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2. 

1. INTRODUCTION,  

During the last quarter of a century a consi.. 

:derable amount of research has been carried out on 

Various aspects or cytology, In invertebrate animals, 

however, observations have been confined mainly to the 

nucleus and to the structure and behavior of the cyto- 

:plasmjo components during gametoge5j5, The few 
accounts of the epithelial cells of the alimentary 

canal are restricted to one or two specific regions 

or to the associated glands, Oresson (19) and Shay 

(1946) worked on the cytology or the mid-gut of the 
cockroach, Siang-Hau (1947) studied the epithelium of 

the mid-gut of the larvae of 2ro8oDhj melanogapt 

and Subramanjam (1938) studied the Golgt apparatus in 

the intestinal cells of urnbrjcpnere 	The salivary 
glands of Chironom larvae have been investigated by 
Parat and Painlev (1924), Beams and Goldsmith (1930) 
and Gatenby (1932) 9  and the salivary glands of the 

grasp-hopper by Beams and King (1932). Gresson (1936) 

Studied secretion and the cytoplasmic 
if101flglOflS in 

the cells of the salivary glands of 2it)ula iludo 

The present work was undertaken in order to 

study the cytology of the different regions of the ali.-

:mentary canal of an invertebrate animal and to deter-

:mine the relationship, if any, between the morphology 
and disposition 

of the Golgi material and mitoahon.j 

and the phases of the secretory cycle, As the alimen-

:tary tract of the eartbwox, liumbricusrrecjtris is 

divided/ 
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divided into several distinct regions, it was consi-

Zdered to be a suitable animal for investigation, The 

different regions of the gut were fixed in various 

fixatives, sections were out, 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 tarts of the alimentary tract,while 

others were fed subsequent to a period of starvation, 

and thereafter examined at different stages, 

There are numerous works on the histology of 

earthworms (including Lumbricue), but so tar as the 

writer is aware, the cytology of the alimentary tract 

of Lumbricuss or of any other earthworm, has not been 

studied previously, 
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U. MATERIAL AND MTHODSS 

The material for the present investigation 

was obtained from specimens of Lumbripus terreatris 

collected at intervals from the autumn of 1947 until 

the autumn of 1948, Samples were taken from the differ-

sent parts of the gut, namely the buccal region, 

pharynx, oesophagus, crop, gizzard and intestine, and 

from the pharyngeal glands, oesophageal glands and 

oesophageal pouches. Both young and mature adult ape-

:oimens 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 

associated glands were placed in the fixatives as 

speedily as possible; others were kept In large glass 

are to which soil could be added so that it was 

possible to fix tissues at different periods of fast-

sing s, 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-

:table moulds maintained In a fairly moist condition., 

Specimens were dissected alive as quickly as possible 

In normal saline; 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 investigate each physiological phase, 
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To study the origin, formation and pasRage 

of the secretory granules from the gut-epithelium to 

the lumen, it was necessary to obtain samples, at 

various times after feeding, from several specimens 

which had previously been starved. The resting stage 

of the cells of the gut-epithelium and assosotated 

glands was studied in animals which had been starved 

for three to six days. The active stage was investigated 

In worms which were fed after a fast of three to six 

days; 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 and Zenker (with and 

without formalin), and the sections were stained with 

haematoxylin and eosin or with Mallory's stain. For 

the study of the rnitochondria, FleuRning's (without 

acetic acid), Tegau1, Chaxnpy, Lltamann's acid fuohein 

and piorid acid, Bensley'B acid fuohein and light 

green and Cain's modification of Ilelly's fluid with 

potassium dichromate and methyl blue, were used. Flen-

:ing (without acetic acid), diluted to half as recce-

mended by Gatenby, and Moves 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 thirty-four hours, The tissues 

were then washed in the running tap water for two and 

a half to three hours. Heidenhain's iron-hasmatoxylin 

and Bensley's acid tu'hsin and light green were found 

to/ 
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to be most suitable for staining the mitoohondria, 

Bouthgate'e and Mayer's methods were used to demone-

:trate the presence of mucus, 

For observation of the Golgi material both 

silver and osmio 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 Elhrlich's haematoxylin or toned with 

gold chloride. Of the osmia methods, Mann-Kopsch, 

Kopach, Xolatchev's and Ludtord'e modification of 

Kolatchev were tried, Kolatchev's methods was found 

to be most suitable for all the various tissues or the 
gut-epitheliuin, except the Intestine and the oesoi,ha-

:geal pouches in which the Golgi elements were impreg-

:nated 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% osmic acid, 

6% potassium dichromate and 1% chromic acid, washed in 

running tap water for ten to fifteen hours and in die-

:tllled water for half an hour, then placed in 2% 

osmie acid, kept at 30-39'a, for five to seven days, 

and finally transferred into distilled water for four 

to six hours, This method is a modification of Kolat-

:chev by which the tissue Is kept for a longer period 

In osmium tetroxide, In cases of over-Impregnation, 

ections/ 
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sections were satisfactorily bleached by hydrogen 

Peroxide (20 volumes of 20% hydrogen peroxide in 100 

volumes of 70% alcohol) or by turpentine, Sections 

prepared for the demonstration of the Oolgi material 

were either mounted unstained or stained with neutral 

red with a trace of acetic acid, Observations were 

based chiefly on material embedded in paraffin, 

Sections were out at 4-8in thickness, Attempts were 

made to stain the mitoohontiria supra-vitally with 

Janus Green B, It was found, however, that the amount 

Of teasing necesRary to separate the epithelial elements 

damaged the cells to such an extent, that this method 

was abontloned, In neutral red preparations, the aecre-

:tory granules only were stained. Certain individuals 

were red with iron saocharate for twelve to thirty-six 

hours; the gut epithelia were then fixed in equal parts 

of Bouin's fluid and 5% aninonium sulphide in 95% 

alcohol, and subsequently treated, as described by 

Yonge (1927), to demonstrate the presence of iron by 

the Prussian blue reaction and thus determine the 

absorptive regions of the gut. 
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IV, DESCRIPTION OF PLATES, 

LeItIrIP& 

A, P., absorbed food material, 
0., 	cilia, 
Cu,, 	cuticle, 
0,36 9  central body. 

S., clear space, 
P, discharge-pocket, 

G,A., Golgi area, 
G, M,, Golgi material. 

mitochondria. 
Not 	nucleus. 
Nu,, 	nucleolus. 
Oee,, oesophagus, 
0G., osmiophllic granule. 
0. Gi., oesophageal gland, 
O,P., oseophageal pouch. 
P. Go  pharyngeal gland. 
P,1,, peritoneal investment, 
P. S., pharyngeal shelf. 
8, Bop striated border, 
9.0. 9  salivary chamber, 
S,G,, secretory granule. 
S. P1,, secretory mass. 
P., 	tunnel, 
V. 0,, ventral chamber, 
V. N, C, ,ventral nerve cord, 
CL, 

_a_n__----------- 
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V. THE BUCCAL CAVITY. 

A. HISTORICAL. 

The histology or the buocal region or 

Lumbricus has been described by Szte (1913) and 

others. Szdts found that the buccal cavity has dorsal 

as well as ventral diverticula, Gurwitech (1901) 

described the structure of the buccal 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 otker 

contribution on the cytology of the buocal epithelium 

of Lurnbricus. 

B. MTHOD8I, 

Samples of the buccal region were taken from 

earthworms having constant access to food. Material 

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 fed; 

tissues were fixed one hour, three hours, five hours, 

six 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 Plenining's 

fluid (without acetic acid), diluted to half as reco- 

:ianended by Gatenby, Sections were stained successfully 

by Bensley's acid fuchsin and light green method. It 

was found that Heidenhain's iron-'haematoxylin never 

stained! 
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stained the secretory granules and the mitochondria 

satisfactorily, Kolatchev'e original formula (impreg-

:nation in osmium tetroxide for about six to seven 

days at 37C,) 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 mdi-

:vlduals, 

Q OB8]RVATION8. 

The epithelium of the buceal region consists 

of short as well as elongated columnar cells with a 

thin cuticle, They are non-ciliated. The cell-membrane 

is usually distinct. The nucleus has distinct 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 cells 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 cycle 

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/ 
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of the nucleus (P1. I, figs. 1 and z), 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 cytoplasm chiefly near the 

basement membrane (P1. I, fig. 1). 

The Mitophondril1 

The mitochondria of the buccal eiithe1ia1 

cells of Lumbriou consist of rods of various sizes, 

a few granules and rarely filamentous forms, The rods 

are scattered throughout the cell, In the majority of 

cells, the lumen halt 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 membrane (P1,1, figs, 1 and 2). The majority 

of the mitochondria exhibit marked polar orientation 

and are arranged parallel to the longitudinal axis of 

the cell. 
The Golgj Material 

The Golgi material consists 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-

:trophied and occupies a large area of the cytoplasm 

between the nucleus and the border of the cell 

adjacent! 
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adjacent to the lumen. In the majority of such oases 

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, figs. 1 1,2,and 4). Appearances indicate that 

during the final stages of the formation of the gra- 

:nuiep of secretion, the Golgi rode and the filaments, 

break up to form small rode and granules, 

The Golgi material of the cells of the bucoal 

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 material. 

en-------------an 



PLATE I. 	 149  

Drawings of the epithelial cells of the 

buccal cavity of Lumbricue terrestrie showing 

secretory granules and Mitochondria. 

All figures from Flaming preparations 

stained according to Beneley's method. 

Fig, 1, 	Showing secretory granules in the Golgi 

field and acetmiulation of granules in 

the basal cytoplasm. 

Pig, 2, 	Showing accumulation of secretory 

granules in 'violnity of lumen. 
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Drawings or the epithelial cells of the 

buccal cavity to show the GO1gI. material, 

All figure from K.olatohev preparations. 

Figs, I t  2 and 4. 	Cells during secretory activity. 

Figs, 3 and 5. 	Cells in the resting stage, 
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:ii. PHARYNX. 

Much work has been carried out on the histo].-

:ogy of the pharynx of LWubr1cuQ and of other earth-  

:worms, The pharynge1 epithelium has been described 
by Po1owzo (1903), Mayer (1913), Menzl (1919) 9  KeilIn 
(1920), Stephenson (1930) and other authors 	The 
writer has, therefore, nothing to add to the detailed 
work of these authors, 

As fax' as the writer is aware, there is no 

previous contribution which deals with the cytology 

of the epithelium of the pharynx of Lumbrjcis. 

JL METHODS 

As for the bucca]. epithelium,  

QRVATIoNa. 

The pharynx is a relatively thick portion of 

the alimentary canal not very definitely separated 

from the buccal cavity in front, but more clearly 

defined from the narrow oesophegue poster1or1y, The 
great bulk of the pharynx is due to its muscles and 

to the thick investment of glandular cells which form 

the pharyngeal bulb, 

The pharynx of  ZLumbricus Possesses 

dorsal divert toula, one of which Is of  consider-

:able length antero-posteriorly; its opening into 

the pharyngeal cavity is narrow and slit-like 

from/ 
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from Bide to side. The cavity or the divertioulum 

extends laterally on each side and possesses secondary 

evaginattone. The structure or the pharynx and the 

pharyngeal epithelium can be clearly seen from the 

photomicrographs of the transverse sections of the 

phrynx (ri. Ill, 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 up on a 

layer of basal granules which stain deeoly, Cilia are 

also found in patches on the ventral wall of the 

pharynx, the epithelium between the patches being 

covered by cuticle, 

The cells of the lining of the pharyngeal 

shelf (P1. VI, fig. 2 ), which separates the pharyn-

:geal cavity into a dorsal or salivary chamber and a 

ventral chamber, are smaller and cubo Ida]. in shape. 

The dorsal ,ortion of the pharyngeal epithe-

:1mm, including the divertic,u]um, is composed of tall, 

elongated ciliated cells compressed from side to side, 

and containing long oval nuclei each of which is pro-

:vided with one or two nucleoli as well as chromatic 
membranes 

granules, The oell-wa1* in most cases are not clearly 

visible, but the nuclear membranes are distinct, These 

cells are usually so crowded that in section their 

nuclei appear to lie at different levels, The basal 

ends! 
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ends of the cells are very narrow and are covered with 

a basement membrane. The salivary ducts from the pha-

:ryngeal glands, situated dorsally, extend to the 

vicinity of the basement membranes of the epithelial 

cells, and there give off numerous small ductulee 

without walls, which appear to penetrate between the 

cells and terminate separately in a multitude of small 

pockets containing naucine, immediately beneath the 

free surface next to the lumen. These fine duotules 

with their terminal salivary discharge-pockets are 

clearly seen in sections and were first observed by 

Keilin (1920) 9  although Stephenson (1930) failed to 

see them. The salivary pockets ultimately discharge 

their contents 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 all the cells. Replacement cells 

are present close to the basal membrane in both the 

dorsal and ventral epithelia, Binuoleate epithelial 
cells/ 
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cells were sometimes observed (P1. III, fig. 3 ). 

l Worms with Constant Access to Food. 

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 distinct in some regions, but are indis-

:tinot in others. The nuclei 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 adjacent to the lumen. The nuclei 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 basal 

and scanty or almost absent in the lumen half of the 

cell, or they may be situated chiefly in the cytoplasm 

adjacent to the lumen, In certain cells the position 

of the granules clearly indicates that they are migra-

iting from the basal area towards the lumen (P1. IV, 

figs, 1-4 ). 

In the dorsal ciliated epithelial cells the 

nuclei 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 Pasting. 

The most noticeable feature seen in this 

material is the great accumulation of secretory gra 

:nulee 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 nuclei 

usually lie in the basal part of the cell except in 

the epithelial cells of the pharyngeal shelf where, 

due to the constant activity of the cells, the nuclei 

lie at different levels, 

Early secretory granules can be seen in the 

area of the Golgi zone of acme cello, where they are 

present in close association with the mitochondria as 

well as the OOlgi material ( P1. V, figs. 1 and 2), 

In the ciliated cells of the ventral epithe-

:lium accumulation of secretory granules, especially 

at the extreme efld of the cell towards the lumen, was 

clearly seen. 

3 The Secretory Cycle .  

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

and the non-ciliated cells become very active. The 

nuclei move towards the lumen side of the cell and 

become very irregular in shape, In most cases, the 

cell-membrane is indistinct 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 rood, 

the non-ciliated cells show a general evacuation of 

the secretory granules which were accumulated during 

the fasting stage in the lumen half or 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 in the 

basal hair of the cell ( P1. V, figs. 4 and 5 ). In 

the ciliated cells the discharge-pockets do not bulge 

so much as In the fasting stage as most of the muoln 

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 eec-

:retory 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 

mitochondria. This area increases in sharpness and 

size during the increase in cell activity and corres-

:ponds with the area occupied by the Golgi material. 

The areas are negative images of the (}olgi material. 

.Lbe early secretory 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 ). 

Six hours from the intake of food, the lumen 

halt of the cell seems to become almost full so far 

as the accumulation or the secretory granules is con-

:eerned. 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 halt, and 

the granules are more numerous than during any of the 

previous stages of feeding (P]. VI, figs. 3 and 4 ). 

At this stage masses of secretory material from the 

pharyngeal gland cells enter the epithelial cells by 

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-

:gration ( P1. VI, fig*  5.). 

Twenty-tour 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 spaces, 

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 ( P]. IT, figs. 1 and 2 ). 

The cells of the pharyngeal shelf resemble 

the non-ciliated cells of the ventral epithelium, 

except! 
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except that they are shorter and broader. They produce 

a' accretion which appears to be similar to that of 

other epithelial cells. They react in a similar manner 

to fasting and feeding ( P1. VI, fig. 2 ), 

4. The Mitoohondria. 

1, Worms 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-

:nesa scattered throughout the cell. In some celia, 

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 vicinity of the lumen in close 

association with the secretory granules. Some of the 

granules may be the cross sections of the rod-shaped 

forms. Granular and rod-shaped mitochondria are also 

found around the area occupied by the Golgi bodies and 

in its neighbourhood. Polar orientation was not very 

well marked on account of the small size of the mito-

:ohondria ( P1. IV, figs. 1-4 ). 

ii.Conditiona Induced by Pasting:- During the 

fasting stage of the various types ,f cells the mito-

:chond.ria consist of small rods and granules; only 

very rarely are filaments present ( P1, V, flgs.l and 

2 ). In the basal part of all types of cell3, the mito-

:chondrie 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 rnitoohondria around 

the nucleus are small and rod-shaped, but a few granules 

occur around the Golgi zone during the early 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-

:ad in the cytoplasm, especially in the neighbourhood 

of the Golgi field ( P1. V, figs. 1-3 ). 

There is no polar orientation of the mito-

;chondria in the cells of the fasting animals. 

iii.The Secretory Cycle:- In worms which have 

recently been 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 granular 

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 increased 

cellular activity,, In certain cells granular mitoohon-

:dria are very numerous and form a dense clump in the 

neighbourhood of the lumen ( P1. V, figs. 4 and 5 ). 

Two/ 
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Two to three hours from the intake of food, 

the mitochondria of the epithelial cells are mostly 

granular with a few rod-like forms present chiefly at 

the extreme basal pole of the cell and scattered in 

the cytoplasm. Some of these granular and rod-like 

mitochondria are in association with the secretory 

granules situated around the Goigi zone and its 

neighbourhood. The mitochondria are much more numerous 

In the basal half of the cell than in the lumen hair. 

Clumping of granular mitochondria adjacent to the cavity 

is frequently seen during this stage ( P1, V, figs. 4 

and 8 ). 

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 they are very few in number and mostly of the 

email rod-shaped variety. During this stage the nuclei 

seemed to have moved towards the centre, so that, in 

most oases, the Golgi bodies now lie immediately 

above the nucleus. Granular mitochondria are still 

seen around the Golgi zone in association with the 

secretory granules ( P1. VI, figs. 1 and 2 ). 

Six hours from the intake of food, the mito-

:ohondria 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 the secretory granules, some of the 

mitochondria have become obscured, The mitochondria 

in the basal half of the cell appear to be mostly rod-

like with a few scattered granules. Clumping of the 

granular and rod-shaped mitoohondria In the neighbour-

thood of the nucleus is seen in some cells. At the 

side of the lumen very email rods and granules are 

present among the secretory granules ( P1. VI, figs. 

3 and 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 food. 

Due to the extreme shortness of the mito-

chondria, it is very difficult to determine with 

certainty if the mitochondria exhibit polar orienta-

:tion 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 a 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 mttoahond.ria showed very mark-

:ed affinity for acid fuohain, but stained lees 

deeply with haematOxylifl, 
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I*  Norm with Oonetsnt Access toFood:.. When an 

animal has constant access to food, some of the non-

ciliated epithelial cells are in stages of activity 

and others are at rest. The Golgi material shows mark-

ted morphological changes which are typical of the 

respective phases, and are related to the participation 

of this cytoplasmic component in the functional aott-. 

svities of the cell, The morphological changes of the 

Golgi material are shown on P1. Vt!, figs, 1-6 9  The 

Oolgi elements are most numerous in the vicinity of 

the nucleus and are absent from the basal region. 

The Golgi material in souse of the epithelial 

cells consists of thin filaments connected together 

by a few very thin cross links so that in s cross 

sections the material appears to be in the torn of a 

simple reticular or ring like structure ( P1,vii,ttgs, 

1 and 2 ), With the onset of ieoretory activity, the 

compact Golgi bodies spread out into the cytoplasm 

towards opoosite poles of the cell so that the rstt-

:aulum becomes more complicated and forms a cylindri-

teal structure which occupies a much greater field 

than before. The Golgi filaments increase conaiderab-

:17 in thickness and are impregnated more deeply than 

during the resting stage. 3welltnge with ehar, outlines 

are present on the osmiophillo ft1smente P1.vIi, rigs, 

3 eM 4 ). In the GO1gI and oemio preparations secre- 

tory granules are visible in contact with the filaments, 

*5/ 
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As a result of further activity of the cell the long 

rode of the basket-shaped Golgi apparatus break up 

into shorter segments, and curved Golgi rode with 

deeply impregnated rime now surround the secretory 

granules ( P1. VII,tig. 4 ). 

In cells in which secretory activity is at 

its highest the Golgi 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 (P1. VII, 

fig.5 ). After the discharge of the secretory bodies, 

the cell returns to the resting condition and the 

Golgi material again takes up its 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 material of the ciliated cells of 

the pharyngeal epithelium is in the form of short and 

long rode running parallel to the longitudinal axis 

of the cell. Secretory globules are found commonly in 

close association with the Golgi rods; the latter 

finally break up into granules ( P1. IX, fig. 2.). 
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Ii, Conditions Induced by tasting:- When a worm 

Is starved for four to six days, it was noticed that 

the Golgi material was very much reduced in size and 

quantity and that it is most difficult to impregnate 

it suocesfu1ly. Consequently, longer impregnation of 

about seven days in osmium tetroxide at 35-38' C, is 

necessary for a good result. 

The Golgi material of the non-ciliated cells 

consists of thin long rode and threads arranged in a 

circular or oval ring. The rods and threads are joined 

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 area 

between the nucleus and the lumen or in a few cases 

lies closer to the nucleus ( P1. VIII, figs. 1 and 2. 

and P1. X, fig. 1 ). In few oases a slight swelling 

on the Golgi elements is visible. 

In the ciliated epithelial 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 decrease 

In the area of the Golgi field. The structure of the 

Golgi material is similar to that of the Golgi material 

of animals which have been feeding normally. The 

absence of any specific change in the morphology of 

the Golgi material of the ciliated cells is due to 

the fact that the oroduction and the discharge of 

muc mel 



ov. 

muolne is continuous whether the animal be in the rest-

:ing stage or in the active stage, although with the 

onset or secretory activity after the intake or rood 

the production of mucine is somewhat accelerated. 

iii, The Secretory Cycle:- With the onset or 

activity, as a result or feeding the animals after a 

fast, there is a marked change in the morphology of 

the Golgi elements of the non-ciliated cells; at the 

same time, the elements become 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 tetroxide; consequently, quicker and deeper 

blackening of the Golgi material is a visible maul.-

:festation of physiological changes. The maximum mani-

:festation of this increased power to reduce osmium 

tetroxide seems to be about five to six hours after 

the intake of food. 

The first visible change indicative of seore-

:tory 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/ 
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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 surrounded by 

deeply impregnated rime ( P1. VIII, figs. 3-6 and 

P1. X, figs. 2-4 ). 

Curved Golgi rods 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 was 

noticed that most of the rods lie parallel to the 

longitudinal axis of the cell. At this stage the 

elements not only fill the lumen half of the cell 

completely, but are also present a little below the 

centre of the cell ( P1. VIII, fig. 6 and P1. 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 cytoplasm; 

the polarity or reversed polarity is a purely rela 

itive question, depending on the free movement of 

the nucleus, whose location in the cytoplasm appears 

to be independent of the Golgi bodies. This is 

confirmed/ 
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confirmed by Pollieter's observations (1938) on the 

orientation of the Golgi bodies. 

Purther fragmentation of the Golgi elements 

results In the breaking up of some of the rode into 

granules. This happens when secretory granules come 

into close eontaot with the Golgi rode. The latter 

become tree 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 the cytoplasm 

close to the lumen. The granules are not only first 

visible in close association with the Go].gi elements, 

but the latter undergo a change of form and diatribu-

:tion 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 material in the ciliated cells are 

In the form of long rode and threads with swellings 

which enclose secretory granules. 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 aecre-

:tory activity, the structure and disposition of the 

Golgi material does not change, 

ee aaflflfl 



PLATE M. 	 33. 

Photamiarogrephe of the 'harynx of Lwnbr'ious. 

All tram Plemeing preparations, 

Pig. 1. 	Transverse section of the pharynx 

showing the pharyngeal bulb, dorsal 

d.tvertioula and pharyngeal shelves, 

The pharyngeal shelves do not meet in 

this section. The dorsal (or salivary) 

chamber communicates with the ventral 

chamber. x 2 3 

Pig, so 	Transverse section of the phsrynx 

showing the same features as Wig. 1, 

except that the pharyngeal shelves 

have met so 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 its way to the 

lumen, x 23 

Pigs 3, 	Non-ciliated epithelial cell, of the 

Pharynx during starvation showing 

mitochondria and secretory granules. 

One binuc],eate cell can also be seen. 
x 1140 
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PLATh IV, 	 34. 

Drawings of the epithelial calls of the 

pharynx of earthworm having constant access to food, 

All figures from Flemming preparations and 

stained according to Bensley'a method. 

Pigs. 1.4. 	Showing mitochondria and secretory 

granules in cells in all stages of 

secretory activity, 



PLATE IV. 	 34a,, 

••? 
- 

: 	..., 
S -- 

• 	CM•_ 
1' 

----let 
0tt 	 • 

S. G.A. 

 

- N - 	- - ----- - 

- 	- - 	- 	

- • 	:\_- 	
I 

2 

- - - 

-M-: 

4 



PLAT! V 	 35. 

Drawings of the epithelial cells of the pharynx 

of earthworms. Pigs. 1-.3 from worms killed after five days' 

starvation. Pigs, 4 and 5 from worms killed two hours 

after being in contact with food, following a fast or 

five days 

All figures from Plenzning preparations and 

stained according to Bernsley'e method. 

Pigs. 1-3. 	Non-ciliated cells showing gradual 

accumulation of secretory granules, 

secretory granules in the GOlgi field, 

mitoohondria and clear spaces In the 

basal cytoplasm of some cells. 

Pigs 4 and 5 	Non-ciliated cells showing evacuation 

of the granules from the lumen half 

of the cell. 
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PLATE VI 	 360  

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,ehowing secretory granules 

in the Golgi field and the origin 

of the earliest secretory granules 

in the basal cytoplasm. Mitoohondria 

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. Granular 

mitochondria are chiefly seen near 

the nucleus whereas the rods are 

distributed throughout the cell. 

Pig. 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. 
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PLATE VII. 	 37. 

Drawings of the epithelial cells of the 

pharynx of earthworms having constant access to food. 

All figures from Xolatohev preparations. 

Figs. 1-.5. 	Showing Golgi material of non-ciliated 

cells in all stages of secretory 

activity, 
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RL--ATIC VIIL 	 38, 

Drawings of the non-ciliated 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 Kolatehev preparations, 

Pigs, 1 and 2. 	Cells showing reduced Golgi 

material, 

Figs. 3-6. 	Celia showing hypertrophy and 

gradual elongation and thickening 

of the Golgi elements leading to 

their fragmentation, 
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PLA?E IL 	 39, 

Photomicrographs of the ciliated epithelium 

of the pharynx showing the Golgi material and 

discharge-pockets. x 1140. 

All from Xolatohev preparations. 

Pig. 10 	Showing discharge—pockets near the 

border of the cell adjacent to the 

lmsn. 

PIg. 2. 	Showing the Golgi material very  clearly 

In the form of rods, filaments and 

granules, At some places the Golgi 

elements are seen surrounding secretory 

material which appeal's white in the 

section. The Golgi material is elongate 

and runs almost parallel to the 

longitudinal axis of the cell, 
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__________ 	 .*v. 

Photomicrographs of the non-ciliated 

etithellal cells of the pharynx showing the Golgi 

material. 

All figures from Koletohev preparations. 

Fig. 1. 	Showing the Golgi material in the 

cells of a fasting animal. The Golgi 

material is very much reduced, x 980 

FIg, 2. Showing the Golgi material after the 

Intake of food, following starvation. 

The gradual loosening up and hyper- 

* trophy of the Golgi material is seen. 
X 980 

Fig. 3. 	Showing considerable elongation of the 

Golgi material during secretory activity. 

Fragmentation of the Golgi elements is 

seen in some cells, x 820 

Fig. 4. 	Showing great hypertrophy and elongation 

of the Golgi elements during increased 

cellular activity. x 980 
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41. 

Ills OESOPHAGUS 

4 HISTORICAL 

The histology of the oesophageal epithelium 

of earthworms has been described by various authors 

in the past, notably by Ribauoourt (1901) 9  who worked 

on Al1o1obohora turgida ( A. oaliinoea ), and by 

Stephenson and Prashad (1919), who worked on & call- 

gjpp and Lumbrious. As far as the writer is aware, 

there Is however no previous contribution which deals 

with the cytology of the epithelium of the oeeephagus 

of Lumbricue. 

The methods employed for the cytological 

study of the oesophageal enithelium 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 woo then fixed at two, threo, 

four, five, five and a halt, 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 cycle during 

the stage of increased cellular activity. 

For the examination of the 'o1gi material 

osmic ( Xolatohev ) as well as silver ( Aoyarna ) 

methods were tried with successful and satisfactory 

results/ 



results, 

0. OBSERVATIONS 

The oesophagus is the portion or the alimen-

:tary tract which succeeds the pharynx. It is a long 

narrow tube with segmental dilatation and intersegmental 

constrictions. The foldings of the oesophageal epithe-

:lium attain a great degree or complexity in this 

animal and form glandular structures like the oeeopha-

:geal divertioula (or oesophageal 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 epl 

:thelium consists of tall columnar cells with a thick 

cuticular lining. Cilia or rodleta 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-

zpbageal glands open are more elongated than those 

situated more posteriorly. Binucleate cells were some-

:times observed 

LW0Z'me with Constant Access to ?ood 

When an animal has constant access to food, 

the structure and arrangement of the somponente of the 

cells of the oesophageal epithelium vary greatly 

depending upon the phases of the secretory cycle. 

The cell membranes are distinct in some 

regions! 
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regions but indistinct in others. The outline of the 

nucleus may be regular or irregular, but in all cases 

the nuclear meziane is distinct. The nucleus may lie 

In the extreme basal region or occupy a position close 

to the lumen half of the cell. One or two nucleoli and 

chromatin granules are present. 

The arrangement of the secretory granules 

varies in the different cells and is related to the 

phases of the secretory cycle. The granules may be most 

numerous in the basal halt and scanty in the lumen 

halt of the cell; in other Cells they may be numerous 

In the lwnen half and scanty th the basal half. In 

some cells the migration of the secretory material 

from the basal area towards the lumen is clearly shown, 

and in certain cells their accumulation in close asso- 

:ciation with the mitochondria pun be ebnnrred in eloe 

,srsUtt:n tt1 1ttsaha!rte around the Qolgi zone. 

In worms which have not been fed for some 

days the accumulation of the secretory granules, chiefly 

In the lumen half of the cell, is the most noticeable 

cytological feature. In some cells, however, the 

granules are more numerous in the basal region than 

towards the lumen, and in this case the formation of 

the secretory granules in the Golgi area can be easily 

seen ( P1. XI, figs. 1-3 ). The nuclei are mostly 

regular in shape and oval in outline, and occupy a 

more or lees central position in the cell. There are, 
however,/, 



however, a few cells in which the nuclei are irregular 

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

or in the lumen part of the cell. The nuclear membrane, 
nuckot uS 

usually one 	 or rarely two, and chromatin 

material are clearly visible. Call membranes are distinct 

in most eases. As the cells are packed with secretory 

material they are not uniform in aearance throughout 

the sections. 

3. The Secretory Cycle. 

?ollowing the intake of food, after a fast 

of four to six days, the majority of the cells become 

very active. During the early part of the active phase, 

the nuclei become irregular In shape and move towards 

the lumen. In most cases the eel] membranes are less 

distinct than 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 ( P]. XI, figs. 4 	6 ). 

Three hours after a worm has oozmrienced to feed 

there is little a'preoiable change from the preceding 

phase except that the secretory granules are either 

totally discharged into the lumen or they fill the 

entire distal half of the cell; in most cases the basal 

half contains very few secretory 
granules, but In 

few cases It is still full, of granules • In some 
cells! 
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cells secretory granules are accumulated In close yb-

:inity to the nuclear poles ( P1. XII, figs. 1 and 2 ). 

Pour hours from the intake or rood, a few 

secretory granules are still visible inthe vicinity of 

the nucleus and fresh secretory material begins to 

accumulate in the basal recion of the cell. Early sea-

:retory granules appear in the Golgi field and migration 

or secretory granules from the basal region is visible 

in some of the cells. Owingo the discharge of the 

accumulated secretory granules the cells are now more 

uniform in appearance ( P1. XII, fig, 3 ) 

Five to five and a half hours from the intake 

of food,secretory granules have again accumulated in the 

cells. The nuc11 may be pushed towards either end of the 

cell and thus lie at different levels. The arrangement of 

the secretory granules and their accumulation resembles 

that of the resting phase. Oells from which most of the 

accumulated secretory granules have been discharged into 

the lumen appear to be much elongated and uniform in shape 

with regular oval nuclei which occupy a central position 

( P1, XII, figs, 4 and 5 ). 

Six to seven hours from the intake of food, 

some of the cells have discharged the secondary aacum-

:u].at ton of secretory granules and consequently are of 

uniform appearance with the nucleus lying chiefly in * 

central poeltbon. 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 situated In the aolgi field, and, In some oases, 

In close proximity to the opposite pole or the nucleus. 

The appearance of the cells is somewhat similar to that 

of cells of animals with constant access to food ( P1. 

XII, fig. 7 ). 

Twenty-four hours from the intake of food 

the appearance of the cells 'is similar to that of the 

cells of animals with constant access to food. 

In both active and resting chases, clear spaces, 

or vacuOle-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 

seen entering the epithelial cells of the oesophagus; 

Its entry appears to be brought about through the rupture 

of the basement membrane. This secretion ultimately 

escapes into the lumen. 

It must be noted that the production of secretory 

granules never ceases completely during any stage of 

tasting or feeding nor does complete evacuation of the 

granules take place from a cell at any one time. 

44  The M1tocbondrta 

i. Worms with Constant Access to Pood :- In 

animals 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 cytoplasm, 

Some of the granules may be the arose section of 

the rods and the filaments. The mitochondria are 

arranged more or lens at random without any polar 

l+Q+i # I 
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orientation. 

Calls 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. 

it.Conditions Induced by Fasting:- During the 

resting stage the mitochondria consist of long rods 

and filaments and a few granules ( P1. XI, figa.1-3 ). 

In the basal part of the cell the mitoohondria are in 

the form of rods and filaments. The majority of the 

filaments 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-  

:ohondria are mostly in the form of rods and granules. 

In some cells the lumen part contains more mitochon-

:dria 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 granules. 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 

mitoohoMria during this stage. 

iii,The Secretory Cycle:- During the increased 

cellular activity which results from feeding after 

fasting, the most noticeable feature observed is the 

fragmentation or 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 or mitochondria. Polar 

orientation or the mitochondria becomes strongly 

marked through the arrangements of th*ode parallel 

to the longitudinal axis of the cell ( P1. XII, figs. 

1-7 ). 

Two hours from the intake of food, the mite-

:ohondria consist of small rods and a few granules 

scattered all through the cytoplasm ( P1. XI, fig. 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 vicinity 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- 

dna at well as the smaller rods. These rod-shaped 

mitoohondria/ 
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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 or food, it was 
noticed that further fragmentation of the mitochoadria 

has taken place as a result of which there are more 

granular mitoohondria present than during the previous 

stage ( P1, xix, 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 halt of the cell. In the basal half 

of the cell there are small rod-shaped and a few 

grannular mitochondria 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. 

Pour hours from the intake of food, the majority 

of the mitochondria are concentrated towards both poles 

of the cell ( P1, 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 rode are, however, 

arranged chiefly towards the extreme poles of the cell, 

although a few rods are scattered through the rest of 
the/ 
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the oytopini,, A few long rode occur amongst the other 

rode, The granular mitoohondxja occur chiefly around 

the Golgi field and close to the basement membrane, 

Five to five and a halt hours from the intake 

of food, the mitoohondria are in the form of email 

and long rode and a few granules. The granules are 

situated chiefly in the neighbourhood of the lmien, 

and the rode occur in both halves of the cell. Due to 

the great accumulation 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 the 

cell ( P1. XI!, fig. 4 ). This is probably due to the 

pressure exerted by the secretory granules, A few 

granular and rod-shaped mitoohondria are seen in close 

vicinity to the nucleus, In cells from which secretory 

material has been discharged into the lumen, or which 
contain very few secretory granules, the mitochondria 

can be clearly seen, In such cells the mitochondria In 

the basal region, chiefly 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 rode scattered amongst them. Granu-
zlar mitochondria are also seen in the lumen halt of 

the cell chiefly In the vicinity of the nucleus 

( P1, XII, figs. 5 and 6 ), 

Six to seven hours from the Intake of food, 

the/ 
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the mitoehondria are mostly rod-shaped and are uni-

:formly distributed through the cytoplasm ( P1. 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 and occasionally a few filamentous forme 

are found during this stage which therefore resembles 

to some extent the cells or animals with constant 

access to food. 

Twenty-four hours from the intake 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 acts as an independent unit. 

During all stages of cellular activity, the 

secretory granules and mitochondria showed very 

marked affinity for acid fuchein, but stained lees 

deeply with iron-haeinatoxylin. 

5. The Golgi Material 

During the different physiological phases, 

the Oolgi material of the oesophageel epithelial 

cells resembles in its morphology and behaviour that 

of the non-ciliated cells of the pharyngeal epithe-

:lium. 
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I, Worms with Constant Access to Food:- When an 

animal has constant access to food, the Golgi material 

In some cells consists of thin filaments connected to-

:gether by a very few thin cross-links, so that in 

sections it appears to be in the farm of incomplete 

rings or a oompot reticular structure. In other cells, 

which are more active physiologically, a loosening of 

the material takes place; the filaments become thicker 

and occupy a greater area than in the resting phase, 

This process continues and results in the Golgi material 

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 oases occupy 

the entire lumen half of the cell. The granules usual2.y 

lie at the extreme distal end of the cell in the 

neighbourhood of the lumen. This loosening and frag-

:mentation of the Golgi material seems to run parallel 

to the rate of increase in cellular activity. 

ii.Oonditione Induced by Pasting:- During the phase 

of tasting the Colgi material is very much reduced in 

size and quantity and there is no appreciable difference 

in its morphology from that of the resting non-ciliated 

cells of the pharyngeal epithelium ( P1. XIII, figs, 

1-6 and P1. XIV, fig. 1 ). 

iti,The Secretory Cycle:- With the onset of secre-

tory activity, resulting from feeding after a fast, 

the Golgi material shows changes similar to those 

observed/ 



observed in the non-ciliated cells of the spithelium 

of the pharynx *  During this period it becomes easier 

to impregnate it successfully with ORMIum tetroxide 

than during the fasting stage. The maximum manifests-

Mon of this Increased power to reduce omaium tetrox-

side seems to be about six or seven hours from the 

intake of food, By that tims the GolgI, material is 

broken up into rods and granules occupying a muob 

greater area than during any of the preceding stages 1  
Curved Golgi rode in close association with secretory 

granules are commonly seen during the phase of cohn] ap 

activity. The morphological changes in the Golgi material 

are shown in P1. XI It, figs. 7'hl and P1, XIV, figs, 

-------------------- 



PLATE XL 	 540  

Drawings of the epithelial cells of the 

oesophagus of earthworms killed after a fast of four 

days followed by two hours in soil showing the 

mitochondria and the secretory granules. 

All figures from Flenrdng preparations 

stained according to Benaley's method. 

Pigs. 1-3. 	Cells during the fasting period 

showing accumulation of secretory 

granules and nittoohondria. 

Pigs. 4 - 6, 	Cells of animals in contact with 

food for two hours showing gradual 

evacuation of the secretory 

granules and the fragmentation of 

the mitochondria. 
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PLATE X1111 	 55. 

Drawings of the epithelial cells of the 

oesophagus of worms killed after feeding showing 

initoohondria and secretory granules. 

All figures from Flemming preparations 

stained according to Bensley's method. 

Figs, 1 and 2. 	Cells, 3 hours after feeding, 

showing the positions of the nuclei, 

secretory granules and granular 

mitochondria. 

Fig. 3. 	 Cells 4 hours from the intake of 

food. 

Pigs. 4 and 5, 	Cells B hours after feeding. 

Pigs, 6 and 7. 	Cells 6 hours after feeding. 
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IAT XIII. 	 560  

Drawings of the epithelial cells of the 

oesophagus showing the Golgi materiel, 

All figures from IColatohew preparations. 

Pigs, 1-6. 	Cells of fasting animals showing 

greatly reduced Oolgi material. 

Pigs, 7-119 	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. 

Photomiorographe of the oesophageal epithelium 

showing Golgi material, mitochondria and secretory 

granules. 

Figs. 1-4 Prom Kolatohev preparations. x 980 

Fig. 5 	From Flowing preparation. x 1380 

Fig, 1. Showing the Golgi material during 	a 

period of starvation. 

Figs. 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. 

PIg. 5. Showing mitochondria and secretory 

granules. 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, 

A. HISTORICAL 

The epithelium of the crop of Lumbrioidae 

has been described by various authors notably by 

Dequal (1910) and Ribaucourt (1901), Dequal, working 

on Octolaslum como1anatwn found that the epithelial 

cells have a striated border and are covered with a 

thin cuticle which in insoluble in XOH and is not 

fibrillar in structure. Stephenson states, in his 

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-fuchain 

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, acid fuchain-stained sections 

were treated for fifteen seconds to two minutes with a 

very/ 
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very dilute solution of sodium carbonate in distilled 

water ( 1-2 drops of saturated aqueous solution of 

sodium carbonate in 20 c.o, of distilled water ). 

Sections were constantly watched under the microscope 

and when excess acid fuohain was removed, they were 

washed with distilled water and counteretained with 

light green. This method gives a very precise and 

satisfactory staining of the mitochondria and the eec 

:retory granules. 

For the examination of the Golgi material, 

osmic (Xolatobev) as well as silver (Aoyema) methods 

were tried with successful results. 

C. OBSERVATIONS 

In Lunibrious the oesophagus is followed by 

a rounded thin walled chamber, the crop, which occupies 

segments xvi-xvii. The epithelial cells lining the 

crop are tall, cylindrical and columnar; they have 

striated border covered by cuticle. The cells of the  

whole epithelium are uniform in size and the cell-

membranes are usually distinct during all phases of 

activity. The nuclei are mostly oval in shape and 

regular in outline with distinct nuclear membranes; 

one to two nucleoli and chromatin granules are present, 

Clear spaces, or vacuolee, are usually seen in the 

basal region of the cells during all phases of cellular 

activity ( P1. XV, figs. 1-3 and 5 9  and P1,XVIII,fig,1), 



1. Worms with Constant Access to Food 

When an animal has constant access to food, 

some of the epithelial cells are in stages or 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. 

2. Conditions Induced by Fasting  

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 ( P1. XV, figs. 1-3 and P1. XVIII, 

fig, 1 ). Clumps of secretory granules are also situated 

close to both poles of the nucleus, 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 cells in which 

secretory granules are situated uniformly throughout 

the cytoplasm. 

In cells with an accumulation 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-

:rous In the basal part but are scanty in the cytoplasm 

near! 



near the lumen; in these cases, the nuclei are situated 

In the lumen half of the cell. 

3 The Secretory Cycle 

As a result or feeding after a fast, cellular 

activity Is considerably Increased, Most of the eeore9 

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 club-shaped. 

Migration or secretory granules from the basal part 

to the lumen region of the cell is clearly seen saps-

:cIally in material fixed for the examination of the 

Golgi material ( P1. XVII, figs. 3-'5 and P1. XVIII, 

fig. 2 ). In the mitoohondrial preparations early see-  

:retory 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 oases a few secretory granules 

are visible In the region, close to the basement membrane, 

while in some others, the basal region Is full of gra-

:nules ( P1 XV, fig. 5 and P1. XVI, figs, 1 and 2 ). 

Six 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 cell and a secondary accumulation is taking 

place in the basal cytoplasm. Concentration of secretory 

material! 
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material near the poles of the nucleus is still seen 

in some oases ( P1. XVI, figs. 3 and 4 ). Some of the 

cells at this stage resemble those observed in animals 

with constant access to food. 
fr,. Lk; o 	 F L 

o- 

4. The Mitochondria 

i,Worme 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 filaments are present. Due to the very small size 

of the mitoohondria 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 described in the following sections 

and need not be repeated here. 

liConditions Induced by Fasting:.. During the 

fasting period, the mitochondria consist chiefly of 

thick rods and very few granules, The majority of 

the mltoohondria are situated in the lumen halt of the 

cell; the basal half contains very few rod-like mito-

:chondria, Some rods are in close aeséclation with the 

secretory granules and are situated either around the 

Golgi field or in the neighbourhood of the poles of 

the nucleus ( P1, XV, figs. 1,2 and 4 ). In some of 

the cells, which contain very few secretory granules, 

rod-shaped! 
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rod-shaped mitochondria are concentrated chiefly in 

the neighbourhood or the nucleus and the Golgi field 

and a few rods are scattered through the rest or the 

cytoplasm, particulary in the lumen half of the cell. 

In others, the rode are scattered uniformly in the 

lumen half but are very scanty in the basal region or 

the cell ( P1, XV, figs. 1-4 ). 

Granular mttoohondria are few during the 

inactive phase; they occur chiefly in the neighbour-

:hood of the Golgi 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-

:phague. The majority of the mitochondria are arranged 

parallel to the longitudinal axis of the cell but a 

few sometimes occur at random without any definite 

orientation ( P1. XV, figs. 1-4 ). 

iii.The Secretory Cycle:- With the onset of 

cellular activity, fragmentation of i nost of the rod-

shaped mitochondria takes place, The mitochondria are 

now chiefly In the form of granules, but a few very 

small rode 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 are situated throughout the 

cytoplasm, but are most numerous in the Golgi field 

and in the neighbourhood of the nucleus where they 

are In close association with secretory granules. In 

a few cases granules are present adjacent to the 

lumen ( P1. XV, fig. 5 and P1. XVI, figs. 1 and 2 ). 

Six to seven hours from the intake of food, 

the majority of the mitochondria are still granular, 

but the rode have increased slightly in size and in 

number ( P1. XVI, figs, 3 and 4 ). 

Twenty-four hours from the commencement of 

feeding, cells in all stages of activity are present. 

5. The GolRi Material 

The Golgi material of the eoithelial cells 

of the crop consists of thick rods and filaments 

connected together by thin cross links, which in see-

:tiona appear to be in the form of straight or curved 

thick rods. These rods may be long or short s  

I, Worms with Constant Access to Food:- During 

this period, all stages of the secretory cycle are 

seen, and the Golgi material shows marked morphologi-

:cal changes indicative of its 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,Condittons Induced by Pasting:- The Golgi 

material of the cells of animals which have been 

starved for some days consists of small curved rode 

and filaments situated close to the nucleus. In the 

majority of the cells it occupies a relatively small 

area, but in certain cells the Golgi elements are 

more loosely arranged so that they spread over a 

greater area than is usual ( P1. XVII, figs. 1 and 2; 

P1. XVIII, fig. 1 ). This 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 

Oolgl 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, 

iii.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 

access to food, Consequently, the Golgi material 

increases in amount and occupies a greater area than 

In the cells of the fasting animal1 Loosening of the 

rode 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/ 
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granules are visible in close association with the 

elements of the Golgi material ( P1. XVII, figs. 3-5 

and P1. XVIII, fig, 2 ). With a further increase or 

cellular activity the Golgi elements break up into 

smaller rods and granules ( P1. XVII, figs. 4 and 5 ). 

As a result of the fragmentation or the Golgi 

material some of the rode lie parallel to the longi-

:tudinal axis of the cell. Some of these occur on 

either side of the nucleus. Granules are also present 

close to the nucleus, There are, however, some Golgi 

elements in the form of long rode and filaments which 

have greatly increased in size during the secretory 

cycle ( P1, XVII, figs. 4 and 5 ). 

The increase in the area occupied by the 

Golgi material during the period of increased cellular 

activity, and the elongation and final fragmentation 

of the Golgi material after coming into contact with 

secretory granules are 'evidently signs of Its parti-

ioipation in the process of secretion, 



PLATS  XV 	 67. 

Drawings of the epithelial cells of the crop 

showing ml tochondria and secretory granules, 

All figures from Plemeing preparations 

stained according to Bensl.y's method. 

Pigs. 1-40 	Cells of animals which were starved 

for 6 days showing the great 

accumulation of the secretory 

granules chiefly at the lumen pole, 

and the occurrence of seers tory 

granules in clusters in the Immediate 

neighbourhood of the nucleus. The 

mitochondria are more numerous at 

the lumen pole than in the basal 

region, 

Pig. 50 	 Cells from animal killed after two 

hours contact with soil, showing 

gradual evacuation of the secretory 

granules, occurrence of fresh 

granules in the basal cytoplasm, 

and accumulation in the (3olgi field. 
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Drawings of the epithelial cells of the orop,worms 

killed after feeding, showing the mitochondria end 

secretory graivalee. 

All figures from naming preparations 

stained according to Beneley'e method. 

	

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 

gradual accumulation of fresh 

secretory granules in the basal 

cytoplasm. Concentration of early 

secretory granules in the Colgi 

field is well marked. 

	

Pigs. 3 and 4, 	Cells of worms which have been 

In soil for 6 hours, showing 

gradual accumulation of secretory 

granules at either or both poles e  

Some secretory granules are 

still present in the '3olgi field, 

•1 
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PLATE XV Ii. 	 690 

Drawings of the epithelial cells of the crop 

showing the Golgi material. 

All figures from Xolatche'v preparations. 

Pigs. 1 and 2. 	Celia of animals which were starved 

for 6 days showing reduced Golgi 

material, secretory granules 

chiefly at the lumen pole of the 

cell and in the Golgi field. 

Figs. 3-5. 	Celia 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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PLAT XVIIL 	 70. 

Photomicrographs of the epithelium of the 

crop. x 980 

All figures from Koiatohev prepar'at tone. 

Pig, 1. 	Showing Golgi material in cells of 

fasting worm, The lznsn halt of the 

cell contains more secretory granules 

than the basal region. 

Pig, 2. 	Showing the Golgi material in the cells 

of worms which were in soil for 4 hours. 

The secretory granules from lumen region 

of colic have been discharged, and 

accumulation of fresh secretory 

granules in basal cytoplasm is seen. 

Migration of early secretory granules 

from the basal cytoplasm to the Oolgt 

field is demonstrated in ecma cells 

where they are situated in aloes 

contact with the Goigi. material. 
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IX. GIZZARD 

A. HISTORICAL 

The gizzard is a thick-walled muscular organ 

of the alimentary canal whose main function is the 

tituration of the food matter into a finer state of 

division, 

The histology of the gizzard of Lumbrioidae 

has been worked on by Dequal (1910), Ribaucourt (1901), 

Mayer (1913) and others. Dequal, working on Qotolpeluin 

opnmlanatum.. describes the epithelial and cuticular 

coats of the gizzard as being sikilar to those of the crop, 

the cuticle, however, is thicker. Mayer describes the 

epithelium as being ciliated and consisting of intra-

:oellu].ar fibrillae which are mostly attached to the 

basement membrane. Ribaucourt states thatthe epithel-

:itun forms villosities In the posterior part of the 

gizzard of Aflolobothora ohioroticas and in the anterior 

part of that of Lumbrious terreetrie. Both musoular 

layers of the alimentary wall are thickened, especially 

the circular layer which, according Ribauoourt, is 

corn osed of striated fibres Beddard., in his mono-

xgrsph (1895) denies that these fibres are striated. 

There is no previous contribution on the 

cytology of the gizzard of earthworms. 

B. METHOD8I 

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 is left unbiackened and the mitochondria 

are not well fixed, amall pieces of the material must 

be used and the fixative must be changed frequently in 

order to obtain uniform and complete fixation of the 

cytological components. 

Wr the examination of the mitochondria and 

the secretory granules, Flenining's fluid (without 

acetic acid) diluted to halt, as reconinended by Gatenby, 

gave satisfactory results. For the Golgi material both 

osmic (Kolatohev) and silver (Aoyama and Da Pano) 

methods were found to give fairly good results. 

The mitochondria and the secretory granules 

showed marked affinity for acid tuohsin, but stained 

less deeply with iron-haematoxylin. 

C.. OBSERVATIONS 

In Lumbricug the gizzard irrinediately followe 

the crop and oocupf'segments  xvii-xix. The epithelial 

lining of the gizzard consists of a single layer of 

columnar cells, arranged in protruding laxnellae, which 

form simple elongated crypts which are tilled with 

keratinoid secretory material, The epithelial cells 

near the apices of the lamellae are elongate and 

possess oval nuclei, whereas the cells between the 

apices/ 
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apices are shorter and cuboidal with large spherical 

nuclei. The nuclear membrane is dlstln.ct, 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 oases lies in the basal or the lumen 

half of the cell. The outlines of the nuclei are mostly 

regular. Cell-membranes are distinct throughout. The 

epithelial cells contain intracellular fibrillae. 

Cells situated near the apices of the lamellae 

show gradual degenerative changes resulting finally 

in their disintegration and death. The cells are 

ciliated and are covered by cuticle which is very thick 

in places ( P1. XXI, figs. 1 and 2 ). The cuticle is 

formed by the secretion of the epithelial cells lining 

the tubular crypta. 

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 normal cells with 

respect to the behaviour of their cytological compo-

:nents during the stages of the secretory cycle. 

Pasting and feeding do not induce any marked 

morphological changes in the cell components of the 

epithelium of the gizzard. The formation of the score-

:tory 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/ 
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short period than in those which have constant access 

to rood. 

Binuoleate epithelial cells were sometimes 

observed. 

In some cells secretory granules are found 

chiefly conoentr&ted adjacent to the lumen and at one 

or both Doles of the nucleus, or in its intnediate 

neighbourhood. In others they are more numerous in 

the basal region and scanty in the lumen halt of the 

cell ( P1. XIX, figs. 1 and 2 ). Secretory granules 

are also 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 the basal part of the cell chiefly in the 

neighbourhood of the basement membrane ( P1. XIX, fig. 

1 ). These large globules appear to be present chiefly 

In cells which are active physiologically, and probably 

represent an early stage in the formation of the 

secretory material. The globules are later reduced In 

size. 

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 halt 

of the cell, where they are concentrated either adja-

toent to the lumen or near the Golgi field in close 

association with secretory granules. A few rods and 

granules! 
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granules are, however, 	scattered throughout the 

cytoplasm,. In some cases a few rode and granules 

occur in the immediate neighbourhood of the nucleus 

chiefly towards its longitudinal poles ( P1. 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 mitoohon-

:dria polar orientation is not clearly demonstrated 

The Goli Ma4eria]. 

The Golgi material is well developed in the 

normal cells of the gizzard. It consists of small 

rods or ftlemente with a few granules arranged in a 

loose net-like structure which is situated at one 

Dole of the nucleus, Secretory granules are present 

in the Golgi field ( P1, XX, figs, 1-3 and P1, xxi, 

fig. 3 ). In some cells elongation and fragmentation 

of the Golgi elements had taken place, and consequently 

the Golgi material occupied a much greater area than 

In the other epithelial cells. Granules and small 

curved rods are now present, The rode and filaments 

lie almost parallel to the longitudinal axis of the 

cell ( P1. 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 amount 

and/ 
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and in some cases had almost completely disappeared 

( P1. XX, fig, 4 and P]. XXI, fig. 3 ). 

Like the mitoehondria, 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 

in the cells of animals which have been fasting or 

feeding. 
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Drawings of the epithelial cells of the 

gizzard. 

All figures from flenining preparations 

stained according to Bensley's method. 

Pig. 1 0 	Cells or the apices showing accumulation 

of secretory granules at the basal as 

well as the lumen poles. Mitochondria 

are distributed throughut the cell. 

Fig. 2. 	Cells between the apiece, showing very 

few secretory granules in the basal 

cytoplasm 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 epithelial celia of the 

gizzard. 

All figures from Kolatchey preparations. 

Figs. 1-3. 	Showing the GolgI material in close 

association with secretory granules. 

Fig, 4. 	Showing the Golgi material In a 

physiologically senile cell. 
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Photosaisrographa of the gizzard of Lzubrtue. 

Pigs, 1 and 2 from Zenker's (pioro-formal) 

preparation stained with 

heematozylin and eoeth, 

Pig. 8 from Kolatchei preparation, 

Pig. 1. 	Transverse section of the gizzard, 

showing its general htetologioai. 

appearance, The varying thickness of 

the cuticular layer Is well marked, 

and the ciliated free border of the 

epithelium is also visible x 18 

Pig, 20 

	

	A part of the epithelium from fig. 1 1, 

showing the presence of cilia at the 

border of the cells below the cuticle s  
X 1060 

Pig, 30 	showing the Golgi material in the 

epithelial cells of fasting animal. 
X 980 
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X. INTESTINAL EPITHELIUM, 

The gizzard of Wnbricus is followed by the 

intestine which is the longest and widest portion or 

the alimentary canal. Like the oesoohag'1s, it bulges 

segmentally and is constricted intersegmentally at 

the insertion of the septa. 

Histological and cytological studies have 

been carried out on the intestinal epithelium of 

various animals, but as fr as the writer is aware, 

there is no published work on the cytology of the 

intestinal epithelium of Linnbx'ioua. 

The histology of the epithelial lining of 

the intestine of the Lwnbrioidae has been described 

by various authors, notably by Willem and Minne 

(1899), Greenwood (1892) 0  Schneider (1908) and more 

recently by Mtllott (1948). According to them, it 

coneietof ciliated and glandular (or non-ciliated) 

cells. 

According to Willem and Minne, the glandular 

cells are club-shaped and contain round particles of 

secretion. These cells are most numerous on the typh-

:loeole, and fewest in the ventral region. Greenwood 

and Millott found that they are very variable in size, 

form, relative prominence and in the number of inalu-

:sione. Millott desribee the investment of the gland 

cells by a sheath of four to five ciliated cells. 

The ciliated cells are yellow, slender, at 

times! 
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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 alcohol. 

The basal corpuscles of the cilia are visible. 

Gurwitach (ioi) states that very distinct rodlets are 

present in these ciliated cells, and that their ohs-

:racter changes periodically. As the secretion of the 

glandular cells passes into the lumen, the cilia die-

:appear by degrees and the rodlets become smaller; 

finally both cilia and rodleta vanish, Joseph (1902) 

believes that the rodlets are in reality the basal 

portion or the cilia. According to him some cells have 

rodleta only but lack cilia and basal corpuscles;  

these cells are transformed into ciliated cells, and 

during this process a basal corpuscle associates itself 

with one of the rodleta and a cilium grows out through 

the rodlet, which thus forms a useful support for the 

base of the cilium. Joseph, who did not identity the 

worms he investigated, found rodlet epithelium on the 

dorsal wall of the gut, including the ty -phloaole, and 

ciliated epithelium elsewhere. According to Greenwood 

(1692) 9  the extent of the ciliation varies at. differ 

:ent times and in different phases of activity. The 

ciliated cells contain intracellular fibrillae. 

Millott studied in living material the method 

by which the secretion of the intestinal gland cells 

(non-ciliated cells) of L. terrestri-A is extruded to 

the/ 
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the lumen of the intestine, He observed a precise se-

:quenoe of events, and believes that extrusion 

involves two series of event8, He considers that first 

of all the ciliated cells play an important part in 

the process by pressing against the gland cells, thus 

constricting them and forcing 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 

ciliated cells assist in the formation of these oha-

:nnels by invaginating and thus exerting a force which 

tends to pull apart their tree ends. According to 

)4illott the extrusion from the intestinal gland cells 

may involve co-ordinated activity in both gland cells 

and ciliated cells. He describes the structure of the 

ciliated cells and states that they contain intracellu-

:lar fibres and pore-rings, the latter were previously 

described by Gurwitech (ioi). 

Opinion is divided regarding the presence of 

'replacing cells' in the gut epithelium. 

IL METHODS  

The procedure adopted for the study of the 

mitochondria and of the general histology of the intee-

:tlnal 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 sacoharate. Later, 

sections of fixed material were treated with 10% 

aqueous solution of potassium ferrocyanide for about 

ten minutes and then for a few minutes with distilled 

water, containing a trace of IIC1. In this way the 

presence of iron was demonstrated by the prussian blue 

reaction, 

For the examination of the Golgi material, 

it was found that only silver methods (Aoyama and Da 

Fano) gave good results, Osmic methods (lcolatchev in 

its original formula and its modification by Ludtord 

and by Mann-Ko-psoh) were tried, but failed to impreg-

:nate 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 hrlioh'a 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 

difficult; consequently the amoit of sodium sulphite 

was reduced to about one half, or less, the original 

quantity reooninended, and this gives a. light golden 

colouration to the cytoplas% 

Samples were taken simultaneously from differ-

:ent regions of the intestine of worms under different 

physiological conditions. Three regions- the anterior, 
middle! 



64. 

middle and oosterior part of the intestine were 

selected in order to study the cell components and 

their behaviour during secretion and absorption. 

C. OBSERVATIONS 

In view of the considerable amount of work 

done on the histology of the intestine of Lumbricue 

and of other worms, the writer has little to add to 

previous accounts. 

The cells of the lining epithelium of the 

intestine of Lumbricuff are ciliated and non-ciliated 

and are arranged in a single row. In some cases the 

non-ciliated 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 ( P1. XXII, figs. 2'4). 

The nuclei occupy different positions at different 

times and are oval to spherical in shape and regular 

or irregular in outline. Usually one to two nucleoli 
2.-4 .'4 9 

and chromatin granules are present ( P1, XXII, fig.4). 

The cell and nuclear membranes are usually distinct. 

The ciliated cells are tall and slender, and 

very much compressed laterally by the non-ciliated 

cells. 

The typhiosole is well developed in Lumbriouw 

and extends throughout the length of the intestine 

except in the last fifteen to twenty segments where 

it is absent. In the mid-region of the intestine it is 

very! 
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very much enlarged and broad, so that the lumen is 

much reduced. 

Worms with Constant Access to Food. 

All stages of the secretory cycle were 

observed in both ciliated and non-ciliated cells. 

Conditions Induced by Pasting. 

() _Antrjor 1ntestine  

The non-ciliated cells, during the period 

of fasting show considerable accumulation of secretory 

granules and are club-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 ( P1. XXII, rigs, 

1 and 2 ). 

The ciliated cells are very much compressed 

by the non-ciliated cells especially in the region of 

the typhiosole. 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. XXII, fig. 1 ). The secretory granules are sea-

:ttered through the cytoplasm and the cells appear 

club-shaped. 

The non-ciliated cells of the typhlosole 
as/ 
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as well as of the ventral epithelium show great aoou-

:mulation of secretory granules throughout the entire 

cell ( P1 5  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,preparatilq  

to their discharge, are present just inside the tree 

border. The cells from which secretory material has 

been evacuated contain granules and large globules in 

the basal region although a few are also oresent in 

the lumen half chiefly In the neighbouT'hood of the 

nucleus. The nucleus does not occupy the seine position 

in all 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 change in the ciliated cells 

as compared with those of the anterior region of the 

Intestine. Some of the cells are, however, more uni-

:form in appearance. Secretory granules are seen in 

the Golgi field and In other regions of the cell. 

_( ) 
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 ( Pl.)XIV, 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-ciliated cells is not great in this pert of the 

Intestine. Each cell usually lies between tour to ten 

ciliated cells. Reoretory granules in the non-ciliated 

cells are mostly accumulated in the lumen halt of the 

cell, whereas in the ciliated cells they are mostly 

In the basal region. 

() _AUtIr%or Inefttjn 

Two to three hours from the intake of food, 

the secretory granules which accumulated during the 

period of fasting have already been discharged into 

the lumen from most of the ciliated cells. The gre- 

:nu].ee from the basal region have moved to the lumen 

side of the coil, chiefly toward. the Oolgi field or 

In the tmiedt ate neighbourhood of the nucleus. There 

are, however, some cells which are still completely 

full of secretory granules, but in the majority of 

oases one half of the cell in practically free of 

eeoretory material ( P1. XXII, rigs 5-8 ). New seore-

story granules have aopeared In a few cells. With the 

further increase in secretory activity, secretory 

granules begin to accumulate in the lumen halt of the 

cell ( P4 XXII, fig. 7 ). 

The non-ciliated cells, however, show very 

little change and still contain secretory granules, 

chiefly In the lumen 'pert of the cell, although there 

In a decrease in the amount of secretory granules 

( P1. XXII, f1g.4 ). 
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Six hours from the intake of food, the inajo-

:rity of the ciliated 06118 show a general evacuation 

of the secretory material from their lumen half. There 

are a few cells, however, in which the secretory gre-

:nulee are accumulated chiefly in this region. In 

cells from which secretory material has been evacuated, 

clumps of secretory granules appear in the basal 

region ( P1. XXII, fig. 12 ), 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) see-

:retOr?J material. The cells are uniform in appearance 

and the nucleus usually lies in the centre. 

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-

:nules have been evacuated from the lumen region 

( P1. XXII, fig. 10 ). 

The non-ciliated cells show a greater accu-

:mulation of secretory granules than in the preceding 

phase; the granules are situated mostly in the lumen 

half of the cell ( P1. XXII, fig. 9 ). 

Eighteen to twenty-four hours from the 

commencement of feediflg, tv cells in all stages of 

secretory cyole are present. 
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_(P) _M1dIattaie_ 

Two to three hours 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 

almost all the secretory material has been evacuated, 

while In a few cells practically no discharge of sea-

:retory material has taken place ( P1. XXIII, figs. 

4-6 ). 

Six hours from the intake of food, the 

ciliated and non-ciliated cells show an accumulation 

of secretory granules chiefly In the lumen Bide. 

Accumulation of secretory granules in the Immediate 

vicinity 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 

cycle are present. Some of the ciliated cells contain 

absorbed 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 ( P1. XXV, fig. 1 ). 

(g) _Pstep2r_Iateiae 

The secretory response In the posterior part 

of/ 
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or the intestinal epithelium is very slow. Two hours 

from the commencement of feeding many of the ciliated 

cells are full of secretory granules; some oelle, how-

:ever, show a partial evacuation of the accumulated 

secretory material. The basal hair of most of the 

cells is full of secretory material, In some cases 

secretory granules are situated in the Goigi field. 

The nuclei iie at different levels, but chiefly in 

the centre of the cell or a little closer to the 

lumen ( P1. XXIV, figs. 3?4. 

The nn-ciltated cells contain very few see-

:retory granules in the lumen half but they are mime-

:rous In the basal half of the cell ( P1. XXIV, fig. 4), 

Six hours from the intake of food, secretory 

granules are present either In the basal or in the 

lumen region of the ciliated cells. In the lumen 

regions of the cells of the typhlosole, some granules 

are much smaller than others. These small granules 

are situated chiefly In the neighbourhood of the lumen. 

The nuclei are oval and elongated ( P1, xxv, fig. 3 ). 

There Is no appreciable change In the non-

ciliated cells from those seen In the preceding case. 

Eighteen to twenty-tour hours from the intake 

of food, cells In all stages of the secretory cycle 

are present. 

Absorptive granules similar to those observed 

In the mid-intestine are present. They are more mime-

:rous than in the cells of the mid-Intestine ( P1. XXV, 

fig. 4 and P1. XXXI, fig. 2 ). 
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4. The M&tochon&rta 

1. Worms with Constant Aooeee 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 described in the following sections. 

ii. Conditions Induced by Pasting 

(Di) t4o Lnetn. 

In the ciliated cells, the mitochondria 

consist of rods and a few granules. The rode are 

usually most numerous in the region immediately adja-

:cent to the lumen, although in some cells they are 

concefltrated at both poles. In both cases, small rode 

are scattered without any definite arrangement in 

the remainder of the cytoplasm. 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 occur chiefly in 

the form of small rode and granules. The granules are 

scattered throughout the entire cell. The rode are 

more numerous in the basal region but a few rode occur 

in the lumen region of the cell, A few small rods are, 

however, present in the near neighbourhood of the 

nucleus and the accumulated secretory material. In 

cells which contain very few secretory granules, rods 

are/ 



are found throughout the cytoplasm ( P1. XXII, figs. 

land 2). 

The majority of the mitochondria are arranged 

parallel to the longitudinal axle of the cell. 

() _MIIt.s ie 

In the ciliated Cells of the middle region 

of the intestine, the mitochondria are in the form of 

rode and granules situated chiefly near the basement, 

and adjacent to lumen. In the cells of the typhloeole, 

granular mitochondria with a few rods are situated in 

the lumen region, but rods only are present In the 

basal region of the cell ( P1. XXIII, figs. 1 and 

In the non-ciliated cells, the mitochondria 

are usually in the form of very small rods and granules 

which are situated mainly at the extreme poles of the 

cell. A few small rode are, however, present in the 

rest of the cytoplasm ( P3.. XXIII, fig, 3 ). 

The mitochondria are not arranged parallel 

to the longitudinal axis of the cell. 

(2.) 

The mitochondria of the ciliated cells 

consist of rode only. The rode are of different sizes 

and are more numerous In the lumen region than in the 

basal part of the cell. The mitochondria of the basal 

region are arranged parallel to the longitudinal axis 

of the cell, but in the lumen region they do not show 

polar orientation ( P]. XXIV, figs. 1 and 2 ). 
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In the non-ciliated cells, the mitochondria 

are in the form of email rods and granules which occur 

chiefly at the extreme poles of the cell ( P1 XXIV, 

fig. 6 ). In a few cells they are scattered throughout 

the entire lumen region or the cell. 

iii. The Secretory Cycle 

()_Atrjo 

Two to three hours from the intake of food, 

the mitochondria of the ciliated cells are in the form 

of very small rode and granules. The rods, which are 

very small, are in the majority of cells arranged uni-  

:formly throughout the cytoplasm. 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 ( P1. XXII, 

figs. 5-8 ). 

In the non-ciliated cells the mitoohondria 

are mostly glandular and are scattered throughout the 

entire cell. A few very small rods are situated close 

to the basement membrane and also scattered throughout 

the cytoplasm ( P1. XXII, figs. 3 and 4 ). 

Six hours from the commencement of feeding, 

the mitochondria of the ciliated cells are still in 

the form of rode and granules. The rods appear to be 

slightly longer than in the previous case. Granules 

occur all through the cytoplasm and are in association 

with! 
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with the secretory granules ( P1, 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 very email rods are also present. 

Due to the pre sence of secretory granules, which oomple-

:tely-  fill the majorpart of the cell, the mitochondria 

are located at the extreme poles of the cell ( P1,XXII, 

fig, 9 ). 

Twenty-four hours from the intake of food, 

cells in all stages of cellular activity are present. 

(b) _MdzIfltstifle 

Two to three hours from the intake of food, 

the mitochondria of the ciliated cells are in the form 

of rods scattered uniformly through the cytoplasm. 

Some of the rods are longer than the ina3ority. In a 

few cells the mitochondria are situated in the ixmue-

:diate neighbourhood of the nucleus. In cells in which 

the lumen region is full of secretory granules, the 

mitochondria in this part of thepel1 are in the form 

of small rods. All the mitochondria are arranged 

parallel to the longitudinal axis of the cell ( P1. 

XXIII, figs. 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! 
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towards the opposite poles of the cell. In addition, 

a few rode and granules are scattered through the 

remainder of the cytoplasm ( P1. XXIII, fig. 6 ). 

Six hours from the commencement of feeding, 

the mitochondria of the ciliated cells are chiefly in 

the foz'in of email rode and granules; the longer rods 

previously present in the vicinity or the lumen appear 

to have undergone fragmentation. A few largez4rode are 

sometimes seen mainly in the basal region. In the 

majority of the cells the basal region contains rod-

shaped forms, whereas, in the lumen region, both rode 

and granules are present. In cells which possess very 

few secretory granules in the lumen half, rode and 

granules are aggregated in the neighbourhood of the 

lumen, but a few rode 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 rode and granules, are 

more or lees uniformly distributed in that region of 

the cell ( P1. XXIII, figs. 7 and 8 ). 

In the non-ciliated cells there is no appre-

:ciable change in the form and arrangement 01 the 

mitochondria as compared with the preceding stage 

( P1. XXIII, fig. 9 ). 

Eighteen to twenty-four hours from the intake 

of food, the cells are in all stages of cellular 

activities./ 
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activities. 

(a) 

Two to three hours from the intake or rood, 

the mitochondria of the ciliated cells are in the 

form of rode and a few granule.. As in the fasting 

stage, the rode are or different sizes. Their d.iatrl-

:butlon 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 ( P1. XXIV, fig. 3 ). 

In the non-ciliated cells, the mitochondria 

are in the form of thin short rods and granules eltua-

:ted 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 

( P1, XXIV, fig, 4 ). 

Six hours from the commencement of feeding, 

the mitochondria of the ciliated cells are in the 

form of email rode, arranged uniformly through the 

cell, whereas in the non-ciliated cells they show 

little change from the preceding stage ( P1. 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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The Oolgi material of the intestinal epithe-

:lial cells consists of filaments, rode and granules. 

It usually 000upies an area between the nucleus and 

the lumen, but leaves the space immediately above the 

nucleus free. 

1. Worms with Constant Moses to Foods- When an 

animal has constant access to food, some of the cells 

are active and others are at rest 1  oonseuently the 

Golgi material presents variations in 	 and 

size which are described in the following sections. 

These variations are more marked in the cells of the 

typhiosole than in those of the ventral epithelium. 

Consequently, the following account is based mainly 

on observations carried out on the cells of the typh-

tiosole. When one set of epithelial cells is active 

the cells of the neighbouring areas are in the resting 

stage. 

Its  Conditions Induced by Pasting 

(&).AntftrLot Inloa4ft  

The Qolgi materiel of the non-ciliated cells 

consists of thick rods, filaments and granules. The 

rode may be short or long. In cells in which secretion 

Is acoixui1ating, some of the Golgi elements are 

elongate and lie close to the periphery of the secretory 

material,/ 
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material, while the remaind3r are situated directly 

above the nucleus, Some of the granules and short 

rods are in close contact with the secretory granules 

( P1. XXVI, rigs. 1 and 2 9  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 periphery of the seoretoz7 

mass ( P1. XXVI, fig. 2 ). When the cells become full 

or secretion, the Golgi material assumes its normal 

shape and becomes very much reduced in amount so that 

it occupies a much smaller area than before ( P1. XXVI, 

fig. 1 ). In this material the majority of the non-

:ciliated calls contain secretory granules which accum-

:ulate throughout the period of tasting, 

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 P1. XXVII, fig. 1 ). 

These cells are very much compressed laterally by the 

non-ciliated cells, esDeotally in the region of the 

typhlosole; consequently, it is difficult to study 

the aesosolation of the secretory granules with the 

Oolgi elements. 

It should be noted that In both ciliated and 
non-ciliated/ 



non-ciliated cells of worms which have not been fed, 

the Go1g1material in this part of the intestine is 

usually not reticular or basket-like in structure. 

(k) Mjd.. Itg.eie 

The non-ciliated cells In this region of the 

Intestine are not no numerous as In the anterior part. 

The Golgi material does not show any appreciable 

morphological differences from that of cells in the 

anterior region ( P1. XXVIII, figs. 3 and 4 ). 

In the ciliated epitheliLa]. cells, the Golgi 

material is in the form of rods and filarnentti which 

are either arranged as a loose or a compact reticulum, 

or are in the form of elongated elements which run 

parallel to the longitudinal axis of the cell. Some 

of the rode are, however, curved,. The Golgi material 

dues not extend over a large area and the rods and 

filaments lie close together ( P1. XXVIII, figs. 1 and 

2, and P1. XXIX, fig. 1 ), 

(c) 

The Golgl material of the non-ciliated cells 

resembles in its morphology that of the cells of the 

anterior region, Some of the small rode and granules 

are in close association with the secretory granules, 

while others are situated at the periphery of the see-

:retory material. As in the other regions of the 

intestine! 
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intestine when tha cell is full of secretory granules, 

the Golgi material of some cells is a conroact structure. 

The Golgi material of the ciliated cells 

consists of short and long rods which are either straight 

or curved. In some cells, the Golgi material is 

reticular in form, while in others the elements are 

elongate and run parallel to the longitudinal axis of 

the cell ( P1, XXXI, fig, 1 ), The ciliated and non-

:ciliated cells of the ventral epithelium impregnate 

more deeply than those of the typhiosole. 

iii, The Secretory Cycle:- During 

increased cellular activity, brought about by feeding 

worms after a period of tasting, the Golgi material 

shows marked morphological changes. At the seine time 

it becomes easier to impregnate than that of animals 

which have not been fed.. 

(1)—Anterior 1net1n. 

The Golgi material of the non-ciliated cells, 

after a period of two hours from the intake of food, 

consists of rods and granules with a few filaments. 

As the accumulated secretion is discharged Into the 

lumen, the Golgi material comes to occupy a much 

smaller area than formerly ( P1, XXVI, fig... 7), . 

In some cells, however, the appearance of the Golgi 

material, and the area occupied by It, is almost the 

BMW/ 
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same as during the fasting stage. In same cells, the 

rode are broken up into granules which 11 in contact 

with the secretory material. In a few cells, the OolgI 

material did not impregnate well, and in these cells 

It appears to be In the form of small vesicles *  It 

may be that during this stage of cellular activity, 

It to much broken up Into epherules. 

There Is no considerable change In the Oo].gi 

material of the ciliated epithelial cells during this 

early stages of activity, except that there is a 

slight elongation of the Oo14 rods. In cells in which 

the Ooigi material previously appeared4  rettoulisn, the 

whole structure becomes slightly loosened. In some 

calls the Golgi rods have become broken up to form 

smaller rode. New secretory granules have made their 

appearance into the cytoplasm ( P1. XXVI, figs. 4-6) 0  

Six hours from the comeneement of feeding, 

there is a marked increase in the mount of Oo].gi 

material present both In ciliated and non-ciliated 

cells, but particularly in the latter, and as trig-

:mentatton of the rods and threads has taken place 

they now occupy a much greater area than previously 

( P1. XXVI, figs. W911-14 and P1. XXVII, fig s  2 ). 

More secretory granules have appeared in the cytoplasm 

chiefly in the basal region and in the Golgi field 

( P16  XXVI, fig. 12 and P1. XXVI!, fig. 2 ). In the 

non-ciliated cells, the' longer filaments and Oolgi 

rode have broken up into shorter rods and granules 
which/ 
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which are scattered through a greater area of the 

cell, and in some oases 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 ( P1, XXVI,fs. at 

9 and 11 ). In some cella,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 ( P1, XXVI, fig. 10 ). 

In the ciliated cells the Golgi 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 cytoplasm, 

chiefly in close association with the Golgi rods and 

granules ( Fl, XXVI, figs. 12-14 ). In some cells, 

however, the Golgi material is still in a compact 

form, 

Eighteen to twenty-four  hours from the intake 

of food, ciliated and non-ciliated cells in all stages 

of activity are present. 

() 	 e 

Two hours from the intake of food, the Golgi 

material in some of the ciliated and non-ciliated cells 

in 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 ( P1, XXVIII, 

figs. 5 and 6), In some of these cells the Golgi material 

Is in the form of elongate rods running parallel to 

the longitudinal axis of the cell ( P1. XXVIII, fig.5). 

There is, however, no appreciable change in the Golgi 

material of the non-ciliated cells during this early 

stage of activity. 

Six 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 cells further fragmentation of the Golgi 

rods has taken place, so that the number of rods is 

reduced and granules are numerous ( P1. 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 associ-

:ation with the Golgi rods ( pi, xxviii, fig, 7 and 

P1. 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./ 



cells, These granules are small in the lumen region 

but are larger in the basal region of the cell ( P1. 

XXVIII, fig. 9 ). 

Lcl &1t1rior  

Two hours from the intake of food, the Golgi 

material of the epithelial cells show marked secretory 

response and impregnation of the Golgi 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 

Golgi material has spread out from its original posi-

:tion and appears to have Increased In amount, as well 

as in the thickness of the Individual rods. New eecre-

:tory granules are present in the basal part of the 

cell, while in some oases, a few granules occur in the 

Golgi field ( P1. XXX, figs, 1-3 ). The Golgi material 

of the ventral epithelial cells has much thicker and 

shorter rode than the cells of the typhiosole ( P1. 

XXX, fig, 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 epithelial cells of the typh-

:loeole, the impregnation of the Golgi material is 

very poor. 

Six 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 rod8. More secretory 

granules have appeared In the ciliated cells, and in 

some cease they are clearly seen Inside the Golgi 

field ( P1. XXX, figs. 5 and 6 ). In a few ciliated 

cells, the GolgI elements are elongate and occupy 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 compact In appear-

: ance; this is probably due to the onset of the rest-

:ing phase ( P1. XXX, fig. 8 ). 

Eighteen to twenty-four hours from the intake 

of food, the epithelial cells show all stages of aellu-

:lar 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, rig. 2 ). 



PLATS XXIL 	 1060  

Drawings of the epithelial cells of the 

anterior region of the intestine. 

All preparations from Fleming preparations 

stained according to Beneley's method. 

Figs. 1 and 2. 	Ciliated and non-ciliated cells 

during the tasting period, showing 

accumulation of the secretory 

granules and the mitochondria, 

Wigs. 3 and 4, 	Non-ciliated cells of worms 2 hours 

after the intake of food, showing 

mitochondria and secretory granules, 

Figs. 5-8, 	Ciliated cells of worms 2 hours 

after the intake of food, showing 

gradual evacuation of the secretory 

material and the mitochondria. 

Figs. 9-12, 	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. 	 1070 

Drawings of the epithelial cells of the 

middle region of the intestine. 

All figures from Flemming preparations stained 

according to Bensley's method. 

Pigs. 1-3. 	Ciliated and non-ciliated cells 

during the period of fasting, 

showing acouiu1ation of secretory 

granules and the arrangement of the 

mitochondria chiefly at opposite 

pole of the cell. 

Pigs. 4-6. 	Ciliated and non-ciliated cells of 

worms 2 hours after the intake of 

food, showing gradual evacuation of 

secretory granules and the uniform 

arrangement of the mitochondria. 

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 rode and granules. 
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PLATE XXIV. 
	 108. 

Drawings of the epithelial cells of the poete-

:rior region of the intestine. 

All figures from Flaming preparations stained 

according to Bensley's method. 

Pigs, 1, 2 and 5. 	Ciliated and non-ciliated cells 

during the period of tasting, 

showing the secretory granules 

and the mitochondria. 

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 M. 	 109. 

Drawings 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 Fleianing preparations stained 

according to Beneley'8 method. 

Pig. 1. 	Ciliated cell of the mid-intestine 

of worms 24 hours after the intake of 

food, showing granules of absorbed 

food material. 

Pigs. 2 and 3. Ciliated cells of the posterior 

Intestine of worms 6 hours after the 

intake of food, showing mitochondria, 

the absorbed food material and 

secretory granules. 

Fig. 4, 	Ciliated cell of the posterior 

intestine 24 hours after the intake 

of food, showing granules of absorbed 

food material. 
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PLATE XXYL 
	

110, 

Drawings of the epithelial cells of the 

anterior region of the intestine, showing the Golgi 

material, 

All figures from Aoyama preparations stained 

with Ebrlieh'e haematoxylin. 

Figs. 1-3. 	Ciliated and non-ciliated cells 

during the fasting period. 

rc:tL 

Pigs, 4-7. 	CIliated4  cells of worms 2 hours 

after the intake of food, 

Pigs, 9,,9 and 11. NoncilIated cells of worms 6 hours 

after the intake of food, showing 

increased hypertrophy and fragment a-

:tion of the Golgi material and 

association of secretory granules 

with the Golgi material, 

Pig, 10. 	 Non-ciliated cells of worms 6 hours 

after the intake of food, showing 

reduced amount of Golgi 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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PUT x.,  xxvn 	 111. 

Photo micrograph* of the anterior Intestinal 

epithelium of earthworms, 

All figure. from Aoya preparations. 

Pig, 1. 	Showing the Golgi material in ciliated 

and nan-ciliated cells of fasting worms. 

In some of the non-ciliated cells the 

Golgi elements surround the secretory 

granules. x 980 

Pig, 20 	Showing the Golgi material in ciliated 

aM non-ciliated cells, 6 hours after 

the intake of food. The Golgi material 

Is very much broken up, x 660 
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PLATE XXVIII. 	 112. 

Drawings of the epithelial cells of the 

middle region of the intestine showing the Golgi 

material. 

All figures from Aoyama preparations stained 

with Ehrliah'e haematoxylin. 

Figs. 1-4. 	Ciliated 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 veeicles. 

Figs. & and 6. Ciliated cells of worms 2 hours after 

the intake of food, showing the Golgi 

material in association with secretory 

granules, 

Figs. 7 and 6. Ciliated and non-ciliated cells of 

worms 6 hours after the intake of 

food, showing hypertrophy and 

fragmentation of the Golgi material. 

Pig. 91 	Ciliated and non-ciliated cells of 

worms 24 hours after the intake of 

food, showing the Golgi material and 

the granules of absorbed material. 

r 
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113. 

Photomiorogl"aphs of the mid-intestinal 

pithelte] cells. 

Pigs. 1 and 2 from Aoyma pr.paration. 

Pig, 3 	from fleming preparation. 

Pig. 10 	Showing Golgi material in ciliated and 

non-ciliated cells during a period of 

fasting. The Golgi material is very 

compact. x 960 

Pig. 20 	Showing greet hypertrophy of the Golgi 

material, 6 hours after the intake of 

food following a fast. x 960 

Pig, 3, 	showing secretory granules in different 

phases of their discharge from the non-

ciliated cells, after a feat of 6 days. 

x 180 
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114. 

Drawings of the epithelial cells or the 

posterior region of Intestine of worms killed after 

the Intake of food, showing the Golgi. material. 

All figures from Aoyema preparations. 

Pigs. 1-3, 	Ciliated cells of the typhiosole 

region two hours after worms were 

placed in soil. 

Pig. 4, 	Ciliated cell of the ventral epithe- 

:liimi 2 hours after the worms were 

placed in Roil, showing thicker Golgi 

rode. 

Pigs. 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. 
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P?otomjarographe of the ,oaterior region of 

the Intestinal OVIthelIUM6 x 980 

All figures from Myna preparations. 

Pig, 1, 	Fhowing the Oolgt material in ciliated 

and non-ciliated ache during a period 

of ranting, 

Pig, 20 	Showing hypertrophy of the Golgi material, 

24 hours after the intake of food. 

Granules of absorbed food material are 

also seen; these are larger in the banal 

region than in the himen region of the 

cell. 
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116. 

XI. PHARYNGEAL GLAD. 

_HISTORICAL 

The salivary glands of vertebrates and inver-

:tebratee are favourable material for histological 

and cytological studies. The cytoplasmic components 

of the salivary glands has been studied in the larvae 

of Chironomug by Beams and Goldsmith (1930) 9  Gatenby 

(1932) and by Parat and Pa1n1ev (1924) 9  in the 

grasshopper, Rhomlejj Microlptera, by Beams and King 

(1932), and in Tipula Daludoa.. by Gresson (1936). 

There is no published papers on the cytology 

of the pharyngeal glands of earthworms. 

The histology and funt ions of the pharyngeal 

gland-cells of earthworms has been studied previously, 

notably by Stephenson (1917) 9  who worked on Pheretima 

(Megascoleoidae), Al].oloboDhOra caliginosa, and 

Bjrnpetue oaPy1]8 (Luznbrlcidae), by Keilin (1920) 9  in 

Ao1oboTbora ohiorotica. E1enia foetida and on a 

species of Lumbrio, and by Lankester (1864) in 

Lumbricu,a terrestria. 

Willem and Minna (1899) worked on the ohemi-

:cal composition of the secretion of the pharyngeal 

gland-cells of Lumbrioid worms and found that besides 

the general secretion of mucin, some of the gland-

cells secrete a proteolytic ferment which dissolves 

fibrin 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- 

:quently the groups of gland-cells are always immediately 

visible in stained sections and at once attract atten-

ition. .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 pharyngea]. cavity. 

Keilin believes that the products of secretion are 

collected in a system of salivary ducts lying in the 

conductive inusculo-vascular portion of the pharynx, 

and that these ducts divide into innumerable tine 

duotules which penetrate between the ciliated epithe-

:lial cells and terminate in discharge-pockets near 

the free surface of the cells. The salivary secretion 

accumulates in these pockets before it is 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 theme ducts as 

definite structures. 

As previously stated in the account of the 

pharyngeal epitheliuni, the writer has been able to 

see clearly small salivary duotules in the ciliated 

cells! 



cells terminating in discharge-pockets as described 

by Keilin. 

As so much work has been done on the hiato-

tiogy of the pharyngeal glands, the writer has little 

to add to the previous detailed descriptions. 

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, overataining occurs when acid fuchain is 

employed, thus presenting considerable difficulty in 

the study of the cell components. In order to over-

:come this difficulty, the sections, previously 

stained with acid fuchain, were treated for one to 

two minutes with a very dilute solution of sodium 

carbonate, as employed in the ease of the crop 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 oe.1e of the pharyngeal gland show a greater 

affinity for acid fuchain 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 osnilo methods 

were satisfactory for the demonstration or the Golgi 

material, Kolatohev'e formula, with an impregnation 

period of four to five days at about 
370 

 C,, gave very 

good results. 

C. 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 

neighbourhood of the ventral epithelluin. 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-

:morphia, 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-

:eon, 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 distinct, and one 

very large nucleolus and chromatin granules Is usually 

present. The nucleus Is generally regular in outline 

and spherical to oval in shape ( P1, XXXII, figs, 1 

and 2 ). The cells are usually found in aggregates of 

six to sixteeu,or more, surrounded by a very thin 

peritoneal Investment which is more prominent in the 

anterior portion of the pharyngeal bulb than towards 

the middle or the posterior region, When the cell Is 
membrane 

full of mature secretory granules, the cell we! die-

:appears or is broken by the pressure of the accumulated 

secretory material and loose their membranes, when all 

the secretory material inside the peritoneal Invest-

ment seems to move towards the pharyngeal chambers 

and is finally discharged. The secretion 18 either 

discharged Into the lumen through the dorsal ciliated 

epithelium or through the cells of the pharyngeal 

shelf ( P1. TI, figs, 1 and 2 ), Some of the secretion 

is also poured into the lumen through the ventral 

epllium. 

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 cells are also passed into 

the lumen ( P1. XXXII, fig. 8 and P1. XXXV, fig. 2 ). 

It is concluded, therefore, that the cells disinte- 

:grate after they become full of secretion, The nuclei 

present! 
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present in the secretory mass are very irregular in 

outline and at times the nuclear membrane is indistinct 

and the chromatin granules are thicker than In the 

nuclei within the cello . ( P1. XXXII, fig. 8 ). The 

secretory mass contains small as well as large seore-

:tory granules and in some cases a few mitochondria, 

Pasting and feeding induce very little 

change in the morphology of the cell components since 

the production of mucin is constant and continuous. 

Worms with Constant Access to Pood, 

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 described in 

the following sections. 

Conditions Induced by Paetin. 

During this stage some of the cells show 

accumulation of secretory granules, while in others 

formation of secretory granules is taking place. 

Secretory granules are chiefly seen In the neighbour-

:hood of the nucleus, particularly at one of its poles, 

presumably in the Golgi field, When the secretory 

granules become mature, they are found aggregated 

towards 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 sea-

:ttered without any special arrangement throughout 

the cytoplasm. There are, however, a few cells in 

which the secretory granules aocumulate&during the 

stage of fasting are still present. In some cells 

secretory granules are situated at the periphery of 

the cell ( P1. XXXIII, figs. 1-3 ). 

Five hours from the commencement of feeding, 

the secretory granules have increased in number ( P1, 

xxxiii, figs. 4-6 ),Some of the early secretory gra-

:nulee are in close vicinity to the nucleus near the 

Golgi field,, One or two of these secretory granules 

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 cases the 

nuclear material seems to be greatly changed and the 

chromatin granules are much thicker and more prominent 

than previously. A few of the nuclei are slightly 

irregular in outline. 

Six hours from the intake of food., the secre-

:tory response seems to be still greater. More mature 

secretory granules are scattered in the cytoplasm, 

and/ 
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and acme of the granules are in small oltunpi ( P1. 

XXXIII, figs. 7-11 ). 

Twenty-four hours from the intake of food, 

cells in all stages of the secretory cycle are present. 

i Worms with Constant Access to Foods- The 

mitochondria are in the form of thick rode of various 

lengths and of a few granules. Their behaviour during 

the different stages of cellular activity is described 

below. 

ii. Conditions Induced by Pasting:- The mito-

:ohondrie consist of short thick rods and a few gre- 

mules, in am* cells a few,  long rods are scattered 

in the cytoplasm. In most of the cells some mitoohOn-

:dria are situated close to the nucleus where aoou-

miation of secretory granules has not taken place 

( P1 XXXII, fig. 1 ). In some of the cells, o1upS 

of granular and rod-shaped mitochondria surround a 

large spherical secretory mass, probably composed of 

icing  situated some distance from the nucleus ( P1. 

XXXII, figs. 2-4 ). A few rode are scattered close 

to the border of the cell. 

iii, The Secretory Cycle:- With the intake of 

food, the seoretory response seems to be much more 

marked than in cells from animals with constant 

*00.55/ 
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ac3e85 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-

:oedtng i,haee. In some cells the secretory granules 

have increased in number and the mitoohondria are 

scanty. Very few mitochondria are seen in the neigh-

:bourhood of the nucleus. In the cells of the extreme 

dorsal region of the pharyngeal mass, there seems to 

be little appreciable change In the structure or 

arrangement of the mitoohondx'ia as compared to cells 

examined during the fasting stage. In some cells there 

are very few secretory granules but the mitochondria, 

chiefly In the form of rods, are more numerous than 

in the cells of fasting animals ( P1. XXXIII, figs. 

1-3 ), 

Five hours from the commencement of feeding, 

the number of mitoohondria is greatly increased. They 

are still in the form of small rods; some of which 

are situated near the nucleus in close association 

with the secretory granules. In cells which contain 

more secretory granules than the majority, the mito-

:ohondpja are few in number ( P19  ,(XXIII, figs, 4-6 ), 

Six hours from the intake of food, the mito-

:chondpja are in the form of short and long rode, 

situated/ 
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situated chiefly in association with the secretory 

granules which are present in pm*11 clumps near the 

nucleus or in the more distant regions of the cytoplasm 

( P1. XXXIII, figs. 7 and 9 ). In some cells the mite-

:cbondria 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. 

54  The Goli Material  

The secretory granules and the cytoplasm of 

the pharyngeal gland-cells do not Impregnate so 

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 

active in the production of muotu, 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 

rode, filaments and granules scattered through the cell 

( ri xxxIV, figs. 1, 2 and 6 and P1. XXXV, fig. 1 ). 

It has a distinct 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 

is never in the form of a compact network or a 

reticulum! 
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reticulum as in the epithelial cells during the rest-

:ing phase. 

During the fasting stage the Golgi material 

is chiefly in the form or rods and filaments; granules 

are not numerous ( P1. XXXV, figs, 1 and 2 ). The rode 

are usually curved, but a few may be straight. Some 

or the larger secretory granules , which are situated 

in association 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 threads with small thickenings ( P1. XXXIV, 

fig. 7 ). 

During the stage of increased cellular 

activity which results from the intake of food, after 

a fast of tour 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-

:rial, which now occupies a greater area than during 

the other phases. Fragmentation of the Golgi threads 

and rode takes place, as a result there are more rods 

and granules than before. Some of the curved Golgi 

rods become straight and elongate ( P1. XXXIV, fig. 6 

and P1. XXXV, fig. 1 ). The rods usually appear to be 

scattered through the entire cell. In some cells the 

majority! 



majority of the Golgi elements are situated around 

the nucleus ( P1. XXXIV, fig. 4 ). The longer rods 

and the threads are present chiefly in one half of 

the cell. In some oases Golgi rods and granules 

surround secretory granules ( P1. XXXIV, fig. 5 ), 

The Golgi granules are scattered throughout the 

cytoplasm, but are less numerous at the extreme pen-

:phery than elsewhere in the cell. 
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Drawings of the pharyngeal gland-cells of 

earthworms killed after a fast of 4 days, showing 

mitochondria and secretory granules. 

All figures from Fleming preparations 

stained according to Bensley's method. 

Fig. l 	Showing gland-cells eeaz'ated from each 

other by clefts. The cells show large 

nucleus with a very big nucleolus in each. 

Mitochondria are seen arranged chiefly at 

the periphery of the cell. 

Pig, 20 	Cell to show mitochondria arranged 

around the secretory material. 

Figs, 3-6. Cells to show gradual accumulation of the 

secretory material and reduction in the 

size and number of the mitochondria. 

Fig. 6, 	Showing cell, which is full of secretory 

granules, and has very thick chromatin 

granules, The nucleolus has disappeared. 

Fig. 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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Drawings of the cells of the pharyngeal gland 

of earthworms, killed at various periods after feeding. 

All figures from Fleninthg preparations 

stained according to Beneley's method. 

Pigs. 1-.3, 	Cells of worme,whioh have been in soil 

for 3 hours, showing the arrangement 

of mitoohondria and secretory granules. 

Pigs. 4-6. 	Cell of worms, which have been in soil 

for 5 hours, showing the arrangement 

of mitochondria and secretory granules. 

Figs. 7-11, 	Cells of worms, which have been in soil 

for 6 hours, showing the arrangement 

of the mitochondria and the gradual 

accumulation of secretory granules, 
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Drawings of the pharyngeal gland-cell of 

earthworms showing the Goigi material, 

All figures from Xoiatohev preparations. 

Figs. 1-3, 	Celia during the fasting period. 

Figs. 4-6, 	Celia or worms 3-8 hours after the 

intake of food, showing hypertrophy of 

the Golgi material and fragmentation 

of the Golgi filaments and rods, 

Fig, 7. 	Showing Golgi material very much 

reduced in thickness and in amount in 

cell in which there is a great 

accumulation of secretory material, 
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Photamicrographa of the pharyngeal gland-celle, 

showing Qolgi material, mitoohondris and secretory 

granules. 

Fig. 1 from Xolatohev preparation. 

Pig. 2 from Fleming preparation. 

Pig. 1. 	Showing the Golgi material of the gland- 

cells after the intake at food. It 1* in 

the form of rods, filaments and granules 

scattered throughout the cell. x 980 

Pig. 2. 	Showing mitochondria and secretory 

granules in gland-cells. In the centre an 

accumulated mass 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 

caess,x 1140 
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XII. THE OESOPHAGEAL POUCHES AND GLANDS. 

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 

ex,1ain their functions. 

The earliest paper on the oesophageal glands 

of the L'wnbrioidae is that of Larikeater (1864) 0  who 

worked on the anatomy of the glands of Lumbricus 

terreetr'ia and L. agricolas 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 

formation of the egg capsule, or alternatively for 

disposing 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 digestion; indeed, this appears most 

probable, but the properties of secretion cannot be 

determined." Stephenson and Prashad (1919) 1, who worked 

on Alloloboobora paliginosa and Lumbripus sifl. describe 

the presence of lateral diverticula of the gut (oeeo- 

:phageal pouches) in segment ten and a pair of oeeo- 

:phageal 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 Lumbrious terrestrIs. 
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Opinion is widely divided on the function of 

the oesophageal glands. Darwin (1881) considered the 

excretion of limo to be tr chief function although 

they are partly digestive in the sense that the 

calcium carbonate neutralises the acidity of the gut-

contents. According to Coinbault (1907&,1909) the 

function of these glands is the absorption of oxygen 

and the excretion of carbon dioxide. Miohaelsen (1895), 

however, believes that their function is the absorption 

of nutriment and that the excretion of lime is a 

secondary function. The fact that these glands eire 

very vascular and that the surface of the epithelium 

is greatly increased by the epithelial folding, 

indicates an absorptive function. Stephenson (1930) 

rejects an absorptive function of the oesophageal 

glands on grounds of their location, which Is anterior 

to the gizzard 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 access 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 

cycle! 
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cycle the protoplasm of the cell first increases in 

amount, so that the cells project as club-like 

processes, lime granules appear in its interior, the 

cytoplasm 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-sinus. The nuclei also collapse or are cast 

out into the gland cavity during active secretion. 

The replacement of the nuclei, he believes, takes 

place by the migration of corpuscles from the blood 

stream into the glandular layer. 

There are no contributions on the cytology 

of the oesophageal pouches and glands of Lumbricue. 

B, METHODS 

For the study of the mitochondria, oeeopha-

:geal pouches are very good material when fixed in 

Fleming (without acetic acid). They do not impregnate 

satisfactorily with any of the osmic methods employed 

for the study of the Golgi material. Consequently, 

only silver methods (Aoyama and Da ?ano) were employed. 

These gave fairly satisfactory results. Some of the 

silver preparations were stained with Ehrliah's 

haematoxylin. 

The oesophageal 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 email size of the cells. With silver methods 

the cells become black, and thus renders observation 

very difficult. Xolatohev and Mann-Xopaoh methods, 

however, gave more satisfactory results. 

0. OBSERVATIONS 

ja), Oeohg4. BolLabLep 

The present investigations show that the 

oesophageal pouches have a totally different histolo-

:glcsl appearance to that of the oesophageal glands 

( P1. XXXVI, figs. 1-5 and P1. XXXXI, f 1g. 1 ). 

The inner epithelium of the oesophageal 

pouches is thrown Into a number of longitudinal folds 

or lamellae ( P1. XXXVI, figs. 1 and 2, and P1. 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 distinct 

layer of rodlets ( P1, XXXXI, figs. 1 and 2 ). The 

cells lining the tunnels contain more secretory granules 

In all phases of the secretory cycle than the elongated 

cells lining the lumen of the oesophageal pouch. The 

tunnels are at all times full of milky white secretion. 

1. Wpne 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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2. Conditions Induced by Pasting 

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, XXXVII, figs. 1,2,4 and 5 ). Secretory granules 

ape, in the majority of the cells, accumulated either 

in the basal or in the lumen region of the cell. 

Vacuoles, with or without secretory material, are 

commonly seen in the basal half of the cell ( P1. 

XXXVII, fig. 1 ). The cells lining the tunnel are 

usually full of secretory granules. A light colourless 

area, free of mitoohondria and secretory granules, is 

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 Cycle 

When worms are allowed to teed, after a 

period of tasting, the calls 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 appeal' and masses of secretory 

material are visible between the epithelial cells on 

their way to the lumen ( P1. XXXVIII. fig. 2 ), The 

light area, already noticed was observed in this 

material, but is not well marked. 

_The Mitochondria 

1. Worms with Constant Access to Food:- The 

cells of animals with constant access to food are in 

all stages of secretory activity, consequently, the 

mitoohondria differ in form and arrangement in the 

different cells. Their behaviour during the secretory 

cycle is described in the following sections. 

ii. Conditions Induced by Fasting:- When an 

animal has fasted for a few days, the mitoobondria 

consist of filaments and rods of various lengths but 

of equal thickness ( P1. 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 

marked 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 

oases 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 or around 

the! 
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the Golr4 iel1. In the cells, lining the tunnels, the 

mitochondria consist chiefly of small rode and in 

addition a very few filaments ( P1. XXXVII, fig, 4 ). 

iii. The Secretory Cycle:- Examination of worms 

at different times after the intake of food, showed 

that there is a marked secretory response. The mito-

:ohon&ria are thicker and more numerous than in the 

cells described above, and, in the majority of cello, 

the lumen half contains more mitochondria than the 

basal half. Polar orientation is very well marked 

( P1, XXXVIII, figs. 1-3 ). The filaments 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,whioh usually are very few, are found in 

the lumen half of the cell. Some of these granules 

may be the cross-section of rods and filaments. In 

cells which are full of secretory granules the mito- 

:ohondrla are reduced in number ( P1. XXXVIII, fig. 4). 

In the cuboidal cells lining the tunnels, 

there is no appreciable change in the form and arrange-

:ment of the mitocbondz'ia, except that filaments are 

absent from cells ( P1. XXXVII, fig. 5 ). 

5. The Go1i Material 

I. Worms with Constant Access to Food:- The beha 

:viour of the Golgi material during the phases of 

secretory/ 
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secretory activity and of rest is described in the 

following sections *  

Conditions Induced by Fasting:- When an 

animal is in a fasting condition, the Golgi material 

is usually in the form of a reticulum, which may be 

either compact or loose. The reticulum consists of 

thick rods and filaments connected together by thin 

links ( P1. XXXIX, fig. 1 ). The rods and filaments 

are usually curved. In some cells, chiefly in the 

cuboidal cells of the tunnel, the Oolgi material is 

situated slightly above the nucleus, 

The Secretory Cycle:- Feeding after a fast 

does not induce a very great change in the morphology 

of the Golgi rods and filaments. The reticulum, 

however, becomes loose and the rods slightly thicker 

and longer ( P1. XXXIX, figs, 4,sand B ). With increase 

of cellular activity new secrótory granules become 

visible and later migrate to the lumen half of the 

aeliL Fl. 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( P1. 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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(k) 

In view of the considerable amount of work 

carried out on the histology of the oesophageal glands 

of Lumbricup, it is not necessary to describe their 

histological structure in detail. 

In cross-section, the glands show numerous 

transverse folds or lamellae extending from aide to 

aide across thee gland ( P1, XXXVI, figs. 3-5 ). The 

cells are small and are arranged on these lamellae. 

The nucleus is very long, the nuclear membrane and 

chromatin granules are distinct; and one nucleolus 

is usually present ( P1. XXXX, fig. 5 ). 

Due to the very small size of the cells of 

the oesophageal glands, the secretory material, mito-

:ohondria and the (3olgi material could not be satis-

:faotorily 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 9  and P1. 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 80 deeply in comic 

preparations/ 
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preparations and contain a central body ( P1. xxxx, 
figs, 3 and 4 1p and P1. XXXXII, fig, 1 ). The spherical 

bodies are without doubt secretory In nature, They 

are discharged into the lumen and accumulate between 

the lamellae ( P1. XXXVI, figs, 3 and 5 9  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 

( P1, XXXVI, rIg. 5 and P1. XXXXII, figs. 1 and 2 ), 

Study of the mltoohondria was particularly 

difficult, but very small rods were seen in certain 

cells which were slightly larger than their neighbours, 

It is possible 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 

( P1, XXXX, fig. 5 ). 

Both silver and osmic preparations reve&l 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 and argento-

:phillc granules were observed lying over the outer 

part of the large spheres of secretory material. These 

granules are identified as Go].gI bodies ( P1, xxxx, 
figs, 3 and 4, and P1. XXXXII, figs. 1 and 2 ), 

It was not possible to obtain further Informa-

stion on the mitochondria and Golgi material of the 

cells of the oesophageal. glands. 



Photemicrographe of traneverse sections 

passing through the oesophageal pouches and glands. 

All figures from Fleming preparations. 

Pig. 1. 	Showing the position of oeeoohagesl pouches, 

with respect to oseophagus, in segment ten. 

x 23 

Pig. 20 	Showing the opening of the oecoohegeal 

pouch into the oesohagus. x 50 

Pig. 3. 	Showing the oeaophageal pouch at the sides 

or the oesoi,hegue, and oseorthagesi glands 

on either aides of the oesophageal pouch. 

The great vascularity of the oesophageal 

gland can be seen clearly. x 35 

Pig. 40 	Showing the opening of the 009OPhSgOal 

glands into the anterior end of the 

oesophageal pouches. x 23 

Pig. 5. 	Showing the opening of the oesophagesl 

glands into the oesophageal touchr, and 

the transverse folds in the oesophageal 

glands. x 35 
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PLATE XXXVII 	 143, 

Drawings of the eplthelial cells of the 

oesophageal pouch showing mitochondria and secretory 

granules. 

All figures from Mevee preparations stained 

with iron-haemotoxylin, 

Figs, 1-3, 	Celia during a period of fast, showing 

secretory granules and mitochondria. 

The basal half of the cell contains 

more mitochondria than the lumen region. 

Clear space, with or without any 

secretory material, are seen in some cells 

close to the basement membrane, A light 

colourless area, free of mitochondria 

and secretory granules, is seen at the outer 

pole of the cell close to lumen. 

Fig. 4. 	Cuboidal cells lining the tunnel, 

Showing great accumulation of secretory 

granules and a few small mitochondria 

during a period of fast. 

Fig, 5, 	Ouboidal cells 4 hours after the Intake 

of food, showing mitochondria and 

secretory granules, 
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PLAIN XXXVIII 	 144. 

Drawings of the cells of the oesophageal 

pouches of earthwormz killed 4 hours after being 

placed In soil, 

All figures from Meres preparations stained 

with iron-heemotoxyl in, 

Pigs. 1 and 3 Cells showing almost complete eisa-

:uation of the secretory granules. 

Nucleus has moved upwards toward" 

the lumen. Mitochondria most 

numerous in the region of the lumen, 

Pig. 2. 	Showing mass of secretory material 

between the cells In the basal 

region, Mitochondria are more numerous 

in the lumen halt of the cell than the 

basal half. 

Pig. 4. 	Showing secretory granules In the 

basal and in the lumen halt of the 

cell, Mitochondria are smaller and 

not numerous. 
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PIATE XXXXL 	 145. 

Drawings of the cells of the oesophageal 

pouches showing the Golgi material. 

All figures from Aoyama preparations stained 

with Ehrlioh's haematoxylin. 

Pig. 1 	 Cells in the tasting stage, showing 

reduced Golgi material. 

Figs. 2 and 3. Celia of worms which were in soil, 

showing association of the Golgi 

material with the secretory granules. 

Figs. 49  5 and 6, cells of worms which were in soil, 

showing hypertrophy of the Qolgi 

material. 

Pigs. 6 and 7, cells showing Golgi material in the 

form of vesicles. 
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PLATE XXXX. 	 1460  

Drawings of the oesophageal gland-cells of 

earthworms showing Golgi material, mitochondria and 

secretory granules. 

Figs. 1-4 from Aoyama and Kolatchev 

preparations. 

Fig. 5 	from Fleming preparation. 

Pigs, 1 and 2. 	Showing the gradual accumulation 

of the secretory granules, and the 

considerable elongation of the 

gland-cells following the acoumula-

:tion of the secretory granules. 

Figs. 3 and 4, 	Showing the Golgi material 

(osmiophillo granules) situated 

over the outer part of the secretory 

granules. Central body of the 

secretory granule is seen. 

Fig. 5. 	 Showing the mitochondria and 

secretory granules In the gland-

cells, 
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PLATS xxxxx. 	 147. 

PhotomicrograPhe of the oesophageal pouch of 

earthworms. 

All figures from Me'ves preparations. 

Pig. 1. 	showing the oesophageal pouch in the 

10%h e  segment. The transverse lemeilee 

and the tunnels are seen clearly. x 80 

Pig. 2. 	Cells of the oesophageal pouch during a 

period of fasting, showing the filementous 

and rod-shaped mitochondria. x 1140 
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PL TB XXXXIL 	 148. 

Photomicrographs of the oesophageal gland cells 

of Ltvnbrioue showing the Golgi material. 

All figures from Kolatchev preparations. 

Pig. 1 x 1380 

Fig. 2 x 1140 

Pigs. 1 and 2. Showing the Golgi material (oaidophilic 

granules) situated in contact with 

the secretory granules of the gland-

cells. Some of the secretory granules 

show a central body very clearly. 
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149. 

XIIL DISQU8SIOT. 

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 or 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-

:chondx'ia are elements or definite form and are 

present in all animal cells. They may occur in the 

form of filaments, rode, or granules, capable of 

independent movement in the cytoplasm. The thickness 

of the mitochondria is said to be constant in mdi-

:vidual 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 etc, from one part of the cell to 

another. The migratory movements may be due to varying 

electric charges on the mitochondria and the cell 

membratie. 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 alcohol, 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-

:rial and the cell membrane; hence it is very difficult 

to assign to the mitochondria alone a respiratory 

function, Joyet-Lavergne (1938) states that the znito-

:ohondi'ia possess great oxidising and reducing power, 

and believes that this is on account of a 'redox' 

system oompoeed of vitamin A and glutathione. He 

used gold chloride, silver nitrate, chromic acid, 

piano acid, !otaecdum permanganate and m-dinitroben-

:zol to demonstrate the reducing rover of mitochondria. 

In further support of this view, Joyet-Lavergne states 

that young red hood cells of vertebrates have a 

higher rate of rerpiration and a greater number of 

mitochondria than old erythrocytes.  Bourne, however, 

regards the evidence put forward in favour of a reepir-

:atory function of the mitochondria to be insufficient, 

but admits that it is quite likely that they do play 

an important part in cell-respiration. 

Horning (1926) believes that in Amoeba the 

mitochondria are concerned with the production of 

digestive enzymes. In Qoalina (1925) 0  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 

or the mitochondria in all animal cells is the same, 

and that they are, therefore, the seat or enzymatic 

activity. This view is shared by various other wor-

kers, but there is no general agreement that the 

mitochondria are concerned with the production of 

enzymes, 

Cramer and Ludford (1925) have shown that 

the process of rat absorption in the mammalian intes-

:tine is aesosciated with hypertrophy of the Golgi 

apparatus, but that the mitochondria remain unchanged 

throughout the cycle. In the thyroid gland both the 

Golgi material and the mitoohondrta enlarge during 

secretion, and Cramer and Ludford (1926) consider 

that the Golgi aparatus is probably actively en-

:gaged in the actual production of secretion, and 

that the changes in the mitochondria produce corres- 

:pondlng variations in surface energy within the cyto-

:plaam, and thus affect redistribution of the lipoids, 

Later, Ludtord (1927) states that synthesis of the 

enzymes occurs at the mitoohondrial-cytOplasIflic inter-

:face; the resulting products continually diffuse 

into the cytoplasm preventing an accumulation at the 

surface of the mitochondria which would inhibit 

further synthesis. At the surface of the Golgi 

apparatus, thefelaborated products are concentrated 

into! 



152. 

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 mitochondria. 

Bourne is or the opinion that the mitochondria are 

probably involved in proteolytic and, in the case of 

germinating Reeds, diastatic activity. Greacon 

(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 thsurfaoe. 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 

granules of secretion later on move to the region 

of the Golgi material, and are there transformed into 

mature secretory granules. Later, Rica (1935) con-

:firmed their observctione on the living pancreas. 

Greeson states that it is possible that 

the mitoohondria 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 poeib1e that they play some 

part in the physiology of the spermatozoon. In non- 

secretory cells, Greseon believes that the mitoohon&rira 

take part in the formation of some of the cytoplasmic 

constituents and in the general metabolism of the 

cell. 
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Since the (Jolgi apparatus was first observed 

by Golgi in 1898, there has been much work on various 

aeecte 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 ubstarico present In nearly 

all animal cells. Opinion, however, Is widely divided 

concerning Its structure and functions. 

Many workers now believe that the Golgi mat-

:erial 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 (Jolgi material consists 

of vacuoles which contain fluid, and are surrounded by, 

or In contact with, lipoidal substances. Thus he be-

:lieves the reticular appearance of the (lolgi material 

In fixed cells to be an artifact caused by the shrink-

:age of the vacuoles which are, In fact, the re'l (Jolgi 

structures in the living cells. Gresson (1948) states 

that the (Jolgi material consists of an outer argento-

tpbilla and oemiophillo part and an inner argentophobto 

and osmiophobic region, and that It Is made up of pro-

:teins and lipoids. 

La to the function of the (lolgi material It 

Is now universally agreed that in gland cells it 

takes/ 



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 Severinghaue (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) 9  who supports the latter 

view, thinks that the internuzn, or Inner part, of the 

Golgi material absorbs vitamin C, 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-

zgarding the direct part played by the Golgi material 

as a synthesising agent. Another view is held by 

8ubramanlam (19349  1935 and 1937) 0  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 muoln, fat, 

yolk, etc.. He also believes that 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 Golgi bodies are finally 

transformed Into fatty yolk globulea. According to 

Ludford and Cramer (1925), the Golgi material syn-

:theeizee fat from absorbed fatty acids and glycerol. 

Gresson (1948) reviews some of the literature 

of the subject and belie-Tea thrt the chief function of 

the/ 



the Golgi material is the elaboration - f substances 

which are formed by its synthetic action, or possibly 

by the 'production of tntra-cellular enzymes, He also 

believes that the (3olgi material takes part in the for-

imatlon of a wide variety of cell.produots. He euort 

this belief by the fact that )tduring the secretary 

cycle of gland-cells, the Golgi material shows marked 

hypertrophy and thus occupies a larger area than during 

the resting or non-secretory stage, Purther, small 

secretary granules came into contact with the Golgi 

material and portions of the Golgi material lose their 

connection with the-main mass and move towards the 

lumen, When secretary activity is completed and the 

secretory granules are discharged Into the lumen, the 

(Jolgi material assumes its original position and form. 

Reference to the literature of the subject 

shows that there are few published papers on the cyt-

:ology of gland cells of Invertebrates. Gresson (1936) 

claims that in the salivary gland-cells of Titula 

1Da1u2sa. a small clear space appears in the basal 

cytoplasm of fixed material which later increases in 

size until it extends to the border of the lumen. This 

clear space, he suggests, is a vesicular area into 

which a lipoid secretion has separated out from the 

bsal cytoplasm. He believes that the mitoohondria 

and the (3olgi 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 heatic oseca of 

Periplanata orientalia (1934). Subramanian (1938) 

worked on the intestinal cells of. Luabrico- nereis , 

and observed an increase in the number of Golgi 

grains during secretory activity, and-an intimate 

relationship between the first secretory granules and 

the ohrc7nophobic region of the Golgi batonnets. 

Siang-Hsu (1947) studied the mid-gut epithelium of 

jjrosoi,hjla melanpgaste and states that there is no 

visible evidence to suggest that the young secretory 

granules are separated out under the influence of 

mitochondria. According to hi the Golgi material of 

the epithelial cells is in the form of crescent and 

rings, and the secretOy granules are first visible 

inside this structure. He also claims that the Golgi 

materi1 Increases in amount during the growth of the 

secretory granules. 

To summarize : There is considerable evidence 

that both mitochondria and Golgi material are concerned 

with the formation of granules of secretion and with 

the origin of other substances. There Is, however, 

no general agreement 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 

cytoplaam. 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 Lumbricue 

terreqtr1e during different physiological phases. 

As a result of this work much information was ob-

:tained which has not hitherto been recorded for 

Lurnbrl.cus or any other earthworm. 

When a 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 in-

:dloates that when the secretory cycle is completed, 

a cell undergoes a 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 

tour to six days, It is of interest that worms 

starved for shorter periods did not show any aporec-

:iable change as compared with individuals with con-

:stant access to food. 

Examination of material fixed after fasting 

showed that the majority of the cells (except those 

ot/ 
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of the buccal region, pharyngeal gland, ciliated 

epithelial 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 fratures which differed from 

those observed in cells of animals fixed after feeding. 

A considerable accumulation or secretory material is 

the most noticeable feature during the inactive 

phase. The secretory material 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, This accumulation of the granules 

indicates 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-

:umulatlon of the secretory granules is the natural 

result. 

The mitochondria In the eoithellal cells of 

worms 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 majority of cells the 

mitochondria of the basal cytoplasm are longer than 

those of the lumen region. There Is no marked polar 

orientation. The aggregation of the mitochondria at 

both poles of fasting cells may be due to the treasure 

exerted by the accumulated secretory material. The 

fl(iQI/ 
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Golgi material, which is now difficult to impregnate, 

especially in the pharynx and the oesophagus, is very 

much reduced in amount and Individual elements are 

much thinner than in active cells. 

The accumulation of the mitochondria in cer-

:tain regions of the cell, the absence of polar orten-

:tation, and the changes in the Qolgi material indicate 

that the cells are less active than when food is present 

in the alimentary canal. 

When an animal is allowed to feed following 

a period of starvation, the majority of the cells enter 

upon a period of secretory activity; consequently, as 

a result of stimulation, the cytoplasmic components 

exhibit a different morphological pattern. Changes 

such as fragmentation and polar orientation of the 

mitochondria, hypertrophy and fragmentation of the 

Golgi material, are indications of the increased 

metabolic activity othe cell. 

A gradual increase In cellular activity was 

obtained by feeding worms for one to twenty-four hours 

after a prcvtous fast. The secretory granules which 

had accumulated during the period of fasting are die-

:charged Into the lumen during the early stage4f eec-

:retory activity, and fresh secretory granules appear 

in the basal cytoplasm chiefly In the neighbourhood 

of the basal membrane. These early granules later 

migrate towards the nucleus and then Into the Golgi 

field. In both mitoohondrial anl lolgi preparations 

of/ 
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of material from all regions, the migration of the 

secretory granules from the basal cytoplasm to the 

Golgi field was clearly demonstrated in some of the 

cells. In both the fastinand the feeding phase 

clear spaces, which often contain a little secretory 

material, were commonly observed near the basement 

membrane, In some cases these spaces were surrounded by 

mitochondria, This Indicates that the secretory mat-

serial Is probably separated out from the cytoplasm 

under the Influence of the mitochondria, 

The remarkable thickness of the elements of 

the t3olgi material, its regular fragmentation at the 

highest peak of secretory activity, the migration of 

the early secretory granules from the basal cytoplasm 

to the Golgi zone, where they come into close contact 

with the Golgi elements, strongly suggests that the 

Golgi material plays a specific and vital part in the 

process of cell-secretion, 

The present Investigation demonstrates 

clearly that In the gland cells of the elementary 

tract of Lumbrigue the earliest secretory granules 

first arise in the basal cytoplasm, chiefly close 

to the basement membrane, and that they migrate to 

the Golgi zone where, under the influence of the Golgi 

elements, the final stage in the formation of the 

mature secretory granules takes place. 

The present observations on the origin of 

secretory/ 
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secretory granules agree with Hirsch and with Duthie's 

conclusions regarding the formation or the earliest 

secretory granules in the basal cytoplasm of the cells 

of the pancreas of the mouse and their further growth 

In the Golgi zone, It appears, therefore, that in 

both vertebrates and invertebrates the origin of the 

seoretory granules in the gland cells Is essentially 

similar, Chodnik (1947 and 1948), however, claims 

that the newly formed seortory granules in the cells 

of the o.Limentary tract of the domestic fowl are first 

visible In the Golgi field. It may be that Chodnik 

failed to observe the very young secretory granules 

In the basal cytoplasm of the gut epithellal cells 

of the fowl, or that, owing to their chemical nature 

the young granules are invisible with the technique 

employed. This would seem to be a more lilely explan-

:ation than that there is any fundamental difference 

In the process of secretion In the earthworm and fowl. 

In the ciliated epithelial cells of the phar-

:ynx there Is no appreciable change in the morphology 

of the cytoplasmic components. This Is probably due 

to the fact that the production of nmoin is constant 

and is not affected by fasting or feeding, Similarly 

there is no appreciable change In the cells of the 

buccal cavity, the gizzard, the non-ciliated cells 

of the intestinal epithelium, and the oesophageal 

glands and pouches, 
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The work recorded here is in general agreement 

with the observations of other cytologists regarding 

the behaviour of the mitochondria and Golgi material 

of gland cells, The present Investigations on the 

gland cells of the alimentary tract of Lumbrteue is 

the first attempt to carry out a cytological study 

of the entire alimentary canal of an invertebrate 

animal. The writer believes, therefore, that it yields 

new information regarding the secretory cycle, absorptiong  

certain histological details of the gut of the earth-

:worm, and on the behaviour of the cytoplasmic ocmpon-

:ehts correlated with the phases of physiological 

activity, It is hoped that this account may serve as 

a stimulus for further research on the cells of inver-

:tebratea, particularly on the functional aspects of 

the Golgi material and the mitochondria, There is 

still room for much research, not only on the form 

and hrhav1our of these important cell com,onenta, but 

on the development of new techniques designed to yield 

further knowledge of their finer structure and chemical 

nature. 
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XI V. SUMMARY. 

ol_Cv1t 

The epithelial cells are columnar, non-ciliated 

and lined by a thin cuticle. 

The mitochondria of the eoithelial cells are 

in the form of rods and granules. They show little 

change correlated with functional activity. Polar 

orientation is a constant feature in the majority of 

the cells. 

The Golgi material of the epithelial cells 

lies above the nucleus, and is in the form of rode 

and filaments. The functional stage is marked by the 

hypertrophy of the (]olgi material leading to its final 

fragmentation into short rods and granules. 

4, Secretory granules are first visible in the 

basal cytoplasm close to the basement membrane. Later 

they migrate to the Golgi zone and assume their final 

form. The production of secretory granules is a 

constant feature during feeding and fasting. 

Dianna 

1. The epithelial cells are of two types, namely 

ciliated and non-ciliated. The cells of the dorsal 

epithelium are ciliated, but the ventral epithelium 

consists of ciliated and non-ciliated cells. The 

non-ciliated cells of the pharyngeal shelf are broader 

and/ 
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and less elogated than those of the ventral epithe-  

*lium. Salivary ducts and discharge-pookets are 

present in the dorsal epithelium. 

The mitochondria of both the ciliated and 

non-ciliated cells are in the form of short rode and 

granules. Granules occur chiefly near the nucleus 

and in the vicinity of the lumen1 whereas the rods 

are distributed throughout the cell. Due to fragmenta-

:tion the functional stage is marked by an increase 

in the nuliber of mitochondria. 

The Golgi material in the ciliated cells 

consists of thin filaments, rode and a few granules. 

The filaments and rode are arranged parallel to the 

logitudinal axis of the cells. There is little change 

in the morphology or location of the Go]gI material 

during secretory activity. The Golgi material of the 

non-ciliated cells is very much reduced in amount 

during the resting stage. During cellular activity 

It undergoes marked hypertrophy and finally breaks 

up into rods and granules. Reversed polarity of the 

Golgi material was sometimes observed; it is due to 

the migration of the nucleus during increased cellular 

activity. 

Secretory granules arise in the basal region 

of ciliated and non-ciliated cells from where they 

migrate to the Golgi field. Feeding stimulates the 

evacuation of the accumulated material and 

iianediately stimulates new production, 
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2eAo2ha 

1. The  epithelial cells are ciliated, columnar 

and lined with a thin cuticle. 

The mitochondria consist of rods and granule., 

and rarely a few filamentous forms. The functional 

stage is marked by fragmentation and polar orientation 

of the mitoohondrta. 

The Oo]gL materiel resembles in morphology, 

arrangement and behaviour that of the non-ciliated 

cells of the pharynx. 

4. Secretory granules arise in the basal cyto-

:plaau6 Feeding stimulates the production of new 

granules and evacuation of the stored granules. 

1. The epithelial cells are tall, cylindrical 

and columnar; they possess a striated border covered 

by a cuticle. The cells are of uniform size. 

20  The mitochondria are in the form of thick 

rode and a few granules. The functional stage is 

marked by fragmentation of the rods into granules. 

Polar orientation is a constant feature, 

3., The Oolgi material consists of thick rode and 

filaments and a few granules. During feeding there is 
a slight increase In the amount of Oo]i material; 

fragmentation takes place. 

46 Considerable accumulation of the secretory 

granules/ 
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granules in the lumen region of the cell takes place 

dulling the fasting period. The functional stage is 

well marked by the evacuation of secretory granules 

from the cell and the fresh origin of granules in the 

basal region. Migration of granules to the Golgi field 

is clearly demonstrated. 

2iazw 

The epithelial cells are arranged in protruding 

lamellae which form elongated crypts, filled with 

keratinoid secretory material. Cells of the apices of 

the lamellae are columnar and elongate, whereas those 

between the apices are short and ouboidal. The cells 

are ciliated and covered by a thick cuticle. 

The mitochondria consist of thin short rode 

and granules. The functional stage is not well marked. 

The Golgi material is in the form of small 

rods, filaments and a few granules. Feeding does not 

induce any appreciable change. 

Secretory granules arise in the basal region; 

their production is constant during feeding and 

fasting. Some of these granules, in the later stage 

of their formation, are visible in the Golgi field. 

1. Ciliated and non-ciliated cells are present. 

According to the present observations, secretory 

granules/ 
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granules are formed in ciliated and non-ciliated 

cells, 

2, The mitochondria In the ciliated cells of 

the anterior and middle regions of the intestinal 
u fr'- ouknd.4 

epitheljujn,41n the posterior region rods only are 

Present, In the early stages of cellular activity 

fragmentation of the mitochondria 000UPS•  Non-ciliated 

cells, which are numerous in the anterior region and 

scanty in the posterior region, contain rod-shaped 

and granular mitochondria, The functional stage is 

marked by the fragmentation of the mitochondpja. 

3. The Golgi material in the ciliated cells is 

In the form of rods and filaments. The functional 

stage is marked by the hypertrophy of the Golgi 

material and its fragmentation into granules, In the 

non-ciliated cells the Golgi material is in the form 

of rode, filaments and granules; it surrounds the 

accumulated secretory granules, it breaks up during 

secretory activity, 

4, The earliest secretory granules in both types 
of cells are first visible in the basal aytopla, 

They migrate to the Golgi field, Feeding stimulates 

the evacuation of the granules and the formation of 

fresh granules. The non-ciliated cells, however, do 

not show much change, and the production of secretory 

granules is more or less constant, 

5. The cells of the ent'r-jor region of the 

intestinal/ 
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Intestinal epithelium are not concerned with the 

absorption of food. The absorptive regions are the 

mid-intestine and to a greater extent the posterior 

intestine. Absorption is carried on by the ciliated 

cells only. 

Due to their great affinity for dyes, the 

cells of the pharyngeal glands are very conspicuous. 

They are polymorphic. Each cell possess a large 

nucleus and one very large nucleolus, 

The mitochondria are in the form of thick 

rods and granules, Feeding does not induce much change 

in their form or disposition. Polar orientation was 

not observed. 

The Golgi material is in the form of thin 

filaments, rods and granules scattered throughout the 

cell. Feeding does not induce much change except that 

fragmentation of some of the filaments and rods takes 

place. The Golgi material of these cells is never in 

a compact form, 

The cells of the pharyngeal glands secrete 

mucin as well as digestive enzymes and are thus 

salivary in nature, When a cell becomes full of sea-

:retory granules, the cell-membrane usually disappears 

and the secretion is discharged along with the nucleus; 

this results in the disintegration of the cell. The 

production of secretory granules is constant. 
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oacke. JP96 glands 

1. The histological appearance of the oesophageal 

pouches and the oesophageal glands is totally 

different. The cells of the pouches are glandular, 

2, The mitochondria in the cells of the oeeo-

:phageal pouches are in the form of rods and filaments 

which break up into smaller bodies during secretory 

activity, 

3. The G01g1 material in the cells of the pouches 

consists of rode, filaments and granules, The functional 

stage is not well marked, 

4, Production of secretion in the pouches and 

in the glands is constant, 
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XV. CONCLUSIONS. 

The mitochondria and the Golgi material are 

active components or the cell. In most or the gland 
cells of the alimentary canal of Lumbricue they show 

a marked rythmic behaviour which is correlated with 

the various physiological stages of the cell. 

The secretory granules first arise in the 

basal cytoplasm in the neighbourhood or and probably 
under the influence or the mitoohondria They migrate 

to the Golgi field, come into direct contact with the 

Golgi elements, and are transformed into the mature 

granules of secretion. It is concluded that both the 

mitoohondria and the Golgi material play a vital role 

In the formation or the secretion of the gland cells 

of the alimentary tract of Lumbz'jpu. 

The oesophageal pouches are glandular in 

form and in function. 



171. 

(.)r{ 	!P4I 7 d.'I;i1 

Baker, J. R., 1944. "The Structure and Chemical 
Conmosition of the Oolgi Element", 
'Quart, Jouxn, Mier, Sal.', vol. 85, 
pp. 1-71. 

Beams, 11W., and Goldsmith, J.B,, 1930. "GolgI Bodies, 
Vacuome, and Mitochondria in the Salivary 
Glands of Chironomus larva", 'Journ. 
Morph.', vol. 50, pp. 497-515. 

Beams, 11. W, and ICing, R, I., 1932, "The Architecture 
of the Parletal Celia of the Salivary 
Glands of the Grasshopper, with Special 
Reference to the Intracellular Canali- 
:cull, Golgi Bodies, and Mitooliondria", 
'Journ. Morph,', vol. 53, pp. 223-235. 

Beddard, PE,, 1895. 	'A Monograph of the Order of 
Oligoohaeta', Oxford, 1895, pp. 53-64. 

Bourne, G,, 1942. 	'Cytology and Cell Physiology', 
Oxford, pp. 99-138, 

Chodnik, IC, 8,, 1947. "A Cytological Study of the 
Alimentary Tract of the Domestic Fowl 
(Gallus domestious)", 'Quart, Journ. 
Mier, Sal.', vol. 88, op. 419-443. 

Chodnik, K. S., 1948, "Cytology of the Glands 
associated with the Alimentary Tract 
of Domestic Fowl (Gallus domestious)", 

Journ, Mier, 	Sal.', vol. 89, 
pp. 75-87, 

Combault, A,, 1907. "Quelques experiences pour 
dJterminer le role des glandes calciféree 
doe Lombrias," 'C. R. Soc. Biol', 
vol. 62 9  pp. 440-442. 

Combault, A,, 1909. "Contribution A L'etude de 1 
respiration at de la circulation de 
Lombriciens", 'Journ. Anat., Paris' 
vol. 450  pp. 358-399. 

Cramer, W, and Ludtord, R,3. 1925. "On Cellular 
Changes In Intestinal Pat Absorption,", 
'Journ. Physiol.', vol. 60, pp. 342-346. 

Cramer, W. and Ludford, R, J., 1926. "On Cellular 
Activity and Cellular Structure as 
Studied in the Thyroid Gland.", 'Journ. 
Physiol.', vol. 61 9  pp. 398-408. 



172. 

Darwin, O.R,, 1881. "The Formation of Vegetable 
Mould through the Action of Worms with 
Observations on their Habits", London, 
19049  Thirteenth thousand, pp.  41-51. 

Dequal, L., 1910. " Ricerche Istologiche Bull'epltelio 
Cutaneo e Intestinale deli' Oato1aslnu 
complanatum", 'Arch. Zool. Italiano 
(Napoli)', vol. 49  pp.  211-237. 

Duthie, E.8., 1933. "Studies In the Secretion of the 
Pancreas and Salivary Glands", 'Proc. 
Roy. Boo, S p B, vol. 114, pp. 20-47. 

Gatenby, J.B., 1932. "Neutral Red Staining in 
Chironomus Salivary Gland Cells, and 
So-called 'Vacuane' ', 'Amer. Jour'n. 
Anat.', vol. 51, pr 23-167, 

Greenwood, M, 1892. "On Retractile Cilia in the 
Intestine of Lumbricue terrestria l', 
vol. 13, pp. 239-259. 

Greeson, R.A.R, 1934. "The Cytology of the Mid-gut 
and Hepatic Caeca of Periplanata 
orientalis", 'Quart, Journ. Mier. Sal.', 
vol. 77, pp.  317-334. 

Gresson, R.A.R., 1936. "A Study of Secretion and 
Cytoplasmic Inclusions in the Cells 
of the Salivary Glands of Tipula 
paludosa", 'Zeit, f. Zeilforech. U. 
Mikr. Anat.', vol. 25 0  pp.  131-142. 

Greeson, R.A.R,, 1948. Essentials of General 
Cytology, chap, XV and XVI, "The 
Morphology and Composition of the Golgi. 
Material and Mitochondria" and7he 
Functions and Behaviour of the Golgi 
Material and Mitochondria", p. 128-
142., UniverRity Press, Edinburgh, 

Gurwitach, A,, 1901. "Studien TJber Filninerzeilen, 
I. Eletogenese.", 'Arch, Mikr, Anat.', 
vol. 	pp. 184-229 9  

Harrington, N. R., 1899. "The Calciferous Glands of 
the Earthworm, with Appendix on the 
Circulation", 'Journ, Morph.', vol. 
15 Supplement, pp. 105-170. 

Hirsch, G•  0., 1932. "Die Lebendbeobachtung der 
Restitution des Sekretee in Pankreae", 
Zeitsohrf, Zeilforech, Mikr, Anat,', 

Bd, 15, Tell I, pp. 36-68. 
Tell II. pp. 290-310. 



173. 

Horning, E, 2,, 1925, "The Mitochondria of a Protozoan 
(Opalina) and their Behaviour during 
the Life-Cycle", 'Auetr. J. Exper. 

Biol.', vol. 2, pp. 167-171. 
Horning, E,S,, 1925. "Histological Observations on 

Pancreatic Secretion", 'Austr. Journ. 
Exper. Biol, and Med. Sal.', vol. II, 
Part 3 9  pp. 135-138, 

Horning, E. 9., 1926. "Observations on Mitochondria" 
'Austr. Journ. Exper. Biol. and Med. 
Sci.', vol. 3 9  pp. 149-159. 

Joseph, N,, 1902, "Beitrge zur Plizanerzellen- und 
Centroeomentrage", 'Arb, Zool. Inst. 
Univ. Wien', vol. 14, pp.  1-80. 

Joyet-Lavergne, 1938. "Le role du Chondriome dana la 
Respiration", 'Rev. Gen, des Sd., 
Paris.", vol. 49 1, pi. 45-51. 

Keilin, D,, 1920, "On the Pharyngeal or Salivary 
Gland of the Earthworm", 'Quart. 
Journ, Mier. Set,', vol. 65 9  pp. 33-61. 

Kingsbury, B.F. 
t 
 1912. "Cytoplasmic Fixation", 'Anat. 
Pea.', vol. 6, pp, 39-49 0  

Kirkman, H. and Severinghaua, A,, 1938, "A Review 
of the Golgi Apparatus", 'Anat. Rae.', 
vol. 70, 
Part I. pp. 413-431, 
Part II.pp, 557-573, 
Vol. 71 
Part III, pp, 79-103, 

Lankester, E, R,, 1864. "The Anatomy of the Earthworm", 
'Mior, Journ ', vol. 4, pp.  258-268. 

Ludtord, R,J., 1927. "The Golgi Apparatus in the 
Cells of Tissue Culture", 'Proc. Roy. 
Soo,' B. vol. 101. pp.  409-420. 

Menzi, J.J,, 1919. "Das Stomodaeum der Lu,nbrloiden", 
'Rev, Suisse. Zool.', vol. 27 0  
pp. 405-476, 

Mayer, L., 1913. "Die intracel1ulren Pibrillen in 
den Eplthelzellen von 011gochten 
und Po1yehten und das Skelett der 
Muskelzellen", 'Archly. Pur Zeliforach', 
vol. 11, rj,, 450-475. 



174. 

Mioheeleen, W,, 1895, "Zup Kenntnls der Oligoohaeten", 
'Abh. Naturw, Hamburg,', vol. 13. 
(Seen in abstract only) 

Mlllott, N., 1948. "The Hiatophysiology of the 
Alimentary Canal of the Earthworm 
Limibricus terreetrie Linnaeus, 
I. The Process of Extrusion from the 
Intestinal Glands, and other Features 
of the Intestinal Epithelium", 'Proc. 
Roy. Soo,', B, vol. 135 0  pp.  358-381. 

Nath, V., 1933. "Uicroohemical Teats for Fete, 
Lipoide, and Vacuoles with Special 
Reference to Oogenesia", 'Quart. Journ, 
Mier, Sol, O p vol. 76 9  pp.  129-143. 

Parat, U and Palnlev4, 3., 1924. "Constitution du 
Cytoplasms. d'une Cellule Glandulaire: 
la Cellule des Glandes Salivatree de 
Larva du Chironom", 'C. R. Mad. Sd., 
Paris,', vol. 179 0  pp. 543-544. 

Pollister, A. W, 1938r4O, "The Structure of the 
Golgi Apparatus", 'Quart. Journ. Micr o  
Sal., vol. 81, pp.  235-271. 

Polowzow, W., 1903. "Tiber Kontractile Fasern in 
einer Flininerepithelart und ihre 
funktlonelle Bedentung,", 'Archly. Ftir 
Mikr. Anat.', vol. 63, pp. 365-388. 

Ribaucourt, E De, 1901, "Etude sur ranatoinie compàrês 
des Lombricides", 'Bull. Sal, France 
Beig.', vol. 35 9  pp.  211-312. 

Ries, E, 1935, "Die dlf'ferenzlerung der Parilcreazdlle 
Wahrend der embryonalentwicklung des 
Axolotl.", 'Zeit t(ir Zeliforach und 
Mlkr. Anatomie', vol. 23 9  nn, 63-83. 

Schneider, K,C., 1908. 'iftetologisehes Praktikum 
der Tiere', Jena, p1). 105-118. 

Slang-Han, 1947, "On the Cytoplasmic elements in the 
Mid-gut Epithelium of the Larvae of 
Drosophila melanogaater Meigen.", 
'Journ. Morph.', vol. 80, po. 161-184. 

Shay, D,E,, 1946. "Observations on the Cellular 
Incitalons of the Mid-gut Epithelium 
of Periplanata americana", 'Ann. Ent. 
Soc. America', vol. 39(2) 0  pp.165-169. 

Smith, P. 1924. "The Calciferous Glands of Lumbrioidae 
and !)lplocardia", 'Illinois Blol.Monog.', 
V014  jj pp-  1-76. 



175. 

Stephenson, J., 1917. "On the So-called Pha9ngeai 
Gland-cells of Earthworms", Quart* 
Journ. Mier, Sci.', vol. 62 9  
pp. 253-284, 

Stephenson, J,,and Prashad., B,, 1919 9  "The Calciferous 
Glands of Earthworms", 'Trans. Roy. 
Soc. Edinb1 ', vol. 52 0  Part II, 
pp. 455-485. 

Stephenson, .1., 1930. 'The Oligochaeta', The Clarendon 
Press, Oxford, chap. IV. pp. 72-134. 

Subramatiazt, M,K., 1934. "The Ooenesis of Salmacie 
bicolor (Agas1z) with a Suggestion 
as to the Punction of Golgi Bodies", 
'Proc. Indian Acad. Sot.', vol. 1, 
B, pp.  291-317. 

Subrernaniam, M, Y4,, 1935, "Preliminary Observations 
on the Effect of Fertilisation on 
the Golgi Bodies in the Eggs of 
Acentroobtus neilli (Gobius netili, 
Day)", 'Proc. Indian Aced, Sd.', 
Vol. 1, B, pp. 571-578. 

Subramaniam, MK. , 1937. "Oogeneele of Meretrix caste 
(Chemitz) with a Note on the Nature 
of the Contents of Neutral Red 
Vacuoles", 'Jou.rn. Morph.', vol. 61, 
pp. 127-148. 

Subremaniam, M.K., 1938. "Studies on the Structure 
of the Golgi Apparatus III, Some 
Observations on the Mechanism of 
Secretion of the Golgi Bodies in the 
Intestinal Cells of Lwnbrlconereia", 
'Proc. Indian Aced. Sot.', vol. 7 10 B9  

. 125-131. 

Szilts, A.Von., 1913. "Die Arohaeo- und Neo1umbrIoIflU", 
'Zool, Anz,', vol. 42 9  pp. 337-351. 

Willem, V. and Minne, A,, 1899. "Recherches sur is 
digestion et l'absorption Intestinale 
hez le Lombric.", 'Livre Jubilaire 
Oh, Van Baznbeke, Bruxelles',pp.201222. 

Yonge, C.M, 1927. "Structure and Physiology of the 
Organs of Feeding and Digestion in 
Ostrea edulis", 'Journ. Marine Biol. 
Assoo. ',vol. 14 1, pp. 295-366. 


