cells of the 
internal part. The thickest zone of the adrenal cortex in young adult 
females is zona reticularis, which occupies more than half the thickness 
of the cortex. This state of the cortex is maintained until September, as 
f rom which month we can observe considerable reduction in the thick-
ness of the cortex at the expense of zonae fasciculata and reticularis, 
zona glomerulosa remaining unchainged. The thinnest cortex, as in the 
case of males, occurs in January and February (Fig. 2, Plate IX). 

4. Pregnant young adult females 

Females are sporadically encountered which have matured sexually in 
the first calendar year of life. In these females the adrenal cortex is 
formed in almost the same way as the cortex in young females which are 
not pregnant. The only difference occurring is that cells of the internal 
part of zona reticularis appear bordering on the adrenal medulla. These 
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cells are larger than the cells in the external part of zona reticularis, and 
their cytoplasm is more acidophilic (Fig. 3, Plate X). 

In zonae fasciculata and reticularis cellular nuclei of different size 
are encountered. 
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Diagram 1. Seasonal changes of thickness of various zones of the adrenal cortex 
in the Common shrew, Sorex araneus L. 

Axis X — particular months of shrews' life cycle, Axis Y — thickness in microns. 
1 — zona glomerulosa, 2 — zona reticularis, 3 — zona fasciculata. 

5. Pregnant old adult females 

Zona glomerulosa and fasciculata of the adrenal cortex in pregnant 
females f rom the old adult group, caught f rom May to September, are 
only faintly separated f rom each other. The thickest zone of the cortex 
is zona reticularis, consisting of an external and an internal part. The 
external part of zona reticularis is formed of far smaller cells than those 
in zona fasciculata. There are larger cells, oval in shape with light-
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coloured cytoplasm and large round nuclei between these cells. The cells 
of the internal part of zona reticularis bordering on the adrenal medulla 
are clearly visible. In general considerable growth of the adrenal cortex 
is observed. There are very numerous blood cells throughout the whole 
cortex, but they occur in the greatest numbers in zona reticularis. 

6. Pregnant, lactating old adult females 

The adrenal cortex of these animals is intensely hypertrophic and in 
particular a very thick zona reticularis occurs. The cells of the internal 
part of zona reticularis are clearly visible. 

7. Old adult females 

The adrenal cortex of animals in this age group is formed in accordance 
with the general plan. It consists of three zones: glomerulosa, fasciculata 
and reticularis. No cells of the internal part of zona reticularis can be 
seen. The fact is worthy of emphasis that zonae fasciculata and reticularis 
are very thick The thickness of each of them is over 200 ¡u while the 
thickness of zona glomerulosa is hardly 22 ju. These females, neither 
pregnant nor nursing, are encountered in August and September. It must 
therefore be assumed that the old adult females described above are 
females which have been pregnant once, but which have not become 
pregnant again, or in which sexual activity has ended (Diagram 1, B). 

IV. DISCUSSION 

On the basis of the article by D e h n e 1 (1949) it may be stated that 
the size (weight, dimensions) of young shrews attains its maximum in 
June, July and August, then gradually diminishes to reach a minimum 
during the winter months. In March body weight and length increases, 
and in April the body begins to grow enormously. D e h n e 1 considers 
that the sudden jump in the growth of shrews in April is probably con-
nected with, inter alia, the at tainment of sexual maturi ty. 

W o 1 s k a (1952) in investigating the testes of males, observed that the 
smallest dimensions of the testes of young males are encountered in Janu-
ary. This authoress is of the opinion that sexual maturescence occurs 
suddenly and sharply over a very short period at the end of March, in the 
second calendar year of life of shrews. The testes of old adult males 
increase in size f rom April to August, while senile regression of the gonads 
is observed as f rom September. 

In the same way the thymus gland investigated by B a z a n (1952) ex-
hibits transition to the rudimentary state during the autumn and winter 
months, for four months before the sexual maturescence period. 



Adrenal cortex of S. araneus 121 

On the basis of the above observations it may be said that shrews pass 
through a period of "winter depression" expressed by a decrease in body 
length, body weight, reduction in height of skull (D e h n e 1, 1949), and 
weight of the brain ( B i e l a k & P u c e k , 1960), and involution of the 
thymus (B a z a n, 1952). 

Similar changes connected with the "winter depression" period can be 
observed in the adrenal glands of shrews. 

The adrenal glands of the youngest males and females exhibit almost 
identical structure. In June, July, August and in part of September the 
morphological picture of the adrenal cortex of these animals undergoes 
no change. As from October a decrease in thickness of the adrenal cortex 
can be observed (in particular of zona reticularis and partly of zona fasci-
culata) in both sexes. The thinnest cortex is encountered in January and 
February. Zona glomerulosa remains unchanged throughout the whole 
period. It must be emphasised that these animals are still sexually 
immature during this period. 

The above observations agree with the results of investigations of the 
weight of the adrenal glands of shrews ( P u c e k , in litt.). This author 
found that the lowest weight of the adrenal glands occurs during the 
winter months. 

My observation on the disappearance of zona reticularis *) in male 
sexually immature shrews would not, however, agree with those made 
by M a s u i & T a m u r a (1926) and W i s n i e w s k i (1959). These 
authors state that in male white mice zone X does not disappear until the 
animals attain sexual maturi ty. It may be assumed that the lack of 
agreement between the above observations is the result of specific dif-
ference between the animals. The growth of zona reticularis which I ob-
served in pregnant females and in females both pregnant and simulta-
neously nursing their previous litter is not confirmed by the information 
given by D e 1 o s t (1957), who states that in females of Sorex araneus 
zone X disappears, in the same way as in mice, during the first pregnancy. 
On the other hand this same author (1955; 1956) considers that in Micro-
tinae zone X not only does not disappear, but remains and grows both 
during the lactation and also af ter several pregnancies in old females, and 
this agrees with my own observations. The author suggests that adrenal 
function in these animals is probably connected with the pituitary gland. 
In the winter, when the pituitary gland produces less hormones, the 
adrenal cortex exhibits involution. In the spring the intensified activity 

i) I must emphasise that the question of the nomenclature of the deeper zones of 
the adrenal cortex has not as yet been definitly established. Some authors term the 
third zone — zona reticularis — layer X (D e 1 o s t), while others distinguish in zona 
reticularis an external and internal part, this latter being termed layer X or the 
fourth zone or zona juxta-medul la . 
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of the pituitary gland influences the stimulation and development of the 
adrenal glands. D e l o s t (1956) also puts forward the hypothesis, thćt  
zona glomerulosa is not dependent on the pituitary gland. On the basis cf 
my observations I am inclined to accept D e 1 o s t's concept as to the cor-
nection between the adrenal glands and the pituitary glands, since during 
the winter period, when the pituitary gland is less active, I observed 
involution of zonae fasciculata and reticularis of the adrenal glands of the 
shrew. In addition the fact which I observed that zona glomerulosa i.i 
young shrews of both sexes is not subject to seasonal changes, wo,uli  
bear out the statement that this zone is not dependent on the pituitary 
gland. 

We can connect the involution of the adrenal cortex of the common 
shrew during the winter with the involution of the thymus gland, with 
a decrease in body weight, with reduction in the height of the sku I 
(D e h n e 1, 1949), and with decrease in size of the testes. It may be 
considered .that these processes taking place in the adrenal glands have 
a uniform basis, that they are caused by the same factors, which cause 
the occurrence of seasonal variations in the whole complex of morphc-
logical and physiological indices in shrews. 

V. SUMMARY 

1. The adrenal cortex in male and female shrews is of s t ra t i form s t ructure and 
consists of zona glomerulosa, zona fasciculata and reticularis. 

2. Zona reticularis of young adult and old adult males in April and also of 
pregnant, and of pregnant and simultaneously lactating females, consists of an ex-
ternal and internal part (fourth layer, juxta-medul lar layer). 

3. Growth of the whole zona reticularis occurs in pregnant females and in females 
pregnant and simultaneously lactating. 

4. The thickness of the adrenal cortex in shrews is subject to seasonal varia-
tions: f rom June to September the cortex of young adult males and females 
thickens, f rom October onwards it undergoes involution at the expense of zona f a s c -
culata and reticularis, at taining its minimum in January and February. In old 
adults the thickness of the above zones increases slightly in males and very strongly 
in females, which are sexually active. It then attains ± the same thickness as it 
does in young individuals. Zona glomerulosa does not exhibit any seasonal variations. 
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EXPLANATIONS OF PLATES 

Plate IX. 

Fig. 1. Adrenal gland of young male shrew in June. Three zones of the cortex caian 
be seen. Magn. 280X. 

Fig. 2. Adrenal gland of young male. Zona glomerulosa and zona fasciculata caian 
be seen. Magn. 580 X. 

P'ig. 3. Adrenal gland of young male. Small cells with dense, acidophilic cytoplasrrm 
can be seen between zona fasciculata and zona reticularis. Magn. 580 X. 

Fig. 4. Adrenal gland of young male. Zone fasciculata can be seen in the upper parirt 
of the photograph, and the external part of zona reticularis in the bottorrm 
part. Magn. 580 X. 

Plate X. 

Fig. 1. Adrenal gland of young male in January. Magn. 280X. 
Fig. 2. Adrenal gland of old adult male in April. Dark cells of tse internal part oof 

zona reticularis (fourth layer, zona juxta-medulla) can be seen in the topp 
part of the photo. In the bottom part — the light-coloured cells of theie 
medulla. Sinus vessels congested with blood. Magn. 580 X. 

Fig. 3. Adrenal gland of pregnant female. Cells of the internal par t of zona reticul-1-
aris can be seen on the right side, and cells of the medulla on the ieftft. 
Magn. 580X. 

STRESZCZENIE 

Autorka przebadała 138 nadnerczy ryjówki aksamitnej , Sorex araneus L i n n a a -
e u s , 1758. Ryjówki łowione były na terenie Białowieskiego Pa rku Narodowegoo. 
Nadnercza utrwalano w płynie Bouina i formalinie, zatapiano w parafinie, k ra janno 
i barwiono Azanem, metodą Massona i hematoksyliną i eozyną. 

Autorka stwierdziła, że kora nadnerczy zarówno samców jak i samic składa sidę 
z trzech wars tw: kłębkowatej (łukowatej), pasmowatej i siateczkowej. Najgrubszzą 
wars twą jest wars twa siateczkowata. Od października nas tępuje inwolucja koryy, 
a w miesiącach zimowych jest ona najcieńsza. Inwolucji ulega wars twa pasmowat;ta 
i siateczkowata, wars twa kłębkowa przez cały czas pozostaje bez zmian. Grubośść 
wars twy pasmowatej i siateczkowatej wzrasta u przezimków na wiosnę, nieznacznide 
u samców, bardzo silnie u samic. Osiąga ona w tej grupie taką samą grubość jal-ik 
u osobników młodych. 

U samiczek kotnych oraz karmiących i równocześnie kotnych obserwuje się przee-
rost warstwy siateczkowatej. 

Część wewnętrzna wars twy siateczkowanej — warstwa jux ta -meduia rna wystęę-
puje u młodych samców. W zimie część ta ulega zanikowi i ponownie spotyka si<ię 
ją w kwietniu u samców dojrzałych płciowo. U młodych samiczek brak tej warstwyy, 
natomiast wyraźnie występuje ona u samiczek kotnych oraz kotnych i k a r m i ą c y c h h . 
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S. Siuda auctor phot. 
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S. Siuda ancior phot. 


