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Ultrastructural observation on the rat supraoptic 
neurons following acute operative stress 
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Summary. Tlie responsc of the SON to various fornis of 
stress is wcll documented. However, tlic cffcct of 
opci-ative stress. whicli is n cornmon and important 
clinical event rcqiiiring thc riicdiation of vasopressin. has 
largcl!/ cscaped attention. Tlie present report dcscril,cs 
tlie ~iltrastr~ictural cliangcs in thc ncurons of tlie caudal 
(rctrocliiasinatic) part of the SON following a dccp; 
seated linear incisioii oii thc do]-sum of tlie rat. The 
observations were confined to tlie first forty-eiglit Iiours 
after trauinn. 

At 24-liours post-opcrativcly, a marhed deplction of 
tlie neurosecretory granules was obser\ed.  l ' l i iq  \v:is 
assoeiuted with a proliferation of the granular and 
smooth endoplasmic reticulum. Golgi cisternae and 
ribosomc\. A fcw 01' the neurosecretory granules were 
sccn to lic in tlie close vicinity of the Golgi cornplcxcs. A t  
48-hours aftcr traurn:i. these feat~ires persisted. l n  
adclition. an accumulation of neurosecretory granules 
w:is conspicuous in sornc ason prc-tei-niirials. 

From the above findings, i t  is s~iggestcd that an  
iricreascd deinand for vasopressin during tlie early post- 
opcr;~tivc pcriod is rnct by the supraoptic neurons by a 
liberiition of their neurosecretory contents. An atteinpt 
at rcplcnishmcnt of thc latter is evidcnced l,p a 
proliferation in the nlembranc coinponcnts rind 
rihosornes. Tlie pooling of neurosecretory graniiles in 
occasional ason pre-terniiiials may indicate an irnb:il:ince 
in tlie 5ynthesis-scci-ction coupling of \lasoprcssin. 

Key words: Rnt supraoptic neuron. Operative stress, 
Ultrastruct~ii-c 

lntroduction 

Tlie s t i~ r ;~op t i c  nucleus (SON) of tlic maminalian 

Offpr~nt requests: Prajnan K. Ray, Departrnent of Anatorny, Faculty of 
Medicine, Kuwait University, P.O. Box 24923 Safat, 13110 Safat, 
Kuwait 

hypothalani~is is concerned with elaboration of  
vasopressin. as confirmed b!- physiological (Sachs et  al., 
197 1: Cross ct  al..  1975) and imrnunohistocliemicr~l 
(Rl io~ies  ct  al.. 1981: Sofroniew et  al..  1981: Kawata and 
Sano. 1982: Ray arid Choudhury, 1987) st~idies.  
Vasopressin is onc  of the prime substances concerned 
with fluid rcg~ilation of the body. Accordingly. its 
synthcsis. stornge and release ~indcrgo a consider;iblc 
flux under conditions th;it req~i i re  adjustmeiits in fluid 
balance. Such functionol changes are  reflected in the 
ultrastruct~ire of tlic supraoptic ricurons, as highlighted 
by ¿ivailablc studics ~ i n d e r  conditions of fluicl dcprivation 
(Zainbraiio und DeRobertis, 1966: Tweecllc and Hatton,  
1977: Aloiiso and  Asscnmacher. 1979). salt loading 
(Morris niid Dyball. 1974), hypoxia induced by 
morphiiic poisoning (Borowicz ct al.. 1974) and 
nialnutrition (Fercakova, 1977). Among c1inic:il 
conditions that rcquire continual adjustments to fluid 
cnvironrnent. surgical trauma is of considerable 
relcvance. Tlie early postopcrative period is particularlq 
associated with changes i i i  the level nnd distribution of 
body fluid. Tlie morphological correlations of such 
clianges in the supi-aoptic iieuroiis were investigated 
carlicr at light niicroscopc lcvel (Choudhury,  1971. 
1972). The findings pointed to an cnlarseinent in the 
magnocellular ncurons with a concomittant deplction of 
the neurosccrctory material. Thc prcsent work has been 
extended to record ultrastructural changes during the 
first forty-ciglit Iiours. when tlic inachinery for fluid 
¿idjustnicnt is operative at its peak. As the siipraoptic 
neurons :]re kno\vii to exliibit zonal vari:itioii in 
inorphologq (1-nferga et  al . .  1975: Krisch. 1976). thc 
prcscnt in\cstigiition was confined to a sclccted arca of 
the SON.  

Materials and methods 

TwrIve young inale adult Wistrir rats (200-250 g) werc 
divided iiito control (4  animals) and experimental ( 8  
;ininials) groups. A dccp-seated linear incision was niride 
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on the dorsurn of thc cxperiniental aninials iinder inti-a- 
peritoncal pentabai-bitone (Nernhutal: 1mgIlOOg hody 
weight) anaestliesia. The musclcs and skin wci-c npposcd 
in scparate layers witli interrupted sutui-es. Control riits 
received only an appropiatc dose oí' tlic snmc 
¿inaestlietic. During tlic post-opcrati\,e pci-iod. tlie 
control and cxperimentnl anirnals wci-c cagcd 
individually under identical conditions of teinpernture 
(70°F), humidity (45%), lightldark cyclc (12 houi-sIl7 
hours) and cage space. Food and watcr wcrc givcn nd 
libitum. 

Thc cxpcrirncntal rats wcrc sacrificed at 21- nntl 1 s -  
hours after the operation. Tlic coiiti-ol nniinnls nri-c 
killed at siinilar time intervals following ntlniinisti-ntion 
of thc anaestlietic. 

All anirnals wcrc pcrfused untlei- Nembutnl 
¿inaestliesia (4mgl100g body wcight) witli 7.5'X1 
glutaraldcliyde in 0.165 M pliospliatc hiiffer :iccording to 
tecliniyucs described elsewliei-e (Kay aiid Clioudhury, 
1085). The brains werc rcmovcd. gi-ossly triiiirned aiid 
kept imniersed in the iibove perfus:ite :it 4 'C '  overnight. 
Tlie next dny the blocks of bi-iiin tissiie co~it;iiiiiiig only 
tlic i-etrnchiasmatic part of the SON betwccii tlic caiidal 
end of tlic optic chiasrn:~ aiid tlir he2inning of tlic 
infunclihulni. rcccss were dissected c i i i t  undei n 
sterenmici-oscopc. Thc pnraoptic rcgioiis cciiitaining tlie 
supraoptic ncurons wcrc curcfiill~. isol:itcd fi-orn thcse 
blocks and proccsued for truiisiiiissiciii clectron 
micrnscnp! os nf routinc. Ultratliin scctioiis wcrc staincd 
with ~iraii!,l acetate and lead citriitr :irid wr r r  examined 
iiiider r i  .leo1 electron mici-oscopc (.lccil 100 CX) ,  
operoted n t  8í')KV. 

Results 

In tlie control animals. tlie neui-ons in tlir SON 
exliibited large vesiculai- nuclcus \~ i t l i  prorniiiciit 
nuclcolus. Indentation of tlic nuclear nieinbrane was 
frcquently observed. Ccll to cell apposition ovei- widc 
arcas witliout intcrvcntioii of any glitil processcs was also 
iioticed. Well defining Golgi cisteinac and  
niitrochondria cliaracterised tlic paraiiiicle¿ii- zone. wliile 
graiiiilnr endoplasmic reticuluni occupicd a relntively 
peripheral pait  of tlie cytoplasm. Electron-dqiisc 
neui-o~ccietory granulcs varying in sizc from (000 A to 
3000 A were sparsc and widely scattcrcd tlii-ougliout tlie 
cytoplasm. Soine of thcsc graiiiiles werc closely 
¿issociated witli thc mernbrane systcin. Lysosoine-like 
dciise bodies were also a consistent finding. Tlic above 
fcatures arc presented in Fig. l .  

At  24-liours following opei-atiori. a inarkcd 
proliferation in the membranc system wns ohseivcd. 
Exteiisive stacks of endoplasmic reticuluni studdcd witli 
ribosorncs cliaractcrised tlie periphci-al part of tlic 
cytoplasin. Thc lamellae in the ahove stacks were 
arraiiged parallel to cach other (Figs. 2-1). An 
:ibundancc of polyribosoines in tlie forni of rosettes was 
also apparent (Fig. 3). In niany neurons. tlie 
endoplasmic reticulum showed wide tlilatation, giving 
tlie tubules a circular profile on transvci-sc section 

(Fig. 5 ) .  Pi-olifcrntion of thc Cicilgi ccirnplc~ was n 
consistent ohsei-\:ition. Tlie Ciolgi cistcriinc showetl a 
close :issoci:itiori with iiriirosecretofi gi.:iii~ilcs ancl 
clcrisc-coatcd \csicles (Figs. 2 ,  -3. 5). Ariotlici 
c o n s p i u ~ " ~ i s  fe;itui-e ;it tliis staye \v:is a riini-ketl tlcplction 
of iiciii.oscci.rtoi.! granules. Tlic few graiiiiles tliut were 
sccn. n c r c  sc;ittei-ed in tlie cytol,lnsrii ~iiid :ippe:ired 
sriinllci-. At 1S Iiours iil'ter operiitioii. iiinii!, of thc 
f e~ i t~ i r e s  seen ~ i t  21  Iiours poct-ol,cr¿iti\ely. :ilso prrsistrd. 
Tlius, ii pi-olifer~ition of tlie endoplusniic rcticuliini aiid of 
tlic Golgi cistern~ic \v:is cliaractci-istic. Tliis \vn\ 
:issoci;ited with n dcplction of nciirosecretoiy si-¿iiiiilcs in 
tlie neui-onnl pcriknryn (Fig. 6 ) .  Howevei-. Cimongst 
ncuronal pi-ofiles witli dcplctcd neurosecretory gi-nnulcs. 
a n  nccumiilntion of tlie Inttcr i i i  occnsional axon pre- 
tci-ininals, \vas seeii (Fig. 7 ) .  

Fig. l. A supraoptic neuron from a control rat. A large vesicular 
nucleus (N) with a prominent nucleolus (nu) is evident. AGolgi zone (G) 
is seen in the paranuclear region. The cytoplasm is also characterized 
by peripheral granular endoplasmic reticulum (r) and an assortment of 
neurosecretory granules (arrows). Some of the latter are clearly seen 
in close relationship to the membrane system. A few dense bodies 
(db) of larger sizes are also visible. x 10,850 

Fig. 2. A survey micrograph of supraoptic neurons from a 24-hour 
post-operative rat. A neuron with its initial segment is seen separated 
from an adjacent neuron by a neuropil containing axonal and dendritic 
profiles. A proliferation of Golgi cisternae (G) is noticeable in both the 
neurons. Some neurosecretory granules (arrows) Iie in close 
association with the Golgi cisternae. The neuron on the right exhibits 
an abundance of granular endoplasmic reticulum (r). A depletion of 
neurosecretory granules (arrows) is evident in the neuronal perikarya. 
x 5,480 

Fig. 3. Three adjoining supraoptic neurons from a 24-hour post- 
operative rat. A marked proliferation of granular endoplasmic 
reticulum (r) arranged in parallel stacks is evident. Polyribosomal 
rosettes (p) are seen scattered throughout the cytoplasm. The 
neuronal perikarya exhibit an overall reduction in the number of 
neurosecretory granules (arrows). A few lie in close proximity of an 
extensive Golgi complex (G) in the neuron at the top left. A large 
number of mitochondria (m) and a few dense bodies (db) populate the 
perikarya. Cell to cell contacts (arrowheads) are conspicuous. .'i 
11.200 

Fig. 4. Part of a supraoptic neuron surrounded by neuropil taken from a 
rat 24-hours after operation. Extensive rough endoplasmic reticulum (r) 
and numerous polyribosomal rosettes (p) are characteristic. An almost 
total lack of neurosecretory granules is noteworthy A large number of 
mitochondria (m) and a few dense bodies (db) are also visible. .i 11,428 

Fig. 5. A marked proliferation and gross dilatation of tubules of 
endoplasinic reticulum (t) as seen in a 24-hour post-operative rat. A 
proininent Golgi complex (G) with sorne neurosecretory granules 
(arrows) in its close vicinity is apparent at upper left corner. A large 
population of electron-dense bodies of varying sizes (db) and 
neurosecretory granules (arrows) characterise the cytoplasm. A 
nucleolus-like body (nb) is seen on the right. * 14,870 

Fig. 6. lnitial segment of a supraoptic neuron taken from a 48-hour 
post-operative rat. A large stack of granular endoplasmic reticulurn (r) 
is seen at the top. A Golgi complex (G) associated with dense-coated 
vesicles (v) and a neurosecretory granule (arrow) is noticeable. The 
segment contains numerous mitochondria (m) and neurotubules (ni) 
and is largely devoid of neurosecretory granules. / 12,957 

Fig. 7. An axon pre-terminal in the SON abutting a perikaryon. 48-hour 
post-operative rat. The pre-terminal contains an assortment of 
neurosecretory granules (arrows), dense bodies (db) and 
mitochondria (m). x 17,467 
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Discussion 

It is well knonn that the ncurons of the SON do ricit 
present a structurally homogeneoiis population 
(Zambrano and Mordoh. 1966; Bardaronayaka, 1971: 
Leranth e t  al., 1975: Twcedle and Hatton.  1977). 
Neui-ons in the differrent zones of the niicleus vary in 
their morphological appeiirarices and in thcir 
neurosecretory content. Ho\\ever. in any given rone.  thc 
iieurciris are renorted t o  have a comnarable striictiire. 
since thcy represent a sin-iilar f~inctional state (Lafarga ct  
al.. 1975). In tlie present work,  therefore, orily the 
caudal (retrochiasmatic) part of the SON was 
invcstigated to  obviate structural as!,nchrony. Also the 
neurons in this zone are known to  be more responsive t o  
stress than those i r i  its ~ s t r a l  counterpart (Ki-isch. 1976). 

Thc ulstrastructurc of the supraoptic iieurons in tlie 
control animals essentially conforms to those i-eported by 
carlicr workers (Sloper and Bateson, 1965: Znrnbrano 
and DcRobertis ,  1965: Enestrom, 1967: Clattcnberg, 
1973: Kalirno. 1975). It is noteworthv that iii tlie rat. the 
amount of neurosccretory gi-anules in thc rieuronal 
pcrikaryon in rathcr scanty. T h c  ~ixoii and the  axon 
terminals within the SON also contain only a smnll 
niiinbcr oí' iie~irosecretory grariules. As  mentioncd 
earlier, an  extcnsive nuclear irifoldirig was observed in 
many iieurons. Thc significance of this finding is ill- 
~ inders tood,  except as a mechanism to  increase thc 
surfacc arca of the riuclear mcmbrane.  This has been 
iiiterpreted as an atternpt at increasing tlie cytoplasmic- 
nuclear interface by some workei-s (Znnibrailo and 
DeRobertis, 1966: Clattenbeip. 1073). 111 our  study, 
arcas of cell t o  cell contaet without intervention of any 
glial processcs were iioted. Similar sites ofcont:ict ~vithin 
tlie SON havc bcen reported hy other workcrs both in 
normal and in experimental wriimals (Lafarga ct al..  
1975: Tweedle and Hatton,  1976). I t  is speculated that 
such sites act as areas of intcrcommuniciition betweeri 
cells t o  bring then-i under identical morphofunctional 
states. 

Tlie almost total depletioii of tlie ricui-oseci-etory 
granulcs at twenty-foui- hours followiiig trauniu points t o  
thcir possible release in thc ncurohypophyseal 
circulatioii due to  an increased demand for vasoprcssin. 
Such depletion coupled with proliferation of tlie Golgi 
complcx and of the granular cndoplasmic reticulum 
reflect synthetic activity. The  associiition of tlie newly- 
formed neurosccrctory granulcs nnd dense-coatcd 
vcsieles with the Golgi cisternae is corroborative in this 
rcgiird. Furthermore. the menibraric system shows 
dilnted tubular profiles on transverse and obliclue 
sections. Similar dilatation Iias also been i-eported bv 
sever¿il autl-iors under various stressful conditions 
(Zainbrano and DeRohertis. 1967: Morris and Dyball, 
1974; Kalirno. 1975: Krisch, 1076). While Znnihrano and 
D e  Robertis, (1967) and Morris and Dyball (1974) 
suggested tliat the dilatation iepresented a greater 
involvemerit of tlie neurons in thc syntlictic part of a 
synthesis-storage cycle. Kalimo ( 197.7) ascribed sucli 
clianges t o  an  exhaustioii phenoinerioii due to an iiitense 

stimulus for liormone svnthesis. Thus,  there appcars to 
be a general n p e e r n e i t  that tlic cistei-iial di l i i t i i t ic i i i  

ensucs from ari atteinpt at augmenting proteii-i synthesis. 
It is interestiiig tc i  note that Alonso kind Asseninaclici- 
( 1079) suggcsted that stress induces a transformation in 
the configuratioii of the peripheral endoplasmic 
reticulum from a restiiig larncllar to  an  active tubular 
fcirni. In tlie pi-esent investigation, however. no loss i i i  

lamellar arraiigement  vas noted in tlie experimental 
animals. Pari passu witli this. profiles of dilated tubules 
were also cncoiintercd. 

The  ahove features of increased neiironal activity also 
persist et fc~rty-eight liours. Thougli essentially most of 
thc iieLiroris are still depleted of thcir neurosecretoi-! 
granulcs. an accuniulation of the lattei- is observed i i i  

sonie ncurons. In tliese cells. the granulcs are sceii 
traversing thc axons nnd are also pooled at axon pre- 
terminals. Kcgarding thc origin of thc neuiosccretory 
granulcs. it is pertirierit to point out tl-iat these arise iiot 
only fi-orn tlie novo synthesis at  the neurona1 perikaryoii. 
but mu! also be derivcd through ari acti\'e uptake 
mechanism from tlie axon terminals iii  a rctrogradc 
manner (Alonso and Assenn-iaclier, 1983). The pooling 
of the neurosecretory granules probably indicates tlie 
levclling off of an iiicreascd deniand for vasoprcssin. 
Alternativcly. this niay be regardcd as a pointcr to nri 
iinbalance in thc synthesis-sccretion coiipliiig of tliis 
horinonc. The  finding of axon terminnls containing 
ncurosecretory grari~iles within the SON mcrits furtliei- 
considci-ntion. Thougli the ne~irohypophysis is 
coiisideicd to  be the principal destination of thc 
supraoptic axons, an appreciablc number of thc lattei- arc 
known to terminate within the SON (Lériíntli ct al. 
1975). Based on her ii~in-iunohistochemicnl st~idies 011 

vasopressin-contaii-iirig asciris in thc caudal supraoptic 
neuroiis in tliirsting rats. Krisch (1976) entcrtnined tlie 
interesting possibility of vasopressin rclcase within tlic 
SON.  

The  present findings of proliferation of thc granulai- 
and smooth eiidonlasmic ietie~iluni and G o l ~ i  cistci-nac. 
assuciated with chpletion of neurosec rc to j  graiiules. 
comnare well with tho5e described ~ i n d e r  various 
sticssf~11 coiiditi~>ns meritioiied earlier (vide iiitroduction). 
Iii summai-y. the supraoptic neurons respond to . . 
operative stress hy releasing their ncurosccrctory 
conteiits. This is immediatcll, followed by ari attempt at 
cnl-ianccd synthesis as manifested by a proliferation oF 
inembrane cciinponents and of ribosomcs. This appeiii-s 
to  bc tl-ic almost universal arid predictable response 01' 
the supraoptic neurosns t o  any stressful conditioiis 
icquiring vasopi-essiri rclcasc. 
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