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ABSTRACT

The hlstology and ultrastructure of the pars distalié of
the’raﬁbit hypophysis was studled after different perlods of
organ culture, and the best technlque for the maintenance of
- the maximum propertion of the explaﬁt was éssessed by comparing
cﬁltures'grown in different conditions. Explants in alr with
a medium buffered with Ne2-hydroxyethylpiperazine-Nl-2-
ethanesulphonic acid (HEPES), not previously used in organ
culture, proved more satisfactory'than explants in carbogen
wlth bicarbonatgabuffered 199, and cultures were maintained
for more than 3 ﬁeeks." Mater1a1 from young aninmals survived.
better than from old. |

The survival of cells was assessed on the basis of their
'cytologianl\iﬁtagrlty when explants were examined by light
hioroscopy éfter specific étalnlng and by electron microscopys
DNA and RNA fluorescence with acridine orange was & valuable
1ndicat6r. Also, cell multibllcation wasvldentifled by’
direct observation of mitosls; by thekapplication of the
colchicine technique and by autoradiography. |

During culture.‘prblactin cells showed physiological
slgns of seoretion (demonstrated by combilned culture with
mammary gland) and morphological signs of an lncrease of
secretory activity. Morphological signs of reduced secretory

activity appeared in the presence of hypothalamlc tissue



(combined oculture) or extract. Sematotrophs and gonadotrophs
showed signs of low~-level secretory activity in solitary pars |
distalis culture and of increased activity in combined culture
with hypothalamus. Secretory granules, and amorphous material
Judged to be eeeretory. appeared in intercellular and
perivaseular spaces during culture.

Somatotrophs beoame relatively much less numerous than
prolactin cells as culture proceeded and gonadotrophs became
very rare. but combined culture wlth hypothalamus appeared to
favour somatotrophs and gonadotrophs.'

Thyrotrophe disappeared soon after 3 days of culture.

Agranular parenchymal cells 1nereased in proportion during
‘culture and seme (the stellate cells) became macrophage-like.
an-pareneh§ma1 eells. 1nelud1ng‘f1brebiaste. persisted
during culture. o | '

Cell modifications during culture included the development :
of a peripheral epithelloid layer, the appearance of numerous
mierevilli. miorofibrils, coated or smooth vesicles, lytic
bodles and desmosomes. and nuelei and. nueleoll became enlarged.
"and intranuclear rods became more commone. Cells often becanme
more electron dense durlng long-term culture. Identlflable
granules were retained by many cells throughout eulture;

Intranuelear.rodlets (fibrous or membranous sfructures)
were 1deﬁt1f1ed in uncultured and cultured material; these have

not been previously described in pitultary cells.
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INTRODUCTION

Loeb, in the late nineteenth century, was the first to
maintain cells, of blood end some other tissues, outside the
body in a viable condition, é.nd thus can be sald to have taken
the first step in T4 8sue Culture. Ross G. Hérrison in the
early part of the twentieth century demonstrated for the first
time that nerve fibres grow out from nerve cells in vitro, and
he may be called the 1nventor of tissue culture. Other
notable workers were Carrel, Burrows, W.H. and M;R. Lewis and
Ebeling. Tlésue;cultuie may'be subdivided into tissue culture
proper; ceillculturg; and organ culture. |

| In organ culture, cell multiplication is of subsidiary
interest but embryologieal development or the maintenance of
normal organlsation and physiological functions 1s usually
the chief object and bhe,outward growth and migration of
de-difrerentiated cells 1s suppressed.‘ -

Strangeways and hls team and Maximow made the first real
: steps in organ oulture, working with embryonic organs. ‘

The early work 1is fully revlewed in 'Cells and Tissues
in Culture®” (w111mer. 1965).

varioua methods have ‘been used for the culture of mature
brgans and descrlbed by Fell and Robison (1929), Schaberg and
De Groot (1958), Trow011 (1959)..Macrbugali {1964), Coupland
and MaoDougall (1966), Macrbﬁgall‘and Coupland (1967),
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Biswas et al. (1967), Tapp (1967), Mayne et al. (1968), Luocas
(1969), Feldman and Lebovitz (1970).

Pitultaries, either entire or as fragments. of the rat and
some othér animals, have been cultured by a number of workers
using different.teohﬁiqnea. media and gases. The object of
most of the work was to assay the hormonéa\releaaed and formed
during culture, and relatively little attention has been paid
to the histology and ultrastructure of the cultured explant
(Meltes et al., 19613 Martinovitoh et al., 19623 Nicoll end
Meites, 1962a, by Danon ggﬂg;,, 1963; Solomon and McKenzie,
1966; Deighton and Meyer.v1969; Méeleod gg;gl,. 1969
- Arimura et al., 19693 ,Kruiiah AndfMéCann, 1969).

‘Some workers have studled the histology and ultrastructure

of the cultured pituitaries of some animals, e.g. Gaillard
© (1953), Pasteels (1962, 1963), Trowell (1959) and Mastro et al.
(1969) studied rat pituitary. Petrovie (1963a, b) the pitultary
| of’hamster.’guinea,plg and rat, Tixier Vidal and Gourdji (1965)
the pitultary of duck, and Sage (1966) the pitultary of fish,
but little or no work has been done on the culture of pars
distalis of the adult rabbit except from a purely
physiological point of view (Nicoll and Meites, 1962b).

| There are several publications on the oculture of pituitary
in conditions in which the outgrowth of sheets of tissue ococurs,
notably by Kasahara (1936), Gaillard (1939), Pasteels and
Mulnard (1961{, Pasteels (1963), Jensen et al. (1964), Emmart
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~and lMossakowski (1967) and Gyé%ai et al, (1969).

 organ oultures have been made of the anterior pituitary
of the émbryonio rat (Chen, 1954), of the young rabbit
pituitary (Gaillard, 1942) and of the anterior pitultary of
the human foetus (Pastéels. 196331 Jensen et _al., 1964).
 There is very little published work on the organ oulture of the

-‘pltuitary of the rabbit with :egard to hlstology and hone with
regard to ultrastructure.

In the preaent’wo?k observations hafe been made on the
" histology and ultrastructure of the pars distalis of the rabbit
hypophysis in organ culture for periods of up to 24 days.
‘A medium burfered_wiﬁh N?z-hydroxyethjlpiperaz1ne~N1-2-
/etbanésulphénie acid, known in commerce as HEPES, was found
to be advantageous (Fiék’and~Pathak. 1969).

B Mitosia 1n bhe cultured macerial has been identified by
autoradiography. colohlcineutreatmenb and direct observation.
Viabllity asseesmanta ware baaed on direut obaervation of
atandard preparation and DNA- and Rﬂn~f1uorascenoe with aeridine
orange. .

COmbined oulturee demonstrated the secretion of prolactin
“fduring culture. ,

‘ Preliminary experlments on dehydrogenase activity
(formazan tgchn;que desoribed by Howe and Thqdy, 1967) were
not gucceésful and were not continued since they had been
1ntendéd to give an estimate of viability, and simpler methods
proved sétisfaotory.
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MATERIALS AND METHODS

A. Animals

16 mature male rabbits aged from 6 mbnths to 1 year, 25
mature virgin female rabbits aged from 6 months to 1 year,
9 young sexually immature male rabbits aged from 12 hrs to
5 weeks, 11 young sexually immature female rabbits aged from
12 hrs to 5 weeks were usmed. Rats were used for preliminary
- work. Aseptic precautions were taken. Adult rabbits were
killéd by air embolism, and the ydung animals by decapitqtion.
. In the rabbit, unlike the rat, the pituitary gland is
‘almost surrounded by bone. The pituitary (see Tbxt—figs.'
1 and 2) was removed as quickly aﬁd‘gently ag possible and
put in culture medium. The pars distalls was separated from
the gland and, subsequently, lateral pleces were out_off;'
»avoiding‘the zona tuberalis and they were‘subdividedninto,
smaller pleces, usually in thé brder of 2x2 x1 mn. ‘slicing
was done by hand, using stainless«steel safety-razor blades,
the tissue being supported on a plece of rubber‘and sliced by
shearlhg'cuts and the blade being held vertidally with the'gutting

edge at such an angle that the mlnimum pressure was applied.-‘

B.'Media

Various types of culture medié were used.
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INFYND|8VLAR

PARS
INTERMEDIA

Text-fizme 1. Pituitary gland
of rabbit (side view,
slightly tilted).

Infundibular stem

Pars tuberalis

Infundibular process

ona tuberalis

Pars distalis proper

Pars intermedia

Text-fig. 2. Pituitary gland of rabbit

(cagittal section)
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(1) Difco, TC medium 199, 10X.
(2) Basic mediun

10 ml. TC medium 199, 10X.
2.2 ml. sodium blearbonate solution (10%)

1.0 ml. Penielllinestreptomyein solution

- (Peniclllin Gy Potassium 10,000 unitss
Streptomyein sulphate 10,000 mog. per ml.)

Sterile triple~distilled water added to make 100 ml.

Note:~ This was first made up with the recormended
smount of blcarbonate solution.  Subsequently, after
preliminary experiments, the medium containing 2.2 ml.
of bicarbonate (10%).1n‘100 mlvwas used (MaoDougall and
Coupland, 1967). Later still, 1.5 ml of sodium
bicarbonate solution (10%) was found.to‘be satiafactorﬁ.

(b) 9 ml basic medium: 1 ml dehydrsted human citrated
 plasma reconstituted in distilled

water,

(¢) 9 ml basic medium: 1 ml dehydrated human citrated
plasma reconstituted in 1% calocium

chloride solution.

(d) 9 ml basic medium: 1 ml rabbit serum (when possible

from the same rabbit).
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(2) Glaxo, TC medium 199, 10X:
(a) TC medium 199, made up to the standard formula.

~(b) 10 ml TC medium 199, 10X
2 ml insulln (80 I.U. per ml)'
33 ml glucose solution (5% solutien)
Sterile triple-distilled water added to make 100 ml.

(¢) 10 ml TC medium 199, 10X |
2 ml ingulin (80 I.U. per ml)
33 ml(gluoose solution (5% solution)
16 ml denatured mouse serum

Sterile triple-distilled water added to make 100 ml.

Notei~- TC medium 199-Glaxo.oantalnS‘pgnicillin and‘
godium bicarbonate (0.088 gms of bicarbonate in 100 ml).

(3) Difco, TC medium 199, 10X
(a) 10 ml TC medium 199, 10X
2.2 ml bicarbonate solution (10%)
1.0 ml penioilllnustreptomycin solution
2.0 ml insulin (80 I.U. per ml)
33.0 ml glucose soiutlon'(s%)
Sterile triple-distilled water added to make 100 ml.
Later 16 ml, rabbit serum added, This is subsequently
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called complete medium and was used in most of the

experiments.‘
(b) 9 complete medium: 1 embryo extract.

~ (c) 58 ml complete medium contalning extract of

hypothalamus of 3 rabbits.

Note:=- The hypothalamus extract was prepared by

mecceration in sand and centrifugation.
(d) 10 mg of thiourasyl added to 116 ml of complete medium.

(h) HEPES~buffered medium (Williamson & Cox, 1968).

(a) 100 ml 199
NaHCOB. 13 mM
HEPES, 14 mif

(Plain medium)

(b) 1.6 gm glucose, 2 ml insulin (80 I.U. per ml) and
16 ml rabbit serum added to 100 ml of medium (a):
Complets HEPES~buffered medium.

(¢) HEPES-buffered medium (plein) with added

corticosterone and insulin.
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| d, Gas Ehaée |

(1) 95% oxygen with 5% carbon dloxlde (Carbogen). Thls‘gasv
mixture was used in most of the experiments,

(2) Alr with 5% carbon diaiide;' used mainly with oirculating
medlum. - |

(3) Material oultured‘in closed system in air contalned in a
sealed box. |

Carbogen was led into the incubator in which 1t passed
through two humidifiers, containing sterile distilled water and
penicillin, before reaching the culture. The actual rate of
flow of gaéApfdved té be lmma#erial within wide limits, in most
-experiﬁents between 80 - 100 ml;'per minute_was'dompietely
sétisfactory,  |

D. Methode of oulture

1. Petri dish method with carbogen (ﬁsed in all the
experiménts exceph wheh otherwise stated). | |
Cultures were made in sterile disposable plastlc petri

dishes (Faleon Flastic CD.) 53 mn in dlameter and 12 mm deep

containing 8 steriliaed platform of mlnimeah stainless steel

20 mm x 15 mm and about 3 mm high eovared with 1ens papers

Aseptic precautions were taken.

The petrl dish contained about 10 ml. of the medium when



the surface of the medium was just touching the lena.paper and
about 11 ml. for deeper cultures.

. Usually 2 to L pieces of the pars distalis were placed
on the iens paper in one dish. 4 to 6 petri dishes were piaced
H in & perspex chamber 9" x 6" x 6" with two shelveé. and an
1nletiand‘outlet for the gas which flowed at 200 to 300 ml per
"‘minube. SubseQuently. polythene bags standing on foam plastic
were found to be preferable to the conventional chamber.
zlto L petri_dishes on a tray were placed in the polythene
bag‘and & rTubber tube eﬁrrying the gas from the humidifiers
ﬁas tled-intp the mop£h af the bag so that the bag inflated
when the gas flowed at about 80 to 100 ml, per minute.

The pétrl dishes were covered, but in preliminary
experiments a few petri dishes were left open or half covered.
The temperature 9f the 1nbubator was kept at about 36”0
(9645%F). | |

_ There was always éeﬁe condénsat;on. presumably an outcome
of the glass~housé effect, inside the 1id of the petri dish;
This might alter slightly the concentration of the medium, and
efforts were made to avoid the posslbllity of & drop of
~ condensed water falling on the explant. Material was j:
cultured for from 1 to 24 days.  Generally the medlum‘was
renewed after 10 days end in one or two experiments the
| medium was not renewed during the three or more weeks of

culture‘
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2. Petri dish method with air (closed system)
In this method, HEPES-buffeved medium (Williamson & Cox,
»,1968) was used. Pleces of pars distalis were cultured in
‘petri dishes in an air-tight plastic box with a dish contaihlng
| cotton wool énd sterile water. - The materlal was ocultured
for up to 24 days. |

In some experiments the medium was renewed after 10 days

- and in others the material was left for 24 days without

renewing the medium, HEPES is stable and not metabolised and

maintains pH for much longer than do metabolisable buffers.

3. CLroulating medium

_' New's apparatus (New. 1967) was uaad for this method
(Silica & Scientific Glass Apparatus. Caﬂbridgg). One or»two
pleces of pars distalis were placed on a minimesh steel
platform in the oulture ohamber through which gassed medium
oiroulated. The rate of circulation was kept to a minimum,
- about 5 to 7 ml. of the medium per minute carried by about
50 ml, gas. |

Ee Teohnigues to demonstrate multiglicatlon of cella
(1) Colchicine

Pieces of pars distalis were cultured for 3 days.
Colchieline solution was then added to the medium in the petri

dish and the material was incubated for a further 3 to 5 hours
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and then fixed 1n Baker'a formol-calolum—cadmium. |
_ Various dllutions of colohlcine were used; from 1l ué\té
50 ug per 10 ml—of culture medium were effective wlthouﬁ"‘
evident toxicity.

(2)'Autoradiograpﬁy

Pleces of pars distalis were cultured for 1, 3 and 7 days.
H3~thym1d1ne‘aolntion to give 0.0375 uC per ml. of medium was
added and the material wag incubated for one hour and then
sultably fixed and autoradlographs were prepared (Messier
and Lebland, 1957).

Developed autoradlographa were usually stained with
aquatic Mayer's haemalum to demonstrate,nucloi,. _

PAS/orange G (with nuclear stﬂlﬁ)'was'aléo-trxed on
some labelled seotions, and a modified technigue by which
seotions were left in orange G for from 1 to 5 minutes and,
after dlfférentiating in water, not blotted (which pradﬁces’
distortions of the emulsicn) but 1eft in absolute alaochol for
from 2 to 3 minutes, was qu&te auuoesaful;

Brookes! atain proved oompletely nnsuited to ooated

sections.

(3) Direct observation

Cells in mltosié'werevobservad in routine cultures and, in
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gome instances, the seotion was given a second, different,

stain to make possible an exact identification of the cell type.

F« Combined cultures with hypothalamus

Pleces of pars distalis were oultured with pieces of
:hypothalamua from the same rabbit for up to 14 days (medium
2,renewed every third or fourth day).

G Ibmonstration of Erolactin
Small explants of mammary glanda of 11- to 1l3«~day pregnant.

C3H mioce were cultured in HEPES-burrered medium with 5 pg/ml
insulin and 1 pg/ml oorticostercne (Mnyne ggﬂg;‘, 1968) in a
_olosed system for h8.hours in contact with explants of pars
distalls of virgln:female’rabbit'whloh had previously been
cultured for either 4 or 7 days. FExplants of memmary gland
“were eultured with fresh pars nervosa of male rabbit or alone

’ta aot as oontrols.

Note: éorticdstarone solution was prepared by adding 1 ml. of
ethanol to 500 ug'of corticosterone and then adding 4 ml,
of distilled water. Sections were out at 5 p and stained with

hasmﬁtox&lin and eosin.
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He Light mieroscopy
‘ Material for light microsoopy was fixed An Baker's

formol~oalcium-cadm1um fluld. Paraffin sections at 5 u were
cut and stained:
(1) Haematoxylin end eosin,.
(2) fyronln and methyl green for the demonstration of RNA.
(3) PAS/orange G (with nuclear stéin)’to stain acidophil
‘ cells orange and mucoldfoalls megenta (Pearse, 1949).
‘(b) Brookes' stain, which is thought to differentiate
the acidopﬁxlicells into red-stained prolactin cells
and yellow somatotroph cells (Brookes, 1968). A

slight modification of Brookes' method was used:=

Stains: 1. Carmoisine i. Mighromé No. 102.
2. Orange G, Mlchrome No. uli.
3, Vool green S, Michrome No. 1624
' All stalnsg uaed were of recent purehase (Edward Gurr,

London).

Sclutians required:
A. 1% Carmoisine L in 1% aoetio asid.
B. 2% Fhosphotungstic ao;d;ln 95% V/V ethanol.
Co 501ution B saturated with 6.5% brange Ge
‘D. 0.5% Wool green S in 0.5% acetic acid.
B 10% Cupric sulphate, aqueouse | |
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F. Celestin blue.
G. Mayer's haemalum.

staining method:

1.
2.

3.

b,

5

6,
.‘7‘

8.

9.

. 10

Bring sections to distilled water.

Incubate in 10% aqueous solution of cupriec sulphate for 1
hour at 44°c. |

Wash in running tap water for 20 minutes, transfer to
distilled water. | ,

Stain nuolel with celestin blue for 1 minute, rinse in
d;stllled water.

Stain with haemélum for 1 minute, wash in running tép'
water for 15 to 20 minutes. | | |
Sﬁain'iﬁ solution A& for 15 mihuteshorjmore;

Rinse -well in distilled water followed by 70% alc#hol.

‘until red stained cells stand out against a pale background.

Stain in solution C for 5 to 7 minutes, the orange G
digplaces the carmoisine from'somatotroph cells. Rinse in
dlstilled water. | _‘ | | o

Return to solution A until the carmoisine has reinforced the
ataining of prolactin belis—without staining the
somatotroph cells. This is checked at intervals by
nicroscopy, after rinsing in distilled water.

Rinse in distllled water. -



11. Stain in solution D for 2 to 3 minutes.

-12. Rinse well in dlstilled water.

13. Plaoe in 1% acetic acid for 2 to 4 minutes to remove
exoess of wool green.

1%, Hinse in absolute aloohol, re—examlne to see 1f green 1s
vremoved from yellow cells.

15. Transfer to fresh absolute alcohol. ,

16. Transfer to ébaolute aleohol + xylene mixture (113).

17. Clear in xylene and mount.

Results: ,
| SomatotrOphkcelis:' Pale yellow or dark yellow.
Prolactin cells: Red or purplé or‘o:ange. depending on
| the nuﬁber of granules present.
Mucold cells: Bluish green or dark blue.
Chromophobe cells: Pale green.

Nuelel: _ Bluish red.

I Fluorescence microsoogz
A Gillett and Sibert canference photomicrosoope with

1od1ne-quartz’lamp was used in this technique. with prlmary'and
sebondary filters. The primary filter absorbed nearly all

visible light, allowing blue-violet light (5,000 ) to pass 7

TTTTT———

through the gspecimen stained with acridine orange (Armstrong. -
1956). The secondary filter absorbed llght of smaller wave
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length than 5,000 } whieh might mask the fluorescence 1light
enitted by the tlssues.

Staining method:

1.
2.

3.

b

5
6.

Results:

1.

2.

3

Bring sections to distilled water.

Stain in 0.05% acridine orange 1nvMeI1vg1n's buffer for
5 mine (pH 2.6). | “

I&frerentiate in MoIlvain's buffer for 2& nin. (approx.).
Quick rinse in distilled water and blot.

Transfer to absolute alcohol + xylene mixture for % min.

Clear in xylene and mount 1n DePuXe

Viable cells: Nuclei fluoresce yellowlsh-green (because
of DNA content) and ¢ytop1a3m yqllowighnorahge (because

of RNA oontent), sone celle;more”intenSely‘orange~ehan

others.

Pyonotic :egidni _Nﬁciei_fluoresce greenlsh-yellow and
oeytoplasm anythiﬁg;from'weakygreeniahnyellow to virtually
nothing. | - |

Necrotic reglon: The whole area is dull dark green with -

 occas1ona1 spota of yellaw rluoreseenoe, presumably

from persistent DNA.
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Controls pretreated with ribonuclease and subsequentl&
stalned did_not show any fluorescence in the cytoplasm; those
pretreated with distilled water and then ﬁtained showed normal

flﬁoresneﬂee in the cytoplasn.

J. Electron miorossopy
| | Material. for election mloroscopy (usually from an explant
that was also exemined by 1light mieroscopy) was prefixed 1n
6.25% glutaraldehyde in Sorenson buffer at pH ? L for 1 to 2
‘hours and stored in Sorenson burrer. : Small pileces were then
fixed in Palade's buffered osnmium tetroxide (Palade. 1952) for
1 hour at 1°¢c, i
The tiasue was then dehydrated in ethanol and embedded in
Araldite. Ultrathin sectlons were out on a Huxley mlerotome
- (Cambridge Instrument Co.), using glass knives. énd mounted on~ 
fcoﬁper'grida.,‘ The sections were stained with uranyizacgtate
and. usually, lead hydrexide. Later, 1ead bitrate was used
1nstead of lead hydroxide in order to reduee the tendenoy to
precipitate. | | |
- In additlon. ‘thick (0.5 B ~) seotions were ocut for light
mierBOOpy and stained with Azure II (5% Azure II in saturated
borax solution). ,
Most of the electronmlorographs were taken on an

A.E.,I.6B instrument.
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RESULTS

I. Nomeneclature _

The terminology applied to the different cell types in
the present work 1# based‘either on pregumed funetional activity
(as, é.g. SalaZAr. 1963) or on general acidic or basic
| gtaining reaopione or on form. Gregkxletters'aere used by
Herlant (1964) based on Romelis' system (1940), and Young et al.
(1965) used numerals. Hany. wrlters have designated cells by i
1n1tia1 letters of the hormones preaumed to be formed by them,

The following types of oells have been 1dent1f1ed in
6ultured pars distalis of the rabbit (Fl. 8, rig. 1):-

Granular cells gl
Prolactin (LTH cells; £ -cells; cell type 1).
meximun diameter of secretory grenule 13,.

80‘0-900 mp (Pls 5).

Thyrotrophs (TSH cells; § bells; type 4).

(
(
(
g

Acidophil ( ‘ .
§Somatotroph (STH cells; oa~cells; type 2).
% neximun dismeter of secretory granule 1s
( 450-500 mp (Pls 6). |
EGonadotroph (FSH and'LH cellsy B and ¥ cells;
(' type 3)s lMaximum diameter of secretory

Basiphll «( , ‘ y

or ( granule is 300 my.
IMucoid (

(
(
A«

Maximum dlameter of secretory granule is 170 mu.



Agranular cells oR chromophobes
Parenohymdi cells ‘ ‘

(a) Stellate cells (Type 5) (Pl. 7).

(b) Other‘;§§naular parenchymal cells. A:chrbmophobe of
light mioroscopy.may‘show a few granules by electron
miorosqopy and represent a stage of some type of
granular cell. |
In electron,microscopy. only cells devoid 6f granules,
or cells considered to be identical with normally
agranular cells but which contain very few granules,
are regarded as agranular here; these agranular cells
are the stellate cells of Sélazar (1963) and
Schechter (1969) and the type 5 cells of Young et al.
(1965) . | |

Perivascular cells (Pl. 16, fig. 1).

In addition to these cells there are pavement epithelial
cells of caplllarlés. and the red blood corpuscles; wandering

white corpuscles might also be encountered.

IT. General Results

From 2 to 4 explants of the pars distallis of the
hypophysis were bgkén'from each adult rabbit and the approximate

size of each piece was recorded.
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Preiiminéry experiments were made with a number of
' adult rats to assess different techniques and media.
Subsequently cultures (up to 24 days) 1n the more favourable
media gave large areas of surviving cells.  There wWere no
lnstanécs of bacterial infectlion (tested periodically) and only
a few instances of fungus infection (entirely restricted to
1dng-term’cultﬁres in unchanged medium). ~ It was impracticable
to check for virus or mycoplasma.

| Viébility‘was assessed on the basls of the appesrance of
the nuéléus and cytoplasm and the responée of the oeli to
.'speclflo‘stainlng reac#tona. particularly the acridine
‘ oraﬁge technique that demonstrates the DNA and RNA content
(Pl; 1, figs. 4 and 5) and the pyronin/methyl green technique.
. In electron microscopy, cells wereijudged to be viable if
they showed most of the normal organelles without serious
‘artefacts. Particular attention was paid to the ribosomes,
endoplasmlc reticulum, mitochondria, centrioles and nuclear
:membrane (ﬁith nﬁcléopores) as and when approprlate. all these
organelles persist throughout culture. |

Pycnotlc cells, in light microscopy, had small dark

nﬁclel in vaouolated or dark shrunken cytoplasm that did not
react typically to the stalns. Little could be distinguished
1n}neorotgﬁio aieas except cell debris made up ohiefly'of

. masses of granular debris that stained with acld dyes
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(Pl. 3, fig. 2). Degenerating secretion granules, ococasionally
very distorted nuclei and some piasmh membranes were evident
in electron microscopy (Fl. b, figs. 2 and 3).

. The acridine orange technique‘demonsﬁrated the abgence of
RNA from pycnotic and neocrotic cells and the absence of both
.RNA and DNA from the necrotic cells.

The absence of RNA was confirmed by the pyronln methyl

green technique. Generally. there was no central naoroals
in small éxplants cultured for a short périod (3 days), but
" usually a few cells with piehotié nuclel occurred near the
eiposed (upper) surface, _ |

.Aftér 1onger culture, pycnotic nublei near the exposed
surface were‘more numerous and finally the outermost part -
of the explant became neerotlo. |

In 1arge explants. the more central part qulckly became‘
‘necrotic and. as with small explants. the upper surface became
nearotic leaving a middle Zone of vlable cells (Pl. 1, £ig. 2).

The extent to whlch the explant was submerged 1n med ium
appeared to affeoct the survival of cells; this became |
evident only after ﬁrbloﬁged’oulture; ‘_The best reSults«werevk
obtained with half'suﬁmerged explantsz(deep‘medlum).~but it was
diffiocult to keep parts of the explanta viable for 21 daya in
basic or complete medium, A11 cultures showed 8 tendeney to

develop a few small cavities in perlpheral regions. In
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explants cultured in HEPES~-buffered media the peripheral reglon
_‘remalned viable, spongj cavities and epithelioid cells
develbped~w1th niecrovilli over free su;faces and, in general,
more cells were viable for longer perlods than in standard
media with carbogen (F1. 1, fig. 3 and Pl. 3, fig. 3).
Perivaeculﬁr spades and intercellular spaces became larger,

with a more PAS-positive content, bagement membranes became
‘hdistorﬁed but’persisted and capillaries became shrunken in
long-term cultures.

In general the acidophil ceils_enlarged slightly and
their_ﬁucleoli beocame more pronounced; those of the more
perlphera1 reg1on of the cultured material had fewer granules
than the deeper lying cells. Granules tended to become more
‘coarée~as culture progressed, partieularly in prolasctin cells.
Though Brookes® stain differentiated between prolactin cells
‘and somatotroph cells in most of the cultured materiai
 (P1l. 2, figs. 3 and 4), in some instances of long-term culture
it was difficult to distlnguish beﬁween»theée two types of
cells. v (. |

The basiphil cells of cultured eiplants and controls
dlﬁ,not shdw go marked and consistent colouring with PAS as
ia characteristic of these cells when fixed by perfusion
(A11anson et al., 1957). o |

In light micfoacopy.‘the granularity of the cells_could be
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Judged only by the intensity of the staining reaétion. though
in éomé instances, where there were few large granules, the
separate granuleé of prolactin éélls could be distingulshed.
ChiomOphobio cells were numerods in cultﬁred'material

- and there was an apparent 1ncre§se in the number of such cells
in lohg-term cultures but, by liéht'migroséop&. 1t was
"1mposa;b1e to determine whether the& were agranular or had

‘ very‘few granules.

III. Detalled Result ngght mlcroscogx[

A, Petrl dish methods

1. Mature virgin female rabbits

(a) Explants cultured in oomplete medium (Difao 199) with

carbogen.

- Explants cultured for 3 days (6 cultures. 5 nuccessful)
showed very 1little central pycnosis (at most one-tenth of the
volume in those which were not more than 2 mm. thick) and
epithelioid tlssue with mlcrovllli developed around the material.
"4particu1ar1y at the exposed surfaoe and sides (Pl. 1, fig. 1).
The tlssue appeared to resemble the unoultured materlal except
for the presence of a few cavities near the surface and a
'number of cells near the exposed aurface with pycnotic nuolel.

Material stained with PAS/orange G showed many orange-

stained acidOphil cells and a few basiphil cells (PAS—positlve).

Materlal stalned by Brookes' method showed a number of
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red or orange prolactin cells with ooaraé grapulesf some

were lightly granulated and some more heavily. There was a
gimilar number of yellowastélned. finely granulated somatotrophs
and very few bluishegreen stained basiphil cells (Fl. 2,

figs. 3 and 4).  All the healthy oells showed abundant RNA.

In 6<day culture (5 cultures, 4 éﬁocessfﬁl). small pleces
of material showed liftle central necrosis, but there were more.
pycnoﬁio cells towards the exposed side with eplthelioid
tissue. Brookes' stain ahéwed that the‘numerous ﬁcidophil
oelis weré predominantly prolactin cells with moderate
granulation. and aomatotrophs were less abundant. A few
basiphil cells were present.

In 9=day culture of fairly large material approximately
3x2x 2 mm, (one culture, one successful) the material was
still bordered in pleces by epitheliold tissue. - There
was nidesﬁréad'neeroéls in.the pe:ipheral material towards the
exposed surface of,thé-explant and a ogntral pycnotio area.
The lower and lateral parts of the material seemed quite
healthy; = there was some peripherai*cavitatidn. There were .
numerous aclddphlls. the few basiphils were difficult to
demonstrate by elther technique. | |

In 12-day culture (2 oultures, 1 successful) of a large
explant in deep medium, about a quarter of the cells survived;

these were in the lower part of the explant. The'heorotic
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area towards the exposed side showed autolytic changes in the
outermost region, where nuclei were gbaent.‘ The region below
that showed many pycnotic cells and some living acidophils.
Below this in the region of good survival, there were many
acidophils and some 'basi.ph@.ls. . The lowermost part of the
explant showed some cavitation and the cells appeared to be |
less healthy than in shorterfterm cultures;

" There were many prolactin cells in the region of good
surviVai} most with a full complement of granules, some with
only a few granules. Somatotrophs were also numerous in
‘ thia region (but rather less so than prolactln cells), they
were usually heavily gramulated.

In 14-day culture (4 cultures, 2 larga explants
successful, one in shallow medium one in deep) there was a
large necrotic region (approximately onq'quarter of the whole)
towards the exposed side of the explant. A layer of about
one eighth of the explant contalned normal-looking cells and
‘scattered cells with pycnotic nuclei (Fl. 1, fig. 2). In
'~ this reglon prolactin ocells predomlhated aver the 8omatotroph 
oeils. they contained few secretory granules. A few b&sibhll
ceila were present. Theré Was 8 central pyenotic reglon
and below this a region with living cells. .

In 21~day culture. no satisfaotory results were obtalned.



(b) Explants oultuféd in basic ﬁedium with carbogen.

Explants oultured for up to 6 days (3 ocultures, 2
'sueceasful); looked qultb healthy w;th many prolactin cells and
‘somatotrophs,_ba31§h11 cells were more numerous than in cultures
in complete medium. In most of the cells, the oytopléam was
hore‘opaque and nuclel stalned more darkly than in complete

médlum. ‘

| (e)_Explants’(laige. in déep medium) cultured in a closed
system in air for 21 days in HEPES-buffered medium,
with added glucose, insulin and serum (2 oultures,
2 sﬁocessfﬁl). |
With cne»explant. the:medlﬁm vas’chahged once after 10
days, the other was left in unchanged medium. ‘The 2 cultures
were very similar, but that with which the medium was changed
was somewhat better.  Survival of cells was good’and,‘in
contrast to cultures in other media, no necrosis ocourred at
the exposed side and theré-was a‘thlbk‘auter zone‘of_surviving
.oells,(about a quarter of the explant). There was a centfal
pyonotic area cahtélning Boﬁé normal-loqklng‘oells.
The explant wgs_oovered with epithelioid cells. The cells
of the upper part of the explant seemed to be fairly well
granﬁlated while thosé;of the lower part appeared to have

fewer granulesg but were still living. Perivascular spaces
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were"distlnct in the viable pérts of the explanﬁ;

The oells of the viable zone were either acldophils; vwhich
varied in the extent of thelr granulation, or chromophodbes, and
no mucoid cells could be identified (Pl. 3, fig. 1).  Although
differential stalning is less?conciusivé‘with-1ong-term

cultures, there appeared to be more prolactin cells than

somatotrophs.

(d) Explants cultured in HEPEsubuffared plain medium

for 21 days (2 cultures, 2 succasaful). ‘

With one of the explants the medium was changed after’ 10
dajs. As before, this had 1ittle effaet “{Ple 1, fige. 3).
The absence of additives 1ed to no wellumarked dlfferences
except Tor the presence of persistent mucoid oells in the
'explant. ' Huooid.cells were much more numerous than in

cultures in medla with additives.

(e) Explants cultured for 2u days (1 oultured.
1 successful) in HEPEswburfered plaln medium.
. Large explant, medium was nct changed.  The results were
similer to those of the 21«day culture in plain medium
(Pl. 1, flg. 4).
Epithelloid tissue with microvllll occurred at the free
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surfaces. Generally the epitheliolid cells were large,
irregular and agranular but, occasionally, granulated prolactin
" cells lined the ocavities (Pl. 3, fig. 3).

2, Mature male rabbits. |
Fxplants oultured in complete medium (Difco 199) with
carbogen for 3 and € days (13 cultures, 9 successful).
In light ﬁiorosoopy} the results were essentlally the same

' a8 were obtained with material from mature females,

3. Sexu@lly 1mmatufe female rabbits.

Explants cultured for 3 and 6 days in complete medium

(Difco 199) with carbogen (5 cultures, 4 successful).

In the unéultured control material, there were numerous
__hehvily granulated aoidophils,and nany baalphiis; | Brookes'
stain did not reveﬁl any prolaétin cells.

The material survived cﬁlture conditions much more readlly
than did the adult explants, pycnoﬁio and neorotic areas were
similarly arranged; An epithélloid ooveting devgloped‘more
‘rapldly and completely. When énltured material was stainéd
with Brookes‘ staln, nﬁmerous heavilywor‘moderately granulated
prolactin cells were demonstrated (in contrast to control
material) as weli as somatotrophs. There waé éome davltation'

in the viable parts of éxplants.



Otherwise, the results were similar to those obtained

with adult material.

4. Sexually immature male rabbits.
Explants cultured .in complete medium (Difco 199) in
carbogen for 3 and 6 days (8 cultures, 7 successful).
Light microsocopy did not reveal any substantial difference
between the pars distalis of lmmature males and females, either

in the control material or in the products of culture.

B. Circulating medium
1. Immature male rabbita.

Explants cultured for 3 days 1in fastuflcwing medlum

(2 cultures, 2 successful),

Large explants‘wére used'and there was somevpycnosig
in the middle of the material (about one~eighth). There was
no peripheral pyonosis but some eévitatlon.Aﬁartleularly near |
the periphery. The explant was surréunded by epitheliold |
tissue with microvilli. Histologically, explants resembled
those cultured in petri dighes., The cells appeared to be

normal and had large nuclei and nucleoll.
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2, Mature maleg and fem@les.
(8 oultures, b éuccesafui).
Poor iesnlt; were obtained in fast-slowing medium.
E Iﬁ‘juday culturea‘ih élobelpwlng médlum (5=7 ml. medium
per minute) hhere was a central zone of surviving cells (about
# quartat of the explant), the outer zone was pyonotic with
some necrosis. | o
The experiments were repeated using air with 5%“602 instead
of carbogen’bﬁt the reéults were equally uneatisfactory. More

prolonged oultureé were proportionateiy more unsatisfactory.

C. Multiplication of cells
1. Colohicine method
Pars distalis of the adult female rabbit cultured in

complete medium with carbogen for 3 days (4 oultures, 4
successful) shoﬁéd.-after,treatment with colchicine, a number of
cells Ln;mitosis. ~ Some of theae cells were chromophoblc but
there were also acldophils and a few‘basipﬁila (P1. 2,
figs. 3 and 4). | |

| meékes',stain deﬁaﬂstraﬁﬁd a few ﬁrolaotln cells in
mitosis., = Most of the cells that showed mitosis occurred near
the periphery ofgthe material and contalined fewer secretory
granules _when comparad with the neighbouring mature cells, but |
gome of the dividing cells had a full complement oflgranules. .



2.‘Autoradlography

Pars distalis of adult males and females was cultured in
complete medium with carbogen for 1, 3 and 7 days (6 ocultures,
6 successful).  After treatment with B> thymidine for 1 hour,
seotioning and appllcation and development or the emulsilon,
silver deposits assoclated with a number of nuclel lndicated
synthesis of DNA (Pl. 2, fig. 5).
| After staining with PAS/orange G, most of the labelled
‘cells p:oved to ba_acidophlis, some were ochromophobes, a few
‘were mucoid cells and a few were fibroblast-like cells. One
or two fibrﬂblast—llke oells appeared to show labelling
vthroughout the oytoplasm.

‘3. Direot observation

In some routlne 3~day cultures of adult male and female
pars distalis. a few acidophils in prophaaa, metaphaae or
teldphase waie}obsqived (Pl..z. figs. 1 and 2).

o D. Comhlned cultures of gars distalis and gxgothalamns

(4 eultures. 3 suocessful)
The explants frum virgin female rabblts were cultured for
up to 14 days with hypothalamus. Cultured material appeared

to show more muooid,cells and somatotrophs than comparable
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simple cultures, and prolactin cells tended to be more heavily

granulated end probably fewer in number.

E. Pars distalis cultured with hypothalemic extract
(2 cultures, 1 successful)

A 7-day oulturé gave gimilar results to those of the

combined sultures.

F. Prolactin secretlon | A
| The unculturad mammary gland in seotion showed duots and
usmall alveoll, alveolar cells were generally without vacuoles
and the lumen of alveoli.waa very small and contained no
secretion;  a »

(1) Explanted mammary gland oultured for 48 hrs. in HEPES
buffered medium without\éddéd‘hormcncs was similar to the
unaulture& material, except for sllghtly_larger 1uména.

(2) Explants of mammary gland were cultured for 48 hra. in
‘combination w@bh pleces of para digtalis which had previously
been cultured for u da&a; CO:tloosterone and insulin were
added to the medium,

" The explant of memmary gland showed large alveolar 1umena
with secretion. and alveolar cells showed vacuoles. Explants
of mammary gland cultured for 48 hrs. with 7 day cultured pars
dlstalls‘wefe similar to those cultured with &4 day axplanté
(Fl. 3, fig. 4).
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'Explants of mammary gland cultured with pars nervosa of
male rabbit for 48 hrs. in medium containing insulin and
corticosterone showed very little secretion in the alveolar

lumena and alveolar cells were generally not vaouolated.

IV. Detailed Results {eledtron midroscopxz‘

The identification of the types of parenchymal cells was
based on the size of their granules and, to some extent, on
cytoplasmic features in accordance w1th Young et _al. f1965)
(P1. &, fig. 1)e

1, Mature virgin female rahbits.
(a) Ekplaﬂts’oultured in oomplete medium (iafco 199) with
carbogen. '

3-day cultures._

In cxplants cultured for 3 days, the degree of
granulation was similar to that of controls (Pl. 8, figs. 1
and 2). . - -

Most of thg'prolactin cells, which were relatively few as
compared to somatotrophs, showed an abundant‘opaque'gfénulation;
a few had a more sparse granulation restricted to‘the'pefiphery
of the cell. Rough-surfaced éndoplasmic reticulum (r.e.r.)
was well developed And in places siightly vesiculated and in

-gome cells showed a'nebenkern formation. Golgl areas wvere
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partioularly well developod.'often with immature secretory
granulealin.oisternae;' Intercellular spaces were opaque in
some explants and there were instances of intercellular
bridges; |
 Many somatotrophs were present, most had abundant

electron-opaque granules, some had only a few granulés
arranged near the periphery. The r.c.r. was well developed,
occasionally vesiculated and usually arranged in parallel
arrays, and Golgl areas were well developed.

The nuclear membrane was characterlstioally indented in
both types of acidophils |

Gonadotréphs were rare, had few rather pale granules.
well developed r.e.r. and Golgl areas and many free ribosomess,

The rare, usually degenerating. thyrotrophs had few rather
pale, yeripherally‘arranged granules (Fl. 8, figs. 1 and 2);
some still retalned r.e,r. | |

Stellate cells were recoghisable and showed the -
characteristic cell process and intracellular fibrilé
(85 = 150 3 thick). | |

Perivascular spaoes‘wafe well developed, in soma.eiplahtsg
1ntercellular,spases énd perivascular spaces were dark
 (P1. 8, fig. 2), the latter particularly towards the marglnal

parenchymal cells where there was evidence of accumulatlon of
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dark material and deformed granules in the reglon of the
bagement mamprane (1t§elf invisible because of the opacity of
the perivascular spaces). A few distinoet ahd not deformed
'granulea'(without thg’granule membrane) were situated in

perivascular spaces.

6-day oulturas. .

In 6-day cultures, prolactin cells were numerous, most
were only moderately granulated and some had fewer peripherally
arranged”granules; R.E.R« was abundant and usually sllghtly
vesioulated, and there were free ribosomes. Golgl areas were
falfly‘well developed, and there were instances of small and
large 1rregularvgrgnules in Golgl cisternae and there were
numerous sma11. probably smooth surfaced vesicles (Pl. 9,
fige. 1 and 2). | | |
| Microribrilé ocourred in the cytoplasm of some of the
prolactin cells, and miorotubules (250 =~ 276 R in diametér)
‘were more evident in some 6f the weakly grénulated cells
(Fl. 9, fig. 2). Nﬁclei tended to be more irregular and
- indented. |

Somatotrophs were about as numerous as prolactin cells,
that is, relatively less mumerous than in 3-day cultures.
‘They were well or moderately granulated and the granules were

sometimes arranged near the periphery, and some cells had dark
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as well as pale granules, The somatotrophs generélly had

a well defined r.e.r., and a large Golgl area sometimes with
'seéretory granules, and some cells contained microfibrils and
microtubules. |

There were instances of intercellular bridges between
neighbouring acidophils (Fl. 9, fig. 2) and one instance of an
intranuclear rodlet (400 3 thick made of units about 100 %
thick).

| Multivesicular bodies occcurred in some somatotrophs and
in one cell a multivesicular body was combined with a secretory
granule.

Very few gcnadotroﬁhs could be found; they had few
peripherally arranged seoretory granules.

No thyrotrophs could be ldentifled.

Dark stellate cells (and a few light stellate cells)
with.lndented nuclei occurred in the parenchyma; their plasma
membranes tended to be folded, the folds interlocking with
foida of neighbouring granula& cells, sometimep forming large
masses (Pl. 9, fig. 1). |

Ococasionally, in stellate cells, one or two dark granular
yinclnsions ocourred (in one instance measuring 1.25 x 1 ue
The dark agranular cells (thought to be of the stellate type)

contained small vesicles, many free ribosomes and auﬁe coated



(Reprmted fmm Nature, Vol. 224, No. 5223, pp. 1030- 1031,
December 6, 196 9)

HEPES-buffered Medium for
Organ Culture

ZWITTERIONIC buffers have already found wide applicatien
in biochemical research. Williamson and Cox! have
demonstrated the advantages for virological research of a
synthetic medium for tissue culture consisting of “medium
199"’ modified by the addition of N-2- hydroxyethylpiper-
azine-N’-ethane-sulphonic acidg (HEPES). .- Shipman?
has shown that media buffered ‘with HEPES are suitable
for the culture of various types of cell. The advantages are
that the medium does not need to be changed at frequent
intervals for a long term culture, and the culture can be
kept in a sealed, air-containing chamber.

This medium proved to be valuable for our investigation
into the organ culture (Trowell’s method) of the pars
distalis of the adenohypophysis of the sexually mature
rabbit. Numerous cultures of adenohypophysis have
been made in a variety of media, most of which were
‘Difco’ medium 199 with or without additives, in a gas
phase of 95 per cent O, with 5 per cent CO,. Inlong term
cultures, the explant became necrotic both at the peri-
phery and internally, with viable cells between these
two areas (Fig. 14). Viability was assessed by light and
electron microscopy. The survival of cells during three
weeks of culture in plain medium 199 was poor.

Survival in medium 199 conta,mmg 13 mM Na,HCOs )
and 14 mM HEPES, cultured in air, was much better
during three weeks than in the plain miedium without
further additives. The pattern of survival (Fig. 1B) was
markedly different from that of cultures in bicarbonate-
buffered media. The zone of surviving cells was peri-
pheral; survival was best at the upper surface and margins
and poorer at the lower ‘surface. There was an internal
pyenotic zone and some nécrosis. This suggests that a
gas phage of 95 per cent Oy, 5 per cent CO,, is toxic in the
long term. Allison® has pointed out that a high partial
pressure of oxygen is damaging to lysosomes and causes
the release of lysosomal enzymes. We are investigating
the effect of culture in 199 with HEPES in air with differ-
ent quantities of added oxygen.

. | l/ )



z. 1. A4, 14-day culture of pars distalis of mature rabbit in medium 199

(with additives) buffered with NaHCO,; in 95 per cent O,, 5 per cent

0, ( x 60). B, 21-day culture of pars distalis of mature rabbit i m medium

199 (with no nddltwes) buffered with HEPES; in air ( x 60), Lower
ace; N, necrotic; P, pycnotlc V, viable.

These buffers (partmularly HEPES), whwh are virtually
non-metabolizable and interfere little with the biochemical
activities of cells and organs, are likely to have wide
application in organ culture. - .
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veslcles (Pl. 7y Tigs 3).
| The intercellular spacea of the parenchyma were electron
opaque in places. ' The perivascular spaces were well defined
and were often dark.

- Several instances of apparently unaltered seoretion |
granules in perlvascular spaces were observed but the granules
were insufficiently numeroue to hazard any guess as to pheir
natﬁre; though some were of an:order of size that would suggest

prolactin or somatotrophin granules.

12~ and ll=-day oultures.

In 12-day cultures there appeared, as in the material for
light miqréscopy. to have beenkan'inorease 1nvthe'proportion‘
of prolactin cells present (PFl. 10, figs. 1 and 2).

The prblact;n cells had 1noreaéed in size and sone |
cells had many granuleég7aomé a moderate number and some few.
Example of irregular-shaped granules were found and an
instance of a possible fusion of two granules. The granules
were larger and a numbef of granules of 1 p diameter were
observed. A few‘instances;of‘pale grénulea occurred and one
example of an 1ntranuclearfgranule (F1. 10, fig. 2)s . The oélls
appeared to be'actlve. thej\had a large nﬁolena and nuoléolua;
well developed Golgl . area with some veaieles (11ght and dark)
and large and small granules in cisternae (Pl. 5. fig. 3).

The Tr.€ T ﬁgs-vealculated and free,ribosomes. forming
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polyrlbosomes. were present. Iytic bodies, microfibrils and
microtubules ocourred in some prolactin cells,

Many granules were close to the plasma membrane and
there were instances of the apparent fusion of granule membrane
and plasma membrane, Intercellular spaces were dark.

Somatotrophs were less numerous than prolactin cells,
some were moderately granulateﬁvand some had few, peripherally
arranged granules. In some cells the endoplasmic retioculum
was veaidulated and cannalioular. Nuclei tended to be
irregular and some sontained intranuclear rods. Microfibrils
were preéent but microtubules were not very evident.

A few cells with few small granules were judged to be
gonadotrophs; no thyrotrophs were found.

stellate cells were gqulte numerous ~and showed pseudopodial .
outgrowtha. perlpheral plnocytotic vesioles and many small
vesiocles partioularly in the Golgi area. A stellate cell
had a pseudopod containing a rew granules. multiveslcular |
bodles and phagosomes.
| There were perivascular cells with dark aytoplasm
within recognisable perivascular spaces which, ln.meat reglons,
were dark so that basement membranes were difficult or
1mpossib1e to identify. The collagen of the perlvasoular
épaoes wag abundant and distinet end there were instances of

dark and pale granules within perivascular spaces and also



dark granules with a pale halo.
In some regions the périvasoular spaces were less dark

and muchefolded basement membranes were evident,

l4=day cultures resembled the 12-dey cultures. . Prolactin
cells were relatlively more numerous, they showed signs of
| considerable seoretory activity and were generally lightly
granulated. Granules were generally dark, sometimes pale,
sometimes dark with a pale halo. Cells showed numerous
- small Golgl vesloles and sometlmeBAmultivesicular bodies.
Pinocytotic veslcles were falrly numerous, and cells showed
miorotubules, in one instance in association with the
centriolar apparatus. -Samatoﬁrophs also showed signs of
secretory activity, gonadotrophs were atlll recognisable and
in the nuecleus of one there appeared to be several‘granules.'
As in 12«day cultures, hut perhaps more strikingly,
the cells considered to be those formerly called gtellate had
acqulred in l4-day oculture a number of the oharactexistles of
macrophages. The nuoleus was characteristically large and
indented with a well-marked, sometimes spirally-arranged,
nucleolus and in one instance a rodlet. The r.e.T, was mainly
in short etretches with dark contents but there were relatlvely

few ribosomes, Golgl areas were well developed, usually with_
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numerous vesicles often with rather opaque contents, free
rlbosomeé and polyribosomes wefe present. Coated vesicles
ococurred near the plasma membrane and also 1nfernally. thére
ywere;occasional phagosomes and other ljtio bodies, and the cells
‘contained microfibrils and microtubules. Mitochondria
appeared'to be of tﬁp types, the normal-appearing 5&1& form

and also some much thimmer forms which were almost completely
| electron~opaque. Thesevmacfophageulike ¢ells had a very
rifregular oﬁfline resulting in 1nterlock1né villous folds ﬁhere
‘the cell was in aantaet.with another cell, and large processes
 evidently similar to ruffled membranes where the cell was
withlnAa caﬁity of the explant containing hecrotic debris,

Intercellular and perivascular spaces usually contained

opaque material.

(b) Explants cultured in basic medium with carbogen.

In 6-day cultures in piain medium (rufco 199) the explants
appeared to contain rather fevwer prolactlﬁ cells and rather
more gonadotrophs than in complete medium. Otherwise thefe
‘was no essenﬁlal difference in the degree of granulation of
cells or ;u the arganelleé.’intranuélear rodlets were fouhd;

1ntéroe11u1ar and perivascular spaces were not opaque.
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(c) Explants cultured in closed system in air for 21 and 24
days in HEPES-buffered medium.
All the.succéssful 2l-day ocultures were in HEPES-buffered

- media, material for electron—microscopy from the explants 1n
completo medium was not entirely satisfactory as it di4d
‘ not show the outermost,layer of the explant and it Was thus
impossible to determine the exact regions studied. A number
‘of sections of the material 1n plain medium passed through
"the outermost epitheliold layer and comparison with light
mleroscopleal findings were posslble. _

| .In plein medium the cells were generally well granulated
(P1, 11, fig. 1). ~ The substance of the celle was often more
éléotroh-oPaqué than 1n'the,shor€er~term cultures., There
were some areas of degeneration between viable cells. and some'
eavities, of the approximate slze of a oell. which were
‘surrounded by groups of healthy}granular~or agranular cells
but without any border of miorovilli. There were also Some
larger cavities (as seen in 1ight-microscopy), which were lined
by'microvilli borne on the bordering agranﬁlar’cells (with éﬁ
'occgslonal cell contelning granular bodiés){ - The peripheral
epithelioid,qells wpre‘simiiar to the cells llnlﬁg'the
cavities (Pl. 11, fig. 1), |

Prolactin cells were relatively'ﬁumerbas.  They contained

~dark granules and those that had fewer granules had them
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arranged peripherally, granuies were sometimes of irregular
shape. Nuclei were often 1arée and irregular, sometimes
with 1nt:anuclear rodé. and there were instances of
1ntranucieai rodlets {(cefa Ple 14, fige 5). The r.e.r. had
‘lost the typilcal appearance and, when present, was in short
stretchas.‘cbéted‘ﬂmh ribosomes, and had moderately opaque
~ contents (c.fe‘Pl. 5, figs., & and 5). Golgi areas were well
| developed, sometimes containing immature granules (Pl. 13,
fig. 2), and hﬁd humerous amali dark and ilght~vea&cles‘
Centriélee. pinocytotic veaiaies. mnany thin dérk mitochondria,
microtubules, 61uster§ of microfibrils, pseudopodial
~ outgrowths and villous folds interlocking with similar folds
of neighbouring cells were characteristic, ?seﬁﬁbpodiél
outgrowths of prolactin cells ﬁawards a perivascular space
or a degenerating'cell were observed (Pl. 11, fig. 1l).

 The organelles of the somatotrophs resembled those of
the prolactin cells. One cell had a pseudopodial process,
containing granules, that projected into a perivascular space.
Since the space contalined éome free granules in the
neighbourho&d of the process, it seems posslblenthat~the. |
cellfprocese'was extruding granules into 1it. ’

| Thehgonadotrophs, which were more numerous than was
.expected in view of the results bfAshorter-term cultures,

had eilther few, peripherally arranged granuies or a moderate
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granulation thraughoﬁt the cytoplasm. The oytoplasm was
perhaps less opaque than that of thenprolactin cells and
sbmatotrophsf The r.a.r. was in small stretches containing
moderate opaque contents. Golgl areas were wall developed
with small light and darﬁ veslcles. Mitochondria were
preéént; - they were gmall and not very numerous.

Stellate oells showed again the characteristics of
maerophagesf ~ Golgi arees were well developed with numerous
vesicles and there were free ribosomes, many thin dark
mitochondria end instances of small stretohes of r.e.r. The
gells showed microtubules, and had microf;brlls 1n'v§rioug
_farms. arrangedvlike a bail of wool or spirally colled or in.
long thin stretches (c,.fs Fl. 14, figs. 2 to 4). Large dense
bodles énﬁ ﬁhagoaomes occurred in some cells and peripheral
coated vesléles. There appeared to be more stellate cells
 in explants in which the medium was not changed at intervals
V_during inoubation.

The agranular cells of the epithelloid layer at the
exposed surface of the explant appeared to be of two types,
paler cells with smooth microvillli and darker cells with rough
miorovilll (Pl. 11, fig. 1). Instances were seen of agranular
cells, or very sparaely granulated cells, that were
asgociated with & large number of pale granular bodlea or
clusters of pale,granular bodies which were 1mpossiblc to

allocate with certainty either to a cell ér to an
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intercellular space.

Perivasoular spaces with collagéh fibres remained well
defined and the basement membranes of parenchymal cellslwere
often detected. | |

Dark and pale granules (somatotroph~size or smaller)
weré seen falrly often in the perlvaséular spaces (Pl. 16,
fig. 2)» Perivascular spaces were not dark and sometimes
contained eytoplasmic masses with granules. Intercelluler
spaces were not dark.

Capillary endothelial cells were still) recognisable
(Pl. 15, fig. 3).-w1th very much lndénted but apparently
viable nuoclei and numerous small vesicles (microvesicles) in
the oytoplasm. vaétzges'ofwred;blood—oorpuscles were also
found. o |

There were .mome macraphage-like perivascular ocells
(PL. 16, fig. 1). |

 2leday cultures in complete medium resembled_those in
plain medium except for the following differences. }Prolactin
cells and somatotrophs appeared to be more active and someﬁimea
had lamellar r.e.r. as well as well developed Golgl areas.
Gonadotrophs appeared to be iess numerous. Perlvasouiar
epaces,containédlsbmé granuies and obaqué material, and
intercellular spaces were opaque.

In 24~day culture in plain HEPES-buffered medium, the
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outer viable part of the explant was more spongy and the
,cévlties were larger and most of them'ﬁere lined by microvilli
(Pl, 12, fig. 1). Intercellular spaces were also 1arger. and
often contained masses of interlocked villous folda.

Most of the cells had rather electron opaque cytdplasm.
there appeared td Se-more instances of bridges between
nelghbouring cells, _

The granular cells, most of which appeared to be prolactin
cells, were arranged'slngly or in groups surrounded by the more
numerous égrannlar cells, Their nuclei were generally
'1ndénted. sometimea with 1ntranuclear rods. Golgl areas were
perhaps rather less well developed than in 2l-~day cultures -
as were the microtubules. Microfibrils were however more
numerous and sometinmes arranged around the nucleus with fibrils
assoclated with the nuclear membrane (Pl. 1#. flg. 3)e thic
bodlies of the primary lysosome. dense body and autophagosone
types occurred in some of the- acidophil—type calls. as aid
coated vesicles and pinocytctlo vea&cles.:” Some 1ipid drOplets
were élso present.'“Macrophﬁgé§1ike cells were ‘more numerous
in the parenchyma (Pl. 12. fig. 2).

Fibroblast-like cells were more evident in this oulture
‘ and'their struﬁtureymbre closaly resemnbled the typlcal
‘ fibroblast.‘ They-occu:red'amang the pareﬁchymai cells as

well as in perivascular spaces. They were pale, had a large



4-53 -.

spheriecal nucleus and well marked nusleolus (Fl. 12, fig. 1),
rough endoplasmic reticulum in the form of small or large
vesicles with pale contents, a well developed Golgi aresa with
" emall vesieles, and many microfibrils (often in bunches).
When a fibroblast-like cell was at the surface of the explant,
the free surface of‘the cell usually bore microvilli and the
adjaceﬁt plasma membrane bore many small veslcles at its free
}surface. One fibioblast showed  two centrioles (Pl, 12, fig. 2).

Desmosomes which 1ﬁ‘éhort~term cultures were not seen
very fréquently. were more numerous and were found associated
with most of the types o% parenchymal cellg (P1. 17, fig. 1l).

' Nbifher 1nterce11ular spaces nor perivascular spaces were

electronuopaque.

Otherwise the Zhuday oulture resembled the comparable
21l=day eulturg-

2. Mature male rabbits.

3-day culture, complete medium (carbogen).

The survival pattern and general findings were very
similar te those observed with explants from female rabbita.
There were numerous heavily or moderately:granulated prolactin
cells, - |

Some gonadotrophs with moderate granulation were

identifiable, though much less common than in controls they
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. appeared to be more numerous than in explants from female
. rabbits. Controls showed more gonadotrophs in the male
than in the female (as described by Foster and Cameron, 1964)..
The nuclellof some of the agranular oells had very well
defined foﬁnded reticulate nucléoli.and in one instance an
1ntranuc1ear rodlet..
The epithelioid coat of the explant contalned some dark
1rregu1ar pgranular cells with smooth microvilli and dark
1nolusibhs-jﬁdged to be‘iibid drqpiets. '

Intercellular and.perivascuiar spaces were darX.

3. Immaturelmale*rabbiﬁsw . ’

3~ and é-dgy cultures, complete medium (carﬁogen).

In 3-day dultureé; the explant ahdwed some well granulated
pfolacfin cells‘(uncﬁltered control material revealed only a
single probable prolaatin ceil). numerous somatotrophs, a few
gonadotrophs but no'thyéotrophs;' There were some agranular
parenohymal cells. The explants were covered by agranular
 ep1the11o1d cells with mlorcvllll.- ,

_ The prolactin cells and»aomatotrophé-shcwed the signs of
secretory actl#ity, but the gonatrophs (which were lese
numarous than‘in'contfols)'did not appear'to bé very active.
Among the.agrahular'cellé there were a few with a regular

- outline that }esembled granular cells, the4rest were ocells,



mostly dark, with very many miocrovilli, villous proocesses and
pseudopodial processes that tended to envelop neighbouring
sranulér cells. The general appearance of these 3-day
cultures resembles that of much longer-term oultures of adult
material in having large cavities in the outer part of the
explant and large intercellular spaces. The cells with many
processes resembled the stellate cells of such 1¢ng-term
oul tures, Also, again a8 in longer-term cultures of adult
~material, desmosomes were relatively numerous in theseVB-day
cultures. Intercellular and perivascular apacéa were not
dark except 1h regions where the 1nteréellu1ar spaces were not
enlarged where they had an opaque content., Flhroblést-like
cells in the perivaacnlar spaces, which Are”not.aeén very
‘often in adult material or in shortaterm cultures, appeared
fo be fairly common in controls of{ydung matérial'and shoit- |
term oultures. |

After 6 days of cnlture. explants contained more prolactin
: oells than somatotrophs. gonadotrophs were rare.}thyrotrophs
. were not found and agranular parenchymal cells were more
‘numerous. = The pattern of survival resembled that of
‘cul'bui*es of,adtlt material, the sections ’that pgseeg through
viable cells did,uot\ahOw‘the large intercellular spaces
and cgvibiéa charaatariatiq& of 3~day oultures. = The gi'anui'eﬂ
1ﬁ‘prolaotin cells tended to be larger, and larger than the

characteristic size. Intercellular and perivascular spaces
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were dark in many places.

4, The effect of hypdthalamus on cultures of pars diatﬁlia of
mature rabbits. | |

Two combined cultures of pars distalis of female rabbit
wlth hypothalamus (7 days and 14 days), two ocultures of pars
¢1stalie 1n,me¢1um containing hypothalamus extract (7 days and
14 daya;‘theyleday‘oulbure failed) were investigated‘by
- electron m$ords6§§y. _ An w1th the similar mgteriai investigated
oy 1ight”microaccpy;‘proihdtin cells appeared to be less numerous
than 1n ordlnary culturea but well granulateds somatotrOphs
were nnmerous. soma well granulated some only sparlely:
gonadotrophs were moderately granulated and more numerous
than in ordinary oultures.;‘ Both somatotrophs and gonadotrophs
 _-howed cytologlcal ovidenco of -secretory activity in having a
well developed r.e.r. and normally developed Golgl area while
the prolaoctin oellg showad 11tt1e r.e.r. and the Golgl areas
were not prpminent.;. int§rce11u1ar and perivascular spaces
were not dark. | |

Fars distalis of male rabbit in comblned culture with
hypothalamus gave slmllar results (Pl. 18. fig. 1).



DISCUSSION

I. Technigues
The methods of culture used in the present work were

chosen after reviwing previous work on the culture of the

- pitultary and other endocrine glands. Chen (1954) used the
watch glass method of Fell and Robison with a fléating lens

- paper (semi synthetic medium)s Schaberg and De Groot (1958)
used a s0lid medium.

Trowell (1959)'used a‘meﬁal bridge with lens paper in a
petri dish with medium T8 (synthetic) in 6arbogen. ~ MacDougall »
~ and Coupland (1967) used‘a metal bridge with lens paper and '
Parker's medium 199 with 20% serum in oxygen at different |
pressures (1, 2, 3 atmosphere) with sufficient 002 for the
required pH. Sage (1966) used Eaglet's medium 199 with.
additives (semi synthetic medium). ‘Delghton and Meyer (1969)
«used the petri dish method with medium 199 in carbogen.
Emmart and Mossakowski (1967) used a collagen clot for tissue
oulture. Krulich and MeCarn (1969) incubated pituitary in
flasks in Krébs-Ringei bicarbonate solution with carbogen."
Martinovitch et‘alt (1962) used the waﬁch glaes technique. 
Meites et al. (1961) used medium 199 wlth air or carbogen.
Macleod et al. (1969) used medium 199 with aarbogen. Petrovic"

(1963a) used a rolling tube method and also a method in which



organ fragments were kept in suspension by bubbled oxygen.
Tixier-Vidal and Gourdji (1965) used a method with gelose and a
hanging;drop'method wifh medium 199 or a semi synthetlic medium.
- The basic method of'TEowpll (1959) seemed to be the
most promising for the present work, bearing in mind the
ﬁnavoldably limited means avallable.. Preliminary experimenta
to investigate the method of culture on a floating raft of
gauze coated with silicone (Chen, 1954) suggested that this
mnethoed would produoe more failed cultureg (through the sinking
of the raft or the fallure of the explant to be in adequate
contact with the cultnie medium) than that Of Trowe11. A
method by which 1t was hoped to culture explants submerged in
:clroulating oxygenated medium in New's apparatusv(New;V1967).
deviged for the culture of mammalian embryos, piodnc#d poor
results except with material from very young animais. This
was not surprising in view of ﬁha,almost unanimous view that -‘
the disturbance of the expiant or the medium during culture
48 harmful. Only Petrevidv(1963a) has deaoribed fairlylgood
results from culturing pituitary fragments in moving 11quid.,'
The present 1nveat1gation 1nto the changes that occur l.
during the organ oulture of the pars distalis of the mature
virgin female rabblt was made in order to 1dent1fy the best
medium, gas phase and general technique necesaary to keep "

‘the maxinmum number of cells viable for the longest time. Ihe
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structural changes that occurred during 24 days of culture were
investigated by specifio staining techniques for 1light
microscopy and by electron mioroscopy. Some male rabblits and.
some immature male and female rabbits were also used.

| Liberation of prolactin during culture was
demonstrated. |

Humldified carbogen was used in most of the experiments

but, despite all precautlons, there was some evaporation and
  condensat1on of the medium and consequently the posslbility
of an effect on the material.

‘ Light microscopy of explants ocultured in carbogen showed
that the periphery of the explant contalned some pycnotic
or necrotic cells; attempts were made to minimise the
evaporation and condensation of the medium {thich was presumably
an outecome of the glass-house effect) and to prevent any
“desiceation by 1ncreasing as much as possible the level of
the medium, whlch. in early experinents, was kept at a.minimum
50 as least to interfere with the diffusion of oxygen
(Trowell, 1959; MacDougall and Coupland, 196?§ Bigwas et al.,
1967). Increasing the level of the medium and'submerging
the explant partlally in the medium reduoed the peripheral
v necroa1s to some extent in 6~ to 9-day cultures.
In spite of all auch precautions. the material showed a

thick layer of peripheral necrosis (particularly at the upper,
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free side of the explant) inllh-day culture in Difsco 199 at
1 atmosphere carbogen, with or wi thout @ddltlvas‘(Pi. 1, fig. 2).
and it was difficult to keep the material viable for 21 days,
henoe the toxic effect of oxygen, or perhaps narbogen. on the
peripheral part of the explant (gas-organ interface) was
considered, as suggested by Fainstat (1966) and Allison (1968).‘

Medium 199 buffered with HEPES (a non-metabolisable
buffer) devised by Williamson and Cox (1968) for virological
1nvesbigat1ona»w1th tissue sultures, does not need the
- pregence of added coz and enItureg can be maintained 1n'a1r.
Shipman (1969) has also shown that media buffered with HEPES
are suitable for varioué types of tisﬁue culture. | |

199 buffered with HEPES proved to be advantageous. The
medium did not»nbéd to be changed at frequent intervals for
long~term culture, ahd the oulture could be kept in a sealed,
air-containing chamber. )

As HEPES 1s more stable and non-metabolizable. the pH
of the medium remained suitable during 2@ days of culbure
without the medium being changed or the oulture dlaturbed and -
survlval was much better than in medium buffered with
bloarbonate + CO,,  Evidently, by this time, living cells were
probably relying to some extent on the remaing of dead cells -
. for nutrients. as the breakdown of some of the ingredients of

-199 probably ocours during 24 days in an 1ncnbator‘ The
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antiblotics present also lose thelr effect.  The pattern of
survival was markedly different from that of cultures in
bicarbonate-buffered media in carbogen. There was no
peripheral necrosis but there was an internal pycnotic zone ’
with some necrosis (Pl. 1, figs. 3 and by, This. in
conjunction with the findings when explants are cultured in
carbogen (Pl. 1. fig. 2) suggests that carbogen is toxie 1n
the 1ongvterm. An experiment intended to throw light on this
problem was.not entirely conclusive. Two explants of pars
" distalis were cultured in complete medium (not HEPES-buffered)
in air with 5% COy for 3 days. Peripheral pycnosis was
‘probably rather legs than in cérhogan. . Allison (1968) has
pointe&'out that a high pértial pressure of oxygén‘ravoura.the
release of lysosomsl enzymes. Fainstat (1966) has suégested
that & gas phase containing more than 90% O, is. toxic to nearly
all the cells in ovarlan explants in organ culture. death of
the cells ocourring near the gas-organ interface and healthy‘
cells near the centre. Smart (1963)*suggé8teu thut
epithelia with 1ittle intercellular space are moie sensitive
to changes in the environment. | | |

The need of more 02 than that prasent 1n air has been
suggested by many workers (Trowall. 19593 MacDougall and
Coupland, 1967¢ Biswas et al., 1967; ~Lucus, 1969); in their

work there lavnb reference to peripheral necrosis or pycnosis.
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The central pycnosis and necrosig observed in most of the
explanté cultured in medium buffered with bicarbonate + CO, or
medium buffered with HEPES may be caused by deficlency of -
oiygen in thé centre of the exélant (Trowell, 1959, 1961).
MacDougall (1964), MacDougall and Coupland (1967) and. Lucas
(1969) desoribed central neorosis 1n~thelr explants. It 1s,
of course, possible (Trowell, 1961, in discussion with Murray)
that toxic substances that do not readily diffuse, such as
laotic acid, are produced and accumulate in the central region.'
Some workers have used hyperbaric gas (oxygen with enough
coz'to give the correct pH) for the culture of mature organs. |
In these exbertments the extent of the central necrosls was
~reduced in some tissues. The experiments also indicated
that different organs or parts of organs differ in thelr oxygen
reqnirementswln culture (MaoDougéll and Coupland, 1967;
Biswas et al.. 1967).
| ~ Difco 199 with additives, 1if buffered with bicarbonate and

coz. appeared to give better aurvival than the plain mediunm,
but this difference was much less noticeable with the HEPES-
buffered medium.

A greater proportian of blcarbonate (0.15=0. 22%) than
that reoommended commercially (0.035%) was found to be more X

favourable with b;carbonatenbuffered Difco 199. This gave anx
o A



-63 -

original pH of from 7;# to 7.8. Probably because of the
metabollc déstructlon of blcarbonate, the medium became more
acldic during oculture and had to'bé changed every 3 or b’days;
Dr. B. Athreya (personal communication) found that the pituitary
(of the rat) survived better in a more alkallne medium

(pH 7.6=7.8)s HEPES-buffered medium showed little change in

. pH during oulture. |

II. Gross and histologie changes in the cultured pars distalis
The explant tends to flatten during culture otherwise ”

there is little visible ochange. In a few instances the |
explant became translucent at the periphery because of marked
peripheral neorosis. The blood capillaries shrank, even in
- short-term cultures, and the intercellular and perivasocular
‘gpaces became progressively larger, with more»PhS~poslt1ve
material. A‘ ‘ |
The peripheral region of the explant develops some

1ﬁtereeliu1ar cavitation whiéh inoreases duringiprolonged
oculture. The ogvlties are probably of two‘types. one 6aused.
by cell de&th (Fl. 10, fig. 1), the qther'oaused bj movement
of cells p?oviding larger surface areéa with miorovillg_

(Pl. 12, fig. 1), When the periphery of an explant conslsts
of living dellé. the outermost layer assumes to some extent

the appearance of an epithelium and generally develops
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ﬁiorovilli.k; The cells of the eplithelliold tissue were
 generally ohxomdphobio and stalned more or less strongly by

" the PAS teohn1qne; as did the miorovilli. Sometimes a few
acidophil cells with prolactin-sized granular bodies oocurred

~ among the epithelioid tissue (Pl. 11, fig. 1)s The peripheral
. ocavities, which may be as large as several cells, are lined
by epithelioid cells, sometimes with miorovilli.

';ﬁCavitlea were comparatively more numerous in cultures in
oirculatlng medlum;‘ This may be related to the fact that
fast flowing medium causes more dﬁmage in the‘auter part of
the material than does a slower flow. | "

, It was aonoluded that eirculating medium is unauitable
 for the oulture of mature pars distalis (Trowell, 1961).

~ Two types of miorovilli were found on epitheliold cells:
-smooth (usually aasociaied with pale agranular ocells) and
rough with fuzzy coat (usually associated with dark‘agranuiar |
‘eells) (Pl. 11, fig. 1), This fuzziness of the miorovllll
‘and PASupoaitive nature of the cells and miorovilli may be
assoclated with the formatlon of mucopolysaocharides by the
“dark oells. Hoyes (1967,.1968) has demonstrated the presence
of acid muoépolyaaocharide on the surface of ruzzy

| miorovllli of human foetal epidermis.
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III. Characteristlo modifications of parenchymal oells

| during culture | | | |
Prolactin cells _ 4

In uncultured control material of the virgin female
rabbit, the acidophlil cells consist of many somatotrophs and
few prolactin cells (Salazar, 1963; Allanson‘et al..‘1966)
In young 1mmature animale (male and female) prolactin cells
are very rare ;ndeed.-_ In the adult male there are relatively
fewer prolaut1n ce11s than in the vlrgin female (Allenson |
et al., 1966). ,Salézaf (1963) falled to find any prolactin
cells in the male. . | |
During culture of mature virgin female material, there is

an indubitable relative 1ncrease in the numbar of prolactin '
cells, and the oells enlarge and the anlarged nuclei show
prominent nuoleoli. 81m11ar1y material from 1mmature rabblts
or adult males showaAnumeroua prolactin oella arter a period of
culture. | | ”
| In 3=day oultures. most of the prolactin cells showed
 norma1 granulation and Te€alsy and Golgi areas were well .
developed and sometimes showed secretory granules in the
‘cisternae. and somstlmes deformed granular material. Thls. :
and the appearanoe of electron opague material 1n the spaces
in the organ (Pl‘ 8 flgs. 1 and 2). suggests that the cells are
actively synthesizing and discharging their secretlon.
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. Af'ter 6‘days df culture, proiaotin cells are more numerous
and their granulation becomes more sparse and tends to be
arranged at the periphery of the ocell. Material culturediin
A plainlmedium appeared to have slightly fewer prolactin cells.
Signs of intense seoretory activity (synthesis and
~discharge), such as well developed r.e.r. and enlarged Golgi
aréas (Foster. 1961) were seen at this stage. Small and large
~ Arregular granules were observed in Golgi cisternae (Fl. 13,
fig. 1), and the cells contained numerous mitochondria. ‘
Cbntinuity othhe'plasma membranea‘between some cells « probably
 prolactin snd somatotroph - was seen (Pl. 9, figs. 1 and 2).

A'At 6 days the spaces of the organ contained more bpaque
materigl than in the’B-day cultures and sometimes secretion
granules. o |

The 6-day cultures appeared to be very active in synthesis
and discharge of seeretion. ’
V After 12 and 14 days of oulture. prolactln cells are more
,fnumerous sti1l. The maximum dimension of the granules tended
to increage to 900 mp (Pl. 5¢ £ige 3), ‘with a few granules of

| up to lp and granules were sometimes irregular. - Most of the

- cells had only few, peripherally arranged granules (Pl. 10,

ring 1 and 2). Several instances of the fusion of the
| grénuleumembrane with the plasma membrane could be ldentified
with some measurs of conviction, and also some granule-sized

" cavities.



- 67 -

Allanson et _al. (1966) and Young et _al. (1967) have
reported an increase in the number of prolactin cells during
. pregnancy, and their increased secretory éctivity (synthesis
and dischérge) during lactation in the rabbit with the
appearaﬁce of enlarged and irregular granules, Explants from
the anterior pltultary of the human after a period of oulture
(Pasteels, 1962, 1963) are described as consisting entirely
of hypertrophied prolactin cells, whillst cultures from rats
contain very few of the othef types'of granular cells after
2-3 weeks of culture (Pasteels and Mulnard, 1961). Petrévic
(1963a, b) has reported that during organ 6u1ture of the
ahtefior pitultary of various ﬁammals the prolactin cells are
the most active, and that granules dlsappear after 4 or 5 days,
but that granular cells reappear 1f the explant 1s
transplanted into a host. |
| In the long«~term culturés. many granules still
retained thelr eleétron-opacity but pale granules alBO‘Ochrred,
Pale granules have been observed at various stages of culture,
but their significance is not understood.  The dlf‘f»erence in
the Opacity df‘granuiés‘oannot bé eipléined on the basis of 
their maturity, since dark granules occur in the Golgl
cisternae as well as near the plasma membrane and sometimes
in the spaces of the explant. The existence of péle granules

in'the pifultary has been reported‘(Sano. 1962; Barer and
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iederls. 1966;: Couch et al., 1969); they are usﬁally
regarded as being in a state ready for discharge.
| There were two instanoes of intranuclear granules
 (one or two grénuleﬁ) of prolactin size (Pl. 10, fig. 2). The
A‘;.e;r. of ﬁhe proladtin cells of 12- and li-day cultures was
well devélopedland was slightly vesiculated (though not as
markedly 80 as in éhort-term’cultures). - Golgl afeas'were
partloularly well developed and associated with numerous small
.11ght and dark vesicles. and sometimea with seoretion granules
in the cisternae (Fl. 5. fig. 3). These signs indicate
'_‘1ntense secretory aetivity and recall the characteristics of
: the prolactin cells of the lactating rabbit described by
Allanaon“et al. (1966) and Young et al. (1967).

Pbripharal coated veslclea. mlcrotubules. mlorofibrils
and lytic bodies (1nclud1ng multivesicular bodies) were
|  observed at this stage. especially An lh-day cultures.  One
‘prolactln cell bore a oilium (Pl. 17, flg. 2).

When the material was oultured in HEPEsmburfered medlum.
‘without additzves. ror 21 and 24 days. prolactin cells vere more
'numerous than other typea of cells (Pl. 11. fig. 1). ' Most of
them vere heavily granulated and the oytoplaam was usually dark,
‘even 1n tha rew sparsely granulated-calls. - This darkness
“of the oytcplasm appeared to. be caused by an abundance of free -
slngle- and polynribosomes. |

In the 2l-day culturos the Golgl area was well developed
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and showed numerous veslolés and some granules in cisternae
(Pl;_iBa_fig; 2)e In 2b-day ocultures it was gllghtiy less
consplouous but still showed many ?es;olgs. The ree.r., when
present, was in the f6rm of short stretchgs‘with dark oohtenta
(F1. 5, fig. 5),:a oondlﬁlon'reggided as a first stage in |
the synthesis of hormone (Pasteels, 1963, describing the cells
1n‘the'laotating«rat). _Mbrqover.'nuoiei were large, indentéd.
sometimes with rods, and'mltoohondrla were numerous, dark and
thin (Pl. 11, fige 1). ’ |
. The épac&s‘of the Sxplahb_did not poﬁtainropaque material

as in other oultuies. In‘thesé'oultures prolactln'ceils are
,probably not actively diacharging seoretory granules. but are
perhaps syntheslzing or restlng. ,

Emmart and Mossakowski (1967) have shown (by applying a
fluorescent-antibody technique to tissue cultures of fish
“ pituitary) that nost of the oells of cultured pars distalis
are prolactln cells and that they posaeas an inherent ability
to elaborate the hormone in vitro.  Pasteels (1963) has
polnted out that the prolactin oells uhioh become degranulated |
during the flrat few daya of culture aequire a granulatlon
after 1 or 2 weeks. |

Gyevai et et al. (1969) have reported that acidophils 11ve
ldqger.than basiphils during culture. Mlorofibrils.‘
sémetiﬁes perlﬁuolear (Pl;wlu. fig. 3), in prolactin cells



become more nﬁmerous during‘culture. and the fdrmation of
villous folds 1n»1nteroelluiar s8paces, which ocourred in shorte
- term ocultures, became much more evident as culture prooeeded;

There were numerous coated vesicles thfoﬁghout/the |
cytoplasm and also néar the pléama membrane, and most of the
prolactin cells in long-term cultures (21~ and 24-day cultures)
showed pseudopodia, structures which might be related to
movement or, like the microvilli which are very numerous in
most of the cells, to .absorption. | -

Many of the oharacteﬁzzsor prolactin cells in long-term
cultures resemble those of the prolactin cells of a human
pitultary tumour described by Peake et _al. (1969), except that
the cultured cells showed microfibrils which were réported to
be absent in the prolactin oells of the tumour.

.Aé prolaétin 60115 are more or iesé &egranulated during a
: phase of the culture (6, 12, 14 days) and aoqulre granulatian
at later stages it can be suggested that there 1is
morphological evidence that thesefaells synthesize, form
secretory granules and release them,during culture and bhatfa
stlmulatlon by the hypothalanus 1s}not're§u1red for the
synthesis. | ‘

This agrees with the generally held ﬁlew-(Everett.‘195h.
1956; Meites et al., 1963; Pasteels, 1963; Talwalker et al.,
1963) that the hypoﬁhalamus influences prolacﬁln cells only
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by 1nhiblt1ng discharge and‘syntheé}s. The resemblance of
autografts of rats pitultary (Remnels, 1962), in their
oytology and pﬁysiology; to the tissue in vitro also favours
this View. as both are more or less completely shelteredvfrom
an inhibiting hypothalamic influence. |

' Convey and Reece (1969), working on the rat, are the only
investigators who postulate that a stimulation from the
: hypothaiamus i8 necessaary for the}synthesls of brolactln.

They found that 2 hours of suckling produced an 85.5%

. reduction in prolactin econtent, which, in _vivo, is completely

replaced during the subseguent 8 hours. They were‘unable

to demonstraté that any restorationiocouxred when suckling-

stimulated anterior pituitary was cultured in a flask for

2 hours in vitro and from this they deduced that stimulation by

the hypothalamus is neceésary fdr synthesis, -
The cultures oflpars distalls of fémale rabbit with

hypothalamic tissue or extract showed fewer prolactin cells

and increased numbers of somatbtrophs and gonadotrophs, as'

compared to the materlal cultured without hypothalamus.

The prolactin oells:were mbderately”(or>we11)’granulated‘and

showed signs of reduced secretory activity, whllé somatétrophs

'and gonadotrOphs showed slgns of seoretofy activity. :All

this again favours the view of several workeis (Pasteels, 1963

Meites et al., 19631 Talwalker et al., 1963) that
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hypothalamus inhibits the‘felease'and*synthesis of prolactin.
Pasteels (1963) has also shown an increase in number of
somatotrophs and gonadotrophs, while prolactin cells remained

_unmodified, during the culture of rat and human pituitary with

o “hypothalamic thraobs _'Hb suggeéte the poésibillty of the

transformatioh of prolactih cells 1nt6 sohatotrophs and
gonadotrophs. | ' |
litoses in prolactin ceils during cuiture_wére'obsefved
in colchioine-treated material and in a few routine cultures
(Pl. 2, figs. 1 to 4), the oella‘cdﬁtaining a good complement
of seoretoiy grahuies.' More freqnently. mitoses of
ohromophobic cells were evident. some of these cells might be
degranulated prolactin cells. Emmart and Moasakowski (1967)
have stated that oultured pltuitary cells undergo
degranulation and become chromophobxc during mltotio activxty.
‘Pasteels (1963) stated that prolactin cella in tissue
and organ culture showedlmltotic activity. Allanson et al.
{1969) have reported that granulated prclactln cells ahow
mitosis during pregnancy and laotatlon; they say that when
cell proliferation is most active. most of the divlding oells
are degranulated. ‘
» Autoradiagraphy has also shown 1abelling of the nuclei
of some cells that could subaequently (by differential

stalning) be shown to be acidophlls and chromophobes
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(Pl. 2, fig. 5) or, in a few instances, basiphils. Brookes'
1stain wﬁs not effeotive-wlth enmulsion treated séotions;

. conseqnenﬁly 1t was impossible to detarmine whioch ﬁype of
acldophil was labelled. HMastro et al. (1969) are also

of the,bplnlon‘that anterior pitulitary cells (rat) retain
their differentiated state in vitro. ._They found labelling
on acldophil cells during culture, thbugh most labelled ocells
were chrbmophobes and a few basiphlls.'

It is concluded that, in vitro, prolactin cells from
maﬁnre,virgin female rabbits, adult males and immature animals
hype:trophy. accumulate granules, synthesize as well as discharge
their secretion and undergb mitosis, still retaining their
dlfferentiéted étate. for over 3 wecks. The hypothesis that
prolactin continues to be synthesiszed and released during
culture is further supported by the results of fhe combined
cultures of pars distalis wifh hammary gland. Howéver. 1t
must be quné in mlnd that‘Rivera (1964) found that the
.‘mammary gland of the C3H mouse (used in the combined ocultures)
is causad,to‘secrete milk by somatofrophin even in the absence
of pfolactin. | | | _

The mammo trophic activity of prolﬁotln relsased durlhg
~oculture by the pars distalis of all classes of tetrapods has
| been shown (Nicoll et al., 1966). Pasteels et al., (1963)
are of the opinion thét_with human material, only prolactin is
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secreted during culture and they do not agree that in the human,

- somatotrophin and prolactin are identical.

' Somatotrophs

In the mature virgin female rabbit the pars distalis,
before culture (Pl. 4, fig. 1), containe many more somatotrophs
than prolactin cells (Salazar, 1963; Allanson et al., 1966).

‘During the first 6 days of culture, somatotrophs showed
no marked change in mumber or cytologloal features, and there
were morphological 31gna‘of’their secretcr§‘activity jboth
synthesis and discharge) (Fl. 6, figs. 1 and 2).

Like the prolactin cells, the. number of granules in a |
cell tended to be smaller after a period of culture. Mitoses
were 1dent1f1ed in a few eomatotrophs af ter 3 deys of oulture.

By the 12-14th day of oulture, a reduction (as oompared
with prolactin cells) in thé number of somatotrophs boourred,
and slsns.df marked secretory activity ﬁére generally absent.

In 21- and 2l4-day cultures, somatotrophs were still less
nunerous and the endbﬁlaﬁmla'reticuium tended to be reduced;
- apart from this the'cellé showed 6ther features similar to those
of prolactin cells, such as.thinfdark mitoohnndrlé.‘darkénlng
of the oytoplasm, microfibrils, microtubules, pinocytotic
vesicles and lytic bodies.

Similar results were obtained with materlal from adult
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male and young immature male and female rabbits in respect
to 8omat9trophs.

The somatotrOphé thus showed evidence of reduced activity
as culture progressed and there was a gradual relative
reduction in their nmumber but not a total disappearance.

During culture the sdmatotropha of the rat and human
become less active, their cytoplasm»shrinks. they become less
-numerous and, in the human they disappear completely _
(Pasteels, 1962. 1963). There 13 a éorrespondlng reduction
in the liberation of somatotrophin. Because of the cessation
of the-hypothalamic inhibition, the cultured pars.distal;s is
in conditions resembling those in a lactating rabbit. The
reported increase of somatotrophs in lactating rabbits
-(Allanson 33_2;3. 1966) does not conflict with the observation
- recorded here that somatotrophs show signs of decreased activity
and became lesgs numerous in organ culture, since in cultures
'1h the presence of hypothalamic éxtract. they remained rather
more numerous and showed more signs of actlvity (F1, 18, fig. 1).
Horeover, castration or thyroidectomy (agéin conditions with
resemblances to conditions of cuiture) reduces the functional
' aétivity of somatotrophs of rats (Farquhar and Rinehart,
19548, B). o ! -

Rennels (1962) and De Vlrgilik;gg_gl. (1968) have deduced
that the seorétory activity of somatotrophs is d@pendent to
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,some extent on hypothalamlc stimulation and similar

findlngs have also been recorded (Pasteels.'19633 Krulich and

MoCann, 1969; Couch et al.. 1969). Their persistence

during eulture has been reported in explanta from various types

- of mammal (Chen, 1954: Martinovitoh. 1961). o
Since it has bgen repbrted (Paafeels.‘1963) that (ﬁith

human material) prolactin cells may change into somatotrophs

after the addition of hypothalamic extract to the culture

medium, ;t must be stated that the results reported here

would not contradict the reverse pbssibility'of the donverslén

of somatotrophs into prolaetin‘oells in the abéenoé of any

,hypothalamio influéﬁoe. The results however do not neoessarily

suggest that this does ocour, and oonsiderable evidence would

have to be advanced to demonstrate so surprising a phenomenon.'

Gonadotrophs

| Many gonadotrophs are pregent in the undulturéd control
péra distalis of mature virgin female rabbit (Allanson et al.,
1959; Salazar, 1963), they are much more numerous}than'
prolactin oells (F1, b, fig. l).
There was a conslderable reduction in the number of
gonadotrophs durlng the rirst 6 days of culture in completé
nedium, and the granulation of the‘oeils became peripheral and

‘sparse (Fl, 8, fig. 1). Very few examples of mitosis were
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found.

Further reduction occurred in 12- and llieday cultures
- and the cells showed signs of reduced secretory éctivity |
(e.gs reduced Tr.e.r.) and gometimes vacuoles were present
in the coytoplasm, Tapp (1967), however, regards the
vacuolisation of mucus-secreting cells as a normal feature of
. short-term organ culture. |

| Af ter 21 days of culture in complete medium, very
few gonadotrophs were seen, but the oélls showed more normal
.featurés and there were occasional mléroflbrila and some sﬁall
,Vasiéles in the Golgi area. A gimilar reduqtion in
gonadotrophs was seen wlth material from 1mméture male and
female rabbits and alse adult male fabbits. Material cultured
~in plain medium for up to 24 days showed more gonadotrophs

1than with complete medium. | '

The pars distalis, in vitro, is removed from the influence
of the gonadé. and gonadotfophs‘are in conditions that may be
comparable to those of the gonadotrophs of ocastrated animels,
| and it may be suggested that the results are similar to those‘
of Foster and Cameron {(1964), who reported a pronounoed
reduotlon in the number of mucoid ocells in the pars distalia
of the male rabbit after castration.

. Essentially similarvresnlté with organ cultures to those
described here have been obtained by Pasteels (1963) and
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Petrovie (1963a) with material from rats, and by Sage (1966 )
with fish pituitarj. These results with cultured material
 would be explicable as the Tesult of the absence of a stimulus
from the gonads, either directly or 1nd1rect1y through the
hypothalamus. ~ Equally they would be explicable on the basis
6f the absence of a direct stimulation from the hypothalamus
in the condltions of cul ture. | |
Farquhar and Rinehart (195ka) héwever. ‘have desoribed én‘
1ncrease in numbexr and activity of gonadotrophs after
castration of the rat. ‘ B
' The.hypothesia of a direct stimulatlion of gonadotrophs
by the'hypothélamus is supported by'the results of the
experlments on pars distalis. cultured with hypothalamus or
' extracts of it (Pl, 18, f}g.‘l). In bhese. the explants,
after a period of oulture, conta;ned more gonadotrophs, and
these showed @ore signs of activity. than did explants that
- were deprived of the 1hfluenoe of the hypotha1amus. Paatee;s
(1963) has reported a re~appearance and increase ln‘numbe& of
‘mucold cells (probably'gonadptrophs) 1n'human pituitary in
cultures to which hypothalamic extradt was added.
Deighton and Meyer (1969) have stated that hypothalamus
- from the adult female rat is capable of stimulatlng synthesis
. of ovulating hormone ;n organ—cultu;es of anterior pituitary

" of 25-day old female rat.
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Thyrotrophs

Thyrotrophs were numerous in uncultured controls (Fl. 4,
fig. 1) but they soon ceased to be identifiable during cultﬁre
and even in 3-&gy eﬁltures the few thyrotrophs present showed
degenerative features and very few seoretory‘granules. which
were pale and arranged peripherally (Pl. 8, figs. 1 and 2).

Presumably, during culture, these cells disoharge their
gsecretion ahd finally degenerate or bécome.agranular. an |
-outcome which is not surprising in view of the absence of any
influence from the thyroid or hypothalamus. o

Pasteels (1963) suggeéts that the ﬁhyrotrophs soon disappear
in the cultured pituitary of rat and human.  Petrovie
(19632) found that mammalian pituitary, during organ culture,
showed thyrotrophs with very few secretory granules and
reduced r.e.r. Sage (1966) reports that during the
oulture of fish pitultary, TSHﬁpfoduaing oells becone more
astive after 6 days and Petrovic (1963a) believes that -
thyrotrophs persist in an agranular form during the culture of
a variety of mammalian pituitary explants.

Degranulation and stimulation of thyrotrophs after
thyroidectomy has been reported a number of times (Cardell,
1963; Farquhar and Rinehart, 1954b; Herlant, 1964).

In the present work, matertal that was cultured with



hypothelamus for 7 days showed no identifiable thyrotrophs.

Agranular parenchymél eellé

Probably. most of the cells of ocultured explants that are
designated as chromophobes by light mlcrosoopy show a few
granules by e1ectron'm1cr0scopy1 ‘

"Apart from the cells hererdesiénated as stellate cells
(following the ﬁbmenclatufe of Salazar.'1963). there seems no
reasén to suppbsé that othér égranular parenchymal cells are
anythlng more than -1 phase of- granular cells (Pl. 9, fig. 1).
They have the cytological characteristics of granular cells
- and usually all 1ntermediate stages £rom agranular to heavily
granulated cells may be detected. -The different phases of .
granulation of granular cells has already been dlscussed.
Cells in an agranular phase may develop mlcrofibrils during

.culbure.

stellate cells . _ )

The exisgtence of a type of agranular parenohymal
»stellate cell with many processes ‘that tend to embrace and
envelope neighbouring granular cells has been recagnized by
éQVeral authbrs (salazar, 1963; Young et al., 1965;
schechter, 1969), This typé-df’cell often has an elongated

nucleus, strands of r.e.r., free ribosomes (Young et 2l., 1965),
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microfibrils (Salazar, 19633 Schechter, 1969, in the rabbit;
Cardell, 1969, in the salsmander, but not seen by Young et al.),
and dense bodies and other inclusions (Schechter, 1969).
Stellate cells occasionally show one or two granules

(Cardell, 1969), and are often assoclated with other cells by
means of desmosomes (Schechter, 1969) and are sometimes
described as abutting on perivasocular spaces (Salazar, 1963;
Cardell, 1969). ’ ‘

~ Most of thése rfeatures héve been identified in uncultured
control material in the present work. Thesa cells may be
comparable with the folliecular cells of the rat described
by Farqﬁhar (1957) énd Rennels (1964), and the cells with
stellate processes described by Hinehart and Farquhar (1955).

 During culture the stellate cells (Fl. 7, figs. 2 to 5)
change into a macrophage-like form and become relatively more
numerous. During the first week of culture, when they are
clearly distinguishable from. the perxvasdular cells, they
enlarge and begih to acquire the features of a magrophage.
later the cells characteristically show pinocytotid vesicles
andvphagocytotlo vaouoles.‘lytid bodies, 1ipid droplets and
occaslonal mlorotubuies and the miocrofibrile often became
arranged in bunches and desmosomes are more frequently found.
Iﬁ general appearance, the cells usuaily heoame more opaque

probably because of increased free ribosomes (Pl. 12, fig. 2).



Sometimes the cells show short stretches of r.e.r. with rather
- opaque oonténts; .Thé‘pseudopodial processes of the cells
beéﬁme larger anﬁ more complex and, whenever assoclated with
~ an enlarged intercellular space, tend to have miorovilli
and extensive villous folds resembling ruffled membranes
(Aberorombie and Ambrose, 1958).
The macrophage-like cells take a large part in providing
" the epithelloid cells ofrsqrfaoes and ca?itiea of long-term
cultures (P;. 11. fig. i). and iesemble the epitheliold cells
déveloped from mpnocytes‘;nllcngbterm culture (Sutton and Welss,
1966). | | o
Occagidnaliy‘a pseudopodium appears to invade the
granular cytoplasm of a_neighbourlng céll;‘ this appearance has
also been'dgacribed by Rineharﬁ and Farquhar (1955) with regard
fb»perislnuéoidal cells., The fact that, in long~-term |
cultures, the éella'beliaved to orlgihate from the stellate
cells often contain a few granules may result from a
_phagocytotlc ingestion of gfanules}rather than from éynthesls.
Experimental animals were glven 1n3eotlons of indilan ink
or colloidal gold in an attempt to identify phagdcytie cells
': 1n‘the‘par§ distalls and to follo# their develobment during
" oulture. These éxperimqnts-all f#lled and no ingested
pﬁrticléshcould be ldentlfied in control or 6u1tured material.
Young gg;glf (1965) found that occaslonally.‘after'répeated



1njeet10ns. pérlvaacular histiocytes fake up indian ink or
trypan blue and. very rarely, type 5 cells (stellate cells) also |
appear to do so0.

It cannot be doubted that the maorophage-like cells are
phagoaytio; they are often found among necrotie debris,
sometimes surrounding it as small groups. . Oocaaionally rounded
forms oocour (Pl.‘iz. fig. 2), probably gorged with debris like
the lung macrophages desocribed by Karrer (1958). Their
’failure to 1ngest.1nd1an ink may be because they are too
distant from the blood in the pars distalils. It 18, of course,
possible that some macrophages of ﬁhe cultured pitultary may be’
derived from blood cells (Sutton and wélas. 1966; Cohn et al.,
1966).

Iv. Featureé of the cells of;ggrs distalls and changes -
| during oﬁlture |
Intranuclear rods

Indentations of the nuclel were a common feature of the
parenchymal cells of pars distalis during culture (FPl. 5,
fig. 3 and Pl. 11, fig. 2). With increased time, deep
finger~shaped 1hvaglnatlons of the nuclear membranes. or
intranuclear rods, were observed in granular ceils. 'They
were straight or ourved, and bounded by the double nuclear

' membrane, with distinet nucleopores. These intranuclear rods



appear in the enlarged nuclei of enlarged cells during culture.
and give, of course. an enlarged area to the nucleus.

The occurrence of marked indentations of the nuclei of
typé 1 (prolactin) cells of pars distallis in pregnant female
rabbits, has been reported by Young et al. (1967) and in
- eultured prolactin cells by Emmart and Mossakowski (1967)..

~ Colonnier (1965) haa desoribed intranuelear rods in
the neurons of the visual cortex and supports the view that
they facilitate greater nucleooytoplasmlc interaotions.

The numerous nucleopores assoclated with 1ntranuclear
rods may be for the transfer of 'RNA (Kurosumi. 1961). Thus
‘the ocourrenoe of 1ntranuc1ear rods nay point to enhanced

physlological activity.

Intranuclear rodlet .

A compaot 1ntranucleur bundle of parallel elements has
been observed in granular and ‘agranular cells during culture
(Pl. 14, fig. 5). In control uncultured material e simllar
structure has been observed in one cell (a thyrotroph).

- Each element of the bundle measures about 100 2.
resembling a tonofilament. Sometimes the elements have the
appearanoe of a tube measurlng about 250 % in diamater.
resembl ing microtubules. Whether these elements are fibrils

or tubules 1is not clear.
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o The,dimgnsions'also reéemble those of spindle fibres and
the metotic midbody (Odot and Remninger, 1960), though the
general appearanoe‘diffefs considerably from that typical of
“this type of organelle.

The stralghtness of the rodlet reduoes the possibility
 that they are mnde up of mieroflbrlls or microtubules; 1§
seems poaslble that they are fine folds of the 1nner nuclear
membrane. |

Riley and Seal (1969) have reported the presence of
intranuclear fibres.1nAthe;keratinocyte,nuciei of the epidermis
of the ear of gn1nea'p1gs that had received kehydroxyanisole,
and polnteq ouﬁ that e;ther these fibres (sa1d to reaemble
, tonofilamgnts) are synthesized in situ or they originate
outside the ﬁuoleuafand enter it during an abnormal mitosis
(comparing them with known instances of intranuclear |
. mitochondria etc.). “ |

Siegeém\md ot ai; (1964) and Magalhaes (1967) have
desoribed essentially similar rodlets 1n certain nerve cells.
Siegeamund et et al. (196&) ruled out the pussiblllty of ‘the
rodlet being a reault of vlrus infection.

Dahl (1970) oonsidered bundles of fibres in ‘the nucleus
of pancreatio exoorine cells to be without any pathologloal

aignirioanoe.'



‘Intercellular bridges (continulty of plasma membranes)
Intercellular bridges (Fl. 9.vrlg. 2).between similar or
| different types of‘cells (e.g.{prolactln to prolactin or
prolaetlﬁ to‘somatbtrOph or agranular cell) have been observed.
In some 1nstanoes aeoretory granules have been seen in the bridgze.
Rose (1960) has shown evidence of an exchange of
cytoplasmic oomponents between assoclated cells in culture.
Sutton and Welss (1966) have described the diaappearance of
the plasma membranes between epithelioid macrophages during
culture and the subsequent formation of multinucleate glant
cells. If, as has been suggested by some authorities,
pituitary parenchymal cells can change from one granular typse
to another (Severinghﬁus; 1937). it is poasible that an
‘exchange of material through such bridges might be a part of

the machaniem.

Desmosomes
Ibsmosomés ﬁere rarely observed in control material and

they were rare in short-term cultures. Young et al. (1965) have

reported desmosomes assooiated with agranular (Type 5)}30113 of -
the rebbit and Salazar (1963) hae also reported rare
desmoscmes in the rabbit. |
. In longuterm cultures (e.g. 21 and 24 days) desmosomes

were quite commonly seen on agranular cells; most of thesg oells
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had -the appearance of epithelioid cells or fibroblasts‘(Plg 17,
fig. 1). In material from young, immature animals, desmosomes
were seen in 3-day cultu:esf a desmosome was observed
'assoqiatlng a grﬁnular. probably a prolactin, cell and an
agranular cell. | ‘

‘The cells of long-term oultures of adult material resemble,
with regard to desmosomes, those of the immature rabbit after
3 days oulture. Prolactin cells with well formed desmosomes
have been reported in human pituitary tumours (Peake et al.,
1969). | o

It has been suggested (Smith gg_gl;. 1969)‘that‘desmosomea
maintain a cellular relatlonship éufficiently close to

facilitate transfer.

Mitochondria ‘

‘There is not much change in the morphology or number of
the mitochondria excepb perhaps a slight iherbase in number
during culture,'partloularly in ﬁrolactih‘cells and |
somatotrophs, up to 14 days. Theyqutaln a ndrmal appearance
. except in a few instances where they had irregular swellings,
probably artefacts affer'fixation rather than results of
degenerative changes (Malhotra, 1968) because the cells with
swollen mitochondria were quite healthy in other réspeots |

(P1. 10, fig. 1l).
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In 21~ and 2beday cultures, there 1s an increase 1n
theJnumﬁér of mltooh§ndfia Ln'allgtY§es.of,viab1e cell,
granular and agranular; th@bmitbchonﬁrla_bepomé filamentous
(and ocoasionally branched) ahd dark, the“crlstae_appearing
as lighter linés against a dark background (Pl. 11, fig. 1).
COnseduantly it seems that mitoghondrig‘multlply during culture.
However, these cultures were maintained in air, and it is
~ possible that the changes uére'rqlated to the lower oxygen
tension. 7 o o J“ |

In these 1ong§term_bnlturea, the"mitdohondrla are often
_in the neighbourhood of microfibrils in’ the granular or
| agranular cells. As’ﬁhese flbrilé'arelprobabiy aésooiated
with cell movement or. synthesla of sedentary proteln, it is
not surprislng that they should ‘be olose to mitochondria.

Sutton and Welss (1966) hawe‘glso reported oytoplasmic filaments
in a topographical relationship withrmitqohondri#. .;Miller
(1953) has also suggestéd that an 1nerease of‘mitéehondria

is not related to release or disoharge of hormone but rather |
to synthesis of hormone or preoursor. ‘ ,

Lever (1955) has suggested that densq mitodhdndrlqvghange o
into 1ipid. Farquhar and Rinehart‘(195ba} have sald}that in
the cells which are resuming functional acbivity and acqulring
granules, mitochondria beeome dark. osmiophilic and appear |

to be of uniform density.
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Miocrotubules _
- In.the uncultured materlal. miorotubules were observed
in all types of granular cells of the pars. distalis but they
are rare or absent in agranular oells.

During culture there was no very notable ohange in the
ocourrence of microtubules that oould be related to the period'w
of oulture. and they were observed 1n all types of cells, but
, 1ess commanly 1n agranular cells. | | i

o Branson (1968) has suggested that the mlerotubules in

the cells of the stratum granulaaum of . the epldermis of ‘the newu
‘born rat are connected with the elongating or flattenlng
movements of the cells. Although. undoubtedly. eella change
"'shape during eulture, this 13 nob aasociated wlth any evldent
change in the number or arrangement of microtubules. |

Mierotubules were rather more numerous in some of the cells,
discharging seoretion (peripherally arranged granules. large
Golgl eto.) and showing signs of active synthesis (Fl. 14,
fig. 1). | | | |

This may suggest that microtubulea have some oonnection
. with 1ntracellu1ar tranaport. Rodriguez et al. {1968) have
| described dense~ocore mierotubules and suggested their possible

function_in the transport of newly synthesized materia1. 
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Microfibrils

Iﬁ the uncultured cantrol pars distallis, a few agranular
cella (Pl. 7, £ig. 1) and no granular cells showed
mlcrofibrils; there is no recorded observation of microflbrils
in the granular cells of unoul tured pars distalis. '

 During oulture, mieorofibrils appeared in all types of
parenchymal cell, and with increased duration of culture there
was an inorease in the occurrence of microfibrils.  The '
fibras”uere arranged as a network or_entangled to form a
ﬁailullke structure. or a small dense bundle (in agranular
cells in 1ong-term cultnre) or scattered in the ocytoplasm
| (Pl. 1#. figs., 2 to 4). Some agranular epithelioid cells
‘had microfibrils more conoentrated near the plasma membrane.

 As suggested by Franks et al al. (1969) and De Petris et al.

(1962). these rlbres may well be assoolated with cell
movgment as they become more evident during oculture (when a
certain amount of cell migration must be ocourring) and are
more numerous 1n the agranular epitheliold cells.

A perinuolear arrangement of these fibres in some granular
cells, in long-term cultures (Pl. 14, fig. 3), in whioch r.e.r.
has disappeared suggest that they may have some,assooiation
with the disappearing ergastoplasm., A close association

between free ribosomes and_scattéred miorofibrils was also
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observed. Mlcrofibrils'were.abundanf in the fibroblast-like
cells that appeared durlng‘longotérm culture (Pl. 12, fig. 2).
: IOung et al. (1967) have pointed out that sedentary

protein synthesized by free ribosomes (Palade, 1958) may take

the form of microfibrils.. 4
Sutton and.Weisa (1966)‘suggest a transport role for

filaments which provide a surface for the-movement of.colloids;

they also suggesnt a relation to movement..

Cilla

| Hectron mlcrographs of cultured material showed three
"examples of prolaétin célls; one fibroblaét and one probgble

. gonadotroph each with a dllium.ﬂ Ih ohg,lnatance. the qiliﬁm
emerged from the cell into the intercellular spéce (Pi. i?.

- fig,'z).v The proiactin cells with cilila showed signs of
conslderable secretoryfactivity. and 1n.this resembled those
described by Barnes (1961) and Lever (1962) 1n the pitultaries
of mouse and rat reapectively.

Cilia were not round in the electron micrographs of
‘uncultured control material but Salazar (1963) has described
‘them as ocourring normally in the cells of the pars distalls
of the rabbit, and Young et al. (1965) have reported their
‘ocourrence in the zona tuberalis of the rabbit.

Fibroblasts bear;ng a cilium (9 + 0) have been reported by
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- Wheatley (1969) to occur 1n}tlsaue cultures of embryonio‘
mammallian fibroblasts. | |

No suitable transverse section of a cilium was found 1n
the electron micrographs and it was impossible to classify
those ococurring in these cultures.

Dingemans'(1969) has stated that in the cultured
"adenohypophysls of the mouse, prolactln‘cells undergoing

mitosis are devoid of cilia.

Lytic bodles.

In cultured material, especlally long~term, as compared
with controls, multivesicular bodies, dense bodies (F1. 14,
fig. 3) and auﬁophagic'vaouoles were more commonly seen in
the granular pérenchymal cells, particularly prolaotln cells.
'Similearly, macrophage~like cells ohafacteristically showed
phagocytotic vacuoles (Fl. 12, fig. 2). |

Golgl areas were very well developed at 14'days of
culture but were usually less so0 in 1ohg~term oﬁltu:es (é.g;
24 days); Small vesicles both llght,and coated, were numerous
in the Golgl areas. These findings accord with the view that
Golgl vesioles-represeht the‘prlmary 1ysosomés'(Frieﬁd.and
Farqﬁhﬁr, 1967) or proto-lysosomes (Gordon et et al,, 1965) which
eventually partloipate in the rormation of other types of
lytic body, e.g. multlvesicular bodles.
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Smith and Farquhar (1966) observed an increase in the
number of lytic bodles in the prolactln ceila of post-lactating
rats, and concluded that the increased lysosomes provide é
régulatory mechanism to take care of over productlon of
secretory granules. It seems unlikely that this would provide
- the explanation of the 1ytlé bodies in the prolactin cells of
the cultured rabbit pars distalils, which‘are'more likely to
indicate degenerative changes caused by culture conditions.

‘De Virgiliis et al. (1968) suggested that when the secretory
activity of the somatotroph réturns to a normal rate after
stimﬁlat;on. the increased Golg)l membranes are no longer
necessary and the excess 1is segrégatedkinto‘multlvésiohlar
bodies, but agreed with Smith and Farquhar (1966) as to the
~ probable regulatory role of multivesiocular bodies. :

Coated vesicles

Coated vesicles, which in uncultured material ocour in}
small numbers 1n all types of cell in the pituitary, appear
to become progressively more numerous during culture (Fl. 14,
fig.‘h); They are seén near the cell membrane or away from
1t, and found in all types of parenchymal cell but are perhaps
mere‘numerous in cells that show signs of physiological |

activity, -They are also characteristic of the pefl#aséular



‘cells (Pl. 16, fig. 1).

The peripheral vesicles have the appearance of being »
obated on both sides of the membrane (presumably derived from
the plasma hembrane), and are aimllar to thoase desorlbad‘by
Bowers (1964) in the pericardial cells of an Aphid. when he
suggeéted that coated vesicles are involved in the selective
uptake of protein by the cell from the environment.

If coated vesicles are indicative of protein absorption
{presumably pinocytotic), their presence shows that most cells
in cultures, particularly longuterm cultures, are actively
engaged in absorption from their environment.

In material that was treated with Ho-thymidine during
culture, some labelling was seen in the cytoplasm of certalin
branched eibngated cells that resemble the pe:1Vascﬁlar ceil,
(which are difficult to identify by 1light microsdpﬁY)q It
seems possible that this lsbelling may be caused by pinooytosed
thymidine; | As the celis were exposed to labelling for only
an hour, the explanation given for a similar phenomenoh in
nervous tissue (Hopewell and Wright, 1970), that the cytoplasmic
labelling is the result of cell death énd phagocjtosis. is
very unlikely to apply to the instance noted here.

In addition to the coated vesicles near the periphery
of the celi there are coatéd vesiocles 1h the Golgl region
(P1. 17, fig. 2). These may be primary lysosomes (Friend and
Farquhar.‘l96?). ﬁut there 18 no evident structural difference
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between the ocoated veslcles of the Golgil region_and those
seen elsewhere.

_Some dense-walled bowléshaped depressions in the plesma
membrane (often seen in long-term culture) have been regarded
.as an early stage in thgldevelopmenﬁ of a coated vesiclej
however, similar structures in cultured monocytes are |
1llustrated by Sutton and Weiss (1966) who suggest thét they

are lysosomes in the act of discharge.

Dark cells
A few dark cells, granular or agranular, were seen in
eérly cultures and (Pi,'9, fig. 2), with increased duration
of culture, there appeared to be an 1ncrease 1n the number
of dark cells. The darkness of the cell does ndt'depend
on the secretion granules; in 2l1- and'zbéday'ouitureé most of
the cells were dark (Pl. 12, filgs. 1 and 2). _
This darkness may be caused by an abundance of f}ee '
ribosomes in the dark cells. The cells do not generaliy ’i
show signs of active discharge of séﬁretloh and it gppeats that
they are in & stage of resting or restoring materiél‘fér.
secretion; The presenoe,of_pumerous coated’veslciea. both
deep in the cytoplasm and near the cell membfane. may support‘

this view.
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Léver (1955) referé to light, dark and intermediate cells
in the adrenaliportex: they may represent different atages
in the functlonal mechanlsm, and may'becomé transformed one
1nto another. _ | |

Young et sl. (1967) have also referred to occasional dark
cells, thought to be prolaotin cells, in the adenohypOphysis
of the laotating rabbit.

Nebenkern and multilameiléte'bodies

| | An arrangement of r.e.r. in concentric whorls known as -

a nebenkern is genera11y regarded as ;ndicat;ve of intense
synthetic éctivity. Instances orntheir ococurrence in prolactin
cella of.r§i§'aftar stlmﬁlation with ueétrogen and during
lactation (Hyﬁer et al., 1961) and‘in rabbits during

lactation (Young et al.. 1967) have been recorded.

s&milar formations were seen 1n prolaetln cells during
oulture. especially the ahortnterm oultures. In longer-term
.'culturea nebenkern—llke formations were observed (Fl. 13,
ifig.'3) with a markedly reduced r1bosome content and narrower
chahnels in the endoplaémlc réticulﬁm‘(similar structurés were
seen by Petrovic, 1963a) and these seemed to represent a
transitlon from the nabenkern to an organelle made up of very
clogely packed fine whorls devold of_rlbosomes and very similar
to the multilamellate body described by Norman (1969) in
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‘rsecrétory cells qf:a fly after the release of secretion.

R In the 1ong;term cultures, some instances of

. mnltllamellate ‘bodies devoid of ribosomes were seen (Pl. 13,
f‘ig. ll-). g | v

| o It seens poasible that the nebenkern of an actively

syntheaizlng cell may change into a multlilamellate body

(at least, during long~term culture). VMoreover. a relation

seems possible between this organelle and the origin of

'microfibrlls which are frequently numerous in the

_ neighbourhood of multilamellate bodies in long-term oultures

O (Pl. 13, fig. ). " |

Pale granules ,

in light mlaroscopy. explants became generally more
PAS-posltive as culture prooeeded. Mosat of the Pasnpoaitive
‘ragction seems to be 1nsper1vasou1ar and intercellular spéoes
and the nbrmal”diffuse'Pnsnpbsiti#e reaction of the,cytoplasm
of cells becomes rather more marked. It appears that mucus
1s:éecreted by some cells, particularly the agrenular type,
after a perlod of culture; | o

In electron miorosoopy, oells that contained clusters of
' granular bodies with oontentsAthat range from very pale to
qgite opaque, ocourred in a number of cultures, more commoniy

in 1ong-termvcu1tures. Soﬁe of thesge structures resembled, to
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some'gxtent; 61usters of mucous granules. The significance
~of these pa}é granulag is not oclear. They may represent _
nQbeormed secretion in a'sﬁéte that 1s less dense'thanvnormals
they nmay represent granules that aré undergoing dissolution or
they mﬁy represent‘a'new secretion of mndﬁs. This laat |
explanation would be slmlldr to that advanced by Pasteels (1963)
who found that human prolactin cells could, 1n‘ou1ture
transform into mucus-secretory cells (after the addition of
hypothalamic extract). However, many of these étruotures have
a resemblance to publlshéd 1llustrations of lytic bodles. |
It has been shown by Berenéén et al, (1958), Grossféld -

(1959) and Daniel et al., (1961) that fibroblasts are a source
of mu00polysacchar1dé during culture. | }
| Rinehart and Farquhar (1955) have suggested that. the

muoopelysaceharides of the ground suﬁstance of peris;nusbidal
spaces is secretéd by parisinusoidal cells.

' Undoubﬁedly; fibroblasts and macrophages became relatively
more numerous during oulture and it 1s possible that the general
enhanoemenh of the PAS—poslbive reaction durihg inture refleots

thelr seoretion of mucus.

V. Material oultured with thiouracil
Only 6-~day cultures were studied by electron mloroscopy.

In these, as in cultures in ordinary medias thyrotrophs were
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not ldentiflablea  Examples were seen of modifilcations in
‘somatotrophs that were essentially similar to those described by
Foster et al. (1969)‘and involved the dilation of the r.e.r.

but no evidence of any dense secretion in the clsternae:

There would beAlittle'reaspn to expect thiouracil to have
any effgct on thyrotrophs sinoe;lin the an;mal; its effect
‘on.the pituitary'thyrotrophs'ls‘an outoome of its direct
 effect on the thyroid. -

VI, Intercellular spaceéi perivascular spaces and the
- contained cells - |

A system of spaCes‘permeatesvthe pars distalis. Between

the parenchymal oells thare-arevintercellular spaceg; these
are sapérated;frbm a space that surrounds the capillaries by
-the basemeht mémbrane df the parenchymal cells, The space
sﬁrroundlng the_cgpillaries is called the perivascular spéce
(perislnnsoida1~spacé.'pericapillary spaca). It contains
’collagen fibres and is deacrlbed as being filled with an
amorphous ground substance {Young et al.. 1965). The

‘perivascular space. 13 llmlted 1nternally by the basement
‘membrane of the oapillary eplthelial oells (P1. 15, fig. 1).

The three»dimensional atructure of the pars distalls

~has not bean worked out. consequently the relationships of the
_nnmerous‘stregohes of perivaaoulgr space is not known, nor 1is it

~ known whether»théyparenchyma is basically one cell thick or
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more than one cell. There is some confusion»of terminology
in the various descriptions of the pars distalis that probably
springs from thigs. Some asuthors do not seem to have
obaerved the basement membranes.

The capillary cells and the contained red blood corpuseles
persist for a time during culture (Pl._ls, fig. 2). The
capillary cells with thelr basement membrane may be
recognisable after three weeks wlth the cells and lumen
gshrunken (Fl, 15, fig. 3). Bousquet and Meunier (1962) have
reported the disappearance of the last traces of‘chplllarlesf
after 5 days of culture of rat pituitary. |

Cells resembling histiacytes are generally recognlsed
to occur in the perivascular spaces and thls ‘was confirmed
in the preeent work., Cells eonsldered to be fibroblasts were
seen with pale cytoplasm and an 1ndlst1not plaama membrane
in the perivascular spacea of oontrol material. There 1s
no other reference to.the presenoe of flbroblasts in ‘the
pitultary. | '

During culture; as alréady noted, there 1a4an"1ncreaSe
of‘PAsnpoéitive material, and sometlmes dehée electroﬁ—apaque
materisl and more or less deformed'secretion granules ocour
in the perivascular spaces {(and intercellular spaceai. Also,
the perivascular spaoes;become dilated and collagen appears

to become more abundant and basement membranes often become
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‘very foided and sometimes unrecognisable.

The histlocytes become more maorophagenilke with dense
irregular nuclei.topaqué cytoplasm, thin dark mltochondrlq.
phagocytotic vacuoles and small vesicles (F1, 16, fig. 1),
The cells develop long pseudopodia whleh,71n one or two
1nétances, do appear, as described by.Rlnehhrt and—Férquhar
- (1955)+ to enter granular cells in a region where. in the
culture, the basement membrane appears to be lacking.

Large 1nteroe11u1ar spaces (Pl. 17, flg, 1)‘w1th
mlcro§1111 and villous folde occur in 1ohg~termvoultures.

(24 days) and also in some short term cultures of young

immature rabbits. The formation of these spaoes appeara to be

the outcome of cell movements and would 1norease the absorptive

surface of the explant. Their aarlierfappearanoé in young

material probably reflects the greater viability of young cells

that has been noted in other contexts. That these spaces

are not the mere result of 1ooalised cell death 13 demonstrated‘

'by this young material in which cell death 1s rare.‘

VII. Disoharge of 8 eoreto;z granules
The diseharge of secretory granules from oella has been

described by a numbqr of workers; some report that secretory

granulés ‘ lose their individuality inside the oytoplasm of the
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cell or in the 1npocke£1ngs of the cell, and,their‘substance_‘,
18 given out in an amorphous form (Sano, 1962).

Others (Pasteels, 1963; Couch et al., 1969) describe the
intact granule leaving the cell and passing into the perivascular
space, no longer ﬁlth a granule membrane, They do not refer
to the basement membrane which is ordinarily present (and
appears to be visible in the electron‘micrograph published by
Couch et _al., 1969) which would prevent the extrusion of a
granule into the perivascular space proper. De Virgiliis et al.
(1968) in their abstract, alsé refer to‘granules passing 1nfo

_ the‘perivasoular space. in thelir text however, they describe
- the granule pﬁésing into the “extracellular space"™ which the
| iliustrations make‘clear‘ls the space between the plasma |
‘membrane of the granular cell and its basement membrane.

Girod et al. (1965). in their illustration, show the
extruslon_or a granule int0~1ntergellular space from a proladtin
cell of the hedgehog. Although organ culture would not seem’
to be a means of investigating granule extrusion, certain
-observatlons geem relevant. It is 1ike1y‘w and the findings
support this « that materiﬁi,diacharged from the granular cells
will tend to accumulate more in the ocultured organ than it
would in vivo in an organ with circulating blood. In several
cultures, recbgnisable granules, devoid of granule membrane,

together with deformed granules end amofphous opaque material
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doonrred in intercelluiar spaces as ﬁell as in the space between
-pérenéhyma cells end basement membrane (Fl., 8"figl 2). In
these cultures there was evidence too of amorphous opaque
‘material that had passed through basement membranes 1nto the
perivascular spaces.,

This may indicate that granules per se pass out of the cell
and ;lose their form, presumably by dissolving in tissue fluid in
the intarcelluiar space, and some evidence could be seen in the
cultures of a mechanism of discharge by the fusion of granule
ﬁembrane and plasma meﬁbrane as desoeribed by severél authors.
| - Several authors have suggested that mature granules are
: partlally dissolved before liberation. The existence of |
darkvgranules in the intercellular space appears to contradict
this suggestiori‘. but throws no 1ight on the significance of
the pale granules which ocourred in many cultures. |

In cultured material there are undoubted instances of
seoretory granules in the perivascular space (Pl. 16, fig. 2),
sometimes free granulea devold of a membrane and sometimes
granules wlthin oytcplasm. The existence of granule-containing
cytoplham in the ﬁerivascular spaoé (i.e. not separated from
it by a basement membrane) may support the contention of
Rlnehart and Farquhar (1955) that parenchymal cells put out
protuberanoes oontalning granules through the basement membrane

" into the perivascular space. Their electron miocrographs
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(and probably one by De Virgiliis gg;g;,. 1968) aléo provide
‘some support for this view, Salazar and Peterson (1964) also
desoribe cytoplasmio processes of parenchymal cells entering
the intercellular space and there 11bérat1ng gramiles elther
with or without a membrane, and also the existence of membrane;
bound granules in the perivascular space.

The view that macrophage-like cells withdraw granules from
parenchymal cells by means of paeudoﬁodlal extensions is
advanced by Rinehart and Farquhar (1955). |

. The existence of macrophage-like cellg dontainiﬁg
granules, both in the parenchyma and perivascular space, in
oultured material may support this view of Rinehart and
Farguhar (1955) or the’granulatlon of the cells may be the
outcome of the phagooytosls of debris or extrﬁded granules by
" these cells. | | » | - o

It is possible, of course, that the granular eytoplasm
and free granules in the'perivascular spaces seen in cultured
‘material may be there because of the abnormal ednditloﬁ of :
culture and possible dlsrnptions of basement,membrahes; The
wide differences in the findings concerning‘granule ?:truslon
may, of course, arige from‘different‘methods of.killing; fixing
and preparing material for electron microécopy that produae

different artefacts.
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' SUMMARY AND CONCLUSIONS

Explants cultured for 24 days show areas of viable cells

(about a quarter of the explént). Viablility was assessed
on the basis of general cytologlcal features; DNA- and |
RNA~-fluorescence with acfidine orange; RNA reaction -
wlthupyronin, and the ocourrence of mitosis.

Cultures in alr with HEPES-buffered medium 199 gave better
results than cultures in carbogen with bicarbonate-

: buffefgd 199; 1trseems probable that the high proportion

of oxygen in carbogen 1s hatmfuig

Large explants survive better than small in lqngutefm
cul tures. |

Explants frdm young immature rabbits survive better than
those from mature animals,

Epithélloid tissue with microvilli develops dur;ng cul ture
at the exposed surfaces of the explant.

Cavities (generally 11néd.by microvilli), which inorease in
numberlénd‘size.W1th the duration of oculture, develop
in the viable region of explants.

Perivascular apaﬁas and intercellular spaces inorease in
size with pfoiqnged culture and show a stronger PAS=
pesltive reaction. Collagen fibres in perivascular

spaces appear to increase in number.
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An increase in the number of PAS-positive dfoplets in

vintercellular gspaces occurs during culture. :
Granular cells become 1ight1y granulated during culture.
This is more evident;from_6 to 12 days of culture but

later at 21 to 24 dajs they may become more heavily

granulated. | '

Frem 3 to 14 days, prolactin cells are mogt active in
syntheslzlng end releasing the1r secretion, at 21 and zh
days they appear to be more active in synthesis than

- release, or to be quieacent. :

Prolactin cells, which are few in unoultured oontrols.
become the most common typg of granular cell in long-term
cultures;,and'thelr seoretory grahules mgy 1ncre§se in

‘éize; | ‘ |

Somatotroéhs are more numerous than prolactin cells in
uncultured mgtefial‘and»in short~term‘ou1tur§é but less
numerous in long=-term cultures. In short-term cultures
they show glgns of secretory act1v1ty which diminiah

during further culture,

Gonadotrophs decrease in number-during culture and show

reduced secretory activity. though in 21 and 24 days

cul tures they were much more numerous than was expected.
Thyrotrophs disappear'aoqn after 3 days of culture.
Agranular cells increase in number and éome, the stellate

qelis. tend to become macrophage-llke and electron dense.



16, Fibroblast-likeAcellg'weré occasionally seen in perivascular
spaées. but in some long-term cultures they weré also seen
among the parenchymal §e11s.

17. The cytoplasm of most of the cells becomes electron dense
during prolonged culture. ‘

18, Small 1light and dark Golgl vesicles, lyﬁic bodies,
pinogytot}c vesicles, and désmosomes. becbme mnore numerous
during culture. Micréflbrlis appear‘ln granular cells
and become more numerous”ln agianuiar cells during culture.

 An increase in the nmumber of microfibrils, in long=-term
cultures, may be reiated to the presencg,of‘multilamellate
bodles (which,themselvés,may arise from the nebenkerﬁ of
the actlvely secreting oell). |

19, With prolonged culture. the nuclel of aoidophil cells.

' particularly prolact;n cells, become larger and indented

. with 1ntranuc1eﬁr rods. and nuelebliAbécohe more evident.
These nuclear ohanges probably 1ndicate an 1noreased
secretory aotivlty. »

20, Occasional 1ntranuclear rodlets were seen in all types of

| parenchymal cell; they have not prevlously been recorded
in the pars distalis. ‘ -

21. In long-term cultures, mitochondrla increase in number and ™

become filamentous and electron dense.
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‘2?. More aclidophils than basiphils were undergoing ﬁitosls
in 3-day cultured material. A similar number of
chromophobes showed mitosis. | |
23. Secretory granulea. gometimes deformed always without
membranes. were'obserVed_lying freely in intercellular
and perivascular spaces of oultured material.  In many
qultures. 1nteroe11u;ar-and perivascular spaces contained |
amorphoﬁs eleoﬁron—dense materiél. This was interpreted
~ as discharged secretion that had acoumulated.
24, Expiants cultured 1n.plain medium do not dirfef much from
those cultured in media'with:serum.‘though gonaddtrophs
are more numerous in explants in plain medium. v‘
25. COmbined‘qultnres‘(in a suitabla ﬁedlum) of mammary gland
"~ (from mice) with pfeyibusly cultured pars distalis.,show
Stimﬁlated secretion in thé mammar& gland and demonétxate
. that pars distglls, prgviously cultured for up to 7 days.,
is still ayntheaizing and liberating ptoléétin;
'264 With hypothalamic extract or tisgué. cul tured explants
. show fewer prolactin cells and an lncrease»in the number

of somatotrbpha and gonadotrophs.‘and these shdw slgns*\ 
. \1;\
of increased secretory aotlvity. = \\,

27. Circulating medium was not satiafaotory for oulturlng
| adult rabbit pars distalis though material from young

rabbits gave good results.
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PLATES

A1l the figures are of pars distells of mature virgin
female rabbit oultured in complete Difco 199, except where

otherwise‘stated,
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PLATE 1.

Figs 1.
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Stained seotions of various cultures, viable
reglons indicated by arrows.

'3 days. X 70.

14 days. x 30. ‘ ,
21 daysy plain HEPES~buffered medium. ‘,x 30.

2l days; plain HEPESebuffered medium,
acridine orange stain, x 50. :

Same as Fig. 4, viable region. x 560.
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PLATE 5. Electron miorographs of prolactin cells after
" 3 days oculture (Fig., 1), 6 days culture (Fig. 2),
12 days oculture (Fig. 3), 21 days culture
(Fig. 4) and 24 days oulture (Fig. 5).

x 6,000, ,
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PLATE 6. FElectron micrographs of somatotroph cells
after 3 days oulture-(Fig. 1), 6 days culture
(Fig. 2), 12 days culture (Fig. 3), 21 days
cu%tgre (Fig. %) and 24 days culture (Fig. 5).
X 6,000+ ' o ;
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PLATE 7.

Electron mlarographs of stellate cells.

Unoultured control (Fig. 1) and after 3 days

oulture (Fig. 2), 6 days culture (Fig. 3),

21 days oulture (Fig. 4) and 2l days culture

(Fige 5)- x 6,000,
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PLATE 8.
Flge 1.

Fig. 2.

Electron micrographs of a 3-day culture.
Prolactin (p), somatotroph (s), gonadotroph (g),
degenerating thyrotroph (t) and stellate (st)
cells. Arrows Aindicate intercellular spaces.

Some granular cells are moderately granulated
and some lightly. - Well developed r.e.r, and
Golgl areas in acidophils. Thyrotroph probably
degenersting. x 6 »000. :

Intercellular spaces contaln electron opaque
materisl and some deformed granules (arrows),
erythrocytes {(rbe). x 6,000.
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' PLATE 9.

Flg. 14

FiEiAZJ‘

Electron,mlorograyhs of a 6-day»cu1ture.

‘Prolactin (p) and somatotroph (s) cells.

Dark intercellular spaces indiocated by arrows,
stellate cells (st), agranular ocells (ag) «

' Granular and agranular cells, some with well

developed r.e.r. and Golgi areas. x 6,000,

Cells with peripheral light granulatlon. ,
Intercellular bridges (b) between a somatotroph
and a prolactin cell. A central cell has dark
cytoplasm. Microtubules and miecrofibrils in

~ both types of granmular cell. x 6,000.






- 1‘4’0 -




PLATE 10. Eleotron miaragraphs of a 1l2«day oulture.
‘ Prolactin (p), somatotrophs (s) and gonadotroph {g)
- cells, All intercellular spaces are dark,
Inflated mitochondria probably fixation artefact.

Fige 14 Prolactin cells more numerous than somatotropha.
- Some oells have light peripheral granulation.
Nuclel indented. A cavity of about the siza
of a cell (arrow)., x 3,000. _

Fig., 2. Prolactin cells with well developed Golgi areas
and slightly vesiculated r.s.r. Centriole
(arrow), intranuclear granule in neighbouring
cell. 6.000.
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PLATE 11. Electron micrographs of 2l~-day cultures.

Fig. 1, Prolactin cells (p)., a dark irregular stellate

S cell (st), gnd en agranular cell (ag). Free
surface of explant shows smooth (arrow) and
fuzzy microvilll (double arrow). Dark thin
mitochondria (m) in all types of ocell, Flaln
HEPES-buffered medium. x 6,000. :

Fig; 2+  Agrenular parenchymal 6elis; Intranuclear
g rog,(arrow), lytio body (1), lipld droplets (1d).
x 6,000, ‘ - ' ‘









TE 12, Eleotron micrographs of a zbuday aulture.

Fige. 1.

Fig, 2,

Plain HEPES-buffered medium.

Viable region with spaces lined by epithelioid
celleg with mlorovilli, Some fibroblast-like

‘oells (f) with dilated r.s.r, and stellate .

cells (st). IMrk prolactin cells (p).
x 3,000.

Granular cell (acidophil). probably

somatotroph (s) and & macrophage-like cell (mp)
with phagooytotioc vacuoles (arrow) and a o

ruffled membrane (double arrow). A
fibroblast (f) shows microfibrils and two
centrioles. x 10,000.
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PLATE 13. Electron mlcrographs of oultures to show

Fiso 1.

Fig. 2.

gspecial features.

A portion of a prolactin cell, 6-day oculture.
Granules in Golgi cisternae (arrow).
X 9 000,

A portion of a prolaotin cell, 21~day culture.
Granules in Golgl cisternae (arrow). Plain

‘HEPES=~buffered medium, X 9,000

A portion of a aell with Nebenkern-like
formations, li-day culture. Coated vesiocles
(arrow). x 20, 000. _

Multilamellate body in an agranular cell and

bundles of miocrofibrils (arrow), 2l-day
culture. Plain HEPES~buffered medium.
x 20,000,
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PLATE 14. Electron micrographs of cultures to show

Flge 1.

Fig. 2.

Flso 5&

special features.

A portion of a prolsctin cell with
nicrotubules (arrow), 6~day oculture,
X 12,000‘ ’

A portion of a prolactin cell with ball of
microfibrils (arrow), 6-day culture.
x 12,0004

A portion of acidophil cell with perinuclear
miorofibrils (arrow) and lytic body (1),
24eday culture. Plain HEPES-buffered
medium, x 12,000,

‘A portion of a stellate cell with bundles

of microfibrils (arrows). The cell shows
peripheral coated vesicles, villous folds,
desmosomes, and mitochondria (m), 2leday
culture. Plain HEPES~buffered medium.

x 12,000 oo

Granular cell (probably prolactin) with
intranuclear rodlet (arrow), 2l-day culture.
Complete HEPES-buffered medium, =x 12,000,
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PLATE 15. Electron micrographs of control and
cultured pars distalls ahowing caplllaries
and perivascular spaces.

Fig. 1. Uncultured, control material from immature
" male rabblit. Large capillery with

erythrocytes (rbe). Capillary epithelial
basement membrane and parenchymal basement
membrane (arrows) limiting the perivascular
space (pv). A perivascular cell (pve) and
collagen fibres (c) in perivascular ‘8pace.
Somatotroph (s). x 9,000,

Fig. 2. Capillary after 6 days culture, showing
capillary eplithelial cell and surrounding
perivascular space limited by basement
membranes {(arrows). Erythrocytes (rbec).
x 9,000 ‘ .

Fig. 3. Distorted capillary after 21 days culture,
showing lumen and epithelial cell. Collagen
fibres (¢) in perivascular space.  Plain
HEPES~buffered medium, x 9,000.
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PLATE 16. Electron micrographs of culturea in plain

Fig, 1.

HEPES~buffered medium, -

Perivascular cell (pve) with centriole
(arrow), coated vesiocles, a long pseudopodial
process and dark irregular nucleus. Also an
agranular parenchymel ocell {ag) with r.e.r.,
numerous small vesleles, periphersl coated
vesicles and dark thin mitochondria (m),
21-day oulture, x 6,000

Perivascular space containing secretory
granules devoid of limiting membrane (arrow)
and surrounded by parenchymal oella. 2l~dny
culture., x 12,000,

A portion of a fibroblastmlike cell with ,
dilated r.e.r. (arrow), microfidbrils (mf) and
microvilli (mv), 2b-day culture. x 9,000.
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PLATE 17.

) Fi&l 1.

- Fig. 2.

Electron nmicrographs of cultures to show
desmosomes, cilia and lytic bodles.

Parenchymal cells showlng desmosomes (arrows)
and lytic body (1).  Large intercellular
spaces, 24-day oulture, plain HEPES buffered
nedium. X 12.000« .

Portion of a prolaetin cell with cilium
(arrow), well developed r.e.r. and Golgl areas
with many small vesicles, some coated, lhwday
culture, x 18.000.






w 154 =

- PLATE 18



t

FI‘E « 1o

PLATE ;8;-Eleotrch ﬁicrograph crllﬁuday culfura; adult

male rabbit pars distallis oultured with
hypothalamus. .

SOmatétrcﬁhs (s) and éunadbtrophé (g)'showA

- signs of aotive secretion. The few prolactin

cells (p) are well granulated but show no
indicatlion of enhanced synthetic asotlivity.
Perivasoular space (pv). x 3,000, :
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