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I. INTRODUCTION

The connection betw een adrenal and parathyroid glands has in terested  research  
w orkers for m any years now.

E p p i n g e r  et al. (1908) suggested that there is an antagonistic activ ity  betw een  
the adrenal and parathyroid glands. A  large number of papers w ere published in 
the years fo llow in g  the above, supporting the theory of the antagonism  taking place  
b etw een  glands (G u 1 e c k e, 1911; K  i s c h, 1924, E o h d e n b u r g  & K r e h b i e l ,  
1025; T a y l o r  & C a v e n ,  1927; R o g o f f  & S t e w a r d ,  1928).

H a r r  o p  et al. (1933) and G r  o i l m a n  (1936), on the other hand, consider that 
there are no functional connections at a ll betw een the adrenal cortex and the para
thyroid glands. The above authors exam ined the problem s of interdependence of 
the adrenal and parathyroid glands, lim iting them selves to chem ical research (de
term ination o f the calcium  and phosphorus levels in blood serum s).

In 1953 E g e r  observed increased functional strain on the adrenal gland after 
rem oval o f the parathyroid glands. A trophy of the lipoids took place in the cortex  
oi these glands.

R ecent reports exp lain  w ith  a greater degree of exactitude the connection betw een  
the glands discussed.

S a l l i s  & H o l d s w o r t h  (1962) state that so far the question  of the effect of 
horm ones of the adrenal cortex on the m etabolism  of other cations than sodium  and 
potassium  has not been exam ined. T hese authors showed that the adm inistration  
or A ' cortisol (glucocorticoid) causes a rise in  the leve l of calcium  in the blood 
serum .
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M e n o z z i  et al. (1963) observed, after g iv ing w h ite  rats cortisol, the occurrence 
in the bases of the long bones of osteoporosis fibrosa generalisata.

F o r s h a m (1963) found resorption of calcium  from the bone to the blood after  
adm inistering horm ones from  the glucocorticoid group. T hese latter papers indicate  
that the adrenal glands m ay affect the calcium  econom y of the anim al system .

We were in terested  in  the question of the effect of calcium contents in 
the  blood on the picture of the  adrenal cortex. In the  litera tu re  available 
we found only a few  m orphological papers concerned with the changes 
taking place in  the adrenal cortex under the influence of changed calcium 
levei in  blood serum . It was for this reason tha t we undertook work on 
this problem  and m ade the following two experim ents:

Experim ent 1 consisted in the observation of changes taking place in  
the adrenal cortex a fte r previous rem oval of the parathyroid  glands, 
causing reduction of the  calcium  level in the blood serum.

Experim ent 2 consisted in observation of the adrenal cortex a fte r the 
calcium  level in the blood serum  had been reduced by intravenous 
injection of sodium oxalate.

II. M ATERIAL AND METHODS

A total of 56 sexu a lly  m ature m ale w hite rats, w eigh ing  about 200 g, w ere used  
for the experim ent. The anim als w ere  fed w ith  the standard granulated diet 
obtained from  the Institute o f M edicines in W arsaw.

The anim als w ere divided into three groups:
Group I — control anim als — 10 rats
Group II — anim als from w hich the parathyroid glands w ere rem oved by 

operation — 30 rats
Group III — anim als w hich  w ere injected w ith  0.1 M. solution of sodium  oxalate, 

w ith  dosage of 1.6 m l per 200 g of w eight of the anim al per day — 16 rats.
R em oval of the parathyroid glands by operation is d ifficult. In the first period of 

the experim ent the parathyroid glands w ere rem oved from  the anim als together 
w ith  the tissue surrounding the thyroid gland, w hich  caused frequent haem orrhages 
from arteria  thyro idea  superior.  On this account in our later operations, after the 
parathyroid glands had been revealed , they  w ere held by forceps and the stem  of 
the parathyroid gland ligatured, n ex t excis in g  the parenchym a of the gland in its 
entirety. C linical sym ptom s o f m alfunction  of the parathyroid glands occurred w ith  
uniform  in tensity  after both the types o f operation described. Sodium  oxalate w as 
injected into the m arginal ve in s of the rats’ ta ils ( B e n s l e y ,  1947; D z i e r z y -  
k r a y - R o g a l s k a ,  1958). In order to facilita te  access to the blood vesse l, the 
rat's ta il w as illum inated  from  the bottom  by a strong light through a narrov slit 
in a glass table specially  constructed for this purpose. The rate of injection was
0.2 m l of 0.1 M. solution of .sodium oxalate  per m inute.

A fter the injections of sodium  oxalate the anim als exh ib ited  extrem ely  marked 
sym ptom s o f tetanus.

Before the anim als had been k illed  blood w as taken by m eans of cardiac puncture, 
in order to define the calcium  contents in the blood serum . The calcium  leve l w as 
calculated by m eans of radiation photom eter (C arl-Zeiss, m odel III), previously  
draw ing a curve of calibration for calcium .



The e ffect o f reduced calcium  leve l on adrenal glands 22'J

The anim als w ere killed after anaesthetisation  by ether, then the adrenal gland  
was rem oved and fixed  in L ison-V okaer or Bouin flu id , and in form ol 4- alcohol. 
The m ateria l w as dipped in paraffin and cut into sections 6 ^  thick. The specim ens 
w ere stained  w ith  hem atoxylin -eosin e, by the Azan m ethod and B est m ethod for 
revealing the presence of glycogen.

A nim als in group I (control) w ere divided into:
1. non-operated  anim als
2. anim als on w hich a blank operation w as carried out
3. anim als w hich received intravenous injection  of sa line  

solution
A nim als in group IX w ere divided into:

1. anim als killed during 1st w eek  after operation
2. anim als k illed  w ith in  3 w eeks after operation
3. anim als k illed  w ith in  6 w eek s after operation

A nim als in  group III w ere divided into:
1. anim als k illed  w ith in  24 hours after injection of sodium  

oxalate
2. anim als killed w ith in  48 hours after being injected tw ice  

(every 24 hours) w ith  sodium  oxalate 8 rats

III. RESULTS 

A n i m a l s  i n  g r o u p  I (control)

Calcium level in  blood serum  was on average 10 mg%.
The m orphological picture of preparations from  anim als in  the  th ree 

control sub-groups did not differ from  each other.
The zona glomerulosa is relatively  narrow. The cylindrical cells form 

ing th is zone have fine-grained cytoplasm  containing a large am ount of 
small vacuoles. The cellular nuclei are of d ifferen t sizes and shapes, w ith 
predom ination of hyperchrom atic nuclei. The nuclear m em brane is often 
folded and thickened, bu t in certain  cells the nuclei are large, vesicular, 
w ith a clearly  visible chrom atinous strom a. These nuclei have large 
oucleoles generally  situated  centrally.

The zona fasciculata occupies the  largest part of the adrenal cortex, is 
wide and form ed of large cells w ith finegrained cytoplasm  delicately 
vacuolised, revealing very  fine glycogen g ranu lar m atter. The cellular 
nuclei are large, vesicular, with tau t nuclear m em brane. The delicately 
stain ing chrom atin is evenly distributed. One or two large nucleoles can 
be observed, generally situated centrally . The blood vessels ru n  in the 
connective tissue betw een bands of cells, ,

In the zona reticularis, formed of cells far sm aller than  the  cells in the 
zona fasciculata, the nuclei also are sm aller th an  those in  the  preceding 
zone. The cytoplasm  of the cells in  this zone is fine-grained and dense. 
The cellular nuclei are round and hyperchrom atic w ith  coarse-grained 
chrom atin. The single nucleoles there  are disposed centrally . The blood 
vessels are not congested.

2 rats
4 rats

4 rats

10 rats
10 rats
10 rats

8 rats
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A n i m a l s  i n  g r o u p  II

1. Animals killed w ithin one week after removal of the parathjroiid  
glands (calcium level in blood serum  on an average 7.1 mg%).

The adrenal glands of these anim als have a zona glomerulosa broadened 
in comparison w ith th a t in the  control animals. The cytoplasm  of the Kellis; 
form ing this zone exhibits the presence of large vacuoles. The celluhar- 
nuclei differ in shape, with a thick cellular m em brane staining in te n s iv 
ely, C hrom atin is scattered  over the whole nucleus, and its thickt.err 
granules are situated  round the edge. The nucleole is situated  more <orr 
less centrally.

The zona fasciculata seems to be th inner than  th a t in  the contrrobl 
anim als. The cells forming this zone have acidophilic and fine-graineedj, 
delicately vacuolised cytoplasm. The vesicular nuclei are larger thar. thhcie 
nuclei occurring in the zona glomerulosa. Large nucleoles situated  chieflfljiy 
centrally  are visible in the nuclei. Enlarged blood vessels are visibblele 
betw een the  bands of cells.

The zona reticularis is form ed of cells sm aller than  those in the zoon:aa 
fasciculata. The cytoplasm  of ihe cells forming this zone is fine-graineied d, 
dense, very delicately vacuolised. The nuclei are round, hyperchrom atiticic. 
The very num erous blood vessels are  considerably enlarged.

2. Animals killed th ree  weeks a fte r operation (calcium level in tlth-he 
blood serum  was on an average 7.5%).

The adrenal cortex of these anim als has a zona glomerulosa enlarg*geged 
sim ilarly  to th a t of anim als killed one week afte r operation. In tl th the 
m ajority  of the cells forming th is zone, the cytoplasm  continues to H b be 
vacuolised, but cells are encountered with fine-grained cytoplasm, w itlith th- 
out vacuoles. The cellular nuclei are of two kinds: dark, hyperchrom alatiatic 
w ith  folded nuclear m em brane and light, vesicular, with a distinindnct 
nucleole often situated  near the nuclear m em brane.

The zona fasciculata, in comparison w ith that in  control animals, h h; has 
undergone, as it were, continued narrowing. The cells forming this zofeouone 
are  large and contain strongly vacuolised cytoplasm. The vesicular nucUclaclei 
j.re often of d ifferen t size, sometimes very large and light in colour, r. r . In 
certain  cells mitoses are visible (Fig. 1). In the m ajority  of the nuclei ei ei in 
th is zone, from 1 to 3 in num ber, large nucleoles are  visible, most oft<>ft<)ften 
situated ju st by the nuclear m em brane (Fig. 2). Extrem ely intense co co con
gestion is visible betw een the bands of cells (Fig. 3).

The zona reticularis undergoes widening in relation to tha t in contin tin tro l 
animals. The cytoplasm  of the  cells in this zone is distinctly vacuolisqistlised. 
The cellu lar nuclei are of d ifferen t shapes and sizes. The existiistiisting 
vesicular nuclei are large and light in colour with tau t nuclear m em brairabrane
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and scattered fine-grained chrom atin, and one or two nucleoles situated 
near the nuclear membrane. The blood vessels in th is zone are congested 
with blood.

B etw een the zona reticularis and the m edulla of the adrenal gland 
groups of large cells arranged side by side, form ing a fourth  zone of the 
adrenal cortex, a re  encountered, which w ere not found e ither in the 
control anim als or in those killed one week a fte r operation (Fig. 4). These 
cells have m ore acidophilic cytoplasm  th an  o ther cells in the adrenal 
cortex. Their dimensions in comparison with the cells in the zona reticu l
aris are alm ost twice larger. The cellular cytoplasm  is fine-grained, 
dense, very  delicately vacuolised. The nuclei of these cells are light, 
vesicular w ith a distinct nucleole situated m ainly near the edge,

3. Animals killed w ithin 6 weeks a fte r operation (Calcium level in 
blood serum  is on an average 8.1 ml%).

A :;ona glomerulosa, narrow er than  in the anim als killed three weeks 
a fte r operation, can be observed in the adrenal cortex of these animals. It 
is tim ila r in breadth  to th a t observed in  the control animals. The cells 
form ing it have vacuolized cytoplasm. The nuclei are hyperchrom atic and 
it is sometimes difficult to distinguish the nucleole in them.

The zona fasciculata is formed of cells reduced in  size in  comparison 
w ith  the cells observed in  the analogical zone in the th ird  week after 
operation. The cytoplasm  of these cells is fine-grained, less vacuolised. 
The cellu lar chrom atin is delicately scattered and in certain  places near 
the nuclear m em brane forms larger concentrations of 3—4. The large 
nucleole is clearly visible, generally situated centrally. The blood vessels 
lying betw een bands of cells are only slightly congested.

The zona reticu laris  consists of cells far sm aller than  the ceUs in the 
zona fasciculata, which contains fine-grained cytoplasm. The cellular 
nuclei in  th is zone are dark, with thickened, often uneven, nuclear mem
brane.

Chrom atin concentrated in larger clots is situated just by the nuclear 
m em brane. In many nulei the nucleole can be seen. Unenlarged blood 
vessels can be seen betw een the cells in the zone.

Between the m edulla and the zona reticularis small concentrations of 
cells, discribed in  the anim als killed the  th ird  week a fte r  operation, can 
be seen. These cells do not, however, form  so distinctly separate a fourth  
zone as was the  case in  the anim als killed in the  th ird  week after 
operation.

A n i m a l s  i n  g r o u p  III

1. The zona glomerulosa in the anim als killed w ith in  24 hours after 
injection of sodium  oxalate rem ains unenlarged in relation to th a t in the
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control anim als. The cytoplasm  of the cells in this zone is i'ine-grained 
and vacuolised. Nucleoles arranged centrally  can be seen in the fairly  
large and vesicular cellular nuclei.

In the  rela tively  broad zona fasciculata of this group of anim als the 
cells have very  vacuolised cytoplams. The cellu lar nuclei are round, light 
in colour, vesicular w ith delicately scattered chrom atin, and m aintain 
a size sim ilar to th a t in  zona glomerulosa. The nucleoles, from  1 to 2 in  
num ber, are situated  eccentrically. The blood vessels running betw een 
the  bands of cells are congested.

The zona reticularis undergoes enlargem ent in  comparison w ith th a t in 
control animals, and is formed of cells w ith less vacuolised fine-grained 
cytoplasm. The cellu lar nuclei are vesicular, bu t stain  fairly  intensely. 
A large nucleole lies in the  m iddle of the nucleus.

Between the m edulla and the zona reticularis there are single cells of 
the fourth  zone, a description of which is given for the  second group.

2. The zona glomerulosa of the adrenal cortex in anim als killed 48 
hours a fte r two injections of sodium oxalate undergoes enlargem ent in 
comparison w ith th a t in  the  control animals. The cytoplasm  of the cells 
forming this zone exhibits intense vacualisation. The cellu lar nuclei 
undergo enlargem ent. Large nucleoles lie near the nuclear m em brane. 
Many of the cells give the impression of young cells im m ediately after 
karyokinesis.

The zona fasciculata is narrow er than the analogical zone in  anim als 
killed 24 hours a fte r the  injection was made. The cells form ing this zone 
have fine-grained cytoplasm  less vacuolised th an  in the  anim als killed 
afte r 24 hours. The cellu lar nuclei are round, vesicular, with fairly  thick 
nuclear m em brane. The one or two nucleoles are most often  situated 
eccentrically. The blood vessels in this zone undergo enlargem ent.

The zona reticularis undergoes considerable enlargem ent in relation to 
other zones and to the analogical zone in control animals. The cytoplasm 
of cells form ing this zone is fine-grained and delicately vacuolised. The 
cellular nuclei a re -sm alle r, and stain  a darker colour. It is difficult to 
distinguish the nucleoles in them . The blood vessels in this zone are 
considerably enlarged.

Between the m edulla and the  zona reticularis the num ber of cells with 
acidophilic cytoplasm  (fourth zone) increases in comparison w ith th a t in 
the  adrenal glands of anim als killed 24 hours after injection of sodium 
oxalate. .

*■ IV. DISCUSSIO N

The work undertaken  was aim ed at finding an  answ er to the  question 
as to how the cortex of the adrenal glands reacts to reduced calcium  level
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in blood serum . The function of the adrenal gland has h itherto  been con
nected chiefly w ith the  m ineral economy of sodium and potassium, little  
a tten tion  being paid to  o ther cations.

In the  experim ents made, two groups of anim als w ere obtained with 
reduced calcium  level in their blood. In  order to reduce the calcium  level 
in  the blood serum , the  parathyro id  glands were excised in  one group of 
animals, while the o ther group was given sodium  oxalate. In both the ex
perim ental groups sim ilar morphological pictures, indicating the stim ul
ation of the functioning of the adrenal cortex, w ere obtained. This hyper
function was expressed by intense congestion, num erous mitoses, 
characteristic positioning of the  nucleoles, the  appearance of an additional 
fourth  zone betw een the  m edulla and zona reticularis, and the disappear
ance of glycogen, which was observed only in  control animals.

B o u r n e  (1949) in describing the adrenal glands of mammals, found 
th a t mitoses occur very rarely  in the cortex of th is gland. In our m aterial 
num erous mitoses were found to occur in the zona fasciculata, which may 
be taken as a criterion of stim ulation.

H u n t  (1959) observed glycogen in the cortex of the  adrenal glands of 
rats and stated  th a t the slightest stim ulation of this gland causes dis
appearance of glycogen. We also failed to find glycogen in the anim als 
on which the experim ents were carried out.

Like A 11 m a n n (1955) we observed the occurrence of nucleoles often 
situated  ;just near the nuclear m ebrane in cells of the cortex of a stim ul
ated adrenal gland.

The additional fourth  zone of the  cortex of the adrenal glands occurring 
in our experim ents is very sim ilar to the zone X  described by many 
authors, and m any functions have been a ttribu ted  'to it, the  views held 
by d ifferen t authors, however, being very contradictory. G e r s h  
& G r o l l m a n  (1939) consider zone X as a reserve tissue, which is 
capable, w hen the adrenal gland is compelled to hyperfunction, of 
secreting additional cortical hormones. We know, however, of many 
experim ents, consisting in  the inducem ent of hyperfunction of the cortex 
of the adrenal gland, in which the  appearance of an  additional zone was 
not observed.

The presence of zone X  is connected chiefly w ith androgenic function 
( G r o l l 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; T e -  
t e r, 1959). .

D e l o s t  (1956), on the o ther hand, observed in  the field mouse the 
presence of zone X  during pregnancy and lactation. As is well known, 
during this period there is a g reater demand for calcium by the  organism, 
and the adrenal glands, like the parathyroid glands, exhibit symptom s of 
intensified function ( O r ł o w s k i ,  1957; T e t e r ,  1959). The appearance
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of the additional fourth zone in our experim ents m ay therefore be 
evidence of intensified activity of the gland

The question then arises as to w hat m echanism  evokes the change 
described above. An in teresting  problem  here  is th a t of w hether the 
reduced calcium  level in the blood serum  acts d irectly  on the adrenal 
glands, or w hether it does so through th e  m edium  of o ther endocrinal 
glands, e.g. the p itu itary  or parathyroid  glands. Il would seem that the 
parathyroid  glands should play the  chief part in the disturbance of the 
phosphoruscalcium  balance in the  organism, but in the group of anim als 
deprived of their parathyro id  glands (Group II), as in the group of 
anim als given sodium oxalate while retain ing  their parathyro id  glands 
(Group III), the cortex of the adrenal glands exhibited uniform  sti
m ulation in the  morphological picture. Taking these results as our basis, 
we can only find th a t that reduced calcium  level goes together with 
intensification of function of the adrenal cortex.

It is possible tha t stim ulation of the adrenal gland is caused by the 
p itu itary  gland (S a k i z, 1959). As reported by J o n e k  (1959), and by 
authors whom he cites, the num ber of cells in the  peripheral part of the 
p itu itary  gland increases under the  influence of acidifying substances, 
which causes g reater secretion of ACTH, evoking intensified activity ol' 
the  cortex of the adrenal gland. It is possible tha t in our experim ents the  
stim ulation of the cortex of the  adrenal gland which we observed occurred 
in th is way.

The appearance of an additional fourth  zone of the cortex of the adrenal 
gland m ight take place as the result of increased secretion of gluco
corticoids by the stim ulated zona fasciculata. Cortison m ay therefore 
exert a stim ulating effect on the  growth of zone X  (J a k o w i c k i 
& W i s n i e w s k i ,  1962).

On the basis of our experim ental m aterial it is difficult to establish 
w hether the  observed stim ulation of the adrenal cortex is evoked directly 
by the reduced calcium level in  the blood serum  or by intensified 
functioning of the p itu itary  gland. It would seem th a t this question 
rem ains an open one and needs fu rth e r investigation.

V. CONCLUSIONS

1. A fter excision  of the parathyroid glands and also after injection of sodium  
oxalate, reduced calcium  level in the blood serum of rats and m orphological 
changes in the adrenal cortex w ere found, indicating stim ulation of cortical 
Junction (congestion, num erous m itoses, characteristic positioning of nucleoles, 
appearance of a fourth zone betw een the m edulla and zona reticularis, disappearan
ce of glycogen).
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2. The most strongly expressed changes in the adrenal cortex w ere observed
three w eeks after excision  of the parathyroid glands and 48 hours after two
injections (every 24 hours) of sodium  oxalate  had been given .

3. The changes observed in the adrena! cortex in  both the above experim ental
groups did not d iffer from each other.
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STRESZCZENIE

Autorzy badaii m etodam i h istom orfologicznym j zachow anie się kory nadnerczjty  
u szczura białego przy obniżonym  poziom ie w apnia w  surow icy krwi. Poziom  w apniaa  
obniżano jednej grupie zw ierząt przez operacyjne usunięcie przytarczyc, drugie.ej 
natom iast przez w strzyk iw an ie 0,1 M. roztw oru szczaw ianu sodu. Kora nadnerczyy  
obu grup dośw iadczalnych w yk azyw ała  objaw y pobudzenia. Autorzy dyskutują naad 
m echanizm em  m ogącym  w yw oływ ać w zm ożenie czynności kory nadnerczy. Rozpa-i- 
trują drogę bezpośredniego działania obniżonego poziomu w apnia na kort,1 nadner-c- 
ezy oraz drogą pośredniego działania poprzez przysadkę m ózgow ą i przytarczycęę. 
Badany m ateriał dośw iadczalny nie pozw olił na stw ierdzenie bezpośredniej zależ-i- 
ności przytarczyc i kory nadnerczy. Pow iązanie obserw ow anej nadczynności koryy 
radnerczy z przysadką m ózgow ą w ydaje się być prawdopodobne, jednakże zagad-i- 
nienie to pozostaje nadal o tw arte i w ym aga dalszych badań.

E X PLA N A TIO N  OF PLATES 

Plate XIV.

Fig. 1. M itosis in the ce lls  o f zona fascicu lata  (anim al k illed  three w eek s afterr 
excision  of the parathyroid glands). Magn. 2300X.

Fig. 2. 1—2 nucleoles situated  near the nuclear m em brane in cells of zona fa sc ii-  
culata (anim al k illed  three w eeks after operation). Magn. 1400X.

P late XV.

Fig. 3. Intense congestion  o f the adrenal cortex (anim al killed three w eek s afterr
operation). Magn. 470X.

Fig. 4. Cells in the fourth zone situated betw een  the m edulla and zona reticulariss 
of the adrenal cortex (anim al killed three w eeks after operation). Magn. 345X.
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