Aston University

Some pages of this thesis may have been removed for copyright restrictions.

If you have discovered material in Aston Research Explorer which is unlawful e.g. breaches
copyright, (either yours or that of a third party) or any other law, including but not limited to
those relating to patent, trademark, confidentiality, data protection, obscenity, defamation,
libel, then please read our Takedown policy and contact the service immediately

(openaccess@aston.ac.uk)



Some Effects of Thyroid Hormones
on Renal and Hepatic Ultrastructure

in the Mouse

VOLUME ONE

by

Susan E. Nicholls

A thesis presented for the degree of

Doctor of Philosophy

Department of Biological Sciences

University of Aston in Birmingham

JUNE 1972




SUNMMARY .

The effects of thyroid hormaones upon cellular ultra-
structure have been investipgaied in bovy wmouse liver and kidney., ‘The
tissues were examined after various prepation procedures, end as well as
gubjective vigual examinatvion of uitrastructure, attemuts were maode
where possible, vo galn quﬁntitative infermation ef varlations,

Alterations in tue werpuclogy of cells were investigated
and estanlisgined tioww thyreid hormone azscciated changes in protein
gyntihetic activity in cells is reflected in céllular uitrastructure.
Particular attenvion was paid to the eftfects of .thyrcid hormones upon
nuclear morpiolegy buc wag uncble £0 denony trate any significant
variation in the appearance of nu:lear cemponents which might be
associated with a changed functional state.

Investigation ¢f viie morphoiovgy of tae nuclear enveloype
revesled the existence of sm:ll vesicles associated with tie outer
memprane of the nuclear envelope of beth Liver and kidney ceils, and
lérge vesicle sctructures developed Iron tihe nuclear cecuvelope of cells of
tite kidney. Thyrcid aormone administration incrcased the numbers of
both types of vesicle, and the accumulation of obscuring materiai
asscciated witi the nuélcar envelope of both the liver and the kidney.
It was suggested that tiie changes in tiie nuclear envelope morphology
were connected with nucleo—-cyteplasmic transfer mechanisms.

An chserved tendency for nucleoli tc migrate towards the
nuclear envelope witnh thyroid hermone iniluence, and tiae horuone
associated variations in vhe morpholozy of the nuclcar envelope were
thought to reflect the increased turnover of material within tie nucleus
and its transfer to tne cytoplasm, iunown to take place under the
influence of thyroid hormones,

Investigation of liver and kidney ultrastructure atter
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INTRODUCTION

The biochemical effects of thyroid hormones upon
mammalian tissues, particularly the liver, huve been well established,
(Tata 1967a; Tata 1967h; Tata 1970). THowever, little attention has
been paid to the parallel effects which might be expected upon the
ultrastructure. Tata (1967a) was able to demonstrate changes in the
arrangement of cellular organelles which paralleled biochemical changes
in induced amphibian metamorphosis, and Tata et al (1963) reported no
alteration ¢f mitochondrial structure or size with physiological doses
of triiodothvronine, but there has been no thorough investigation of
the ultrastructural effects of thyroid hormones reported in the
literature.

There are several points in the established pattern of
thyroid hormone action where an investigation of thyroid horwmone influense
upon ultrastructure might lead fo an understanding of the hormonal
éffects. For this reason investigations of cellular structure, the
appearance of nuclei and alterations in the ruclear envelopes under the
influence of th&roid hormones were initiated.

It was hoped that an investigation of cellular structure
would demonstrate changes in the relative distribution of organelles
reflecting the overall increase in anabolic activity produced by thyroid
hormone action. Investigation of nuclear structure was directed towards
elucidating whether a changed functional state was reflected in fhe
ultrastructural appearaﬁce. An inveétigation of the ultrastructure of
the nuclear envelope was undertaken in an attempt to establish the
effects of increased turnover of nuclear RNA upon nuclec-cytoplasmic
transfer mechanismg, as visualised in the electron microscope.

The appearancekof mouse liver and kidney were investigated
at varioug times after the administration of a siﬁgle dose of
triiodothyronine, in an attempt to establish the chronological order of

observed ultrastructural changes,

‘
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General Survey of the Literature Concerning the Effects of Thyroid

Hormones at the Cellular Level.

Many attewpts have been maue to explain tiue various
biolugical effects of thyroid hormones. Larly work was directea towards
the mitochondria, in an attempt to explain cthe calorigenic effects of
thyroid hormone administration. Lardy and Feldott (1951) and Niemeyer
et al (1951) demonstrated that administration of thyrexine in vitro
produced an uncoupling of oxidative phosphorylation and Tapley et al
(1955), Beyer et al (1956), Emmelot and Bos (195¢) and Lehninger et al
(1959) showed that thyroid hormones had a direct action upon
mitochondrial permeability. However, most of the in vitro effects of
thyroid hormones upon mitochondria could only be produced by pharm—
acological doses (Gustafsson et al 1665). Direct action ztv the level
of the mitochondrion cannot explain the multiple effects upon protein
metabolism. (see Pitt-Rivers and Tata, 1959).

Gustafsson et al (1965) showed that thyroid hormones
exerted a selective control upon mitocnondrial composition, without
affecting oxidative phosphorylation, in doses close to the physiological,
and that mitochondria under went growth and structural change in vivo,
that was distinct from the mitochondrial swelling produced in vitro with
high doses of the hormone. Roodyn et al (1965) demonstrated that
mitochondria from thyroidectomised animals had a reduced capacity to
incorporate amino acids into protein than did those of normal animals,
and Sokoloff and Kaufmann (1961) noted that althcugh mitochondria
were required for an increased incorporation of amino acids into protein
by rat liver homogenates, microsomes were responsible for the greater
proportion of amino acid incorporation. Michel et al (1963)
demonstrated that although thyroxine administration in vive produced
an increased uptake of amino acids into protein by the various tissues,

administration in vitro had no effect. Thus protein synthesis was




o

implicated as a site for the early action of thyroid hormones.

Since Tata et al (1963) correlated the effects of
thyroid hormone administration upon mitechondrial function and basal
metabolic rate, and demonstrated alterations in amino acid incorporating
activity of cell free liver homogenates, and ribonucleic acid/prntein
ratios with time after thyroid hormone administrétion, the inveivement
of protein synthesis in the early action of thyroid hormones has béen
conclusively demonostrated.

The events taking place.during the latent period before
stimulation of basal metabelic rate have bheen the subject of extensive
investigations. The earliest reported effect of triiodothyronine uyon
the liver of the rat was an accelerated synthesis of rapidly labelled
nuclear RNA which was demonstrated at Ghrs. after horwone administration
“(Widnell and Tata 1966). An increase in the specific activity of
nuclear RNA polymerase was detected at i6hrs. after administration of
a gingle dose of triiodothyronine to thyroidectomisedirats. There was
no detectable accumulation of fibonucleic acid in the nucleus, as a
result of the rapid rate of turnover of newly synthesised material (Tata
1964, Tata 1965, Tata 1967.)

A net accumulation of newly synthesised ribosomes in the

cytopiasm was detected by Widnell and Tata (1966) 24hrs. after hormone
administration. Tata (1970) demonstrated that the appearance of newly
formed ribosomes was coordinated with an increased synthesis of
phospholipids of both smooth and rough wmicrosomal membranes. Increased
incorporation of choline into membrane phospholipids was detectable -
20hrs after administration of thyroid hommones.

Increased amino acid incorporating activity ef microsomes

was demonstrable at 26hrs. after hormone administration, reaching a

peak at 36hrs. (Tata et al 1963). Increased amino acid incorporating

activity by mitochondria was also detectable 36hrs, after hormone




administration (Roodyn et al 1965). An increased IINA content of
ribosomes was detected at 45hrs and an inercase in the number of ribosomés
recovercd as polysomal aggregates from a tissue homogenate was
detectable at 42hrs., The peak of amino acid incorporating activity of
microsomes was reached at 40-50hrs after triiodothyronine administration
(Tata et al 1963; Roodyn et al 1965; Widnell and Tata 1966.). The
raised amino acid incorporating activity of microsomes was maintainéd
300hrs after hormone administration, and specificvactivities of lactic
dehydrogenase end glucose~8-phosphate dehydrogenase were still elevated
6 days later (Tata et al 1963),

Widnell and Tata (1963, 1966) showed that the increase
in specific activity of nucleer RNA polymerase was not due to a
non-sypecific stimulation of nuclear activity but due to some interaction
with a specific site. The newly synthesised nuclear KNA was mainly
riboscmal in character, although there was an increase in the synthesis
of messenger-RNA which was maskea by the disproportionately greater
increase in ribosowal RNA productinn (Tata 1967). There was no
alteration in the base composition of newly synthesised RNA (Widnell and
Tata 1966) but there was a threefold inc;euse in the specific activity
of nuclear RNA from triiodothyronine treated animals compared to
thyroidectomised controls (Tata 1964; Widnell and Tata 1966).

There was a hormone induced net increase in the
cytoplasmic RNA content of animals given a single replacement injection
of triiodothyronine (Tata 1967). The hormone induced RNA of increased
RNA of increased specific activity was found to associate with a lipid
rich cellular fraction (Widnell and Tata 1966) and there was found to
be twice as much membrane bound RNA in triiodothyronine treated rats
compared to thyroidectomiéed cnntfols‘ Tata (1967) found that the
newly formed microsomes had an increased papacity to incorporate amino
acids into protein., As was previously noted, there was a marked

increase in the number of ribosomes recovered as polysomal aggregates
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after thyreid hormone ireutment._ Widnell and Tata (1966) and Tata (1970)
noted that ribosomes formed under the iufluence of the hormcne action
were more firmly attatched to wembrane elements, Tata (1970) was also
able to demonstrafe that the newly formed ribosomes were associated
with newly formed membranc elements, and that the membrane bound riboscmes
were responsible for the greated proportion of increased protein synthetic
activity.

Thus an early action of cuyroid trormones upan the cell
is to induce an increased specific activity of nuclear RNA polymerase
resulting in a production of new messenger-RNA ani a disproportionately
greater amount of ribosomal-RNA. The newly synthesised RNA subsequently
appears in the cytoplasm as ribosomes with an increased capacity to
incorporate amino acids into protein. The appearance of newly formed
ribosomes in the ecytoplasm is accompanied by an increased synthesis of
membrane phospholioids.. Ribosomes becom2 associated with membrane elements
ih a tighter binding than that previously present in the cell, and the
newly formed rihnsomes are responsible for the increased protein
gsynthetic activity,

The accwmulation in the cytoplasm, of ribosomes of
-increased protein synthesisihg capacity is coordinated with changes in
mitochondrial activity. Tata et al (1963) have shown no alteraticn in
" the tightness of coupling of the electron transfer system or phosphorylgting
systews in mitochondria from animals treated with triiodothyronine, but
there was an overall increase in mitochondrial activity which was not
localised at any one stage in either the respiratory chain or
phosphorylarien. Roodyn et al (1965) demonstrated that mitochondria from
thyroidectomised rats were less active at incorporating amino acids into
protein than those from normal rats, and that administration of triiodo~
thyrogine to thyroidectomised rats increased the overall amino acid
incorporating activity of the mitochendria. This increased amino acid

incorporating activity was not dependent upon intramitochondrial pools




of amino acids, It has been sugcested that the increased amino acid
incorporating activity was a result of an increased rate of oxidative
phosplhiorylation, but the rate of energy production and amino acid
incorporating activity were stimulated at the same tiwe and the
increa§ed energy production continued lonr after the amino acid incorporating
activity had returned o normal (Roodyn et al 1965). Thus the
increased respiratory activity and increased amino acid incorporating
activity seen to result from some separate stimulation,

It has heen shown that the thvroid hormone administration
affects levels cf mitechendrial RNA, causing an overall increase
detectable 16hrs. after administration of a single dose of triiodothyronine
to thyroidectomised animals (Tata 1964; Widnell and Tata 1966). However
the significance of this is.not fully understond since althouph stimulation
of mitochondrial amino acid incorporating activity occurs somes 2Chrs.
after the first detectable changes in mitochondrial RNA levels, there is
ne apparent relationship between mit.chondrial RNA and amino acid
incorporating activity (Roodyn et al 1965).

Thus it would seem that the main effects of thyroid
hormones,on rat liver at least,is to produce an dverall stimulation of
the norwal anabolic processes taking place within the tissue, as is
summarised in Diagram 1. on the following page. The hormones may exert
their effects at one or more points in the process. Production of new
ribosomes of increased amino acid incnrporuiing eapacity may be a reault
of%hormone action at some stage in either tﬁe production of the
ribosome or in its localisation upon microsomal membranes.. The increased
turnover of nuclear RNA may be a result of direct stimulation of nucleo-
cytoplasmic transfer mechanisms by hormone action, or as a fesult of the
increased synthesis of the RNA, Again the increased production of
membrane phospholipids may result from direct hormone action, or be a

result of increased ribosomal RNA production. Stimulation of mitochondrial

activity might be a result of direct hormone action, or as a result of




increased dewand for eneray from other cellular sites,

Possible sites of action for thvroid horwones in the cell.

Explanation:-

1. Tnduction of new nuclear RNA polymerase of increased specific activity.
2, Increased turnover of nuclear RNA,

3. Localisation of ribosomes on microscma? membranes.

4, Induction of new membrane phospholipids.

5. Increased respiratory activity of mitochondria.

6. Increased amino acid incsrnorating activity of mitochondria.
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Critical Review of Technigues used in the Preparation of Material for

Electron - Micros‘cqg_z°

Since the resolution obtained with the electron microscope
is so much better than that obtained by the use of light microscopy the
preparation techniques involved are much more critical., The final
appearance of material under examination depends to a great extent, both
upon the chemicals used in the preparation and upon the conditions under
which they are usea. Since much of the detailed cellular structure can
be seen only at magnifications within the range of the electron microscope
it is nccéssary to ensure that the results obtained are comparable to those
obtained by other techniques and are not dependent upon the chemicals or
conditions used.

The chemical nature and the physical properties of the
fixative, and the vehicle used with it, the structure of tie embedding
medium and the contrasting agents used t> "stain" the sections can alk
exert a profound effect upon the appearance of a tissue under electron
microscopic examination.

0f the many fixatives used in light microscopy few are used
in the preparation of material for electron microscopy. Those that are
-ased are of relatively simple -chemical composition and include, osmium
tetroxide, various aldehydes, permanganate and chromium salts of which
osmium tetroxide and the aldehydes,acrolein and g}utaraldehyde, have been
of the most usé. The chemical composition of these fixatives is, to some.
extent, responsible for the appearance of the material they are used to
prepare.

Fixation. Osmium does‘not appear to react with polysaccharides or with
proteins tu any marked extent. According to llayes et al (1963) osmium
reacts with proteins only after prolonged treatment of up to four days.,
Apparently osmium does cross-link with certain;ﬁroteins, but the complexes

so produced are not as stable as those produced by aldehyde fixation and




10

gradually breakdown.(Porter and Kallmann,1953). Dallam (1957) showed
that after fixation in 1% osmium tetroxide in veronal acctate 11.7 - 16.9%
of total nitrogen was lost from kidney slices and 29.2 - 35.5% from
isolated liver mitochondria. Aldehydes, however, reabt strongly with
proteins to form stable cross-linked complexes.(Pearse,1960; Fraenkel-
Conrat,and Meecham, 1949; and french and Edsall, 1945.) Although
aldehydes tend not to react with polysaccharides glycogen is usually
retained, probably.as a result of cross-linking with some associated
protein (Pearse,1960). Aldehydes do not react with lipids and some
extraction appears to take place even in aqucous solutions, whereas lipids
are the main constituent ifetained after osmium fixation.

Sabatini, Bensch and Barnett (1963) studied a number of
aldehydes for use as fixatives in electron microscopy, including formaldehyde,
glutaraldehyde, hydroxy—adipaldehyde, glyoxal, crotonaldehyde and acrolein.
They found glutaraldehyde gave the best preservation of cellular fine
gtructure and enzymatic activity, and acrolein was a good peeservative
of cellular fine structure but was too reactive to preserve much
enzymatic activity.

In general the most tissue componenis are retained after
post—osmication of aldehyde fixed tissues., Aldehyde fixation stabilises
the protein compoiients and osmium treatment tends to retain the lipids
and to protect them from extraction during the subsequent dehydration and
embedding proceedures.

The properties of the buffering vehicle used with a fixative
may also exert a profound effect upcn the ultrastructure of tissues as
viewed in the electron microscope. This effect is more marked after
osmium fixation than after aldehyde fixation. This is not really
éurprising in view of the fact that proteins and polysaccharides are nct
well stabilised by odmium fixation. The degree to which these constituents
are extracted differs with the different buffering media used, since

protein solubility depends on such factors as pH, total ionic strengtli,
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dialectric composition; aua specific ion concentration.

Palade (1952; 1956) frund considerable variation in the
ultrastructure of cells after fixation in osmium tetroxide in the pH
range of 5.0 - 9.0. Ie observed precipitation of the nucleoplasm and
cytoplasmic ground substance at acid pH values and mitochondrial swelling
in more alkaline conditions. Rhodin (1954) observed separation of
intercellular membranes at acid pd values in his study of fixation in
pH ranges 4.5 - 7.5, whereas Claude (1962) found better preservation of
certain nuclear components and cytoplasmic fibrils at lower pH's.

There is evidence from light microscopy that the osmolality
of the fixative solution is not of a great deal of importance in the
preservaiion of cellular structure and relationships(Rhodin, 1954; Baker,
1958.) However, Caulfield (1957) suggests that there may be alterations
in the appearance of mitechondria asseciated_with‘changes in tonicity,
and Holt and Hicks (1961) found that rat liver was sensitve to the
tonicity of formalin/veronal fixatives. Various'attempts have been made
to improve the quality of fixation by the addition of salts to the
buffering medium in an attempt to render it more nearly physiological,
but without a great deal of success. Rhodin (1954) varied tiie osmolality
-0f his veronal acetate buffer from 0.28 to 0.42 by the addition of more
or less sodium chloride. Both he, and Palade in a similar experiment
(Palgde, 1952; 1956) found little change except in the degree of separation
of the mitochondrial cristal membranes. Trump and Ericsson (1965) found
that the quality 6f fixation of rat kidney proximal convoluted tubules
fixed in 1% osmium in distilled water did not differ markedly from that
fixed in osmium buffered with either s—collidine, veronal acetate,cacodylate,
bicarbonate phosphate or Robinson's balanced salt solution (Robinson 1945).
Caulfield (1957) adjusted the tonicity of his veronal acetate buffer by
the addition of a non-ionic substance which would readily penetrate
tissues, sucrose. Tissues fixed in his veronal acetate/sucrose solution

did not differ markedly from these fixed in osmium in veronal acetate alone,




but the airount of well preservpd-materiélper block was greater and the
degree of preservation was more consistent. Holt and Hicks (1961) found
that the best resilts were obtained with a formalin/veronal fixative with
sucrose concentration of 7.5%. Although changes attributable to tonicity
only hecowe patent in extremely hypo- or hypertonic media it may often

be advantageous to use a fixative and buffering system as close to
physiological conditions as possible, but since direct measurement of the
tonicity nf cells has shown that their tonicity may be extremely |
variable (Opie, 1954) selection of a bﬁffering medium, must of necessity,
be made on arbitrary grounds, such as the quality of fixation as seen in
the electron microscope. Robinson (1960) noted that tissues tend to swell
after the inhibition of respiration, which may suggest that it may be
advantageous to err on the side of hypertonicity , since no compensatory
shrinkage takes place during subsequent embedding in epoxy resins,.

Trump and Fricsson (1965) suggested that other properties of
the buffering medium , possibly total ionic strength, dialectric
composition, specific ion concentration and buffering capacity may effect
the quality of fixation of material. Material fixed in osmium tetroxide
buffered with either bicarbonate, cacodylate or phosphate was of relatively
high density with the cytoplasmic organelles standing out in negative
contrast, as pale areas, whereas the cytoplasmic ground substance of
material fixed in osmium buffered with either s-collidine, veronal acetate,
Robinson's solution or distilled water appeared pale with the cyto-
plasmic organelles standing out in positive contrast. There were also
variations in the appearance of nuclei. After fixation with s-collidéne,
veronal acetate, cacodylate or phosphate the chromatin was evenly dispersed
throughout the nucleoplasm, whereas after bicarbonate or Robinson's
solution had been used to buffer the osmium the chromatin was aggregated
avound the nucleolus and against the nuclear membranes, which would suggest

either a differential extraction of some component, probably protein,

in the different salt solutiohé‘br a differential binding of the osmium .
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under the different cohd;t¢on5. The first explanation seems the nore

likely in view of the poor stabilisation of proteins by osmium. Those

not adequately stabilised would be expected to he washed out of the sections
at different rates during the fixatioh and subsequent proceedures.

Variation of the buffering medium used with aidehyde fixation
did not exert such a profound effect, although Holt and Hicks (1961)
noted variations in the results obtained with different buffering media
used with formaldéhyde. The preservatiqn of fine structure of rat liver
fixed with a formaldehyde/calcium mediuxr was not good, bul the preservation
was considerable improved using veronal acetate or phosphate as buffering
systems, No variation was ohserved after fixation with glutaraldehyde
buffered with either phosphate, s—collidine or cacodylate which would be
expected in view of the greater stabilising effect of aldehydes upon
proteins,

Post osmication of material primaril& fixed with an aldehyde
tends to resemble the results obtained by primary osmium fixation. The
cytoplasmic ground substance is pale with the cytoplasmic organelles
appearing in positive contrast. The membranes appear in positive contrast

instead of the negative contrast seen after the use of aldehyde fixation

-alone. -Naclear structure resembles that seen after the use of aldehyde

fixation used alone, with the chromatin aggregated against the nucleolus
and the nuclear envelope. The variation in contrast and tissue
relationships %ith different buffe; systems used with the osniium are not
observed if theAmaterial has been previously fixed in an aldehyde, since
the proteins appear to have been mtabilised by the primary fixation.
Sabatini, Bensch and Barrnett (1963) found that it was
necessary to introduce an intermediary buffer wash between the primary
fixation and osmication proceedures to remove excess aldehyde from the
tissue. Immediate postfixation of aldehyde fixed tissue resulted in very
low contrast with the cytoplasmic membranes hardly apparent , even if

the osmium treatment was prolonged for up to four days, or carried out
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at twice the usual conceutration, Immediate washing in sucrose buffer
for up to three days produced a progressive increase in the contrast
obtained after osmication Trump and Fricsson (1965) showed that the
contrast gradually disappeared if the sucrose huffer wash was prolonged
after,

Sabatini et al (1963) noted that tissues could be stored
in this intermediate sucrose buffer wash at 4°C for up to three months
without significant deterioration. De The (1963) recorded a similar
proceedure for storing tissues under dry ice for threc months to a year
without noting deterioration of ultrastructural preservation or the
localisation of ATPase activity. However, I found that glutaraldehyde
or acrolein fixed material stored in sucrose phosphate buffer for three
months showed a marked deterioration of preservation. There was a
marked extraction of material from the glycogen areas of the mouse liver,
flocculation of the cytoplasmic matrix iraterial, especially within the
microvilli of the proximal convoluted tubules of the kidney, and of te
mitochondrial matrix material. There was some extraction of granules from
nuclei and of ribosomes, and an overall'reduction/of contrast of the
material which was suhsequently post-fixed in osmium tetroxide,

“Factors such as temperature, delay in fixation, duration of
fixation, concentration of the fixative agent, mode of application of the
fixative solutéon and the size qf the block of material may all affect the
quality of fixation of the tissue,.

The effect of temperature of fixation has not been fully
investigated. Rhodin (1954) investigated the effect of fixation at
0, 18, 37 and 48°C noting a tendency toward granularity of the cyto-
plasmic ground substance ani mitochondrial shrinkage at the higher temp-
eratures. It appears that the tempcrature affects the rate of cytolysis
rather more than it does the penetration of the fixative solution, and
Rhodin suggested thet thae changes he observed were early cytolytic changes

rather than changes due directly to the temperature of fixation. t may be
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that if early cytolytic changés can be prevented by the rapid application
of the fixative solution, cr by fixation in vivo that the temperature will
be found to have little effect.

Onset of cytolysis appears not to be as rapid as was
origina'ly thought so that the speed with which the tissue and fixative
can be brought together may not be as critical, particularly if low
temperatures are used. (Trump, Goldblatt and Stowell, 1962; Ito, 1962;)
However, as Trump and Ericsson (1965) suggested, it is probable that the
breakdown of organelles is preceeded by a stage of increased susceptibility
to mechanical dammage. As might be exfected cellular components show

dammage at different rates after the onset of anoxia. Trump et al showed
that mitochondrial matrix granules showed alteraticns aftcr lduins. at
37°C. Smooth endoplasmic reticulum was less stable than rough, and formec
chains of vesicles within 30mins. Thus it would appear justifiable to
reduce the rate of cytolysis as much as possible by the reduction of the
temperature of fixation or by reducing the delay in fixation.

A number of proceedures have been developed to overcome the
delay in applying the fixative to the tissue., Immersion fixation of 'small
pieces of tissue has given adequate results for many tissues, but as was
noted by falade (1952; 1956) with osmium fixation; the blocks of tissue
must be very small for adequate penetration of the fixative, and even then
the pfeservation varies considerably in different regions of the block.
Blocks of tissue fixed by immersion usually show an outer region of
mechanical dammage and an inne® zone of poorly fixed material ghowing
mitochondrial swelling, expansion of the endoplasmic reticulum, and course
precipitation of the nucleoplasm and cytoplasmic ground substance. The
intermediate zone shows good preservation of cellular strucvure. Sabatini
et al found adequate penetration of tissue with aldehydes and good
preservation as long as the blocks were no bigger than 2mm3. Liver shows
relatively good preservation by immersion fixation, but the kidney presents
more préblems. Preservation of cellular structure may-be adequate but

tubule lumen are almost always collapsed and not obvious. A number of
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attempts have been made wvo improve the fixation by applying the

fixative in vivo to an anaesthetised or freshly killed animal. Leeson
and Kalant (1961) perfused liver with osmium via the hepratic artery,
subsequently compieting the fixation process by immersion. Preservation.
was found not to differ markedly from that of tissue fixed wholly by
immersion, Rease (1955; 1955b) attempted vascular perfusipn of the
kidney with osmiuwm and aldehydes finding reasonable preservation of the
cortex but poor résults with the medulla. The only technigque found to
give reliable results in preventing the collapse of kidney tubuleé was
that investigated by Maunsbach, Madden and Latta (1962) which involved
dripping the fixative onto the surface 6f the kidney before excision

and final fixation of the small btocks of tissue by immersion. The surface
layers sliowed excellent preservation with open tubule lumena, whereas
the deeper layers Showed considerable changes, including swelling of the
cytoplasm and mitochondria, collapsed tivbule lwmena and congestion of

the vascular bed. The layer of good preservation was found to be deeper
if the perirenal capsule was broken before the fixative was applied. In
contrast material fixed wholly hy perfugion'showed collapsed lumena

and some degree of cytoplasmic swelling. It seems that such changes
-occur as a result of severing the biood supply resulting in the rapid
onset of anoxia. Physiological studies of Swann (1960) shbwed that the
kidney lost up to 25%0f its tissue volume as extracellular fluid andl
blood within a few seconds of the severing of the hilus, suggesfing that
the kidney is normally in a state :of functional distension. Thus it
would be expected that there would be drastic changes in the structure

of the kidney with immersion fixation. In an attempt to overcome some of
the major changes taking place with immersion fixation I adopted the
practice of flooding the body cavity with the fixative solution before
excising tissue for fixation by immersion.. With this proceedure there was

excellent preservation of the cellular structure but the.lumena were rarely
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found to be open,

Most investigators have selected arbitrary fixation times
of 1 - 4hrs for osmium fixation and % - 4hrs with aldehyde fixation. The
time taken to'achieve fixation could be expected to vary with the
different tissues and fixative systems, depending on the permeability
of the tissue and the rate 6f penétration of the fixative solution,
However, little igvestigation has been carried out on the subject‘of
minimum duration times for the completion of the fixation process,
Although it seems that in some cases ;t least very short times are
adequate, Koshiba, Smetana and Busch(l970) found adequate preservation
of structure in Novikoff hepatomas after 10 - ISmins. fixation in
2% glutaraldehyde. The cytologic effects of overfixation are also little
understood, although extraction or leaching effects might be expected.
P;Laae (1952,1956) found extraction of material from the Z and I bands
of muscle fixed for up to 48hrs in osmram, whereas there was excellent
preservation of structure.with up to 4hrs fixation. Similar experiments
with pancreatic acinar cells showed almost complete extraction of
material from the zymogen granules with 24hrs fixation. This phenomenon
seems to be linked to the effects of osmium upen protein stabilisagion
‘mentioned -above, since protein and polysaccharide components disappear
more rapidly than lipid material during prolonged osmium fixation,

" Holt and Hicks.(196l) noted, interestingly, that the preservation of fine
structure in rat liver was better after 24hrs. of formalin fixation than
lhr, and better after lhr of osmium fixation than after 4 hrs., However,
little work has been carried out. to investigate the effects of different
buffer systems upon extrﬁ;tion during prolonged fixation with osmium,
and.no evidence seems to exist of the processes taking place during
prolonged aldehyde fixation.

The effect of the concentration of the fixative solution upon

cellular preservation is also little understood. Most investigators appear

to have selected arbitrary concentrations of 1 o 2% for osmium
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tetroxide and 2 to 10% for the various aldehydes. In view of the
reactivity of the solutions used as fixatives it would seen adviseable
to use the lowest concentrations reconcilable with good preservition of
cellular structure and enzymatic activitv, which latter might prove as
good an indicator as any of the amount of dammage inflicted upon a
tissue during fixation.

Dehydration. The processes of dehydration and embedding can also affect
the final appearance of material in the electron microscope. Most
investigators have used a graded sefies of alchohols for the dehydration
of material, although other organic solvents such as acetone and dioxar.
have been used (Pease 1964) witiout improving the results. Pease
emphasized the necessity of completing the early stages of dehydration
with rapidity in order to minimise the extraction of poorly stabilised
material from the tissue blocks, It is usual to complete the initial
stages to absolute alchohol within 15mins, Once most of the water has
been removed from the tissue there is little advantage to be found in
curtailing the steps in absolute alchohol since the tissue will
subsequently be exposed to a prolonged treatment in un-polymerised
plastic embeddiny media which may act as an effective organic solvent.
Embedding. Because of the viscosity of un-polymerised epoxy resins it
has been necessary to employ a transition solvent between the alchohol
and the resin. Epoxy propane appears to be the best‘solvent for this
purpose although others, such as xylene, toluene and sﬁyrehe have been
used (Biébeck and Mercer, 1957; Kurtz,1967; Pease, 1964.) Epoxy propane
has the advantage of miscibility with water, of being sufficiently fluid
to reduce the viscosity of the embedding media used to infiltrate.bthe
blocks, and of being sufficiently volatile that excess will evaporate out
of the tissue. According to Pease,. it is also sufficiently reactive
.with the embedding medium that excess will be incorperated into the

final polymer, without causing any detrimental effects. According to




Merillees et al (1963) it may glgo act as a fixative coumbining with
reactive groups in the tissue and inhibiting certain histochemical or
staining reactions,.

Epon 812 (as described by Tuft,1961) was routinely used
throughout this investigation and proved satisfactory.

Section staining., Although Sabatini et al (1963) noted that aldehyde

fixed tissues pest-fixed with osmium tetroxide had emough intrinsiec
contrast when embedded in Epon 812, to be viewed without subsequent
section staining, examination of the tissues was much easier after the
use of a contrasting agent.

Various solutions of uranyl acetate have b:-en used as
contrasting agents, from saturated methanolic solutionsto 2% ethanolic
and 2 - 5% aqueous solutions. Although Bernhard (1968) suggested that
only very short staining times were necessary to produce adequate results
with any of these formulaticns, up to an hour is used by ﬁost people.
Solutions based on organic solvents tend to give better results than
aqueous solutiong, and tend to require shorter staining times. This is
probably a result of the lower surface tension and greater solvent
properties of the organic solvents with Epon when compared to water.
~Proteins stain fairly intensely, but the cytomembranes do not appear
very distinctly, so that the overall contrast, although an improvement
upon that of unstained material is not very good.
| The use of lead salts as contrasting agents yield better
results, although they are more difficult to handle. Watson's original
lead hydroxide stain (Watson, 1958) produced vast quantities of lead
carbonate upon exposure to the air which heavily contaminated sections.
Numerous techniques werc developed to overcome this problem, of which the
most notable are those which combine the lead with a chelating agent such
as the lead citrate stain of Reynolds(1963) and the lead tartrate of

Mill _onig (1961). These two staining solutions are said to produce minimal

congamination of sections. The results are reljable from section to




section, although they uo uave. the disadvantage of destaining over
prolonged periods, so thet prolonging the treatment of a section in the
staining solution tends to reduce the final contrast rather than to
increase it.

Reynolds (1963) discussed the mechanisms of alkaline lead
staining amd suggested that all the different formulations might act in
the same way, the citrate of his stain and the tartrate of Millonig's
stain acting as chelating agents sequestering excess lead from the staining
solutions and preventing contamination'cf the sections with a fine
precipitate. Reynolds stated that the tissue binding sites sequestered
lead more strongly than the citrate so.that the citrate did not interfere
with the steining reaction., It is probable that the tartrate of Millenig's
solution competes more strongly with the tissue bound lead, which
would account for the reduction in contrast with the length of time in
the staining solution. Reynolds sugges/ed that divalent lead salts it
allkaline solutions ionise according to the following equation:-—

)o+

. -
Pb (OH)QPb X, E Pb (011)2 Pb ) + 2X

which would lead to the attachment of the lead atoms at each tissue
bindixg éite and account tor the advanced contrast observed with
lead staining using highly alkaline solutions.

Lead salts in general stain diffuse proteins such am the
mitochondrial .matrix and cytoplasmic ground substance but poerly but
render the cytoplasmic membranes in sharp contrast.

Double staining of sections using uranyl acetate and lead
salts gives better results in terms of contrast than the use of either
agent on its own. Diffuse and particulate proteins stund out against
the cytoplasmic ground substance and the cytoplasmic wmembranes are
sharply contrasted.

~Marinozzi and Gautier (Marinozzi and Gautier, 1962; Marinozzj,

1963) studied the fole of fixation in the stgining of material for
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electron microscopy and noted that various stains, previously used as .
general contrasting agents yielded different. results with different
fixatives. Neither uranyl acetate nor lead gave preferential staining
after primary osmium fixation, whereas there was preferential staining of
the chromatin after formalin fixation either with or without post
osmication, Uranwum stained chromatin under varicus experimental
conditions; without previous fixation (Huxley and Zubay. 1961), after
formaldehyvde fixafion or after formol/osmium treatnent, whereas lead
stained chromatin after pcstosmication but not after primary formaldehyde
fixation alone., It was sugpested that either the fixative bound to the
tissue reacted with the staining solution, or in so far as it was
chemically active it modified the reactivity of some of the components
to which it was bound. It seems that osmium denatures nucleoproteins
thus preventing the reaction with reaction with the staining solutions
to give preferential results. Aldehyde fixation seems to protect the
nucleoprotein from the effects of the osmium tetroxide.

In the absence of osmium treatment lead staining resulted
in the selective staining of ribonuclecproteins, after aldehyde fixation
uranyl acetate stained the deoxy-ribonucleoproteins , the strongest
diferentiatiem: occuring after post-osmication.

It was suggested that the staining of some components of
osmium treated tissues, such as the cytoplasmic membranes depended on a
reaction with tissue bound osmium, which could be prevented by a prior
oxidation. Staining of the nucleoprotein components with lead
depended upon some other mechanism, since it was not affected by an
oxidation process., It seems that reduced osmium is less important in the
staining of tissue cemponents with uranul acetate although uranium
staining of cytoplasmic membranes was affected to some extent by the
presence of reduced osmium in the tissues..

Some interaction of the staining solution and the

embedding medium may also affect the result of electron staining. Thus




0o
oo

better results may be obtained by using aqueous solutions on water

soluble embedding media such as methacrylate, Durcupan or Aquon, and
organic solvents systems might rive better results on Araldite or'Epon.

It was found, however, that good results could be ohtained using cither
solvent system oﬁ Epon but the staining times had %o be prolonged

compared to those used to obtain good results whth water soluble embedding
media,

Greafer difficulties were experienced with regard to the
penetrability of Epon to staining solutions when staining of thick
gections with toluidine blue was attempted for light microscopy, but
rigorous 'boiling' of the stain on the sections produced édequate if
unreliable results,

Histochemical techniques. Although a number of techniques, based upon the

production of an electron - dense reaction product, from tissue hound
enzynmes have been developed, which have enabled the cellular localisatfion
of various enzymes to be determined, techniques for localising other
cellular compenents are as yet in their early stages. Those investigated
up to date consist of preﬁérential, non-specific sfaining by heavy metal
complexes, extraction of various componénts by solution. in water or dilute-
acids or alkalis, reduction in the contrast of certain constituents by
chelating agents, or their removal by enzymic digestion,

As Marinozzi pointed out, only those stains which make it
possiblé to iﬁcrease, in a selective manner, the density of a particular
component, have a genuine histochemical value. Unfortunately, most of
the available staining techniques are only able to increase the contrast
of certain components in a 'selective' manner, few if any are available
which are specific fpr a particular component.

Most of t1e available selective staining techniques rely upon
the variation of the result of contrasting agents with different fixatives.

As was pointed out above, lead stgining in the absence of osmium results.

in preferential of ribonucleoproteins, and that after aldehyde fixation




uranium salts stain deoxyribonucleoproteins more intensely than ribonucleo-
proteins, luxley and Zubay (1961) noted that deoxyribonucleoprotein took.
up almost its equivalent weight in uranyl acetate after minimal osmium
fixation, whereas ribonucleoprotein had a greater affinity for lead than
did deoxyribonucleoprotein structures. Iuxley and Zubay pointed out that
this uranyl acctate staining of deoxyribonucleoprotein structures gave
results comparable to thosc obtained with phe Feulgen reaction in light
microscopy.

Differentiation ef componénts can be obtained in osmium
fixed tissue by the comparison of oxidised and non-oxidised sections,
However, although this allows one to determine whether or not the staining
of a component was due to the presence of reduced osmium it does not give
much hint as to the identity of the componvnt to which the osmium was
bound, since as yet little is known ot the affinity of osmium to different
tigsue components.

The action of acrolein and silver upon a tissue is more
fully understood. Marinozzi (1963) noted that silver impregnation
following acrolein:gave refults comparable to those obtained by the
Schiff reaction. According to Van Duijn (1960) acrolein 'labels’
sulphydril groups with an aldehyde group which is then available for
reaction with the silver nitrate of Marinozzi's staining solution,
However, since the silver is deposited as fine granules upon the surface
of the section the results are rather difficult to interpret with' any
accuracy and the technique is, at best, only preferential since it labels
proteins fairly indescrimminately (including nucleoproteins, collagen
and élastin.) However, greater densities of deposits occur over
atructures composed of the more basic proteins. This means that little
differentiation can be made between deoxy- and ribonucleoproteins since
the associated histones are equally rich in basic amino acids, and ptoduce
equally dense deposits of granules.

Bernhard and Leduc (1960) have been able to: produce some

4
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differentiation between nucleoproteins by differential extraction

w;th slightly acid or slightly alkaline water. Their technique
relied upon the use of a water soluble embedding mediwa, glycol
mefhacrylate. Treatment of sections with dilute bhyperchloric or
perchloric acids over prolonged periods (up to 15hrs. with perchloric
acid) extracted what were said to be ribonucleoprotein particles, but
the treatment lead to severe dammage to the sections and the results
were not comparable to those ohtained by ribonuclease digestions.
Similarly, Marinozzi (1963) was able to differentiate between nucleo-
proteins by floating acrolein fixed mathacrylate sections on water before
staining with silver and/of uranyl acetate. This technique seemed to
depend upon the length of the washins steps as to its results.

Bernhard (1968) developed a technique whkich was able to
differentiate between nucleoproteins by a regressive staining proceedure.
He was able to remove uranium from certain components of aldehyde fixed
tissue by'the use of chelating agents such as EDTA. This gave a
feductinn'in the contrast of the deoxyribonucleoprotein components whilst
leaving the ribonucleoprotein components heavily stained. The :EDTA
appears to remove the less tightly bound uranium as a soluble complex
which is.then washed out of the tissue. Bernhard, stressed however,that
there-were limmitations to this technique, that it was at best preferential
and by no means specific for either of the ribonucleoprotein components.

The one;;apparently infallible test for the nature of a
component is that of>enzymic digestion, involying the selective removal
of cemponents by relatively specific enzymes. However this technique is
also problematic. There are two approaches in use, the treatment of the
fixed block.with the enzyme before final embedding, or the digestion of
a section of matcrial embedded in a water soluble embedding medium. In
both cases the tissue is likely to differ markedly from that occuring

in life, in the first case because it has been subjected to a fixation.




process which %ill have had ciross effects upon the chemical composition
and/or the molecular structure of the components and in the second place
because the tissue is completely surrounded by a plastic embedding
medium as wekl as having been subjected to Fixation and dehydration
proceedures,

Marinozzi (1962), Marinozzi and Bernhard (1963), Bernhard
and Leduc (1960) and Leduc and Bernhard (1962) have successfully used
ribonuclecasc, deoxyribonuclease and pepsin digestion to selectively
remove nucleoproteins and proteins from sections, but found that this
was only possible if water soluble embedding media are used. Treatment
bf tissue blocks suffers from many of the problems encountered during
fixation, such as inadequate penetration of the tissue block by the
enzyme in use. It is possible that the degree of penetration might vary
with the size of the enzyme and the vehicle in use with the enzyme, so
that only a limmited zone of the block is of any use. Since it is
necessary to fix the tissue before treating it with the enzyme incorder
to preserve the basic ultrastructure, factors such as the osmolality of -
the vehicle or its pH are unlikely to affect the result except in so
far as tﬁey affect the enzyme itself.

There are likely to be problems in the interpretation of
pictures obtained from enzyme digested material aypart from those inherent

upon a technique reliant upon the comparison of control and treated

-

material for results, For instance the lack of digestion of a component
need not mean that it is not digestible by the enzyme in use. It is
possible that the component is protected by some non-digestible component.
Koshiba, Smetana and Busch (1970) noted that certain components of the
nuéleo—pore complex behaved as ribonucleoproteins with heavy metal
staining proceedurecs but were not ribonuclease digestible, They

concluded that these elements were protected by a protein coat. Lack of

removal by an enZyme may also mean vhat the component is so altered by

prior fixation and/or dehydration proceedures that it can no longer act
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as a substrate for th» enzyme, however, if a combination of enzyme
digestion techniques and heavy metal staining techniques are
critically compared it is possible to come to some valid conclusion
as to the identity of certain cellular components,

Inspite of the processes a tissue must be subjected to
before it can be examined in the electron microscope, all of which can
profoundly alter the ultrastructure, excellent preservation can be
obtained if the preservation techniques employed are carefully selected
and the results are compared with those obtaineble by other techniques.,
So, although the impressiohs of ultrastructure observed in the
electron wicroscope are artefactnal in that they depend upon the
quality of the preparation proceedurg, iv is also possible to ascertain
wheter or not they are 'life like artefacts' by comparison of material
and by the use of histochemical technigues some attempt can be made to

identify the chemical composition of the cellular components.
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METHODS.

Treatment of exverimental animals.

Experimental treatments were seleccted which would
parallel, as nearly as possible, those used by other workers
investigating the effects of thyroid hormounes, Tata and co-workers
used of dosesof triiodothyronine in the range of 20 - nggms/IOOgms
body weight, administered subcutaneously to either normal or
thyroidectomised rats when investigating phenomena associated with
hyperbhyroidism, or in studying the eveats in the latent jperiod of
action (Tatn st al, 1963; Roodvn et al, 1965; Widnell and Tata, 1966,
Tata and Widnell, 1966.) In studying the effects of hyperthyroidism
induced by thyroxine administration Roodyn et al (1966) used doses
of thyroxine in the range of 25 —~ 3§ugms/100gms body weight.

Sokoloff and Kaufmann (1959, 1661) used doses in the range of 100y gms
per rat. In this invsetigation doses of 25#gm/100gm body weight of
triiodothyronine, and loqugm/IOOgns body weight of L-thyroxine,
administered intraperitoneally, were used throughout.

Surgically thyroidectomised mice were obtained from the
Scienfific Products Farm, and were maintained upon a solution of
1% calcium lactate in the drinking water, to alleviate the effects of
the accompanying parathyroidectomy. Animals were thyroidectomised
when weighing in tlie range of 15 - 20gms., and were maintained in the
laboratory for three to four weeks before use.

Mice were selected for study, in preference-to rats, as
they are more suitable for bhandling in the preparation of waterial for
electron microscopical examination, Male, T.0. strain mice,
weighing between 20 an! 25gms. were used throughouth this programme of
~work. Animals were fed and watered ad libituu. Administration of

hormones was carried out as nearly as possible the same time of day,




between llam and noon, to avoid any j;ossible effects of diurnal
variations, althourh this was impracticable in the case of the tiwme
course experiments, Animals were killed at approximately the same
time of day, although again this was 'not possible in the éase of the
time course experiments., Animals were killed by breaking the neck,
and small piéces of liver and kidney were rewoved as rapidly as

possible for preparation for electron microscopy.

Induced hypo~ or hyperthyreidism,

(a) Hyperthyroidism,

Normal mice were injected with either 2§ugm/100gms. body weight
of triiodothyronine, ar IOOFgm/IOGgms. body weight of thyroxine
in 0.2ml. saline daily for seven days, via an intraperitoneal
injection.

(b) Hypothyroidism,

Sufgically thyroidectomised mice were injected daily for seven
days, with saline vehicle,

(c) Normal animals were also injected daily for seven days, with

saline vehicle blanks as a control group.

Chronic effects of triiodothvronine.

Mice were given a single intraperitoneal injection of 2§pgms/100gms
body weight of triiodothyronine and were killed 15, 30, 45 or 60 hrs.
later. A group of control animals was Lilled at the beginning of the
experiment, and another group of animals, which:had received an
injection of saline vehicle 60hrs. before, were killed at the end of
the experiment,.

Unfortunately, due to the unavailability of surgically
thyroidectomised mice at this time, this experiment had to be carried

out using normal animals.,
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Preparation of material iur electron microscopy.

For routine examination material was [ixed with
glutaraldehyde and osmium tetroxide and sections were stained with
either uranyl acetate or uranyl acetate and lead tartrate. In order
to éheck the origin of certain of the observations and to eliminate
their possible artefactual origin, material which had been fixed in
either glutaraldehyde or osmium tetroxide has been examined. In which

case the osmium maﬂerial was either unstained or uranium was used as a
contrasting agent. Uranyl acetate and lead tartrate double staining
was used after glutaraldehyde fixation.

Acrolein fixation followed by silver nitrate stgining
(Marinoazi, 1963.) was investigated as a preferential staining
technique for nucleoproteins. Pepsin and ribonuclease digestion after
glutaraldenyde fixation has been used in attempt to differentiate
between the different nucleo-protein components of the nucless,

Storage of material in cold buffer solutiohs was
investigated as a means to curtail the numbers of animals used and
to reduce the time in preparation of material for tie eleetron
microscope,

All material was embedded in Epon 812 aftcer routine

ethanol dehydration.

Application of the fixative.

All animals were killed by breaking the neck. The abdominal
cavity was opened immediately and flooded with the fixative solution in
use, Where osmium tetrdxide, or acrolein was used as the primary
fixative the abdominal cavity was flooded with the buffer vehicle
rather than the fixative solution, but the tissues were removed and
placed in vials of the fixative solution as rapidly as possible after

being femoved. The frontal lobe of the liver and the left kidney were
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used, ahd were placed in a bath:of the f xative solution where they

. . e 3 .
were cut into small blocks(approximately 1 - orm.) using a fresh
scalpel blade. The fixation proceedure wuas completed by immersing the
tissue blocks in vials of_fresh fixative. To minimige dammage the
blocks were not then removed from the vials until they were embeuaded
in resin. Subsequent solutions were changed by careful removal with a

Pasteur pipette,

Fixation times,

Arbitrary peritods of time were originally selected for
fixation of tissue, based upon those recommended for the fixative
concerned in the literature. However, much shorter times were often
found to he adequate. For instance, two to four hours are in general
useage for glutaraldechyde fixation but fifteen to thirty-minutes have
been found to produce adequate results. Similarly, up ta two hours is
in general use for osmium tetroxide fixation, fifteen minutes has been
found adequate, alth:ough in this case, only the outer layers of the
tissue blocks were shown to be fixed. Bluckening only extended to a
a depth of about 0.5 - 1.0mm. Layers deeper in the blocks were unaffected

by the fixative and often showed considerable extraction of material,

Température of fixation,

Although it has been observed fhat tissues fixed at
higher temperatures tend to show early cytolytic changes (Rhodin, 1954;
Trump et al, 1962; Ito, 1962.) fixation at room temperature was found
to be adequate particularly if “the tissues were exposed to the fixative

as soon as possible after the opening of the abdominal cavity,

Variation of the buffer vehicle.

Little difference has been observed with the variation of

the buffer vehicle used with the fixative in the case of aldeliyde fixation.




Both c¢acodylate and phcoouwste buffers have been used, giving
satisfact ry results, with no difference in the appearance or the
relative contrast of the tissues. Iowever, it was upon osmium fixation
that the variatioﬁ of the buffer vehicle was shown to have the mﬁst
marked effect (Trump and Fricsson, 1965.) To avoid any unnecessary
variation, Caulfield's 2% buffered osmium tetroxide was used
throughéut (Caulfield, 1957.)

The pH of the buffers used in the course of thes
investigation, have varied from pH 6.4 tc 7.6 without affecting the

final quality of fixationr #f either the liver or the kidney,

Osmium fixation,

Small blocks of tissue were fixed with Caulfield's 2%
osmium tetroxide for 2hrs. at room temperature, followed by a 5min,
buffer wash and routine ethanol dehydration and Epon embedding.

Fixation of tissues with osmium tetroxide, buffered
with veronal acetate, yielded material with relatively low contrast
when examiﬁed in the electron microscope, Thé cytoplasmic ground
substance was pale and somewhat pranulay in appearance, as is shown
in Plate 1 . Cytoplasmic organalleé appeared as darker bodies
against a ligﬁter backgrovad, but the differences in electron density
were not sufficient to make detailed examination easy. In particular
the cyteplasmic membranes were very similaf in electron density to the
background substances, making them not readily apparent.

Nuclei appeared paler than the surrounding cytoplasmic
ground substance. The chromatin was dispersed throughout the nucleo-
plasm and not aggregated againgt the nuclear membranes as after
primary aldehyde fixation, Nucleod}i appeared as relatively dense,
discrete bodies with little associated chromatin. As with the

cytoplasmic membranes the nuclear membranes were difficult to distinguish,




Their relative density ~as so similar to that of the surrounding
material and the individual elements appearvd to be so closely
associated that they were often difficult to resolve even at

magnifications of up to x20,000,

Glutaraldehyde fixation.

Material was fixed in 5% glutaraldehyde in caccdylate
buffer at pll 7.4 for 1 - 2hrs. at room tempefaturc before washing in
the buffer for lhr. followed by routine ethanol dehydration and
embedding in Fpon 812,

Material fixed in glutaraldehyde and stained with
uranyl acetate and lead tartrate did not differ markedly in
appearance from similarly prepared material described by Sabatini et
al, (1962). The general contrast of the tissue was low but was adeguate
for examination, particularly if the sections were double stained
with lead and uranium salts rather than if they were stained with
uranium alone,

The gemeral cytoplasm was of relatively high electron
density with a somewhat homogeneous appearance. Mitociondria stood
out as pale bodies of indistinct struéture against a darker background.
The cristae could usually be seen as darker striations but the outer
mitochondrial membranes could not be seen. The endoplasmic reticulum
resembled that of the material fixed in osmium but on close
observation the membranes could not be discerned. The endoplasmic
reticulum was visualised as a result of the attached ribosomes.
Glycogen deposits resembled those seen after osmium fixation, appearing
as groupd of electron deﬁse granules,

Nuclei diftered from ﬁhose seen after osmiunm fixation.

The nucleat membranes could not be distinguished although their presence

was indicatied by the cessation of material against the cytoplasmic

interface, Chromatinic material was not dispersed as sfter osmium




fixation but was aggreg.ecu inte compuct granular mwasses which
surrounded the nucleolus and were a'plied to the inner margin of the
nuclear envelope. The interchromatinic material consisted of a fine
network of fibriléband granules of low electron density compared to
that of the surrounding cytoplasm. Plate 2 shows the characteristic

appearance of glutaraldehyde fixed materiel.

Glutaraldehyde and osmium double fixation,

For the initial ex:mination of liver and kidney, small
pieces of liver and kidney werc fixed in 5% glutaraldehyde in
cacodylafe buffer at pH 7.4 at room temperature for 1 - 2 hrs, This
was folinwed hy a 24hr. wash wit: a sucrose/phosphate buffer golution,
Post-fixation in Caulfield's 2% osmium tetroxide was followed by a
short wash in veronal acetate buffer and routine ethanol dehydration
and embedding in Epon.

The general appearance of the tissue, as is shown in
Plate 3 , resembled that of material fixed in aldehyde alone, with the
exception that the mitochondria-.appeared somewhat darker than the
cytoplasmic ground substance. The osmium post-fixation restored the
appearance of the mewbrane elecments so that both the outer mitochondrial
membranes and the cristae were clearly visible.

The endoplasmic reticulum was prominent and consisted of
a double membrane with attached ribosomes; rather than the apparently
membranous $tructure visualised by attached ribosomes, seen after
aldehyde fixation alene.

Nuclei were paler than the surrounding cytoplasmic
ground substance. Their appearance resembled that of material fixed
~ with afdehyde ulone, with the chromatin aggregated against the
periphery .and around the nucleoli, and not dispersed throughout the

nucleoplasm. The nuclear membranes were clear and composed of two

elements, the innér being slightly more prominent than the outer.




As is shown .i Plate 4 , the appearance of material
post-fixed with cswium tetroxide, from the preparation of which the
sucr~se/phosphate washing stage had been ommitted, resembled similarly
prepared,materiglvdescribed by Sabatini et al (1962). Some factor,
possibly excess aldehyde femaining in the blocks, interfered with the
?normél action of the osmiam so that the tissue resembled that prepared
by primary aldehyde fixation, with low general contrast and a laclk of

obvious vigible membrane structures.

Section stainins of glutaraldehyde fixed, and glutasraldehvde and osmium

double fixed material,

Althpugh, ag was pointed out by Sabatini et al (1962), the
contrast of aldehyde fixed tissues was sufficient for them to be
visualised in the electron microscope without section staining, it was
not sufficient to make detailed observations possible. The use of
uranyl acetate or lead tartrate as secticn stains considerably
improved the appearance of such tissies and made detailed examination
considerably easier.

Uranv]l acetate ag a contrasting agent: Sections were stained with either

2% aqueous uranyl acetate or saturatéd methanolic uranyl acetate.
Methanolic solutions were found to produce better results than aqueous,
possibly because of its lower surface tension which allowed better
penetration of the Epon. Ingspite of the observation of Bernhard (1908)
that,theAstaining times in gemeral usc with uranium were much longer
than were necessary to produce adequate improvemes’ of contrast, fairly
prolonged times were found to be necessary, Bernhard found that as
little as five minutes freatment in aqueous uranyl acetate produced

a significant improvement in contrast. lowever, uﬁ to l4hrs was
necessury to produce good results with the aqueous solutions and the

material in use here. Better results were obtained with methanolic

solutions, 30mins. staining times producing adequate results, and the




methanolic solution was wovu in wost of the experiments. This
difference was possibly due to the differences in embedding media in
use, although Bernharil was also using Epon., The differences in
staining_times reduired to produce a significant iwprovement in
contrast between aqueous and methanolic solutions scem more likely
toe be a result of the different solvent propertics rather than the
concentrations inAuse, since a dilute methanolic solution required
40 - 30 mins.to produce equivalent improvement in contrast,

The resﬁlts of using uranyl acetate as a contrasting
agent are illustrated in Plate 3 . It's use produced sections with a
imuch better contrast when compared te unstained material, and even
improved the: contrast of waterial that had Meen pest-fixed with osmiun.
There was a general improvement of the contrast as a result of the
heavy metal binding to protein éomponents. The elecctron density of
nucleoprotein componends was markedly iucreased and that of the
cytoplasmic ground suhstance to a lesser extent. There seemed to be
little difference between the cytomembranes of the stained and the

unstained material.

Uranyl acetate and lead tartrate double staining: The result of

uranium salts, used alone, gave a marked improvement of the contrast
but detailed structure was often difficult to interpret since the
membrane structures and fine particles are not rendered in sharp contrast,
For this reason double staining using lead salts, after the uranium,
was attempted. Lead stains appear to have g greater affinity for the
membraune components,

.Sections were stained with Millonig's lead tartrate solution
(Millonig, 1961.) for 15 mins. and washed brieily &ith N/100 NaOIl and
distilled water, following staining with methanolic uranyl acetate,
described above. A marked improvement in the clarity of the sections,

as ohserved in the electron microscope, was obtained. However, it must
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be notéd that prolonzed siwining in the lead solution tended to
reduce the final centrast, rather than to increase¢ it. This was
possibly due to the chelating action of the tartrate removing bound lead
from the-seections. -

The appearance of donble stained material is éhown in
Plate § . Sections were very clear and easy to examine. The
cytoplasmic membrgnes and the particulate components, such as ribosomes
were rendered in wery sharp contrast, whilst thg more Jdiffuse components
were stained by the uranyl acetate and tended to be somewhat less.

clear,

Digestion of blocks with pepsin_and ribonuclease.

Small pieces of tissue were fixed in 2% glutaraldehyde
in phosphate buffer at pl 7;4 for 15mins. at room temperature, and
subsequenily washed in sucrose/phosphate hiffer for 24hrs. before
Being subjected to one of the following treatments:-
(a) Phosphate huffer, pl 7.4, for 20 mins,
(b) 0.1N IIC1 for 20uins.
(c) 0.1N 1C1 with pepsin (0.5gm./100ml.) for 20 nins,
(a) Phospvhate buffer pll 6.4; for 180 nmins. |
(e) Phosphate buffer pH 6.4, with ribonuclease ( lmgm./IOOml.)
for 180 mins,
All the.above treatments were carried out at 37°C. The digestion was
terminated by a 60 minute post—fixation in Caulfield's osmium tetroxide,
and was followed by routine dehydration and embedding. Sections

were stained using uranium and lead salts.

Control incubations: A preliminary investigation established that

a period of 15 winutes fixation in 2% gluataldehyde was adequate ,
although the inner depths of the blocks of tissue did show dammage

atiributable to poor fixation, suggesting that the fixative Had not
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penetrated to the centre of the blocks,

‘Material which had been incubated in phosphate bhuffer at
either pll 7.4 for 20 mins., or at pil 6.4 for 180 mins, or in 0.1N IICl
for 20 mins. before osmication resembled the routinely prepared
materizl previously described. This would suggest that the fixation
prodeedure used was sufficient to stabilise the tissues, for them to
withstand the adverse treatment to which they were subjected.

Theré were slight variations in the appearance of the
incubated material which could be attributed to the processing proceedures.
The general contrast of the material which had been incubated in the -
phosphate buffer was slightly reduced, but this reduction was not
sufficiént to cause any difficulty in the examination of the
material, and was compensated for by the double staining proccedure
There was some degree of dammage to cytoplasmic structures after
incubation with 0,1IN HCl. The cytoplasnmic matrix material tended to
be granulated, edpecially in the liver, agd there was some: .
vacuolation of “the cytcplasm, but this was restructed to a narrow
outer zone of the blocks, whore the effects of the hydrochloric acid
might be expected to be the most severe. There was some loss of
glycogen deposits from the liver, but this was Qery slight and again
restricted +to a narrow outer zone of the blocks;

Thus, although the incubation medium had slight effccts
upon thg appearance of the treated material, these were slight and

the more severe effects were restricted to a narrow outer zone.

Ribonuclease digestion: Again the appearance of the liver and kidney

which had been subjected te ribonuclease digestion resembled routinely
prepared material, however, there were detailed differences which ceuld
be attributed to the action of the enzyme,

Plate 6 shows the characteristic appearance of ribonuclease

digested liver:and Plate 7 shows the cheracteristic appearance of kidney
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which had been similarly vreated: As examination of these- plates
shows, ribonuclease digestion produced gross loss of contrast in many
ribonucleoprotein structures, for instance in the liver there was
little evidence of ribosomes attached attached to the endoplasmic
reticulum, so that all the endoplasmic reticulum of treated material
appeared to be of the smooth type. There was no evidence of ribosomal
structures attached to the outer elcuent of the envelope, where ribosonmes
are in normal preparations, cemmonly found, and there was no evidence
of polysomal aggregates within the cy£ép1asm of the kidney, these
again were commonly observed after routine preparation .

There were significant effects upon the appear-.ice of the
nucleus. There was a general reduction in the centrast of the
pars fibrosa region of the nucleolus in almost all of the nuclei
examined. There was little apparent effect upon the appearance of
the pars granulosa, or upon the chromatin, but detailed observation
.revealed a loss of the underlying fibrillar structure of the nucleus
supporting the suggestions of Swift (1963), Marinozzi (1964), Bernaurd
and Granboulan (1968) that this is an underlying rib-muclcoprotein

network,

Pepsin digestion; Pevsin digestion had a less marked cffect upon

detailéd cellular morphology of the liver or the kidney, and the
general appearance of pepsin digested material resembled that of
normally prepared material. There was however, a slight reduction
in the general gquality of fixation, probably as a result of the
exposure to 0,1N HCI.

Plate 8 shows the characteristic appearance of pepsin digested
liver, and Plate 9 shows the characteristic appearance of similarly
prepared kidney. The most obvious result of the pepsin digestion was a

gross reduction of tontrast of the interlamellar spaces of all the

cytoplasmic membrane systems, the golgi apparatus and the nuclear
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envelope, but especially of the endoplasmic reticulum. There was a
reducticn in the contrast, and apparently of the size of ribosomal
structures, Althcugh the endoplasmic reticulum still possessed a
granulated appearance due to the presence of attached riboscnes, the
rihosomes were not as distinet as those seen after rovtine preparation.
Ribosomes were not obvious attached to the outer element of the
nuclear envelope, and polysomal acgregates in the cytoplasm of the
lidney were diffiéu]t to visuaiise and were often not discernible.
This would suggest the prexence of some protein component of the
ribosome which is susceptible to digestioen by the enzymes pepsin.

Within the nucleus, there was a slight reduetien in the
contrast of the pars fibrosa of the nucieolus, which was less marked
than the reductien in ccentrast produced by the ection of ribonuclease,
which would again suggest the presence of a proteinaceous cowponent,
There was also a reducticn in the contrest of chromatin components,
which resulted in a loss of the apparently granular structure, The

chromatin, after pepsin digestion, generally had the appearance of a

relatively homogeneous mass of electron dense -material,

Acrolein fixation and silver nitrate staining.

Material was fixed in a solution of 10% acrolein in
cacodylate buffer, pH 7.4, for 1 hr. and washed over night in a
caccdylate buffer before routine dehydration and embedding. Thin
sections were chit and stained in a 0.1% silver nitrate solution, pH
8.5, for 30 — 45 mins, at 70°C before washing in a solution of sodium
thiosulphate and mounting on the copper grids, It was found to be
necessary to stain the sections before mounting since the staining
solution reacted with the copper, causing severe damusage to the grids
and interfering with the staining reaction.

Acrolein was not an ideal fixative for use in electron

microscopy, for a number of reasons, including its high toxicity and
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noxiousness, even in a luj solution. It had a tendency to polymerise
in the blocks before infiltration of the embedding medium, making the
final blocks brittle and 'chippy' and difficult to section, Tissue
preservation, thoﬁgh adcquate, was not as good as that produced by
glutaraldehyde.

Some difficulties were also experienced, due to the
nature of the silver stain. The silver is deposited as fine granules
of metallic silver on the surface of the section, rather than being
bound to tissue components, as are more conventional heavy metal
stains. Observation of the sections also required some experience
sifnce 1t was necessary to focus upon the silver granules and urion the
underlying section in order to identify the tissue component that gave
rigse to the deposit in question, Focussing of the electron image,
for photographic records was often very difficult sonce the silver
deposits and the underlying section wure rarely in focus in the same
plane,

The general background contrast was poor but was sufficient
to distinguish most cellular structures, if it was not sufficient to
enable détailed examination. The general appearance of material

.
resembled that of other aldehyde fixed material. The silver granules
were mainly deposited over structures that might be expected to be
nucleoprotein in composition,

Plate 10 shows the appearance of liver prepared in this
way. Sections tended to be vacuolated, and much of the glycogen
removed, sugzesting inadequate fixation, however the endoplasmic
reticulum was well preserved and was very clear due to the presence of
silver granules over attached rib-somes, Mitochodria were more difficult
to identify, usually apppearing as homogeneous pale gray bedies, with
no discernible structure and no apparent silver deposits. There was
some deposition of silver over the cytoplasm, granules arranged in

distinct rosettes and chains were distinct from a general deposition of




fine granules forming a background contamination, which sometines
occurred.,

Nuclei resembled those usuvally found after aldehyde
fixation, with silver deposits cver the chromatin and the nucleoli.
The nuclear membranes were not usually apparent, but their position
was indicated by the jpresence of silver granules over ribosomes attached
to the outer element and by the abrupt cessation of deposits agiainst
the inner element; The pars fibrosa region of the nucleolus frequently
appearcd as a densc black boedy, denser than any other tissue
cemponent and frequently did not aﬁpear to be granular althouph it
was possible to distinguigh the granular nature of the deposits over
this region, in good photcegraphic prints. This msy have been due to
exceptionally dense depozition of granules over this region or to a
deposition of granuies over a’ gtructure with a high inherent electron
density. Chromatinic wmaterial and pars gramulosa stain up similarly
with dense deposits of granules giving a fairly homogencous appearance,
ususlly less dense than the pars fibrosa but still in strong contrast vo
the rest of the components. Sma}l groups and chains of granules were
deposited over the nucleoplasmic ground‘substance giving the impression
of a background stain which was restricted to the nuclens. The
underlying structure of the nucleoproteinic. network can be distinguished
in poor contrast as an ill-defined background.

fn thre  kidney, there was some vacuslation of the ground
substance and removal of matrix material again suggesting poor fixation.
There was little evidence of granules over free rihosomes or over
ffagments of endoplasmic reticulum. Mitochondria resembled those of the
liver in general appearance.

Again nuclei resembled those described in the liver,
although there was freguently a greater dggree of reticulation of the
nuclear ground substance, with some extraction of the matrix leaving a

courser network than that wusually found in liver nuclei. This way




have bcen due to the lower inirinsic contrast of the fibrils or
to some extraction of matrix material,

None of the other cytoplasmic structures of the kidney
sﬁch as the basement membranes or the brush borders, gave rise to
any deposition of silver, although they were apparent due to their

high intrinsic electron density,

Sterage of material in cold buffer solutions,

Material which had been fixed in glutaraldehyde (5% in
cacodylate buffer at pll 7.4 for 2 hrs, ) was stored in a sucrose/
phosphate buffer at pl 7.4 for three months at 4" C hefore post—fixation
in: osmium and routine dehydration and embedding, and material that
had been fixed in acrolein (10% in cacodylate buffer at pH 7.4 for 1 hr.)

was similarly stored before dehydration and embedding.

Glutaraldehvde fixed material: There was a1 general tendency towards

vacuolation of the cytoplasm, the cytoplasmic ground substance appeared
to be clumped and granular in appearance. There was often almost
complete.removal of wlycogen deposits from the liver. In the liver

the endoplasmic reticulum was well preserved, together with attached
ribosbmes. Mitochondria tended to show considerable extraction of
matriz material, the outer membranes were often indistinct althocugh

the cristae were crisp and clear, often being more obvious than in
freshly embedded material,

Nuclei appeared to be unchanged althougi there was some
extraction of dark-staining material in some cases, and a greater
degree of reticulation of the nucleoplasmic ground substansde as is
shown in Plate 11 .

Again there was considerable granulation of the cytoplasmic
ground substance in the kidney. Fragments of endoplasmic reticulum

were readily observed and free polysomes were often easily distinguished,
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suggesting that the backgriund contrast had been reduced in sone
way. Mitochondria appeared as indistinct structures with reduced
electron density, their cristae were not often apperent. This was
particularly truelof mitochondria occuring in the upper halves of
tubule cells, in the nucleus surrounding tie cytoplasm. Those
occuring in the hasal half of the tubule cells resembled those in
the liver, in that the electron density of the matrix was reduced and
the cristac stood out clearly.

Nuclei were normal in appearance although there was often
a reduction in the amount of dark staining material and a greater
reticulation of the back ground fibrils,

The basal cell structure of the tubule cells appeared to
be relatively unaffected by the prolonged storage, although there

wag freguently some breakdown of the basement membranes,

Acrolein fixed material: The appearance of material that had bheen

stored in cold buffer after acrolein fixation varied considerably from
that of freshly embedded material., There was a general reduction in
the electron density of the nucleoli and the ribosomes suggesting that
the nuclcoproteins, and the ribonucecoproteins in particular, were
poorly stabilised by the acrolein fixation and leached out of the
blocks during the period of storafe. Marinozzi (1963) noted a
similar phencomenon in acrolein fixed material embedded in methacrylate
and floated on water for several hours prior to staining. In general
the material resembled the similarly treated glutaraldehyde fixed
material as regards cytoplasmic preservation although tie dammage
tended to be more severe. DPlate 12 shows the general appearance of
acrolein fixed material which had been subjected to the cold storage
period.

Marinozzi (1963) suggested that the flotation of acrolein

fixed, methacrylate embedded material upon water could be used to




44

differentiate between the nucleoprotein. components. Aithough, as he
pointed out, the techpique tended to give rather variable results.
Similur differentiation of the nucleoprotein components appeared to
take place during.the prolonged storage of acrolein fixed material in
cold buffer. The use of the stored material for the differentiation
between nucleoprotein components had several disadvantages, however,
The degree of extraction of material from the sections was somewhat
variable, the secfions cut from the outer zones of the blocks tended
to show a greater degreec of extraction than those cut from deeper
layers even though the quality of fixation was comparable. In the
cuter zones of the blocks the extraction of nuclear dark staining
material was often almost complete, even much of the contrast of the
chromatin having been removed, whereas in the inner zones only those
areas with an apparently high concentration of ribonucleoproteins, such

as the nucleolus showed reduced contras’.

Routine dehydration and embedding.

Tissue blocks were routinely dchydrated through a graded
series of alchohols, concentrations of ethanol of 50%, 70% and 90%,
within a period of 15 mins, Material was then subjected to two 30
min, changes of abhsolute alchohol, although the later period has heen
prolonged up to two hours without impairing the final quality of the
blocks, |

Dehydration with ethanol was followed by a 30mi.. treatment
with epoxy propane, which was used as a transition solvent between the
ethanol and the un-polymorised embedding medium. Thi§ was again followed
by a 30 min. treatment with a 50% solution of epoxy-resin in epoxy
propane, and two changes of unpolymerised resin plus accelerator within
an hopr. Tissues were blocked out in fresh resin in gelatin aapsules.
The plastic was cured at 60 C for two days.

Epon 812 was used as an embedding medium, throughout this




investigation, ‘and produced reliable results., Penetration of the
tissne blocks was found to be adequate if the abowve proceedure was
followed, and no qdvantage wag found in prolonging the stages in
unpolymerised resin. Iven polymerisation of the blocks was obtained
if §h0 resin and accelerator were adequately mixed, and for this -
reason resin was always made up in 10 ml. sample bottlea and inverted

for an hour before use on a standard blood mixer,

Preparation of sections.

Sections were prepared using a Reichert OM U2 ultramicrotome,
Pale gold or silver sections were cut with glass knives and fluated
off on a bath of water or 1% ethanol, which had a lower surface tensicn
and tended to 2liminate the compression of some sections. Where
ceompression wee found to take place as the section floated off an
attempt was made to eliminate this by expnsing them to trichloro-
éthylene vapour, but this was not particularly effective with Ipon
sections. Where FEpon sections did become cempressed in cutting little
was found that would correct it except careful sectioning.

The sections were mounted on 200mesh copper grids. Sections
were usually picked un from below, on.tOAthe dull surface of the gridas
since the sections were found to adhere better to this side, and
were more easily detected by examination with the naked eye. During
early work sections were mounted on carbon support films, but during
later work the preparation of support films was abandoned as they
were found to be unnecessary. The improved contrast obtained by
omritting the carbon layer-made up for the lack of stability in the
electron bheam, It .was féund that if grids were mounted in the microscope

'upside down' the sections were less susceptible to dammage
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Examination of  the moterial in the Flectron Microscope.

Most sections were examined in an AEI EM6B microscope,
but, use was made of an IMGG instrument during periods when the
departmental instfument was out of operation,

The microscope was usually operated at 60kv., but
accélerating voltages of 40 and 50kv were used in examining material
of particularly low contrast, or where sections seemed to be particularly
susceptible to beam dawmage. Changing the size of the objective
apperture in use was also found to improve the contrast of the
image in the case of very low contrast material. The normal apperture
in use was a 50 diameter and a 25 diameter apperture wus used as a

substitute,

Routine photographic processineg,

Photographs were taken using contrasty plates obtained
from Ilford Ltd., either N 50 plates or in later work EM 5's, These
were developed using a high contrast hydroquinone developer according
to a standard proceedure. ( Ref. Appendix 1II,)

For routine analysis, plates were printed onto 16 x 1l6cm.
prints, Photographic paper of varying contrast grades (Ilford grades
l -5 ) were used as appropriate to the quality of the negatives,

_but in certain cases use of even the hardest papers were not adequate
to show up the details on the plates. In such cases prolonged

exposures at reduced light intensities often produced adequate results.

Measurement of cellular structures.

A quantitisation of estimation of cytoplaswic structures
was acheived by the use of a.method described by Loud (1962).

Selection of areas of tissue for quantitisation was carried

out at x3,000 in order to avoid prejudice. At this magnificaticn it
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was difficult to introduce vias gince sufficient cellular detail was
not discerniblc. To ensure examination of comparable areas of
cytoplasm photographs were taken of areas including a nuclcar profile.

Micrdgraphs for estimation were taken at magnifications of
x5,000 and were enlarged by two diameters. Sample lines, 2 cms. appart
were superinmiosed upon the micrographs. The length of sample lipe
covering a cytoplasmic structure was measured by vlacing a millimeter
scale against the 1iné-covering each structure , and total counts of
the length of line over cach structure were recorded, as shown on the
previous page, The number times profiles of endoplasmic reticulum
crossed the sample lines was also counted and recorded,.

The percentage area of cvtoplasin occunied bv a structure

was calculated as the length of line overlying it as a percentage of

the total sample line length, as follows:—

% area of micrograph occupied by a structure

= 100 x A
yA
where Z = total length of sample line overlying
the micrograph.
and A = length of sample line overlying structure.

Thus % area of cytoplasm occupied by structure

100 x A
L

where L

total length of sample line covering
cytoplasm (exclusive of intercellular space
and the nuclcus.)

Example; The percentage area of cytoplasm oscupied by glycogen deposits,
and by mitochondrial profiles in the micrograph 712/71 are calculated

on the following page. The data for this wicrograph is shown in Table I

on page
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% area of cytoplasm occupivd by mitochondrial profiles
= 100 x 185
863

= 21.43%

N

area of cytoplasm occupied by glycogen devosits

= 100 x 226
863

= 26.18%

An eatimaticn of the endoplasmic reticulum profiles

was obtaired from a count of the number of times profiles crossed the

sample line, as follows:-

mms., of profile per mm2 of cytoplasm in a micrograph.

= ITC
2 L

where C

total number of crossings
. 2 e
average number of IR profile per !t of cytoplasm of un-magnified cell

= ITcw
2,N00L

where M = total magnification of print.
In this example:-

1T (102)(9,300)
2,000(863)

!l

1.72f}/f‘2 cytoplasm,

The numbers of mitochondrial profiles were escimated as

total numbers of mitochondria per micrograph, using the microgravhs

as a sample area of constant size. Since all the micrographs - measured
fo 12 L o :

(152 mm)“ at a magnification of x9,300, counts weére of numbers of
. . . 0 2

mitochondrial profiles per 232.12 M,

The average area of mitochondrial profiles from each

micrograph were calculated as follows:—
L was calculated as a percentage of Z in order to determine the

proportion of the micrograph occupied by cytoplasm exclusive of nuclei




and intercellular space.

which

]

100 x L

which in this example

L = 100 x 863
1,216
= 70.97%

2

Since 7 represents an area of 232.12;4 L can also he calculated as

an area::-—

L = 70,97 x 232.12 ﬁﬂz
100

,-7()
= 164.74 /°
and similarly the area of mitochondrial profiles in the micrograph

can be calculated from the area represented by L

In this example = 164.74 x 21,43 ;2
100 !
= 34.71}&2

The areas of nuclear profiles were estimated by

superimposing a grid of centimeter sguares over micrographs. The
number of squares covering the nuclear prefiles was counted. In the
case of incomplete squares, where than half the .half the square lay
over the profile it was counted as a complete square, where less than

half a aquare overlay nuclear profile it was discounted.

Area of micrograph occupied by nuclear profile
= N

56 cm

= 5,600mm2
The area of the nuclear profile was calculated from this by correction
for magnification as follows:-

= N
. . o
area equivalent to 142 at M mm

= 5,600 42
9.3 x 9.3




-

= 64,37 p°

All results of quantitative estimations were calculated

~ using an 'Olivetti' desk compdter.
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The Mitects of 1

reid Hoenones on Cetlular Structure,

A peneral dmpression of the patterns of chanse taking
place wnder the influence of thyreid hormone action, was guined by
visual assessment. fThree hlocks of tissne, from as widely separated
parts as nossible, were prepared from the liver and the kidney of cach
of the six mice in ecach experimental groun., Twe sectiens were cut, {rom
cach block for visual assecssment. Photographs were obtrined from these
sections for quantitative assessment. Arcag for photosraphs were
se]ected’on arbitrary grounds at magnifications of x3,000, where it was
only possible to select areas on the grounds of eross technical cuality.
Areas photographed always contained a nucleus in order that roughly
comparahle areas of cytoplasm were being examined., Twenty feur photorranhs
were taken from each of the four exnerimental treatiments, at magnificatioens
of x5,000. The final mosnifications of the prints used for analysis was

x9,300. Prints were scored with the aid of a x10 hand lens, according

to the method of Loud (1962) described in the Methods scction,

Cellular effects on the Liver,

General appearance of the tissuve: Variations in the appeavance of the

Jiver from the different experimental gioups, were observed that ceuld
be attributed to the influence of the administered hovmmones,

The nuclei of liver cells from normal animals appeared
rounded with little dork-stuining material present. That which was
present was restricted to around the nucleolus and to a narrow sub-
peripheral zone. The nuclear membranes were generally easily resclved

as even, double structures at magnifications of x10,000, although some

of the nuclear envelopes were obscured by some deposit,



Approximately holf of the cytoplasmic areas of the cells
were oceupied by endoplasmic reticulum and mitochondria and half by
glycosen dépoaits. The glycousen was charucteristically granular in
appearance.  The endoplasmic reticulum was arranged in loose, paralell
lameilge and whorls, interspersed with wiochondria.  Groups of lamellae
werce interspersed with amall patéhes of glyvcomen deposits, Groups and
rogettes of isolated polysomes and scraps of endoplasmic reticulum were
obscrvable within the glycosen areas. The general appearance of the
tissue is shown in ﬁhe diagrammatic representation shown in Fig. 2
and in Plate 13 .

The amount of endoplasmic reticulum present in the cells
was reduced in the livers of thyroidectomised animals and the guantity
of glycogen present was inc;eased. The lamellae of endoplasmic
reticulum were much less regularly Grganiéed and were dispersed among
the glycogen deposits, whereas in the hirmone treated animals there
was a marked increase in the amount of endoplasmic reticulum with a
corresponding decrease in the amwount of zlycogen present in the cellg,
In hormone treated livers the endoplasmic reticulum was erganised inte
complex whorls and lamellae, interspersed with mumerous mitochondria,
and was not interspersed with glycogen granules, Glycogen deyposits
were isolated, without mitochondria or scraps of endoplasmic reticulum
as ig shown in Fig.3 and Plate 14 .

Mitochondria appeared to vary in number with the different
horméne treatments, being apparently more frequent in the livers of
hormone treated animals than in the livers of thyroidectomised animals,
Their distribution also appeared to vary. Theyv almost always occured in
close assgociation with lamellae of the endoplasmic reticulum, bhut whercas
in the thyroidectomised animals profiles of lamellae were short and were
dispersed throughout the cytoplasm, in the livers of hormwone treated
animals the mitochondria usually occurred in closely packed Qroups

comuletely surrounded by  lamellae of the endoplasmic reticulum,
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Isolated mitochondria were often gbserved among the glycogen of the
livers of hypothyroid animals but almost never in the livers of hormone
treated animals,

There was, no initial dmpression gained of hormone induced

mitochondrial swelling, but quantitative estimations of the
mitochondrial sixe were obtained in order to gubstantiate thisg,

1 rounded

The liver mitochondria were gimple in structure, wit
or oval profiles and few, randomly orientated cristae, which rarely
reached to the middle of the profiles.  There appeared to he alterations
in the organisation of the cristae, and numbers of cristie present, with
the hormone treatments. Thus an attempt wgs made to gain some

quantitative estimations of the variations associated with the hormone

influence as is shown below.

Table 2: Mitochondrial shape.

H
i

: PO Jw e e e b e ,E
g TX z c ; 3 4 E
| | 5 ;
;Round | Oval ! : E j [
R A ! o i

11 . 86

-t
A

24

g2+ 18 89

* fipgures % of total mitochondria counted.

Table 3: Orientation of cristae.

- - § . . .
i
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} i
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! X ; ! ; l
o | : | |
- ~ - J §
ol (o] — t N i
@ -t b @ ; i [
12 s~ T O ! i { |
0 < oo ; 4 i ] |
RN el f | |

f‘ - g B R I mg -

3% 57 1 9119 { 74 . 3 1 16 | 74| 9 {20 53| 16 !

* figures % of total witochondria counted,




Table 4: Lenuth of cristae,

- . } . ‘! - ! b ![
TX | C s T3 T4 |
Short*j Long* f
- | ”{ . .
! :
86+ | 15 50 | 50 100 0 76 24
¥ cristae donot reach to middle of profile
* ,
* cristae reach the middle of the nrefile

or beyond the middle.

+ figures % of total mitochondria counted,

Tahle 5: Numbers of cristac ner mitochondrial profile

e T
X C T3 T4
11* 14.5 10 9

S e S S S N

* average number over 20 mitochondria,
[}
There would appear to be no overall pattern of change in

mitochondrial structure associated with the hormone treatuwents.

Quantitative analvsis of hormenre sssociated changes in the liver,
N1 Y I

The method of quantitative analysis described bu Loud (1962) was used
to gain an estimate of the percentage cvtoplasm occupied by mitochondrial
profiles, and by glycogen depesits. The numbers of mitochondrial
profiles per sample area was counted, and a figure representing the
average cross-sectional area of mitochondrial profiles was calculated.

, . . . 2
The concentration of endoplasmic reticulum profiles per / ef cytoplasm
was calculated, and the cross-sectional areas of nuclear profiles

were estimated as described earlier in the Methods section.
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?he results are tabulated in Table G, on the following
page. On the whole there was little difference between the material
from the thyroidectomised and normnl aninals, asg regards the parowmcters
investigated., Toerc was however, a difference in the effects of thyroxine
and triiodothyronine upon the liver.

There was no apﬁurent difference between the percentage
area of the cytoplasm occupied by mitochondria in the liver of thyroid~
ectomised or normai animals treated with thyroxine. llowever,therewas a
significantly greater percentare of cytoplasm occupied by mitochondrial
profiles after triiodothyronine treatment. There was no significant
differencs in the numbers of mitechondrial profiles yper sample arca from
the different treatments,so that the increased cytoplasmic area occupied
by mitochondrial prefiles is a result of av increase in nrofile area,
reflecting mitochondrial size, rather than in number.

There was no difference ir the amount of cytoplasm
occupied by glycogen deposits in the livers frem thyroidectomised animals
and normal ariwmals, althoush there was a difference in the distribution
of the deposits within the cytoplasm., The glycogen deposits of
thyroidectomised tivers tended to be dispersed throughout the cytoplasm,
in small patches and aggregations of granules, whereas the glycogen
deposits of norwal animals tended %8 occur in extensive aggregiations
devoid of other structures.

There was a slight but significant reduction in the
amount o£ glycogen present after prolonged thyroxine treatment, but
after triiodothyronine treatment there was a vast reduction in the
amount of glycogen present, almost all heving been removed. However,
it must be pointed out that tﬁere was considerahle variability in the
percentage area occupied by glycogen deposits in the thyroxine treated
animals, half the sample areas counted showed less than 10% of the
cytoplasm occupied by glycogen, and two out of the twenty two sample

areas showed nearly 50% of the cytoplasm to be occupied by glycopen,




dable 6.

Cytoplasmic changes in the liver with hormonc treatment,

X N T3 T4

% area of cytoplasm occupied hy 15.64 15.61 23.99 15.85
mitochondria. B (TN 158 T N B B C R B 00
Nos, of mitochondria 63.78 |57.05 63.50 69,85
365 (%241 [Tolea (T6.48

Areas of mitochondrial profiles 0.48 0.55 0.71 0.45
in/u_2 .08 Zo.04 Zo.04 |%0.04
% area of cytoplasm occupied hy 16.58 22,78 1.72 16.14
glycogen deposits, Yoo fis9 X106 fo.60

- 2 2 9 9 9

S ER ys cytoplasm. 1.84 2.02 .30 2.23
Z0.08 (%0.10 |Zo.16 |%0.10

Areas of nuclear profiles in/L( 38.50 38.02 34.59 30.87
Ta.99 |fo.s2 (foias 13,97

L ——
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Table 7.

G1

Statigtical givnificance of the chances in evtoplaswic organclles in the
Liver with horuone irestment.,
Farea of cytoplasm occupied by nitochondrisl profiles.
X
N 1P>0.1
T3 PC0.001 P< 0.001
T4 v P<GL1 PL0.1 P<0.001
— ;;_‘..~...-;.~._~~;\7_.v.__- ;;_ WWWTF—;—W
Numbers of mitochondria
Ne significant differences.
Areas of mitochondrial orefiles in }La.
N {P>0.1
T3 PL 0,001 P<0.02
T41*P>0,1‘ P<0.1 P< 0,001 -
T N T3 T4
9 area of cyteplasm occuvied by zlycogen deposits.
X
N | P>0.1
T3 P<0.001 P<0.001
T4 P0.1 P<0,001 P< 0.001
TX N T3 T4
#&Eﬂ /]ALQ éf cytoplasm.
X
N| P»0.1
T3 P < 0.01 Pr0.1
N T4 | P<0.01 P>0.1 P>0.1
X N T3 T4

e

Areas of nuclear profiles in z(
Ve

No gignifieant differcnces,
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The difference between the effects of triiodothvronine
and thyroxine noted above, were not seen in the case of the concentration
of endoplaswic reticuluw profiles. There way a gradual trend towards a

greater abundance of endoplasmic reticulum from thyroidectomised animals

through normal to the hormone treated animals, The differences between

the experimental groups were not great, only those between the

thyroidectomised animals and the hormone treated animals being significant. .
o

There was no significant difference between either thyroidectomised

animals and normal animals or hetween the two hormone treatments as ig
gshown in Table 7.

Again there was no significant difference between the
size of the nuclei from the different experimental sroups, altheuph

there was a tendency towards a reduction in size after Lormone treatment,

compared to those measured from thyroidectomised animals.

Cellular effects on the kidney.

General apnearance of the tissne: Similar nuclear changes as those

noted in the liver were obhserved in the kidney. Changes in nuclear
membrane morphology, particularly in the proximal convoluted tubules
were marked, as is described in Chapter -,

General cellular changes were difficult to assess, and
could often be attributed to errors in identification of the different,
closely intermingled cellular types, an< thus to normal functinnal
differences between the proximal and distal convoluted twbules.
‘Generally the differences were more subtle than those seen in the liver
and it secemed that, to some extent at lenst, the kidney could be
described as a 'Control' tissue as regards hormone action. However,
that thyroid hormone treatment had soﬁe effect was obvious from the

marked changes in the worphologv of the mclear envelove. This lack of

apparent change was possibly attributable to normal differences in
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functional response to external influences between the two tigsues, ithe
Iiver being a wore 'dynamic' structure reacting to changes in environment
by gross chances in activity which ure reflected in aross morpholoenical
changes, Woereas the kidnev, beinz a moere ofganised structure capable of

reacting to pross rapid chonges i

ol

internal envirownent without changes
in morphological appearance. That changes in the kidney, induced hy the
influence of the thyroid hormone administration, are prohably at the )
biochemical level rather than the morphological resulting in alterations
enzymes concerned with the urea c&cle and other aarscts of excretien and
ion control would account for the apparent lack of structural variation
Ectween the experimental groups.

Generally the morphology of the kidney observed in all
the experimental groups conformed to the generallv accepted patterns of
renal morphology, and resembled the patiern shown in Pigure 5. and

s

Plate 15,

Quantitative analveie of hermone associated chanses in the kidnev, Some

difficulty was experienced in obtaining guantitative estimat.s of the
amount of cytoplasmic structures present in the kidney as a result of
several factors. TFirstly, unlike the liver, the kidrey is not a
relatively homogeneous tissue., Numerous functionally distinct cell
types occur in clese proxinity and are closely indermingled which malkes
it esgsential that measurements made from each cell type are obtained
independently and not from a pool of all cell types. In this study,
attention was confined to the cells of the proximal convoluted tubule,
since prelimirary observations, particularly of the nucleus, suggested -
that this was the most gusceptible of the cellular components tc the
effects of thyroid hormones. Secondly, the individual cells of each of
~ . ° :
the cell types in the kidney exhibit a polarity which is not shown by

the cells of the liver, which might affect the randomness of the

sample lines used in this method of obtaining gquantitative results,
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For this reason, sample lines were always drawn ag near parallel as
vossible to tﬁe hascment wembrane, rather than with random erientation
to the cell,

-The percentage area of cytoplasm oceupied by mitochondrial
profiles and apical vesicle profiles, the concentration of eudoplasmic
reticulum profiles, and the average arens of nuelear rrofiles were
calculated from sample areas from each hormone treatment,

There was no change in the percentapge area of
cytoplasm occupied by apical vesicles, with the hormone treatments,

There was a slight decrease in the percentage area of cytoplasm occupied
by mitochondrial profiles with the hormone treatuent. Aﬁproximately

28% of the cytoplasm was oceupied by mitochondrial profiles in kidney
cells from thyroidectomised animais while only 22% consisted of
mitochondrial profiles in cells of thvroxine treated animals, Only the
differences hetween thyroidectomised and lLiormone treated animals vere
gtatistically significant as is shown in Table 9.

As 1s shown in Figure 6, there was also a reduction
in the concentration of endeplasmic reticulum profiles with the
hormone treatwent, which was statistically significant if the results
of the thyroidectomised animals were comwpared with the hormone treated
animals. There were approximately 0,7sc0f endoplaswic reticulwn profiles

X :
per )+ of cytoplasm in cells from thyroidectomised animals compared
to 0.44 - from cells from animals treated with triiodothyronine and

/
0.39 /- "from animals treated with thyroxine.

There was no variation in the sizes of nuclei from

cells after each of the different hormone treatments,
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Tahla 2

Cytoplasmic chinees in the kidnev with hormone trestments.,

% N T3 T4
% area of cytoplasm occupied by ;2037 2,59 2.38 3.21
apical vacuoles, .34 Xo.s2 X048 19,63
i
% area of cytoplasm occupied hy 28.49 25.56 124,68
mitochondria. 106 (Z1.60 (X105 f1.0s
N 2 = \
/LLER //LL cytoplasm; 0.71 0.56 | 0.44 G.40
20,07 [Zo.07 Z0.05 X004
Areas of nuclear profiles in/!L 24,05 125.02 [21.83 19.85
T2.69 |Z2.00 |f1.60 |Z2.01
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Fimure 6,
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Tahle 9,

Statistical sionificance of the chanves in evtonloagmic oreanelles in the

kidney with hormone treatment.

Zarea of cvtoplasm occupied by apical vesicles.

No significant differences.

% area of cvtonlasm occupied bv mitochondria.

X
N | P20.1

T3 Pg 0,02 P70.1

T4 PLO00Y Pyo.1 Py 0.1

TX N T3 T4
/LLEH //t<2 cyteplasm
X
N | P>0.1

T3 | P<C0.,01 P>0.1

T4 {P{0.001 Py0.1  PS0.1

§0:S N T3 T4

2)
Areas of nuclear profiles inzc .

No significant differences,




Discugsion: The effccty of thvroid hormones on cellular structure,

There were sionificant differences in the effcects of
hyroid hormones upon tﬁe digtribation of cvtoplasmic structures between

Liver and the proximel convoluted tubule of the kidney, and there was
a significant difference in the reaction of the two tissues to thyroxine
and triiodothyrenmine. Triiodothyronine had a significantly oreater
effect upbn the liver than id thyroxine, whereas there was no difference
in the effects of the two hormones upon the kidney.

The most obvious change in cellular morphology brought
about by the hormone influence was the grose depletion orf liver
glyecogen produced by the actirn of triiodethyronine. Glycogen deposits
were reduced to 1% cf the ‘sample area after triiodothyronine treatment
compared with 227 and 19% in normal and thyroidectomised animals
respectively. This was in accerd with the findings of Tata et al (1963)
who noted a 50% reduction in liver glycogen of thvroidectomised rats
given a single injection of triiodothyronine. The significantly
smaller reductien in percentage area of sample area occupied by
glycogen after thyroxine treatment was more difficult to explain in
view of the observations of other workers. Burton ct al (1957) noted
a significant depletion of livcr glycogen under the influence of thyrexine
and Fletcher and Myant (1961) reported a 90% reduction of glycogen
content of livers of rats which received a daily dose of 50 of
thyroxine, However, as was pointed out, there was a congiderable
variation in the amount of liver glycogen present after thyroxine
treatment, and a considerable amount of reorganisation cof deposits had
taken place under the influenc e of the hormone,

Hormone induced ylycogen depletion was accompanied b¥
changes in mitochondrial profile areas, reflecting changns in
mitochondrial size, where apain there wns a significant difference

between the effects of thyroxine and triiodothyronine treatment. There
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was no significant difference in the number of witochondria per sample
area from any treatment, although there tended to be slightly more after
treatwent with either of the hormones. There was no change in the
percentage area of mitochondrial profiles after thyroxine, but a
gignificant increase after triidothyronine treatment., Although there
appeared to be no change in the number of cristae per mitochondrial
profile, the increase in size was probably attributable to growth and
addition of new units, rather than swelling due to inbibition of water
under the hormonal influerce. According to’ Freeman et al (1963) in vitro
swelling of mitochondria under the influence of thyroxine wa: produced
at doses well ahove the physiological rance. whereas the doses used in
this investigation were clogse to the nhysiological range,

Roodyn et &1 (1965) and Freewsn et al (1963) have
demonstrated an increase in awmino acid incorverating activity under the
influence of triiodothyronine and thyroxine, and various werkers have
demonstrated an increase in the centent of various respiratery enzymes
unter thyreid hormoue influence. (Drabkin 1950; Rugamer et al 1965;
Lardy et al 1680; Lee and Lardy 1965;) However the lack of response of
liver mitochondria in this investigation to the influence -of thyroxine
ig difficult to understand. Freeman et al (1963) noted no difference
in the response of rat liver mitochondria to either hormone, although
Lardy et al (1960) found that triiodothyronine had a greater cffect
than thyroxine upon the stimulation of mitochondrial glycero-phosphate
dehydrogenase content. |

Again the slight but not slgnificant reduction in the
percentage area of kidney cytoplasm occupied by mitochendrial profiles
under the influence of either hormone is difficult tc explain. Drabkin
(1950) found a 20% increase in the cytochrome-c content of rrt kidneys
from animals rendered hyperthyroid with thyroxine, compared to
thyroidectomised animals, and Lardy et al (1960) found gross increuses

in the glycero- phosphite dehydrogenase centent of kidney witochondria
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after treatment with cither triidothyronine or thyroxine. It scems
possible that kidney mitochon&ria undergo reorpganisation to accomodate
new enzvme units. rather than ar increase in size. Although the changes
recorded by Drabkin (1950) and Lardy et al (1960) from whole kidneys
might reflect changes in witoehondrisa from other tissue componentg thsn
the proximal convoluted tubules,

The differential effects of triidothyronine and thyroxine
upon the liver was not as marked unpon the proliferation of endeplasmic
reticulum as upon other structures, and measurements made of profilcs »f
endoplasmic reticulum from livers of animals treated with triidothyronine
or thyroxine were not statistically different. This is in accord with
the observations of Tata (1967) that there was no difference in the
effects of either hormene upon proliferation of ruugh endoprlasmic
reticulum. It is now well established ny Tata and sther workers Chaf
the early stimulation by thyvroid hormones of »ibowucleic acid gynthesis
is followed by an increase in the cytoplasmic ribosome populations
coordinated with an increase in the synthesis of membrane phospholipids,
and that increased cytoplasmic protein synthesis, is a result of the
increased activity of newly forwed ribosomes that are tightly bound to
new elements of the endoplasmic reticulum. (Widnell and Tata 1966; Tata
1967; Tata 1970). That the increase in endeplasmic reticulum seen
after thyroid hormone treatment of mice, was so slight was surprising
but can probably be explained on the basis that the hormones were
administered to normal young mice, where protein synthesis was still
rapid, and, as was noted by Roodyn et al (1965), normal animais¢ do not
make as great a response to tliyroid hormone administration as do
thyroidectomised animals,

The reduction in the endoplasmic reticulum seen in the
kidney after ac’ministration of either triiodethyronine or thyroxine was
difficult to expleoir., Almost all the worﬁ carried out on preliferation

of endoplasmic reticulum or increased cytoplaswic protein synthesis




which 1s rccorded in +he literature, has been carried out using rat liver
as a model, There are few references to the kiduey. Although Michel et . al
(19613) have recorded a sienificant increase in the uptake of labhelled
amino acid precursers into protein by rat kidney they do not gtate which
subcellular fractions were involved, and it is possible that the increased
amino acid incorporating actiVity of mitochondrial fractions was
responsible for their observation. It is possible that the

endoplasmic reticulum components of the kidney cells undergo some
recrganisation after thyroid hormone treatment so that fewer ribosomes

are assocliated with mewbrane components. This is-inconsistent with the
view that the greatest protein synthietic activity takes place in

mewbrane bound ribosomes. Ilowever, in view of the observations that

the mitochondria appear to be responsible for the increased amino acid

uptake this explanation could be feasible.
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Chantar 9,

An Tuvestioation into the Sennence of Ultrastructiral

o - ¢ ~ i : ¥ .
Chanees Pr dneed unider Thuroid Hormone Inf Gienco,

In order to place the ultrastrictural changes, deacrihed in
Chapter 1, into some sequence related to the time course of action of
thyroid hormone activity, the ultrastractnre of mouse liver and kidney
was exanmined at various times aftev a gingle injection of trilodotityrenine,
The gomvling times were selected in order (o fit., as pearly as posaibhia,
the semmence of biochemical events in the carly actien of triicdethyrenine
described hy Tata et al (1963), Koodyn et al (1665) ant Widnell and

Tata (1‘1)‘{3:’5), which can bhe smmmariged as is shawn in Table 10, Mice were

o

thus killed at intervals of 15, 34, 45 and (0hrs zfter the administration

of a single dose of triicdethyronine, and swenles of liver and kidnov
from ench were subjected to routine fixaticn vroceed res for the nren-
aration of miterial for =lectr-n ricroscopy using slutaraldehvde and

cosmium,

As well as direct visual assessment, material was subjected to

o

quantitative analvsis using the methed of Loud (1962), used in Chanter 1,

and described in the Methods section,

Variations of cvtoplsasmic organelles ufter a single injection of triiodo—

thyrenine,

The general avnearanes of the liver.

The appearanrce of mwoterial from animals killed at the bevinning of the
experiment and that from aninmals killed at 60hrs after an injection of
saline vehicle resembled that of normal ari:als described in Chapter 1,
Approximately half the cvtoplasmic area was occupled by glveegen deposits
which tended to oceurr as extensive areas ef granules of churacteristic

appearance, devoid of other structures, although small groups Bf granules




Tuble 10,

ot Action of Thvroid Hormones.

(Response of rat liver from thyvroidectomised animals to a single

20ugms trijodothyronine. )
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occurred thronghont the evtoplasm, Mitochondria were small, rounded or
oval in profile. with velativelv fow cristae, and were fairlv evenly
distributed throughout the evitoplasm,  Profiles of evdoplasmic veticulwn
terded to he Joosely arranced in grovns of parallel lrmellace, through
meat .of the cviarlasmic area. Plate 16 shows the apnearance of raterial
from unimals ki1l1lod at the heginning of the experiient., Plate 17 ghows
the characteristic appearance of motering from avimals kiiled 60hrs after
o saline iniection. As comparison of~the two Plates shows, there was a
considerahle variation in the distribution of glycoren depoaits thraongsh
the evtonlaam, Certain cells were predominately occuniad by glycogen

deposita, whilst others showed less extensive deposits of =iverpen,

Nuelei ten'ed te he romnded, with siightly irresular nrofiles and
relatively little dark staining material.

Material frem aniwale killed 15hes after a single injection
of triiodothvrenine resembled the contrel meterial deacribed abave in its
general apnearance.  Glyeogen derosits were again exiensive, ocenpving
anproximately half of the cytoplasmic avea. Most of the deposits were
organised into isolated deposits, there was a reduction in the amocunt of
small deposits scattered among other organelles. Thrre was ne apprarent
difference in the amount or distribution of mitochondrial profiles or of
lamellae of endoplasmic reticulum, as is shown in Plate I18. Nuclei acain
resembled those from normal animals, althouzh they tended to be more
regular in prefile.

There was a marked reluction in the amount of glvenoen
present d0hrs after = sinzle dose of triicdethvronine., Glvcegen denosits
were reduced to gmall apgregates of granules scattered throushout the
cytoplagm, There was but a slight increase in the nuster of endoplusmic
reticulum profiles after 3Chrs., Mitochondria préfiles appeaved te be

increased in area, and were still distributed evenly throughout the

eytoplasm, as ig ghown in Plate 19. Nuclel were resular in profile,
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wnde With an 3 R . } o I C , i
roumnded, with an incresse in the amount of dark-staining naterial present,

1
After i5hrs there was an anparent inerease in the amount

of wlvergen denoaits npogent S ll, Wdense misges of oravules cceurryiver
throughout the evtoplagm, which were gquite extensive in some instances.
as is shown in Plate 20. Indoplasmic reticulum profiles were more
abundant after 45 hrs. They were usually leng, and arranged in grounsg

of parallel lamellae. althonsh the complexity of arranzement zfter
prolonged thyroid hormone ndwministration, deseribed in Chapter 1, was not

usually developed. Nuclei again anpeared repular in nrofile with

extingive, diffused deposits of dark-staining material,

After GOhrs of thoroid hormone treatment glyvcogen depnsits
. .

sl

again occupied upto helf of the cytoplasmic area, althou h the derogits

1
1

tended to be moere dispersdd than those ohserveld in nomnel aniwals, as is
shewn in Plate 21, Mitochondris were small, rounded or oval in wrofile
and diastributed evenly throushont the cvitenlasm, Prefiles of endoplasmic

reticulum were particulurly obvious in all the material froa animsis

P

killed 60hrs after the administration of a single dose of triiodothyronine,

Ixtensive arrays of parallel lamellue occurred often in asgocistion with

it

mitochondrinal rrofiles., Nucled were rounded and regular in profile but

there was a redu:tion in the amsunt of dark-staining waterial present,

£

so that nuclei tended to resemhle those of normal material.

Quentitative agsessment of t e changes in_the liver.

Me~surement of the cvtoplasmic chanres takinz place under the influence
of thyroid hormones did nor reveal snch marked changes as were expected
from the initial visual assessment, This can »robably be attributed to
the gwall numbers of photographs nsed te obtein quantitative inforwation.
It is probable that, dne to the small number of areas exawmined were nof,
fully representative of the tissne from each experimental treatment.

1

Althouch there was no overall change in nuclear size

detected after tiesbtwent with either thyroid normone for seven davs,
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Statistical girnificance of the variations in cytoplagmic orgunelles

after a single dose of triicdothvronine,
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Figure 7,

VARIATIONS IN THE - PROPORTIONS OF CYTO -
PLASMIC ORGANELLES IN THE LIVER AFTER A

SINGLE INJECTION _OF _TRI-IOBOTHYRONINE.
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thrree were variationae in (e -dize of nuelear profiles durine the fiest

G0hrg alter the aduministration of a stwrle

o
@D
)

of triiodothyrenine,
There were sionificant floctuntions in the arens of puclear profiles
derine the first 30hrs, followed by a significant decrease at 4ilirs.  The
average area of ruclenr vrofiles hed returned te npovmal st 60hrg after
triiodothyrenine administrati.n,

There was no gignificant variation in the numbers of
mitochondrial peafiles counted frem oach gample ATe but there were
variations in the percentage aren of evioeriasm oecusied by mitochondris]
nrofiles,  There was no vaviation in mitochondrial size during the fivst
1Hhrs of hormone action, bhut there sas a glight bhut not sionilicant
increase after 30hra, Thereafter there was a deeredaes 3n the areca of the
evitanlasm occunied Ly mitAchendrial yrofiles. which erntinued to 60fra
after hermone administration, The nrea occvnied by mitochondria at 60hrs.
was gionifiecantly less than at the heginmmine of the experiment.

The area of the cytonlasm occunied hv glveogen deposits
varied coniyiderahle threwsshout the veriod of 60hrs followineg thyreid
hormone administration, with a gignificant increase in glycogen content
at 15hrs. fellowed by a decrease at 30hrs. and another rise at 45hrs
and decrease at G60hrs. These latter flucitnations were not sgipgnificant,

The fluctuations in the concentrations of endoplaswic
reticulum profiles showed a more apparent pattern. There was no

‘ring the first 15 hrs bhut there was a significant

-~
[

gignificant change
inereage 30hrs after thvroid hormone administration. At 45hrs  the
concenir:tian of andoplasmic reticvlum profiles had returred more or less
to normal,

The results of the quantitative assessment of the changes

in the liver are shown in Tables 11 and 12 and in Figure 7,
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The geoneral arnearance of the kidnev,

Asg in Chavter 1, the investivation of the cellulur effects of thyvreid
hormenes upon the kidney wns restricted to an examination of the cells
of the proximal conveluled tubule, Cellular changes produced ky the
ecarly actien of thyroid hormones were not immediately obvious. The
appearance of the cells of the prﬁximal c9nv01ut;d tubule of animals
killed at “he beginning of the cxperiment. and of those kill-d 60hrs.
after an injection of tlr saline vehicle resemhled that of Plate 15, rs

o

is ghown by the arpearance of Plates 22 and 23, The apvearance of cells
of animals killed 15hrs after a sincle injection of triiodothyronine
also regemh]nd thoge of the centrol materinl as ig ghown hv Plate 24,
As is showm by Plates 25 and 26, there arpeared to he a rednction in

the sixze of the spical vacuoles after 30hrs of thvreid herwone treatment,

There was a reduction in the anmount of endomlasmic reticulum after

45hre of thyroid homacar treatment., Plate 27 sghowg the avpearanco ol

cells of the proximal convoluted tuhule animals killed 6Chrs after the
administration of a single dose ¢f triiodothyrenine, this vends to
regemhle the general anvearance of the ceontrol material althoush there

did appear to be a reduction in the size of the nuclei.

Quantitative assessment of the changes in the kidney.

The

were sisnificant variations in several of the cytoplasmic corganeclles
present iﬁ the cells of the proximal cenvoluted tubule during the first
60hrs fellowing a single injection of triiodothyronine. There was a
marked redaction in the areas of nuclear prefiles which was significant
at 45 and 60hrs.

There wére significast variations in the amount of
cvtoplasm occupied ﬁy anical vacuoles dvirin~ the period of 60brs
following thvroid hormone administration under examination. Exuﬁinatiun

of material sugrested that the variation was due to fluctuations in the
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Tahle ]3 . . -

rovertions of aviborlaarmie orsancllea in the kidnay

after o single dinjection of trijedothvronine,
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Figure 8

VARIATIONS IN THE PROPORTIONS OF CYTO-
PLASMIC ORGANELLES IN THE KIDNEY AFTER A
SINGLE INJECTION OF TRI-IODOTHYRONINE.
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in the size of “the vacuoles rather than to nlterations in the numboer
present.  There wos no cliange in the gize of the vacnoles durins the
Tirst 15hrs, bhut after 30hre there wasg a parked decrense in the size of
the vacuoles, which then gradanlly returned to normal by 6llrs.

There wasg an inecrease in the percentage arca of the
cytoplasm occupied by mitochondrial vrofiles during the first 15hre after
bormone administration. The aronnt of mitochondrial profiles present
remained slightly but siegnificantly elevated uyr to 60hrs. Again there
were alicht but gienificant, varintions in the cencentrations of ondo—
p]ﬂémic reticulun prefiles present in the cvtoplasm., There was a slight
but siﬂpificant increase in the concentration of profiles durine the
first 30hrs fillowed by a sipnificant decresse. to helow nornal Ievels,
between 30 and 45hrs. The concentraticn of endeplaswic reticulum mrofiles

remained significantly depressed uptn 60hrs after hormone administration,

Varintions in the morvholooy of the nuecleay envelovne aftey a ginvle

injection of triiodothvrenine,

Considerable variaticrna were noted in the morvholopy of
the nuclear envelops after prolonced treatment with either thyreid hormone

or after thyroidectomy of iexperimental animals as comnnroed fe those

o)

exemined from the liver and kidney of normal animals. These coni’sted
of accumulations of ohscuring material, assoeciated with the nucleax

envelope, and the developwent of szmall and large vesicles frem the

membhranes of the miclear envelon:z. These clianges are exarined in

further detail in Chavter 4, The developmenta of these changes after a

single injection of triiodothyronine was investigated, in order to

associate their development with the hormone action,
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I.?.’S-‘f.YLL"l.‘[‘.f.‘f.‘f..":@.,.5’fu_i‘."‘?fiﬂ‘}__l"_i nr witerinl! aageninte’ with the nuclear envelove,

Nuclei from the liver shaoved considerable variations in the amount of
obscenring material asscetated with the nuelear enveio e doring the fiest
G0hrs after triiodothvronine adwinistration., This was less obvicus in
the hidney. Initial visael evawination supgested that there weg an
increased tendency towards the cccumulation of mnterial against the

nuclear envelopa during the first 45hra after hormone :heiniztration

The number of nuclear wmorhrancs  tended te incre.re after this time.

Counts were mide of the numbers of nuclei ¢

jou

t any ocne gtage
and the percentage not showing ohscurins material was calenlated. Nuelei
were counted aceording to the criteoria used in Chopter 4, ALY nueled
witlhin three sgiares of the corper wmountine grid were exanmined., VWhere

the nuelear ervelope conld bhe clearly resolved at a magnificetion of

x 10,000 the nucleil were counted as net cobscured. Where less than halfl

of the paripherv of the nucleus was chscured the mucicuvs was counted ug
ﬁnchanged, where more than half was ebscured the nucleus was counted as
changed. The results are shown in T.hl: 15 and Figure ¢,

Asg 1is shown in Iigure 8 there was a significant increase
in the number of nuclei ghowing accumulations of obhscuring material,
durineg the firat 18brs aftev hormone administration., The muabers of
obscured nuclei in the liver, increased to a peak at 30 lirs, where
approximntely‘SO% showed accumulations of obscuring material. The
nwnbers ¢f nuclei showing aceumulations of obscuring material gradually
returned to normal, but were still gignificantlyv wore freqrent than in
the normal animals 60hrs after hormone administration. In the kidney the
numhers of nuclei showing aceumulations of obsecuring material levelled
of f at approximately 30% between 15 and 30 hrs after hormone
adwimistration, and then gradually returned to normal b 60hrs, althourh

miclai with obscured nuclrar envelenes were still significantly morve

frequent than in normal animals, at 60 hrs.
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VARIATIONS IN THE NUMBERS OF NUCLE]
REMAINING UN-OBSCURED AFTER THE
ADMINISTRATION OF A SINGLE DOSE OF

TRI-IODOTHYRONINE,
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Statistical significance of the variaticns in nwshers of nuclei showiag

ac:umnlations of ohscorving moterial,
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Development of amall vesicles from the outer membrane of the nuclear

envelone, after a a'nala iniection of {riiocdothvronine.

Initial examination of the material sugmestnd that there was a variation
in the recularity of the nuclear memhranes associated with the nroduction
of amall vesicles durine the 60hrs investigated after the administration
of a ginzle injection of triiodothyronine. Nuclear wembranes tended to

be less regular in profilte 15 to 45 hrs after hormene administration

then durine the. first 15 hrs.

In order to estahlish the patterns of develoyment of




oe
-3

Y. NS R I At E - .
gunll vesielaa From $5e nuclear anvelons after thvroid hormone

adwinisteation, counts were merde of the tofnl numbers of ¢ 1

mall vesieles

oceurring wilhin four of tiniv ayn dioomed e

s from the nuclear envelope,

The regsults are shown helow in Table 18 ant in Figure 10,

Tahle 18,

Variations in the murhers of wmell vesicles a

ccirtad with tie nucliear

envelope at various times after the administration ofa sin

Lo

le dosge of

triiodothvronine,
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Table 19.

Stotistical significance of the variation~ in the numhers of wirll vesicles

associated with the nuclenr anvelane afgor a single dose of triicdethvrenine,
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Asg is shown ahove there was no gionificant variation
in the distribution of small vesicles around the nucleus at any time nfter
a sinule injection of triiodethvrenive in the liver. There was however,

a gipnificant incrense in the numbers of small vesicles asseccinted with 1he
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VARIATIONS IN_THE PRODUCTION OF SMALL
VESICLES FROM THE NUCLEAR ENVELOPE
AFTER A SINGLE INJECTION OF TRI=IODO -
THYRONINE, _

(ESTIMATED AS TOTAL NUMBERS OF VESICLES
OCCURRING  WITHIN FOUR Of THEIR OWN DIAMETERS

FROM THE NUCLEAR ENVELOPE)

LIVER

24
Lo+ . ) %
45 i {
SO -
5
; 4’9‘ 310 4;5 6’0 601 HRS. SALINE,
HOURS RETER 73 -
KIDNEY
/
25 -
90.- \
45 -}
£0 -
& 4
¥ T Y ¥ H [}
o 45 30 48 60 60 HRS. BRLING,
5
Pl

HoU RS PF7ER 73




80
nuclear envelope in the Kidney. The iﬁoroase in the production of gmall
vesicles from fho nuclear envelape of the kidney was initiated durinn the
first 15 hrs after hormone adminictrution. and eontinned uvtoe 60 hra

Iater,

Develorment of lavee vesicle structores from the nuelear envelone of the

Lidnev. followins a ginole injection of triiodothvronine,

Initial visual assessmont did not suggest that any variation in the

preduction of Tarre vesicle structvres from the nuclear envelore of

kidney c2ils teolk nlace after the administration of a single dolan of

triiodethvronine, However., in vi:v af the ohservation that nrojonged
treatirent with hoth triiodothvronine and thvroewine described in Chrmter

4, caused an increase in the numbers of nuecled with asgnciated large

(¢4

vesicle structores, it was decided to attemot a qumtitative estimefion
of the numbers of nuclei with assoeioted vesicle gtructures at varicus
times after the adwinistration of a single dese of thyvroid hormone,
The total worher of nuclei cecunrriny within three of the gguareg of the
erpper enecimen orid were eonnted ands the mumber with associated larype
vesicle structures was cxvressed as a percentage of the total number of
nuclei counted. The results are shogn in Table 20 and Figure 11,

Ag c¢an be seen there was no overall acanmulation of nunled
with agenrinted vesicle structures aftor 50hrs of triiodothyronine,
bt there was a significant increase in the occurrence of large vesicle
structires 15hrsg after hormenc administration, which haed returnéd to

normal at 330hra.

Varistinn in the lncation of nuclenli after a sinsle injection of

triiodothyronine.

As is noted in Chapter 3, there wag a sionificant
variation in the munbers of nucleoli occurring in contact with the

nuclear envelope after prolenged $reatment with triiodothyronine,
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Figure 11,

VARIATIONS IN_THE NUMBERS OF LARGE VESICLES

i

ASSOCIATED WITH KIDNEY NUCLEI AFTER THE
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ADMINISTRATION OF A SINGLE DOSE OF TR -
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VARIATIONS IN_THE LOCATION OF NU
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A quantitative estimation of the nuebers of nuecleoli ocevrring in close
conteact with the nuelear envelope, at various “imes after a sin~te doge

of horvrone, 1in order te establish a relationship hetween thvroid

hormone donfluence and the location of the nueleolus within the nuct

—
—
&

The nunbers of yueleolil in centact wit: the nue lear

envelope were counted within the naclei of three of the sguares o
srecimen grid, and exnressed asg a percentnoe of the  total numbera of
nuclenti cennted,  The resnlts are showa above in Table 22 and Firure 13.
Theve wag a significant variation in the location of the
nucleolus with resnect teo the nueclear envelope in beih the liver and the

kidney, although the affect was more nronounced in the kidnev, The

chanose in the location of the nucloolys annecared to he initiated within

the first 15hrse o bormone action ant eentinued thravhout the following

period. The mubers of nucleoli in contact with the nuclear envelope

in the kidnev was still significantly greater than in the normal tissues
60hry after the injection with a single dose of triiocdothyronine. althourh
the numbers of nuclerli in contact with the nuclear envelope in the liver

had returned to normal hy 60hrs.




Dieornasian:

The Sequence of lgrastruetiral

Changes Produced by the

Influence of

Thyreid Jlormones,

ihe results of examination wouse liver ultrastructure

at variocus times after tue sdministracion of a gingle injection of

triiodothyronine, parallel the biochemical results obuained by Tata anu

his co-~workers, (Hoeodyn ev al 1965; Widnell and Tava 1966; Tata et al

1963 and Tata 1970).although there are some interesting discrepunciecs,

The results obtained frem the kidney are similar to toose obtained from

e liver, althouga again there are some differences,

Une ef the earliest detectable resulting frem the

adiwinistration of triiodotiyronine was tae accuwnulation of obscuring

material sociated witn tne muclear envelore, in both the liver and vhe

as

kiduney. Accwnulation of rmaterial ausociated wioh tie nuclear envelope

wag initiated during the first 15nrs of bermone action, and centinued in

the liver uncil 50% of nuclei shownd cbscured nuclear envelopes SChrs

after the administration of triicdothyrornine. The phenomenon was less
extensave 1in the kidney, the nwwber of muclei with obscured enmvelcpes
levelling off at about 30% after 30hrs. The numbers of nuclei showing

accumulations of material gradually declined after 30hrs, so that 90%

of nuclei from both tissues resembled those of normal animals GUirs
after hormone adwinistratvion.
The production ¢rf small vesicles from tie nuclear envelope

also appeared to be initiated within the first 13hrs of

of the kidney

normone action. Produection of small vesicles cenvinued to incresse up to
668hrs after hormene administration. Production of small vesicles #rom the
nuclear envelopes of liver ce'lls did noit follow this pattern. There was

no overgll variation in the production of swall vesicles, altinouzll there
appeared to be regular fluctuations in the numbers of vesicles present
It is probable that some other jphenomencn, sucu as

at 156 hr inteivals.

a diurnal variation in vesicle production is interfering with tue effects




of thyroid horwmone action., The procuction of large nuclear envelope
o o Py - . . IR 3 § y 1
veslcles frem the kKidney uuelel also wppeared to be initiated during tae

firvst itars of e horaone acticn, e nushers of nueled with assecis Lo

large vesicles then levelled off ot approximztely 10% above nermal after
duhra,

ihe changes in nuclear meubrane norphoclogy aypear to be
coordinated with the ecarly effects of thyroid hormone action upoun the
. I, Lo R . P I 8) " \ L
nucteus, repopted oy widnell and Tabw 1960 ). Yhey described an increase

in the synthesis of rapidly labelled nuclear BNA detectable after Ghrs of
thyroid hormon activity and an incrcase in the specific activity of
nuclear RNA polymerase takirg place lohrs after tnc administrati n of

a single dose of eriisdothyronine., lowever the significance of the
nuclenr mewbrane chunges in tnis r¢39g;a 13 difficult to visuvalise unless
they are connccved wiih the accelerated trunsfer of material irom the
nucleus to the cytoplasm,

The significance of the variatiens iu nuclcear sizes,
particularly in whe kidney, are alsc difficult to understand. The
variations in location of the aucleoius witu respect to the nuclear
env l)pe_are coordinaved with the variations in tie morphology of the
nuclear envelope. Nucleoli cceurred in contact with the nuciear envelupe
wore frequently after a single injection of triiodow.yronine, tne shange
in location also appeareu te be initiated during the first lbhrs of hormone
action, coordinated with the early effecus upon the nucleus described by
Widuell and Tata (lUu6). The change in location of the nucleolus under
tie i1nfluence vf thyroid hormones, is probably also actributable to tae
increaged turiwover of material witnin the nucieus under the influence of
thyroid normones described by Tata (1Yud, 1965 and 1967) As 18 discussed
in further detail ia Chapter 3, ;ne nucleolus is primarily conceruca with
the s,:thesis ot ribosomal KNA, which is known to be influenced by uhyroia
hormene activity,( Schiarrer aﬁd PDarnell 1:62; Penmann et al 1900; Perry

1962, 1063, and 1964; Widnell and Tate 1966; and Tata 1967). 1t appearsg




thnt & nucicolus actively cencornea .ioi LNA productien has a tendelcy
migrete toewards toe nuclear envelope, possibly in corder to disciarge tie
produc s of itsg Byntietre activivy .wore readily e the cytoplaso.

The reducticn in glycogen content of vie tiver noted by
Tata (1963) 24hrs after homaene administrstion was nev obvious. IF
wag a reduction in the glycomen concent $0Lrs after bormone administration
but this woes not statistically sicniticont. The significant increase
in glycogen cnnteﬁt 15hrs after the administration of trizodothyronine
and the apparent fluctuations ot 18hr intervals after can probably he
attributed to a diurnal fluctuation in the glycogen content of the Liver,
ratiher than to the action of the hormene. If the levels of glycogen are
plotted against the time of injection rather than tihe time atter hormone

adminisiration, as is shown in Figurs 15, the levels appear to be hirler

T
i

hefore miduight and lower before midday. he time of deatn 1s unlilely

to be alfecting the content of glycogen since all animals were hilled
between 30 am and 4 jpm. It would a pear that thyroid hormone administration
affects tie diurnal variations in glyecogen levels, ond that its influence
cccurs between 15 and 45hrs after administration. fThere is a significant
difference between the levels of glycogen present in the animals killed

15 and 6Chrs affer administration of horuwone although tiere was only an

hour between the times of injection. The levels appear to have decreased

at 4Shrs aitnough this 2ay be attributable to tne diurnal varistion, .
rather tnan to the hormone action,

The concentration of endoplasmic reticulum profiles in tue
liver appears to be similarly affected by tue presence of a diurnal
variation which is the inverse of the one noted for glycogen content, as
iz snown in Figure 13. The concentration of endeplagmic reticuiim profiles
was lowest in the animals which received an injecticn of triiodothyronine
before midnight, and highest in the animals which received an injection

before midday. ‘Thus there appeared to be an increasc in the amount of

endoplasmic reticulum present after the adwinistratien of the thyroid
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GLYCOGEN AND ENDOPLASMIC RETICULUM IN
THE LIVER WITH TIME OF INJECTION AND
TIME OF DEATH.
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VARIATIONS IN_THE CONCENTRATION OF
ENDOPLASMIC RETICULUM IN THE KIDNEY
WITH TIME OF INJECTION AND TIME OF

DEATH.
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tiormone, an. the lncrease appeured to be initiated between 15 and 45 hrs

with the chservation o.

“

alter harmone administration, whien COLTesPONL
Tt o0 Al LD ettt TO70 ) af the d i ’

Tata ev ol {1063) and tate (1970 af the incrcase 1n synbaeusin of me
hpanhold ide 20 hre after bor inlsbrati 1 :
phespholiide 20 hrs after horwene administration, and accumulation of

a N o LR < N by ey Dy ~ PSR i N - : PR 3 L
ribesomes 1n the cytoplasm 24hrs after hormone administration. In the

iridney, there also appears te be a diurnal variatvion in the cencentratien

of endoplasmic reticulum prefiles, which is the reverse of that scen in the
liver, the cencentration appears to be the greatest hefore midnigut and
leasgt before midiny, as is shown in Figure 1, The presence of o diuvmnal

variation in tae ciaount of endeplasmic retiendum present in tee kidoey
appesrs to account for tue apparent reduction in the amcunt of endo; lasmic
reticulum after prolonged tayreid hormone treatment, described in Chapter 1,
and 4h%hrs after the administration of & single duse of trizcdothyronine.

It would appear that t.ere is a significant increase in the eoncentration
of endoplasmic reticulum between 15 an'® 30 hrs after thyroid hormene

adiministration, which then returned towards normal.

- The significance in tie variaticn in the size of the
apical vacusles in tie kidney is difficult te understand. The significant
reduction poted at d0hrs after hormone 'iﬂldlst ‘ation could be attribuued
to hormone action and hot to any diurmal fluctustion in the size of the
vacuoles

The increase in the sizo of mitochondri?} profiles at 15hrs
in tie kidney.and 30hrs in the liver, is difficult to underséaud.
According to Hoodyn et al (1965) ehanges in amino acid incorporaving
activity of the mitocnondria were not detectable until 36hrs after hormone
administration. The alteration in mitochondrial size 1s however,
coordinated with thne increased respiratory activ .ty resulting in tne
increased basal metabolic rate detectable at 20hrs described by Tat: et
al (1063).

Althoupgh the changes in the ultrastructure of mouse liver

and kidney produced Ly the influence of thyroid hormones could be placcd




cuence of ultrasstructural canncoes fellowin,: vae cdwinistration of

o gingle dease of triiadotayvronine,
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in some chironological order, as is suown in Tuble 24, a wore detailed
investigation would be necessary to substastiate this. Unfortunately the

investigation of the effeets f a gi

«

te anjection of trilodotiyyronine

to nermal snimals upon the ultrascructure of the liver and kidnev has

peant that many of the effects of the thyroid horuwone action were slight,

and frequently not statistically significant. As was noted by foodyn et a
oy e ) - oL N - 3 N N .. 0 N . - U S 3

(1965) tue effects of a replacement dese of triiodethyronine administered

AT

to a thyroidescteomised animal was considerably greater vhan the efect of a

dose of triiedotiyyrenine administered to a normal animal.




Chopter 3

Mmi. AN ) .
The Effects of

sy = v - . : .
Lyroid Hormones upon Nuclear Morvholoay.,
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The relationships of structure and function within the
nucleus are still not folly undevstood. A considerable amount of
attention has been paid to the nuecleolus and its involvement in the

16 RS ame ; W Y oy (e ’
producticn of ribosomes is now generally accepted, but Inowledge of the

complex but confusing ayppearance of the structures present in the rest
of the nucleoplasm, ag they are revealed hy electron microscony, is vet
in its infancv. A knowledme of the present understanding of nuclear
structure and function is an essential prerequisite for an investigation
of the influence of an external factor, such as the administration of a

hormone, upon nuclear worphology.

Identificatien of nucleolar commonents,

The presence of nucleolns associated chromatin was
demonstratec by Caspersson and Shultz (1940) by lisht microscopy, but
the existance of intranucleolar chromatin was doubted until demonstrated
by electron microsceny after enzyme digestion of thin sections (Hay and
Revel 1963; Granhoulan and Granboulan 1964). Using combired auto-
radiopgranhy and enzyme digestion of tnin sections, they were able to
demonstrate réplicating DNA which, it was sugeested, might act as a
template for nunlenlaf RNA synthesis.

It is now generally accepted that RNA is a major constituent
of nucleoli. It has been suggested that nucleolar RNA is accumulated
from multi-chromosal sites outside the nucleolus but the evidence from
autoradiographic studies suggest that the nucleoli labell too rapidly
for the accumulation of RNA to he derived‘from extra-nucleolar sites

(Amano and Leblond 1960: Leblond and Amano 1962; Amano et al 1965;

Perry 1962, 1964; Muramatsu-et al 1961; Weisner et al 1965), It is
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now accepted thﬂt nmucleolar RNA svnthesia oceours in situ during
interphase, and is independent of the rate of RNA synthesiy on
extro~nucleolor chroanatin (Pcrry et al 1951),

The nucleolus is also rich in vroteins, of thfee types
neutrul, basic histones and non-histones, anl residual proteins which
together constitute up to 70‘~ 80% of the nucleolar dry weight (Vincent
1985, Maguio et al 1963; DBusch et al 1963.) A protein synthetic
capacity was nttributed to the nuclaclus by Casperséon (1929) but the
controversy over whether or not the nucleolus could be involved in
protein synthetic activity was not resolved until autoradiograpiy
demonstrated a rapid incerporation of H3~uminu acids by nucleoli,
(Tixier-Vidal et al 1965). Birnstiel ard liyde (1963) dewmonstrated
that the radioactivity was predominant in the vesidual fraction of the
nucleolar proteins after incorporation of ngleucine by isolated
nucleoli,

Much evidence has now accumulated supporting the idea
that the nucleolar BNA rescmbles ribogomal BNA and represents some stage
or stages in its production. The base composition of nucleolar BNA was
found to be similar to that of ribosomal RNA from a ¥ariety of cells,
and both were characterised by a high guanine-cytidine centent (Edstrom
1960; Idstrom and Beerman 1962; Fdstrom and Gall 1963; Iurlbert et al

1964; Liau et al 1965.). Brown and Gurdon (1969) discovered a mutant

larvae of Xenopus laevis wich was unahle to synthesise ribosomal RNA

and was.foun4 to be lacking in nucleecli in all cells, and MacConkey and
Hopkineg (1964) have beeﬁ able to demonstrate a concentration of DNA in
the nucleolar clhiromatin of Hela cells which was complementary te
ribosomal RNA and coulidl act as a template feor ribesomal RNA synthsis,
458 ribosomal precurser BNA has heen isolated from the
nuclei of Hela cells (Scharrer and Darnell 1962; Penmann et al 1946)
and Perry hns gince demonstrated that it is svnthegiged in the nucleolus

(Perry 1662, 1963, and 1964) Evidence from a number of sources gshowing
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that synthesis occurs in the pars fibrosa and the products passed to
th: pars granulesa where they accuwmulate hefore heing pagsused to the
cytoplasm,  TUsing a combination of enzyvme dirseation and electroen
micrescopic microscopic autoradiography on cenltivated monkey kidney

i1

Granboulan and Granheulan (1964) were able to denonstrate the uptake of

bt

‘

H'~ uridine hy intranucleolar and nucleolar chiromatin, after Suins of
labelling the radioactivity appeared in the pars fibrosa and after 10mins.
it began to accumulate in the pars sranulosa. The radiocactivity was
completely removed nfter digestion with rihonnclease. Karasaki (1965)

was able te demonstrate a similar secguence of events daring the

embryogenesis of Triturus pvrrhogester. Gueskens and Bernhard (1965)

were able to confirm the earlier findings od monkey kidnev cells using
sutoradiogranhy with the didministration of Actinowmyein D, which
inhibited synthesis but did not affcct the transport of material to the
nars granulesa,

The conversion of 455 RNA into 35S and its subsequent
cleavajie into 188 and 28S is thought t¢ tale place within the nucleclus.
Birnstiel et a2l (1963) has been able to extract 1¢S and 288 RNA from
isolated pea nucleoli together with sub-ribosomal precurser particles
and ribosomes. Tt seems that the linkege of the 18S and 28S RNA with
protein to form 40S and 60S ribonucleoprotein particles may also take
rlace within the nucleolus, although this is poorly substantiated.
Birnstiel and Ifyde (1963) demonstrated that a fraction of nucleolar
proteins in respect of amino ecid composition, and they were able to

3 . .
demonstrate that the uptake of H -leucine was greatest into the
residual fractions of pucleoloprotein, ie. that fraction which most
closely resembled ribosomal proteins.

Girard ét al (1965) and Perry (1966) demonstrated what
appeared to he the passage of 40S and 60S particles into the cytoplasm
by biochemical techniques, and suggested that the 60S particles

appeared to bhe retained in a nucleolar pool longer than did the 408
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particles,

The prﬂgenf understanding of the relationships between
fanetion and stracture of the nuelaslus ean he summarised oe shown in
Figure 15 on the following page,  Various attempts have bheen made 1o
relate the biochemical and auteradiogravhic evidance with the

apvearance of nucleoli in routine electen misvoscopic preparations,
The pars pibroesa appears to he @ dense, structureless mass at low
magnifications, especially after aldehyde fixation, but higher
magnifications reveal a filamentous netwrork embedded in a nreteinaceous
matrix of similar electron density. The filamentous components have
been estimated at approximately 508 in diameter (lay 1968) and rescuble
the filaments of deoxyribonucleoprotein distinguishable in the
chrematin, Tt avpe~rs hoWvever, that the nuclecoinr filaments may be
a form of ribonucleoprotein rather +han deoxyvribonucleoprotein (Swift
1263; Marinozzi 1964; Bernhard and Granboulan 1968.) It has been
suggested that at least some of the fibrils represent 458 RNA in
production before it bhecomes organised inte a particle (Barnhard aud
Granboulan 1968). In which form they mey already be linked to a protein.
The pars granulosa usually appears as a wass of granules
of varyinos sizes associated with an underlying finc fibrillar network,
which surrounds or is adjacent to the pars fibrosa. The underlying
filaments appear to be continuous with those of the fibrosa and those
of the nuclear chromatin, and prohably represent a fora of ribenucleo-
protein (Bernhard and Granboulan 1968)c The granular constituents of the
pars grarulosa are also rihonucleoprotein in composition, their contrast
beiny markedly reducer hy either pepsin or ribonuclease digestion, and
almost cevipletely lost by successive use of both enzymes (Bernhard and
Granboulan 1968). The gfeater components are variakle ir sige, and
often difficult to measure according to Hay (1968) because of their

frequent association with fibrils. Iowever llay estimated them as heing

0 . . . Sy
150A in dinmeter as compared teo 200A diameter of cytoplasmic rihasomes,
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showint their rredominantly DNA congtituent, althoush the contrast was

not comnletely removed, Ris sugeested that the remuinins contrast was

due to the histone fraection, known to be asaocinted with the chromosomes.
Watson (1962) slso ceseribod 'perichromatin' granules

within the smasses of condensed chromntin., These granules occurred as

isolated spherical bodies annroxima 3008 in ai .

i1solated spherical bodles anproximately 3004 in dinmeter and

B . - Q
surrounded by a clear halo approximately 2500 acress. The granules

were in general of slightly ereater density than the surround:
chromatin,  Their compesition has not been established. but Watson
sugrested that they may contain both DNA and NNA or be of QRINA alone,
on the grounds of their reaction to different staining sclutions.

The interchromatin space is much wore complex and less
well understood. The hasic siructure of this region of the nucleus
is made up of a protein riech fibrillar retworls, closely resecmbling
the underlying network of the nucleclus, with which it appears to be
continuous (Bernhard and Granbouiasm 1968; Simerd 1970). O0f the

=

heterogeneous collection of granules feund within +the interchromatin
gpace only one component has been charazterisecd, thé '"interchrematin'
granules of Swift (1959), Ris (1969) and Granboulan and Bernhard (1961).
These grdnules were described as freguently angular, with high electron
density and of approximately 200 — 2508 diameter. They occurred in
groups, clusters and chains within sections. They have been shown to
resist digestion by deoxyribonuclease, ribonuclease and pepsin when

these enzymes were used on aldchyde fixed material, embedded in
methacrvlate. (Mouneron 1966), although they tended to react to Bernhard's
stain (Bernhard 19%8) and to various fixation proccedures as though

their main constituent was RNA (Simard 197@). The significance 9f

these particlng lag notvyet been established although Ris (1962)
suggested that they may representhcross—sections through a course

netwonk of ribonucleoprotein fibrils, and it has heen suggested that

they may be ribosomes (Frenster et al 860).
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as estimated by Swift (1063), Lafcntuéne and Chounaird (1963), Marinozzi
(19@4) and Bernﬁard (1965) sugrested that at least seme of the ornulosa
prrticles represented the precurser varticles of the 60S pool. This
would account for the greater varin ility of size of nucleclar granules

compared to ecytoplasmic rihosomes, if it is berne in mind that these

arc probably still in a state of proteination.

Identification of nuclecplasmic constituents.

The identification of the constituents of the
nucleclar regiens of the nucleus and the hiochemical significance 1s
less well understood, mainly as a result of the difficulty in intevpreting
suzh a complex siructure as the nucleus, in thin section.

After primary aldehyde fixatien, fellowed by osmium
post—fixation, the nucleus shows twe main regions. The chremntin appears
ns o relatively elsctron densc mass cf granules clunped against the
nuclear envelove. Small masses are alsc present in the general
nucleoplasm and surrounding the nucleolus. The distribution of the
chrematin around the nuclear membrane seemed to suggest an artefactual
arrangement but the presence of 'light channels' to the nuclear pores

would indicate thkst this distribution does represent a condition

present in the living cell and is not due to some factor in the-

preparation technique. The interchrematin space usually appears as
an area of low peneral electron density containing a hetercgeneous
collection of particles and fibrillar components.

The identity of the various components of the nucleo-
plasm have been the result of considerable speculaticn. Ris (1962) has
shown that the apparently granula? nature of the chromatin represents
cross—sections of closely coiled and twisted nucleo-~histone fibrils
of the chromosomes or heterochromatin. The contrast of these fibrillar

cross—sections was considerably reduced by deoxyribonucleasc digestion,
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The other srannlar components seemw to lack description

: St eyt el 41 o . . .
in the literature, and there would appear to be noe evidence of their

pdentity or significance. Tt is possihle that some may repreusent

cross—sections of Fibrillar material whilst others might bhe connected
with the metabolic activity of ihe nucleus, although there is no evidence
to suppoert this idea,

The worlk of Amawo and his arouy was able to establish
some of the ﬁotabhljc processes within the varicus regions of the
nucleus, using light microscope auteradiography, but it has never heen
established, at the é]ectron microscopic level, which of the particulate
or fibrillar components were invelved. Amano and Lehlond (1064)
demonstrated protein synthetic activity assccinted with the chrowatin
but not the nueclear sap or nucleoli of Purkinie cells of the cerebellum,
liver cells and Sertoli cell nuclei of the rat. They were also able o
demonstrate RNA synthesis associsted with nucleoli and the chromatin but
yot the interchromatin space. They were alss able to show that the
turnover rate of RNA from nucleolar and non-nucleolar sites was
cemparable but that although nueleolar BNA acted as a precurser of the
cytoplasmic ribosomes non-nucleolar RINA was turnover in gitu, and that
RNA synthesis in the two sites was independent,

Further work ef Amano, Leblond and Nadler (1965) was
able to demonstrate three geparate nools of RNA analogouus to messenger;
soluble and ribosamal BNA with respect to specific activifpy, turnover
times and amount nresent in the nucleus. The amounts of the three types
of RNA present differed from the two sites, nucleolar and non-nucleolar,
the nucleolar RNA being predominantly ribosomal in behaviocur. Althougzh
they suggested that at least a third of the RNA from the non-nucleolar

g8ites represented material of nucleolar origin migrating to the cvtoplasm,
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Variations in nuclear morpholosy with hovmone treatments.,

A mamber of studies have shown thot thyroid hormenes
influence metabolic processes taking place within the nucleus. Tata
(1968) found that the administresion of Actinomycin D comnletely
abolished the effects of thyroid horwones, and Paik and Colien (1961)
were able to show that the adiinistration of thiourscil irhibited the
production of certain enzymes under the influence of thvriod hormoncs,
upon awphibia, as a result of its incgrporatinn into 'useless' RNA,

It is now well established that the administratioun of
thyroid hermones causes an increase in the ribonucleic acid synthesis
early in their action.(Widnell and Tata 1963; Tata 1964; Tata 1967.)
and it is now known that most of the newly synthesised BINA is ribosomal
in character. ( Widnell and Tata 19665 Tata 1967.)

Tata (1964), Tata (1965) and Tata (1957) showed that therc
was n rapid durnover of newlv gynthesised wmsterial wnder the
influence of hormone action, which resulted in little accumulation of
material within the nucleus. This effect was particularly preminent in
the asction of thyroid hormones in amphiliian metamorphosis,

Thus it might be expected thet there would be changes in
ruczl2ar morphology,. particularly within the nucleolus, as a result of
hhormone acﬁion. Tata (1?%7) was unable to demonstrate an increase in
the size or number of nucleoli in induced amphibian metamorphosis, when
todpoele livers were eiamined in the electron microscove, although
Siegel and Tobias (1966) demenstrated an increase in the number of
cultured human kidney epithelial cells under the influence of thyroxince.

Var%ous sugrestions have heen made that thyroid hcemones
caute changes within DNA complexes, which might possibly reflected in
conformational changes within the electron microscope. Tapé (1906)

. (3
suggested that there might be an interaction with the genetic template,

connected with an increased histone cynthesis, which it was suggested




wight have a significant effeet upon the activity of the nucleolus.
im awl Cohen (1956) demonstrated a modification of tadpole liver
chromatin under the influence of thvroxine, There wag a 20 - 50%

. Yy \ 3 Yy . . . o . . 3 . . N .
increase in the template efficiency of thvroxine treated chremating,

which was abolished 1% the DN\ was denroteinised.

Examination of nuclenar morrholooy nsine various histo—chemical staining

techninues,
Examination of nuclear mervhology in slutaraldehyde ard
osmium fixed material revealed geveral features which might he influenced

by the action of thyroid hormones. There appeared to he an increase

in the amount of electron dense material pregent hoth inr the nucleopleosgn

and asgociated with the nucleolus. In order to clarify the apparent
hormone induce.! changes in nuclear mornhonlogy a classification systenm
was devised, and nuclei scored according to their placing in this
system. Silver staining fellowing acrclein fixation was used in an
attempt to distinguish nucleoproteins, and material stored in cold
buffer was examined for its effects upon the extraction of mwaterial
from the stored tissue blocks.

Small blocks of liver and kidney from thyroidestem? ::d
animals and euthyroid animals and animals rendered hyperthyroid with
either thyroxine or triiodothyronine were prepared according to one of
the fnllﬁwing'preparation proceedures;-

1. Routine slutaraldehyde and osmiuwm fixation followed by
section staining with uranium and lead salts.

2. | Acrolein fived material section stained accerding te the
gilver impregnation technique of Marinozzi (1963)°

3. Glutaraldehyde fixed material stored in celd buffer for
three months before subsequent post osnication and routine embeddin s.
Sections were stained with uramium and 1eéd salts,

4, Aerolein fixed material stored in cold buffer for three
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months before routine embedding, Sectieons were stained according to
T : ed A ~ding
the silver impreonation technique of Marinezzi (1963).

There also appeared to he an inerense in the number of

nuclecli occurring in close centact with the nuclear envelope after

hormona treatment. for this reasen an attemnt was made to gain souwe

quantitative evidence of the number of nucleoli adjacent to the

nuclear envelope as cowpared to these occurring in the general bhody

of the nucleus after each hormone treatment,

Location of nncleoli, within the nucleus.

There appeared to be a varistion in the number of
nucleoli in contact with the nuclear envelope in the nuclear profiles
examined. The impression was pained that there were more nucleoli in
contact with the nuclear envelope of nuclei from hormene treated
animals than those from normal or thyroidectomised animals.

The numwbers of nucleoli in contact with the nuclear
envelope were counted and exnressed as a percentage of %he total numbers
" of nucleolar profiles counted from each exnerimental group, in an
attempt fo gain a quantitatitative estimate which would vefify the
initial visual impression. The results are shown in Table 25 and Figure 16
on the following pages.

As can be seen from Figure 16 there vag a general trend
towards 'a greater nunher of nucleoli in ccntact with the nuclear envelope
with the raised levels of thyroid hormones, in beth the liver aud the
kidney. Towever, the variation was statistically siguificant only in the
liver, probably as a result of the rather small numbers of nuclei
counted in each group.

There was a significant difference hetween the numbers
of nucleoli in contact with the nuclear cnvelope in the f&yroidecuomised

animalg compared with the normal animals, and in both the hormoue




treatments compared with fthe

\

shown 1n Table 25, below.

Tahle 25

Numbera of nucleoli in contact with the nuelear cnvelone., as

normal and thyroidectomised animals as is

3]

a verveentaoe
of the total numbers of nucleoli ceunted,
o - N ) —
i
X N T3 T4 i
S S SU - L B .
Liver 27.80 39.50 ¢ 58.50 57.95
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1
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Tahle 26

The statistieal sionificance of

the digtrilultion of

nucleoll shown above,
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Vi Jrorpholery with thyroid hormone trentment.,

The initial ohservation of materinl from the different
experimental proups sugresgted a possible variation in the morphology of
the nucleolus, in particular the amount of pars granulosa material in
associntion with the pars fibrosa. There appeared also to bhe a variation
in the arpearance of the pars fihrosa itself, from a relatively
howogeneous agpregation of fine fibrils to & distinet uucleolonema .

An endeavour was made to obtain quantitative estimation of
the changes taking place. Nucleoli were classified into six hasic tviies
according to the appearance, and amount of pars sravulosa aterial
asscciated with the pars fibresa, as ia shown in Plates 28 - 33
Plate 28 shows a nucleolus typical of the appearance of the type called
Category I. A well developed pars fibrosa is developed as a course
reticulwu or nucleolonema. There is little associated pars granulosa
material present, with the excention of a few diffused peripheral
granules, here termed 'halo particles'. Plate 29 ghows the type of
nucleolus included in Category II, wiere the nucleoclus shows as a distinct
mass of pars granulesa material not associated with a recopgniseable
parg fibrosa. It is questionable is scme cases, whether snch prefiles
are skimmed sectioms of nuclnoli or are sections of chrouatin
aggregates, Plate 30 shows a nucleolus consistiny =¥ a deserete wmass
of pars grarnlosa associated with a descrete vrars fibresa, with little
Or no ypars grgnu]osa material extended around the pars fibrosa as ‘halo
particles'. This type of nucleslus was called Category T1T. Plate 31
shows a nuclneolus typical of Category IV where the pars fibrosa ig
surrounded by pars granulosa, but where the pars granulosa does not show
any ageregation into a destrete mgss. Plate 32 1is typical of the
type included in Category V. A distinct and separgte bedy of pars
granulosa is adjacent to and extended around a pars fibrosa. A nucleolus

tyyical of Caterory VI is snhown in Plate 33 It is extremely difficult
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are clearlyv vresont in

the nucleolus,
To anme

extent the wvpearance of mueleoli i1l ary
pecording to thelane of the gection cut through it. As is shown on
preceeding pages in Figure i8

the

o there would arneary to
tvpes of

he Tour basie
nucleolar forwm which may or nav not bhe

Ustincuishable from
each other in the electron microscon

e. The four types heing:~
1. A separate pars sranulosa to one

side of a pary fibresa.
2, Two or more distinet h@dies of pars eronmlosa associated
with a pars fibrosa.
o Aopars gramulosa with a pars filrosa embedded in one side.
4, A purs granulosa extended around a
collar,

pars fibross

o
w
©

The category to which a nucleclar profile was
allocated in this classification system based upon the profile
lepended to some extent unon

appearance
the

e plane of the section through it. This
wad horne in mind 1n the consideration of the data obtainnd
of this svstem.

from the uve

Nucleolar profiles from four different preparation
proceedures were examined,

The nuwiers of nuclecli falling into cach
category, from cach experimental group and preparaticn proceedure were
counted, the results are shown in Tables 27 - 30 on the following pag

e,

(41

The apnearance of nucleoli from norma

and oswium.

] animals fixed in glutaraldehvde

Almost all nucleoli consisted of two more or less distinct

regions, a pers fibrosa, ant a pars granulosa, as de

described by Hay (1968)
and Marinozzi (1964) respectively.

The pars fibrosa usually occurrs as a dense more or less

homoaeneous non—deseript mass, embedded in er adjacent to the pars
granulosa,

: RIS torlvineg striotn
Tt is often possible to discern an vnderlying atrn.ugre of
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Classification of nucleoli bhetween Lhe tvpe cot

rories,

Glutaral ichvde aul gamivm £

N !

; * | | i
! § : 3 z
! ¢ i i
; i ; ’ o -
jLiver  1IX 0 P28 7 24 7 1
i ; - ;
| 1 :
[ i ‘

|

;

;

i

! H
{ > M} ) :
| T3 0 18 1 14 6 9
| i
5 4 1 8 1 13 7 0
z i '
i i
; ,

Kidney TX 0 22 2 16 3 : 3 ;

3 o 10 12 6 5
T4 1 18 1 14 4

Tahle 28 .

Glutaraldehvde and osmium fixed materinl subjected to cold buffer storave,

<

Liver TX 9 19 4 4 0 0

N 16 13 11 4 2 3

00

T4 4 31 22 6 19

Kidney TX 0 17 1 1 0 0

=z
A
—
[V
=2
Pt
-
<

T4 0 3 . 7 0 3 2

e gy ammn s o e st e 2 roan e s e e 2




Table

Acrolein fixed material stained with af

et S v+ s e

Liver TX

Kidnev TX

N

T3

Table 30

Acrolein fixed material subjected 3o cold buffer sterage and

e g e

lve

o]

r nitrate,

16

Jovd
<

12

18

~i

2

4|
14 11
9 8
16 ¢

18 6

21 6
7 6

bt

S,

N

T3

T4

R

Kidney

T3

T4

o

F .

10

18

s e e

6

o

B

stained

10

(%1

et ey S e i i

s ois. s -

e

5

Yoed

N




120

N ae vy o wn 3 £ 4 3 M | ] . . ’ .
clesely woven, fine fibrils, with » watrix of gome waterirl of similar

9, :
electren density.,  The fibrillar struciure ig usually organised into a
pucleoleonema, as is shown in Plate 28 , hut thiag was not as well defined
as some described elsewhere (¥stable and Sotelo 1951, 1055.) . Sonme of
the pars fibrosa obzcrved were not so croanised, and- the appearance of
these was similar teo that shown in Plate 30 . Structures, which are
best described as vacuoles uwwally occurred within the pars f£3brosa,

these are valer arets, uenally filled with an electron transparent

material withinp whi

(@]

i can be discerned fine fihrils, as shown by the

A

arrows (a) in Plate 31 . Occasionally these vacuoles are less we

5

y
LX
defined and may be aliost com,letely filled with a miterial of almost

1

the s me electron density as the fibresa itself, as is seen in Plate 33

The parsg fibresa occasionally appears to merge with the

elf as shown in Plate 33 , usually the twe regions

Y
>

o2}

granular material it
are separated by a noarrow zone of low electron density as shown in
Plates 30 and 31 .

The pars granulssa usually appears as a mass of more or
less clogely pncked electron dense pranules of similar sige to
cyivoplasmic ribosomes. Where sections pass through the centre of a mass
of granulosa the central zone is often so closely packed as to appear
homogeneous, as is shown in Plate 30 . DPeripheral areas are more
loosely arranged and separate granules are readily discernible. Traces
of an underlying fine fibrillar networic cen usually be traced within
this regien of more loosely arranged granules as is indicated by the
arrows (b) in Plate 34 . In some nucleoli this fibrillar network
arppears te he continuous with the_fibrils of the pars fibrosa on the
one hand, and the chromatin on the other. Such fibrils resemble those
of the fihrosa vacuoles and nuc]eqplasm as regards zize and apprarauce,
The loosely arranged peripheral sranules usually extend around the

. R . ' N oyt
pars fitrosn to form what have noon deseribed iiere as "halo particlesg!,

Nucleoli from one nucleus, where more than one cccurred,
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- v conformed to bhe game 1o dta o :
usually condormed o bhe sume pattern, there heine no apparent

morrholosical differences, other than thoae attributabis to different

R oot iar Fhronah 4 s U . .
planes of section thronsh the nueloalar hadv, Nueleoli from eithoer the

liver or the kidnev als

i . - SR
o showed no avnarvent morphelogical differences,
The distribution - of nucleoli between the catesories in the
clagsification syvstem used is shown in Fioure 18 on +}

he preceeding

page.,

The effect of fixation vroceedure unen the atandard pattern of nuelegtar

morpholoay.

There were slisght variations in the apyvearance of nucleoli
after acrelein fixation followed by silver nitrate staining as
compared te glutaraldehyvde and owrium fivation followed by uranium

and Tead gtaining, Plates 35 to 40  ghew the appearance of nucleold

corresponding to the six tvpe categoriss after acrolein fixation and
gilver nitrate staining.

There was a greater digtinctien hetween the two compenents
of the nucleolus after acrolein fixation cormared to that seen afier
glutacaldehyde and oswium, The pars granulosa usually resembled the
chromatin in electron density and the density of overlying silver deposits.
Occasionally it was possible to distinguish between the nucleolar
associated chromatin and the pars granulosa, as a resnlt of differences
in electron density, the pars oranulosa materizl being less dense than
the associated chromatin as is shown in Plate 37 . i

The pars fibrosa was of considerably greater electrou
density than the pars granulosa in almost all of the material
examined after the acrolein fixation proceedure, fregquently having a
higher electron density than any other tissue cempenent. The pars fibrosa

jistincet nucleolonema

0

wag almost always organiged into a more or less «

. e TRV S N Y e
although there was cansiderahle variatzin in the number of 'vacuoles

. : - af - ¥ v 37 .'.'1 IR% Aty
cut in a section, the extremes being shown by Plate 37 with only two
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distinguisiabls vacuoles and “late 35 where nearly twenty vacuoleg are

Cacernibl The wiaeern]me £ . . v v
discernible.  The vacuoles frequenily varied cengiderably in size na iu

Ty yvar 5 Plate 4 wheyrs - 5 o
shown in Plate 40 where four verv larve vacuoles occur tooether with o

! f gl o3 BT b e a4
number of sn-ll ones. Whether tie nucleolonems alwaye follows the same

pattern, the varying apuearance of the profiles beine a result of
* Y .

o

Sﬁﬂtjgning throuch at different rlunres, or whether the development of a
particulsr pattern varies from nucleslus to nuecleolus or as & resnlt of
external influences, it is impossible to sey, but nucleoli have bheen
observed Trom diffevent nuclei which show some depree of resemblance as
regards shape and arrangement of vacuoles,

There were alse varistions in the anpearance of the
vacucles,  As was noted after gluturaldehvde snd osmiwa fixation, s me
vacuoles were clear and distinct, such as tihiose ascen in Plates 38
39 and 40 , whereas others were filled wiih more electfun dense
materia} and arneared more as paler areas»within the pars fibrosa thin
as distinct vacuoles, such as these shown in Plates 35 and 38 . It 1is
possible that such vacuoles represent skimmed sections where the
vacuole is visualised through a thin overlying layer of pars fibrosa
material, as ig shown in Figure 19

However, althoush this may not account for the
anpearance of some of the dark vacucles it does net appeur to account
for all since in some cuses, as is shown in Plates 41 and 42 | vacuoles
wére filled with material resembling pars granulosa material.

There was very Little difference hetween the proportions
of pars granulosa and pars fibrosea present in the nucloeoli fixed in

i 1 ’ ] 1 1 b3 ¢ 2 7 a Q y < A .
acrolein compared with those fixed in glutaraldehyde a)d osmiwm, and the

9 . g
results, when compared using a X test were not sgignificantly differcnt

as 13 shown below.
acrolein fixation

Glutaraldehyde and osmium X

Normal . x Normal

Liver P {0.1 X Kidney 1<0.8.
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Pogssible exnlanntion of the aw o
Possible exnlanation of the nunearance of dark and 1ieht vacuoles in
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That this was so was not altngether suprising since both sets of material
were prepared using primary aldehyde fixation.

Variations in results ohtained after scrolein fixation
and silver nitrate staining werve due, in part to the variatien in the
appearance of material prepared in this way compared to the normally
prepared material, as is shown by a comparison of Plates 35 to 40
with Plates 28 +to AB .

In general acrolein fixation resulted in a reduction in
the amount of pars gréﬁulosa materinl preserved or demonstrated after
Bilver nitrate staining of acrole;n fixed material. In particular there
was a reduction in the awount of 'halo particles' associated with the

nucleoli. Instances where the pars Tfibrosa alone was cut in a section

of a nucleolus (ie. Category I.) were also more frequent after acrelein




fixatien than after glutura?dehyde and osmium,
The weneral if o4l : i
e general 1f slioht yoduetion i

d1oan Hhe airoeunt o

ity e - o F+ e - .
aranuiovsa present after uerolein fiva 1tion may bhe due to one of several

ry
factors:~
1. Fither acrolein fixation differs aligh tlv from primary

clutaraldehvde fivation, having less of & stabilising effect on the

particles, so that some of the mere diffuse particles have been
rewoved from the section during subsequent dehvdration and embedding,

2. Secondary osmium fixation helps stabilige the poarticles
after ablebyvde fixation sn that hetter retention i« ohtained sfter
(811 um fixu@ion.

3. . Secondary ocs=mium fixation results in betiter contrast of the
particlea, so that Jess elechron dense onca are visualised.

4. The nature of the scetion staining used after acrolein
fixation was such that the 'halo particles' were not sufficiently dense
to produce an identifiahle precipitation of silver over the section.

“he phenomensn is prohably o he expleined by a
combination of these factors, such as better retention of material hy
glutaraldebyde fixation and the granular nature of the section stéin
used after acrolein fixation., There mny of course, bhe a histochemical
reason for the slight differcenee in hehaviour with the two twchniques,
Glutaraldehyde and osmiwm fixation, as used here with uranium and lead

éction staining 13 a routine proccedure, which enhances the contrast of
most cellular compunentg bhut is not a histochemical technique, nartly as
a result of the number of contrasting asents used in the process,
Acrolein fixation followed by silver nitrate section staininz, however

is a semi-~histochemical proceedure, since 1t preferentially demonstrates
nuclear proteins, The differences noted above may be a resu}t of this,
although resewhling closely, sramilosa devosits

The "halo particles’

may have a low nucleoprotein content compared te the rest of the granulosa,

A 5 N - .
or their nucleoprotein components muy be maslked hy sceme other compoenent,




1 LY e T hawy ar 3 PN RO A . . o
ao that they are ohvious after routine preparation procecdures but are

not demosstrated hy the aerolein and gilver nitrate techniqgue

Coie A3 0FS an . o . v . oo .
Tt is difficult to see the fonetional sionificance of +e

3

1y articlest if the ahae L . . ‘
hilo partieles’ if the above is true. and an dnvestigation of their

A A

mposition using enzv 1ireats . . T
compostilon using enzvise digestion techniques would he necessary to

confirm their composition,

m 34 T ) e . <
The differences in the distribution of the nucleoll
hetween the type catescries after the Jifferont fixation proceedures
H e ¥ ¥ JO7 r1pme 3 ¥ Y e -» 2 14 IR S
are shown an Figure 20 on the following page. There was little difference

hetween the liver and the Iidney in terims of the effect of fixative and

subsegqient slaining on nucleolar merpholooy,

The effeet of sterac~e in ¢old buffer uron the standard pattern of

nicleolar mornhology,

Storage of material in cold buffer had a marked effect
upon nucleolar morphology, after both glutaraldehyvde and acrclein
fixatieon as is shown by a coemparisen of Figure 21 . Statistical
connarisocn of the results of glutaraldehyde fixed material with and
without . the pericd of storage in cold buffer an? acrolein fixed material
with and without the storage in cold buffer showed that there wrsg a
significant difference in the distribution of nucleoli between the
different categories, as is shown below

Glutaraldehyde fivation x Glutar&ldehyde fixation fellowed hy
storage in cold buffer.

Normal X Normal animals.

Liver P {0.001 Kidney P£0.001

Acrolein fixation x  Acrolein fixed material stored in

cold buffer

Norial .x Normal animals
Liver P/ 6,05 {idney P{ 0.001

There wag a difference between the distribution of nucleoli hetween the
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catepories atter cold storage, with the different fixation proccedures.

G aratdenvde 5 cod matand e . . , .
Glutaratdehyde {ixed material Acrolein fixed material

X
stored in celd buffer, stored in cold huffer,
Normal X Normal
Liver P 0.8 Kidney PLo.2.

m 3 ~ . LI . . N .
This was surprising since althoush beth acrelein and

glutaraldehyde are aldehyde fixatives, glutaraldehyde is usually
regarded as superior as far as tissue preservation and retention of
censtituents is cencerned, There was.little or no difference between
the two tissucs used,

There was a mossive reduction in the amount of granulosa

material particulurly of the more diffused peripheral or 'hale! iarticles

were usually absent. The general appearuncé efmicieoli after cold
buffer exiraction, auvpart from this, resembled that of normally

prepared mpterial as is shown by a cowparison of Plates 43, 44, 45, 48
and 17 . The number of nucleclar sections falling into Category I after
storage in cold buffer as cowpared to nermel fixation indicates thot
there must have been a vast leaching out of grarulesa deposits during
the cold storage period, There are two possible explanations for this,
either the particles have been removed from the blocks during the
storage period or their contrast and / or rencfivity with suhsequent
contrasting agents was leached sut or reduced. It would seem difficult
for such large particles to be completely removed from the tissue, since
cellular wembranes dppear to have remained intact. It would secem to he
wote likely that seme factor scontributing either to the basic contrast
of the particles or to their reaction with contrasting agents was

s . 1. . 1
removed, Examinaticn of enzym:xtlcall}[ d,lgested blocks would be

necessary before this could he elucidated.
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o N LA 2 S ., Y
effects of thyvroid lioraencs noon the dis

1 of nucleoll

hetween the fvne caforari

1. Ghiatars Tde

PRI : e Y armere b . ST : .
Variation in the dormone statns of the animpniy appeared to have little

3

vl FE O - I W - 1 LY e . . ,
and osmium fixation, amd there was ue change in the distribution of

[ a3 O Y H @t i ; . .
nacleoli between the wix tvpe caterories with the hormone treatment

Table 31 |

P T . . . . . .
tical simificance of variations in distribhution of nueleoli after

Stntis

hormone treatment, and plutaraldehvde

7 osmiwm fixation (X7 test).

Liver ™
N 3 P 0,05

T3 . P 0.8  p{o.8

T4 { PCO.2 PJ0.95 P09

> N T3 T4

-

Kidney TX
N { PI0.99

T3 P 0,90 P 0,98

T4 P10.95 P 0,99 PC0.90

”TX N T3 T4

Visual assessment revealed a slipght increase in the amount
of moterial present ag 'halo particles' surrounding the nucleoli with the
hormone trentment; there were uo other apparent changes. It is possible,
hewever, that changes occurred in the rate c¢f turnover of nucleolar
material in the hormone treated animwals such that it keeps pace with
the inereased synthesisv and no net accwaulatiocn of materiel in the pars
granulosa tceok place, "hus hormone influences on nuclear or nucleolar
activity nﬁclnar or nuclenlar activity would be reflected in increasged
activity of nnclco/cytoplnsmic of other transport pathways, rather than
in accumulation of material in the nﬁé}eoius.

Tt is possible that hormone induced chunges occurred in
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the composition or =taining capaciticyg of constituents of the pars
- - - Al L i1 RESAY S,

losa whish were maasko £} :
pronulosa which were moested by the renerat resetion to csmivm, lead and
i t 2 - ul O Gl 5 < -

uranisa ured dn the wrenaration nraoteadure

(‘Z"’v -'.1_ ]‘ . . Ly o )
Ihe distribution of the nucleoli hetween the type cateuories

after hormoene treatments are shown in Figures 92  and 23 .

. arvia ldalodo e T 11es . i ) i
2 Glutaraldehvde “’“gJlﬂ&ﬂki.ﬂiﬁiil?ﬂgL<E{£h_ﬂtﬂr&aa,ln cold huffer.

Prolonced cold buffer extraction breught about a marked
change in the distribution of nucleoli hetween the six tvype categorics
with the hormone treatments, There was an inecrease in the nunmber of
nucleoli fallinq_into the Categories T and TII. and a reduction in the

o
preportion fallirg inte Categories IV and V with the hormene treatients,
lowever, this s only statistically sienificunt when the data from
the thyroidectomised animals was comnared with that from the hormenc
treated animale in the liver. The lack of sinnificance 1in the kidney was
pesgsibly due to the low numbers of nuclecli in some of the Lrouys.,
Table 32 .

Statistical sienificance of variations in distributions of nuclecli after

bormone treatment, with slutaraldehyde and osmium fixation and storage
in cold huffer.
Liver X

N | P<o.5

T3 PLo0.2 PL0.2

T4 | P<0.001 PC0.001 P<O.8

x N T3 T4

Kidney TX , h
N | P<0.5
T3 PL0O.5 PLO.5

T4 | PLO.5 P<o.l Py 0.99

X N T3 T4

: ; - £ ar g
It i interestinn to note that the reduction in the amount of granulousa
ing ta

. . i . . e
Miteria)l after cold hufier storage, shown by ohservations and reflected
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. T ) - N ~l . T . . .
in the reduction of nucleoli falling inte Catesories TV and V was lesg

; e b ; ~ oy :
parked 1n the normone treated anipals than in the ne=mal or thyroid—

ectemized animalsc as ds shom in Pigures o ana 25 on the precending

, 5 It 123 nos2ihla that vartiealoc sim . .
pares. It 13 posai * that earticles croduced under the influence of

thie hornone were wore resistant to the i~aechine effeets of the cold
buffer thin those present in the nermal or the thyreidectomised animals

o

J. Acrolein f'vafion and silvey nitrate siainine

There was a difference in the effects of Lormone treatment

\.
i
)

<

)

o
g
jout
ol
o
<
b

@

upon the arrentopuilic comprments of the nucleolus in the

—
)
&
jox
]
“
”y
=
-

vdney there was little or no observable difference

kidney.

between nucleoli from the different experimental groups, and there w

o~
@

no dignificant diff~rence in the distribntion of nuclecli hetween the
different categories with-the hormone treatwents, In the liver, however,
Table 33 .

Statistical sisnifiecance of variations in distribution of nucleoli after

hormone treatient, with acrolein fixation and silver nitrate stain jur,

Liver TX
N | P{o.2
T3 | P{0.01 P¢0.001
T4 | P{0.02 PL0.02 P05

TX N T3 T4

Kidney X
N { P>0.99

T3 P >0.99 PL0.01

T4 P06 p<0.1 P<0.02

X N T3 T4
- P T o 3 ney F ~3 e )
there was a marked increage in the amount of argentophilic material

. . ; T ~ent anims omnare
bresent in the pars granulosa in the horaone treated animals compared

: . . . . s T T digtribntio T ~leald
to the normal or thyroidect mised animale. The distribation of nucleali

. C i fien et + i .
betwecen the qiffevent type catesories was significantly different in the
s R
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. . v e tead A S 4 ;
ormone treated compared te the non=hormone treated srouns 48 13 ghown
,,,,, i iy & EE R R A 2

Coma T e T ey, Vi o3 Sy s < g oy
i debJC 33 above. Whigh sumsesty thant marhioleg nroineoed under the

. 1 Aot the horaone actsom o . Yoy s
influenne A0 The ho ne action ara wmora areanto hitiec than thoue

(.)C@U?"T‘fl.ng in lhe normal ar thyroi‘ie()t“mige(l “'niw‘) 1 @, and hat the
wls, a hat the
hormone basg a greater eff

+ T N N 1 e - ¢
Cv upon the nuceleolus of the liver than that

1y my
H

of the kidney. The distribution of nucleoli hetween the different tyne
ories alfter hormone treatme=t o : 9 .
categories after hormone treatmezt and acrolein and s1l¥er nitrate

staining are shown in  Firures 26 and 27 on the preceeding pages.

4. Acrolein fixation with silver nitrate staining and cold buffer

The appearance of nneleoli after cold huffer extriaction

!
resembled those seer after normal scrolein fixaticn, but with an

ovnruil reduetion in the amount of pars granuiecsa materisl present,
Again there were differences in reaction of liver and kidney nucleoli to
the effects of hormene treatment. Again there was no diffevence in the
distribution of nucleoli between the type categories with the hormone
treatwents in the kidnev, whereas there were uwarked differences in the

liver, which were highly significant. There were marked increases in

Tahle 4.

Statistical siomificance of variaticns in digtribution of niel

normone treotment, with acrolein fixation and crld buffer storage.

Liver X
N P{0.01
T3 P {0,001 P¢0.2 -

T4 P< 0.001 PL0O,02 P<C0.05

X N '3 T4

Kidney X

™M | P¢0.8  PLO.8 P 0.01

™ . N T3
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the amcunt of argentophilic materiad

which was resistan?t to cold buffer

ytraction 1n the macleolus ar lor S )
extric roaermone treated cells compared to those

“ T B TP PR .
of normat or thyvreidectomiand aninals, 4y je ghown in Table 84 above
X ] \¥ ) < Le O O Vi,

g

e diatribution of nueloal s b
The distributicon of nucleeli Letween the tupe categories afte. cold

buftfer extraction of acrolein fixed sigte-ial is shown in Firures 28  and

20 onn the preceeling pages,

The eppearance of nucleoli sfter digestion with either ribonuclosse or

peusin.
In order to clarify some of the herwone influenced changes
which were visunlised by variations in prewvaration proccednre waterial
was exaeived after the inclusion of o stage of either ribonuclease or
revsin  digestion in the p}epnration procecdnure ¢f routine gplutaraldehyd

ond osminm fixation. It was hoped thnt some identification of the

nucleolar componants undergoing hormone influenced changes,

Rihonuclease digestion., There were significant variaticns in the

A =4

appearance of nucleoli after ribonucleasc digestion conpered to those

from normally prepated woterial. The division into two zones, pars

=N

fibrosa and pars granuloss, was wore distinet due to a seneral reducticn
1 1 O t i a2 e i

in the contrast of the pars fibrosa produced by the ribenuclease
digestion,

The vnars fibrosa was abeost always present as a pale gray

body associated with, but scparated from pars granulosa materzal.

o o s MGk Y2 11
Although some of the onserved nirs fibrosae were more or less hcmogenecu

=

. onlar Y menae., e vacuoles
in appearance, most occurred as well developed nucieolonensa The vac

N . 4 . 3 : YO T,
within the nuecleolonewms were wore distinet than after nermal nreparation,

2 TN i, a Q7 19 1 1w
as is sYown in Plate 48 , and dark vacacles, althong® occasionally

. ve e : }
observed, wece less frequent. Some of the vacucles apprared to be

5 . . . ; a materi.s rs ig shown
filled with matericl resembling pars granulosa mazterisl, a ho

L1 ; : i the majority of vacuoles
n Plate 49 (arrnwa). Tlhe preater clarity of the majority :




after ribonuciease

eastion would g

33

o)

trrest that althourh some of 5o

dark vacucles do represent skimned sections,

the wajority are 'darik!
ye to the presence of some ribeom Qs ipeghi
due t j ome riboenuelease digesitible, eloctron dense

matrix unterial,
Phe voars rrag e o e P .
The pars sranulosa was Tess affected by ribenuelease
digestion In sera cases there was a reduction 1 + :
ges . . Arre was a o reduction iu contrast so that
the pars granulosa avpeared paler than the chromatin but this effect
o Cnarlcad and the v . Sna : ot
was not merked and the vnrs grannlosa wesg alwava digtinet from the
ara fibresa by its sreqter electro: .
pars 1ioresa wy 1us arecter electiron density. There wis a losg of
- I 3wt T T A 1t .. .
underlyinzg  fibrillar networl caused by the ribonuclcase digegtion,
and the oranuiar cermponents appeared to he loss densely agoregated
A 2l 3 reregated
possihly as a result of the removal of elcetron dense matorial or ns
a resul®t of tiue removal of part of the granular component.
There was little hormone affected variatiocn ir the
ribonucleage digestible moterial within the pars fibresa of the nucleolus,
although there wns 2 tendency towards more of the nusleoli from hormene
trested liver and kidney to show vacuclated pars fibrose after ribonuclease
digestion than after normal preparation. Approximstely £0% of
nucleoli of liver nmuclei, and 50% of nucleoli from kidney nuclei
showed well developed nucleolonemal struct.ares in material prepared
. . . s = e - 954, - cleoli
routinely, After ribonuclease digestion approximately 95% of nucleoli
From liver nuclei and 70% of nucleoli from kiduey nuclei possessed a
well developed nmsYeolonema within the pars fibresa.
. Classification of nucleoli from liver and kidney cells
which had : ; 2 slease direstion, into the six
ich had heen subjected to ribopuslease digestion,
any differences in the distribution

type categories did not reveal

between the srouns after hormone treatment, and there wes no statistical

]

difference between the distribution of nucleoli between the categories

‘e

. 5 me
after hormone treatment, as is shown 1n Table 45 .
The distribution of ribonuclease digested materini bhetween

. Can b igtribution of nucleoli between
the categories  was compared with the distribution




Tahle ‘i;)_w

Classi’ i

Hibhonuclrase divegted

©0 11 _i)r\t\v!5v1} the fvne

iteooyriog,

mat )~j: At .

S S ,,5 e o N ]
i . i i f |
| 5 1 ‘ 2 3 4 5 6
: e et N St G i ekt e e ,!A_w..__ e e g . ke 3
!
i Liver N ; 5 ; 6 { 2 g o
e | 3 s} | ¢ = : ‘
3 2 0 s 13 o
. P H
m, H { ' )
! : 0 0 0 2 0
Kidney N o 2 0o i 6 9
!
; 5
me« t ) H
3 1 5 1 4 3 1
i I
Tt 1 , 6 0 i 13 4 0
i N i
H ]
. T LA NI S

Statistical sionificance of variations in distribution of nucleoli

v . . , 3
hormone treatwent, and ribonuclease divestion. (X test.)

Liver

Kidney

the ¢y Ltegories

o

TX

T3

T4

after

P{0.8  P0.98

X N Ty T4
P<0.5
P<{0.5 PL0.5

X N T3 4

slataraldehyde and osmium fixation, both with and

i | . o ; : vith acrolein fixation
Without the period or cold buffer sterage. and with acrolein fixat

. e +
Both with and without the cold buffer tre:iment, wit

There wis no dignificant

P
alr ter

h interestine results,

difference hetween the distribution
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qaeleolil between the Loro i ag b )
of nuel : the cateporiag after glutaraldelvde an

fixation, and riboenuctoeasn digegtion, althourh fhepe
Y SAE O LNeTe wa s o

roducbion dn e mmount 0 ot ) Drow ot

t

especinlly of the "helo particlag! 4ftap ribonuclease dire
: AL L RND <L

there was o sisnificant diffoerence between the distrilutio
after ribonuclease digestion and the distribution after co
atorage which would sugrest that the materig) removed from
during the period of 2ald buffer storage is not ribonucles
A similar pattern emerye ! aftor acrolein {1
there was no significant difference hotween acrolein fixe
ribopuclease digo ted waterial, but there wisg a simnifican
between the material fived in acrolein and stored in cold

ribanucticease dirested mnterianl, ﬂlthn‘\lg"jh”t!l(E difference he

ribomuelense digested material and aerciein fixed material

LI L

4 osmium

considerable
anulosa,
stion., However,
n oof macleoll
1¢ huffer

tlie scetinna
ge digeatible,
xatien, where
d material and
. diffoerence

buffer an’

~

Tween

stored 1in

cold huffer was not as pronounced as between ribenuclease digested

material and glutzraldehyde fixed material stered in cold buffler.

Tahle 37

nggngimon of the disgtribution of nuclenli after rihenuclense direstion

th the distribrtion after other nrevaratien teclniames,

Normal ’ X Normal

1. Ribenuelnnge ' X Routine glutaresldehyde and

ogmim fixed material,

Liver P 0.2 Kidney P< 0,2

o

2.‘ Ribonuclenge b'¢ Glutsraldehyd

e fixed material

stored in cold huffer,

Liver P 0.01 Kidney P{0.001

3. Ribonuclease X
Liver P<0.8 Kidney P<0.1
4. Ribonuclease X

Acrolein fixed material

Acrolein fived material

gtored in cold buffer,

Liver P< 0.05 Kidney (P 0.01
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Fin (i]‘urx;:f" . 1, ) ]
Zestlion had o Jesg marked offect upon Lhe

Pengin di

n . Vs T . .
appparaneo af muclecalil than Q14 ribvonuecleage Th

ere wag o slisht

faad
i
i+
=
o
B

o

roduc contrist of the varg Filpe

7 s hut this offect waa leaa

han 45 sdnetion iy :
porked than the reduction in contrast neoaduend by rihenue leage digestion

N K £ E Y - R I e o . .
The wain effect of pepsin digestion wids in nroducine a loss of detailed
i . 205 S PR VRS N N B
gtructure within  the nucleolus., Tt was difficult. if not impossible
11 . s 1 } NPOLYLBLOLEe,
to resolve the fibrillar uature of the pars fihrosa, or the basic

sranular structure of the DATS pranulosa,

mi L IR . . -
I'nus nucleoli, after nepsin divestion, usuallv resembhled

that shown in Plate 050G , and in Plate 51 , The pars fibrose of kidney
nucleoli usunlly showed pooriy developed nucleolonems, whereas these of
the liver were better developed. Thiaz was not affected by the pepain
digestion, there was no increase in the clarity with which the nucleoloneua
was visualised after pevsin digestion, in fact in many cases the
development of the nucleoleonemn was less obvious as a result of the loss
of detailed atructure of the fitrillar components of the pars fibrosa,
The pnars granulosa was also less clear aftéf pepsin digestion, usually
appearing as a more or less horngenecus m:ss of electron dinse materis?t
lackine the oranular structure seen after normal preparation, however,
there was usually no effect upon the underlying fibrillar network of the

pars pgranuless.,

It would seen mhat pepsin digestion does remove soue

protein congtituent of the nucleolus which results in a general loss of

detsil, Tt woull scem probable that this protein component 1s a

constituent of the fihrils of the pars fihreosa an't granules of the pars

granulosa rather than matrix material, since removal ol maTrix material

. . i . it her than a
would tnd to result in an increase 11 the clarity rath

reduction, : ' .

. - antahle 1 influence uvon the
There was little detectahle hormone 1 )

! . . . s e g There was a slight
Pepsin direytible material within the nucleolus. -

j I .t in both e liver and the
increase in the number of nucleoli presend in both th
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Classification of muclecli hetiee, ihia

tvne cantesoriey,

Peosin divested material,

i m st

e S T T

% ; I R B
| ! . ; i ]
: 1 ] 2 3 , 4 5 ;’ G |
SR D S N S S i |
|
Liver N 1 6 : 0 5 4 0 !
™o 0 6 12 16 12 3
| T4 1 5 0 0 011 8 0
-~ = s e g s - - S s e ;j - ? s -~ - <
Eidney N : 1 8 0 8 7 0
T3 0 11T T
: | | '
T4 ; 0 5 0 11 3 1
e e e e by e e e e e e e - e e 4

Table 39 .

Statistical sisnificance of variations in distribution of nuclecli after

. 2
hormone trestment and pensim direstion (X7 test).

Liver X

T3 P05

T4 P¢0.95 PL0.8

N
T3 P<0.5
™| p<o0.8  P<0.5

T4

X N 73
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i £ hormone treated anjmo? IR
kidney of cid animils  which showed some development of

a nucleolonema within the norg fibreay

il penoeayr o 1 315 vt e ‘ . , "
16 te bo gliyht variation in 1he amount of

B GE OO ) ; -1 ’
pars granulesa material associated with the nueleoli after homaone
. THoro aryvima o] 4 - s ‘s
reatment,  There apveared to bhe an mereased aaount of pranulosa

material present especially 6f the loosely arranged 'hale porticleg!
after hormone tresntment. Tor this reason nucleoli from both liver an’
Iidney were scored inte the six tyne categories, hHat the clasaification
of nucleoli frem pepsin digested wmaterial did not reveal anv hormone
infiuenced change in  the distribution of the nucjonli ag 1ig shown in
Tahles 48 and 39 |

Comparison of the distribution of nucleoli between the
different categories after pepsin disestion with the distribntion seen
after the other preparation proceecdured used again revealed interesting
resnlts, as is shown in Table 40 , As was the case with ribonuclease
digested mwaterial there was no significant difference between the
distribution of nucleoli hetween the different coterories of pepsin
digested material and routinely prepared glutaraldebyde and osmium
fixed material, whereas there was a significant difference hetween the
pepsin digested materiel and the glutaraldehvde fixed moterial which
had been subjected to a period of sterage in cold huffer, Sirmilarly
thera was no sipnificant difference between the results ef pepsin

digestion and acrolein fixition, whercas there was between the material

: N . . s ., s o] . [
which had been pepsin diges.»d and the acrolein fixed material that had

been stored in the cnld buffer.

: e aults il rlease digestion with
Comparison of the results of ribonuclease dige

those of pepsin digestion again showed that there was no significant
difference in the distribution of nucleoli between the type cateporics
after either treatment, which suggests that these two enzymeg  attack

. av. be assuned to he a
the same component of the nucleolus, which may De as

. ) . : N intion in the appearance of
llhouucleoprotejn component althoug: the varia® :




Comparisnn ¢

fihn distrdbufion
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Normal

the distribotion of
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nrocecdures

X Normal
L. Pepsin X Routine glutaraldehvde and
osmium fixation,
Liver P 0,9 Hdney P <0,5
2. Pepsin X Glutaraldehvde fixved muterial
gtored in cold buffer,
Liver PJ{0.01 Kidney P< .01
3. Pepsgin X Acrolein fixed material,
Liver P J0.8 Kidney P 0.5
4, Pepsin X Acrolein fi:led material
stored in cald buffer
Liver PJ0.05 Kidney PZ0.02
5. ~Pepsin digested material x Ribonuclease digested

material

Liver P<0.8 Iidney P 0,5

the nucleolua after treatment with the different enzymes would suggest

that they affect this component in different ways.

There would appear to be no hormone induced warintiovn in

either the rihnnuclease dizestible material present within the nucleolus

: . 51 i restl naterial,
after glutaraldehyde fixation or in the pepsin digestible materia

. ; ather ¢ method of analysis
This may however, be accounted for by the rather crude ‘ :

riations in the amount of pars

in uge, There were no discernible va

. Cresti i jther engvme and
granulosa material presemt after digestion with ej ther enzyme

hormone treatment, this may have been due to changes taking place being

. . ; . her ag a variation in the
too slight %6 he detectuhle, However, there was & Ve

I ad ce 't :f } f ‘{ e 1 Ii""" i AK/K( .ﬂ‘;(‘.(l A. }1 tn >
l 1 $ O .01 ARE 3C1 t Y e
\}’( \ran ot h(’} )‘}a rs B! Irngln . 0 11 me
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administration of thvroid Hormones detoctahle after ribopuel
o e B Croopuc teaas

™ arly 1. I
creation wvhich would sugregt 4hat . o
dige grest that  although thyroid hormones exert an

“feet nnon the maeloolug Bl
el lect Tus thev do not ganae ap acenmnintion of oifhar

ribonuetoase digestible or pensin dinestihle mitecial within the pira
granule=a, which i3 1+ aceerd with the abservations of Tata (1064, 106
and 1967) winich sugregted that thyroid horrones inereased the rate of
turnever of ribonucleoprotein woterial within the nucleclus,

That there was a lack of statistical sipnificance
between the distribution of nucleoli between the type categories after
digestion with either enzyme and ufter aerolein fixaticn follownd by
silver nitrate staining, would suggest that at lenst part of the
nucleolar components stained by the acrolein / silver technigue are
ribonucleoproteins. Part-of the components stained by the silver nitrate
after ncrolein fixation anpear to be ribomucleopretein but rar® do nod,
and it weuld apvear to be that fraction that is affected by the action
of thyvreid hormones.

This however, leaves in question the identify of the
hormone influenced fraztion of cemponents stained by scrolein snd
silver, Silver nitrate staining following acrolein fixation is knows
to stain'deoxyribonuc]eoprotein compunents and poszsibly proteins, as
well as ribonuecleoproteins. Thus it is possible, sltbowrh it seems to
be unlikely thnt, thvroid hormones induce changes in hetercehromatin
associated with the nucleo’us rather than ribonucleoproteins, A more
probable exnlanation would appear to be that they influence some protein
cemponent,

i i ionifi ifference between the
Again there 1is a gignificant difference between the

_ . . ) e after dicestion wit
distribution of nucleoli hetween the categories after dige tion with

1 - . . o o
either enzvme and after acrolein fixation followed by prolenged storage
in celd buffor would sneogest that the ~cmnonents removed during cold

. 7 s gHest 1 ! .

buffor gtorase after aldebyde fixation are not ribonacleoprotein,
o s - L s J

i j i i i - identity.
nlth“uﬁh 11t leaves in question their true identity
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arintions 1n the morpholons T .
varintions in the morpholoay of meleoplasmic constituents with Lhyroid
. st el 23 AU 2 o33 L LONID Y0

hormone treatwent,

T™ia ¥ FREIIT S . ) ..
e non-nuclealar dark stadinine components, usually

ad tn as the chromati onsisty me s ;
referred to as the chromatin congists mainly of granular material witich

ceurs in close asscciatio ED the ieen ] . ) ) .
pccurs 1n ¢ asscclation with the nucleoplasnic reticulum, Mozt is

653

- - oy ot * NNt} - . 3 3
cen to consist of masses of granules of about the sawe dimensions as

vy n]assiny e 1 ho s nE e B 'S .
the eytoplasiic ribesomes. A certain amount of thie material consists

of viffuse electron dense material of indeterminate shrieture They

S

are the equivalent of the perichromstin granules of Swift (1962) and
Watson (1962) who egstimated their size as 300 — 350 A, or nusgibly of the

interchrom - tinie granules of Swift (1959), Ris (1862), Granboulan and

. . NN \ \ E . .
Bernhard (JQDS; and Berphard and Granboulan (1903), which are approximately

200 - 250 & in diameter: Detailed estimation of the sizes of these
particles weuld be necessary to equate these particles with those
described by cther people,

It i3 interesting to note that the cheuwical nature of
neither the interchromatinic or perichromitinie granuley hes heen
established, although it is possible that they consist of ribonucleo-

protein with a protein ceat. Smetana etal (1963) suggrested that the

interchrematinic granules micht resresent nucleolar ribonucleoprotein
migrating to the cvtoplasm, linked with a protein cecat te prevent

digestion by endogencous rihonuclense,

In view of the effects of thyroid liormones cn protein
synthesis at the nuclear level it was decided te attempt an estimation
v . - ari a hormone
of the amount of this granular material, after the various normone

treatments.

. . . . . . . \ s acecoer 1 or o)
Nuclei were divided into five categories accerding t

N , . piterial preseot as is
the amount and Jdistributieon of dark-stalning miterial presect as ig

Honer 5oy o " icleus tvpical of
shown in Plates 52 t056 . Plate 52 shows a m vples

. : 5 . 1 v, PRI
Moo . . . , le obvious dark stainin.,
those included in Category I. There was Litt
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Classilication of nuelej befween the tvpe catesnrses

Glutaraldehyde and osmivm fix
r“"’“ o v B N re S

-
3]
i)
NS
R

(

Liver X 1 8 18 14
N 7 11 21 14 ; 2

T3 0 1

T4 0 3 10 21

I SR T T ST IO S0P OSSP SRR 1) S . — e

Kidney TX 3 6 33 26 ! 2

N 0 10 24 17 ¢

T3 0 0 14 17 1

|
T4 0 4 | e 33 2

OO UUUS S UG S QU U UO NS PO U,

Table 42 |

Glutaraldehyde fixed material subjected to storare in cold huffer before

ogimication,

W\
~X
feu]

Liver TX 0 6

3 18 11 0

Kidney  TX 3 8

T3 0

T4 1 =

b e e e I




Pable

Acrolein fixed waterial stained with

g T T - - - . _
: i ”
¢
[9 .
. 2 L3 L4 5

, N o 51 ; :

| h - ;

e 0 12 0

i 3
‘ P4 0 . 0

Kidnev X 2 2 8 5 0 %

N 0 9 18 iy 0

T3 0 o 1 27 0

T4 o g 1 : 8 S 1 [

PN S S d —d j

Table d4

Acrolein fixed material subjected to cold buffer storare, stained with

silver nitrate,

T T e coamn g
H i
i !
: 1 2 | 3 ; 4 5
i : - et q

Liver X o3 12 9 8 0

3

i ot i e Y i i + A nn

T3 2 3 25 23 . .0

T4 0 4 20 16 1

[ [T

o

t i

Kidney TX ‘ 4 0

©
14
-
e
e]




aterianl present., Material +h,; T
materic t e v that was present wag fa J"'"lV (‘V(‘”l\/

digtributed throurshout the nucloeplag

94 e )
. Plate 83 shows o nuclous of

it

Catevorvy  TI, where there was an £

mereased anount of

daric stainines
" de MYy g o . . .
m1t9r1;1 present, There was little accumelats gt 1aa i
¢ accumelation within the nucleoplasm
PRI , g - Lo I N L
hut there was a zone of suh-peripheral dark-stainine moterial. Plate

b4 - 1s representative of nuclei of Cuteﬁnry ITT. Instead of beino
evenly distributed throughout the nuc cleoplasm dark staining naterial
$ s nnterial

ig ageregated inte amall, loosely arranged prouns of eranules A nucleus
e (g T3 " = it ° * u e

of Category IV is shown in Plate 535 where davk stainine m-terial
Ve s ATY ed in small, densely packed ageregations within the

'

nuclecplasm, Plate 56 shiows a nucleus of Caterory V where the

agaregates of dork gtaining material were large and extensive.
The nueclei from cach exneriwental group were scored

accordainy to which category they resembled most closely, The results

are shown in Tables 41 +to 44 .

The appearance of nueclei from normal animals fixed in gluteraldehvde and

osmium,

Nuelei from material prepﬁred with glutaraldehyde and
csmiwn may be described as forming a standard pattern. Nuclei from
normal animils usually resembled that shown in Plate 37 with souwe
awount of granular dark staining material arainst the nuclear envelope
and small loose agpregations of particles vithin the nucleoplasm

]OrlnuoraA deposits did not usually extend arcund the wiole limmit of

the nucleus but were intervupted by light channels adjacent to the
micleo~-pores, Lucal aggrecations often extended some distance intu the

. . Yoy : ‘ ¢ 1
ruclens, Swall eranular. apgregations gceurred throughout the nueleus and

. Loy o ] . -
isolated granules or groups of a few pranules were algso fairly abundant.
> o 5o N 3 w

Nuclei in which large aggregations of closely pached

granules occurred, were seen in vhich case isoluated granules were

o - the leoplass
Infrequent although swall groups occurred throughont the mueleopiasi,
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CLASSIFICATION OF EXTRA - NUCLEOLAR
MATERIAL

(Glutaraldehyde & Osmium fixation)

Control  material

LIVER KIDNEY
Jon 3¢9
201 207
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meled Toacking 1n acoresalions of doawl ad. oo o
Nueaer b Poacuresations of dark staining materisl were

infrequent.

")i i T 'v o
Particle aurarevntes wepe

e

asscciated with an underivines

N "~ v [ S . o . » 5 )
netwerle of fine Fibrils, as is shown ov the arreows in Plate 57

.

‘hese fibri were simile 1 T . .
These fibrils were similar in size to those associated with the nuelcolus

L. PR ) R, Y T ey g b 2 v
This fibrillar petwork was agoregated into small, closely weven 'nodules’

in places resenbling the pars fibresa of the nucleclus but of lower

eleciron density., The interstices of the noiwyoerk nyppeared to be filled
with a howorencous materinl of low eleciren density. Such nodules
can be seen in Plates 53 and 56 | It was occasionally possille to
distinguish i1ll-defived strunds of courser fibrils, usuallyv asseciated
with grarular aggvegations as is shewn in Plates. 53.

The distributien of nuclei between the fvpe catepories
in normal snimalg after reutine nreparation with wiuntaraldehyde and

-

esmium i3 shown in Figure 34

The effect of fixation proceedure upon the standard pattern of nuclear

morpholoay,

Varistion of the fixation proceedure appears to hove a
marked e2ffect upon the demonstration of mucleoplasmic durk staining
raterial. Althoush the distribution of nuclel hetween the five

catesorics after two fixation rroceedures was not statistically

significant as is shown bhelow.

i ‘ i :in fixation.
Glutaraldehvde and ozmiun bd Acrolein fixatiu
Normal X Normal
Liver P 0.95 Kidnev P 0.1

; i aterories of nuclel after
The appearance of the five catey :

' tnining are shown in Plates 58 ¢
~ : : » Ry ¢ ¢ are shown in Plates & )
acrolein fivation and silver nitrate stainiug are s

g ) - (tensive patehes of
62 The dark staining materinl tended to form extensive pi

: Al v P G 3 1 1 “-Uth
: fixation and 3ilver nitrate
loosely packed granules after acroleln fixation ¢

. ) . -
: . PR i (tensive peripheral
stainine as shown in Plate 060 and 61, with extens i )
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}f‘i aurce 49 o

CLASSIFICATION OF EXTRA -NUCLEOLAR

Pastomn

MATER?A L
: Control material
LIVER | - KIDNEY

Glutaraldehyde & Osmium fixation

364 30
201 204
764 T 76
1
T i
SERERN
ANEENS
T
| " ?d

7 2 3 4 ¢ -4 2 3 4 8

Acrolein fixation.

3o d ) 36+
o 4 = 26
T I ¢0J
S ": 13 '
P e
S A N ~
; 4 2 3 4 &
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torncwita of denselv nacked ¢ - :
devcaite sely nacked  aranules,  Some nuelei abowed diffuss

QTanul@s across the whnle nuelneay section. with 19441n or no
perinhmrnl Accnmudrhiopa ga ie ghawn i P

Plates B8 snd oy but such nucled

were not coron, Other npuclei, assemblin: that

gseen 1n Plate b

L oaman ! dayvael in 3 . s P
whoere smnll densely unacked ageregations of sranules dominated +he

cvtoplasm were moTs cormon,
T S . .
Ther~ arpearced to be a areater amount of stained material
present after acrolein fixation ant gilver nitrate stainine comnnred
> ining compave

3w ‘

with that vpresent after vlutaraldehvde and osmiunm fixation., This was
prohably a result of the staining proceedure. The granules visuelised
after slutaraldelivde and ocamizon Tixation revregent structures present
in the gcetinm, whereas granules visunlised after acrolein fixation and
gilver nitrate staining are silver nitrate deposits on the surface of
the section. Altheupgh silver nitrate deposits tend to occur over
nuclesprotein cemponents, which the aranules seen after glutaraldebyde
and owmium fixation nrnhahiy are, they do not occur in the same
proportion as the granules whish gave ri=e to their deposition,
Numerous sranules of silver occur 1in agsociation with only a few
nucleoprotein granules,

There was no evidence of the detailed underlying
fibrillar or eranular structure of acrolein fixed material stained
with gilver nitrate due to the low hackorcund contrast of the material
after sldehyde fixation witheunt post staining, and due to the na ure
of the silver gtain.

The digtribution of nuclei hetween the tvpe categories

after acrolein fixatjon from normal animtls are ahown in Figure 3b

T . . : - Ve arance of nuclei ~ O
iﬂzﬁgff@ct of starage in colf nuffer upcn the anpearance of nuclei from

normal animals,

Aoain there appear tc he differences due to the fixatives
g o R

. tatara L
¢ '3 huffer extraction appear to have little effect upon glutaraldehyde
X U . i

as far as the distribution of

fixeq material, eapecially in the liver,
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. Jaamic daric atainin wteri: :
nucleoplasmic Inrl staining miterial 1s concerned,  Althoush thera does

ar to be glioht ] £ om S B . .
appear to be o slieht reduetion in the amount of rranales oceurring
. -4 Al

; yrenbtrated magass in the i . 3
in cennentrated magses dn the kidnov, A cansiderable amount of

action appears to have talier : er . .
extraction appears to have taken place, however aftes aerolein fixation.

. R N N LT R .
The majority of nuclei [all either into Catemory T where all the
cory T whe ] ¢

~ ol gt wme - - . N .
granular cark staining material was removed or not stained. or Category

. 15eg 3 H
1T where only diffused granmular deposits and s narrow zene of suh
1 2 i P RPIEE L)

peripheral vranules remained., Statistical comsariscen of the resulis

n

LA

of acrolein fixation with and withount storage in cold Wnffer showa

that there was & significant redistribution o

4

nuclei between the

five categeries in hoth tissues, There was no statistical significance
in the resulta obtained froem material fixed in glutaraldehyde and osmiua
in the liver and the kidnev when they were compared to those frowm

glutara®dehyde fixed materiz] and stored in cold huffer, as is slown

helow,

<

Glutaraldehyde fixation be Glutaraldehyde fixatien

followed hv storame in c¢old huffer.

Normal b's Normal
Liver P 0.9 ' Kidney P 0,01
Acrolein fixation b'e Acrolein fixation followed

by storase in cold huffer
Normal X Normal

Liver P  0.01 Kidney P 0.001

Thus it seemy probable that acrolein is a peorer fixative that

. . ; abili o rles,
glutaraldehvde resulting in extraction of poorly stabilise granules, or

, $ ey 1 h 1
dark staining pgranular component during subsequent processing, althourh

. o . P s
there winsg no sionificant difference between the distribution of nuclel
gnifice

e . . i ¥
between the five categories after cold huffer treatment, as is shown

. L R RETS SN
ubove., It secems likely that this may occur during normal embedding

. v ° e ol
. + cnold buffer storave, &nd
proceedures and is merelv cwirrerated during eold ’

) e o the
"8y account for the annarent differences 1 gpecificity between the
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Figure oY
Figure <

CLASSIFICATION OF EXTRA- NUCLEOLAR

MATERIAL.

Control rmaterial

Prolonged Cold-buyffer Treatment.

LIVER | KIDNEY
Glutaraldehyde & Osmium fixation,
2 30
20+ 2o-
10+ i Yo
7 2 Ms g 5 7 2 3 4 é

Acrolein fixation.

o . 30 .
2o o
70 4 v
ERENE
NEEENER
i RERER ] B AREERE
P S : ; C q_—“
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, , ] .
reen proceedures, glutaraldehvde and - :
twe precee s 2 araldehyde and acrolein RVEANt :
: : - ltein, durins normal NYOe s s ;
3 iy PR N T CeHNRING

°

I g e A vila FYvn 4
Glutaraldehyde fixation  x  Acrolein fixed material
. ced materia

"nliowed by grarove i S '
folio by starsoe in followed hv storare in

cold buffer, cald buffer

Normal X Normal
Liver P2 0.99 Kidnev P> 0.99,

B A s . ) Y.
The digtribution of nuclei hetween the type categeries
- s X . . ! op I N - . . -
after storage in cold buffer Tollowing either acrolein o~ ¢lutaralidchyde

{figation arce shown in Figure 36

The effects of hormones uvon the distributios of nuclei hetween the

tvpe categnries,

1. Glutaraldehyie onl oamimm fixation.

The distribution (it is guestion:ble how accurate this nethod of
guantitigatioun was for indicating amount) of nucleoplasmic dark staining

material varied quite markedly with the hormene status of the animols,

As was noted previously, nuclei tended to be ncranlly

distributed bhetween the five tyve categories in euthvroid liver and
kidney, .Thore wag a chanse 1in ¢ distribution of nuclei hetween the
five categories, with the hormone treatment so that there tended to be
a greater proportion of nuclei in Categorics IIT and IV in the horrcone

. . K My 4
treated animals than in the normal or thvroidectomised anizals. This

. . . . Cenifies i he liver than in the
change in the distributien was more significant in the liver than 1

s . . - \ 3 rienl animals Jhe
kidney as is shown in Table 45 . In hypothyroid or more:l animals the

: . s Small Gye
nucleoplasmic dark staining material usually occurred as small, lo sely

. : b £ i
arranged groups of particles or as jeolated granules, a pumber of nuclei

. T A6l
u i : seeurred end a
were found where no apparent acorerations of particles cccurre nd
- [ PN

. . . -111 1N
number where the only aggregations were against the nuclear envelope.

[-Re]

i ase in the awount of
Increased hormone levels produced an apparent incres

} . - vhod an hinze in
R . L. i oh wag reflectes as o chung
nuiclenplasmic derk staining materisl which 8 .

. X ' . arve oroups of more or less
the degree of agorepation of particles. Large grouy
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Figure

CLASSIFICATION OF EXTRA-NUCLEOLAR MATERIAL.
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CLASSIFICATION OF EXTRA-NUCLEOLAR MATERIAL.
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Table 40 .
Statisticnd sixnificeice of vaviations in distributien of
EQﬁEQEﬁwi' phoment ant clutaraldely 'e o0 osminn fixation
Liver X
N P0G
™ P0,2 PLO.05
4P 2 P ¢
T >{ 0,2 P00 PLOLOS
- : e
X N T3 T4
{idney TX |
i
N | PCO.2
T3 j P02 P<L 0,05
T | P£0.1 PL0.05  PL0.8
| S e e e e e e e
TX N T3 T4
closely packed granules were comaen and cccurred threzghont the nueleus,

Sub-peripheral deposits often extended som» way into the nucleus,
The distribution of nuclei between the type categories

after horwmone treatment are shown in Figures 37 and 83 .

2. Glutaraldehvde and oeminm fixatien, with storagse ip cold buffer,

There was no significant difference between the

distributions of nuclei between the five categories in the different

. . . . . L P . Y e : 0,
experimental greoups in either liver or kidney, as is shown in Table

46

_ 1 . . . -
However, there avppeared to be a marked reduction in the

. : . Tonnl: 3 ;
general contrast of the pranules constituting the nucleoplaswic dark

I . > o 1 18
staining material after the period of cold buffer extraction., It 1s

} : .o ciiag of sartic
therefore rossible that the staining capacities oX the particles are

altered after hormone treatment, so that after hormone treatment a

Yo . wmi e porti ) wceptinle to
greater proportion of the nucleoplasmic purticles are st 1

1 X ' . : ) . ig otherwize difficult
contrast reduction' with cold buffer gtorage. It

: . . o fieant difference in the
Lo visualise wihry there should be a giegnificant
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digtribution aof nuclei between the different
1 rent

categerics with the

smone breatments with voatine olu
hormaene treatments with voatine olu ti,!.l‘(ﬂd(:]‘:yﬂe an? ozmium Tivati hicl
A R ST LY LINATION whiien

4 e vy e o lonved huft ;
o O T Wen o !:x (,'.LOU;? e NDurroer aft, ¥ 1 1
s L0 L ! Loy guoraYe ner N R
rase pey 10d 1g intoey i‘l()f’%(}d hetween

the twn fixatiecon gtacreg,

Tahle 46 .

statiatical ajenificnd Y varisti T :
Statistical sienificnnce of varictions in the distribution of nuclies

after hormone treatment with plutaraldehyde a

fixati-n and

>

. N ! [ I e .
sterage in cold buffer (X7 test).

Liver TX
N P08
T3 PL0.98 P<0.8

8 PLoLs PL0.8

X - N T3 ;4

Kidney TX
N | P05

T3 | P 0.05  P<O.2

P02 P{0.2 PL 0.5

TX N 73" T4

3. Acrolein fixntion and silver nitrate ataining.

Visual assessmen! of materinl fixed with acrolein and

stained with silver nitrate sugrested thot hormone treatment caused an

increase in the amount of argentophilia material in the nucleoplnsm in

the liver, and to a lesser extent in the kidney. There appeared to be

an alteration in the distribution of RTSEDQOPhiliC material, particularly

in the 1iver with the changed hormone levels, Argentophilic nateriatl

tended to be dispersed throughout the nucleoplasm in thyreidectomised

and normal animals, but tended to occur as gmall apgresations after

hormore treatment. The distributien of nuclel between the five categories

. . R 432
after acrolein fixation in shown 1n Figures <l ind 4l .

. Y s : i
: . s 3 show up in the
This overall pattern, howvrer,does Not 520 !
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CLASSIFICATION OF EXTRA-NUCLEOLAR MATERIAL.
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R R A ¢ .
atistien contfinaner of v a3 VRENAR 1 { }esd oy :
Eiwmmfwwmwaw L ZATING eng an the diedribution of nueled

pftor h'\wrm‘(xl‘ foprese ot n;r:g:J _\"'j iV nerale

i Fivation aat 51 -
LOLTA Nt ven aat i popitrate

L2

gtainine (X" test.)

Liver  1X ,

T3 P o.1 PLOLE

T | PL0.01  P<0.1 P< 0,99

X N’ T3 ‘4
Kidney TX
N i PL0.05

T8 1 P<0.02 P <L0,95

T4 | P05 P05 PLO0.5

TX N T3 T4
results of the attempt at quantitative assessment, probably due to
difficulties in assessing material stained with silver nitrate as
compared to rotinely prepared waterial, and as due te the fact that
although there was a tendency towards increased aggregation of particles
the agrregates were still relatively small, There was little
statistical siynificance in the distribution of nuclei between the

categories with the ho-mone treatments in either the liver or the kidney,

as is shown above in Table 47 .

4. Acrolein fixation with silver mitrate sfaining and cold buffer
extraction,

iati i )¢ liatribution eof
The variation in appearance and distrib

argentophilic material in the pucleus after hormone treatment was more

. : . e Wi arvent difference
marked in the liver than the kidney. There was no apparent differen

in the distributien or degree of agorcgation of argentophilic material

. R . 4 « F f ~ A y
-jt . 1l ¢ 31§ 1cany di:fference
a cr }1 ormone tr(f r].ht)n("nt 3 11 'the 1{ 1 ( ]1(3)7 d,lld noe s1 é\l‘ll I1cC¢

. M Y
. . : £ b BT eAacs
in the distribution of nuclei hetween the five tyne categorics. Whereas
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n the liver theve was o may Ty .
1 hed change in the distribution of nuclesd

after hormene treatment and iu their g
FECLY appearance as is sho

wn below, in

rahle 48 b an Fisores 43 ant g

“

Statintical sisniTicsnce of vayistiona in
wltabl AL 2 s arinty i

rmone treatuient, with acy sin fivati
hormone tread ent, with acrelein fixation and storage in cold buffer

(_Xiz teq

Liver TX

T3 P<0.001 PLO.001

Tt PLo.00l rLo0.001 POLS

X N T3 T4
Kidney TX

N PCO.5

T4 | PLO.5 P< 0.8 PL0.95

There was an overall increase in argentophilic material

fopo

in the liver with the hormone treatments, but the most maried effect

was upon the distribution of the particles. A large proporticn of the

nielei from thyroidectomised animals possessed iittle argentophilic .

material and much of that which wag present was restricted to a

narrow sub-peripheral zone. After hormone treatment a considerable

projortion of the nuclei showed material aggregated into clumps

throughout the nucleoplasm,

\ X . e KIFR N : N 80
The apvearance of nuilci after digestion with either ribonuclease or

PSS RO e ot it S

jepsin,

Materinl which hnd been prepared with nlutaraldehyde and

osmium fixation bul included a stage of either ribonuclease or Dpepsin

digestion bhetween the two fixation stages. was examined 1n order to
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in some identification of the n , ) )
gain 9 > nuclear components affected by thvroid

Lormone action,

pibenuclense digestion, As well as

gignificant variations in the

appearance of nucleoli, ribomiclease digestion had u significant effect
upon the appearance of non-nuelealar zones of nuclear profilea.  The
general appearance of muclei after ribonuelease digestion resembled
those of nermally prepared materiol. Chromatin was usunlly unaffected
hy the ribomiclease dizestion, and occurred as  obvions, electron dense
deposits of granular material against the nuclear envelope, adjacent

to the mucleolus and as isclated clumps of granules within the nucleus,
The major effect of the enzyme wes upon the interchromatinic speace as 1is
shown by Plates 63 and 64 | which show nuclei after ribommclease
digestion, The underlying fine fibrillar network was‘uéually remeved

by the ribonaelease digestion, especially in the liver. Thus the

interchromntin space anpeared as a relatively homogenecrs area ocecupied by

could be discerned, and small groups of chrimatin granules. Inter-
] ; a1 . i vwwrr in Plate 68
chromatin granules were occagsionally visible as 1s shewn in Plate €63
. - .
(&rrows), Where they did oceur they were more ohvions than 1in

normally prepared material,
Little apparent difference could be discerned between

: : : i it yerimental group, after
nuclei from either liver or kidney, from either experimental ¢ ,

: - servati te gain
ribonuclease digestion, upon preliminary observation. In order %

{ c s . C i sal i were scored according
further clarificaticon-of this bupression niclel we o

.. shown i able 49 - and 1in
to the five type catejyories. The results are shown 1n Te iy -8

ionifice liffercnce
i . . : ienificant difference
Figures .15 and 40 However, there was no sig

.

' : : ategorie which could
hetween the distribntion of nuclei hetween the categories, whi

be attributed to hormone influecnce.

. . 4 s rate Tﬂl’i ey
I'he = i 1 i i hetweell the Sy e cavn @
1 di. ;'tl, ]]JU ,1on ol 111101,61 ] e )

i ] - re 1 ‘ } ‘ e i 8 tl j b“ 51 0Nns rl_fter
df t r : B i 1 }l > Ga3 Viodl
“. e i b(’n‘l(} l ease ]‘ Pest N1 were (:Oiﬂp’l d Wl /
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Table 4Y .

14 Fieation of nuelcl bHotw N . .
Cla 533,}.“1-(_ v VO MG T o “"A"f_[?” th :..E’.Y_J” e o 1 Crorley

1
——— S

mahoerial,

— e e B e e ~ . . B
! 1 ! =
( 2 3 4 5
- e b SRS SUN
: - —

Liver N X 3

T3 1

™M

NN
jons
ot
(A
<

et ettt PR e o

S i e ot = e TS S UIPU.

Kidney N * 1 : 1 13 7 0

o

T3 0o 0

-3
(]

U 4 15

P S,

Table 50

Statisticul significance of varidtions ip aistributier of nucled after

~ 2
horone treatncas and rihomiclease digestion (x

test)

Liver TX

T3 P<0.93

T4 P08 P< 0.8

TX N T3 T4

Kidney TX

T3 P<£0.9

T4 o

k)

4.: : n 3 T o 49
other prevnaration proceecdores as 18 ghown in Table

letectable dilference hetween the

There was no det

. 13 ceati d th~ distribution
distribution of nuclei after ribaonuclease digestion ana the

L . ar: Jhvde and osimium
of nuclei between the categories after narmal glutaraldehy a ‘




Cond By ; S 1l . . N :
fixation, oI between ribomiclease divestion and ol utaraldehyde fixati
! a ol Al iy e fixation

J1lowed ! o L Tfar gstor; 3 .
followed by eold bulfer stovage. dlowever, the differezces in

. R N NELIE I R ey
tigtrivution of the nucleil bLetween the cotevories af -
ds een the catesories after ribonucliaease
digestion compnared to the diséribntion seen after olutsraldelvie
e sl eeld hnff

vatinon an?t entd huffer starase avmes " ] ‘
11 ¢ rage anpears te he sreater in the kl(h'_!(‘._‘\f,
than in the liver. This ohgervation is interesting in view of the
. T Fhiat - £ “ e .
obervation that the effect of the cold huffer was sreater upon th
. FORR 4 LU <} il
Lkidney than the liver, and would supgrest thatthat fraction of nuclear

davi staiwin: vobarial whionh was subjeet te cold buffer extraction was

not ribenuclenge digestible,

Table 54 .

Comporisna of the distribution of nuclei after rihonuclenae diges

Lgirihution after other nreparation techniaues,

Normel X Normal
1. Ribenuclease X Routine glutaraldehvde and onmiwm

fixed material.

Liver P 0.9 Kidney P 0.9

2 Riboenuclease X Glutaraldehyde and osmium fixed
material stored in cold huffer,
Liver P 0.8 Kidney P 0.2
3. Rihonuclcensge X Acrolein fixed matevial.
Liver r 0.2 Kidney P 0.5
4, Ribonuclease X Aerclein fixed material stored

in cold buffer.

Liver P 0.8 Kidney P 0.05

That there wag no significant difference between the

distribution of nuclei hotween the categories after rihonuclease

digestion, compared to acrolein fixation is not surprisiung, 1 V1CW of

the fuot thal there was algoe no gignificant difference between acrolein

‘ot area 19
43 a fixative and gluturaldehvde as regards nuclear appearance. This




sl guy t thet the R N e ; Fodm
would suogest thet the nnelegr dark FININY material viaualje

~lutaraldebvde an' swminn £iv ST )
~lutaral Fixatyon £o170wng by uranive and Lend

@

. ¢ . )
<t vinine ant by fl{},"’l‘lpw!} 5“11 yeod e S . )
R * AOTRA Dy sidver Mitrate, 19 not rihonuet ooe

protein and thus not subject to ribomiclease direstbion
oA 134 RILVIR LS B8 N

M}, g 4 o A9 Ffavommn - i1 !
Thot the difference between the results obtained for

acrolein fixation folloind by rrolongsed treatmert in cold buffer,

differed so alichtly from those ohtained after ribonuclense dicestsan

. . -y ey o 3 "y ‘ . 1 v ’ vy o E
is intersstine, and may be partly exnlained by the awall awount of data

Ay Tah!l A > A eyt e CTY 1T v S 13 . - - . , )
available For both vrouna. dlewever, it would appear that, at least o

&
3
i
=
o
—_
=
"3
]
o

tion of the material subject to extraction by eold huffer is
also subject to rihenuclease direstion, This docs raise the question
why 1f part of nuc]pzxr darle staining material subject to the staining by
silver nitrate after acrelein fixation is ribenuciease digestible there
was not a greater diffoerence betwaen the results obtained from scrolein
fixation and those ohtained from ribonuclease digestion., This nay
however be explained by the féct that the fraction of nuclear dark

staining material affected by rihonucicase digestien is so  gmall that

ariations in it are almost indetectable,

Pepsin disestion, Pepsin digestion, did not appear to have such a

o

marked effect upon nuclear morphology, as did ribonuclease dig:.stion.
Nuclei of bhoth liver and itidney resembled those of material nrepared
routinely with swlutaraldehyde and osmium fixation as 1s sliown by Plates
65 and 66 which show nuclei of liter and kidney, respectively.

There wns a slight reductien in the clarity with which

; . ati isualized, 1In the
the oranular constituents of the chromatin could be visua R

ajori . . R ¢ i in th¢ electrun
majority of nuclei. There was commonly a reduction 1 ¢

naA . . P : N iles arneared to
dmxsl‘ty 0of the matrix material, so that nuclear profil arpee

i 1o in sharp contrast
be paler than after hormal preparation anc stood out ary

vith 4 . , ag2s the underlying
with the surronunding cytenlasm, In some c&s2

1ihri . . ; i ige than after normal
Tibrillar nefwork was more difficult to visunalis an ¢




Loa

revaration, but this effect was not
rel , . et was not marked, and was not as

p
#g extensive

as after ribemiclesse disestion

Tnitint aliae .
ERAN] n NN s ) y . )
iNa) 120 obhaervation (did not roveal anv e

e Yioan ¢ nnrent

. . . K N PR + - f 1 -
varl an (B} ;e Amount of oay ]‘, ‘t inins £ e ] L3 M G l ‘,Pf
a3 f 1Y ark staininre ”."‘t(\‘ﬁ'i'li in t/: §
1 i ) o AR 1< nuactcug ar .

prpsin digestion, with the hormone influence For this reason nuclei
! . LVZ 9N BN PR AN [V QS

ro clasgified accordinrg to the f1 ; .
were class according to the five type caterories. The results of
. L. - ~ D s

the clnssification into the catesorias are shewn in Table 52  and
Pisures 47 on! 45 . As was seen after ribemuclease digestion, no
significant differences were found between the distributions of the
miclei between the categories after any hormone treatment, as is shown
in Table 53 .
Table 52 .

I y

Clasgificatinon of yuclei hetween the tyvve entesnries,

Pepsin dipested materiol,

i
1 2 3 4 5
Liver N 1 1 51 2 1
T3 4 4 10 6 1
T4 2 p) 13 4 2
- . e . bt
. Kidney N 3 3 11 7 1
{
C T3 0 1 10 5 1
T4 9 0 15 13 1
b L b e e et e = e s e

Aggin the results of clanasifying nuclei according to the

type catepories after pepsin digestion were compared with those

. . 3 3 3 . ~
obtnined frem nuclei from the other experllvlentdl proceedures, 1n order

. P .y o
t ) Ld a > AN S ’ e ¢ nuno S . e . .13 o &5
to obiain some identification of th ompositien ol the dark staining

/

miterial, The results arc shown in Tahle 54 .

There was no significant difference between the distribution

.. . ¥ Cther rmally prepared
of nuclei Hetween the cateporics wael either normally prep

glutaraldehyde fixed material or glutnraldehyde fixed material which
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Table

wtistical similicance of varints . L
arIBLLLN L PRI ARANCE 0 variations Aigbys bt .
et DS A eastbribution of nuelel after

hormour trestimenk an’ vensin digestior. (X7 tout)
Liver X
N
T3 P (0,98
T4 PL0.99 PL 0,90
X T3 T4
Kidney TX )
N
T3  PL0.80
T4 PL0,50 PLO,8O
o N T3 T4

o

had been aubjccted to prolonced cold huffer trestment were cemnared

with resuits ohtained from pensin digested material, which would sugpest
that pepsin digestion had ne effect upon the amount of dark staining
material Dresent in the nucleus, althongb it tended ¢o alter the
appearance somewhat,

Agsin there was no significant differcence bhetween

the pensin digested material and that which had bheen fixed in acrolein

{r
f=1

which would again sugsest that pepsin has no effect upon *the darlk staining

material present which reacted with the acrolein / silver technigue.

However, the significant difference between the results obtained from

pepsin digestion and acrolein fixatien followed by ccld buffer triatment

I’ . " AR
would suppest that the nuclear comporenrts affected bv cold buffer

ok

extraction are not protein in composition, since thev are not subject

to Fepsin digetion,

. s : 1 ; i1
There was no significant difference between the

P . . i Talk 54
cffects of rib-nuclease or pepsin, as is shown in Table 9% .

i 1 ahae disegtion nor pepsin
Thus neither rihonuclease dig pey




T S A
Table o~ .

Comparison of tl

. y 4~ > ). . N > )
Aistribution of nuclei after pepsin -

igestion

ribution after o

the 1

H)

ey rreraratiang negoeedne

Normal - X Normal
1. Pepsin X Routine glutaraldehyde and
osminm fixation,
Liver PJ0.95 Kidney P/0.2
2. Pensgin X Glutsraldehyde fixed material
stered in cold bhuffer,
Liver P (0.8 Hidney P £ (1,05
3. Pepsin X Aceolein fixed material
Liver P (0.5 Kiduey P ¢ 0,5
4. Pepsin ‘ X Acrotlein fixation followed by

storage in cold bhuffer.

Liver P (0.1 Kidney P Z0.05
5. Pepsin X Ribenuclease digestion
Liver P (0.98 : Kidney PZ 6.8

digestion have a marked effect upon the distribution of darl staining
material within the nucleoplasmic aveas of nuclear profiles, and it may

be assumed that the dark staining material censtituting the chromatin

: - oy . Tat 1t ) ]
does not contain any detectable ribonucleoprotein constituent. The

underlyine fibrillar network of the interchrematin space did appear to
ying £ _ )

be hasically ribenucleoprotein in composition, and the reduction in

electron density of the interchrer.tisic space after pepsin digestion

would anwnear to.sugwest the vresence of gome proteinaceous matrix wmaterial.,

[EEEY

arinti in ti aypn e
There were no dctectahle variations in the appearance

of nuclear profiles after either ribonuclease or pepsin digestion,

Y . . s hWo t i1 hormoene activity
HOWeVer, since the wnjor variations produced by VhYF“*l hormene & Y

would he exnected to take place in the ribonucleonrotein constituents

this wag not altogether surprising.




iacungion:  The effecty of thwrain
JIBCUSB S 2 Mobe Ll U Gid

hormonnsg uron nuciony morphologv,

Albhonst the validity

of

Lie method of analysis uscd to

obtain guantitative estimations of the hormene i red che 3 1
wone induced changes in

i 3 ¥ > 3 ey - 3 0y 3 N
eleetron dense nuclear moterial ig open to guesticn, it has certain

wres over svhicetive visual acsseasment

ot S
advant The division of photo-

graphic rocords of nltrastructural observations into categories

accordin: te morpholapical types obscures detnailed differences and

oppoaing trends. It imposes preciae, ‘artificial harriers across a
pradual chouge, and ohscures trends in morphological prtterns which

diverge from that trend originally selected bv the observer. 3al the

method hrg the advantage of gimplifving the dinterpretation of mrisges of
rhotoorarhic data, and of elimirpating te germe extent, the almost
inevitable confusion, If the initial categories are carefully selected,
some semi-guantitative evidence can he Yo substantiate or dismiss
initial visual impressions, Gemoral patterns of change cnan then he
gubjected to more detuiled examination.

The alloéation of different patterns of nuclear and
nucleolar morphtlouy into categories according to the extent of electron—
densedm&/orin1, or deposits of silvér nitrate present has revealed

. . : ! v 1 | 3 1 .
several varving morphological patterns influenced by thyroid hormoncs,

. . . . . as i Lown in Figures 49
They can be swwarised in diagrammatic ferm, as 1 siowd 11 Figures ’

o0 , 51 and 52 .

. N 21 sl ;
Thyroid hormones did not appear to affect the appearance

T P RN 1 51t > ‘7,'?“ 3
of micleoli or the amount of pars granulosa present 1in either liver c¢r

. ) . . . 1 - v 1d osminan
kidney prepared by routine fixation with glutaraldeiyis anc osmi

. o ani There was an increase 1n
and gection staining with lead and uraniuim. There e

. : @ initata ilver from
the ameunt of material vresent whizh cou=ed ”re¢lp1tvflon of sil

. . . .3 f1xati the liver,
a silver nitrate stainine solution after gCFOlLlnAflkdthH of

] : ‘L setable in this wterial in
The was no hormone associated change detec

kidney cell nuecleoli.
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RE ACTION OF PARS GRANULOSA MATERIAL

C
10 DIFFERENT PREPARATION TEGHNIQUES,
LIVER

T KEY
TOTAL = THOSE PARTICLES

VISUALISED AFTER ROOTINE

PREPARATION,
ARGENTOPHILIC pmmcwa/// /
(ACROLEIN FIXATION,) /

GLUTARALBENYDE FINED
PARTICLES REMAINING AFTER

COoLh BUFFEZ EXTRACTION,

ACROLEIN  FIKED PARTICLES

REMAINING AFTER ColD
’ NN
N\

BUFFER EXTRACTION,

13

14
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REACTION OF PARS GRANULOSA MATERIA!
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L

10 DIFFERENT PREPARATION TECHN

IQUES

KIDNEY,

KEY

.
[ —

TOTAL® THOSE PARTICLES

PRE PARATION,

ARGENRTORPHILIC PARTICLES

(ACROLEIN FIXATION)

COLD BUFFER EXTRACTION

ACROLEIN PFIRED PARTICLES

REMAINING AFTER cCoLD
BUFFER BXATRACTION.

T3

14

VISUALISED AFTER ROUTINE

7

gLU‘iARALDEHYDE FIXED Fm.mm,@
PARTICLES AEMAINING AFTER s

L_ FPERERLCY.




Pigure 51,
adiiod e e

REACTION OF NUCLEAR PARTICLES TO

DIFFERENT _PREPARATION TECHNIQUES

LIVER

Y

KEY

TOTAL= THOSE PARTICLES
VISUALISED AFTER ROUTINE

PREPARATION,

ARGENTOPHILIC PARTICLES

///
(AcQorLE N FIXATION.) //

gLUTARAL‘DE HYDE FIYED

PARTICLES REMAINING

AFTER ColD BUFFER
EXTRACTION.

ACROLEIN FINED PARTICLES <

REMAINING AFTER COLD \
BUFFER  EXTRACTION. \

TENDENCY TOWARD

INCREASED AGGREGATION

of PARTICLES.
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Figure 92

REACTION OF NUCLEAR PARTICLES TO
DIFFERENT PREPARATION TECHNIQUES
KIDNEY.

KEY

TOTAL = THOSE PARTICLES

VIGUALISED AFTER ROUTINE

PREPARATION.

ARGENTEPHILIC PARTICLES

(ALROLEIN  FiXATION)

gLUTARAU}E HYDE FINED

PARQTICLES REMAINING AFTER |

CoLD BUFFER EATRACTION

ACROLEIN FIYBDIPARTICLES

RENAINING AFTER COLD

BUFFER EXTRACTION

TEND ENcy  TOWAKD

INCREABED AGGHRE GATION

ofF PRRTICLES.




There anvenred to ) :
R & IR BRI R EFEE 2 3 N - - ;
PRes <t‘t0.nc AL Incereasing tendency toward

. . .
soarecation of appacently vartienlate e - S
auaregy ! poasenvly partieniate components of the nucicoplusm of

aeloeus atter routine nroparatior Y ohot i R
,n_u/l(‘lls i i paration of hoth liver and ;;lm”:v}, “olls Thig

o

effect was also noted after acrolein fixation and silver nitrate

gtaining where an impression was obtained of » general incresse in the
L 5 kS SEAX 3 9

amount of argentophilic material present, hut this materis] 1id nod
i Y g ¢ 4 2 I L0 novy

apnear to he ribhonuciconrotein in ecermoeition,

T T TR o N
The administration of thyroid hormones to the animale

et the amount of

IE
T

N

A< YT T @ I .- . .
algc anpeared to aff meterial removed from the tissue

hlecks which haad been gtered for three wonths in cold buffer solutions.

Glutaraldehyde appeared te he a hetter fixstive than acrolein in that Iess

material was removed after alutaraldehyde fixation thay after acrelein
fixation. but the same general pattern emerged. Mere durk staining
material, as visunalised hy uraniuve and lead stalning after glutaraldehyde
and csmivme fixation, remained assnciated with the uuclecli after horucne
treatment in tissues from acrmal or thyroidectomised animal:. More
artentophilic material remained asscciated with the nucleoli of cellsn
of hyperthyroid than of cells of cuthyroid or hypothyroid animals after
cold buffer evtraction of acrolein fixed material.

Similarly, in the nucleoplaswic zones of the nucleus,
althoph there was no setectable change in the amount of dark staining

) ) ) X ) e . . . vl aned
material vicualised hv urandum and lead staining of glutaraldehyde and

3 . .. hi i ! "1-
samium £ived tissue there wis a greater amount of argentophilic materia

retained in tissues from hormone treated animtls after cold buffer

extraction of acrolein fixed tissuves. In all cases {here was ne

. i aining 1 he nuclel after
apparent change in the anecunt of material remaining 1iu the 1 é

cold buffer sicrags ol kidney tissuc.

’ susent in nuclei of both
Thus there would appear to he prese

. ‘ t1v wmarticiulate comuoncent which is
liver ang kidney cells, an apparently particd ate com

an

o R . i T araldehvde and
Visualised hv uraniwm and lead staiming f1llowing glutaraldehsy ¢

N N 4ilver from a silver nitrate
osmium fixation, which will precipitate silver 1x )
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saining golution following gornloin €490 s .
stoinming 5048 apraestlein fixation, and which is affected

U T Vigrgmss o -
pv the levels of thvrold hormones present in the animn s Not all of
L 11 de animnra, NOL all RS

the particles oresent ore sugoon(inle {, cold bufiar extraction, or
! $ RS 3 ' xLrae Vil »

react to the stainine solutions to the same- extent,

" . . . ;
fhe question of the identisy of the particulate
J ] ‘ N

oy PR My A o e R . e e, .
ecomponent now arises. There are two wmain possibilities, It mav cither

represent ribescval precurser particles produced in the nucleclus, belore

transfer across the nucleenlasm to the cyiceplasm or it may represent

profiles of chromatin fibrils cnt transversley in thin secticn, Tt

would be lmpossible to state definately which, if either, identity was

i44

the correct one due to the vresent state of understanding of nuclear

fine structore, ond to the fact that bhoth structu-rs woold gtain with
lead and uwranium sa’ts and would precinitate silver from a silver nitrate

staining sclution after acrolein fization; both deoxy- and ribonucleo—

o

proteins are arvgentophilic in this vprenaratien proceedure, RHemoval of

some censiituent respensible for the staining reactions by cold buffer

extraction could he expectod to affect both components, although perhaps

;
to differing extents,
However, 1% is poessible to predict »wiich might be a

A

feasible exwlanation as is swusarised in Figure 83 , It is unlikely
that all the particles visualised in the electron microscope are either

: . ~nfiles motin s 3 t is
ribosomal srecurser particles or profiles of chromotin strands. I

. . ) . 1, . - P . £ e
likely that most of the particles observed in the pars granulosa of the

Sare AV TeD 3 ; yTile
nucleolus are ribosoems! precursers although some may represent profiles

AP 3. ati e en:
of chromitin strunds of the nucleolus asdociated chromatin. It seems

likely that at least some of the particles obgerved in the nucleoplism

. : ndg whi art represent ribosomal
Fepresent, profiles of chromatin strands whilet part rey

. ; . 1 n. Ixamination
meterial of nucleoler origin wigrating toward the cyteplase. kxaminatio

i : . . . R R ase or pensin suguested that
of material digested with cither ribeunclease peps )

g composecd of ribonucloprotein,

i

at leagt part of the pars gramilosa wa

. . ; he results
. L e was slight and the results
homevnr’ the offect of the enzymic digestlon we :
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saeonclusive,  ahere was no evidenee oF . i ’

incon 1u eviaence oy a rihomucleonrotein commonent
- R o °

within the chromvtin of the nucleonlasn

Y.

Hormone aetieon

SO

o - 1 " T ey I -~
At the nuelear level could be exnoeted fo

affect several asyects of nuclear morpholopy.  lermome induced depletion
i Y . wrm o neueaed SASENLRVE RS2

of a rucleclar pool of ribosorul precursers weuld he exvectod to be

reflected in alterations in the amount of pars granulosa material

asaociated with tﬂfe nacleolus.  lormone judduced svnthesis of material

in the rnucleolus mizht ¢ive rise to alterations in the avpenrangs of

the nucteolus am a result of its chonced fumetional state, with or witihout

19

accumulation of meterial in a nucleclar poel, which would he seen as

an alteration in the amount of material within the pars granulosa.
Neither hormone induced alteration in the amount of mrterial present in
the pars granulesa, or nucleolar changes which might be expected  to
reflect a changed functienal state were seen to tale place after normal

rrereratica proceedures, but were visvalised after ribonuclesse digesiion,

where there were gisnificant chaneres in the sppearance of the pars

fitwnsi. That little hormone influenced variation in the muaewnt of nors
granulosa material present, does not exclude the posssibility that o
. hormenes do inerease the rate of nuclenlar synthesis. If thyroid

hormenes increase the rate of transter of material to the crtonlasm aa

. 7Y then no accwiuistion of
seems probahle (Tata 1964, 1965 and 1967) then no accumilotbion o

. Y 3 1teratio i Lh
micleolar material would be expected. However, an alterafion in the

o ; _ i A d huffer and
snsceril lity of mucleolar material to evtraction by cold huffer :

. . - srosent sngoe 3 &l
increuse in the amount of ;;lrgentopnlllc material present aungrests a

R B 31 g |-
, . . o gqtituents associated with
«lteration in the composition of nucleolar consti ”

o . L ‘v the amount of matecial
the hormone activity. There iz an inerease -4 the

1 ' : ' irht. be i 4 Yo be more
resistant to extraction and incomplete might be expected o ’
3 Yo 1 N oWy J‘b(‘
iy ; , og. The increa-a *n the
tightly hound to a *iscue than complete particl _

Cerease in the amount of
amount of argentophilic waterial gurrests an ircrease 1 th

. 3 1 v TR N

‘ e ear be ribonucleo-
\ . . + of which annearecd to be 1
nucleoprotein present, at least part ol An

brotein,
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An increased rat  turn i ]
sed rate of turnover of ribosomal material

Cay o e W i o . .
within the vucieclus would be reflected in an nerease in the amount of

Sy e (y10f nrtortal mil crataio e o+ - .
1*11’)”53‘)”&'] material wi catine to the ch t:.’\';l: G owhethor oo poanlt of +he

2

. . N . 2 e o B o
increased load of watevial wushing preformed material down n 'wisration

tel as a dir resalt e b .
route’, or as a direct resalt of the hormone action on a trangfer

mechanism, Inercased rite of wisration of particles could take place,

either as an Increase n the number of particles travelling at a censtant

rate, or ag an increase in the speed at which perticles move across the
nuel: oplasiy, both of which weuld be reflected in an increased number of
particles of nucleolar oririn, present in the nucleoplasm at shv one time.

Particles mayv tend to migrate as appregates rather than as individusl

particles which would be refleeted in a tendency for particles present in
the nucltenplosm to agiregete under the influence of thyvroid hormones,

Howeve,, some of the arparvent agarepates of particles observed in the

cult to imwagine how anv

[

nucleoplosm are relatively large and it s diff

Fal £

such agoregates could meve throush the network of fine filv»ile which

constitutes the 'strleten' of the nuclesplosm,

Although it is possible that scme of the ageregates
represent migrating precurser particles it seems more likely thet the
tendency toward the formation of apparent particle agyregates under ‘iz
influence of thvreid bormores reflects a hormone indueced conformationet

. . IV, R AYLre
chrnge in the chromatin strands. This could either represent a change
=1 e :

. . > - . e 3 -
in the detailed structure of the £ibrile which affects thelr reaction
(e A=V § b i I SR

. . . - . . RN Ton: on
) f «t a3 3 ~t S v 1 b r V1Ssia 11 sa l:_l on 1n tne eied t:] i
't() (l“l »feren S5 8 TAYInNl ng e()hn] (‘111(39 ana t HED A 13 4

: ‘ . of individual strands. A
microscope, or as a change in the arrynzement oI individus ¢

e < { < (AR g 'n DY OC RS
l f asyocla (]d. (; Y e[\’ DN Fie(l f()} gome f-lnCL, ona: Py Ce8s
0 ) c1 Y] stray 1b . Cl()g 3 [¢]

2 i in section would give
or a complexly hut loosely ceoilec gtrand cut in thin se 1

. ; s51ble to
) , ticles. It is possible
the avpearance of an agoregate of smwall partic]

i i acice his might
i induc orraone achien this nmlg
Precict what functional process, induced by horu ¢

represent,

51 » ¢ N @ (& (lLtCCt(,'
f)i” o {'. (el Y ‘ 1N m‘!t(}!]d L Cc( { 3 ¢ 2 s}
ce N0 1 J(H]UC] .()1‘ (G
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i e darle SEAT AN e et . .
i the dar; starning materin - . . .
within ‘ 2 Lat using ribenuclease digestion, it

w 1 appear that the latter ;3 ~o- : S
would ap] b tter interpretation is {he more likely However

e doc s ot excelude the nos<ihs T94v F1.. 5 .
thi= d not ¢ PosI Lity that horinone LeLIon cauges g

incresse in the amount

& Y - )
f ribonucleoprotein waterial migrating across

the nucleoplasm, if it is accepted that tho tatal amount of rihonucleo—
protein present is too small ﬁn he detectable, or that for some resson
it g not accessible to digestion hy ribonuel ease, The possible effects
of hermone action at the nuclear level are swmmarised in Figure 54

The differine infTuences thyroid hermone action appear to
have upon nuciear rmorphclogy of liver and Xidney cells san be attributed
to the differing biochemical effects the hormones have been shown to have
on the fwo tissues. Liver has heen shown to he a major target organ of
thyreid hormone actien, As such thyreid Lormones mey he exvected to have
a significant effect upon at least gome of the cellulur processes
reflected in changes  din detailed morphelo gy,  Althoursh thyroeid hornones
exert some influence, either directly or indirectly, upon renal function
the kidney i9 not a major target orpan fer thyroid hormone action, and

as such hormone influenced chninges in mucleur morphology would not he

expected to be as marked as these talking place in the liver,
Py [ &} B




)
Chapber 4. <ot

The Fffant by . .
_.]....}i ylf.i.‘::_“ﬁ_q (J_LF‘}_I:Q_(\ iq . Ho rrones

unon the Apnearance of tha Nuel
- 1 4 VL bl * i IO J"UC:(‘;!"‘ l‘ o . ‘
SLALMARAL £ tnvelope,

There wis considerable variation in the cnuearance of the
nuclear envelone of hoth liver and Kidney nuslei hetween the different
exyerjmental zroups. The wemhrane elements 6f the nuclear envelones of
1iver ant kidney cells from normal animals were fairly easily resclved,
and regular with a regular perinuclear snace. Nucleopores were clearly
distinguishabhle and fairly frequent, ‘The nuclear envelopes from ceils

of both the liver and kidney of thyreoidectomised animals appeared much
‘crisper', were very regular, and the perinuclear srace was reduced in
width, The aprearance of ilie nuclenr envelope frow both liver and kidney
cells of hermone treated animals showed considerahle variations, The
mewbranes of the enveiocpes of both liver and kidnoy ceils tended to be
obscured by some moterial, and thus were difficult to resolve althouch
the effect 'as mére marked in the liver. The envelopes from kidney
nuclei were more easily resclved but S:nded to be puckered and indenter.
The two effects were not restricted in the two tissues, kidney nuclei
showed some desree of obsuration and liver nuclei, where thelr membruanes
could be discerned also tended to be more irreguinr than those from
normal animals,

1 ¢ i merpholooy were thus
Various aspects of nuclear membrane mcrpholoay 3

. ' 1 L sl he effects of
examined in preater detail in order to eatablish fully the effects

: 13 £ P
. .. . ; 3 s vd in frrther detail
thyroid hormone administration. The agrects studied 1

are as fellows;-—

1. The frequency of nuclear pores in prefiles of the nuclear

. 21 sntvelope.
2, The ohscuration of the nuc.ear en Y

: ities in the nuaicar envelope.
3. he development of irregularities 11 t




The freauency of nucteovores i o ) )
,r.lffnf«'f»l eaueney 05 e ieono )01-9'—’»&1“3?_(3.31;“5‘-;3_,9? the nuclear envelove

A viaual Irrnreagion wae .
A visual droression was gained of a variation in the

mogber of mvelear wores per muclewr profile, there heing, wpparently

more vores per profile in the hormone treated tissues than in those from

) N N LY. Yy ~
normal er bypothyroid animals, As a result an attewpt was made to gain

gome cuantitative estimaticn of the numbers of pores per profile in each
tissue and treatment. The results are shown below in Table55

Tahl «3_,_??--._;

Tho frequeney of nuclear nores in nuclear profiles rer horwene treatment.

|

X N 1 T4

< - , ...,..M,.z B ~‘
Liver 16.67 | 12.50 24.67 | 14.00 |

2,21 I1.80 ¥5.40 23,50 |

Kidneyv 10.00 10.10 13.28 8.86

*1.20 [ Zoooa | Iiar | Zomr |

Tabhle 56 .

Statistical significance in the freasuen.v of nuclear peres ver profile

with thyroid hormone treatent.

Liver ; X

]
NiP)0.1
T3 Py0.1  P<0.02

i

T4, Py0.1 Py0.l1 PrO.1

Kidney TX
N|P>0.1

T3 | P>0.1 P<0.01
‘P £0.01

T4 | P>0.1  PL0.01

N T3 T4

S
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NUCLEO-PORES PER NUCLEAR SECTION

LIVER
™XC T3 T4
KIDNEY

70 ~
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v . .
insmnite ()f d R . . )
. Y ifficulties experienced in estimating the

£ oy - 1 H
~wnher OL pores resent In the nuele; profiles j 20
u welear profiles jn uptn 20% of the nuclei

X sy \.,1?, [ Far Ayt ’I'] in v oaft N - tyrot 1 1 3 PRI 21 )
l IO Yo ure Ver on HO RS L aftoer 3“'\”5' mone T f i 1
SR o a0 nane of 1523 0 VI y oo N C
vireatment, die Te T e mesence

O ! [ ’, !at*" ria l o J t 13 BOSS1LhH Le ttl(! v Lhe ¢ l @1 1ch ¢
l)“( riil i - L2 R - .,()u]d Je
P(\u]’lf (}d N were tHOS e re _I.VL L 1V el \4 Ll,ld_ff(;’cte(l “/ ‘.;.‘.(:l hOIYlone [‘11 eq t. en t: ¥ a

pattern of chance assccinted with hormone influence which reflected the
pattern of change noted in Chapter 1, upon glycopen and witochondria in
the liver, There were no differences in the numbers of nuclear nores per
puclear section from either thyroidectomised animais or thyrokine treated
animals Lroein both the liver and.ths kidney. Ifowever there was a

significant increase in the muuber of pores per nuclear profiles in hnath

liver and hidnev after triiodothyronine treatment. This effect was

particularly marked in the liver, as ig shown in Fioure 55 .

The obsenration of the nuclear erveloype.

The most cbvious effect of thyroid hormone administration
was the ohscuzztion of the nuclear envelone of the liver, and to & lesser
extent the kidnev. The wajority of nuclei from the livers of thyroid-
ectomised ov normal animals were surrounded by a clear double membhrane

structure, as is sacwn in Plates 67 and 68 . The double rembrane

structure was particularly clear if lead galts were used after uravium

in the gection staining preceedure, as the compariso: of Plates 67 and

68 showa,

, . : oo — ‘
A considerable proportion of the nuclei from horwone

. . . ' £ whic’
treated animals were bounded by indistinco nuclear envelopes of which

those ghown in Plates 9 and 70 are characteristic. Instead of the

1 ious it is obscured in
double membrane structure beinsy clear and ebvious 1%

. ¢} e le
Some way, JTn some casges, a3 is shown, for instance by the nuclear

. s S 1 hig
envelope in Plate 70 , the perimuclear Space was of relatively high

. loald xd . n other
electron dengity an! the nuclear membranes apnearcs tiffused. I
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1 av: iallv a £ Ler 11 "
ag9es espreclal (29 SN VRS04 e use of ol . .
ca 5 T lead ag a post-stain, the deunhle

. A g E vy e 3 i
mewmbrane gfrueture ceuld he disserned throngh a hale of pmaterial of
ghoa he U material of

inereaged electren devsitv, ag ie ghown in Plote 69

.

L e

This ohsgeurine of 4 i
3 et muclenr envelope was also noted in

the ki'ney; waere however thae effect wng

Tess obvieus, the nuclear

: : A ] H N o .
memhranes shewing less obvious derosits of obsenring waterial The

nuclear envelones bounding kidney nuclei from thvroidectomised or normal

animele resembled those from liver muclei of similovlv treated anivala

. 3 G et T a3 o Y
in heing distinct an? obviously crmposed of & double mewhrane as is

ghown in Fiate 71

A considerable proportion of nuclear envelopes from hormone
reatad cells agaln showed ohscenring denosits, as is shown in Plates
72 ant 13 . The ohscamation tended to b~ lesa intense in the kidnev,

althousr the deuble momhrane structure was frequently obliterated, and

was often less extensiwe, Many of the kidney nuclei showed obscuration
around only part of their perivhery, whereas liver nuclel teunded to he
ébscured around their whole circunference,

In order tn egtablish a pattern of development of the
deposits of obscur%ng material with the normonal influence, ccunts were
made of ﬁuclei showing chanmed and uncianged nuclear envelopes. Counts
were made of each nucleus of three grid squares of the cerper mounting
grid, Grid squares were selected at low magnificationa on grounds of

gross tecxhnical sualitv., Nuclear envelopes distinguishable as a distinzt

o . Ny
dowble memhrane s*ructure at magnifications of x10,000 were counted as

r G
unchanged, Where the nuclear membranes could not be resolved at x10,06C

. R SR 1 be
Lere ct e individunl elements could bhe
re connted as changed even if t

distinguished at higher magmifications. Where only part of the nuclear

envelope showed deposits of obscuring material it was ccunted as

. 1 -
unchanged if less than half its circumfercnce was obscured and chanaed

N L ~F N 1 py e
if more than half of its circumference showed deposits of obs uring

. : sich b been routinel
material, Initially counts were made on tissue which had Yy
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cenared nsinT clutaraldehye N L
Plepdr“d ting glutaraldehyde and ogmiym Tixation followed by uraniwa
Lotlowe AL

gectieon ataining,  The results of these conntg

are shown in Tahle 37

g Fioure 56 and are ax aed as
amd Fioure < s are expressed as ymshanged nyele; Rt mersentace
- o : PSRRI L

of the total nuclei ceunted,

Table ,-C’_Y,M

Percentauve nucled remainine unchseure! after thvroid

hormone treatment,

aterial secti-n stained wivh wraniwm onlv)

L N B o . .
% | I 1
g T . : . P b L
2 : 5 | ;
| ] 3 - i i \
; Liver L 80.15%  © 89.69% 56.00% © 52.36%
+ ! +, + *

‘ -3.90 | =3.59  I7.01 : I3.59
H H ; ;
| i i IR S
- Hadney L 93.57% L 91.24% | 63.68%  66.52%

| i

+ o
-1.83 P=2,25

Tahle 58

Statisticsl signifizance of variations in the amwmearance of tiie nuclear

envelupr with “rvroid hormone treatment after uranium stainine,
Liver TX

Ni{P<0.01

i
i
73 P<0.02 P<0.01

)

T4 P<0.001 P<0,001 P0.1

X N T3 T4

Kidney X
N{P>0.1

T3 P<£0.002 P<0.001

T4 ! P <0.001 PL0.001 P0.1

x N T3 T4

i ienificant difference
As is shown above there was a S1%

L fya rma’t thyroidectomised
t fyrom normal or ULhy:
between the vumher of unchanged nuclel iro

i Lreate ivlg 1n hath the
animals compnred to nuclei from hormone freated ant
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}4‘1(!"&11"0 59_-
it U

/s NUCLEAR ENVELOPES NOT SHOWING OBSCURING
MATERIAL

LIVER KIDNEY

Section stain = wranyl acekate.

1009

Section stain = uranyl acetale & lead tartrate

100% 1007

X C 13 T4




liver and kidnev,

p t{} . 2 X5 ]' 1oy 4 J . f : l
BIANI VEGR § oxXan N O wa madd ‘ . f ‘ ¢ Tred
l 3 as age o Vi Ny liL] VORTe-gT00 ! 514

VR aoy i an atiooant t R NN
with Tead dn an atfoomt t0 onin hatte- resolution of the membrroe
h N Le B TR R 4 11‘

4 F the 1 v y . 3
elements of the obscured nuclear enveiopes, It was found that it was
! L4 - £ rd ke 1] SNV L2

iYe in a nuimher " case:s oo disbinoul
possible 1 i ot casea, to distinguish elements of the nuclear

e throur e o) in: anoa] o
envelope throush the ohscuring deposits, thus the change in the meelear

ype apypearance connected =with the Ccna a4
envelove apy rected with the hormone tre-tment was du- to
s A o on Ty Sy e F ot ol . 3 ] . :
deposits of seme obscuring material rather than to s hreal Jown in the
nenbrane structure,
Nuclei wire again scored accerding to the game criteris
and + aiy? be Yown in Tub' ond i ; p ;
and the resulig are shown in Tuble 5y and Figure zg, Ingpite of bheing

better ahle to resolve the elements of the nuelear envelope, tne results

ghow the gume statistical gignificance,

Table 59 .

Percentage nue'e~i remaining unobscured nfter thvroid hormone trentmenx.

N T3 T4

T S e e s

Liver 89.63% . 94.79% | B7.08% | 67.09%

o 15 L I1.45 *4.08 Y462

Kidney 91.35%  92.32% | 63.90% 59,38%

[ —
i

5

\

|

i

l

'

¢

5

. . . o . 1 " S 2
That there is no signlflcant difference 'n the numbers of

. axi and 1icdo—
nuclei with obscured nuclear envelopes from thyraxine ant tri1oc

roni i ? ithe aining technique is not
thyronine treated tissues wfier either staining {

T s . in a gimi way, differing only ip
Surprising since hoth hovmones act 1n 2 gimilar way, g

. ) i admin’ stered 1n sucsh a wav as
their time course, and since hoth had been admin.s

However, t° - significant

to minimise differences arising from this.
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Stgﬁii;*””l gimificnnee of vurfqti

431 11 nor ,
et L A A AN AR LA ‘}.g_llimg‘iw..i‘:_";‘.f_-":i’_‘i}’Cf‘. of the maclear

envelope with thvriod hermone tr

ent

o 9 - - : - o
eny o Atter stuinine with aranium

an? lead.
. ¢
Liver TX

N Ps0.02

T3, P<0O.001 P<CO.001

T'ié PL0.001 PC0.001 P»0.1
b
X N om owm
Kidney X
N P< 0.1

T3, P<{0.001 P<0.001

T4 . PL0.001 P<0.001 P20.1

X N T3 T4

difference between the numbers of obsenrrd nuclear envelopes from the
livers of thyreidectemised and normal animals requires further
explanation. It must be peinted cout that although the nuciel §f tissuces
from thyvroidectomised arimals were cnunﬁed ag obscured, their nueclear
wenmbranes often being not readily digtinguishable arcording to the.

selected criteria, they did not show accumulations of ohscurine materinl

when examined at magnifications above x:0,000, The reason they were

not readily resolved at magnifications of x10,500 being that the nuclear
membranes tended to be verv regular, with a narrew perinuclear srace

1 animals
narrower than thoxe of nuclear envelopes frem normal anlmals.

i | ] ¢ ixation in either
Material was alsn examined after fixation 1

i . . tah13 I bscuring of the
glutaraldeliyde or osmium in order to establish that the obsc

. . S adite + 9 EBY e
nuclear envelope was not due to arefacts arisinm out of fixatlion. Counts

3 > onve S
wvere again made of changes in the appearance of the nuclear cnvelop and

the regults are shown in Table 61 .

eonr membranes after glutaraldehyde

Tha apnearance of nucl

L1 ; . : i » game pattern
fixation are shown in Plates 76 and 77 . Again the same 3 of




T a_b_l__‘f, - _g).L.~

aoe nuctoei vith N )
ES@*QS{“‘L’”L} ue el MLEA unobscured nucloar envelones after varisationg
e e L > J i’ 2y 1 ¢

fPixa i mengeadyre

| Liver ! Kidney
| | \
€ z T — ":““‘“""“““*W" - *{ R < et
i i i T
| ; | :
i N | T3 7 N : T3
3 e+ e - 1
i N R ¢
i j
31uts Fohvi 6 ¢ PR I
Glutaraldehyvile 64,204 91.36% | 68,934
+ + -
-1.89 Po~2.47 Lo=2.,39
i i
H
; i
. i
Osmium ! - - - 1 -
e e d 4 S SO

change emergrs with glutaraldehyde used

4]

~
w

the eniy fixative.

Unfortinatelv, it was feound impoessibic fo meke rmeaningful
connts of changes in the avwearance of the nuclear enveloje after osmium
fixation bhecause of the geicral quality of osmiwn fived mnterial, as is
ghnwn in Plates 74 nd 75 . The even contrast resultiny frem th-
fixation proceedure made it difficult to distincuish the nuclesr
envelone, and the nuclear membranes appeared §o regular and closely
arnosed that the individunl elements were often difficult te distinguish
at XQO;DOO and it was found imrossible to separate them according to

the criterion of resolvahility at x10,000.
Thus although the phenomenon of nuclear memhrane

ohscuration may be a result of damnage during precessing o material

for examination, it seems it dces reflect a process taking place in the

i 10 i gib’a ;. the
cell under the influence of thyreid horaones. It is possib'e that the

' . : ixation proceedures
hormones may affect the way that the tizsue reacts to fixation pr 3

but it is more likely that it 1s a reflection of a build up of material

i 1 he ane
around the nuclear envelope or an alteration in the membrane

composition produced by the hormone influence,

) . . “if
PO . . Ta e empt was made to identify
Identificati~n of obseurins material: An attemp




we material cousine the olgeurins of 4w
the 4 seuring of the nuclear envelone, Tissues

Lave been exsamined after digestion witl, ei4ha: it i
‘oevther ribenuclease or peynsin,

Nucler» membranea o4 o . i
nembranes of 909 of nuelei from all trestments of

)t iver and kidney afto: S .
both liver < y after both pepsin and ribonuelease digestion

caembled thoae of unobscured nuclei from ron+ts ;
. ielei from routinely prenared material,
Plate 78 shows a portion of a nuclear envelope from a cell of a

(X 1 E o N - ) 1,5 TP .. ]
proximal cenveluted tubuie which was  chovacteristic of those of beth

. Lt e s ) ) .
liver and kidpey which hod heen digesfed with ribenuclease. Both elements

of the nusiear gnve]ope were eclearly visible and the perinuclear spacs
not obscured by electren dense material,

Pl-ne 79 shows the muclear envelope of a liver cell
which had heen tre?ted with pepsin and which shows the characteristic
arvearance of mnterial after repsin digestion, where again the vuclear
merbranes were clearly vigihle and the perinucliear space not cbscured.
Although » suall nroporticr of pnuclei of material so treated showed less
clear nuclcar membranes many of the nuclear membranes shewed a
i

reduction in electron density compared to those of vaterial whieh had

been routinely prepared.
There appeared to be no difference in the appearanc of

nuclzar memhranes frem any of the treatments after cithor riboauclease

or pepsin digestion. Comparison of ccunts made of obscurcd nuclear

. . . e
envelopes from each hormone treatment after digestion with hoth enzvmes

. . : o - 23 4 1 T+ 5 8
showed that there was no statistical difference between the groups, as

1s shewn in Tabhle 63 .

igti ] he dq i ble U2 with that
Statistical comparison of the data in Ta

1 i ri : ‘ ixation
obtain-d from mrterinl pren~red routinely with glutaraldehyde fixat)

. . gignificant
and uranimm and lead staining showed that there was no signifi

alg from either treatment,

difterence betweeu the counts of normal anim

s o : np 3 he counts obtained from
but there was a significant difforencze between th

' i t1 chniques and
the hormone treated aninnls after both enzyme digestion technilq :

. in T 2 6 apirison
the 42 : shown 111 able 64 . Compa
n: rwvt]nely prepared material, as 18 S




Table 02 .

nuelei with wnobscured nue! an e
3 -\:_ii,.w_’,i‘_‘;.ifffl envelones after variations

Pey‘(‘.(}ﬂt«'i ¢

. il horr s rola . .
_lf_L.._I.’.}}.X.EL‘ 1 Lorrene love ‘”-_‘Eﬁ,‘_’%};jj“4\‘3’20 JL}_'Z 5 om.

i mmens e e T e e i e,

Rihonueclease digesticen, % g %
| |
Liver - 00.66% | 89.98% - 91.419
3 f 1,00 *lse *1.08 §
; ? |
| Kidnay 195.96% | 94.84%  04.40%
' g 1272 Io.us % Ioa6

Pepsin digestion

Liver | 94.31% 92,32% 88,80%
12,63 I1.02 To.62 f
Kidnev 91.86% 91.98% 96.38%
t1.45 *1.76 a0

Table 03

Statistical significance of variaticns in the anpearance of the nuclear

envelope with thyroid hormone trestment, after enzviie digestio.l,

Liver ™ !

N
T3 | P>0.1

T4 | P >0.1 P>a.1

t FURPIS

T3 T4

Kidney X

T3 pPro.l

P;0.1 pL0.01

N T3 T4

TX




7
Firure_of.
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igL\JUCLEF%R ENVELOPES NOT SHOWING OBSCURING
MATERIAL.

LIVER KIDNEY

Ribonuclease d‘ig@sted material

0,
£00%6 - - 400/‘2.

Pepsin digested material
sodts 7{ “ +oo-
/
/
/

C T3 T4




Ta bl_‘j_i')ﬁwwz_

pfmonts

Statistical compnrison ol the resnlts obtad

cd I:_r_‘o,mmgj bﬂlli@l‘ o

. N ) -~ i oy 3 .
peusin diges?ed materind yit

e

cadrom nortally ure aged

materia

Ribrnuclease digestion
x rontine preparation,

e e — s .
\ T i P < P m
N x N ] 3 x T3 T4 x T4
T e T S U S
i 1
|
|

Liver - P>0.1 . Pc0.00l ; P0,00L

Kidneyv CPCO.1 P<0.001 ; P<0.001

Pepsin digestion

x voeutine yreparation i {

Liver P30.1 = PLN,001 0 P<O.01

Kidney ' P>0.1 P<0.001 ; P<O0.901

Routine prevaration x

Control wrevaration for

enzyne digestion ,
{
Liver - PCO.05
P>0.1
N [ SV S————

. . . PR | . ant
of routinelv prenared material with the material prepared as a con irol

N - 11t ifference
for the enzvme digestions showed that there was no sigiificant differe

80 tha* it can be concluded that the differences obervel 1n the

. . Co Ao snzvme and not
enzyme digested material were due to the activll of tim' enz (

. . . s 9 2N arvpear
due to {n incubation in the bufler solutions. Thus it would arvpea

. . mew after thyroid hormon=
that tte material ohscuring nuclear envelopes after M)

. : . : ase and pepsin and would thus
treatment is digestible by hoth ribenuclease and pel

]

. crposition,
8eem to be jdentified as of ribonucleoprotein cerpos




The development of

LAn the nuelear envelope,

Altheugh th faT ehiua :
B the nueleay Pvelopes of Jiidney nuclei showod

1
ohacurine deposits associnted i+h the thyroid j ’ '
) , v 1T the thyroid horwmene treatuent, a

re obvious ei.eci of tihe thvroid 1 e L -
mo yroida normemes was unon the reqularity of
the membrane aonstituents of the nuclienr envelone,
1% . i . .
Membranes of nucl i from the kidnevs of thvreidectenisod

animals ware vesy regular in profile and the perinuclear spece was even
in width afﬂ’:md its whole pervinhery, as is shown in Plate 80 . The
nuelear envelones from normsl kidney cells, of which Plate 81 is an
exarmle, showed gome 'deg_r,rer? of drregularity in the appearance of the
mewhrans constituents, width variations in the width acroas the peri-o
nuclear s»ace, lowever, after hormone treatmont the nuclear membrancs
were often sressly irregular and often widely separated, with considerable
variations in the width across the perinucliear space, This was
particlularly marked in the cells of the nroximal convoluted tubule, as
is.ghown in Plates 32 and 83 .

This effect c~1ld alse he secen in the liver, altiwugh it

was less preonounded., and 1o seme extent mesked bv the occurrence of

. . . . T 4
ohscurine material associsted with the nuclear envelope. However
variations in width ¢ +'e nerimiclear syace and irregularitfies in the

of the nuclear envelope could

Fiy

preoliles of the outer membrane element

; C . . . . : Tand salt ate 34
often be distin~uished in material gtained with lead saltg, Plate 34

v

} 3 1iver £ T imal where the
shows the nuelearienvelope of a live: cell of a normal anirg g\

. R i1le ates 85 and 86
constituent wembranes sre very regular in profile. Plates é

shov the nuclear envelopes of liver cells from hormone treated animals

where it ig possible teo see marked irregulariti=zs in the profiles of th

in Plate 84
nuclear envelape, when cewp red to thet seen 1n I

‘ ; ; 3 ieoatle £ +hn
: ¢ iv ndicatien of the
Ir: order te gain some quant]tat.\e 1 :

; nemhr.: lements of the
variation in regularity and separation of the membhr.ne e

ade at 30 randomply selected points

Nuclear envelope,measupements were 1
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; A o the e leag Yy o | . £ 0
ayroin 1% i roenve onzoaf 11 T‘“““—"‘”]V 36 ceted nmaeied £ }
5 { i 06 crer Irom eneh

|

L ' ~ L 4 . : )
pynnrt rontftal oy any, ?‘vll’v'>311T,‘remenf;g vere corrastnd a0 ) :
el der moarafication ugine

the followins formala -

where 2 = ta2 measured lonsth o
noth on

a nrrint,

the tntal magni

=
it

cation of the print.

y = the un-masnified distance in K
»11 measurewents were mrde on material fi- in g ‘
B ; ' A > on material fived in giutaraldehyde and ogmium

apd deuble gtan d with » i P ‘(«-‘ 1 i
and sieuble stained with wranium anl lesd, The results are shown in

Table 65 ,

Tahle 65 .

e g - —

The variation in the width ceross the nuclear envelone afteor thyroid

hormone traatmont.(Mﬂnsnrement@ in A).

TX N T3 ; T4

Liver 424,34 573.47 364,42 497.8

+ i i

o3 + i
_2 . 16 -2 . 94

¥2.31 %210

|
t
i
i
+ o
~3.68 j

Kidney 592,51 547.98 ; 500.69 : 446,06
i |
| I5.61 o1 0 Z2lo4 |
S o . S I . -

Although the results of each expevimental group of the

- & 3 y ] }
liver are sisnificantly different there is ro overall pattern which
) A .

. o - r - i ‘ =Y ‘\ ; i '}
apvears meaningful in terms of the influence of thyroid hormone action,

This may be o seme extent explained by the oxtreme difficelty

experienced in makine accurate measurements across the nuclear membranes

. ) . e hat 1 he
from cells of hormone treated animals. It 1s pessible , that in the

of measuremcoy

case of the liver. the sampl ing of nuclei and of points

£ ndant o for the full
arcund the nuslear envelopes, was not sufficiently randol

. N alication of ohscuring
pPattern of change to emerce, due to the complice
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Figure
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material

giognific:

around n 81mmifies

N
i

RS

after hormone trentmant,

Mt provortion of the nu

1t iv t N \ 3
S l00S An the widbh of nuelear

elei,

envelopes

Liver TX
N | P<0.601
» T3 P<D,001 PCa.a0]
T4 1 PC0O.001 P 0,01 P<C0.001
TY N T3 T4
Kidney X
N | P<C0.001
T3, P¢0.01 P0.1
T4 P 0,091 P<0.05 P»0.1
TX ” N B T3 T4

In the case of the kidney there is a regular pattern of

variaticn with the different experinental aroups, which is however, the

reverse of th~ result c¢xnected frem the initial observation., The mean

1

distance acro=s the pe-imelecr space beine reduced with the hormone

treatment vrather than increased. This result would tend to through

t 1 gt N
doubt on the method of measuremnent rather than upon the existence of the

variation in width acronss the nuclear envelope with thyroid hormone

treatment.,

Mﬂtinn of the nuclear envelope,

- . I llOI’ nen
Clnqe xYan 101N i; L. - enve.so el o e
¢ exa ‘11’1&1,1 I Of hp nu,'ea’ ) ’

revealed that the puckering of the

treated liver and kidney cells,

These

outer element

was nssocinted with the production of vesicles,

gmall single membrane bound electron trang—
E & -

Vesicles were of two types,

th the liver and the kidney. Larger,

pParent vesicles were feun! in be




sgicles, heunded hy a dr
veslc: 08, v oa double memhrane ane frequently contaivin:
. s lals 'C.YD

granular materiol tended te invelve beth the

¢ of the nuclear

- AR SN SIY 0 = - ~ .
envelone, These wern restricted te the nuclej of the Kkidne
sle; the I v

-

The development of swall nuclear

) . . . i
morane vesicles:  Tue outer nuclear

- N ‘ .
mewhrane was frequently extende! into finear like i - i
: into fingrr like precections and pockets

Loy T e £ 34
which pinched off Lo form sincle membrane bound vesisles, with the

n VIR e ek n .
same relative contrast as the nuzlear envelone, the lumen resemb!ins the

perinuclear spuace in general contrast aad electron density, No evidence

. , i
was found that these vesicle 1vrofiles represented secticns of wicro-

tubules or lamellae derived frem the nnelear envelo-e. The vesje!~s

g

were alwaye small, beiny between 500 and 12004 in diemeter and raroly,
- ,»‘[: . v .
uo te 1500A 1n diameter,
Figure 60 represents a hypethietical series of

develoypmental stages of & amall vesicle from the outer element of the

nuclear envelope., Profiles of vesiclea representing the stages ghown
were obsepved in the materitl eaamined, sugpesting that the scries
shown does in faet occurr noturally,

Stege. (i) in Figare bO revresents the regular :,'L*.pea_raﬁce

of the nuclear envelope of rormal or thyreidectomisc! animals, ghown in

Plates 81, g0 and 84 ., Staves (ii) and (iil) represent the
¥
undulatiens and cutpushings of the outer element of the nucicar envelope

X . P E
of many of the nuclei of hormene treated tissues, Such nuclear

- 5 1 sq
Wembranes heiny shown in Plates 82 gnd 83 . Stages (iv) and (v)

i i t i he cuter membrane to
represent the pinching off of a protrusion of the

form g vesicle, an’ can be seen i1 Plates 87 and 88 . Stages(vi) and

- o - 1ea can be seen in Plates
(vii) revresenting finallly separated vesicies can e

89 and 82

.

. . T he he
Small vesicles were ohvious 1n the kidnev where t

. Cetinuis were more difficult
Muclear memhranes were clearly distinguishable, but w

. . d the nuclear
to see in the liver However, they were obvious around th ¢
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51V R 1 oneg o ]h(\ e ]( :{_\7(’7“ ( ] 3 "]\'. 3 t >
envel ] f i b 4 Ad 1 ].3 wiilten Were noet ():’}‘1;('\1; (‘(1 ])V 't'll(‘ ac
SCuUye A 110 curernce

> ~ 1o aa N - : . .
of electron denaa material, 0! fhov wes ) X ‘
' vhey were freguently distingmishabie

o the denosits of ohsenri v
throuzh the depocits of ohgenring matoaps
o materinl of other p i < i
yiher nuelel  esneciallw

in materinl vost stained with Yeal satte.  piy
) : ’ shttas s Plaves g0 and 91 shew

sl i anci1nted with 3
veaicles associnted with the nuclosr envelopes of liver cnlls, which
. =R LA LN ! %

are digtinguishablc Zhroveh the ohscurines matoe-igl
i e AR .

The relationghiy ) i
> tationghivs of the swall vesiecles to cvtoplasmic

iy . 101t ohvions
gtruetures was not obvions. Thore was no apparent associaticn hetween

he ama sicleg ane itochendris thoe G i : i

the small vesicles and mitochondria or the Golgi apparatus but there
was on occasiocnal juxtapositien of points of vesicle production with
lamellae of the endoplaosmic reticulwm, Small choing of vesicles were

found wvroduced rowm the nuclear envelone of kidney cells which were

agsocigtel with the endeplosmic reticulum, In the liver lamellae of
the endoplasmic roticulum often cccur in wvarallel loyers concentric
with toe nuelanr envelone, and rews of vesicles were often frund between
the innermost lamella of the endoplasmic reticulum and the nuclear
envelope, Vesicles associated with the endoplasmic reticului were often
flattened sugresting conversion into lirellae of the endoplasmic
reticulum, but no evidence was foeund of fusion of vesicles with
constituents of the endoplasmic reticulum,

There are, however, difficulties in assessine the

relationshing ~f the vesicles with other cytoplasmic gtructures, partly

as a result of their size and partly because of their simpie structure.

. ) ) . 1 ; 1d within the thickness
One vesicle is of such dirensions as 1o be included thin

. ) . . 7 ‘a1 sections i« impossible.
of one thin section se that examinaticn oi gerial secti P

T . . . . 1d +t1f ne vesicle
e 91 a2 gty 2y Akeg 1t 1mTO0S .q1})1e to i1dentiiy o
€17 Simplta str ucture makes N

. wnt int etation of gtructure
profiles from one section to another, so that 1nternw v

; acinT profiles throvzh
must rely on prefile shapes rather than unon tre Y

1 l ) ee t Wil ; cn -vﬂlll {. sugse ;,‘Jt
) ¥ b n f() Ild I P (U
Ser ﬂ-‘ Q()(\tlnnq ;]0“”)“7(;'4 no eV’Ji.{}]lOP 1118 B

) . han small vesicles.
: . - r nan S
that prefiles represent anpthin? other ths

-~ = kS B . et ' 8 1e
1 (e 1 )l > t; 1¢ "l(l e n‘llf‘“ lt 1m0 8se l) i Q
A aln ‘, g1n o 311 1




vjry e

[y

anate vesicle rrofiles recurrines  apo 08 ad. ,
el o Any alstance away from a nucleus with

N

1 1OS ~ Yoo N vy by e . . N
- v oobvions nucltear menmbrn e . o )
thoae of ) romenorane origin,  So that it i« impos:ible to

c o 4 £+ o ) .
pamortain the Fafe of aneh vasielag if 4l m .
aacer 3 } g 1f 4 e wmovae ont jnto the rviovlasn.

Iowever. smill vesicles were found fairly frequently in the general

cytoplasm,
- S » < PR 1 S
The freguencv with which small vesicles occcurred in

3 - 5 r3 ¥ ey PP
agsceiation with the nuclear membrane anpeared to vary botween o

experimenital groups. and inorder to estahlish a vattern of change,

et

courits were mode of the frenuencies of the vesicles. Counts were made

only of those vesicles ocecurring in association with tle nuclear envelope.

This was asgngsed as thorse vesicles oncurrine within fonr of their own
divreters of fhe onter memhrane element of the nuclear ervelope., Connts
were made of vesicles in the followine groups:.
(1) The total numhers of vesicles cccurring within 4 of their

own diamters of the nuclear envelene.

(ii) Those vesicles cccurring within 2 dianeters of the nuelear
envelope.,

(iii) Those vesicles occurring hetween 2 and 3 dim:ﬂeters from the

nuciear envelope,

3 . . . ‘ ., o R . o
(iv) Thowe vesicles occurring between 3 and 4 dlame.ters from th

nucinrar envelope,

: ; 6 a6 and
The results are shown in Table 67 and in Figures 61. and 62

: i vown in Table
the results of a statistical curmparison of the data 1 shown 1in ié

68,

1s 4 gicle product:on
There i3 a trend towards greater vesicle 7

' { s cf cells of hormoune
from the outer membrane of the nuclear envelop

(id there was
aat el . 14 : the kicney. However,
treated animals, both from the liver and

| i hormene treated
8 statistical significance only when the counts of

i qed animal which
animals were compared with these of the thyroidectomised animais,

i of nuclei counted.
1s probably accounted for by the small nuwber of




Table 67

Phe distribution of

envelone after the i

(i) Tl totﬁl nwnhe
dismeters of the nucierar
(ii) Thoge vesicles
envelope,
(iii) Those vesicles
nuclear envelope.
(iv) These vesicleg

nuclear envelspe,

g e e

e

t.single mevbiane veuie

e of fn

LRI BTvredd haseaneg

rg of

envelnye

e . Coy
veslcles occurriny within 4 of tl

vseurving within 2 diameters of the

oceurring bofveen 2 and 3 dismeters

cceurring between 3 and 4 diameters

13§~13~£plnciun o §

I.
e
i

Oy .
LA i iear

iweir own

nuclear

- ha

X N ™ M
11.05 12,08 22,71 | 19.67
D165 0 .28 196 !
5,32 .83 B.OT . 16.46
o9 - Zo.eo 0 sy Itles
z ; i %
3.44 . 3.75 808 | 5.14
fo.59 119 . sl Zo.72
2.62 220 | 453 4.50
*o.47  fo.19 0 Z0.72 <1.96
: i -

(ii)

(iii)

(iv)

p— ‘ PR

L+
o
&

275 4,50
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i0‘4g t2,00

e e i s e i




wvid F- £ $31J183A

uvid €-3% SITOISIA

ge

Usid "z NIRLIM §370163A =1

$310:1S3A 1VLOL

TIAT 9HL NI 34013ANT 9v3 10NN

JHL OL NOILY13Y NI S312IS3A INVIEGWIW F1ONIS 40 NOILNgIH1SsId

*Tg  eansig




r5%

WA oo g §I1DISIA

124
#71d € - & §313153A D

..“”
WHIC ¥ fHHLIM SITIDIS3A

ﬁc.v

"$3T70183A WLoL

AGNAIM FHL NI 3dOTIANT IVITONN

JHL OL NOILYI3Y NI STIDISIA INVHENIW F1ONIS 40 NOILNgIdLsId

"Z9  oansig




Table B8 .

gtatistica! simnificance of the A .
.‘?L"\ji—]—i@””“ e “*'*w-j;i‘\ﬂi_{lt“1'“‘“» 1 mumbers of vogiecles
el L <k CS1CH

TUrIi g

. . C oot oara oF 41
within 4 dinmeters o the o nueleny apva’ . . )
B b e et Lonvelone with $lyrnid homnone e

Liver X
I POl
T3 PI0,0% PLOLI

T3 .05 P

1Y N 13 4
Kidney TX
N: P>6.1

3¢ P>0.1 P>0.1

T4 P<o.01 P0.02  PSO.1

% N T3 T4

The develoument of large nuclesr membrane vesicles: Produstien of large

yesicles from the nuclear envelope was almost completely restricted to
the kidney and to the nuclei of cells of the proximal cenvoluted tnbule.
Both elements of the "'21(110;1}; envelope were invelved in the produecticn of
the large vesicles, and granular material resembling loryoplasm was
frequently included withir the inner constituent mombrane; The large

membrane vesicles were almost always irregular in shape, with the

memirane clements widely separated, and the included material poorly

defined.

. aaQ ot 73 ate
A coplete developuental series. guch as thet postulated

. R : Por lement
in Figure 63 , could be traced {rom an outpushing of rthe outer eleme

: e aini & uembhrane
of the nuclear envelovpe to a well develoyped bl;ster containing o membra

o B - i of the one
bound wass of karyoplasn, frequentiy within different regions ’

- le, as
: . . »nt, of a largce vesic! &
sectlon; Th(._} flrgt st{\{r’:e in the develnpmo <

. i *h{a
' - . ‘ s 53 ‘appears to be either the
shown in stages (ii) to (_1V) in Fipgure 0o app

) . +f the nuclear envelope,
- . 3ile) 1t (,:f t;l(, Il
production of a hlister from the outer elene

i ch separate later,
°r as an ¢utwvushinp of both nuclear membranes, whic i
-~ - o
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APPEARANCE OF NUCLEAR MEMBRANE
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23U
: shown 11 Plate g Tl ' hi
ag iq shows ate g e outpushing ; ;
i e of the onter me mhrane jiq
followed by am ontoushine of {0 invur;u shra i
2 nier EAATEAY 10 N s :
rane which is reuresentod by
cas (1 ant {+ in Piour in T
ghares (1v} an (v) WoFipure  and in Plateg 94 and 95 T} ) i
¢ 4 95 1 puekerine
apnl " arri it 1
Cof the 1naer Bembrane carries with it. pater a1 eo. .
i 1t, material from che baryoplasa,
which is pincaew—off to form a menbrane by pecket of kary vonla
R 12 4 i ™ a sk
P oo 1 he e = "1 ¢ i
free in the expanded nerinuclear space, na is siown in Stages (vii) and
(x) and Plate 95

It is only after the inmer element of the

appears to have cowmnletely re-uui

that the outer nuclear membrane beging to rinch-off

to preduce a Inree vesicle such as that represented hy stage (i:) and
Plate 96 .  The final separation of the deuble membrane bound vesicle
from the nurlear envelope doeg not apvear t8 he necessary for ihe
complete funection of the stricture. In meny cases the outer murgine of

the vesicle appear to breakdown, as is shown in Plates Y7 and stace (xi),
as ®eon s the inner element of the nuclear envelope ie restered across
the  surface of the nucleus, and the granular centents of the vesicle

appear to be released at this noil

the vesicles are over

found free in the cvtoplasw, and

from the unelous.

The apnearance of

b

adjaecent to clei

nu

can vwrobably
planes, as is shown in Figure 04
deve]og’nnenf:zﬂ st wes of luarge ves

Figure 64 , do not normally take

Sections is a result of the plane

Large vegicles or
the nuelenr memhranes of kidnov e
tl‘eﬂftfn(‘nﬁg s

but they appeared to

treatment., than in thvroidectonis

finnlly senarated from thre

nuclear envelonpe

ted aecross the surface of the nucleus

with 1ts contentsg

nt., In fact it i= rmesticnablae if

nuelouy, as few were

none were identifiable at any distance

well developed donble mwenmbrane vesicles

e accounted for in terns of secticn

thus it seemg nrobable that the
b3 " - - Z

icles shon by staues (vii) an:d (ix) in

3 nd ere nresense in thin
place, ana there 1

of section,

hliaters were ohserved associntoed with
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alls in material from all experimental
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be far more frequent after hor-one
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A conner g 45 "
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“the nuclear envelone were algn
o unted and exnressed aa a percentare of 1
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e totad numboer of nuelei
counted. The results are shewn in Table 69
Table 69 .
~antave nuclel with dare 41 v g .
Percenta large vesicle structures nguceinted with {he
puclear envelone after thyroid hormane treatment
e '
E
TX N T3 ! T4
- P )
% !
TS - o6 Y. ; ,
Kidney. .39 94,10 | 18.19
. i
{ S + :
i ‘ ¢ \ + ’ o+
po-1.47 -2.18 (o402 -3.28
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Teble 70 .
The statiszics; significance of the distributicn of larce vesicle
structures -vith the hormene treatuments.
Kidney TX ¢
'i
3 yd
N | P£0.001
4
7 E ’ *
H .
T3 { PL0.001 PL0.001
% ,
T4 | P{0.001 PLO.00L P>0.1
TX N T3 T4
Thue there wasg a significant increase in the number of nuclel which
a2 . ha NOT 1 e an
developed large vesicle structures, after the hormone treatment, and
: . : : . N 1 n e
there was a siwnificant reduction 1n the number of developed lars
. . L. | i animals.
vesicles in th- kidnev cells of thyr01uectnm1sed animals
) . . . : ieles: After routine
!}Sﬁ identification of the con’r;entﬂrggf,_lf‘;}fg.‘;_,‘_’,ew-‘zlf_‘)_%v £
] ", . . - . sl nd ogmium followed by
Preparation of material using glutarnluehyde and oswl
of the larue vesicles appeared

ursniuwm and lead staining, the contedts

to resemhle the karyorlasm. The included mat

devsity than but freguently res

the chromatin,

a8 is shown in Plates 96 and 95
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of lower electron
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of creuns of eravules, or fibeil virefiley o¢
les o the sume dimensiong
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) -4l RS 4 STWOYrK of the

nue e, Freanent v gmall Fibes i1, - ooy . .
L ents gtmidar dn dhwmeicciane to

o i ey PAXT v -
troge of the karvorlasw could he disce ‘
Y , )¢ scerned Necagional ‘ '
. scasicnally thn inelud
Ly the aneluded
g il arneoaced wo ot vh b 1 ;
materinl appeavced oo he wholly fibrilJar in cempogition
Materioal was coxamia P
rlad owas exemined after acrolein fixntion and gilver

nitrate staining ant the reactisn of the vesicls contents to hr wilver
atain was 0(‘?1?}'\:’?&1 with thrt of the karvenlasm., It wasg hened that seome
indication of the chemical composition «f the included m:'i,'tt'i‘l‘ifl] might be
obtained. However, certain difficulties were encountered in interpreting
the anmnearance of waterial vrepared with acroalein and gilver nitrate,
since the silver was senosited over the section as a fine granular

denosit, and not bheound to the tissue constituents as are nmoro o nventional

staing. Since tho distributien of silver granules was restricted, to

nuclennrotein cemuonents, it was necegsary to rely upon the inherent

contrazt of the tissue for the identification of other com.onents.
Althougn acrelein imparts sufficien® clectron densitv to the tisanae ©n
allow identification of sross cvteniasmic structures, the contrast was

no sufficient to allow detailed analysis, since menbranes were rarely

visible. Thus lorse vesicles were frequently difficult te iden’ify since

their membranes were not visible it was difficult to ascertain th»

relationshins to the nuclear euvelope, However, the nuclear envelope

. < 15 the
Wwas fr("‘,'.}T_'\PY)“‘ 1v i,(lan;ifiale as a !)“.19, narrew zone surrouncing itne

nucleus, apainat which nuelear silver deposits abruptly ceased. he

. ¥ 11v he identifizd by the
outer element of the nuelear envelop: contd usually be id |

. Iy - A 2
i 5 eg,  Structures whlch
presence of silver granules sver attached ribosomes

. } id 1fied as
could he agsumed to represent large vesicles could be identil (

) . e sre was a
local expansions of the pale peringelear z0ac where ther ’

. . 1 }

i i > 3 tached to the
discontinuitv in the silver de:3lts over the ribrsomes attact

a4 usue meared to be develd
outer nuclear memhrane. Such structures ustwally appear

them.

£ . : } igcerned within
of Cﬂllten’ts, but ()Ccasiﬂn;\lly mnterlal (‘,(\U]d ne d1y
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relatively devoid of deposits of siive ag i :
tVer, as in o shown in Plote 9y

: b neecaginnal granules wer i
Althore ccaginnal oranules were detected, no vesicleg weo P d i
» H cLeEsg were foun n

Hieh the contenis resenmbled chromati i ]
whice red chromating in havine dep @, overlvins

o entic £ partiele:
augregatirns of particles.  The surface of chremats
Ao sureface of chromatin misses frequently

continued acress anparent vesicles, aa i ho i )
‘ » 5, 48 15 shown in Plate 88 | chromatin

masses were nover seen nrotruding inte vesicle structures, oven whore
4 ; o sLrmact 28, V¢ Vhore
material was present within the vesicle space
‘ .

o ia ~ - F o g 3 o N
fhus the crntenis of vesicles, wheve identifiahlo, resembled

,

the fihrillar components o7 the nucleeplasm in electron densitv. and
non-deposition of gilver granules rather then chrowatin,  From which it
might be asswaed thoat vesicle included mterial is not deoxvribenuc 1ao-

vrotein but conld e either protein or ribonucloovrotein of nuclear

orioin,

Material was alsd examined after digestion with either
ribonuclease or pensin, Ribonuclease digestion did not have a very nnarked
effect upon the relative rontrast of the'large vegicle inclusions., The
contents of vesicles resembled those of reutinely prepared material, in
this respect. IHowever, ag is shown in Plates 100and 110 , there was a

general lors of structure of the contents. The vesicle inclusions

usually a‘;meuréd as hemomenenus gray rsgges of material with no ar la:a,I"nnt

fibrillar or granular structure. This would suggest that nart at least

, co vsi6i The lack
of the included material is ribonucleoprotein in composition., Ine iacl

_ X L s ey he
0f apparent cffect upon the coptrast of the contents wouild suggest the

Presence of some other components.

. . _ L marent effect upon the
Pensin ligrstion had little appa

i : s ‘4 ghown by examination
included material of large vesiole atructures, as 18 .

DY . Lther vit: relntice con.rast
of Plate 19 . There was an effect upen neit

) ] . hat either mrotein
or the atructiure of the contents. Which weuld ~S“'(meut v .




ig not a major comnonent of the veciala s o4 .
13 P vesicle dnelusion op that protein
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eounonents are not aceesusible te yipn
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ain dipesiion

Discuasien: The ¢ff. cts of thyeain

) rinece of e

pueclear eavelo. e

The occurence of +t90 ol . )
wenece of the ohgerved nueclear membrane chancos

) he acecounte: rr hv g 5 n . ;
could be nccounted for by orefactual vrenaration or te o nataral

phenemrenon, The variation of the membrane chanees with the thyreid

horrene intluence susoests that their oceurence is not artefactual. The

Inck of variation with the variatien in fixation vroceedure also tends
towards this conclusion,
A mumher of references have heen made to various alterations

in the nuclea® envelnpe which are affected hv pivsiclogical conditions,

j.vhich again srogests that the changes observed under the influence of
thyroid hermone actien are ot artefactoal, Meek and Meses (1961) have
recorded a microtubulation of the nuclear envelope, Large blehs
surronmded hy a cimuplex wall comrosed of hoth nuclear membranes have
been recerded from a number of different .senrces; Vieikind and Vielkiﬁd
(1970) in fish me lanomas; Huhn (1967) in normal monocvtes; Smith and

0'flara (1969) in nomal leukocytes; Orwin (1969) in woel follicles; Ahcarn,

Camphell and Luce (1967) in humen hone marrow cells; Toro and Olah (1956>

in puinen wig thyvmus; McDuffie (1967) in human Leukemic colls and Mollo,

. . 3 . ctive tissue,
Cancse &nd Stamignoni (1969) in epithelial cells and cennective ti

] . ) R} e Adams and Hertig (1964) have
Sz01losi “(1965), Baker and Franchi (1967) and Adans : (

b

¥ irin produced during
noted cytoplasmic vesicles of nuclear envelope origin pr ‘

) . . lian oocvtes, in
certain stages of the meiotin process, in various mamma

. S a charrer and
which substances resembline the chromatin oacurred, Sche

L man n e ki the
T ] 1 he kidney under the
i ( 1m1 hose in the !

Worzel, a “(1969) noted changes gimilar to tho I

inf? : . Pretopterns oocytes which were arrarently
vence of thvroid hormones 1n Frftorzr o




7

cr)nmx(:f‘.od with the travsport ot miterinl aergg t
: i1 ACruss n HUCEQRX‘ .
{ envelonpe
. Vet TV Tawinalod s " . ;
Kilarski end Jasinsia (1970) noted o varisntion an th |
R ne treduction of

aieles Aam the e loe:; ok e )
vesreson fr MeLear memheanes of gaa ofp nd celly of P 1
Trahn PACE N S eren ..4

uviatilis

wh (‘] was C m‘mcctod with ariation i
yhich W Hovariatie« the nrotes vty
” it ation 1n the pProtein Syll‘th(}t]’ ¢ activity of

the gas oland cells,

qu‘ i ) { S = U >
3 L WOu L geenr oY et f‘h (] i, i ‘ ""' D I3 > S nLsaerve
1 1582 {/ BN ‘!L, tan cChnneres onger Ld

er the influence of thyvroid hormene 5 .
und 7 YInla hormencs aiso represent a natural phenowmenon

vonneched with a physiclpical wrocess whieh is in:
¢ it i vrocess which is influenced by thrroid

3 artor 7] - . e JRNET S ” )
hormone artion.  The matural candidate for such a physielogical process

ig protein synthesis since thyreid hormenes are known to act thrcugh
. ! &

protein syntiesis, It 1s interestine to note that the chanees observed

1 (197\')) and Scharrer and Wurzelmann {1969) were

L4

by Kilarski and Jusinsi

o

=

algo connected with ,rotein svithesis, The connecticon hetween vesic’ -
rreduction frow the nuclear envelope and protein synthesis is obscure
but several possible suggestinong arise, as followsi-

1. An increase in surface area of the mucleus connected with protein

productinn which coul?d bhe rennected with dissipation of eneray, or

exchange of small molecules,
2., Production of vesicles or outpushings of the nuclear envelope

increasing the surface of t.o wembrane itself rather then of <‘he nucleus,

~

to facilitate more rapid exchange of small molecules across Ulie perinucleas

space.

) . ) i T nembranes, which
3. Production of small vesicles from the nuelear membranes, wh

contain swall particles from the micleoplasm of other nuclear comvonenent,
X _

. . o and earried
the vesicle then being pinched off from the nuclear envelope and Carrled

off into the oyteplasm.

ear envelone
4. Production of mewmbrane components from e nuelear :

i ST AT wich mizht be
for the endoplasmic reticulum or Golzi apparatus, WhlCT Hie

mterial in the nucleus,

vy N . ., . . 5 N 1 ;,-] I
8:rehironi sed with the production of new ribosoma

1 of these

i At ‘nation of severa
It is probable that @ combi

i & gorved phenvmena.
Sugeestions would provide the exnlanation for the obhsc }




Vegiclies of Twe 1y o were ohserved CHILR I
»oFmtlsingle membrane hound ves: :1
. IR ; 8811 :8

darived [rom the cuter element of
terived tement of the huclear envelo. o and 1ay louhd
2topey and large double

1 T oo Al .
membranae Doun vesie Tes dopive ! Pranm Heth o ola 4 r
metn - e AL otamanty o

e nuslear envelore
and containing materinl of nuclear origin,  The mo:

o

t likely exrlination

41 *

. the ocenrrenca of small membra: resied i A
for 4 Drane vesicles is thet they are connceted

with the vreductic ¢f 7wew ende~lasmie

OESY

reticulum syanchronised with the

. cnsed vrodiction of ribos
increased prodiuction of ribosomes within the nucleus This scems probabl
. K M3 pr antlpe

for two reasons.  The end-nlasmic reticulum and the nuciear envelore

AN N © Ty tar at - " : 1
appear te ke of sim Tar structure and are regarded as representing an

interconnectinue channel within the cell, The nuclear wesbrove is erived

from the innermost lamellae of ithe endeplosmic retic.lum afier cell

divisgion, thus it 1s possihla the twe mewbrane systems contribite one to

ancther during the narmal funciisning of the cell., DNelationships between
small vesicles and lamellae c¢f the endoplasmic reticulum have heerp
ohserved fairly frequentlyv, sugveating that the vesicles rzight he

contributing to the endeplasmic reticulum. BSwall vesicles winht also be

7

carrving clsciron transvarent material or small molecules over to the

cyteplasm from the perinuclear space or the nucleus itself, or over to

the endoplagmic reticulun, It is alsn possible that the preduction of

. ) . . . PR a1 A
arall vesicles from the nuc! -ar enveiope might act as a signal to the

. . ; , . . +1 v thi«
endo:lagsmic retielum to vroduce wmore membrane lamellae. although thi

seems less likely,

: ) - ; Ay e production
There have heen several suggestions that the p

. . ; iope represents a
of tac large membrane vesicles from the nuclear envelop nres

v nlitions within the
1 ontitions withi
secon‘arv route. across the miclear enve:ope when ¢

i1l an inereased load
¢ell are such that the nuclear pores canuot cepe with an in =

f ( tl an OX (; cleus (; tal ;Lh(l.' rer d'ﬂd
(Al the eV T )I&SLL- (k
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weterial wight be
Warzelmann 1969) Such an inereased load of nuclear me f

. sgibiv of too
TN ! are possibly o
represented bv ribosomal precurser rarticles, which arc pos

: . . : b +he nuclear pores.
great o size to be easily coped with b7 he
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roaont bhe ususl fe faw 1.
represen b U route Ier the transwort §¢
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1 O 0 vy 1 1\})[()!10,
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geems ~vobanle that such jarcicles o Cihegoens )

rrecurser particiog would

ave o nasdg oul via a revte such ag ; i hi
" T bas a vesicle, In whiel case increased
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nart icie containd 1 vesiocles, OT an Inerea se 1u the rumber vrodu d
: > 1 e piymae : e e
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Towever, it venld geem probable tha+ 11 : i .
Ilowever, vrobable that the nuclear Fores cope with the

puormal load of nuclear waterial transvorted to the cvtoplosn. incinding
ribosems 1 mrecurser particles, although they mey not provide a sufficient
means durine neriods of rapid production, and a secoendary reunte of
"palk! transport would then be neeessary,  Such a rente could he nrevided
Iv the deuble membrane heun?d large vesicles,
Lowenstein (1964) has ghown that the electrical
registance of the nueclasr envelope vnresents a ferpidable herrier to the
.direct ragsace of material across it, and thet this resistance is
destroved if the centinuity of the mbwhrane i broken. Thus vesicle

prodicticn would present a means of transuorting naterial across the

nuclear membrans without at anytime causing a break in beth elewents of

[N
Lac]

the envelons, and a consequent lossg of the diffusion barrier. Thus,
the vosiclas rorcesent bulk trangpert of weterinl across the nuclear

mewbrane, the cuestion arises of low the aranular ce:.tents leave the

vesicles and enter the cvtonlagm. lowever, it appears that these vesicles

: . ~oank f the
are rarelv pinched off from the nuclesr envelope. hefore hreskdown of ih

; N icle mombranes
vesicle mewhrane has hermun, Brealdown of the outer vesicic 4

; . o ; non as the repair of
and relense of contents appears to take plere as s ¢

; P4 e Pt
] " \ .« the moint orf ves:cle
the inner membrane of the nuclear envelope nrerons the 1

- . A0 via thia route may
Production ig ecomplete. Thus transnort of materio

he ranid,
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fonm the difierent teoofmont, reveala thiag there oy 1 1
! by be a differenen
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their activityr,

The o Ui H a ' b
[lie avipearance of nelear porey ip thin sectionsg var:
n sections varieg

accordins to the plabe of goetie a3 1y g! in i
accor Y I section, as is shown in Flgure 66 4pn0

accordiny to the amount of material anaceiated with {4 Poreg of 4 4
tth iy, tes of tyue

wove wore freguently found in thae

thy 1.01|1ef:tum]_sed anima s than in

iR e ] 0¥ -D‘-v N “P ! ‘ ¥ SUIERY
material of eitler of the ather expernaental groups, and wost of the

pores seen 1n nucloar scetions frop thyroidectomised anipals anpearead

to eonforin to this nattern, Pores of types 2 ond 3 geeurrad in material

from normal animals, in which case the associibed meterial op 'pore
deposit! wan quite <diffuse. Material from the hormone treated anjunls
showed pores alrmost exclusively of tvpe 2, where the 'pore denosit! was
frequertly clectron dense. Pores resemhling those of tvpe 1 were

rarely if ever seen in materis! fron the thyreid hormone treated animals,
The possibility arises of an assnciatieon ‘netween' the elcetron dense
zaterial associated with the nuclear pores of material from hormoue
t,rr.;n‘ted animals and the electron dense obscuring material associated
rarticularly with the nuclear envelone of liver after lhormere trratwent,
although the connection is difficult to visualise.

. There would thus appear to he several pegsible routes for

. , , 1 hich wmight
the transport of matevial across the nuclear envelope, which wmig

| | | . i - 3 g 3 and
Possibly he influenced by thyroid hormone administration., Houtes {

. 1
‘ . ioning cell. That
5 probably represent those in use by a normally functi

. ; . N T itself, either
sra 1] moleccules passg freely acroas ihe miclear envelnpe itaelf,

R . 3 4 1L oY
Ceo . . . shanism, and that larg
by diffusion or hy an active transport weoaanisit, ¢ g

N o the clear pores SCEWs
PArticles pass out to the cyteplasm through the nu 1

amall

. . .,
t ; hy the means ot
Prehable, although some transport may take place by :

. wal o There
‘ I3 yrnal cell,  The
embrana vesicles revproszented by Route 1 even in the nori
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pOSSIBLE ROUTES OF NUCLEO-CYToPLASHC TRANSFER
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sNALL NeENBaanEos VESICLES,
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o RETICULUM. T comtents, 1
0

LARGE, OOUBLE nenepans -
BoVNDED VESICLES iy
SRANULAR CONTENTS, PO5SIGLY
ﬁi{?RE:;&NTINS RiBpIoriAL
PRECURSER PRRTICLES,

HONOGENOLS, ELECTRON-DENSE
NATERIAL PRBBING TUROUGH
NUCLERR~ PORES.

HOMOGENOUS, ELECTRON-DENSE
NATERAIAL  PASSING DIRECTLY
ACROSS THE NUCLERR ENVELLPE

SNALL NOLECULES PASSING
pIRECTLY RACROSS THE
NUCLEAR ENVELOPE.
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dense obscuring m-oterial associnted with the nuclear envelope, particulorly
in the tliver, of thvroid hormone treated animals, is difficult to
vigsualise, It is nossible that it represents accumulatic.vns of material
arainst the nuciear envelope prior to transfer to the cytoplesm. The
possibility that it rerresents some hreakdown of the nuclear membrane
structure tc ®acilitate transfer directly across the envelope, seems
unlikely in view of the observations on *.c significtnce of the miclear

: Cpe s . ' i 054
envelope as a diffusion barrier. (LOQ“-’G“Steln 1664).
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from thyreld horone action have yeilied considerable amount of
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information regarding the mode of action of the two kormones Thia

investigaticn has shown tihat wany of the alterations 1in metabolism

arc accompanied by detectable ultrastructural modifications, wlthoush
Lcatl y @ltneugh

the changes in the ultrastructure of many of the cellular organellas

by SN : oo vy PRI S ! . : Lo
were not as marked as wonld he expected on the basis or the bivcienical

data. This is probably attributabie to some extent te the use of noraal
animals ratvher than thyrcilectomised ones for the he mone treatments.
As was pointed out by Roodyn et al (1‘-(35) thyroidectomised anim:ls
made o considerably greater response te the administrition of thyroid

horsones thar did normal animais, lIlowever, duc to the difficultics

experienced 1n obt_zlining thyroidectomised mice, use of normal animals
was unavoidable.

Thyroid bormene administration is known to result in
increased proiein syuthetic activity iﬁ both the liver ana tue kidney
(Tata et al 1963; Micnel et al 1963). This was obvivus from the

. . . . g o anveatlratle as well as
cellular changes in both tissues used in this investigaticn, as

. Py e 3oy 1
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from the biochemieal data obtiined by sther workers., Ua ang

; . L ) . srotein synthetic activity
metabolic activity in the liver, tewards more protein sj
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of endoplasmic reticuluwm, which could be demo
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. - $ anparent diurnal
hormone administration, inspitc of the complication o ap}

) . £ donlaseic
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_ o idney although increase
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ecytop iasmic oruanelles devectable after o sigle dese of triiodotiyronine
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were sustuinced and often increased after a prolonged treatuent with

either triiodethyronine or thyroxine.
IThe early effects of thyrcic hormones wpon the nucleus

were not accempanied by obvious changes in nuclear ultrastructure,

altheupl tnere wore significant reductieons in nuciear size 6Uhrs after
hormone administration which wus net sustained after prelenged hormone
treatwent. The significance of the alterations in nuclear size ig
difficult tu visualise. Appart from slight alteratiens in the amount
of ciromatin visua.lisod in nucie"x of both the liver and the kidney
associated with hormone treatment there' were no alterations in nuclear
constituents which were immedictely apparent. There was ne apparent
alteratien in tuc aprearance of nucleoll which could be attributed;/to a
changed functional state, iu eitier the liver or the kidney assocclated
with the horm(‘)ne treatment. There were however, hermone agsociated

. . e Vool in the
alteraticns in both tne materizl acsoclated witih pucieoll and 1n th

o tiara 3 ie prepurction
nucleoplasmic o i tue able after variations in the prepar
oplasmwic constituents detec

L 4qe in the argentophilic
Proceedure. For instauce, there was an 1ncreasc 1 €
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fnau the detectable variotion. - i
: ¢ detecvable varistion., in Hictear coiponenty are

so gulzght suggests  Ghat horsene infiucnce B1ght act uien tue rote of
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transfer of nuclour material tewards uhe o topleas

a8 well ag uren the
puclear eynthetic activity, as was susgesced by Yata (196,4., 1965, 1u67)
3 N T ’ u

The tendency oi nacicell te start migration towards the nuctcar envelope

during the first lonrs after triiodetaronine administricion tends to

support tuiz view. the preducts of nu:lcoler syntiesis are hnown to he
mainly ribozomal (scharrer and varnell 1962, Pemaey et al 1906, Perry
1962, 1963, 1064) and migration of nucleoll towards the nuclear envelope
weuld conceivably facilitate the rapid transfer of ribosomal mat;erial
to the cytoplasm. Migration of nuclecli occurs at about the time when
increased nuclear gynthetic activity is first detectable (Widnell and
Tata 1065).

Alterations in thc mo:;pimlo:;y o tite nuc!ear enveloje,

. . . K. -+ ¢ 0} 8 Ac
which can be rotated to increased activity ol nuclear / cytoplasni

transfer mechanisms also vecurr within the first 15hrs after
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of the obscurling materia.,
Thus the 1nflu-nce of thyreid hermones upon cellular

metabolismw summarised in Figure 1, is poralleled by effects upon toe

i 5
ultrastructure o7 cells. The cbgervations summarised in Figure 1 can

be extended to include the data obtained from this investipatvion

cf the ultrastructural effects of thyroid hormone inflinence, as 1s slown
in Ficuve 70, The results of increase! synthesis of ribescmal material
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Appendix I,

Morpnolevical Chanres in tae Muclear Inveluse of the

Liver, bhidney and Uterusg o7 the Hat durin: tice Ucstroug Cycle,

In view of tue possgibly artefactual origin of the
observed changes in tie mor
influcnce of thyroid hormones, an invesvigation of the morpiclogy of
the relear envelope wvas undert ucen in anothoer experimental sfitem.
i'he liver, kidney and uterus of ravs at different stases in the ocestrous

cycle were selected for study. Samples of the threc tissues were taker

o

frowm rats in pro- and di-cestrus for comparison as tiaese were readily

available, and it has been shown that there is a 104% increasc in tuoe

midosterone and a 119% increase in the corticestercne secretion rate at

+

pro—oestrus at a4 time when oestrogea sceretion was also maximal (Minsull

C

and Crocker 1970; Yoshinaga 1069). It appears that the steriods aldo—
sterone, corticostercne and cestrogen act vin protein ssnthesis atv a
similar point in ihe precess as that at which thyrcid hormenes exert
their influence (Sharp and Leaf 1966; Willi.ms—Ashman and Reddi 1971,
Castles and Williamson 1965). widnell and Taia (1965) showed that

certain stcroids and thyroid hormenes act via a similar route. Thus it

rovide a simple but comparable

wasg theought tihat the oestrous cyele would »
experimental system to the influence of thyroelid rorcumones in which to

investignte some of tue effects of hormenes upon the morpholosy cf the

nuclcar envelone.

Methods,
The stages of the ocestous cycle were determined by taking
vaginal smears daily, between 8.30 amd ©.80am. for fourteen days bhefore

death. Small picces of liver, idney and uterus from cach of four




pro—~oestrous and four di-oestrous animals waillst thev werse uder

phienobarbital anaesthesia.  The tissues were Iixed rovtinely in

“iutaraldenyde and osmiws tetroxide.,  Qoctions were stiined Wittty Lo

and uranium befoere exawination in tne elsct on mieres

o
e
l¢]

The apearvance of liver nucici.

fhe nuctel Irom cells ¢f +ne di—ocestrous liver were
reanded with oceasiona! indenvations, thore was livole wdori STALNLIE
minterial cresenst asd nucieoll tended to be prominent but sa.ll.  In
contrast tie nuciel from the livers of animals at pro-ocestrus were
large prominent and rounded, Thece var much dark staining material
present, and the nucjecli were large and sell developeu.

ihe muclear envelepes surrounding nuclei frow tihe Livers
of di-cestrens animals were well deiined, evenly separaced and regular
as is snown in Plate 103, lne nuclear cnvelppes surrounding nuclei
from tue liver of animals in pro—cestrus tended to be obscured by an
eicectron dense material rescmoiing taat previcsly described after
thyroid hormene treatment of mice, as is gnown in Plate 104,

The nuclci sihowing obscured membranes were counted

acsording to the criteria used in estimating the extent of the obscuring

waterial in tine mouse. The results ar: shown below. fGhoi2 was a

Percentage nuclel wivh unobscured nuclear cnvelones at vro— and di-vcestrug.

D1 - oestrus Pre¢ - oestrus

76.60 & 939 59.35 T 12,93

R S R IS

significant difference between the resuits of e two experimental groups
with P<0,00L Tous there was a marked tenuency towards an accwaulation

of some obscuring material against the nuclear envelope of liver cellis




durling nre—ecesuwrus, in the rat.

1t is interesving te note inat after lead post stoining
of matericl prepared frowm thyroid hoomone treated nace 1L was olten
possible to distinguish tue nuclear membrane elements virougn the
obscuriin, material, tuls was rarely pousible in thne case ef tue rat in
pro—-ocstrus, Where the membrane elcments were distinguisihable in tace
mouse they were fregquently puchered and irregular, where they were

listinsuishable in the rat they were usually regular and even in prefale.

1
L
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Lhe apnearance of iidney nuctod,

The nucieil of both the proximad and distal counvoluted
tuhules of di-cestrous ‘ciduneys were roundged, dark staining material was
restricted te a narrow sub-peripheral zone, Nuclecii verce prominent but

rounded and smail wiecs: enily miminal aweunts of asscclated pars granuiosa

g
The nucled of the pro-ocestrus kidneys showed varyiag
vresponses to tine circulatin- ucrrones, The nuclel of wwe proximal
conveluted tubules remained comparatively unchanged, whereas those of

the distal convoiuted tubules showed waried moryhelogical variavions.

There were marked iacreases in the amount of dark staining material prescnt
and nuclicoll tenued to be larger and better developod.

The nuclear envel:pes surrouniing nucileir of tue jrouzinal
convoluted tubule cells ef ihe di-oestrous animals tended to be crisp
regulir and with evenly separated nembranc elementus. They were
relatively unchanged during pro-oestrus, lheir appearance i1s shown 1n
Plate 105. 7Tte nuclear eavelopes surrounding the macle1l of the distal
convoiuted tubules during pro-ocstrous were irregular witu the .
production vf small vesicles from tie outer m.mbrane element, as is
ghown in Plate 106, During di-oestrus tney were regular with no
production of swall vesicles, as is shown in Plate 107, Very few nuclei

of either proximal or distal conveluted tubule showed any accwauiacion

of obscuring material during pro-vestrus, and the extent oi the vesicle




prouduceion and the rrregularity of wue nnclead envelope were not s

marked as in e mouvse hidney after thyrols hoeroione Gooatuent,

The aspearance of the nuclel of tnhe uterus.

Attention was restiricred to tise nuclel of tihe enduvwetriun
which wuas idenvified 1n fiics scotioms »toined with teluldine blue
vefore tire b.in sections were cut for clectron microscopic exoaminaviorn,

Thé nuclei of tne di-cestrus endometrial cells were
elongated and irvegular in cucline, those of tine epithelial layer were
more rounded bub still idenved. The nucleoplosi wos nomogeneceus, with
little dar. staining materini present, aucleoli were small, with a
prouwinent nucicolonema but little associated pars gramulosa.  iro-
cestrus naclel were wore regular in outline, possessed a  greater amounﬁ
of dark staining material and there were greater amounts of granutosa
material asscciateu .1th uvie nuclecius,

Tiue nuclear envelopes of the endometrial cells during
di~oescorus were crisp and regular, a few of the epitiiclinl cell nuclei
showed extenzive locnl expansicns of the perinuclear space devoid of
contents. There was a marked accumulation of cbscuring material
acress the nuclear envelope of the pro-vestrous matevial, which was

absent from the epitnelial cell luyer nucl-i. The epitiheclial cell nuclei

tende to show increases in the numbers of outer membranc vuckers.

Discussion: Variaticng in the avipearance of the nucliear envelcne during

the oestroug cycle,

The observations on the variaticns in tue appeurance of
the nuclear eavelope during the cestrous cycle appear to confirm that
steroid horuwones, in particular those circulating during the oestrous
cycle, oestrogen,'corticosternue anid aldosterone, act at a point in

protein synthesis similar to that at which thyroid hormones act, in
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FIXATIVES,

1, Glutaraldehyde,

(a) 5% glutaraldehyde in 0,00M sodium cacodylate, pH 7.4
(b) 2.5% glutaraldehyde in phosphate buffer, pl 7.4
2, Acrolein,

10% in 0.05M sodium cacodylate, pl 7.4

3. Counlfield's osmium tetroxide,
2% gemium tetroxide - 10ml.
veronal acetate buifer - 4ml.
0.1N HECI. - 4nml,
distilled water - 2ml,

adjusted of pd 7.4 with O0.1N Cl.

plus 0.045pm. sucrose/ml, fixative solution.

UFTFER SOLUTIONS,

1. Phosphate buffer,.
M/15 N, HIPO,, . 21,0 (Sorenson's salt) -~ 72ml.
M/15 XKH,PO 41,0 - 28ml.

adjusted of pl 7.4

2. Sucrose / phasphate washing medium.
0.44M sucrose solution - 100ml.

0.2H phosphate buffer, pl 7.4 - 100ml.

3. Veronal acetate,
Sodium veronal (sodium barbitone)- 2.9%4gm,
Sodium acetate - 1.94gm.

made up to 100ml, with distilled water.
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IMBIEDDING MEDIA,

1. pon 812,
A, Epikote resin - 62ml,
Dodecenyl succinic anhydride -~ 100ml,
B. Ipikote resin - 100ml.

Methyl nadic anhydride -~ 89ml.

For use:- 70% A }
1
309 B

+ 1.5% DY062 araidite accelerator.
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OSMIUM FIXATION.

1, Caulfield's 2% osmium tetfoxide‘

2. Veronal acetate

3. Ethanol dehydration
(50% ethanol Smin.
70% ethanoel Smin.
90% ethanol 5min,
absolute alchohol 30min,

30min. )
4, Infiltration with embedding medium
(Epoxy propane
50% epoxy resin in epoxy propane

Un-polymerised epoxy resin.
poly poxy

GLUTARALDEHYDE FIXATION,

1. 5% glutaraldehyde in sodiuvm cacodylate
2, Sodium cacodylate wash.

d. Dehydration

4, Infiltration in embedding medium,

GLUTARALDEHYDE AND OSMIUM, DOUBLE FIXATION
1. 5% glutaraldehyde in godium cacodylate
2. Sucrose /phosphate buffer wash

3. Caulfield's 2% osmium tetroxide

4, Veronal acetate wash

5. Dehydration

6. Infiltration with embedding medium

viii

60min,

Smin,

Tomin,

180min,

30min,

30min,

30mir,

30min, )
180min.
60min,
18min,
180min,
180min,

4 changes in 24hrs,
60min.
Smin.
T5min,

180min,




|
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ACROLETN FIXATION

1. 10% acrelein in sodium cacoedylate 00min.
2, Sodium cacodyviate wash 60min,
3. Delrydration Tbmin,
4, Infiltration witih embeddins medium 180min.

ENZYME DIGESTION

(a) Ribonuclease digestion

1. 2.5% glutaraldehyde in phosphate buffer 15min,
2. Sucrose/phosphntc buffer wash 4 changes in 24hrs,

3. Ribonuclease (lmq/lOOm].) in phosphate

buffer, pll 6.4 180min,
4, Phosphate buffer wash bmin.
5. Caulfield's 2% osmium tetroxide 60min,
6. Veronal acetate 5min,
7. Dehydration T5min.
8. Infiltration with embedding medium 180min.

(b) Pepsin digestion

1. 2.5% glutaraldehyde in phosphate buffer 15min,

2. Sucrose/phosphate buffer wash 4 changes in 24hrs,
3. Pepsin (0.5gm./100ml.) in 0.1N HC1 20min.
4, Phosphate buffer wash Smin,
5. Caulfield's 2% osmium tetroxide 60min,
6. Veronal acetate Snin,
7. Dehydration 75min,

8. Infiltration with embedding mediump 180min,




SECTTON STAINS,

URANIUM STAINING.
(2) Saturated methanolic uranyl acetate

25% uranyl acetate in methanol.

Stain for 30min,
Wash in methanol
(b) Aqueocus uranyl acetate

2% uranyl acctate in water, adjusted to pH 4.5 with NaGH

Stain for G0wmin.

Wash in distilled water.

LIAD STAINING.
A. lead tartrate 63gm/1. distilled water
B, sodium hydroxide 14, 50ms.,

scdium potassiwa tartrate 2.5gm/500m1. water,

To use:~ equal parts of A and B, filter and stand.

Stain fer 15min.

Wash briefly in N/100  NaOH and distilled water.

SILVER NITRATE.
10ml 0.3% AgNO3 adjusted of pH 7.8 - 9 with

5% borax; made up to 30ml. with distilled water.

Stain before mounting en copper grids, for 45mins. at 70°C

Wash briefly in 0.5% thiosulphate and water.
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TOLUIDINE BLUE (for light microscepical examination of thick seetions)

2% in aqueons 2% borax

Fix sections to glass slides using heat
Heat a drop of the staining solutien on the slide
Wash in running water.

Blot dry.

PHOTOGRAPIITC PROCESSING.

Photographic plates:— 'Ilford" N 50 contrasty plates

or 'Ilford' IM 50 nlates

DEVELOPMENT,

1. Hydrequincne developer, 'Maxicon' (2+1) 2min,
2. Fixer, 'Kodafix' (1+4) 4uwin,
3. Continuous wash in running tap water 30min,

4. Dried at 60°C.

. . 10
All proceedures carried out at GO C,

PHOTOGRAPHIC PRINTING.

'Tlfobrom', single weight papers, Grades 1 -~ 5 as necessary,

DEVELOPMENT,
1. 'Bromophen' developer (1+7) approx. 2min,
(twice the clearing time)
2. 'Kodafix' (1+3) ' 5min.
3. Continuous wash in running tap water 30min.

4, Dried on rotary glazer,




