
This may perhaps explain the fluctuation in concentration of membranes of individual sub- 
cellular structures while the total concentration of membranes of all the organoids studied 
remained constant. 
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ACTION OF ANGIOTENSIN ON ULTRASTRUCTURE OF THE RAT THYROID GLAND 
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Angiotensin is a peptide hormone which regulates the functional state of cells of vari- 
ous organs [4, 9]. We know, in particular, that angiotensin controls the function of several 
endocrine organs, namely the hypothalamus, adenohypophysis, and adrenals [5, 14, 15, 16]. 
After injection of angiotensin into rats the blood flow in the thyroid gland has been shown 
to be significantly reduce@ [13]. On incubation of fragments of rat thyroid gland in the 
presence of angiotensin, accumulation of radioactive iodine by the cells of this gland is 
considerably inhibited [5]. However, the action of angiotensin on the structure of the 
thyroid gland has not previously been studied. The aim of the present investigation was ac- 
cordingly to study the ultrastructure of exchange microvessels and follicles of the thyroid 
gland in rats receiving angiotensin. 

EXPERIMENTAL METHOD 

Experiments were carried out on 32 male rats weighing 200-300 g. Sixteen rats were 
used for the radiometric tests. Angiotensin was injected intraperitoneally into six experi- 
mental animals in a dose of 1 mg in 1 ml physiological saline; ten control animals received 
1 ml of physiological saline alone. All animals were given an intraperitoneal injection of 
13:I in a dose of 3 ~Ci at the same time. 

Department of Histology, Dnepropetrovsk Medical Institute. (Presented by Academician 
of the Academy of Medical Sciences of the USSR A. P. Avtsyn.) Translated from Byulleten' 
Eksperimental'noi Biologii i Meditsiny, Vol. 97, NO. 4, pp. 501-504, April, 1984. Original 

article submitted June ]5, ]983. 

522 0007-4888/84/9704-0522508.50 �9 1984 Plenum Publishing Corporation 



Fig. 1 Fig. 2 

Fig. !. Arteriole in thyroid gland of rat receiving angiotensin. Contraction of myo- 
cytes, disappearance of lumen of arteriole. 8300 x. 

Fig. 2. Endotheliocyte of exchange microvessel of thyroid gland of rat receiving angio- 
tensin. Condensation of cytoplasm, folding of luminal and basal surfaces of endothelio- 
cyte. 14,400 • 

The animals were killed under ether anesthesia 4 h later. The thyroid glands were re- 
moved and their radioactivity counted on a.well-type scintillation counter attached to a 
URU-64 apparatus. For the ultrastructural investigations six rats were given angiotensin 
in the same dose and ten rats received physiological saline. The thyroid glands were fixed 
in glutaraldehyde solution, postfixed in osmium tetroxide, stained in uranyl acetate solu- 
tion, and embedded in Araldite. Ultrathin sections were cut on the UMTP-2 ultramicrotome, 
counterstained with lead citrate, and examined in the UEMV-100K electron microscope. The 
following parameters of the endotheliocytes were measured on negatives by means of a magnify- 
ing glass and ocular attachments: the shape factor, characterizing the degree of twisting 
of the basal and luminal surfaces of the endotheliocytes, the total number of vesicles on 
the basal and luminal surfaces, and the size and eccentricity of the diaphragmed and pino- 
cytotic vesicles [I, 7]. 

EXPERIMENTAL RESULTS 

After injection of angiotensin into the rats, significant inhibition of accumulation of 
radioactive iodine by the thyroid glands took place. Whereas the thyroid glands of rats re- 
ceiving physiological saline accumulated 35 • 2.5% of the injected dose of radioactive 
iodine after 4 h, this figure was reduced by angiotensin to 25 • 3.2% (P < 0.05). The ultra- 
structure of the thyroid gland of rats receiving physiological saline was in full agreement 
with the results described for intact animals [6, 7]. In a detailed study of the ultrastruc- 
ture of endotheliocytes of the perifollicular exchange microvessels two types of junctions 
between these cells were distinguished. Junctions of the first type in the perifollicular 
exchange microvessels were observed more frequently and were formed by outgrowths of peri- 
cytes, penetrating through the basement membrane. 
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TABLE i. Effect of Angiotensin on Morph- 
ometric Parameters of Luminal and Basal 
Surfaces of Endotheliocytes of Exchange 
Microvessels of Rat Thyroid Gland 

Control Angiotensi n 
Parameter x + s  x x + s~ p 

Luminal surface 

Shape factor of luminal 
surface 

Number of vesicles con- 
nected with tuminal 
surface 

Major diameter of dia- , 
MPahragmed vesicles, nm I 90_+5,6 

jot diameter of pino- I 
cytotic vesicles, nm 92_--4-8,9 

Eccentricity of dia- I 
phragmed ves{cles | 56___12,9 

Eccentricity of  pinocytot~ 
ic vesicles / 47• 

Basal surface 
Shape factor of basal 

surface 
Number of vesicles con- 

nected to basal sur- 
face 

Major diameter of dia- 
phragmed vesicles, nm 

Major diameter of pino- 
cytotic vesicles, nm 

Eccentricity of dia- 
phragmed "vesicles 

Eccentricity ol pinocytot- 
ic vesicles 

0,59• 
0,48+__0,14 

0,55• 

0,70___0,I8 

924-3,5 

96• 

20• 

31• 

0,34z0,03 <0,01 
0,85+__0,16 >0,05  

89• >0 ,05  

82• >0,05 

25___5,0 <o ,05 

27• >0 ,05  

0,44• >0 ,05  

0,86• >0,05 

84+__4,5 >0 ,05  

88• >0 ,05  

18• >0,05 

33• i>O 05 

Legend. P given by comparison with con- 
trol. 

Sometimes the surface of the endotheliocyte formed an invagination into which the out- 
growth of the pericytes entered. Junctions of the second type were formed by outgrowths of 
the endotheliocyte, in direct contact with pericytes. Complementary invaginations, into 
which the outgrowths of the endotheliocytes entered, were found on the surface of the peri- 

cyte. 

Under the influence of angiotensin, spasm of the arterioles (Pig. i) and substantial 
changes in the ultrastructure of the exchange microvessels were observed. The cytoplasm of 
most endotheliocytes of the perifollicular exchange microvessels was considerably condensed, 
but in some cells translucency of the cytoplasm was observed under the influence of angio- 
tensin. The luminal surfaces of the endotheliocytes became highly convoluted; similar 
changes affected also the basal surfaces, although to a lesser degree (Fig. 2). Fenestrated 
areas of endotheliocytes were unchanged. The outlines of the endotheliocyte nuclei became 
much more convoluted and numerous invaginations of the nuclear membrane appeared. The rela- 
tive volumes of the condensed and diffuse chromatin were unchanged under these circumstances. 
No changes in nucleolar structure likewise were observed. 

Morphometric measurements showed that angiotensin causes significant changes in certain 
parameters characterizing the state of the luminal surface of the endotheliocytes. For in- 
stance, the shape factor of the luminal surface was considerably reduced. Eccentricity of 
the diaphragmed vesicles, located on the luminal surface, was reduced, indicating rounding 
of these structures (Table i). Meanwhile, the number of vesicles in the cross section of an 
endotheliocyte was unchanged after administration of angiotensin. There was likewise no 
change in size of the pinocytotic and diaphragmed vesicles located on the luminal and basal 
surfaces of the endotheliocytes. 
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Fig. 3. Thyrocyte of rat receiving angio- 
tensin. Numerous lysosomes in apical zone 
of thyrocyte. 12,500 • 

Angiotensin thus caused a considerable change in structure of the endothe!iocytes of 
the perifollicular blood capillaries; these results agree with the view that endothelio- 
cytes are target cells for angiotensin [I0]. The reaction of endotheliocytes of thyroid 
gland blood capillaries to angiotensin is to some degree similar to the reaction of endo- 
theliocytes of blood capillaries of the brain [2, 3]. Parallel with changes in structure 
of the endotheliocytes, a change also was found in the state of the thyrocytes. On adminis- 
tration of angiotensin the cisterns of the rough endoplasmic reticulum dilated. The num- 
ber of membrane-bound ribosomes and the number of mitochondria were reduced. The Golgi com- 
plex was unchanged. Nuclei of the thyrocytes underwent considerable changes under the in- 
fluence of angiotensin. Invaginations of the nuclear membrane appeared and the fibrillary 
component of the nucleoli was condensed, to surround the central part in the form of dis- 
crete masses. The relative volume of condensed chromatin was unchanged in this case. The 
number of lysosomes was significantly increased; these organelles moved into the apical zone 
of the thyrocyte and often formed groups containing up to I0 lysosomes (Fig. 3). Whereas 
the mean number of lysosomes in the control in a medium section through one thyrocyte was 
3.9 • 1.0, after administration of angiotensin it reached 10.3 • 1.8 (P < 0.01). 

After administration of angiotensin to rats, a parallel change thus takes place in the 
ultrastructure of the endotheliocytes of the perifollicular exchange microvessels and in that 
of the thyrocytes. According to data in the literature, angiotensin depresses the blood 
flow in the thy~oid vessels [13]. We found that angiotensin depresses the functional state 
of thyrocytes (J~hibits the accumulation of radioactive iodine). 

Consequen ly~ it can be tentatively suggested that angiotensin in the present experi- 
ments induced p~i~ry modulation of specific target cells, namely endotheliocytes, and that 
changes in the state of the thyrocytes were secondary. If this is true, our results confirm 
the view that endotheliocytes are system-forming cells of the thyroid microregion and may 
have a regulating action on the state of the thyrocytes [8]. The opposite situation arises 
after experimental narrowing of the lumen of the abdominal aorta in rats, which causes an 
increase in the blood flow in the thyroid gland and, as a result, stimulates accumulation 
of radioactive iodine by the thyrocytes [8]. There is also another possible explanation of 
these results: Angiotensin may have a direct effect on thyrocytes. This possibility is sup- 
ported by the ability of angiotensin to inhibit the adenylate cyclase of certain epithelio- 
cytes [12]. 
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HISTOCHEMICAL ANALYSIS OF GLYCOSAMINOGLYCAN CONTENT 

IN THE CHOROID PLEXUS DURING HYDRATION AND DEHYDRATION 
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Vasopressin is known to participate in the regulation of cerebrospinal fluid (CSF) pro- 
duction by inducing an iso-osmotic decrease in its volume [4]. It has been suggested that 
the hormone modifies the transport function of the epithelium of the choroid plexus through 
its effect on structures of glycosaminoglycan nNture sensitive to it, and that this mecha- 
nism is similar to that known for its acs on the collecting tubules of the kidneys. 

This paper describes a histochemical analysis of changes in the choroid plexus during 
maximal depression of secretion of endogenous vasopressin and in response to injection of 
posterior pituitary extract. The results obtained in these extreme situations can shed light 
on the role of glycosaminoglycans (GAG) in the mechanism of the change in permeability of the 
choroid plexus under the influence of vasopressin and the role of this process in preserva- 
tion of the volume and composition of the CSF. 
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