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4o INTRODUCTION,
During the last quarter of a century a consi-

{derable smount of research has been carried out on
various aspects of eytology., In invertebrate animals,
however, observations have been confined mainly to the
‘nucleus and to the structure and behaviour of the eyto-
w:plaunio components during gametogenesis, The few
‘8ccounts of the epithelial cells of the slimentary
canal are restricted to one or two specific regions
or to the associated glands, Gresson (1934) ana Shay
(1946) workea on the cytology of the mid-gut of the
;cookroacn. Siang-Hsu (1947) studied the epithelium of

‘the mid-gut of the larvae of g:glgggllg,nglanggggggg
!

‘and Subramaniam (1938) studied the Golgi apparatus in
‘the intestinal cells of anhg;ggnggg;., The salivary
glands of Qh;ggnglng larvae have been investigated by
Parat and Painlevd (1924), Beams and Goldemitn (1930)
and Gatenby (1932), and the salivary glands of the
grase-hoprer by Beams and King (1932), Gresson (1936)
studied secretion and the eytoplasmic inclusions in
the cells of the salivary glands of Iipula paludoga,
The present work was undertaken in order to
study the eytology of the different regions of the ali-
imentary oénal of an invertebrate animal and to deter-
‘mine the relationship, if any, between the morphology
and disposition of the Golgi material ana mitochondria
and the phases of the secretory cycle, As the alimen-

‘tary tract of the earthworm, ngpg;ggg,&ggggg&g&g is

divided/
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divided into several distinet regions, it was consi-
tdered to be a suitable animal for investigation, The
different regions of the gut were fixed in various
fixatives, sections were cut, and the epithelial cells
were subsequently examined carefully, In order to
study the cellular changes during different phases of
‘the secretory cycle, certain worms were starved prior
to fixation of the parts of the alimentary tract,while
others were fed subsequent to a period of starvation,
and thereafter examined at different stages,

There are numerous worke on the histology of
earthworms (including Lumbricus), but so far as the
lwriter is aware, the cytology of the alimentary tract
of Lumbricus, or of any other earthworm, has not been
‘studied vreviously,
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The material for the present investigation
wae obtained from specimens of Lumbricus terrestris
collected at intervals from the autumn of 1947 until
‘the autumn of 1948, Samples were taken from the differ-
tent parts of the gut, namely the bueccal region,
 pharynx, oesophagus, erop, gizzard end intestine, andf
from the pharyngeal glands, oesophagesl glands and %

- oesophageal pouches, Both young and mature adult spc-‘
tcimens were used in the investigation and tissues ;
from apparently healthy individuals were selected for
cytological study, Certain individuals were dissected

- immediately after they were collected and small parts
of the different regions of the alimentary tract and
assoclated glands were placed in the fixatives as |
speedily as possible; others were kept in large glasnl
Jars to which soil could be sdded so that it was
possible to fix tissues at different periods of fast=
ting, and of feeding after previous fasting, The food
given to the earthworms in the laboratory consisted
of manured soil, decaying leaves and grass, and vege-
ttable moulds maintained in a fairly moist condition,
Specimens were dissected alive as quickly as poesible
in normal seline; the whole operation never took more‘
than ten to fifteen minutes, In order to avoid possible

error or abnormality, more than two earthworms were

used to inveestigate each physiological phase,
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To study the origin. formation and pas=age
of the secretory granules from the gut-epithelium to
the lumen, it was necessary to obtain samples, at
various times after feeding, from severzl specimens
which had previously been starved, The resting stage
of the cells of the gut-eplithelium and assosciated
'glands wae studied in animals which had been starved
for three to six days, The active stage was investigated
in worme which were fed after a fast of three to six
dayss tissues were fixed at intervals from one to
twenty=four hours after food was made available,

For general histological studies, material
was fixed in the fluids of Bouin snd Zenker (with and
without formalin), and the sections were stained with
haematoxylin and eosin or with Mellory's stain, For
the study of the mitochondria, Flemming's (without
acetic acid), Regaud, Champy, Altamann's acid fuchsin
and pierid acid, Bensley's acid fuchsin and light
green and Cain's modification of Helly's fluid with
potassium dichromete and methyl blue, were used, Flemm-
ting (without acetiec acid), diluted to half as recom-
mended by Gatenby, and Meves fluid were found to be
the most suitable fixatives, The fixatives were changed
after three to four hours and further fixation carried
on for thirty-two to th}rty-four hours, The tiesues
were then washed in }l{a running tap water for two and
a half to three hours, Heidenhain's iron-haematoxylin
and Beneley's acid fuchsin and light green were found

to/
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to be most suitable for staining the mitochondria,
Southgate's and Mayer's methods were used to demons-
ttrate the presence of mucus,

For observation of the Golgi material both
silver and osmic methods were tried, Among the silver
methods, Aoyama and Da Fano's method gave the most
satisfactory and constant results, Sections were -
usually mounted unstained, but in a few cases they
were stained with Ehrlich's haematoxylin or toned with
gold chloride, Of the osmic methods, Mann-Kopsch,
Kopsch, Kolatchev's and Ludford's modification of
Kolatchev were tried, Kolatchev's methods was found
to be most suitable for all the various tissues of the
gut-epithelium, except the intestine and the oesopha-
tgeal pouéhes in which the Golgi elements were impreg-
inated by the silver method only, In addition to the
methods mentioned above, the Golgi elements were fairly
well impregnated in material fixed for twenty-four
hours in a mixture of equal volumes of 2% osmiec acid,
6% potassium dichromate and 1% chromic acid, washed in
running tap water for ten to fifteen hours and in dis-
ttilled water for half an hour, then placed in 2%
osmic acid, kept at 30-3%8 C, for five to seven days,
and finally transferred into distilled water for four
to six hours, This method is a modification of Kolat-
tchev by which the tissue is kept for a longer period
in osmium tetroxide, In cases of over-impregnation,
sections/



Te

eectione were satisfactorily bleached by hydrogen
peroxide (20 volumes of 20% hydrogen peroxide in 100
volumes of 70% aleohol) or by turpentine, Sections
prepared for the demonstration of the Golgi material
were either mounted unstained or stained with neutrsl
red with a trace of acetic acid, Observations were
based chiefly on material embedded in paraffin,

' Bectione were cut at 4-8 p in thickness, Attempts were

made to stain the mitochondris supra-vitally with
Janus Green B, It was found, however, that the amount
of teasing necessary to separate the epithelial elements
dameged the cells to such an extent, that this method
was abondoned, In neutral red preparations, the secre-
ttory granules only were stained, Certain individusls
were fed with iron saccharate for twelve to thirty-six
hours; the gut epithelia were then fixed in equal parts
of Bouin's fluid and 5% smmonium sulphide in 95%
alcohol, and subsequently treated, as deseribed by
Yonge (1927), to demonstrate the presence of iron by
the Prussian blue reasction and thus determine the

absorptive regions of the gut,
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1V, DESCRIPTION OF PLATES,
Legttering
A.F,, absorbed food material,
Ce » eilia,
’ cuticle,
C, B, ecentral body,
«8.y @elear space,
D, P, , discharge-pocket,
« Ay Golgi ares,
G.,M,, Golgli material,
M., mitochondria,
. nucleus,
Nu, , nucleolus.
Oes,, oesophagus,
0,G,, osmiophilie granule,
0.Gl,, oesophageal gland,
« Py Oesophageal pouch,
« %y pharyngeal gland,
s I,s peritoneal investment,
« 849 Dpharyngeal shelf,
«B,s 8striated border,
8,0, salivary chamber,
«3,5 secretory granule,
S.M,, secretory mass,
L ml.
V.C.» ventral chamber,
V. N, C, , Ventral nerve cord,

Chs;




Ue

' AVI

A, HISTORICAL,

The histology of the buccal region of
Lumbricus has been described by Sziits (1913) and
others, Szilits found that the buccal cavity has dorsal
as well as ventral diverticula, Gurwitsch (1901)
described the structure of the bucecal epithelium,
According to him the cells are non-ciliated and are
covered with a thick cuticle,

As far as the writer is aware, there is no other
contribution on the eytology of the buccal epithelium
of Lumbricus,

B, METHODS,

Samples of the buccal region were taken from
earthworme having constant access to food, Materisl
was also obtained from specimens which were kept
without food for four to six days, Certain specimens
were starved for four to six days and then i'cd;
tissues were fixed one hour, three hours, five hours,
eix hours and twenty-four hours after the worms were
placed in contact with food, The tissues were fixed
for thirty-six to forty-eight hours in Flemming's
fluid (without acetic acid), diluted to half as reco-
trmended by Gatenby, Sections were stained successfully
by Bensley's acid fuchsin and light green method, It
was found that Heidenhain's iron-hsematoxylin never
stained/
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stained the secretory granules and the mitochondria
satisfactorily, Kolatchev's original formula (impreg-
tnation in osmium tetroxide for about six to seven
daye at 37°C,) was fairly satisfactory for the
demonstration of the Golgi material, It was noticed
that material from fasting specimens took a longer
period to impregnate than the tissues of other indi-
’:viduala.

o OBSERVATIONS,

The epithelium of the buccal region consists
of short as well as elongated columnar cells with a
thin cuticle, They are non-ciliated, The cell-membrane
- is usually distinet, The nucleus has distinet nuclear
membrane and chromatin granules, and usually one to
two nucleoli, The nuclei lie at different positions
in the cell, Binucleate cells were present in some of
the sections, Replacement celles are present throughout,

The cells of the buccal epithelium do not
show very marked changes correlated with feeding and
fasting, Cells in all stages of the secretory ecycle
are usually present, but after the intake of food,
following a period of starvation, they show a slight
response,

The secretory granules may be concentrated
chiefly in the basal or in the lumen half of the cell,
In some cases they are aggregated near the border of
the cell adjacent to the lumen, or in the neighbourhood
of/



of the mucleus (Pl, I, figs, 1 and 2), In a few cases,
secretory granules are seen in the area occupied by
the Golgi material above the nucleus, Clear spaces are
usually seen in the basal eytoplasm chiefly near the
basement membrane (Pl1, I, fig, 1).

The Mitochondria

The mitochondria of the buccal epithelial
cells of Lumbricus consist of rods of various sizes,
a few granules and rarely filementous forms, The rods
are scattered throughout the cell, In the majority of
cells, the lumen half contains more rods than the
basal half, Granules are usually situated near the
border of the cell adjacent to the lumen or near the
basement membreane (Pl,I, figs, 1 and 2), The majority

of the mitochondria exhibit marked polar orientationf
and are arranged parallel to the longitudinal axis of

the cell,

The Golgli material consiste of rods,filaments
and granules and is situated above the nucleus, In the

cells which have completed their secretory cycle and
are at rest, the Golgi material occupies a smaller
area than in active cells (P1, II, fig. 5 ).

In cells which are actively engaged in the
production of secretion, the Golgi material is hyper-
ttrophied and occupies a large area of the cytoplasm
between the nucleus and the border of the cell

ad jacent/
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adjacent to the lumen, In the majority of such cases
the rods and filaments run almost parallel to the
longitudinal axis of the cell and secretory granules
are seen in close contact with the Golgi material
(P1, II, rigs, 1,2,end 4), Appearances indicate that
\during the final stages of the formation of the gra-
| tnulee of secretion, the Golgi rods and the filaments,
‘break up to form small rods and granules, ‘
The Golgi material of the cells of the buccal
epithelium is never in the form of a compact reticulum,
Feeding or fasting does not induce a marked change in
the morphology of the Golgi materisl,




PLATE I, 14,

Drawings of the epithelial cells of the

buccal cavity of Lumbricus terrestris showing
secretory gramules and Mitochondria,

All figures from Flemming preparations
stained according to Bensley's method,

Fig, 1. Showing secretory granules in the Golgi
field and accumulation of granules in
the basal cytoplasm,

Fig. 2. Showing accumulation of secretory
granules in vieinity of lumen,
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Drawings of the epithelial cells of the
buccal cavity to show the Golgi material,

All figure from Kolatchev preparations,

Pigs, 1, 2 and 4, Cells during secretory aotivity.

Figs, 3 and 5, Cells in the resting stage,
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Y1, PHARYNX,
44 _HISTORICAL

Much work has been carried out on the histol=
togy of the pharynx of Lunbricus and of other earthe
iworms, The pharyngeal epithelium has been described
by Polowzow (1903), Mayer (1913), Menzi (1919), Keilin
(1920), Stephenson (1930) and other authors, The
writer has, therefore, nothing to add to the detailed
work of these authors, |

Ae far as the writer is awvare, there is no

previous contribution which deals with the eytology
of the epithelium of the pharynx of Lumbricus,

B, METHODS,

As for the buececal epithelium,

€. OBSERVATIONS,

The pharynx is a relatively thick portion of
the alimentary canal not very definitely separated
from the buecal cavity in front, but more clearly
defined from the narrow oesophagus posteriorly, The
great bulk of the pharynx is due to 1t|Amusclea and
to the thick investment of glandular cells which form
the pharyngeal bulb,

The pharynx of Lumbricus, possesses
dorsal diverticula, one of whiech is of considere

table length antero-posteriorly; its opening into
the pharyngeal cavity is narrow end glit-like

from/
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from eide to side, The cavity of the diverticulum
extende laterally on each side and possesses secondary
evaginations, The structure of the pharynx and the
pharyngeal epithelium can be clearly seen from the
photomicrographs of the transverse sections of the
pherynx (P1, III, figs, 1 and 2 ),

The cells of the pharyngeal epithelium are
columnar and those of the dorsal epithelium, including
the diverticulum, bear close-set cilia seated ui»: on a
layer of basal granules which stain deepnly. Giiia are
elso found in patches on the ventral wall of the
pharynx, the epithelium between the patches being
- eovered by cuticle,

The cells of the lining of the pharyngeal
shelf (Pl, VI, fig. 2 ), which separates the pheryne
tgeal cavity into a dorsal or salivary chamber and a
ventral chamber, are smaller and cuboidal in shape,

The dorsal nortion of the pharyngeal epithe~
tlium, including the diverticulum, ie composed of tall,
elongated eciliated cells compressed from sgide to side,
and containing long oval nuclel each of which is pro-
tvided with one or two nucleoli as well as chromatic
granules, The coumnefn most cases are not clearly
visible, but the nuclear membranes are distinet, These
cells are usually so crowded that in section their
nuclel appear to lie at different levels, The basal

ends/



ends of the cells are very narrow snd are covered with
2 basement membrane, The salivary ducts from the pha=
iryngeal glands, situated dorsally, extend to the
vicinity of the basement membranes of the epithelial
cells, =nd there give off numerocus small ductules
without walls, which appear to penetrate between the
cells and terminate separately in a multitude of small
pockete containing mucine, immediately beneath the
free surface next to the lumen, These fine ductules
with their terminal salivary discharge-pockets are
clearly seen in sections and were first observed by
Keilin (1920), although Stephenson (1930) failed to
see them, The salivary pockets ultimately discharge
their contentes anteriorly into the dorsal salivary
chamber of the pharynx or posteriorly into the single
cavity of the pharynx, Such discharge-pockets are,
however, absent among the non-ciliated epithelial cells
of the ventral wall of the pharynx, Some of the ciliated
cells contain bacteria,

The cells of the lining of the ventral wall
of the pharynx are mostly non-ciliated, columnar in
shape, and smaller than those of the dorsal ciliated
epithelium, Patches of ciliated cells are present
between the non-ciliated cells, The cell-membranes of
the ciliated cells are more distinct than those of the
dorsal epithelium and the nuclei are situated chiefly
at the same level in ell the cells, Replacement celle
are present close to the basal membrane in both the

dorsal and ventral epithelia, Binucleate epithelisl
cells/
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cells were sometimes observed (Pl, III, fig, 3 )’

When an animal has constant access to food,
the position, form, and arrangement of the components
of both the ciliated and the non-ciliated cells of ,
the pharyngeal epithelium vary considerably, The cell~
membranes are distinet in some regions, but are indis-
ttinet in others, The nuclel of some of the cells are
very close to the basal membrane or lie in the basal
half, others are present in the central region or in
the cytoplasm edjacent to the lumen, The nueclei vary
considerably in shape, These variations are correlated
with the activity of the cell,

The disposition of the secretory granules
varies and is related to the phases of the secretory
cycle, The granules may be most numerous in the bassal
and scanty or almost abgent in the lumen half of the
cell, or they may be situated chiefly in the ecytoplasm
adjacent to the lumen, In certain cells the position
of the grenules clearly indicates that they are migra-
tting from the basal area towards the lumen (Pl, IV,
figs, 1=4 ),

In the dorsal ciliated epithelial cells the
nuclel lie mostly in the basal region and very few
are in the centre or in the lumen half of the cell,
These cells contain very few granules of secretion,
but the discharge-pockets are full of mucine secreted

by the pharyngeal glands,



2, Conditions Induced by Fasting,

The most noticeable feature seen in this
material is the great accumulation of ueretoiy gra=
tnules clumped together in the cytoplasm adjacent to
lumen and also scattered throughout the cell, In some
cells, however, there is a greater accumulation of
granules in the basal half of the cell, The nucleil
ususlly lle in the basal part of the cell except in
the epithelial c¢ells of the pharyngeal shelf where,
due to the constant activity of the cells, the nuclei
110 at different levels,

Early secretory granules ¢an be seen in tha
area of the Golgli zone of some cells, where they are
present in close association with the mitochondrias as
well as the Golgi material ( P1l, V, figs, 1 and 2),

In the ciliated celles of the ventral epithe-
tlium accumulation of secretory granules, especizally
- at the extreme end of the cell towards the lumen, was

clearly seen,

2. The Secretory COyele,

Following the intake of food after a fast
of five to six days, the majority of both the ciliated

end the non-cilisted cells become very active, The
nuclei move towards the lumen side of the cell and
become very irregular in shape, In most cases, the
gcell-membrane is indistinet or very faintly marked,
Secretory granules begin to pass into the pharyngeal
chamber/
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chamber,
Two to three hours from the intake of food,

the non-ciliated cells show a general evacuation of
the secretory granules which were accumulated during |
the fasting stéage in the lumen half of the cell, The
nuclei lie in all positions from the centre to the
extreme outer end of the cell, In majority of cells,
fresh secretory granules begin to accumulate 1in the
basal half of the cell ( P1, V, figs, 4 eand 5 ), In
the ciliated cells the discharge-pockets do not bulge
so much as in the fasting stage as most of the muein
has passed into the lumen, Due to the closely packed
condition and lateral compression of the ciliated
cells of the dorsal epithelium, the origin of the sec~

iretory granules could not be traced,
Five hours from the intake of food, the nuclei

move downwards, and occupy an almost central position,
The cells appear to be more uniform in appearance and
are elongated, A light area without any distinct
border becomes visible in the supra-nuclear region of
cells fixed and stained for the demonstration of the
mitochondrias, This area increases in sharpness and

'esize during the increase in cell activity and corres-

tponds with the area occupied by the Golgi material,
The areas are negative images of the Golgi material,
The early accretory granules are restricted to this

zone, but later some of the secretory granules move

towards/



towards the lumen side of the cell ( P1, VI, figs, 1
and 2 ),

8ix hours from the intake of food, the lumen
half of the cell seems to become almost full so far
as the accumulation of the secretory granules is con-
tcerned, In some cells both the basal and the lumen
halves of the cell are full of secretory granules, but
in most cases the accumulation in the lumen half of
the cell is much greater than in the basal half, and
the granules are more numerous than during any of the
previous stages of feeding (Pl, VI, figs, 3 and 4 ),

At this stage masses of secretory material from the
‘pharyngeal gland cells enter the epithelial cells hyf

breaking the basal membrane, and finally are evacuated
into the lumen, After the material has been discharged
into the lumen, the cells undergo a process of disinte-
tgration ( Pl, VI, fig.5.).

Twenty-four hours from the intake of food,
the structure of the cells appears to be similar ¢to
that of the cells of animals with constant access to
food,

In both active and resting cells clear spacod.
or vacuoles-like structures, were very commonly seen
near the basement membrane of ciliated and non-ciliated
cells, In some of these spaces secretory granules are
present ( Pl, V, figs, 1 and 2 ),

The cells of the pharyngeal shelf resemble
the non-c¢ciliated cells of the ventral epithelium,

except/
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except that they are shorter and broader, They produce
a' secretion which appears to be similar to that of
other epithelial cells, They react in a similar manner
to fasting and feeding ( Pl, VI, fig, 2 ).
4, The Mitochondria,

i.VWorms with Constant Access to Food:- In animals
with constant access to food the mitochondria occur
in the form of short rods and granules of equal thick-
tness scattered throughout the cell, In some cells,
the mitochondria are more numerous in the basal region
than in the lumen half of the cell, In others, they
are numerous in the lumen half and very scanty in the
basal half, The granular mitochondria occur chiefly
clumped together in the vieinity of the lumen in close
association with the secretory granules, soﬁe of the
granules may be the cross sections of thevrod-ahaped
forms, CGranular and rod-shaped mitochondria are also
found around the area occupied py the Golgi bodies and
in ite neighbourhood, Polar orientation was not very
well marked on account of the small size of the mito-
tchondria ( P1, IV, figs, 1-4 19

1i,Conditions Induced by Fasting:- During the

fasting stage of the various types of cells the mito-
tchondria consist of small rods and granules; only
very rarely are filaments present ( Pl, V, figs.l and
2 )« In the basal part of all types of cell$, the mito-
tchondria are mostly rod-shaped} in very rare case a

few/
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few granules may, however, be present amongst the rods,
| Clumps of granular mitochondria, in association with
secretory granules, are seen at the extreme end of
the cell towards -the lumen, The mitochondria around
the nueleus are small and rod-shaped, but a few granules
occur around the Golgi zone during the esrly stages
in the formation of the secretory granules, In cells
which are densely packed with secretory granules, the
majority of the mitochondria are scattered at the
extreme poles of the cell, but a few are also scatter~
ted in the eytoplasm, especially in the neighbourhood
of the Golgi field ( P1, V, figs, 1-3 ),
There is no polar orientation of the mito-

schondria in the cells of the fasting esnimals,

1ii,The Secretory Cyele:- In worms which have
recently besn feeding, the mitochondria in the ciliated
and non-ciliated cells consist of small rods and
granules; very rarely are filaments present, Those of
the basal half are in the form of small rods and a few
granules, The lumen half of the cell contains granuler
as well as rod-like forms, The number of mitochondria
seems to be greatly increased as compared with those
in the cells of starved worms; this is due to their
fragmentation into smaller bodies during inereased
cellular activity, In certain cells granular mitochon-
tdria are very numerous and form a dense clump in the
neighbourhood of the lumen ( Pl, V, figs, 4 and 5 ),
Two/
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Two to three hours from the intake of food,
the miﬁoohondrié of the epithelial cells are mostly
granular with a few rod-like :orms present chiefly at
the extreme basal pole of the cell and scattered in
the cytoplasm, Some of these granular and rod-like
mitochondria are 1n‘n-sooiation with the secretory
granules situated around the Golgl zone and 1ts
neighbourhood, Ths mitochondria are much more numerous
in the basal half of the cell than in the lumen half,
Olnmping of granular mitochondria adjacent to the cavity
is frequently seen durlgg this stage ( P1, V, figs, 4
and 5 ),

Four to five hours from the intake of food,
the arrangement of the mitochondria seems to be
greatly changed as compared to the previous stage,
There are more granular and rod-shaped mitochondria
in the distal half of the cell than in the basal half
where thay are very few in number and mostly of the
emall rod-shaped variety, During this stage the nuclei
seemed to have moved towards the centre, so that, in
most cases, the Golgi bodies now lie immediately
ebove the nucleus, Granular mitochondria are still
seen around the Golgl zone in assoclation with the
secretory granules ( P1, VI, figs, 1 and 2 ),

Six hours from the intake of food, the mito~
tchondris seem to be less numerous than in the previous

stage, It is quite likely that, due to the great
accumulation/
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accumulation of@he gecretory granules, some of the
mitochondria have become obscured, The mitochondria
in the basal half of the cell appear to be mostly rod-~
iike with a few scattered greanules, Clumping of the
granular and rod-shaped mitochondria in the neighbouf—
' thood of the nucleus is seen in some cells., At the
' side of the lumen very small rods and granules are
. present among the secretory granules ( P1, VI, figs. |
3 end 4 ),
Twenty-four hours from the intake of food,
' the form and position of the mitochondria are similar
' to those found in worms with constant access to tood.;
f Due to the extreme shortness of the mito-
i .chondria, it is very difficult to determine with
certainty if the mitochondria exhibit polar orienta-
stion during the stages of secretory activity; it
seems likely , however, that they are arranged in
relation to the poles of the cell,

It must be noted that in all the various
physiological phases, only & certain number of cells
is involved in the secretory processes at any one
time, and that each cell acts as an independent unit,

During all stages of cellular activity the
secretory granules and mitochondria showed very mark-
ted affinity for acid fuchsin, but stained less
deeply with haematoxylin,
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Ss.The Colgl Noterigl,

i.%orme with Constant Access to Food:~ When an
enimal has constant access to food, some of the non-

' eiliated epithelial cells are in stages of activity

and others are at rest, The Golgi material shows nrh-
ted morphological changes which are typical of the |
respective phases, and are related to the participati
of this cytoplasmic component in the functional uu-;

- tvities of the cell, The morphological chenges of the

Golgi materisl are shown on Pl, VII, figs, 1-5, The
Golgi elements are moet numerous in the viecinity of

- the nucleus and are absent from the basal region,

The Golgi material in some of the op!.thonalj
cells consiste of thin filaments commected together

by & few very thin eross linke so that in s ¢ross |

' sections the material sppears to be in the form of a

' simple reticular or ring like structure ( P1,VII,figs,

1 and 2 ), With the onset of secretory sctivity, the
compact Golgi dodies spread out into the cytoplasm
towards opposite poles of the cell so that the reti- |
toulum becomes more complicated and forms a eylindri-
tecal structure which occupies a much greater field |
then before, The Golgi filamente ineresse considerabe
tly in thickness and are impregnated more deeply than;
during the resting stage, Swellings with sharp outlines
are present on the osmiophiliec filaments{ Pl,vII, figs,
3 and 4 ), In the Golgl and osmic preparations sec |
tory granules are visible in contact with the rnmnpu.
as/ ~ |



As a result of further activity of the cell the long |
rode of the basket-shaped Golgi apparatus bresk up
into shorter segments, and curved Golgi rods with
deeply impregnated rims now surround the secretory
granules ( Pl, VII,fig. 4 ).

In cells in which secretory activity is at
its highest the CGolgi substance breaks up into rods
and granules which become arranged parallel to the
longitudinal axis of the cell, Secretory granules of
various sizes lie between the Golgi elements, At this
stage the Golgi field is so large that it occupies -
almost the whole of the lumen half of the cell (Pl, VII,
fig.5 ). After the discharge of the secretory bodies,
the cell returns to the resting condition and the
Golgi material again takes up ite original position
in relation to the nucleus and now appears as a simple
reticular or ring-shaped structure composed of thin
Golgi filaments or rods,

' The Golgi materisl of the ciliated cells of
the pharyngeal epithelium is in the form of short and
' long rods running parallel to the longitudinal axis
of the cell, Secretory globules are found commonly in
close association with the Golgl rods; the latter
finally break up into granmules ( Pl, IX, fig.2.).
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1i, Conditions Induced by fasting:- When a worm
is starved for four to six days, it was noticed that
the Golgi material was very much reduced in size andl
quantity and thet it is most difficult to impregnate
it sueccessfully. conséqncdtly. longer impregnation o#‘
sbout seven days in osmium tetroxide at 35-38"C,, is
n;celsary for a good result,

The Golgi material of the non-ciliated cou‘
consists of thin long rods and threads arranged in a
eircular or oval ring, The rods and threads are joinﬁd
together by a very few thin cross links usually of
minute diameter, so that, the material appears as a
simple reticular structure, It occupies a median aroﬁ
between the nucleus and the lumen or in a few cases
lies closer to the nucleus ( P1, VIII, figs. 1 and 2&
end Pl. X, f£ig. 1 ). In few cases a slight swelling
on the Golgi elements is visible,

In the cilisted epithelisl cell, however,
there is little change in the morphology of the Golgi
material as compared with that of worms with constant
access to food, except that there is a slight docrou'u
in the area of the Golgi field, The structure of thc;
Golgi material is similar to that of the Golgi mtcxé:la].
of animals which have been feeding normally. The ’
absence of any specific change in the morphology ori
the Golgi materiasl of the ciliated cells is due to

the fesct that the production and the discharge of

macine/
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mucine is continuous whether the animal be in the rest-
ting stage or in the active stage, although with the
onset of secretory activity after the intake of food
the production of mucine is somewhat accelerated,
i1i, The Secretory Cycle:- With the onset of
activity, as a result of feeding the animals after a
fast, there is a marked change in the morphology of
the Golgi elements of the non-ciliated cellsj at the
seme time, the elements t?ecom much easier to be
impregnated successfully, with osmium tetroxide, It
appears, therefore, that there is definitely an
' increase in the power of the Golgi material to reduce
 osmium tetroxidej consequently, quicker and deeper
' blackening of the Golgi material is a visible mani-
ifestation of physiological changes, The maximum mani-
ifestation of this increased power to reduce osmium
tetroxide seems to be about five to six hours after
the intake of food,

The firet visible change indicative of secre~
story activity is marked by the hypertrophy of the
Golgi material, The whole mass becomes less compact
and spreads out into the surrounding cytoplasm, There
is a loosening of the osmiophilic threads and the
field covered by the Golgi material is considerably
larger than during the resting phase, Small sharply
outlined swellings appear in the osmiophilic links,
The reticular structure of the Golgi apparatus

becomes/



becomes much more complicated, forming a cylindrical |
basket which stretches towards both poles of the cell,
but chiefly towards the lumen, In some cells the whole
of the distal half of the cell is practically filled
with Golgi elements and with associated secretory
granules, Some secretory granules are gurrounded by
 deeply impregnated rims ( P1, VIII, figs, 3-6 and

| Pl, X, figs, 2-4 ).

Curved Golgi rode occur in the neighbourhood
of the nucleus and early secretory granules are
present in intimate connection with them, After the
Golgi elements break up into rods and granules it wa‘?
noticed that most of the rods lie parallel to the
longitudinal axis of the cell, At this stage the
elements not only £ill the lumen half of the eell
completely, but are also present a 1ittle below the
centre of the cell ( Pl, VIII, fig, 5 and Pl, X, fig,
3 ), Sometimes owing to movement of the nucleus
towards the lumen, the Golgi bodies lie below the
nucleus and thus present a picture of "reversed
polarity”, The topography of the Golgi material never
changes, except when the elements of which it is
composed come to occupy a larger area of the cytoplasmj
the polarity or reversed polarity is a purely rela=-
ttive question, depending on the free movement of
the nucleus, whose location in the ecytoplasm sppears
to be independent of the Golgi bodies, This is
confirmed/



confirmed by Pollister's observations (1938) on the
orientation of the Golgi bodies,

Further fragmentation of the Golgi elements
results in the breaking up of some of the rods into
granulese, This happens when secretory granules come
into close contact with the Golgi rods, The latter
become free of the main mass and move away from the
'nucleus, The migration of part of the Golgi material |
is accompanied by the movements of the granules of
secretion and their concentration in fhe eytoplasm
close to the lumen, The gramules are not only first
visible in close association with the Golgi elements,
'but the latter undergo a change of form and distribu-'
" stion during the phase of secretory activity - thus
clearly indicating that the Golgi substance plays an
active part in the process of cell secretion,

The Golgi materiel in the eiliated cells are
in the form of long rods and threads with swellings
which enclose secretory gramules, It covers a slightly
larger field than in the resting stage, There is no
other appreciable change in the morphology of the
Golgi material,

Although the nuclei of the cells of the
pharyngeal shelf move towards the lumen during secre-
ttory activity, the structure and disposition of the

Golgi material does not change,




ELATE 11, 33,
Photomicrographs of the pharynx of Lumbricus,

All from Flemming preparations,

Fig, 1. Trensverse section of the pharynx
showing the pharyngeal bulb, dorssl
diverticula and pharyngeal shelves,
The pharyngeal shelves do not meet in
this section, The dorsal (or salivary)
chamber communicates with the ventral

| chamber, x23

Fig. % Transverse section of the pharynx
showing the same featurses as Pig, 1,
except that the pharyngeal shelves
have met 80 that the dorsal and ventral
chambers are now completely separated
from each other, Some of the secretory
mass from the pharyngeal glands may be
seen in the shelf on ite wey to the
lumen, x 23

Fig. 3. Non=-ciliated epithelial cells of the

| pharynx during starvation showing
mitochondria and secretory granules,

One binucleate cell can also be seen,
x 1140



PLATE III, 338,




Drawings of the epithelial celle of the
pharynx of earthworm having constant access to food,

All figures from Flemming preparations and
stained according to Bensley's method,

Figs, 1-4, Showing mitochondria and secretory
granules in cells in all stages of

secretory activity,






PLATE YV 35,

Drawings of the eplthelisl cells of the pharynx
of earthworms, ¥Figs, 1l-3 from worms killed after five days'
starvation, Pigs, 4 and & from worms killed two hours
after being in contact with food, following a fast of
five days,

All figures from Flemming prepasrstions and
stained sccording to Bermsley's method,

Pigs, 1=3, Non-ciliated cells showing gradusal
accumulation of secretory granules,
secretory granules in the Golgl field,
mitochondria and clear spaces in the
basal cytoplasm of some cells,

Figs, 4 and 6 Non-ciliated cells showing evacuation
of the grenules from the lumen half
of the cell,






PLATE VI, 36.

Drawings of the epithelial cells of the
pharynx of earthworms, killed at various periods
- after feeding, showing mitochondria and secretory .
granules,

All figures from Flemming preparations and |
stained according to Bensley's method, |

Pigs, 1 and 2, Non-ciliated cells, 5 hours after
feeding, showing secretory grannleJ
in the Golgi field and the origin’

of the earliest secretory grannleﬂ

in the basal cytoplasm, litoohondrha
are more numerous in the lumen |
half of the cell than in the basal

region,

\

Pigs, 3 and 4, Non-ciliated cells, 6 hours after

feeding, showing gradual accumula-
tion of the secretory granules }
chiefly at the basal pole, Granula}
mitochondria are chiefly seen near
the nucleus whereas the rods are |

distributed throughout the cell,

Fig. 5. Non-ciliated cell after the
discharge of secretory granules
showing disintegration,

Pig, 6, Ciliated cell showing gradual
evacuation of secretory material

2 hours after feeding. l



368,

PLATE VI,




ELATE VII, 37

Drawings of the epithelial cells of the
' pharynx of earthworms having constant access to food,

All figures from Kolatchev preparations,

| Pigs. 1-5, Showing Golgi material of non-ciliated

cells in all stages of secretory
activity.






ELATE VIII, 38,

Drawings of the non-cilisted epithelial cells
of the pharynx of earthworms killed after a fast of
4-5 days followed by 3-6 hours in contact with food,

All figures from Kolatchev preparations,

Pigs, 1 and 2, Cells showing reduced Golgi
material,
Figs, 3=6, Cells showing hypertrophy and

gradual elongation and thickening
of the Golgi elements leading to
their fragmentation,
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SRATE IX, /89

Photomicrographs of the ciliated epithelium
of the pharynx showing the Golgi material and
discharge-pockets, x 1140, |

All from Kolatchev preparations,

Mg, 1, Showing discharge-pockets near the
border of the cell adjecent to the
lumen,

Mg, 2. Showing the Golgi materisl very clearly

in the form of rods, filaments and
granules, At some places the Golgi
elements are seen surrounding secretory
material which appears white in the
section, The Golgi material is elongate
and runs almost parallel to the
longitudinal axis of the cell,



PLATE IX, 358,




Photomicrographs of the non-ciliated
epithelial cells of the pharynx showing the Golgi
material,

All figures from Kolatchev preparations,

Fig, 1, Showing the Golgi material in the
cells of a fasting animal, The Golgi
material is very much reduced, x 980

Pig, 2, Showing the Golgi material after the
intake of food, following starvation,
The gradual loosening up and hyper-
{trophy of the CGolgi material is seen,

Fig. 3. sio%aigg considerable elongation of the
Golgi material during secretory activity,
Fragmentation of the Golgl elementes is
seen in some eells, x 820

Flg. 4. Showing great hypertrophy and elongation
of the Golgi elements during increased
cellular activity, x 980
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YII, OESOPHAGUS

A, HISTORICAL
The histology of the oesophageal epithelium

of earthworms has been described by various authors
in the past, notably by Ribaucourt (1901), who worked
on Allolobophora turgida ( A, caliginosa ), end by
Stephenson and Prashad (1919), who worked on A, gali-
tginosa and Lumbricus, As far as the writer is avaro;
there is however no previous contribution which deals

with the eytology of the epithelium of the oessphagus
of Lumbricus,

B, _METHODS

The methods employed for the cytological
study of the oesophageal epnithelium were the same as
those used for the examination of the pharynx, except
that certain specimens were fed after a fast of four
to six days, and material wae then fixed at two, three,
four, five, five and a half, six, six and a half,
seven, and twenty-four hours after the worms were
placed in the soil, This method was adopted in order
to obtain information on the secretory ecycle during
the stagez of increased cellular activity,

For the examination of the Golgi material
osmie ( Kolatchev ) as well as silver ( Aoyama )
methods were tried with successful and satisfactory
results/



results,
C, OBSERVATIONS

The oesophagus is the portion of the alimen-
ttary tract which succeeds the pharynx, It is a2 long
narrow tube with segmental dilatation and intersegmental
constrictions, The foldings of the oesophageal opitho¥
tlium attain a great degree of complexity in this
‘animal and form glandular structures like the oesopha=-
' tgeal diverticula (or cesophegeal pouches) in segment
ten and the oesophageal glands in segments eleven and
twelve, On the whole this region of the alimentary |
canal is highly vascular, The transversely folded epi-
‘tthelium consists of tall columnar cells with a thick
cuticular lining, Cilia or rodlets are not found except
in the region of the oesophageal pouch,

The epithelial cells situated in the part of
the oesophagus where the oesophageal pouches and oeso-=
tphageal glands open are more elongated than those
situated more posteriorly, Binucleate cells were some-
ttimes observed,

When an animal has constant access %o food,
the structure and arrangement of the somponents of thd
cells of the oesophageal epithelium vary greatly
Idepending upon the phases of the secretory cycle,

The cell membranes are distinet in some

regions/
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regions but indistinet in others, The outline of the

' rmeleus may be regular or irregular, but in all cases

the nuclear memrane is distinet, The nucleus may uei

in the extreme basal region or occupy a position close

' to the lumen half of the cell, On.ortwonmloona#d
' chromatin grenules are present,

|
The srrangement of the secretory granules 1

varies in the different cells and is related to the

|
phases of the secretory cycle, The granules mey be n?n
numerous in the basal half and scanty in the lumen

half of tha’ cell; in other cells they may be numerous
|

in the lumen helf and scanty im the basal half, In
some cells the migration of the seecretory material |

from the basal ares towasrds the lumen is clearly nhovlu.
end in certain cells their sccumulation in close anc!p-
teiation with the mitochondria .MM

sesscimtbien il odiashandads ground the Colgl zone,

In worme which have not been fed for some
dayes the accumulation of the secretory granules, chiefly
in the lumen helf of the cell, is the most noticesble
eytological feature, In some cells, however, the
grenules are more numerous in the baui region than
towards the lumen, and in this case the formation of
the secretory granules in the Golgi area can be easily
seen ( Pl, XI, fige, 1-3 ). The nuclei are mostly
regular in shape and oval in outline, and occupy &

more or less central position in the cell, There are,

! however, /.
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however, a few celle in which the nuclei are irregular

in outline, and in which the nueclei lie in the basal

or in the lumen part of the cell, The nuclear membrane,
usually one m or rarely two, and chromatin
materisl are clearly visible, Cell membranes are distinct
in most cases, As the cells are packed with secretory
material they are not uniform in appegrdnce throughout

the sections,

Z.__The Secretory Cyele,

Pollowing the intake of food, after a fast
of four to six days,; the majority of the cells become
very aective, During the early part of the active phase,
the nuclei become irregular in shape and move towards
the lumen, In moet cases the cell membranes are less
distinet then during the resting condition,

Two hours from the intake of food, some of the
cells show general evacuation of the secretory granules
which were accumulated during the fasting period in the
lumen half of the cell, while in others secretory
granules from the basal part have migrated towards the
lumen, Fresh secretory material appears in the basal
part of some of the cells ( Pl, XI, figs, 4 =/ 6 )e

Three hours after a worm has commenced to feed
there is little avpreciable change from the preceding
phase except that the secretory granules are either
totally discharged into the lumen or they fill the
entire distal helf of the cell; in most cases the basal

half contains very few secretory granules, but in

8 few cases it is still full of granules , In some
cells/
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cells secretory granules are accumulated in close vie-
tinity to the nuclear poles ( Pl, XII, figs, 1 and 2 ).
| Four hours from the intake of food, a few

secretory granules are still visible inithe vicinity of
the nucleus and fresh secretory material begins to
‘sccumulate in the basal region of the cell, Rarly sec-
iretory granules appear in the Golgi field and migration
of seecretory granules from the basal region is visible
in some of the cells, Owingto the diqchargo of the
aceumulated secretory granules the éello are now more
‘uniform in appearance { Piy XIX; £3g. 8 )

Five to five and a half hours fromthe intake
of food, secretory granules have again accumulated in the
ecells, The nuclei may be pushed towards either end of the
cell and thus lie at different levels, The arrangement of
the seeretory granules and their accumulation resembles
that of the resting phase, Cells from which most of the
accumulated seeretory granules have been discharged into
the lumen appear to be much elongated and uniform in shape
with regular oval nuclel which occupy a central position
( P1, XII, fige, 4 end 5 ),

8ix to seven hours fromthe intake of food,
gome of the cells have discharged the secondary accum-
tulation of secretory granules and consequently are of
uniform appearaﬁoe with the nucleus lying chiefly in a
central position, After the secretion is discharged into
the lumen the cells undergo a process of disintegration,

In certain cells, however, secretory granules are still

present in the lumen half and early secretory granules

are/



are situated in the Golgi field, and, in some cases,
in close proximity to the opposiie pole of the nucleus,
The appesrance of the cells is somewhat similar to that
of cells of animals with constant access to food ( Pl1,
XII, fig. 7 )e

Twonti-tour hours from the intake of food
the appearance of the cells is similer to that of the
cells of animale with constant access to food,

In both active and resting phases, clear spaces,
or vacudle-like structures, are very commonly seen near
the basement membrane, Masses of mucus secretion are
also present either in the basal or in the lumen half
of the cell, Secretory material fromthe chromophil cells,
lying in the outer cavities of the villi, are commonly
gseen entering the epithelial cells of the oesophagus}
its entry appears to be brought about through the rupture
of the basement membrane, This secretion uitinately
escapes into the lumen,

It must be noted that the production of secretory
granules never ceases completely during any stage of
fasting or feeding nor does complete evacuation of the
granules take place from a cell at any one time, |

4, The Mitochondria
i, Worms with Constant Access to Food :- In
'aninalc with constant access to food, the mitochondria are
chiefly in the form of rods and granules; a few filaments
of equal thickness are scattered through the eytoplasm,
Some of the grenules may be the cross section of
the rods and the filaments, The mitochondria are

arranged more or less at random without any polar

awnd andadidmn 7
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orientation,

Cells in all stages of the secretory cycle
are present, The behaviour of the secretory granules,
mitochondria and Golgi material during the different
phases of the secretory cycle is described in the
following sections, and consequently need not be
repeated here, In worms which have received a meal
-after a prolonged fast the secretory response is much
" more marked than in worms with free access to food,

ii.Conditions Induced by Fasting:- During the
resting stage the mitochondria consist of long rods
and filaments and a few granules ( Pl, XI, figs,1-3 ).
' In the basal part of the cell the mitochondria are in
the form of rods and filaments, The majority of the
filements are present in close proximity to the base%
:ment membrane, but a few occur scattered throughout
the cytoplasm, In the lumen half of the cell the mito-
tchondria are mostly in the form of rods and granules,
In some cells the lumen part contains more mitochon=-
tdria than the basal region, The rods and filaments
are always of equal thickness but some of the rods
are longer than the others, Granular mitochondria are
chiefly found in the vicinity of the nucleus, or in
its immediate neighbourhood, in association with the
secretory gramules, A few granular mitochondria are
also seen adjacent to the lumen, In cells which are
densely packed with secretory granules, the majority
of/
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of the mitochondria are situated at the extreme poles
of the cell,

There is no definite polar orientation of the
mitochondria during this stage,
' 1i1i,The Secretory Cycle:- During the increased
cellular activity which results from feeding after
festing, the most noticeable feature observed is the
fragmentation of the filamentous mitochondria into
long rods and finally the fragmentation of all the
rods present into short rods and granules, This results
in an increase in the number of mitochondria, Polar
orientation of the mitochondria becomes strongly
marked through the arrangements of thejrods parallel
to the longitudinal sxis of the cell ( Pl, XII, figs,
1-7 s

Two hours from the intake of food, the mito-
tchondria consist of small rods and a few granules
scattered all through the cytoplasm ( P1, XI, £ig.5).
The lumen half contains more mitochondria than the
basal half of the cell, Some of the rods and granules
are seen in association with the secretory granules
either around the Golgi field or in the vieinity of
the nucleus, In some cells granules also occur in the
distal part of the cell close to the lumen, There are,
however, in some cells, a few long rod-shaped mitochon-
:dria a8 well as the smaller rods, These rod-shaped
mitochondria/ '
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mitochondria are most numerous in the basal half of
the cell, No filamentous forms are seen during this
stage,

Three hours from the intake of food,it was
noticed that further fragmentation of the mitochomdria
has taken place as a result of which there are more
granular mitochondria present than during the previous
stage ( Pl, XII, figs, 1 and 2 ), These granules lie
chiefly in the vicinity of the nucleus and near the
border of the lumen, A few rod-shaped mitochondria are
found in the lumen half of the cell, In the basal half
of the cell there are small rod-shaped and a few
grqﬁnnlnr mitochondriaj filamentous forms are totally
absent from the cell during this stage, Around the area
occupied by the Golgi bodies, very small rod-shaped
and grarnular mitochondria are seen lying in close
association with the secretory granules,

Four hours from the intake of food, the majority
of the mitochondria are conecentrated towards both poles
of the cell ( Pl, XII, fig, 3 ), There are now more |
rod-shaped mitochondria and fewer granules present
than during the preceding phases, A few small rod-
shaped mitochondria are situated in the cytoplasm in
the neighbourhood of the nucleus, The rods are, however,
arramged chiefly towards the extreme poles of the cell,

although a few rods are scattered through the rest of
the/
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the ecytoplasm, A few long rods occur amongst the other
rods, The granular mitochondria occur chiefly around
the Golgi field and close to the basement membrane,

Five to five and & half hours from the intake
of food, the mitochondria are in the form of small
and long rode and a few granules, The granules are
situated chiefly in the neighbourhood of the lumen,
and the rods occur in both halves of the cell, Due to
the great aceumulation of the secretory granules
during this stage, it is difficult to determine the
exact arrangement of the mitochondria but they appear
to be concentrated chiefly at the extreme poles of tho
cell ( P1, XXX, fig, 4 ). This is probably due to the
pressure exerted by the secretory granules, A few
granular and rod-shaped mitochondria are seen in close
vieinity to the nucleus, In cells from which secretory
material has been discharged into the lumen, or which
eontain very few secretory granules, the mitochondria
can be eclearly seen, In such cells the mitochondria in
the basal region, chiaﬂ,y near the basement membrane,
consist of long and short rods, while the majority of
those in the lumen half are in the form of short rods
with very few long rods scattered amongst them, Granu-
tlar mitochondria are also seen in the lumen half of
the cell chiefly in the - vieinity of the nucleus
( P, XII, figs, 5 and 6 ),

8ix to seven hours from the intake of food,
the/



the mitochondria are mostly rod-shaped and are uni-
tformly distributed through the cytoplasm ( Pl, XII,
fig. 7 )¢ A few granular forms are also seen around
the Golgi field in close association with the early
secretory granules, Both short and long rod-shaped

- mitochondria end occasionslly a few filamentous forms
_are found during this stege which therefore resembles
to some extent the cells of animals with constant
access to food, ,

Twenty-four hours from the inteke of food,
the form and position of mitochondria are similar to
those found in worms with constant access to food,

It must be noted that in all the various
physiological phases, only a certain number of cells
is involved in the secretory process at any one time
and that each cell actes as an independent unit,

During 2all stages of cellular activity, the
secretory granules and mitochondria showed very
marked affinity for acid fuchsin, but stained less
deeply with iron-haematoxylin,

B, The Golgi Materisl

During the different physiological phases,
the Golgl material of the oesophageal epithelial
cells resembles in its morphology and behaviour that
of the non-ciliated cells of the pharyngeal epithe~-
tlium,



i,Worms with Constant Access to Food:- WVhen an |
animal has constant access to food, the Golgi material
in some cells consists of thin filaments connected to-
tgether by a very few thin ecross-links, so that in
sections it appears to be in the form of incomplete
‘rings or a compact reticular structure, In other cells,
‘which are more active physiologically, a loosening oti
the material takes placej the filaments become: thie ‘r
‘and occupy a greater area than in the resting phase,
'Thie process continues and results in the Golgi matorJnl
‘being broken up into smaller elements and granules,
The larger elements now lie almost parallel to the .
longitudinal axis of the cell and in some cases oocup#
the entire lumen half of the eell, The granules nsualiy
'1ie at the extreme distal end of the cell in the
neighbourhood of the lumen, This loosening and frag-
tmentation of the Golgi material seems to run parallel
to the rate of inecrease in cellular activity,

ii,Conditions Induced by Fasting:- ﬁnring the phase
of fasting the Golgl material is very much reduced in
size and quantity and there is no appreciable difference
in its morphology from that of the restinglnon-ciliatqd
eells of the pharyngeal epithelium ( Pl, XIII, figs,
1-6 and P1, XIV, fig. 1 ).

1i11,The Secretory Cycle:- With the onset of secre-
tory activity, resulting from feeding after a fast,
the CGolgl material shows changes similar to those

observed/
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observed in the non-ciliated cells of the epithelium
of the pharynx, During this period 1t becomes easier
to impregnate it successfully with osmium tetroxide
than during the fasting stage, The maximum manifesta-
ttion of this increased power to reduce osmium tetroxe
tide seems to be about six or seven hours from the
intake of food, By that time the Golgi material is
:hom\\pmtom-wm.-uomiuam j
greater area than during any of the preceding stages, ‘
Gurved Golgi rods in close assoeiation with pecretory
granules are commonly seen during the phase of cellul
sctivity, The morphological changes in the Golgi material
ere shown in P, XIII, figs, 7-11 and Pl, XIV, figs,
8=ty )



ELATE XI, 54,

Drawings of the epithelial cells of the
oesophagus of earthworms killed nf_‘ter a fast of four
dsys followed by two hours in soil Showing the
mitochondria and the secretory granules,

All figures from Flemming preparations
stained according to Bensley's method,

Figs, 1-3, Cells during the fasting period
showing accumulation of seeretory
granules and mitochondria,

Figs, 4 — 6, Cells of animals in contact with
food for two hours showing gradual
evacuation of the secretory
granules and the fragmentation of
the mitochondrisa,



PLATE XI, B4a,




PLATE XII 556,

Drawings of the epithelial cells of the
oesophagus of worms killed after feeding showing
mitochondria and secretory granules,

All figures from Flemming preparations
stained sccording to Bensley's method,

Figs, 1 and 2, Cells, 3 hours after feeding,
showing the positions of the nucleij;
secretory granules and granular

mitochondria,

Fig. 3. Cells 4 hours from the intake of
food,

Figs, 4 and 5, Cells 5 hours after feeding,

Figs, 6 and 7, Cells 6 hours after feeding.
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ELATE XIII, 56,

Drawings of the epithelial cells of the
oesophague showing the Golgl materisl,

All figures from Kolatchev preparations,

Pigs, 1-6, Cells of fasting animals showing
greatly reduced Golgi material,

Pigs, 7-11, Cells 3-7 hours after feeding,
showing the gradual hypertrophy and
loosening of the Golgi material
leading to fragmentation of some of
its elements,
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PLATE XIV, 57,

Photomicrographs of the oesophageal epithelium
showing Golgi material, mitochondria and secretory
granules,

Figs. l1l=4 From Kolatchev preparations, x 950
Fig. 5 - From Flemming preparation, /3%

Fig. 1. Showing the Golgi material during a
period of starvation,

Pigs, 2 and 3, Showing the gradual elongation and
and hypertrophy of the Golgi material
which follows the intake of food,

Fig. 4. Showing fragmentation of the Golgi
material, 6 hours after the intake of
food, following starvation, The Golgi
rods run parallel to the longitudinal
axis of the cell,

Fig. 5. Showing mitochondria and secretory
grenules, Secretory granules are also
seen in the Golgi field in some cells,
Clear spaces are seen in basal region

of some of the cells,
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VIII, CROP,
ISTORIC

The epithelium of the crop of Lumbricidae
has been described by various authors notably by
Dequal (1910) and Ribaucourt (1901), Dequal, working
on Octolasium complanatum, found that the epithelial
cells have a striated border and are covered with a
thin cuticle which is 1;aoluble in KOH end is mnot
fibrillar in structure, Stephenson states, in hise
monograph of the Oligochaeta, that the food seems to
undergo no important change in this region and does
not stay there long, |

The cytology of the epithelium of the crop
of Lumbricus has not been studied previously,

B, METHODS

The methods employed for the cytological
study of the epithelium of the crop were almost the
same as those used for the examination of the pharynx
and the oesophagus,

While staining the sections with acid-fuchsin
and light green, according to Benseley's method, it
was noticed that those region of the cells in which
the accumulation of the secretory granules is at its
maximum become overstained, This renders cytological
investigation extremely difficult, and in order to
overcome the difficulty, aecid fuchsin-stained sections

were treated for fifteen seconds to two minutes with a

very/



very dilute solution of sodium carbonate in distilled
water ( 1-2 drops of saturated aqueous solution of
sodium carbonate in 20 c,c, of distilled water ),
Sections were constantly watched under the microscope
and when excess acid fuchsin was removed, they were
washed with distilled water and counterstained with
light green, This method gives a very precise and
satisfactory staining of the mitochondria and the sec~
tretory granules,

For the examination of the Golgi materisal,
osmic (Kolatechbev) as well as silver (Aoyama) methods
were tried with successful results,

G, OBSERVATIONS
In Lumbricus the oesophagus is followed by
a rounded thin walled chamber, the crop, which occupies

segments xvi-xvii, The epithelial cells lining the
erop are tall, cylindrical and columnar; they have
gtriated border covered by cuticle, The cells of the
whole epithelium are uniform in size and the cell-
membranes are usually distinet during all phases of
activity, The nuclel are mostly oval in shape and
regular in outline with distinct nuclesr membranes}

one to two nucleoli and chromatin granules are present,
Clear spaces, or vacuoles, are usually seen in the
basal region of the cells during all phases of cellular
activity ( P1, XV, Pigs, 1-3 and 5, and P1,XVIII,fig.l1l).



When an animal has constant access to food,
some of the epithelial cells are in stages of activity
and others are at rest, Consequently, the arrangement
of the secretory granules and the position of the
nucleus varies in different cells. The changes, which
are correlated with the secretory cycle, are described
in the following sections,

During the resting phase, produced by starving
the worms for some days, the cells, due to a marked
accumulation of secretory granules close to the lumen,
are club-shaped ( Pl, XV, figs, 1-3 and Pl, XVIII,
fig., 1 ). Clumps of secretory granules are also situated
close to both poles of the nycleus. The majority of
the cells contain very few secretory granules in the
basal region except the clump in close proximity to
the nucleus, There are, however, a few ecells in which
secretory granules aro‘aztuatod uniformly throughout
the cytoplasm,

In cells with an sccumulation of secretory
granules in the lumen half, the nuclei are situated
either in the central cytoplasm or in the basal region,
In these cells the position of the nucleus appears to
be governed by the pressure exerted by the secretory
granules, In a few cells, secretory granules are nume-
trous in the basal part but are scanty in the eytoplasm

near/



near the lumenj in these cases, the nuclei are situated

in the lumen half of the cell,
3. The Secretory Cyecle

As a result of feeding after a fast, cellular
activity is considerably inereased, Most of the secres
tory granules observed, during the fasting stage, in
‘the lumen side of the cell have been discharged so
that the majority of cells are no longer c¢lub-shaped,
Migration of secretory granules from the basal part
to the lumen region of the cell is clearly seen espe~-
tcially in material fixed for the examination of the
Golgi material ( P1, XVII, figs, 3-5 end Pl, XVIII,
fig., 2 ) In the mitochondrial preparations early sec-
tretory granules are visible in the Golgi zone,

Two to three hours from the intake of food,
the cells show a gradual evacuation of the secretory
material, Some secretory granules are present close to
one pole, or both poles, and in the cytoplasm adjacent
to the lumen, In some cases a few secretory granules
are visible in the region, close to the basement membrane,
while in some others, the basal region is full of gre-~
inules ( P1, XV, fig, 5 and P1l, XVI, figs, 1 and 2 ),

8ix to seven hours from the intake of food, the
cells contain more secretory granules in both the basal
and lumen regions, In some cells secretory granules
from the basal region have now accumulated in the lumen

half of the cgll and & secondary accumulation is taking
place in the basal cytoplasm, Concentration of secretory
materisl/
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material near the poles of the nucleus is still seen
in some cases ( Pl, XVI, figs, 3 and 4 ), Some of the
cells at this stage resemble: those observed in animals
with constant access to food,

Twan\q-fo\“‘ howrs from W intake of -f»A‘ Cells wn all skages

Cs’(\! aye "1654!‘".

of Il Secre “”’"

i,Worms with Constant Access to Food:- In animals
with constant access to food, the mitochondria of the
active cells are chiefly in the form of granules with
a few very small rods distributed throughout cytoplasm;
no filsments are present, Due to the very small size
of the mitochondria polar orientation is not very well
demonstrated,

Cells in all stages of the secretory cycle
are present, The behaviour of the mitochondria and
the Golgi material during the different phases of
cellular activity is deseribed in the following aectiqns
and need not be repeated here,

11,.Conditions Induced by Fasting:~ During the
fasting period, the mitochondria consist chiefly of
thick rods and very few granules, The majority of
the mitochondria are situated in the lumen half of the
cell; the basal half contains very few rod-like mito-
tchondria, Some rods are in close asséciation with the
secretory géannles and are situated either around the
Golgi field or in the neighbourhood of the poles of
the nucleus ( Pl1, xv{ rigs. 1,2 and 4 ), In some of
the cells, which contain very few secretory granules,
rod-shaped/



rod-ghaped mitochondria are concentrated chiefly in
the neighbourhood of the nucleus and the Golgi field
and a few rods are scattered through the rest of the
eytoplasm, particulary in the lumen half of the cell,
In others, the rods are scattered uniformly in the
lumen half but are very scanty in the basal region of
the cell ( P1, XV, figs, 1-4 ),

Granular mitochondria are few durii. the
' inactive phase; they occur chiefly in the neighbour-
thood of the Golgl field and at the opposite pole of
the nucleus,

The rod-shaped mitochondria seem to be slightly
thicker than those present during the inactive stage
of the epithelial cells of the pharynx and the oeso-
tphagus, The majority of the mitochondria are arranged
parallel to the longitudinal axis of the cell but a
few sometimes oceur at random without any definite
orientation ( P1, XV, figs, 1-4 ),

114, The Secretory Cycle:~ With the onset of

- eellulsr activity, fragmentation of most of the rod-

shaped mitochondria takes place, The mitochondria are
now chiefly in the form of granules, but a few very

| small rods are also present,

| Two to three hours from the intake of food,

the mitochondria consist mostly of granules and,

occasionally, a few very small rods which are present

either in the neighbourhood of the nucleus or close

to/
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to the lumen, The granules ere situated throughout the
cytoplasm, but are most numerous in the Golgi field
and in the neighbourhood of the nucleus where they
are in close assocliation with secretory granules, In
a few cases granules are present adjacent to the
lumen ( P1, XV, fig, 5 and Pl, XVI, figs, 1 and 2 ),

8ix to seven hours from the intake of food,
the majority of the mitochondria are still granular,
but the rods have increased slightly in size and in
number ( P1, XVI, figs, 3 and 4 ),

Twenty-four hours from the commencement of

feeding, celles in all stages of activity are present,

8, The Golgi Material

The Golgi material of the epithelial cells
of the crop consists of thick rods and filaments
connected together by thin cross links, which in sec~-
ttions appear to be in the form of straight or curved
thick rods, These rods may be long o short,

i,Worme with Constant Access to Food:= During
this period, all stages of the secretory cycle are
seen, and the Golgl material shows marked morphologi-
tical changes indicative of ite participation in the
functional activity of the cell, The epithelium of the

crop is very good material for demonstrating the close

association of the secretory granules with the Golgi
material, Migration of the earliest secretory granules

from/



from the basal region to the Golgi field, and from the
Golgi zone to the lumen side of the cell is very clearly
shown,

ii.Oonditions Induced by Fasting:- The Golgi
material of the cells of animals which have been
starved for some days consists of small curved rods
and filements situated close to the nucleus, In the
majority of the cells it'occupiea a relatively small
area, but in certain celle the Golgl elements are
more loosely sasrranged so that they spread over a
greater area then is usuel ( Pl, XVII, figse, 1 and 2;
Pl, XVIII, fig. 1 ). Thie may be due to the fact that
even in the fasting stage the production of secretory
granules never wholly ceases,

On the whole, in the fasting animal, the

Golgi material never seems to be in the form of a
compact ring-like structure as observed in the case of the
the pharynx and the oesophagus,

1i1,The Secretory Cycle:- As a result of feeding
cellular activity is accelerated and the secretory
response is much more marked than in worms with free
acceses to food, Consequently, the Golgi material
increases in amount and occuples a greater area than
in the cells of the fasting animal; Loosening of the
rods and the filaments takes place and they now lie
roughly parallel to the longitudinal axis of the cell,
The migration of secretory material from the basal
region to the area of the Golgi field can be traced;

granules/



66,

granules are visible in close assoecistion with the
elements of the Golgi material ( Pl, XVII, figs, 3-b
and P1, XVIII, fig, 2 ). With a further increase of
cellular activity the Golgi elements break up into
smaller rods and granules ( Pl, XVII, figse, 4 and 5 ),

As a result of the fragmentation of the Golgi
material some of the rods lie parallel 'to the longi-
ttudinal axis of the cell, Some of these occur on
either side of the nucleus, Granules are also present
c¢lose to the nucleus, There are, however, some Golgi
elements in the form of long rods and filaments which
have greatly inereased in size during the secretory
eyele ( P1, XVII, figs, 4 and 5 ),

The increase in the area occupied by the
Golgi material during the period of inereased celluler
activity, and the elongation and final fragmentation
of the Golgl material after coming into contasect with
secretory granules are evidently signs of ite parti-

teipation in the process of secretion,




BLATE XY, 674

Drawings of the epithelial celle of the crop
showing mitochondria and secretory granules,

All figures from Flemming preparations
stained according to Bensley's method,

Figs, 1=4,

Fig. 5.

Cells of animals which were starved
for 6 days showing the great '
accumulation of the secretory
gramules chiefly at the lumen pole,
end the occurrence of secretory
granules in clusters in the immediate
neighbourhood of the nuecleus, The
mitochondria are more numerous at
the lumen pole than in the basal

region,

Cells from animslf killed efter two
hours contact with soil, showing
gradual evacuation of the secretory
granules, occurrence of fresh

granules in the basal ecytoplasm,
and accumulation in the Golgi field,
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Drewinge of the epithelial cells of the erop,vorms
killed after feeding, showing the mitochondris and
secretory grenules,

All figures from Flemming preparations
stained sccording to Bensley's method,

Pige, 1 and 2, Cells of worms which have been
in soil for 3 hours, showing the
evacuation of the accumulated
secretory granules from the
lumen pole of the cell, and the
gredual accumulation of fresh
secretory granules in the basal
eytoplasm, Conecentration of early
secretory granules in the Colgi
field is well marked,

Figs, 3 and 4, Cells of worms which have been
in soil for & hours, showing
gradual accumulation of secretory
granules et either or both poles,
Some secretory granules are
still present in the Golgi field,
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PLATE XVII, GY

Drawings of the epithelial cells of the crop
showing the Golgi material,

All figures from Kolatchev preparations,

Pigs, 1 and 2,

'Plga. 3=5¢

Cells of animale which were starved
for 6 days showing reduced Golgi
material, secretory granules
chiefly at the lumen pole of the
eell and in the Golgi field,

Cells of worms which were in soil
for 5 hours showing the hypertrophy
of the Golgi material and the
migration of the early secretory
granules from the basal region to
the Golgi field, A few mature
secretory granules are seen in

some of the cells in process of

migration towards the lumen,
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Photomicrographs of the epithelium of the

eroep, x 980

All figures from Kolatchev preparations,

Pig. 1. Showing Golgi material in cells of
festing worm, The lumen half of the
ecell contains more secretory granules
than the basal region,

Fig. 2 Showing the Golzi materisl in the cells
of worms which were in soil for 4 hours,
The secretory granules from lumen region
of cells have been discharged, and
asccumulation of fresh secretory
granmules in basal eytoplasm is seen,
Migration of early secretory granules
from the basal cytoplasm to the Golgi
field is demonstrated in some cells
where they are situated in close
contact with the Golgi material,
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1X, GIZZARD
4, HISTORICAL

The gizzard is a thick-walled muscular organ
of the slimentary canal whose main function is the
tituration of the food matter into a finer state of
division,

The histology of the gilzzard of Lumbricidae
has been worked on by Degual (1910), Ribaucourt (1961),
Mayer (1913) and others, Dequal, working on Qctolasium
complanatum, describes the epithelisl and cuticular
coats of the gizzard as being similar to those of the crop,
the cuticle, however, is thicker, Mayer describes the
epithelium as being cilieted and consisting of intra-
tcellular ﬁbrﬁlao which are mostly attached to the
basement membrane, Ribaucourt states thatithe epithel=-

tium forme villosities in the posterior part of the

gizzerd of Allolobophora ghlorotica, and in the amterior

part of that of Lumbricus terrestris, Both muscular
layers of the alimentary wall are thickened, especially

the eireular layer which, sccording Ribaucourt, is
composed of striated fibres, Beddard, in his mono-
tgreph (1895) denies that these fibres are striated,
There is no previous contribution on the
cytology ofthe gizzard of earthworms,
B, METHODS,
The methods employed were the same as in the

case of the crop, Great difficulties were, however,

encountered/
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encountered with the osmic methods; this was because
the epithelium is covered by a thick layer of cuticle,
The highly reducing power of the keratinoid material
exhausts the osmium tetroxide very quickly and the
Golgi material ie left unblackened and the mitochondria
are not well fixed, Small pieces of the material must
be used and the fixative must be changed frequently in
order to obtain uniform and complete fixation of the
ecytological components,

For the examination of the mitochondria and
the secretory granules, Flemming's fluid (without
acetic acid) diluted to half, as recommended by Gatenby,
gave satisfactory results, For the Golgi material both
oemic (Kolatchev) and silver (Aoyama end Da Fano)
methods were found to give fairly good results,

The mitochondria and the secretory granules
showed marked affinity for aecid fuchsin, but stained
less deeply with iron-haematoxylin,

G, OBSERVATIONS
In Lumbricus the gizzard immediately rollowai‘l

the cerop and occupib segmente xvii-xix, The epithelial
lining of the gizzard consists of a single layer of
columnar cells, arranged in protruding lamellae, which
form simple dlongated erypte which are filled with
keratinoid secretory material, The epithelial cells
near the apices of the lamellae are elongate and
possess oval nucleil, whereas the cells between the

apices/
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apices are shorter and cuboidal with large spherical
nuclei, The nuclear membrane is distinet, and chroma-
ttin granules are always present in the nucleus, The
nucleus is usually situated in the centre of the cell,
but in a few cases lies in the basal or the lumen

half of the cell. The outlines of the nuclei are mostly
regular, Gell-nnbranaa are distinet throughdut. The
epithelial cells contain intraceliular fibrillae,

Cells situated nesr the apices of the lamcllao
show gradual degenerative changes resulting finally
in their disintegration and death, The cells are
ciliated and are covered by cuticle which is very thiék
in places ( Pl, XXI, figs, 1 and 2 ), The cuticle 1is
formed by the secretion of the epithelial cells lining
the tubular crypts,

Examination of the cells showed that those
situated at the bottom of the crypts or the lower part
of the lamellae, and also where the cuticular covering
is not very thick, are the only normel cells with
respect to the behaviour of their cytological compo-
tnents during the stages of the secretory pycle.

Fasting and feeding do not induce any marked
morphological changes in the cell components of the

epithelium of the gizzard, The formation of the secre-
ttory granules is continuous under all physiological
phases, although if worms are fed for about four to
five hours following a fast of a few days duration,

the secretory response appears to be more marked for a

short/



short period than in those which have constant access
to food,

Binucleate epithelial cells were sometimes
observed,

In some cells secretory granules are found
chiefly concentrasted adjacent to the lumen snd at one
or both poles of the nucleus, or in its immediate
neighbourhood, In others they are more numerous in
the bassl region and scanty in the lumen half of the
cell ( P1, XIX, figs, 1 and 2 ), Secretory granules
are slso situated in the Golgi field in some of the
cells, In some cells globule-like secretory material,
much larger than the usual secretory granule; is
| present in ihe basal part of the cell chiefly in the
neighbourhood of the basement membrane ( Pl, XIX, fig.
1 ). These large globules appear to be present chiefly
i{n eells which are active physiologically, and probably
represent an early stage in the formation of the
seecretory material, The globules are later reduced in

gize,

The Mitochondria

The mitochondria in the epithelial cells of
the gizzard consist of thin rods and a few granules,
The majority are situated chiefly in the lumen half
of the cell, where they are concentrated either adja-
tcent to the lumen or near the Golgi field in close
association with secretory granules, A few rods and
granules/



75,

granules are, however, .~ scattered throughout the
cytoplasm, In some cases a few rods and granules
occur in the immediate neighbourhood of the nucleus
chiefly towards its longitudinal poles ( Pl, XIX, fig.
1 and 2 ), As already stated, fasting and feeding do
not induce any change in the general arrangement of
the mitochondria,

Due to the very small size of the mitochon~-
tdria polar orientation is not eclearly demonstrated

The Golgi Material

The CGolgi material is well developed in the
normal cells of the gizzard, It consists of small
rods or filemente with a few granules arranged in a
loose net-like structure which is situated at one
pole of the nueleus, Secretory granules are present
in the Golgi field ( Pl, XX, figs, 1-3 and Pl, xxi,
figs 3 ), In some cells elongation and fragmentation
of the Golgi elements had taken place, and consequently
the Golgi material occupied a much greater area thanJ
in the other epithelial cells, Granules and small
curved rods are now present, The rods and filaments
lie almost parallel to the longitudinal axis of the
cell ( Pl, XX, figs, 1 and 2 ), It is concluded that
these cells are physiologically active,

In cells which are physiologically senile,

the Golgi material is very much reduced in smount
and/
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and in some cases had almost completely disappeared
( P1, XX, fig, 4 and Pl, XXI, fig. 3 Ve

Like the mitochondria, the Golgi material
does not show any morphological change as a result of

feeding worms which have previously been starved, All

the various stages of the secretory cycle are shown

'4n the cells of animsle which have been fasting or

|

|

feeding,
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Drawings of the epithelial cells of the
glzzard,

All figures from flemming preparations
stained according to Bensley's method,

Fig, 1. Cells of the apices showing accumulation
- of secretory granules at the basal as
well as the lumen poles, ¥itochondria
are distributed throughout the cell,

Fig. 2. Cells between the apices, showing very
few secretory granules in the basal
eytoplasm and the concentration of
secretory granules in the neighbour-
hood of the nucleus, Golgi field and

the lumen,
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Drawings of the epithelisl cells of the
gizzard,

All figures from Kolatchev preparations,

Pigs, 1-3, Showing the Golgi material in close
association with secretory granules,

Pig. 4. Showing the Golgli material in a
physiologically senile cell,
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Photomicrographs of the giszzard of Lumbricus,

PMge, 1 and 2 from Zenker's (picro-formal)
preparation stained with
haematoxylin and ecsin,

Pige 3 from Kolatchev preparation,

Fig. l. Traneverse section of the gizzard,
showing ite general histological
appearance, The varying thickness of
the cuticular layer is well marked,
and the ciliated free border of the
epithelium is also vieidble, x 18

‘ru. 2 A part of the epithelium from fig, 1,
showing the presence of cilia at the

border of the cells below the cuticle,
x 1060

Pige 3 Showing the Golgi material in the

epithelial cells of fasting animal,
x 980
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The glzzard of Lumbricus is followed by the
{ntestine which is the longest and widest portion of
the alimentary canal, Like the oesophagus, it bulges
segmentally and is constricted intersegmentally at
' the insertion of the septa,

Histological and cytological studies have
been carried out on the intestinal cpit'honum of
verious snimals, but as far as the writer 1s aware,
there is no published work on the cytology of the
intestinal epithelium of Lumbricus,

The histology of the epithelial lining of
the intestine of the Lumbricidae has been deseribed
by various authors, notably by Willem and Minne
(1899), Greenwood (1892), Schneider (1908) and more
recently by Millott (1948), According to them, it |
consistsof ciliated and glandular (or non-ciliated)
cells, :

According to Willem and Minne, the glandular
cells are club-shaped and contain round particles of
gsecretion, These cells ere most numerous on the typh-
:losole, and fewest in the ventral region, Greenwood
and Millott found that they are very variasble in size,
form, relative prominence and in the number of inclu=-
tsions, Millott desribes the investment of the gland
cells by a sheath of four to five eciliated cells,

The ciliated cells are yellow, slender, at
times/



8l,

times compressed between the glandular cells, and
hence of somewhat variable shape, According to Willem
and Minne, the yellow colour is due to a number of
extremely small granules which disappear in alecohol,
The basal corpuscles of the eilia are visible,
Gurwitsch (1901) states that very distinet rodlets are
present in these ciliated cells, and that their cha-
iracter changes periodically, As the secretion of the
glandular cells pesses into the lumen, the eilia dis-
teppear by degrees and the rodleis become smaller;
finally both c¢ilia and rodlets vanieh, Joseph (1902)
believes that the rodlets are in reality the basal
portion of the eilia, According to him some cells have
rodlets only but lack eilia and basal corpuscles;
| these cells are irannrornnd into ciliated cells, and
during this process & basal corpuscle associates itself
with one of the rodlets and & cilium grows out through
the rodlet, which thus forms a useful support for the
base of the eilium, Joseph, who did not identify the
worms he investigated, found rodlet epithelium on the
dorsal wall of the gut, ineluding the typhlosole, and
ciliated epithelium elsewhere, According to Greenwood
(1892), the extent of the eiliation varies at differ-
tent timee and in different phases of aetivity, Thae
eiliated cells econtain intracellular fibrillae,
Millott studied in living material the method
by which the secretion of the intestinal gland cells

(non-ciliated cells) of L, terrestris is extruded to
the/
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the lumen of the intestine, He observed a precise se-
:quence of events, and believes that extrusion
involves two series of events, He considers that first
of all the eiliated cells play an important part in
the process by pressing against the gland cells, thus
constricting them and foreing out some of their
contents, In this way they tend to limit thefrate of
discharge, When a particular stage in the life of the
non-ciliated cells is reached, a portion of their
secretory contents is discharged through channels
which are formed between the ciliated cells, The
cilisted cells assist in the formation of these cha-
innels by invaginating and thus exerting a force which
tends to pull apart their free ends, According to
Millott the extrusion from the intestinal gland cells
may involve co-ordinated activity in both gland cells
and eiliated cells, He describes the structure of the
eiliated cells and states that they contain intracellu-
tlar fibres and pore-rings, the latter were previously
deseribed by Gurwitseh (1901),

Opinion is divided regerding the presence of
*replacing cells' in the gut epithelium,

B, METHODS

The procedure adopted for the study of the
mitochondria and of the general histology of the intes-
ttinal epithelium was almost identical with that used
for the other parts of the alimentary canal, In order
to/



to determine the absorptive regions of the intestine,
certain worms were fed with iron saccharate, Later,
sections of fixed material were treated with 10%
aqueous solution of potassium ferrocyanide for about
ten minutes snd then for a few minutes with distilled
water, containing a trace of HCl, In this way the
presence of iron was demonstrated by the prussian blue
reaction,

For the examination of the Golgli material,
i1t was found that only silver methods (Aoyama end Da
FPano) gave good results, Osmic methods (Kolatechev in
its original rbmula and its modification by Ludford
and by Mann-Kopsch) were tried, but failed to impreg-
tnate the Golgi material at all even after prolonged
treatment, It appears, therefore, that the fat globules
of the intestinal epithelial cells reduce the osmium
tetroxide very quickly, Some of the silver preparations
were stained with Ehrlich's haematoxylin,

It should be noted that sodium sulphite, as
recommended by Aoyama, stains the cytoplasm too deeply
and thus render the study of the Golgi material and
its association with the secretory granules very
dirriqult 3 consequently the amownt of sodium sulphite
was reduced to about one half, or less, the original
quantity recommended, and this gives a light golden
colouration to the cytoplasm,

Samples were taken simultaneously from differ-

tent regions of the intestine of worms under different

physiological conditions, Three regions- the anterior,
middle/
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middle and posterior part of the intestine were
selected in order to study the cell components and
their behaviour during secretion and absorption,

G, OBSERVATIONS

In view of the considerable smount of work
done on the histology of the intestine of Lumbricus
and of other worms, the writer has little to add to
previous accounte,

The cells of the lining epithelium of the
intestine of Lumbricug ere ciliated and non-ciliated
and are arranged in a single row, In some cases the
non-cilisted cells may be surrounded by three to four,
or more, ciliated cells, The non-ciliated cells are
full of secretory granules of various sizes, and as
already stated are club-shaped ( Pl, XXII, figs. 2«4),
The nuclel occupy different positions at different
times and are oval to spherical in shape and regular
or irregular in outline, Usually one tec two nucleoli
and chromatin granules are present ( Pl, XXII, ,;;::;).
The cell and nuclear membranes are usually distinet,

The ciliasted celle are tall and slender, and
very much ecompreseed laterally by the non-ciliated
cells,

The typhlosole is well developed in Lumbricus
and extends throughout the length of the intestine
except in the last fifteen to twenty gsegmente where
it -is absent, In the mid-region of the intestine it is

very/



very much enlarged and broad, so that the lumen is

much reduced,
W W gs to

All stages of the secretory cycle were
observed in both ciliated and non-ciliated cells,

2. Conditions Induced by Fasting,

(2)_Anterior Intestine

The non-ciliated cells, during the period
of fasting show considerable accumulation of secretory
granules and are c¢lub-shaped in appearance when the
secretory granules are situated chiefly in the lumen
half of the cell, or they are much broader from side
to side when the whole cell is full of granules;
consequently the nuclei occupy different positions in
the different parts of the epithelium ( Pl, XXII, Ffigs.
1 and 2 ),

The eiliated cells are very much compressed
by the non-ciliabted cells especially in the region of
the typhlosolq. The nuclei usually lie in the centre
of the cell, although in some cases they are situated
either in the basal or in the lumen part of the cell
( P1, XX1I, fig. 1 )i The secretory granules are sca=-
tttered through the cytoplasm and the cells appear
club=-ghaped,

(b)_Mid-Intestine =

The non-ciliated cells of the typhloddie
as/ '
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as well as of the ventral epithelium show great accu-
tmulation of secretory granules throughout the entire
cell ( P1,XXIII, fig. 3 ). Due, in all probablity, to
the large amount of accumulated material, some of the
cells have discharged their secretion into the lumen
( P1, XXIX, fig. 3 ).

In certain cells secretory granules, preparalry
to their discharge, are present just inside the free
border, The cells from which secretory material has
been evacuated contain granules and large globules in
the basal region although a few are also present in
the lumen half chiefly in the neighbourhood of the
nucleus, The nucleus does not occupy the same position
in 2ll the cells of the mid-intestine; it usually lies
in the central region or between the centre of the
cell and the lumen,

There is little chenge in the ciliated celle
as compared with those of the anterior region of the
intestine, Some of the cells are, however, more uni-
iform in appearance, Secretory granules are seen in

the Golgi field and in other regionsof the cell,

_(g)_Pgsterior Intestine

The non-ciliated and the ciliated cells of
the posterior region of the intestine are more uniform
in appearance than are those of the anterior and the
middle regions of the intestine ( P1, XXIV, figs, 1
and 2 ), Secretory granules are present, but they are
not/
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not so numerous as in other regions, The number of
non=giliasted cells is not great in this part of the
intestine, Each cell usually lies between four to ten
ciliated cells, Secretory granules in the non-ciliated
celle are mostly accumulated in the lumen half of the
cell, whereas in the cilisted cells they are mostly

in the basal region,

% _The Secretory Cyele

(2)_Anteriop Intesting |
Two to three hours from the inteke of food, |

the secretory granules which sccunmlated during the
period of fasting have already been discharged 1into
the lumen from most of the ciliated cells, The gre=
inules from the basal region have moved to the lumen
side of the cell, chiefly towards the Golgi field or
in the immediate nmeighbourhood of the nucleus, There
are, however, some cells which are still completely
full of secretory granules, but in the majority of
cases one half of the cell is practically free of |
secretory material ( Pl, XXII, figs 6-8 ), New secre-
itory granules have appeared in a few cells, With the
further inerease in secretory activity, secretory |
granules begin to accumlate in the lumen half of the
cell ( P1, XXII, fige 7 )o

The non-¢iliated cells, however, show very
1ittle chenge and still contain secretory grnanlq-.
chiefly in the lumen part of the cell, although there

is & decrease in the amount of secretory gg,nnlea

( P1, XXII, £ig.4 ).
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8ix hours from the intake of food, the majo-
irity of the ciliated cells show a general evacuation
of the secretory material from their lumen hslf, There
are a few cells, however, in which the secretory gra-
snules are asccummlated chiefly im ‘this region, In
cells from which secretory material has been evacuated,
clumps of secretory granules appear in the bassal
region ( Pl, XXII, fig. 12 )e Some of these clumps
are close to the nucleus or near the basement membrane
( P1, XXII, figs, 11 and 12 )¢ These granules in the
basal part are, therefore, fresh (or secondary) sec-
iretory material, The cells are uniform in appearance
and the nucleus usually lies in the eentre,

In the cells of the ventral epithelium, the
secretory response seems to be rather slow, The lumen
region of the cell still contains an accumulation of
secretory granules, although in some cells, the gra-=
snules have been evacuated from the lumen region
( P1, XXII, f£ig. 10 ).

The non-ciliated cells show a greater accu-
smulation of secretory granules than in the preceding
phase; the granules are situated mostly in the lumen
half of the cell ( Pl, XXII, fig. 9 ).

Eighteen to twenty-four hours from the
commencement of feeding, thé cells in all stages of

secretory cycleg are present,
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() _Mid-Intestine

Two to three houis from the intake of food,
the non-ciliated and ciliated cells of the middle
region of the intestine show a general evacuation of
the accumulated secretory granules similar to that of
the anterior part of the intestine, In some cells
elmost all the secretory material has been evacuated,
while in a few cells practically no discharge of sec~
iretory material has taken place ( Pl, XXIII, figs,
4-6 ).

8ix hours from the intake of food, the
ciliated and non-ciliated cells show an accumulation
of secretory granules chiefly in the lumen side,
Accumulation of secretory granules in the immediate
vieinity of the nucleus has taken place in some cells,
The nuclei occupy various positions, but the majority
are in the lumen half of the cell ( P1, XXIII, figs,
7=9 ).

Eighteen to twenty-four hours from the
intake of food, cells in all stages of secretory
cyolo# are present, Some of the ciliated cells econtain
ubsor’bod food material, Those granules of absorbed
food material are small in the lumen half of the cell,
but become bigger as they move towards the basement

membrane ( Pl, XXV, fig. 1 ).

(¢)_Posterior Intestine
The secretory response in the posterior part
of/
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of the intestinal epithelium is very slow, Two hours
from the commencement of feeding many of the ciliated
cells are full of secretory granules; some cells, how-
tever, show a partial evacuation of the accumulated
secretory materisl, The basal half of most of the
cells is full of secretory material, In some casese
secretory granules are situated in the Golgl field,
The nucl§1 1lie at different levels, but chiefly in
the centre of the cell or a little closer to the
lumen ( Pl, XXIV, figs. 35,

The nén-g¢iliated cells contain very few sec-
tretory grsnules in the lumen half but they are nume-
irous in the hasal half of the cell ( Pl, XXIV, fig.4),

8ix hours from the intake of food, secretory
granules are present either in the basal or in the
lumen reglon of thelciliated cells, In the lumen
regions of the cells of the typhlesole, some granules
are much smaller than others, These small granules
are situsted chiefly in the neighbourhood of the lumen,
The nuclel sre oval and elongated ( Pl, XXV, fig. 3 ).

There is no apprecisble change in the non-
ciliated cells from those seen 1ﬁ the preceding case,

Eighteen to twenty-four hours from the intake
of food, cells in all stages of the secretory cyecle
are present,

Absorptive granules similar to those observed
in the mid-intestine are present, They are more nume-=

trous than in the cells of the mid-intestine ( Pl, XXV,
fig, 4 and Pl, XXXI, fig. 2 ).
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4, The Mitoghondria

i, Worms with Constant Access to Food:- The
cells of animals with constant access to food are in
'all stages of secretory activity, Consequently, the
mitochondria differ in form and arrangement in the
different cells, The stages of the secretory cycle
are deseribed in the following sections,

i1, Conditions Induced by Fasting

(2)_Anterior Integting

In the ciliated cells, the mitochondria
consist of rods and a few granules, The rods are
usually most numerous in the reglon immediately adje-
teent to the lumen, although in some cells they are
concentrated at both poles, In both ceses, smell rods
are scattered without any definite arrangement in |

the remainder of the cytoplssm, The granules, which
are very few, are found chiefly in the neighbourhood
of the lumen ( P1, XXII, fig, 1 ).

In the non-ciliated cells, which are full of
secretory granules, the mitochondria oceur chiefly in
the form of small rods and granules, The granules are
scattered throughout the entire cell, The rods are
more numerous in the basal region but a few rods occur
in the lumen region of the cel}. A few small rods are,
however, present in the near neighbourhood of the
micleus and the accumulated secretory material, In

celle which eontain very few secretory granules, rods

are/



are found throughout the cytoplasm ( Pl, XXII, figs,
1 and 2 ).

The majority of the mitochondria are arranged
parallel to the longitudinal axis of the cell,

(b)_Mid-Intestine

In the ciliated cells of the middle region
of the intestine, the mitochondria are in the form of
rode snd granules situated chiefly near the ;:::;:;;4
and adjacent to lumen, In the cells of the typhlosole,
granular mitochondria with a few rods are gituated in
the lumen region, dbut rods only are present in the
basal region of the cell ( Pl, XXIII, figs, 1 and 2 Yo

In the non-cilisted cells, the mitochondria
are usually in the form of very small rods and granules
which are situated mainly at the extrgﬁo poles of the
cell, A few small rods are, however, present in the
rest of the eytoplasm ( Pl, XXIII, fig, 3 ).

The mitochondria are not arranged parallel

to the longitudinal axis of the cell,

(¢)_Posterpior Intgstine

The mitochondria of the ciliated cells
consist of rods only. The rods are of different sizes
and are more numerous in the lumen region than in the
basal part of the cell, The mitcchondria of the basal
region are arranged parallel to the longitudinal axis
of the cell, but in the lumin region they do not show
polar orientation ( Pl, XXIV, figs, 1 and 2 s
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In the non-ciliated cells, the mitochondria
are in the form of small rods and granules which occur
chiefly at the extreme poles of the cell ( Pl XXIV,
fig. 6 ). In a few cells they are scattered throughout

the entire lumen region of the cell,
iii, The Secretory Cycle

(2)_Anterior Intesting

Two to three hours from the intake of food,
the mitochondria of the ciliated cells are in the form
of very small rods and granules, The rods, which are
very small, are in the majority of cells arranged uni=-
iformly throughout the eytoplasm, In some cells,
‘however, the rods are most numerous at the extreme
poles, The granules are located in the lumen half of
the cell chiefly towards the outer pole ( Pl, XXII,
figs. 5-8 ).

In the non-ciliated cells the mitéchondria
are mostly glendulsr and are scattered throughout the
entire cell, A few very small rods are situated close
to the basement membrane and also scattered throughout
the cytoplaesm ( Pl, XXII, figs, 3 eand 4 ),

g8ix hours from the commencement of feeding,
the mitochondria of the ciliated cells are still in
the form of rods and granules, The rods appear to be
slightly longer than in the previous case, Granules
oceur all through the cytoplasm and are in association
with/
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with the secretory granules ( Pl, XXII, figs, 11 and
12 ),

In the non-ciliated cells, the mitochondria
are, as in the preceding stage, chiefly in the form
of granules; a few verysmall rodes are also present,
Due to the presence of secretory granules, which comple-
ttely £ill the majoripart of the cell, the mitochondria
are located at the extreme poles of the cell ( Pl,XXII,
rig. 9 ).

Twenty-four hours from the intake of food,
cells in all stages of cellular activity are present,

(b)_Mid-Intestine

Two to three hours from the intake of food,
the mitochondria of the ciliated cells ere in the form
of rods scattered uniformly through the cytoplasm,
Some of the rods are longer than the majority. In a
few cells the mitochondria ' are situated in the imme-
:diate neighbourhood of the nucleus, In celles in which
the lumen region is full of secretory granules, the
mitochondria in this part of thegell are in the form
of small rods, All the mitochondria are arranged
parallel to the longitudinal axis of the cell ( 1,
XXIII, fige., 4 and 5 ),

In the non-ciliated cells the form and
arrangement of the mitochondria closely resemble the
conditions observed during the resting phase, They
consist of small rods and granules located chiefly
towards/



towards the opposite poles of the cell, In addition,
a few rods and granules are scattered through the
remainder of the eytoplasm ( Pl, XXIII, fig. 6 ).

8ix hours from the commencement of feeding,
the mitochondria of the ciliated cells are chiefly in
the form of small rods and granulesj; the longer rods
previously present in the vieinity of the lumen appear
to have undergone fragmentation, A few largerrods are
sometimes seen mainly in the basal region, In the
majority of the cells the basal region contains rod-
ghaped forms, whereas, in the lumen region, both rods
and granules are present, In cells which possess very
few secretory granules in the lumen half, rods and
granules are aggregated in the neighbourhood of the
lumen, but a few rods and granules are distributed
through the adjacent cytoplasm, A few rods and granules
occur around the Golgi field of some cells, In cells
in which the lumen half is full of secretory granules
the mitochondria, usually short rods and granules, are
more or leses uniformly distributed in that region of
the cell ( P1, XXIII, fige, 7 and 8 ),

In the non-ciliated cells there is no appre-

tciable change in the form and arrangement of gne

mitochondria as compared with the preceding stage
( P, XXIII, fig. © ).

Eighteen to twenty-four hours from the intake
of food, the cells are in all stages of cellular
activities,/
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activities,
(¢)_Posterior_Intestine

Two to three hours from the intake of food,
the mitochondria of the ciliated cells are in the
form of rods and a few granules, As in the fasting
stage, the rodj are of different sizes, Their distri-
tbution shows little change from the fasting stage,
but in some cells they are arranged uniformly through
the whole cell, Granular mitochondria, which were not
present in the fasting stage, are present chiefly in
the lumen region ( Pl, XXIV, fig. 3 ).

In the non-ciliated cells, the mitochondria
are in the form of thin short rods and granules situa-
tted mainly as in the fasting cell, except that they
are less numerous towards the basal pole, and a few
rods and granules are scattered throughout the cell
( P2, XxIV, fig, 4 ).

8ix hours from the commencement of feeding,
the mitochondria of the e¢iliated cells are in the
 form of small rods, arranged uniformly through the
cell, whereas in the non-ciliated cells they show
little change from the preceding stage ( Pl, XXV, figs,
2 and 3 ),

Twenty-four hours from the intake of food,

cells in all stages of secretory cycles are present,
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8. Zhe Golgi Meteriael

The Golgl material of the intestinal epithe-
tlial cells consists of filaments, rods and gramles,
It usually occupies an area between the nucleus and
the lumen, but leaves the space immediately above the
nuecleus free, |

i, Worms with Constant Access to Foodi~ When an
animal has constant aceese to food, some of the cells
are asctive and others are at restj conse uently the |
Golgi material presents variations in i+ form and
size which are desoribed in the following sections,
These variations are more marked in the cells of the
typhlosole than in those of the ventral epithelium,
Consequently, the following account is based mainly
on observations carried out on the cells of the typh-
tlosole, When one set of epithelial cells is active
the cells of the neighbouring areas are in the resting
stage,

14, Conditions Induced by Fasting

(8). Anterjor Intepting

The Golgi n}mun of the non-ciliated cells
consists of thick rods, filaments and grenules, The
rods may be short or long, In cells in which secretion
is accumlating, some of the Golzi elements are

elongate and lie close to the periphery of the secretory
materisl, /
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material, while the remaindsr are eituated directly
above the nucleus, Some of the granules and short
rode are in close contact with the secretory granules
( P1, XIVI, figs. 1 and 2, and P1, XXVII, fig, 1 ).
When cellular activity is at its maximum, the Golgi
elements become very much elongated, but later break
- up into short rods and granules which are distributed
~ through the secretory material; a few rods and granules
are also situated at the veriphery of the secretory
mase ( Pl, XXVI, fig, 2 ), When the cells become full
of secretion, the Golgi material assumes its normal
shape and becomes very much reduced in smount so that
1t occupies a much smaller area than before ( Pl, XXVI,
fig. 1 )« In this material the majority of the non-
tciliated celles contain secretory granules which accum=-
tulate throughout the period of fasting,

In the ciliated cells, the Golgi material
- consists of rods and filaments which run almost parallel
to the longitudinal axis of the cell, Some of the
Golgi rods are curved while others are straight and
elongate ( P1, XXVI, fig. 3, and P1l, XXVII, fig. 1 )s
These cells are very much compres=sed laterally by the
non-ciliated cells, especially in the region of the
trphlo-olc: econsecuently, it 1s difficult to study
the assosciation of the secretory granules with the
Golgi elements. .

It should be noted that i® both ciliated and
non-ciliated/



non-ciliasted cells of worms which have not been fed,
the Golgﬂmnterial in this part of the intestine is
usually not reticular or basket-like in structure,

() _Mid-Intestine

The non-cilliated cells in this region of the
intestine are not so numerous as in the anterior part,
The Golgl material does not show any appreeiable
morphological differences from that of cells im the
anterior region: ( Pl, XXVIII, figs, 3 and 4 ),

In the ciliated epithelial cells, the Golgi
material is in the form of rods and filaments which
are either arrnﬁged as i loose or a compact reticulum,
or are in the form of olonkated elements which run
parallel to the longitudinal axis of the cell, Some
of the rods are, however, curved, The Golgi material
does not extend over a large area and the rods and
filaments lie close together ( Pl, XXVIII, figs. 1 and
2, and Pl, XXIX, fig. 1 ).

(¢)_Posterior Intestine

The Golgi material of the non-ciliated cells
resembles in its morphology that of the cells of the
enterior region, Some of the small rods and granules
are in close association with the secretory granules,
while others are situated at the periphery of the sec-
tretory material, As in the other regions of the
intestine/



intestine when the cell is full of secretory granulea'.
the Golgi material of some cells is a compact structure.
The Golgl material of the ciliated cells

coneists of short and long rods which are either straight
or curved, In some cells, the Golgi material is .

' peticular in form, while in others the elements are

| elongate and run parallel to the longitudinal axis of

. the cell ( Pl, XXXI, fig. 1 ). The ciliated and non-
:eiliated cells of the ventral epithelium impregnate

' more deeply than those of the typhlosole,

114, The Secretory Cycle:~ During
increesed cellular activity, brought about by feeding
worms after a period of fasting, the Golgi material
ghowe marked morphological changes, At the same time

| 1t becomes easier to impregnate than that of animals
~ which have not been fed,

(a)_Anterior Intestine

The Golgl material of the non-ciliated cells,
after a period of two hours from the intake of food,
consists of rods and gramules with a few filaments,

As the aocmulatgd secretion is discharged into the
lumen, the Golzin materisl comes to occupy a much |
smaller area than formerly ( Pl, XXVI, figs. 7). @ ).
In some cells, however, the appearance of the Golgi

' material, and the area occupied by 1it, 1is almost the

same/
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same as during the fasting stage, In some cells, the
rods are broken up into granules which lie in contact
' with the secretory material, In a few cells, the Golgi
material did not impregnate well, and in these cells
- 1t appesrs to be in the form of small vesiclea, It
mey be that during this stage of cellular activity,
1t is much brokem up into spherules,
There is no considerable change in the Golgi
| material of the ciliated epithelial cells during this
| early stages of activity, except that there ig a
| slight elongstion of the Golgi rods, In cells in which
the Golgl material previously sppesred reticulum, the
~ whole structure becomes elightly loosened, In some
eells the OGelgi rods have become broken up to form
- smaller rods, New secretory gramules have made their
| appearance into the oytoplasm ( Pl, XXVI, figs, 4=8),
| 8ix hours from the commencement of feeding,
there is a marked increase in the amount of CGolgi
material present both in ciliated and non-eiliated

- eells, but perticularly in the latter, and as frag-
 tmentation of the rods and threads has taken place
'~ they now occupy & much greater area than previously
( P1, XXVI, fige., $;9.{11-14 and P1, XXVII, fig, 2 ),
' More secretory granules have appeared in the cytoplasm
chiefly in the basal region and in the Golgi field

( P, XXVI, fig, 12 and P1, XXVII, fig, 2 ). In the
non-ciliated cells, the longer filsments and Golgi

rods have broken W into shorter rods and granules
which/
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which are scattered through a greater area of the
cell, and in some cases almost extends over the
entire area between the nucleus and the lumen, The
gradual fragmentation of the Golgi material can be
easily observed during this stage ( Pl, XXVI,fis. 8,

© and 11 ), In some cells,however, the Golgi material
is in a compact form, which indicates that secretory
activity has ceased and that the cell is now in the
resting phase ( Pl, XXVI, fig, 10 ),

In the clliated cells the Golgl material
consists of thick and elongated rods which are
situated parallel to the longitudinal axis of the cell,
More secretory granules have appeared in the eytoplasm,
chiefly in eclose association with the Golgi rods and
granules ( Pl, XXVI, figs, 12-14 ), In some cells,
however, the Golgi material is still in 2 compact
form,

Eighteen to twenty-four hours from the intake
of food, cilisted and non-ciliated cells in all stages

of activity are present,
() _Mid-Intestine

Two hours from the intake of food, the Golgi
material in some of the ciliated and non-ciliated cells
is very lightly impregnated, and secretory granules,
in considerable number , have appeared in the basal
cytoplasm as well as in the Golgi field, In some of
the/



the ciliated cells a close association of the Golgi
rode and the secretory granules is evident ( Pl, XXVIII,
figs, 5 and 6), In some of these cells the Golgi material
ie in the form of elongate rods rumning parallel to
the longitudinal axis of the cell ( Pl, XXVIII, fig.5).
There is, however, no appreciable change in the Golgi
material of the non-ciliated cells during this early
stage of activity,

8ix hours from the commencement of feeding,
there is considerable increase in the thickness and
in the size of the Golgi rods and threads in the
ciliated cells ( P1, XXVIII, fig., 7 ).

In the non-ciliated cells, the Golgi rods
are elongate and surround the secretory material, In
some of the celles further fragmentation of the Golgi
rods has taken place, so that the number of rods is
reduced and granules are numerous ( Pl, XXVIII, fig.

8 and P1, XIX, fig. 2 ).

The Golgi material of the ciliated cells
consists of long and short rods which are thicker
than some of those present during the previous stages,
Secretory granules occur in the Golgi field in assoei~
tation with the Golgi rods ( Pl, XXVIII, fig, 7 and
Pl, XXIX, fig. 2 ).

Eighteen to twenty-four hours from the intake
of food, cells in all stages of secretory activity are
seen, Granules of food material which have been
absorbed from the lumen are present in the ciliated
cells,/
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cells, These granules are small in the lumen region
but are langer in the basal region of the cell ( Pl,
XXVIII, fige. © ).

() Pogterior Intestine

Two hours from the intake of food, the Golgi
material of the epithelial cells show marked secretory
response and impregnation of the Golgl material takes
place more quickly than during the fasting stage, In
the majority of the ciliated cells, as in some of the
cells in material taken from starved worms, the localized
Goigi material has spread out from its original posi-
ttion and appears to have increased in amoﬁnt. as well
‘as in the thickness of the individual rods, New secre-
ttory granules are present in the basal part of the
cell, while in some cases, a few granules occur in the
Golgi field ( Pl, XXX, figs, 1-3 ), The Golgi materisl
of the ventral epithelial cells has much thicker and
shorter rods than the cells of the typhlosole ( Pl,
XXX, fige 4 ). |

There is no appreciable difference in the
Golgi material of the non-ciliated cells as compared
with that of the mid-intestinal epithelial cells,
| In some of the epithelisl cells of the typh=
tlosole, the impregnation of the Golgl material is
| very poor,

8ix hours from the intake of food, the Golgi
material of the ciliated as well as the non-ciliated
cells/
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cells is in the form of thick rods, More secretory
granules have sppesred in the ciliated cells, and in
some cases they are clearly seen inside the Golgi
field ( Pl, XXX, figs, 5 and 6 ), In a few eciliated
cells, the Colgi elements are elongate and oecupy a
larger field than in other  cells ( P1, XXX, figs, 6
and 7 ) In some cells, however, the Golgi material

is very much reduced in amount and compaet in appear-
: ancej this is probably due to the onset of the rest-
ting phase ( P1l, XXX, fig. 8 ).

Eighteen to twenty-four hours from the intake
of food, the epithelial cells show all stages of cellu-
tlar activity, Some of the ciliated cells contain
granules of absorbed material which are smaller in
the lumen region than in the basal part of the cell
( P1, XXXI, fig. 2 ).




PLATE XXI11,

Drawings of the epithelial cells of the

enterior region of the intestine,

All preparations from Flemming preparations

stained according to Bensley's method,

Pigs,

Figs,

Figs,

Figse.

1l and 2,

3 and 4,

5=8,

9-12,

Ciliated and mon-ciliated cells
during the fasting period, showing
accumulation of the secretory
granules and the mitochondris,

Non-¢liliaeted cells of worms 2 hours
efter the intake of food, showing
mitochondria and seeretory granules,

Ciliated cells of worms 2 hours
after the intake of food, showing
gradual evacuation of the secretory

material and the mitochondria, '

Non-ciliated and ciliated cells of
worms 6 hours after the intake of
food, showing the gradual formation
and accumulation of secretory
granules, The mitochondria are
uniformly distributed,
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PLATE XXIII, 107,

Drawings of the epithelial cells of the
middle region of the intestine,

All figures from Flemming preparations stained
acecording to Bensley's method,

Figse, 1~3, Cilisted and non-giliated cells
during the period of fasting,
showing accupmlation of secretory
granules and the arrangement of the
mitochondria chiefly at opposite
pole of the cell,

Pigs, 4-6, Ciliated énd non-ciliated cells of
worms 2 hours after the intake of
food, showing gradual evacuation of
secretory granules and the uniform

arrangement of the mitochondrisa,

Pigs, 7=9 Ciliated and non-ciliated cells of
worms 6 hours after the intake of
food, showing gradual accumulation
of secretory granules and the
mitochondria, In the non-ciliated
cell, the mitochondria are in the
form of short rods and granules,
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PLATE XXIV, 108,

Drawings of the epithelial cells of the poste~

:rior region of the intestine,

All figures from Flemming preparations stained
according to Bensley's method,

Figs, 1, 2 and 6, Ciliated and non-ciliated cells
during the period of fasting,
showing the secretory granules
and the mitochondris,

Figs, 3-5. Ciliated and non-ciliated cells
of worms 2 hours after the intake
of food, showing secretory
granules and mitochondria,
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PLATE XXIV,
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PLATE XXV, 109,

Drawinge of the epithelial cells of the middle

and the posterior regions of the intestine of worms
killed after the intake of food,

All figures from Flemming preparations stained

according to Bensley's method,

Fig. 1,

Figs., 2 and 3,

Fig, 4.

Ciliated cell: of the mid-intestine
of worms 24 hours after fhp intake of
food, showing granules of absorbed |
food material, |

Ciliated cells of the posterior
intestine of worms 6 hours after the
intake of food, showing mitochondr;a,
the absorbed food material and

secretory granules,

Ciliated cell of the posterior
intestine 24 hours after the intake
of food, showing granules of absorbed
food material,
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ELATE XXVI, 110,

Drawings of the epithelial cells of the
anterior region of the intestine, showing the Golgi
material,

All figures from Aoyama preparations stained
with Ehrlich's haematoxylin,

Figs, 1-3, Ciliated and non-ciliated cells
during the fasting period,

amd now-Colvalad
Pigs, 4-7. Ciliated cells of worms 2 hours

after the intake of food,

Pige, 2;9 and 11, Won=ciliated cells of worms 6 hours
after the intake of food, showing
increased hypertrophy and fragmenta-
ttion of the Golgi material and
association of secretory granules

with the Golgi material,

Fig. 10, Non-¢ciliated cells of worms 6 hours
after the intake of food, showing
reduced amount of Golgl material
after the completion of cellular
activity,

Figs, 12-14, Ciliated cells of worms 6 hours
after the intake of food, showing
gradual hypertrophy of the Golgi
material, and the secretory granules,
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PLATE XXVI,




ELATE XXVIL s

Photo micrographes of the enterior intestinal

epithelium of earthworms,

All figures from mﬁ- preparations,

Showing the Golgi material in ciliated
and non-ciliated cells of fasting worms,
In some of the non-ciliated celle the
Golgi elements surround the secretory
granules, x 980

Showing the Golgi materisl in ciliated
and non-ciliated cells, 6 hours after
the intake of food, The Golgi materiel
is very much broken up, x 660
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PLATE XXVIIL, 112,

Drawings of the epithelial cells of the

middle region of the intestine showing the Golgi

material,

All figures from Aoyama preparations stained
with Ehrlich's haematoxylin,

Figs, 1-4,

Pigs, §-and 6,

Pigs, 7 and 8,

Fig., 9.

Ciliasted and non-ciliated cells during
the fasting period, showing reduced
Golgi material in the ciliated cells,
In one ciliated cell the Golgi

material is in the form of vesicles,

Ciliated celle of worms 2 hours after
the intake of food, showing the Golgi
material in association with secretory

granules,

Ciliated and non-ciliated cells of
worms 6 hours after the intake of
food, showing hypertrophy and
fragmentation of the Golgi material,

Ciliated and non-ciliated cells of
worms 24 hours after the intake of
food, showing the Golgi material and
the granules of absorbed material,
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DLATS XXIX, 113,

Photomicrographe of the mid-intestinal
epithelial cells,

Plge, 1 and 2 from Aoysma preparations,
Pig. 3 from Flemming preparation,

Pige 1. Showing Golgl materiel in ciliated and
non-ciliated cells during a period of
fasting, The Golgl material is very
compact, x 980

Mg, 2 Showing great hypertrophy of the Golgi
material, 6 hours after the intake of
food following a fast, x 980

Pige 3 Showing seeretory granules in different
phases of their discharge from the non-

eiliated cells, after a fast of 6 days,
x 180
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BLATE XXX, 114,

Drawings of the epithelial cells of the
posterior region of intestine of worms killed after
the intake of food, showing the Golgi material,

All figures from Aoysma preparations,

Figs, 1-3, Ciliated cells of the typhlosole
region two hours after worms were

plagced in soll,

Plg, 4. Ciliated cell of the ventral epithe~-
tlium 2 hours after the worms were
placed in soil, showing thicker Golgi

rods,

Figs, 5-7, Ciliated cells 6 hours after worms

were placed in soil,

Pig, 8. Ciliated cell 6 hours after worms
were placed in soil, showing the
reduced amount of Golgi material
after the completion of secretory
activity,






BLATE XXXI, 118, -

Photomicrographs of the posterior region of
the intestinal epithelium, x 980

All figures from Aoyama preparations,

Pig, 1. Showing the CGolgi materiasl in ciliated
and non-ciliated eells during a2 period .
of fasting, |

Pig. 2 Showing hypertrophy of the Golgl materisl,

24 hours after the intake of food,
Greanules of abdbsorbed food material are
also seen} these are larger in the bcni
region than in the lumen region of the

cell,
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XI, P G G S

A, HISTORICAL
The salivary glands of vertebrates and inver-

ttebrates are favourable material for histological
and cytological studies, The cytoplasmic components
of the salivary glands has been studied in the larvae
of Chironomus by Beams and Goldsmith (1930), Gatenby
(1932) and by Parat and Painlevé (1924), in the
grasshopper, Rhomlea microptera, by Beams and King
(1932), and in Tipula paludosa, by Gresson (1936),
There is no published papers on the cytology

of the pharyngeal glands of earthworms,

The histology and funtions of the pharyngeal
gland-cells of earthworms has been studied previously,
notably by Stephenson (1917), who worked on Pheretima
(Megascolecidae), Allolobophora caliginosa, and
Bimestus parwvus (Lumbricidae), by Keilin (1920), in
Allolobophora ghlorotica, Eisenia foetids and on a
species of Lumbricus, and by Lankester (1864) 1in
Lumbricus terrestris.

Willem and Minne (1899) worked on the chemi-
teal composition of the secretion of the pharyngeal
gland-cells of Lumbricid worms and found that besides
the general secretion of mucin, some of the gland-
cells secrete a proteolytic ferment which dissolves

£ibrin in an alkaline medium with the formation of

peptone,
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Stephenson calls the pharyngeal gland-cells
‘chromophil cells', since the cell body stains in
part more deeply than the surrounding tissues, Conse-
tquently the groups of gland-cells are always immediately
visible in stained sections and at once attract atten~-
ttion, .There is general agreement as to the true
salivary nature of the pharyngeal gland-cells which
are believed to secrete mucin for the lubrication of
the food, as well as enzymes for its digestion, There
is, however, conflict of opinion as to the manner in
which the secretion passes into the pharyngeal cavity,
Keilin believes that the products of secretion are
collected in a system of salivary ducts lying in the
conductive musculo-vascular portion of the pharynx,
and that these ducts divide into innumerable fine
ductules which penetrate between the ciliated epithe-
:1ial cells and terminate in discharge-pockets near
the free surface of the cells, The salivary secretion
accumulates in these pockets before it ie discharged
into the dorsal or salivary chamber of the pharynx,
Stephenson, however, does not agree with these accounts
and states that the secretion passes along 'mucin ducts’,
although he could not find the walls of these ducts as
definite structures,

As previously stated in the account of the
pharyngeal epithelium, the writer has been able to
see clearly small salivary ductules in the ciliated

cells/



celles terminating in discharge-pockets as deseribed
by Keilin,

As so much work has been done on the histo-
tlogy of the pharyngeal glands, the writer has little
to add to the previous detailed deseriptions,

. B METHODS

The methods employed were almost similar to
those carried out for the study of the pharyngeal
epithelium,

For the demonstration of mucin, sections
were treated according to the formula of Southgate
and Mayer, :

As these gland-cells show great affinity for
stains, overstaining occurs when acid fuchsin is
employed, thus presenting considerable difficulty in
the study of the cell components, In order to over-
- tcome this difficulty, the sections, previously \
stained with acid fuchsin, were treated for one to
two minutes with & very dilute solution of sodium
carbonate, as employed in the case of the erop and
the gizzard, This method gives a very delicate and
precise stain for the secretory granules and the
mitochondria, Like the cells of the alimentary canal
the cells of the pharyngeal gland show a greater
affinity for acid fuchsin than for iron-haematoxylin,

Unlike the pharyngeal epithelium, the
pharyngeal gland-cells do not give satisfactory
results/
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results with silver methods, As only osmic methods
were satisfactory for the demonstration of the Golgi
material, Kolatchev's formula, with an impregnation
period of four to five days at about 37°C,, gave very
good results,

S, OBSERVATIONS

The pharyngeal gland-cells are situated on
the dorsal and the lateral surfaces of the pharyngeal
bulb, A few cells are, however, also present on the
ventral side of the pharyngeal chamber in the near
ncighboﬁrhood of the ventral epifholiunh In the deeper
posterior portion of the pharyngeal mass, the cells
are fewer in number and occur in groups between the
connective tissue of the bulb, These cells are poly-
imorphic, being either triangular, spherical or
crescent-shaped, The individual cells are not situated
very close together but are separated from one another
by clefts ( P1, XXXII, fig. 1 ). As stated by Stephen-
tson, their outlines are not very definite and they
are frequently continuous at their periphery with
an amorphous or fibrillar coagulum-like substance,
which partly fills up the space between the cells,
The peripheral regions of the cells stain more
lightly than the deeper cytoplasm,

The cells which are very conspicuous,
because of their great affinity for dyes, have big
nuclei/
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nuclei situated either at the centre or at one end of
the cell, The nuclear membrane is distinet, and one
very large nucleolus and chromatin granules is usually
present, The nucleus is generally regular in outline
end spherical to oval in shape ( Pl, XXXII, figs, 1
and 2 ), The cells are usually found in aggregates of
six to sixteen,or more, surrounded by a very thin
peritoneal investment which is more prominent in the
enterior portion of the pharyngeal bulb than towards
the middle or the posterior region, When the cell is
full of mature secretory granules, the o.n-"fo’éi’”%u-
tappears or is broken by the pressure of the accumulated
secretory material and loose their membranes, when all
the secretory material inside the peritoneal invest-
tment seems to move towards the pharyngeal chamber.
and is finally discharged, The secretion is either
discharged into the lumen through the dorsal ciliated
epithelium or through the cells of the pharyngeal
gshelf ( P1, TITI, fige, 1 and 2 ), Some of the seeretion
is also poured into the lumen through the wventral
epithelium,

Examination of the secretory material
reveals that not only is all the secretion produced
by a group of cells discharged at the same time, but
that the nuclei of these celles are also passed into
the lumen ( Pl, XXXII, fig, 8 and Pl, XXXV, fig. 2 ).
It is concluded, therefore, that the cells disinte-~
igrate after they become full of secretion, The nuclei

present/
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present in the secretory mass are very irreguler in
outline and at times the nuclear membrane is indistinct
and the chromatin granules are thicker than in the
nuclei within the cells ( Pl, XXXII, fig, 8 ), The
secretory mass contains small as well as large secre-
ttory granules and in some cases a few mitochondrias,
Fasting and feeding induce very little
change in the morphology of the cell components since

the production of muein is constant and continuous,

W t to Foo
When an animal has constant access to food,
some of the cells are more active than the others,
consequently the cell components behave differently
in different cells, Their behaviour is deseribed in
the following sections,

nd Induced Fasti

During this stage some of the cells show
accumulation of secretory granules, while in others
formation of secretory granules is taking place,
Seeretory granules are chiefly seen in the néighbour-
thood of the nueleus, particularly at one of its poloﬁ.
presumably in the Golgl field, When the secretory
granules become mature, they are found aggregated
towardes the periphery of the cell, In some cells a
few big spherical secretory granules are scattered in
the cytoplasm and are surrounded by a number of
mitochondria, /
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mitochondria, When the cells become full of secretory
granules, the cell membrane disappears ( P1, XXXII,
figs, 1-8 ).

3. The Secretory Cycle
Two to three hours from the intake of food,

the cells usually show a few secretory granules sca=-
sttered without any special arrangement throughout
the cytoplasm, There are, however, a few celle in
whiech the secretory granules accumulatedduring the
stage of fasting are still present, In some cells
secretory granules are situated at the periphery of
the cell ( Pl, XXXIII, figs., 1=3 ),

Pive hours from the commencement of feeding,
the secretory granules have increased in number ( Pl,
XXXIII, figs. 4-6 ), Some of the early secretory gra-
inules sre in close vieinity to the nucleus near the
Golgil field, One or two of these secretory granulee
are larger than the others, The nuclear membrane of
a few cells has disappeared, and in some cases the
nucleolus is no longer visible, In some casee the
nuelear material seems to be greatly changed and the
chromatin granules are much thicker and more prominent
than préeviously, A few of the nuclei are slightly
irregular in outline,

8ix hours from the intake of food, the secre-
ttory response seems to be still greater, More mature
secretory granules are scattered in the eytoplasm,
and/
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and some of the granules are in small clumps ( r1,
XXXIII, fige. 7=11 ).

Twenty-four hours from the intake of food,
celle in all stages of the secretory eycle are present,

4, The Mitoghondrias

i, VWorms with Constant Access to FPood:- The
mitochondria are in the form of thick rods of various
lengthe and of a few granules, Their behaviour during
the different stages of cellular activity is described
below,

11, Conditions Induced by Fasting:~ The mito~-
tchondria consist of short thick rods and a few gra-
tnules, In some cells a few long rods are scattered
in the eytoplasm, In most of the gcells some mitochon-
tdria are situsted close to the nucleus where aceumu=
t1ation of secretory granules has not takem place
( P1, XXXII, £ig. 1 ). In some of the cells, clumps
of granular and rod-shaped mitochondria surround a
large spherical secretory mass, probably composed of
macin, eituated some distance from the nucleus ( Pl,
XXXII, figs, 2=4¢ )« A few rode are scattered close
to the border of the cell,

114, The Secretory Cycle:- With the intake of
food, the secretory response seems to be much more
marked than in cells from animals with constant

access/



acsess to food, The mitochondria become thicker, but
do not show polar orientation during any stage of ce
cellular activity,

Two to three hours from the intake of food,
the mitochondria in the majority of cells become
shorter and fewer in number as compared with the pre-
tceding phase, In some cells the secretory granules
have increased in number and the mitochondris are
scanty, Very few mitochondria are seen in the neigh-
tbourhood of the nucleus, In the cells of the extreme
dersal region of the pharyngeal mass, there seems to
be little appreciable change in the structure or
arrangement of the mitochondria as compared to cells
examined during the fasting stege, In some cells there
are very few secretory granules but the mitochondris,
chiefly in the form of rods, are more numerous than
in the cells of fasting animals ( Pl, XXXIII, figs.
1-3 ).

Five hours from the commencement of feeding,
the number of mitochondria is greatly increased, They
are still in the form of small rods; some of which
are situated nsar the nucleus in close association
with the secretory granules, In cells which contain
more secretory granules than the majority, the mito-
tchondria are few in number ( P1, xxxfn, figs, 4-6 ).

8ix hours from the intake of food, the mito-
ichondria are in the form of short and long rods,
situated/
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situated chiefly in association with the secretory
granules which are present in small clumps near the
nucleus or in the more distant regions of the eytoplasm
( P1, XXXIII, figs, 7 and 9 ), In some cells the mito-
tchondria are arranged in the peripheral cytoplasm

( P1, XXXIII, fig. 8 ).

Twenty-four hours from the commencement of
feeding, cells in all stages of the secretory cycle
are present, and the arrangement of the mitochondria
is correlated with these stages,

5, The Golgi Material

The secretory granules and the cytoplasm of
the pharyngeal gland-cells do not impregnate 80O
deeply with osmium tetroxide as the granules and
cytoplasm of the epithelial cells, As the cells of the
pharyngeal glands are, more or less, continuously
sctive in the production of mucin, the Golgi material
shows very little morphological change as a result of
fasting and of feeding after a fast,

The Golgi material consists of short and long
rods, filaments and granules scattered through the cell
( P1, XXXIV, figs. 1, 2 and 6 and Pl, XXXV, figs 1 ).
Tt has & distinet tendency to spread throughout the
cell and thus comes into contact with the scattered
secretory granules, It must be noted, however, that
the Golgi material in the gland-cells of the pharynx
i{s never in the form of a compact network or a

reticulum/
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reticulum ss in the epithelial cells during the rest-
ting phase,

During the fasting stage the Golgi material
is chiefly in the form of rods and filaments; granules
are not numerous ( Pl, XXXV, figs, 1 and 2 ). The rods
are usually curved, but a few mey be straight, Some
of the larger secretory granules , which are situated
in sssociation with thickenings of the Golgi threads,
have a vesicular appearance, The larger secretory
vesicles are surrounded by ramifications of the Golgi
material which lie all around the periphery of the
cell ( P1, XXXIV, fig. 3 ) In cell in which the
accumulation of the secretory material is at its
highest, the Golgi material is very scanty and consists
of . a few thresds with small thickenings ( Pl, XXXIV,
rig. 7 )e

During the stage of increased cellular
activity which results from the intake of food, after
a fast of four to six days, the most noticeable
feature observed in the morphology of the Golgi material
is the considerable increase in the amount of the mate-
trial, which now occupies a greater area than during
the other phases, Fragmentation of the Golgli threads
and rods takes place, as a result there are more rods
and granules than before, Some of the curved Golgi
rods become straight and elongate ( Pl, XXXIV, fig. 6
end Pl, XXXV, fig. 1 ). The rods usually appear to be
scattered through the entire cell, In some cells the
majority/
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majority of the Golgi elements are situated around
the nucleus ( Pl, XXXIV, fig, 4 ), The longer rods
and the threads are present chiefly in one half of
the cell, In some cases Golgi rods and granules
surround seeretory granules ( Pl, XXXIV, fig., 5 ).
The Golgl granmules are scattered throughout the
eytoplasm, but are less numerous at the extreme peri-
 tphery than elsewhere in the cell,




BLATE XXXIL, 128,

Drawings of the pharyngeal gland-cells of
earthworms killed after a fast of 4 days, showing
mitochondria and secretory granules,

All figures from Flemming preparations
stained sccording to Bensley's method,

Pig, 1, Showing gland-cells separated from each
other by clefts, The cells show large
micleus with a very big nucleolus in each,
Mitochondria are seen arranged chiefly at
the periphery of the cell,

Fig. 2. Cell to show mitochondria arranged
around the secretory material,

Pigs, 3=5, Cells to show gradual accumulation of the
secretory materisl and reduction in the

gize and number of the mitochondria,

Fig. 6, Showing c¢ell, which is full of secretory
granules, and has very thick chromatin
granules, The nucleolus has disappeared.

Mg, 7. The nuclear membrane has disappeared and
the cell is full of secretory granules,

Fig. 8. Secretory mass enclosed in a thin
peritoneal investment containing irregular
nuclei, thick chromatin granules and faint

nuclear membranes of the gland-cells,
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BLATE XXXIII, 129,

Drawings of the cells of the pharyngeal gland
of earthworms, killed et various periods after feeding,

All figures from Flemming preparations
stained asccording to Bensley's method,

Figs, 1-3, Cells of worms,which have been in soil
for 3 hours, showing the arrangement
of mitochondria and secretory granules,

Figs, 4-6, Cell of worms, which have been in soil
for 5 hours, showing the arrangement
of mitochondria and secretory granules,

Pige, 7-11, Cells of worms, which have been in soil
for 6 hours, showing the arrangenont
of the mitochondria and the gradual

accumulation of secretory granules,

-
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PLATE XXXIV, 130,

Drawings of the pharyngeal gland-cells of
earthworms showing the Golgi material,

All figures from Kolatchev preparations,

Fige, 1-3, Cells during the fasting period,

Pigs, 4~6, Cells of worms 3-6 hours after the
intake of food, showing hypertrophy of
the Golgl material and fregmentation
of the CGolgi filements and rods,

Flg, 7. Showing Golgi material very much
reduced in thicknese and in amount in
cell in whieh there is 2 great

accumulation of secretory material,
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SLATE OV, 151,

Photomicrographs of the pharyngeal gland-gcells,
showing Golgi material, mitochondria and secretory

granules,

Pige 1 from Xolatchev preparation,
Pig, 2 from Flemming preparation.

 Pige 1. Showing the Colgi material of the gland-
celle after the intske of food, It is in
the form of rods, filaments and granules
scattered throughout the eell, x 980

Pig, 2, Showing mitochondria and secretory
granules in gland-gcells, In the centre an |
accumlated mase of secretory material is
seen together with the nuclei of the
disintegrated cells, The large nucleolus
of the gland-cell is clearly seen in some
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A, HISTORICAL

The oesophageal glands of earthworms have
attracted the attention of several workers in the
past and various theories have been put forward to
explain their functions,
| The earliest paper on the oesophageal glands
‘of the Lumbricidae is that of Lenkester (1864), who
‘worked on the anatomy of the glands of Lumbricus
‘terrestris snd L, sgricols, chiefly the former, He
notes the presence of a pair of glands in segment xii
‘and two pairs in segment xiii, and presumes the
function of the first pair to be connected with the
Tf«'n'mati.on of the egg capsule, or alternatively for
‘diupoaing of any superabundance of mineral matter in
the blood, He believes the second and third pair to be
digestive and states - "The use of milky secretion
contained in the second and third pair may be in the
process of digestionj indeed, this appears most
probable, but the properties of secretion cannot be
determined, " Stephenson and Prashad (1919), who worked
on Allolobophora galiginosa and Lumbricus sp, describe
the presence of lateral diverticula of the gut (oeso-
tphageal pouches) in segment ten and a pair of oeso-
tphageal glands in each of the segments xi and xii of
Lumbricus, The glands communicate with the oesophagus
through the oesophageal pouches, Smith (1924) made

similar observations on Lumbricus terrestris,
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Opinion is widely divided on the function of
the oesophegeal glands, Darwin (1881) considered the .
exeretion of lime to be thir chief function although
they are partly digestive in the sense that the
calcium carbonate neutralises the acidity of the gut-
contents, According to Combault (19074 1909) the
function of these glands is the absorption of oxygen
and the excretion of carbon dioxide, Iichaolsgn (1895),
' nowever, believes that their function is the absorption
of nutriment and that the excretion of lime is a
| secondary function, The fact that these glands are
very vascular and that the surface of the epithelium
is greatly inereased by the epithelial folding,
' indicates an sbsorptive function, Stephemnson (1930)
rejects an absorptive function of the oesophagesal
glands on grounds of their location, which is anterior
to the glzzard and intestine, and their segregation
from the alimentary tract, only the oesophageal pouches
being in direct communication with the oesophageal
cavity, and that only by one end of a long tunnel -
conditions which render the acecess of food to the
supposed absorptive surface more difficult, He believes
the chief function of the gland to be excretion of
carbon dioxide and often, at any rate, of lime, which
besides fixing the carbon dioxide probably has a
further use in helping to neutralise the contents of
the gut,

Harrington (1899) states that in a secretory
eyecle/



eycle the protoplasm of the cell first increases in
asmount, =0 that the cells project as club-like
processes, lime granules appear in its interior, the

' eytoplasm degenerates and the granules are thrown out,
The cytoplasm may be nearly all used up in the process,
;the thickness of the epithelium is much reduced and
'this layer may disappear almost down to the level of
‘the blood-ginus, The nuclei also collapse or are cast
‘out into the gland cavity during active secretion,
‘Th; replacement of the nuclei, he believes, takes
place by the migration of corpuscles from the blood
etream into the glandular layer,

| There are no contributions on the cytology
of the oesophageal pouches and glands of Lumbricus,

B, METHODS

Por the study of the mitochondria, oesopha=
' tgeal pouches are very good material when fixed in
Flemming (without scetic acid), They do not impregnate
setisfactorily with any of the osmic methode employed
for the study of the Golgi material, Consequently,
only silver methods (Aoysma and Da Fano) were employed.
' These geve fairly satisfactory results, Some of the
gilver preparations were stained with Ehrlich's
‘haematoxylin,

The oesophagesl glands presented considerable
difficulties in the study of the mitochondria, Golgi
bodies and other cell components, chiefly because of
the/
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the very small size of the cells, With silver methods
the cells become black, and thus renders observation
very difficult, Kolatchev and Mann-Kopsch methods,

however, gave more satisfactory results,
C, OBSERVATIONS

(a) Oegophageal Pouches
| The present investigations show that the
‘oosophugeal pouches have a totally different histolo~
tgical appearance to that of the oesophageal glands
' ( Pl., XXXVI, figs, 1-5 and Pl, XXXXI, fig. 1 ).
The inner epithelium of the oesophageal
 pouches is thrown into a number of longitudinal folds
' or ismellse ( Pl, XXXVI, figs. 1 and 2, and Pl, XXXXI,
fig. 1 ). The free ends of these folds unite to form |
a series of tunnels, The epithelium of these tunnels
consists of more or less cubical cells which become
more prominent posterior to segment ten, while those
of the free borders (posterior to segment ten) are
usually in the form of columnar cells with a aistinet
' layer of rodlets ( Pl, XXXXI, figs, 1 and 2 ), The
cells lining the tunnels contain more secretory granules
in all phases of the secretory cycle than the elongated
celle lining the lumen of the oesophageal pouch, The
tunnels are at all times full of milky white secretion,

1, Worms with Constant Access to Food
In this material the cells of the oesophageal

pouches are in all stages of activity and rest,
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n nduced st

The majority of the cells of the oesophageal
pouch bordering the lumen are club-shaped whereas
those lining the tunnel are more or less cuboidal
( P1, XXXvIiI, figs. 1,2,4 and 5 ), Secretory granules.
ére, in the majority of the cells, accumulated either
'in the basal or in the lumen region of the cell,
?Vheunloa. with or without secretory material, are
commonly seen in the basal half of the cell ( P,
| XXXVII, fig. 1 ). The cells lining the tunnel are
usually full of secretory granules, A light colourless
area, free of mitochondria and secretory granules, 1ci
usually present at the outer pole of the cell close
to the lumen of the oesophageal pouch, Its nature was
not determined, The cells lining the tunnel show a
great accumulation of secretory granules without any
definite arrangement,

3, The Secretory Oycle

When worms are allowed to feed, after a
period of fasting, the cells of the oesophageal pouch
show increased cellular activity, The accumulated
secretory granules are discharged into the lumen;
consequently the cells are uniform in appearance
( P1, XXXVIII, figs, 1-3), The nuclei move slightly
towards the lumen and usually come to occupy a central
position, With further increase of cellular activity,
fresh/
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fresh secretory granules appear and masses of secretory
material are visible between the epithelial cells on
their way to the lumen ( Pl, XXXVIII, £ig. 2 ). The
1ight ares, already noticed was observed in this
material, but is not well marked,

4, The Mitochondria
i, Vorme with Constant Access to Food:~- The

cells of animals with constant access to food are in
all stages of secretory activity, Consequently, the |
mitochondria differ in form and arrangement in the
different cells, Their behaviour during the mecretory
eycle is described in the following sections,

11, Conditions Induced by Fasting:- When an
animel has fasted for a few days, the mitochondria
consist of filaments and rods of various lengths but
of equal thickness ( Pl, XXXVII, figs. 1-3 and P1,
XXXXI, fig. 2 ). Although some of the mitochondria
are arranged parallel to the longitudinal axis of
the cell, on the whole, they do not exhibit well
merked polar orientation, In the majority of the cells
they are more numerous in the basal region than in
the lumen region, The filaments, which are usually
curved, are situated throughout the cell, but in some
cases they are most numerous close to the basement
membrane, The rods are scattered throughout the cell,
Granular mitochondria are very seldom seen, but when
present are usually found close to the lumen oOr around

the/
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the Golgi field, In the cells lining the tunnels, the
mitochondria consist chiefly of small rods and in
addition & very few filaments ( Pl, XXXVII, fig. 4 ).
111, The Secretory Cycle:- Examination of worms
at different times after the intake of food, showed
that there is a marked secretory response, The mito-
schondria are thicker and more numerous than in the
cells desoribed sbove, and, in the majority of cells,
the lumen half contains more mitochondria then the

' basal half, Polar orientation is very well marked

( P1, XXXVIII, figs. 1-3 ). The {ilaments are now
‘uniformly distributed throughout the cell, The rods

are scattered throughout the cytoplasm but are more

numerous in the region of the lumen than elsewhere, |

' The granules,which usually are very few, are found in

' the lumen hslf of the cell, Some of these granules

may be the eross-section of rods and filaments, In

cells which are full of secretory granules the mito-
schondria are reduced in number ( P1l, XXXVIII, fig. 4).

In the cuboidal cells lining the tunnels,
there is no spprecisble change in the form and arrange-
iment of the mitochondria, except that filaments are
ebsent from cells ( Pl, xxxvix, fig, 5 ).

B, The Golgi Msterial
i, Worms with Constant Access to Food:- The beha=

iviour of the Golgi material during the phases of

secretory/
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secretory activity and of rest is deseribed in the
following sections,
1i, Conditions Induced by Pasting:- When an
enimal is in a fasting condition, the Golgi material
is usually in the form of a reticulum, vhich may be
either compact or loose, The reticulum consists of
thick rods and filaments connected together by thin
‘1inks ( P1l, XXXIX, fig. 1 ). The rods and filaments
‘are usually curved, In some cells, chiefly in the
'euboidal cells of the tunnel, the Golgi material is=s
situated e1ight1§ above the nucleus,
| 111, The Becretory Cycle:- Feeding after a fast
does not induce a very grenf change in the morphology
of the Golgi rods and filaments, The reticulum,
however, becomes loose and the rodd'plightly thicker
end longer ( Pl, XXXIX, fige, 45and 8 ), With increase
‘of cellular activity new aecréfory granules become
visible and later migrate to the lumen half of the
cell{ Pl, XXXIX, figs, 2 and 3 ),
During all phases of cellular activity, the
Golgi material in some of the epithelial cells is in
the form of vesicles, some of which are sometimes
connected together by a very thin thread:( Pl, XXXIX,
figs, 6 and 7 ), Complete fragmentation of the Golgi
material does not appear to take place at any stage

of the secretory cycle,
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(b)_Oesophageal Glands

In view of the considerable amount of work
carried out on the histology of the oesophageal glands
of Lumbricus, it is not necessary to describe their
histological structure in detail,

In cross-section, the glahdc show numerous
transverse folds or lamellae extending from side to
side across thecrgland ( Pl, XXXVI, figs, 3=5 )., The
cells are small and are arranged on these lamellsae,
The nucleus is very long, the nuclear membrane and
chromatin granules are distinet; and one nucleolus
is usually present ( Pl, XXXX, fig, 5 ).

Due to the very small size of the oeila of
the oesophageal glands, the secretory material, mito-
tchondria and the Golgi material could not be satis-
tfactorily studied, The cells were active in all the
material examined during the present investigation,
It is concluded, therefore, that secretory activity
is not influenced by fasting or feeding,.

Very small granules which blacken with osmium
tetroxide are present in some of the cells, while in
others large spherical bodies are present ( Pl, XXXX,
figs, 1,2, 3 and 4, and Pl, XXXXII, figs, 1 and 2 ),
It would appear that some of the small granules are
early stages in the formation of the large spherical
bodies, which do not blacken so deeply in osmiec

preparations/
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preparations and contain a central bedy ( P1, XXXX,
figs, 3 and 4, and Pl, XXXXII, fig, 1 ). The spherical
bodies are without doubt secretory in nature, They
are discharged into the lumen and accumulate between
the lamellae ( Pl, XXXVI, fige., 3 and 5, and P1, XXXXII;
fig. 2 ). Most of the cytoplasm and the nucleus
passes into the lumen along with the secretory gra-
‘nules, Consequently more than half the total number
of the cells examined were in a state of collapse

( Pl, XXXVI, fig. 5 and Pl, XXXXII, figs. 1 and 2 ),

Study of the mitochondria was particularly
difficult, but very small rods were seen in certain
cells which were slightly larger than their neighbours,
It ies possidble that some of the granules present are
mitochondria, but all the granules are of approximately
the same size and do not differ in staining properties

( Pl, XxxX, fig. 5 ).

Both silver and osmic preparations revesl the
presence of small granules scattered through cells in
the early stages of secretory activity, Some of the
granules are probably Golgi bodies and others are small
granules of secretion, Small osmiophilic snd argento-
tphilic granules were observed lying_over the outer
part of the large spheres of secrotorj material, These
granules are identified as Golgi bodies ( P1, XXXX,
figs, 3 and 4, and Pl, XXXXII, fige., 1 and 2 )e

It was not possible to obtain further informa-
ttion on the mitochondria and Golgl material of the
cells of the oesophageal glands,




CLATE XXXVI, 142,

Photomicrographs of transverse sections

passing through the oesophageal pouches end glands,

Flg.

Fig.

Fig.

All figures from Flemming preparations,

Showing the position of oesophageal pouches,
with respect to oesophagus,in segment m,
x 23

Showing the opening of the oesophageal
pouch into the oesophagus, x 50

Showing the oesophageal pmi: at the uuql
of the oesophagus, end oesophageal glands
on either sides of the oesophageal pouch,
The great vascularity of the oesophageal
gland can be seen c¢learly, x 35

Showing the opening of the eesophageal
glands into the anterior.end of the
oesophageal pouches, x 23

Showing the opening of the oesophagesl
glands into the oesophageal pouches, end
the transverse folds in the oesophageal
glands, x 35
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PLATE AAAVI,
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PLATE XXXVII' 143,

Drawings of the epithelial cells of the

oesophagesl pouch showing mitochondria and secretory

granules,

All figures from Meves preparations etained

with iron-haemotoxylin,

Pige 1-3,

Fige 4.

Fige 5.

. Cells during a period of fast, showing

secretory granules and mitochondria,

The basal half of the cell contains

more mitochondria then the lumen region,
Clear spaces, with or without any

secretory material, are seen in sonolcelll
close to the basement membrane, A light
colourless area, free of mitochondria

and secretory granules, is seen at the outer

vole of the cell eclose to lumen,

Cuboidal cells lining the tunnel,
Showing great accumulation of secretory
granules and a few small mitochondria
during a period of fast,

Cuboidal cells 4 hours after the intake
of food, showing mitochondria and

secretory granules,
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Drawings of the cells of the oesophageal
pouches of earthworme killed 4 hours after being
placed in soil,

All figures from Meves ﬁmmtiom stained
with iron-hacmotoxylin,

Pigs, 1 and 3 Cells showing almost complete evac-
tuation of the secretory granules,
Nucleus has moved upwards towards
the lumen, Mitochondriz most

numerous in the region of the lumen,

Figs 2. Showing mase of secretory materiasl
between the cells in the basal
region, Mitochondria are more numerous
in the lumen half of the cell than the
basal half,

Fig., 4. Showing secretory sraimlen in the
basal and in the lumen half of the
cell, Mitochondria are smaller and

not numerous,
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PLATE XXXIX, 145,

Drawings of the cells of the oesophageal
pouches showing the Golgi material,

All figures from Aoyasma preparations stained
with Ehrlich's haematoxylin,

Fig. 1 Cells in the fasting stage, showing
reduced Golgi material,

Figs., 2 and 3, Cells of worms which were in soil,
aho'ilig association of the Golgl
material with the secretory granules,

Pigs, 4, 5 and 8, cells of worms which were in soil,
showing hypertrophy of the Golgi

material,

Pigs, 6 and 7, celles showing Golgi material in the

form of veesicles,
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PLATE XXXX, 146,

Drawings of the oesophageal gland-cells of
earthworms showing Golgi material, mitochondria and
secretory granules,

Figs, l-4 from Aoysma and Kclatchev

preparations,
Mg, b6 from Flemming preparation,
Pigs, 1 and 2, Showing the gradual sccumulation

of the secretory granules, and the
coneiderable clongation of the
gland-cells following the accumula-
ttion of the secretory granules,

Pigs, 3 and 4, vshowing the Golgi material
(osmiophilic granules) situated
over the outer part of the secretory
granules, Central body of the
secretory granule 1is seen,

Pig. 5. Showing the mitochondria and
secretory grenules in the gland-

cells,
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PLATE XXXXI, 147,

Photomicrographs of the oesophageal pouch of
earthworms,

All figures from Meves preparations,

Fig. 1. Showing the oesophageal pouch in the
10th, segment, The iraneverae lameilae

and the tunnels are seen clearly. x 80

Pig. % Cells of the oesophageel pouch during a
period of rasting, showing the filamentous
and rod-shaped mitochondria, x 1140
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PLATE XXXXII, 148,

Photomicrographs of the oesophageal gland cells
of Lumbricus showing the Golgi material,

All figures from Kolatchev preparations,

Fig. 1 x 1380

Fig. 2 x 1140

Figs, 1 and 2, Showing the Golgi material (osmiophilie

granules) situated in contact with
the secretory granules of the gland-
cells, Some of the secretory granmules
show a eentral body very clearly,
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X111, DISCUSSION,

The mitochondria and the Golgi material have been
studied more than any of the other extra-nuclear
components, Many cytologists believe that they are
concerned with the production of secretion and other
cell products, but there is no general agreement as
to the exact part which they play in these processes,

It is now universally agreed that the mito-
tchondria are elements of definite form and are
present in all animal cells, They may occur in the
form of filaments, rode, or grarmlc's. capable of
independent movement in the cytoplasm, The thickness
of the mitochondria is said to be constant in indi-
tvidual cells, In tissue culture-cells (Bourne,1942)
they appear to be in a state of constant movement
which may be of two types; a wriggling movement of
the mitochondria themselves, or the migration of the
individual rods ete. from one part of the cell to
another, The migratory movements may be due to varying
electric charges on the mitochondria and the cell
membrane, Kingsbury (1912) and others consider that
the mitochondria act as respiratory centres in the
cell, This supposition rests on the fact that fat
solvents, such as aleohol, acetone and acetic acid
which reduce the rate of the respiration of the cell,
also dissolve the mitochondria, Bourne (1942) states
that/
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that these fat solvents also dissolve the Golgi mate-
trisl and the cell membrane; hence it is very difficult
to aseign to the mitochondria slone a respiratory
function, Joyet-Lavergne (1938) states that the mito-
tchondria possess great oxidising and reducing power,
and believes that this is on account of a 'redox'
system comporsed of vitamin A and glutathione, He

used gold chloride, silver nitrate, ohromig acid,
picric acid, potassium permanganate and m-dinitroben-
:z0l to demonstrate the reducing power of mitochondria;
In further support of this fiew, Joyet=-Lavergne states
that young red blood cells of vertebrates have a
higher rate of respiration and a greater number of
mitochondria ;han old erythrocytes, Bourne, however,
regards the evidence put forward in favour of a respir-
tatory function of the mitochondria to be insufficient,
but admits that iﬁ is quite likely that they do play
an important part 19 cell-respiration,

‘Horning (1926) believes that in Amoeba the
mitochondrias are concerned with the production of
digestive enzymes, In Qpalina (1925), he states,
protein granules are formed under the influence of
mitochondria, Horning (1925) points out that in the
case of the pancreas the mitochondria are responsible
for the production of zymogen granules, and that here
instead of producing enzymes, as in Amoeba, for intra-
cellular/
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cellular digestion; they produce enzymes for extra-
cellular digestion, He concludes that the function
of the mitochondria in all animal cells is the same,
und that they are, therefore, the seat of enzymatic
activity, Thie view is shared by various other wore
kers, but there is no general agreement that the
nitochondria are concerned with the production of
enzymes,

Cramer and Ludford (1925) have shown that
the process of fat absorption in the mammaliesn intes~
ttine is assosciated with hypertrophy of the Golgi
apparatus, but that the mitochondria remain unchange&
throughout the eycle, In the thyroid gland both the
Golgi material and the mitochondria enlarge during
secretion, and Cramer and Ludford (1926) consider
that the Golgi apraratus is probably actively en-
tgaged in the actual production of secretion, and
that the changes in the mitochondria produce corres-

tponding variations in surface energy within the ecyto-
tplasm, and thus affect redistribution of the lipoids,

Later, Ludford (1927) states that synthesis of the
enzymes occurs at the mitochondrial;cytoplasmic inter-
ifacej the resulting products continually diffuse
into the cytoplasm preventing an accumulation at the
surface of the mitochondria which would inhibit
further syﬂthenis. At the surface of fﬁe Golgi
spparatus, thelelaborated products are concentrated

into/
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into droplets preliminary to their elimination,
According to this view the Golgi material plays a
purely physical role, namely condensing the products
elaborated by the enzymes secreted by the mitochondris,
Bourne is of the opinion that the mitochondria are
probably involved in proteolytic and, in the casme of
germinating seeds, dlastatic activity, Gresson
(1948) thinks that there is reason to believe that
mitochondria play an important part in the formation
of secretion, and that enzyme activity takes place
at the{jL surface, Hirsch (1932) and Duthie (1934)
believe that substances are separated out under the .
influence of the mitochondria in the basal cytoplasm
of the cells of the pancreas, and that the young
grenules of secretion later on move to the region
of the Golgi material, and are there transformed into
mature secretory granules, Later, Ries (1935) con-
tfirmed their observstions on the living panecreas,
Gresson states that it is possible that
the mitochondria are concerned in some way with yolk-
formation . It is well known that they form the
sheath of the axial filament of the middle-piece of
the sperm, and it is possible that they play some
part in the physiology of the spermatozecn, In non-
secretory cells, Gresson believes that the mitochondria
take part in the formation of some of the cytoplasmic
constituents and in the general metabolism of the
cell, |
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8ince the Golgi apparatus was first observed
by Golgi in 1898, there has been much work on wvarious
asnects of this important cell-component, With a few
exceptions the Golgi material cannot be seen in the
living cell; consequently there has been considerable
controversy in the past regarding its actual existence,
The majority of modern cytologists believe that it is
a definite structure or ‘substance present in nearly
all animal cells, Oﬁiniouu however, is widely divided
concerning its structure and functions,

Many workers now believe that the Golgi mat-
terial seldom occurs as a true network or reticulum,
but that it consists of a number of separate elements
which may lie close together, Recently Baker (1944),
as a result of his experiments with vital stains, has
come to the conclusion that the Golgi material consists
of vacuoles which contain fluid, and are surrounded by,
or in contact with, lipoidal substances, Thus he be-
tlieves the reticular eppearance of the Golgzi material
in fixed cells to be an artifact c¢aused by the shrink-
tage of the vacuoles which are, in fact, the resl Golgi
structures in the living cells, Gresson (1948) states
that the Golgli material consists of an outer argento-
tphilic and osmiophilic part and an inner argentophobie
and osmiophobie region, and that it is made up of pro-
tteins and lipoids,

As to the function of the Golgi material it
is now universally agreed that iR gland cells it
takes/
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takes part in the formation of a specific secretion,
but the precise part played by the Golgi material in
the process of secretion has not yet been established,
Kirkman and Severinghaus (1938) believe that the Golgi
material acts as a condensation membrane; others believe
that it is concerned with the synthesis of various
cell products, Hirsch (1939), who supports the latter
view, thinks that the internum, or inner part, of the
Golgli materisl absorbs vitamin G, and that later
secretary granules originate in the internum, Bourne
(1942), while agreeing that the Golgi material may
absorb vitamin C, disagrees with Hirsch's views re-
tgarding the direct part played by the CGolgi material
as a synthesising agent, Another view is held by
Subremaniam (1934, 1935, and 1937), who thinks that
the Golgi material is chiefly concerned with the
production of intra-cellular enzymes, which, later on,
give rise to various products such as muein, fat,
yolk, ete,. He also believes thst the Golgi substance
may produce different materials at different times in
the same cell, Gresson (1948) and Nath (1933) have
claimed that in the eggs of some animals, chiefly
invertebrates, vesicular Golgl bodies are finally
transformed into fatty yolk globules, According to
Ludford and Cramer (1925), the Golgi material syn-
tthesizes fat from absorbed fatty acids and glycerol,

Gresson (1948) reviews some of the literature
of the subject and believes that the chief function of
the/



the Golgl material is the elasboration of substances
which are formed by its synthetic action, or possibly
by the production of tr;?.ra-calluhr enzymes, He also
believes that the Golgi material takes part in the for-
tmation of a wide variety of cell-products, He suvvorte .
this belief by the fact that ){ during the secretory
qyclo of gland-cells, the Golgi mteriai ‘shows marked
hypertrophy and thus occupies a larger area than duri:rw
the resting or non-secretery stage, Further, small
secretary granules come into contact with the Golgi
material and portions of the Golzi material lose their
connection with the main mass and move towards the
lumen, - When secretery activity is completed and the
secretory granules are discharged into the lumen, the
Golgi material assumes its original position and form,
Reference to the literature of the subject
shows that there are few published papers on the cyt-
tology of gland cells of invertebrates, Gresson (1936)
claims that in the salivary gland-cells of Tipuls
paludoss, & small clear space appears in the basal
eytoplasm of fixed material which later increases in
size until it extends to the border of the lumen, This
clear space, he suggeste, is a vesicular area into |
which a lipoid secretion has separated out from the
biaa]. cytoplasm, He believes that the mitochondria
and the Golgl material take part in the origin of this
secretory substance, He also suggests that these
cell components take part in the formation of the secretion

of/
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of the cells of the mid-gut and hepatic caeca of
Periplanata orientalis (1934), Subramanian (1938)
worked on the intestinal cells of Lumbrico- nereis ,
and observed an increase in t he number of Golgi
grains during secretory activity, and an intimate
relationship between the first secretory granules and
the circnophobio region of the Golgi batonnets,
Siang-Hsu (1947) studied the mid-gut epithelium of
' Drosophila melanogsster, and states that there is no
visible evidence to suggest that the young secretory
grenules are separated out under the influence of
mitochondria, According to him the Golgi material of
the epithelial cells is in the form of crescent and
rings, ard the secretéry granules are first visible
inside this structure, He also claims that the Golgi
material increases in smount during the growth of the
| aecretafy granules, |

To summarize : There is considerable evidence
that both mitochondria and Golgi material are concerned
with the rarmation of granules of secretion and with
the origin of other substances, There is, however,
no general sgreement as to the part which they play
in the process, They may both be actively concerned
with the synthesis of various cell products, or the
materials which arise elsewhere in the cell may collect
at the surface between these cell components and the
eytoplasm, However, these points cannot be cleared

up by the methods of research hitherto employed,
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The present work was undertaken in order to
study the structural and functional aspects of the
mitochondria and the Golgi material of the various
gland cells in the alimentary tract of Lumbricus
terrestris during different physiological phases,

As a result of this work much information was ob-
ttained which has not hitherto been recorded for
Lumbricus or any other earthworm,
| When & worm has constant access to food,
the cells show all stages of secretory activity,
When one group of epithelial cells is undergoing
- increased cellular activity, another group of cells,
adjacent to it on either side, is resting, This ine
tdicates that when the secretory cycle ies completed,
a cell undergoes & period of rest, and that, under
normal conditions, neighbouring cells, which are
previously at rest, become active, The structure
and arrangement of the mitochondria and the Golgi
material, therefore, varies in the different cells,

In order to study cells under conditions of
inactivity, it was found necessary to starve the
worms, which were kept under moist conditions, for
four tb 8ix days, It is of interest that worms
starved for shorter periods did not show any apprec-
tiable change as compared with individuals with con=-
tetant access to food,

Examination of material fixed after fasting
showed that the majority of the cells (except those

of/
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of the buccal region, pharyngeal gland, ciliated
epithelisl cells of the pharynx, gizzard, non-ciliated
cells of the intestine, and of the oesophageal glands
and pouches) were inactive, and that their components
exhibited morphological features which differed from
those observed in cells of animals fixed after feeding,
A considerable accumulation of secretory material 13‘
the most noticeable feature during the inactive

phase, The secretory meterial is situated either in
the basal cytoplasm or very close to the lumen, and in
some cases in the neighbourhood of the nucleus and in
the Golgi field, Thie accumulation of the granules
indiecates that their production continues during the
period of fasting but is retarded to some extent, It
appears that when there is no contact with food, acc-
sumulation of the secretory granules is the natural
result,

The mitochondria in the epithelial cells of
worme which have been fasting are aggregated towards the
poles of the cell and also in the region adjacent to
the nucleus, while a few occur around the Golgi field,
The majority are rod-shaped but a few granules are
occasionally present, In the majoritﬁ of cells the
mitochondria of the basal cytoplasm are longer than
those 6f the lumen region, There is no marked polar
orientation, The aggr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>