S e it
T i e i

R

BRELIAAE




Nellcome . Eﬁ?wge 5,.24@%_

AN HISTORICAL SURVEY OF OUR KNOWLEDGE

REGARDING THE STRUCTURE AND GENERAL FUNCTION OF THE
CELL.,

SCHEME _

(1) GENERAL  OUTLINE

s pp - 2l

(2). ESSAY.




5C,

¥ORPHOLOGY.

of form.

FHYSIOLOGY.

r EMBRYOLOGY.

TABLE SHOWING SCOPE COF BIOLOGY.

ANATOMY,
usually applied to
8 tructure of the mére
Oobvious parts.

-~

HISTOLOGY,
Licroscopic Anatomy
optical analysis,

CLASSIFICATION.
based on struciure.

DISTRIEBUTION.
position of living things
in space and time,

\_?evelopment from germ,

PHYSIOLOGY. 5e 40T
gee 0f Function in ‘/

health ana disease.

SR

(PATHOLOGY,)

-PSYCHOLOGY.
Sc. of mentsl phenomena .

BOTANY.

Sec., vegetabls
livihg matter.

SOCIOLOGY.
Social life.

Se. of function. :
living matter.

J

ZOOLOGY.
Sc. of animal

BIOLOGY.




General Outline of ideas and theories leading up to

the Cell-theory = 400 B.C. = SCHLEIDEN and SCHWANN. (1835).

To study the cell and its activities , islto_study life,
and to the scientist ,1ife means something more than mere static
aggregations of molecules , even if they can grow and dividéji it-is
an actual flux or continuous change of substance in a specialised
uns table state of motion , and once this flux ceases , the orgeanism
is then considered as having lost its wvitality , that is ,as having
lost the close relationship which eiisted between its internal
processes and 'its external environmenéyz

Primitive man's speculations upon life have naturally been

influenced by his mode of 1life in various climes and under #arying

conditions . But,common to them all ,however,and probably the first
thing that has induced man to reflect upon life has been its cessatioryl
death. To the Aborigines a natural death was something wonderful :; |
that a man should fall in battle against his enemies was part of a

natural order ,but that the powers of a sound and healthy man should
suddenly and without reason ,begin-to fail and life to cease with or
without pain ,appeared to be beyond their understanding. They had alsof
various methods of dealing with bodies , some were cremated,others

were elaborately cared for by preservation of the skeleton , or by

embalming.

(I)Prof PEliiger Bonn's Expts.Radiates.-''Semi-living' 'Subsbtances.

1 \ T'i o ,.,q_url{;

%"8) Spencer BIology andSociologyThis i16aa mwesns® runs theo all of
o a

Spencers wotks.Hsxley takes aas for mbre general and more practical

view ~Gives 1life an external and internal form, gives it positlon in

| Space and time - it is a subject of operation of forces ,in virtue of

which it undergoesiinternal changes ;modifies and is modified by externa

Objsets .




From such manipulations as these , arose the first knowledgs Ql
of human anatomy ,and the observations made no doubt crested certein
physiological ideas.They learnt t0 observe the heart-beat and to

connect life with 1ts coantiwuance,or cessetion . They also observed,

that breathing wes an essentiazl factor of 1ife, and the deep
expiration,which so of ten attends the actusl moment of death,gave rise
to the idea of 1ife as being something in the neture of air,being
dependent on the respiratory organs,and leeving the body through theé.
Passing over the Babylonian and Egyptian collection of facts
of science = primitive surgery and medicine , their knowledge of the
anatomy of the sacred animals , and their coneeption of nature- we
enter into the realms of the Greeks - a nation which was politically
divided ,yet capable to deduce from the facts handed down by the
primitive peoples, a fairly consistent conception of nature . The
garlisat cf these Greek philosophers , wefe those of the Ionic colonies';
founded on the coast of Asia Minor .Through trading with the Orient , |
they came into contact with the more highly cultivated peoples of the

Bast, and there arose a keen desire for more knowledge ,until finally
i

nature,(@uwn; ) became the one great problem.
A survey of this period shows that there was a serious attempt}l

made to discover a natural connection in the events of earth ,in the

existence origin ,and decay of matter .
he idea reappears =the soul 1is

—(I)InMediaeval Church paintings =t

 depicted to leave the body in the form of a child through the mouth .
(2)Thales Ca650-5800Bc was probabl$ the earliest natural philosopher
together with Anaximander who wrote (e p poge 3s-on Neture )Diogenes and
Hippo during Ist half of 5 th century.




8ide by side with these ideas sand perhaps having a deeper wision of
the phenomena of life , yet not free from mysticism, there grew up
in western Greece the Pythagorean philosophy , which played an

important part in the history of culture in general

e
Witﬁ@YTH&GORAS?? western Greece assumes a place in ®

sclentific history , and they founded philosophic schools of a more

superior character than their Ionian predecessors .At the end of the
sixth century B.C. there appeared in Elea (8Itelg) a man whose name waﬁi
XENOPHANES .He was born at dolophon in Asis Minor’and had |
been a disciple of ANAXIMANDER . He based his theory of origin of
the wordd on that of his 0ld master - the condensation of water and

primardial mud- and in addition pointed out the foasilised appearanc:;
of marine animals high up in the mountains , which he declared to be a ?

proof that the mountains were'at one time under water.But these ideas

were neglected chiefly because ARISTOTLE and his school , at a 1aterll

period , regarded fossilisation as" lusus naturae "( freak of naturs
XENOPHANES' theory has been briefyt stated here because,
when we come to study the Renaissance theories, it will be seen that
his more correct views once more come inte their own . He and his
disciples , of whom PARMENIDES was the most femous ,continued to
develop their theories further and further;unt;l finally ,they became
purely theological problems ,wherein he expresses ,abstract conceptio:i
of existence ; hot as opposed to cold,light as opposed to darkness.
| Of far greater importence than the Eloeatics for the

development of science ,wasEMPEDOCLES a philosopher of Acragas in

| Sicily .

(I) Southern italy and Sicily had been colonised by Greeks at an earl)

Periocd .

i




Baging his theories on those of PARMENIDES -uniformity and
immutability - he advanced further by stating that certain, however,
do take place which he explained by movements in existinggmatter and
by alternatdbgy commixture and dissolution of its component parts .
He postulates the four elements , fire, air, water and earth, as the
fundemental material causes. He conceives Living creatures -Life of
any description ,ss having arisen out of the earth .Respiration he

beldeved to be effected not only through the windpipe ,but as also

through the pores of the skin j;as the blood is conveyed ,algernately

to and from the skin ,the air is inhaled in conjunction with it .The

perception of the senses are td due to the objects which are perceived ;
giving off five particles t®@ which unite themselves to the |
corresponding components. in the sense-organs - water to water ,gir to
air, He explains sound as being created by air brought intoc motion ,
being forced into the auditory tubes as blowing into a trumpet .

Prom this brief synopsis of his career it will be seen that
his' speculations on the constituition of matter ,and 1ts changes are
wobthy of attention . He also comes forward with a doctrime of
affinnity ; though crude , nevertheless conpains 2 nucleus of many
ideas ,which could only be undaretood by later philosophers .

With the passing of Empedocles , the western Greek school
made their last and most important contribution to science .
Returning ,therefore,to the Asiatic or Eastern Greek school ,we
discover observations of great importance werem ® made and developedl
on entirely new ideas by Heracleitus (5I0-280 ) - In contrest to the

Eleatics ' assertion of immutebility , he states that everything is



" ‘frow a primordial fire ,to which everything returns - fire is the soul"

. biologyh%yeview of his general principles when compared with modern ides|

| appsar surprisingly sound :-

'ysduced to nothing . All change is merely an aggregation or separation x

<

mﬁtable » and that mutability is the essence of existence - He regards

tire as the casual principle of the universe - everything has arisen

‘of man ,fire is inhaled in breathing and its cessation is identical "

;1th death .Disease arises mostly through water ,the enemy of Zmath firel
The sérvice which he rendered to science lies in his geﬂeral viev
of existence ; 1in his constant efforts of modification of ghe principle
thereby exerting a great influence upon the natural philosophy of I
succeeding ages. “
Contemparaneous with Heracleitus ' idea there appeared another
line of thought ,which was concerned with a much closer study of nature i
and formed the basis of the whole cosmic system .This was the Atomic
Theory ,the founder of which is saild to kEx have been LEUCIPPUSa Sage off
whom little is known excepd that he was the teacher of DEMOCRITUS (ca470) |
Thex latter adopting Leucippus' Materialistic theory -that the univerz
was composed of a quantity of particles moving in empty space =developed

it still further, and thus achieved important work in the science of

" OQut of nothing comes nothing ; nothing which is cannot be

L

-
"

of parts.Nothing happens by chance , everything through cause and of

L "

3 necessity . There is nothing but the atoms and space ; all else is

an impression of the senses "

He was the first to differentiate between the higher and ldwe

animals according to the quality of their blood ,and his principle of




. himself, a microcosm in which every kind of atom is represented . He

' regarded the brain as the centre of thought , while Aristotle believed

' succeeding generastions , because , it was not accompanied by material

clagsification was adopted and further developed by his successor.
Aristotle, thought the latter held different views on 6&her matters.
For example ,Democritus wmaintained that the spidebs web is produced
from inside the body ,wheras Aristotle declared it to be & east=off
skin . They were at variance over many points ,but modern research has

proved the former correct in many respects .

And® FUNCTIONS , of the human body. Ha conceives man to be a world in

it to serve the purpose of cooling the blood ; life and Soul he
consldered to be one and the same thing, and that Necessity which
according to him governed the universe ,was purely impersonal .
Reviewing Democritus' theory as a whole we find that it
regpregsents the climax of the endeavour of Greek philosophy to arrive a |
an explanation of existence . Hitherto , it had been a series of
heterogenous explanations with Anaximander as instigator but Democritus|
achieves results which.if primitive ,run parallel in many respects with
thise that have been attained by natural research in our own day .

But , however, this promising idea was not pursued by

investigations , which therefore made it difficult to follow up the
principle of causation . Chemical assocliation and affinity , were ux
unknown to antiguity , and therefore these ideas could not be utilised

8s basis for the changes which occured in nature , sux and the dogmatig

theory of whirling motion ,therefore proved a poor substitute . They
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had no ideas of force and energy , but had to be content with motion
as an explanation of all changes . They considered the whole cosmology |
as purely dogmatic , and it was therefore condemned ,and curiously
enough ,condemned to give way to other similar dogmatic explanations. |

The oldest Greek medical science ,also emanating
from the shrines of Asia Minor , felt the influence of the Orient ,
and posterity received the benefits of the Hippocrates =mr the
Second or the Great (Ca460) . They give evidence of a clese study of
anatomy ,and physiology ; of bones ahd their construction examine d
from the skelétons , and also the musculature , especially the
external layers . These treatises assume with Empedocles that the
human body is composed of the four elements already stated , which
elements according to Hippocrates correspond with four " juices "
in the body :- blood, phlegm;, yellow and black bile . Little was
known concerning the internal organs , and the nervous system ,but the
various glands had come under their notice ,and their function was
considered to be to segregate water from the body.

Af ter Hippocraﬁes , the scientific world became
acquainted with ,and influenced by the teachings of SOCRATES and
PLATO, the latter laying down the foundation of biological
systematisation . But later 6 there appeared among Platos disciples,
one ARISTOTLE (384B.C.) who began to discard their prevalling ideag

and offered guidance in & new direction.His sphere of activity was

extensive ,and equally universal has been his influence throughout the

succeeding ages . His first importent contribution to Science was the |

classification of animals , the and the . He also occupiled

d morphological sgtructure of animals

himsiﬁ% with the anatomical,an



and states that anatomical research should be comparative ; he descé?b;
the asexual and sexual reproduction , and advances his evolution xhew
theory.

When Aristotle fled from Athens ,he left his school in
the hands of THEOPHRASTUS , who had been his feithful friend ever xzinz|
since his student days with Plato . Already,whilst under Aristotle , |
Theophrastus had paid special attention to the study of botany, and he L
continued to work in this science,in the spirit of his master.His |

treatises on plants were to botany, what Aristotles works were to

Zoology.
firmly esdablished ,were next carried on by STRATO ,who appears to

denied the exdstence of & dfminant power outside the universe ; he
imagined that the forces whiech govern the course of events dwsll
in "things " themselves and opesrate by natural necessity .

Strato's suecezzors appear to have been men of 1i
isportanea ,and although Arictotled School survived down the
sixthe century after Christ, it nevertheless ceasad t0 act as a
guiding light in sclence ; its teachers became involved in specialised
investigations into literature and sthics ,and interest in natural
sclences wansd.

But in the year 342 B.C. another school of thinkers

began to flourish ,and under its suidance the atomic theory was
given a fresh lease of lifeand it survived ,not only the classical

pesriod ,but also through the Middle Ages until the Renaissamce.Thils

new school was dirscted by ZPICURUS, whose teaching-Eplcureanism -



' the patronage of the refined and educated kings®déf the Ptolemai€

- which ,the ancients had never seen.It was conducted on the lines &f an

Fone of 1t5' founders. became the most prominent anatomist of ghe tilms,

Was  ERASISTRATUS®m of Cheos a small island in the Aegean- Whilst

when brought to Rome ,dsgenerated into an unbridled worship of

pleasure . In Roms ,however , it gained several adherents s the most
important being,LUCRLTIUS CARUS. (99-55 B.C.) whose enunciation of the
atomic theory 1s the most detailed of itz kind that has been handed dowr

to us,from antiguity ,and as sueh ,11 is also of interest on the grounﬁai
|

posterity was both lastingand important ,, and although he did not
succeed in improving the atomic theory',nevartheleas,it wasg due t0 him
that atomism survived the Middle Ages .

After the death gf Aristotle , there developed ,0on the
foundations leid by him ,a specialised form Of biloleogical research ,

with Alexandria the purely Greek capital of Egypt as its centre.Under
dynasty ,there was here esteblished a scientific institute ,the like of:ﬁ

academy ,with the high prisst®f of the MUSES as its religious head.
All branches of science known to antiguity were studied ,and biology
was pursued in connexion with medicine , like anatomy and phgeiology.

Despising the traditional fear of dissecting hupan bodles , HEROPHILUS
Contemporary ,and probably in competition with Herophilus

still a court physicien in Syriz he was called to Alexandrie and there
founded another school of medicine . He,tco, became 2 great anatomist,
and controversies arose betwsen him and Herophiluse. This hostility had

fateful consequences for science and 1t was all the more disastrous,
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because the enlightened Ptolemaic kings were followed by a line of
degenerates .The Museum declined,the learned often fell victims to the
whims of tyrents ,and finally Alezandria became a provincial town
within the great Roman Eppire.
in Rome ,which in time assumed Alexandria's position as

supreme capital ,there arose no equivalent to the Museum . But as time|
passed on two ©biologists of importance appeared . They were GCOLUMELLA i
and PLINY ,and the latter® "natural history "plafed an important |
part in the development of science .N;vertheless »there was a decline

of learhing ,and the philosopher was no longer a lover of wisdom ,es

|
!l;
|

i
interest in natural phenomena .But daring the second century of this nép
; i

the name implies,but a lover of pdety ,a2nd as such retained but little

era ,signs of revival of learning vecame evident o At this tiwe lived |
the last great biclogist of the age ,the physician Galen (CAI31-2IO}ﬁ
who in his writings combined the many-sided biological teachings of |
antiquity with the trend of thought of the new ere. From his genersal
conception of 1ife we may gather, that he stood on the border=line
between antiguity and the Middle Ages . But with regards to his
knowledge of anatomical deteils, he was the foremost philosopher of the
classical period and as such remained the undisputed authordty, in his
own branch of learning ,up to the Renaissance and probably,up to the xi
time when HARVEY discovered the circulation of the blood ,thereby

destroying one of Galens'thmsriez foundation-stones .

@nE Of the scientists of the Middle Ages none has won

greater fame than ALBERTUS MAGNUS (1200%1280) and his whole object

in 1ife ,was to harmonise the teachings of Aristotle with that of the

Church .As a natural philosopher ,he is chiefly zexeexrred 2 chemist




- sclentific discovery can be attributed to him ,nevertheless,he 1ntrodué¥'

' was brought into practical realisation by GALILEO (1564-J642),the

. founder of the whole modern natfural research.

end 1t was he Who iptroduced the chemical term"affinnity ",
Comtemporary with Albertus, were CANTIMPRATENSIS, and
VINCENTIUS , both chiefly concerned with mediaeval descriptions of

nature ,which scarcely can be called natural research .

partly by exhortetions to empirical observations , The most important

pioneer in the latter directicn was BACON (I214-1294).Though no great

new scientific ideas which opened the way for the d@evelopment of biclogy

What Bacon had theoretically conceived,and insisted upeq,r

Biological research under the Renalssance considerably

' widened the knowlegemf of animate nature .The works of GESNER (I5I6-I60&|

RONDELET ,BELON, renewed by BUFFON two centuries léter,and eventually
further developed by CUVIER,proved to be of great importance to biologys

Int the field of medical science the influence of the |
Renaissance was similarly felt. The human body was dissected with great
care and attempts were made to study muscles ,nerves,and blood@vessels.
But differences of opdnion arose amongst the leaders with the result %k

that no great biological development occurred until VESALIUS ,appearedi

in 1514 . He at once led anatomical research into a completely new

direction ,and thus started 2 new era in the history of sclence .He wass

at first ,a faithful follower of Galen ,but it soon became apparent
|




- contributions to the knowledge of the structure of bone and of the

organ of hearing were of considerable value .

' vertebrates ,Adopting Aristotle’%s idea of comparitive research ,he

W.

to him that the work of his predecessor was incomplete . In his book
"De humani corpis fabrica",he discusses bone and construction smuscle
blodd-vessels and nerves ,together with the various organs ,and in
almost every spkere of human anatomy he made important discoveries in

patters of detail and corrected old fallacies .

His successors in Padua was COLUMBUS (CAI559) who published
"de re anatomica",in which he shows himself a Weil informed anatomist .
He,however ,was called away and was succeeded in Padua by a man of far
higher qualities , GABRIELE FALLOPIO (I523).Ee made observetions upon ,

and increased the knowledge regarding the sexual organs,.and his

After the death of Fallopic ,another branch of biology
nemely embryoclogy wes developed by a scientist named FABRIZIO, usaally
called after the place of his birth ,Fabrlcius Aquapendente, to
distinguish him from the German anatomist Fabricius. His treatises and
illustrations on the evolution of the ovum and the embryoc ,present in

consise form ,the process of embryonic'development,in a large number of ||

describes the anatomy of the embryo ,and the shape and appearance of the
placenta ,pointing out the similarities and differences betwsen the
various animaly forms.But of more definite value to posterity ,however, |

was his observations on the venous valves,which he discovered

experimentally ,through binding the limbs of live subjects.EE.In spite

of ghis discovery ,which was so obviously at gvardance with the Galenian
theory of circulation he could not abondon the latter;he explained his

discovery and no more ,and it was left to Harvey ,one of his puplls ,
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to formulate a true conception of the circulation of the blood.
Biclogical research ,under the Renaissance considerably

widened the knowledge of animate nature ,the greatest achievement
being so far ,in the anatomical sphere.

The next pionear in the field was Cesalpind(I5I9-1603]
who was a man 2f many igteresta,and was a natural philosopher of
the true Aristotle spileit. From nis tresatises on the heart, ws learn
that this organ is the aetual centre of the wascular system o And in
regard to the relatican of fthe lungs to the heart ,he meintains that
the blood pacses through the lungs from the right to the left side

of heart - a process ,which he for the first time calls circulation .

study of the construction and function of vascular system ,in vain

attempts to bring order out of the chaos which existed through the

solution was generally acknowledged .Then WILLIAM HARVEY 1578-1657),
took the decisive step and solved the problem . He also gives a
comparative account of the embryonic development in higher and lower
animals ,and quotes as his precursar his old teacher Fabricius.
Also following along Aristotlean lines,he endeavours to fird a formal
unity in the manifold aspects of phenomens ,and he believes that he
has discovered such unity in the ovum,out of which all living

creatures are BBxEigpsg evolved. His dictum "All animals ,even those

' is well known.

that produce their young out of the egg '
Harvey is without a doubt ,one of the most remarkable

figures in history .His work is the most revolutionary that il




development of blology has to show ,for it undermines the
foundations of the ancient conception of life and it@@anifestations.
He thus brings to a close, the great epoch in the history of biology,
which 1s governed by the ancient conception of nature, and he
initiates the modern development in the sphere of biology.

The seventeenth sentury has been called the period of
great systems of thought ,during which all the knowledge that the
Renaissance brought to light was summanésed and classified.

The pioneer amongst the systematic philosophers of thds
era was Rene Descartes (I596-1650),who introduced a new explanation
of the cosmos =-cartesianism - which hed the advantege over the old
in,that it rendered possible the application of the newly -achieved
results of research in the various fields of science .He explained
life=phenomena to be purely mechanical =the human body as a machine =~ ji
and this theory may be regarded as the foundation of modern physiologyl
Other thinkers ,during this period ,who held & maschanical view of
existence were HOBBESI635=1679) an@?PINOZAtIGSE—IG??).also LEIENIZ
(1646-1716) who intppduced the theory ,and BOYLE (I627-91)
who broke away from the mystical speculations of alehemy by splitting

up the complex substances into their simplest elements.

Far more renowned and of far greater infleunce were
ISAAC NEWTON 1642-1690) who formulated the theory of gravitation ,

and VOLTAIRE I694-I778).

The foundations of the mechanical view of natural

phenomena already laid down by Hervey continues to develop and

influence the succeeding decades. The mystery of the already




‘be"metwork of thin-walled CELLS-UTRICULI-,which are connected with

i

-

discovered "chyle vessels" by Aselli(158I-1626) and Fecquet (1622-74)

wag cleared up by Bartholin,and Rudbeck,K in 1653,also observations

were carried out by GLISSON X WHARTON, and WILLS.The observations of

the latter on the brein and nervous system}are worthy of notice, in as
much as he forestalled SWEDENBORG'S deeper investigations into the
localisations in the brain .

Also during this period the phenomenon of movements of
animals came under the notice of BORELLI (I608379). He perceived
that the muscles, were the principle brgans of motion and he began to?h
study their structure ,parts and visible actions -he observes the
contraction which occurs in muscle and explains the "swelling" thus
caused to be a process of fermentation . Similar observations were
made by PERRAULT and STENO ,and thus experimental biology became

universal. During the seveenth century the construction of microscopses

was -cons iderably improved ,with the result that sclentists were greally
assisted im thelr inveatigations .

Foremost azong thoge who systematically basea their
research on magnifying apparratus was MALPIGHI (8828-1694).He
published his observations in the form of letters,which he sent to thg,
Royal Society London. He first investigated the structure of the lungq'

which hitherto had been considered as"fleshlike". He declares it to

the finest ramifications of the wind-pipe."He next discovered the
pyremid-cell of the cerebral cartex ,which he believed to be glandular!
elements that secrete the"fluidum".Malplighi ,was also a pioneer in

vegetable anatomy,which can be considered as the real starting point

l
for the study of the elementary nature of living matter as a whole. J
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| He described the different parts of plants also as being composed of

small cells which in their turn form a larger connective group.

At the same time as Malpighi ,but quite independent ,another

scientist named GREW(1628-3J712) made observations on tiec same subject =

vegetable anatomy~- He describes the plants ,organs by organ ,and the

cells and vessels of the stem ,which he discovered independently of
Melpighi.
[ Through these two scilentists ,biology acquired its
iknowledge of organised matter as being something peculiar in its & tructu
' the 1deas of tissue and its simple element -CELL- were established.
:But,however, nearly two centuries passed before the fundementa 1
‘velue of these achievements was fully appreclated .Although their
?contemporaries ,and the 1mmediapely ,8ucceeding age ,admired the exactug;ﬂ
of Malpighi,and Grew's investigations ,they considered the results more
‘from the point of view of curiosity.
Biology, has to thank another investigator of this period

in the person of LEEUWENHOEK(IQ}E—I?ZS).He expldned and completed the
‘knowledge of the cappillary system which Malpighi originated .He also
ifor the first time, clearly recognised the blood corpuscles,which
5Ma1pighi thought to be fat globules;To him mey also be attributed the
discovery of spermatozoa's association with the ovum;the stripes of the
striated muscle ,and the construction of optic lens in man; and the
difference between the structure of the stew of monocotyledons and
dicttyledons .Other ;nvestigatanns in the same fiald.wer%SWAMMERDAM
11557—80) who introduced the preformation theory,GRAAF (I64I-1873) "

iWho nade observations on the sexual humen organs, and described the
|




W

"protuberances" in the ovary salready observed by Versalius and
Follopio,as being comparable with the ovum of the bird ovary.
During the first part of the eighteenth century the
theoretical speculations of SYRENHAM , HOFFMAN ,an@éWEDENBORG,
lead t0 no great discoveries pand appardntly did not succeed in
satisfying humanity's craving for kxnowledge. These are followed by
the iethyology of ARTERI (I705-1&35) LINNAEUS (1%00-7g) first
important work :- Systema Naturae" .and BUFFO%&?O?-I?BB).HiStoire

Naturelle. The 1at£er,has played a fundemental part in the history

of biology ,not on account of his discoveries ,but of the new ideas
which he produced . Those ideas which he could only imperfectly
realise have since been taken up by others who ,having better
opportunities and means of investigations ,nave applied tham in a
wider sense : CUVIER'S comparative anatomy, BICHART'S tissue
theory and LAMARCEK'S evolution of living organism ,all show the
adoption of Buffons'ideas.

The eigh$senth century displays a great activity in
the sphere of natural sciences,especially the latter half ,which
represents a period of decisive preparstion for phe development
that took place during the following century .It will be seen ,
that we have now arrived st a stage in biological science ,Where
it is possible for us to choose,a more direct path)towards our
objective namely the = CELL.

Of the various pathways which the biological field

,that of botany seems to take precedence in this respect

now offers :
HUNTER, CUVIER, Il

but we must not altogether ,overlook men like




—=1853), and with the latter we come to the threshhold of am new kind

|
g ‘

BICHAT ,HALLER, and MULLER,who made great progress in other spheres 2uE|
such as comparative anastomy,and physiology.

The progress of botany from LINNAEUS(I707) to
SCHLEIDEN(I840) mey be briefly summarised thus :-The pre-Linnaeun,

workers toward a natural classification are represented bi&ESALPINO,
(I58F)BAUHIN(I623) JUNG (I678) RAY(168638.9). : ; |
during this time ,some of these ,by philosophical reflections,attempfgi
to determine the relationship among plants ,but since the discovery

of natural affinities must be based on objective study ,their methods

were inadequate .Ray, however ,gave the first carefully considered

definition of species ,and thereby, probably laid the foundation of

|

the origin of species ,which became the burning question of th%?nd hal}
of the I9 th century . .

Of Linnaeus, it is said that he marks the beginning
of a new epoch in botany ; but Sachs,however,makes the point ,that
Linnaeus is the las$ lénk in the chain of development formed by
the work of his predecessors ,transmitting the work of these men ,end
in many cases their errors;-But the overwhelmdéng importance of his
work lies in the skilful way he gathered and fused into one ,the
scattered fragments of the past.The most important post-Linnaen

workers in the same field were CANDOLLEﬁ778=184I) and BROWN(I773-X8%

(I}.Date when their respective works were published. ﬂ
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of botanical investigation s lnaugurated by the work of HOF ONEISTER
of Schleiden and many others?such as MOHL,(1805=1872 ) NAGELLI ‘
(1817-1891) SCHWANN,(IBIO=1882) SACHS, (1832..1897) and SPRENGEL ,who
made plant physiology an independent study.

Concurrent progress in these different lines is
confusing 1f treated as a whole,and for clearness it becomes
necessary to separate the advance under three sub-heads:

(1) sThe progress in refeﬁence to classification .

(2)s Enowledge of the inner structure of plants.

(3)s Progress in vegetable physiology.

In the first division,we find Linnaeus using the work of his
ﬁredecessors,Cesalpino,Bauhin sand Jung.ﬁfter’him Candolle,and
Brown,the latter bringing this aspect of botany into its highest
development.In the 2nd. division we find men of penetrating insight
devoting themselves to investigations of a dfiferent type .Using the
microscope . Mohl and Nagell ,investigated the structure of plants,
This work,so different from that ofk Linnaeus ,opened numerous
questions of general biology . Through their researches and those of
their contemporaries ,arose the CELL-THECRY,the PROTOPLASM doctrine,
FERTILISATION) and a hozt of other observations ,which would never k&
have arisen from the systemisation of LINNAEUS and his school.

In the 3rd, division we have work beginning with the imvestigations
of Stephen Hales on vegetable physiology (I727) followed by INGEN=-

HOUSZ , é%uaaumw,and VON SACHS.

We have now followed the stream of biologlcal progress

to a period which is full of discoveries in every branch ,therefors,
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Leaving the more general field of investigation ,we will endeavour to i
trace the steps by which our present knowledge of the CELL ,has besn

acquired .

. REVIEW CF THE INVESTIGATIONS LEADING UP TO THE CELL-THEORY=~

l LINNAEUS TO SCHLEIDEN.

As will be seen from the foregoing ,the foundation of
microscopic anatomy of plants was laid by Malpighi ,and Grew,in the
| last quarter of the 17 th century . We pass over Hoecke's observations
on the cellulsr structure of cork published in I665. He was not so
much concerned with plants ,but the books of Malpghi -"Anatome -

-phantorum," and of Grew ," The anatomy of Plants. By means of

diagrams ,MALPGHI ,illustrates cells(utriculi),end vessels of plants,
but he considers the celds as a massed matrix rather than as elemantary“

- units of structure
' See Fig.(I). |
His diagrams;are suggestive of the beginning of celletheorxf

but an examination of the text shows that he is more concerned about
the vessels)and fibres, of plants ,and their course ,and we must guard
against the idea that he was on the verge of conceiving the cell-theory
Grew is far more elaboratein his sketches ,filling in the

9/ entire surface of a cross-section. (I64I-I712).
|

h-___; |
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These‘fritings of these two scientists appeared almost |
simultaneously . These men were independent workers and it seems
difficult to account fof Schleiden's caustic accusation that Grew j
plagiarised from Maplghif'Also Ffamarck (I1809), and his colleague

Mirbel ,both gave expressions to general ideas about cells,but it is

a mistake to consider eitherlone as a presumptive founder of that
great generalisation.

During the Ist half oflthe‘IQ th century the study of the
inner structure of plants had been resumed ,and the work of Van Mohl,f
and Nageli ,s0 greatly surpassed all other investigators in the same .
field ,that we may well confine attention,toc their sclentific works .|
But it must not be overlooked, that Schleider if&sss,had raised
embryological study to a high standard ,but in the same year his
frse-call formation was showb to be faulty s _

Mohl (I805-1872) laid the foundation for future work .
By exact observations he showed that the cell 1s the inddviduel
elementary unit of structure ; he was %the first to explain (18313
the formation of vessels in plants ,as produced by the unicn of EXzmx
elongated cells -he analised the cell-contents,he recogonised ithm

protoplasm as the source of the movements in plant cells-found and

named the"primardial utricle"(1844). He observed the behavicut of
protoplasm in cell-division ,and helped to overthrow Schleiden's

theory of free-cell formation -and brought the word protoplasm into I

general use (1846)

(I).Dec 7,1671.The Royal Socletly received Grew's Iirst essay ame =IO
galpghi'sﬁnatomy of vegetables begun both of which deal with the P
hame subject.(2).Grew in the preface of his extended workleég8z tells |

Ow the MS of Malpghi s ,first memoir was received by the Royal Socye|

“




Nagelll,I817-1891),investigated the nucleus of plants,tissue =
~-formation ,and carried further the work of Von Mohl.Sach says",he

S a2l
devoted himslef with enenrgy,and sound reasoning to important ;and '

difficult question,how cells are formed ,in reproduction and-growiné
® ¥,
vegetative organs,and how far the processes are the same in the lower|

Cryptogams and Phanerogems -" He formed a theory of cell- formation ,
WRak ;

opposed to Schleiden's theory of free-cell =-formation ,and shewed the

phenorena of cell-formation, are similar in the lower and higher

plants ,and that they agree in essential particulars, with the cell-

I -formation of animals ,as Schwann (I832) and Kolliker (I845) had

elready maintained .Nageli is also noteble for the discovery of

growth ,from an "apical cell " in lower plants ,and the formaticn of

tissues from a "meristem " in the higher - explained the structure of “

il

" Nageli arrived at clear ideas of

starch grains (I858).Sachs says

the molecular structure of (Starch ) Grains ,and of their growth |,
| uby the introduction of new molecules between the old ones ." Nagelil

lived ik stirring times fot the advarce of biddogy .Intensive stﬁdies_i
. in related subjects -embryology ,and histology ( Baer., Koelliker )
’ physiclogy ( MULLER ),teken in connection with the botanical

investigations ,provided constructive material.

Disregarding certain sporadic observations ,the risF of I

vegetable physiology can be summed up by refernce to the works of L
- HALES , INGEN-HOUSZ ,KNIGHT and,8ACHS=-. |
Hales (1677-1761),was a piomeer in using instruments for

| FF
Y1 measurements of physiological activities. |
. (I].Keasuring root pressure of B 50 feet vine with mercury gauges; ;'

invented methods estimating transpiration @8t plants. i |
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Sachs says " One of his (Hale's ) most important " |

i discoveries has been generslly overlooked s8ven in modern times , i
|

‘because it was neglected by his successors in the I8 th century , {

“he was the first to prove that air cooperates in building up the "

“body Bf the plant e=-cc-co- W I

Ingen-Housz ,discovéred that the carbon of plants is

} derived ex carbonic acid of atmosphere -=also that all vegetables- i
’ give carbon dicxide etc - His work was considered as a standard

. and the results were passed on to later generations .

! Sachs (1832-1897).Ee was the first to insist on the 5

. Contipuity of protoplasm throughout the plant orgenism -he advanced

the physiclogy of rputrition -studied growth ahd development » the
relations of plants to stimuli,such as light.
Schleidin (ISOdmIgsI) saw the imperative need of giving
.to botany another direction := His book "Betany aa and Inductive
. Science "- led investigators into the path .In 1837 he published
i his investigation on the origih of cells ,end playéd a part in the

formulation of celldheory. The study of botany in the light of

. specles seemed to greatly annoy Schleiden ,and he remerks "Mosb
| - (L] |
. people ,even the most enlightened are still in the habit of '

‘}egarding the botanist as a dealer in barbarous Latln names,as & man

“who gathers flowers ,nemes them ,dries them,,and wraps them in paper

¥
i
W 4 1" |

and all of whose widdom consists in determining ,end classifying |
L

“this hay which he has collected ,with such pains
Hofredster (1824-1877),owes his place in botanical

historv to his technical investigations =-demonstrated the alternation

e




of sexual with an assexual generaticn in plants =published a book

entitled "Comparative Researches " ,which revealed all plants asg

11}

genetically related ,which ultimately led to Darwéns" origin of xnnxiﬁy

w
gspecies "
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‘one another ;" Melpghi's diagrammatic representations of the "utrlclesi

In the foregoing general outline ,efforts have been made

tc show how the numerous imvestigations cerried on throughout the

past ages ,have served more and more to focus attention on the F
individual cell as an orgenic unit. ‘

That the cell may be treated as ah elementary organism

wag indicated in a general way by SCELEIDEN ,SCHWANN and VIRCHOW;

but like every other great generalisaticn, the theory was based,on a x
long series of earlier investigations ,begirning with the-microscOpiJ%@
researches of Robert Hocke who, in 1665, announced that the vegetel
tissue ,cork ,is made up of "little boxes or cells distinet from " o
which he considered as a massed matrix ,as well as with the researche
of LEEUWENHOEK and GREW. il

Wolf elso in hié "Theorie Generationis " (I759), |
clearly recognised the"spheres " end "vesicles " compos ing the
enbryonic perts of animels and plants ,but he did not grasp their
real nature or mode of origir ,and his conclusions were developed
by the botanist Mirbel (I775-1854)

In the yeer 1808 OKEN foreshadowed the cell-thecry

in the form that it assfimed with Schlelden and Schwann ,but hdd

conception of "Urschleir " and Blaschen ,can hardly be regarded as

(I). See geheral outline page
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ir the works of Turpin 1826 .Meyen 1830 and Raspail 1831, but,
bheee ,like others of the same period »0nly paved the way for the
real founders 6f the cell-theory ,namely Schleiden I8(4=IS881 and
Schwenn 1810-IE82. .

The work which brought Schleiden fame was an essay
in Mullers arxhives of 1838, and the question he propounds is :How |
does the cell arise ? He takes as his sterting point the English |
botanist ¢ Robert Browne's discovery of the cell-nucleus . From thiéﬂ
nucleus ,or as he calls it ,the cytoblast , Schleiden sought 66 to |
recons truct the courze of development of the cell,and selected for his
study the embrybnic cell of phanerogams, wherim he later discovered

the formetiom ,that is mow celled the muclsolus.This discovery led

him to form ar erramt docirine of cell -development ,whilch will be

further considered at a later stages

In 1839 Theodor Schwann published his work on cell

structure teking as his starting point A Schleidens cell formetion
theory ,which he accepted in its entirity ,and expands inte &

general theory)of life-phenomena .He had discovered in the notochard ‘
of tedpoles ,cells provided with npucled similer to the plant-cells,
end both there and in the embryonic cartilage he believed he.saw a !
process of cell-reproduction ,such as Schleiden had described . !
This induced him to look for cells ,in all the tissues of the

animal bod end by examini these ,in their embryonic stege &and
E eqeeesBeperal outline for Schileiden ehd Schwenns ' immediate

predec@SSors and contemporaries,




Lh“(IS. Discussed later.

afterwards,following their development ,he succeded in esteblishing
the fact ,of cell-structure in tissues’that in 2 state of full -
growth show little or no tracs of any such structure .He 8 tadss
that , "one common primciple of evolution is laicd down for the
‘Eost highly differentiated elementary parts of the organisms ,and ‘

‘this primciple of evolution is the celleformation ." This

conception of the cell as the common kExix unit of life'and as the
common basis,for the vital phenomena in both the animel and the ngniL
vegetable kingdom‘ wes immediately?and universally accepted, i
Further ,BRUCKE(1861)1nsisted,that cells must possess some kind of
structure or organisation more complex by far then any made ]
visible by thé microscepes of the time .The study of cells ,or
Cytology ,ercse when the internal organisation of the cell, wes

mede more accessible to investigation by improvements in
microscopical technique ,ané by the discovery of more favoureable
objecte for study.its beginning can be traced to & series of
reseerches on the fertilication ,and cleavage of the animals ovum,
which began in the early seventies ,more than 30 years after the
promulgaetion of the cell theory by Schleiden and Schwenn (I1838-39)
Cell-study ,therefore, mey be said 6 to have taken its origin from
embtryology 3;its close association with histology in the narrower

/.
sense ,first tcok plece ,when it was discovered that the apparatus

of cell division.




IN the tissue cells 1s in every respect identical with that observed
in the ovum ,and blastomsres)into which it splits up during the
eerliest stages of development .The work of these pioneers researches
centred in the discovery of indirect cell divisicn,K or KARYOKIKESIS ,
(Schleidér),ltater known 2s MITOSIS (Fleming), e process,involving
complexities which were ancuspected by earlier observers ;and down
to our own day tlese phenomena ,tpgether with the closely related
ones cdisplayed in the fertilisation of the ovum shave continuad to
hold & central position of importance 6 because of their fundemental
significance for the principles of genetic continuity in living
organism .

It may seem strange that the subject should so long
heve dominated by morphological stddles ,when we recall the
illuminating researches on living cells by Dujardin,Max Schultze,
Kuhhl,end other pioneers ,which led to the general recognition of
protoplasm,as the physical basis of life . The explanetion lies
partly in the fallure of the earlier microscopds, to make visible
in the 1iving cell ,an organisation which would adeqguately explain
the vitel activities ,and partly, in the general technigue of
fixetion .Improved methods were introduced during the I8 th .century
vhich have played an indespensable part in the advance of modern

study of the cell .From now onwards cell resesrch entered upon &

phese of new and broader esctivity in the course of which cell

|
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morphology ,and cell physiology ,tended more and more to amalgate .
This led to the overthrow of certain of the cerlier conceptions

of protoplasmic structure ,such as the reticular theory ,which Had

been based on the study of fixed meterial .It also aroused a

selutary sceptisism ,concerning the so-called "microchemical "

methods in so far as the steining reactions of the cell components
were employed as & guide toc their nature and origin;such methods
were indespensable for certain purposes ,but unless used with
caution ,they'may be a source of numerous serrors ,as the history of
the subject abundantly demonstrates . Out of all this chzos , grew al
more rationel treatment of the whole subject ,and a gradual
affilietion of cytological methods with those of the physiologist ,

the physicistl ,and the biochemist . How this union came ,though

an lnteresting and profitable study ,can hardly be considered within |
the scope of this work. Iﬁ close connection with the fosrgoing
hes been the rapid development since I800 ,of observations zud
experiments ok living cells . These experiments have been purely 1
meéhanical,or physical ,such as the displacement of the cell
components . by the centrifuge ,or by mechanical pressure ,and the
actual dissection of the cells under the microscope . Studdes along
these lines have steadily tended to emphesise the conception of the

cell as a colloidal system,and have led to many interesting modern

attempts to imitete er model certain of the cell actlvities in

1

artificiel systems

(I).Burkes'origin of 1life and Pfluger expts already given
geheral outline .

in the




:both believed in & free cell ~formation out of moisture . In fact,the

;moisture is coneentrated ,first the nucleolus ,then the nucleus , o

| his concluding remarks are concerned as to whether the hollow form

|

|

term * cell " is a biological Tnisnomer ; for cells rarely assume

' &nd they erroneously mistook them to be the essentlal parts .They

as was long ago undertaken by Butscheli and Pfluger . [

!
The studies of effects of changed condition in physical, i‘

or chemical environment on living cells,are also of great importance,

and 1t is here ,that cell-study passes over into cell physiology .

The sterting point for the more modern work in this field was given byl

stucdles which culminated in the discovery by Bonnet of parthenogenes is,
end from them have branched out numerous lines of investigation . I
We cannot here attempt tp fodllow in detail the general history of
these various investigations -we have brisfly indicated how the

earlier study ,cell-merpheliegy hes brosdened out into s msny sidsed

science ,which Carnoy has called "cellular-biology. "

Now theat the cell theory has been firmly established,

it should be clearly recognised from the very beginning that the

Thal )
the form iméaed by the worqhis, of hollow chambers surrounded by

s0lid walls .« The term is merely an historical survival of a word :

used by the botanist of the seveenth century to describe the honeycomb &

appearance of plante=tissues when viewed in section .

Both Schleiden abhd Schwann describe the cell-walls

&s being solid and conspicuous ,in the cells which they examined ,

latter carries the ides a stage further .He states that "out of 4

- ) i

and finally the cell ,and hék compares the process witlh crysta;lisation

st =L




of the cell wight be accounted for by the " Imbibitious ".

(fahigkeit ),of its component parts -iewhat we would call today, i
its colloidal qualities.. According to him s therefore,the cell=- :

~-formation would be a kind of crystallisation in non-crystalline |

elemente .For the essentlal part of the cell in Schwann's view ,
ils its hollowness ;in its essence 6 a space surrounded by walls ;
its contents 1s a woisture and 1ts nucleus is a transitory formation,|

which disappears in later stages of development . These views

however ,were corrected es itime passed on.

The Schleiden- Schwann theory was followed up by |

other investigators and the most important contributdépas during i

the next few years were those of HUGO von MOEL .In his brief

essays he analyses the different components of the cell. To him

also it was still " a vesicle formed of & fixed membmane containing

W

{ @ moisture " The character of the membrane is the essentisl

thing ,and the shape ,consistency and interrelation of the cellular !5
walls are discribed minutely . He also give s an account of the T
I

cell-contents . This he calls ,protoplasml,(1846), a term which

|

|

|

} had already been used by PURKINJE (I840) to designate the formative
material of animal embryos. :

|

This "viscid moisture " which Schleiden Schwann

| ' gﬂ
___had evidently looked upon as waste-product, Mohl describes carefully

i (I). Frparos, first T Nocgud s ome thing formed .The name has probably
itipon the assumption that &ll the component parts of tle

b b
ceggg%rﬁgﬁgate from it ,which is errant,
The View was beced upon the fact that in many plant -tissues

. i2).
;1£ %ay wholly disappear leaving only lifeless walls, |
|




and considers it to be the fundemental constituent ;its"currents",
which were discovered by Corti and rediscovered by Treviranus,

are depicted in detall by him . Similarly ,the sx#inx evolution of
the cell-content is followed through its different stages of growth
and the secondary formations that accompany it -vacuoles ,chlorophyll-
end starch-granules are described .By describing the cell-éoutents
and naming it protoplasm , Mohl established the fact, 6 that this

subs tance is an element in itself ,and not merely "slime " of some
indeterminate kind which Schleiden and Schwann suppossed . Also

Mohl describes the nucleus in greater detail than his predecessors,
and he referred to it as & derivative of the protoplasm ,coming

into being through an accumulation 0f a granulate substance in

young cells and disappearing in the older ones ,but the precipitation

e

-theory of his predscessors was accepted with reserve.

At Bils time there wers numerous investigators
carrying out observations on ghe cell=-contents ,and probably,
priority should be gﬁven to the PFrench Zoologist ,Pujardin,
(I1801-60)s It was he who firat distinetly called attention to
the importance of the "primery animal substance " of"8arcode "
which forms the bodies of the simplest animals . Without clearly
recognising this as the seat of life,or using the word protoplasm ,
he nevertheless described it as® endowed with the powers of
pponteneous movement and contractility . cbhm another scientist

of the seme pericd ,maintained not only that animal sarcocde and

vegetal protoplaswm were essentially the nature ,but also that this

Substance is the real seat of vitality and hence to be regarded

Y
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as the physical basis of life . Barry showed this identity

further in his work on the myxomycetes.But to Max Schultze,

(I860) is generally assigned the credit of having finally

placed this conclusion upon a firm babis sand by him the meaning

of the word protoplesm was extendedﬂ%%hat there was a union
establiBhed between the cell-théory sand tine proteplesm-doctrine .
Closely associated with these were KOELLIKER the embryologist ,

and histologist , Muller the physiologist .Negeli (I8I7-9I), the
Swiss Dotenist ,who investigated the chemical nature of the same .
%1rchodl (I821-19(2) the founder of wellular pathology ,a theory of
the cells, as the true cause of dissase -has compared the whole
organ " to a free state containing individuals, endowed with equai‘
}riveleges oif not with équai power ", He for the férst time ,
definitely established the cell's character ,as being en independent
life=unit .He draws out the distinction between the animal,and

the plent cell and states that the "cartilage cells of animals“

‘ars the closest related to plant cells ." The comparison between
animal and plant cells, previously expounded is , according to him,
inadmissible , " because the cellulose wembrane of the vegetable

[N

cell does not correspond with the membrane of the animal cell. d
VThe go=called cell-membrane of the vegetable cell is only met

—m
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‘with in a few animal tissue €.g.cartilage cells.The ordinary membrane

“of the animal cell corresponds to the primoidial utricle of the

©
vegetable cell " ,and at the same time he submits his aphorism ,

" Qunis csllule ".He denies any form of spontaneous

I generation whether within the organism or without ,in nature.

In the year 1781 Fontana described a rounded body-
the nucleus- lying within the protoplasm ,buﬁﬁ this was not ﬁ

considered as a normal element of the cell until 1833 ,when it

was discovered by the S8cottish botanist ROBERT BROWN. Tn his
book on " OBBERVATIONS of the organs and mode of Fecundation in

Orchicae and Asclepiadae " Brown states :="Ishall conclude my |

L} !

& 1 ]
dbservations on Orchidae,wigpz a notice of some points of their |

*general interezix structure which relate to the cellular tissue

“In each cell of a great part of this family especially of those

" with membranaceous leaves a single circular areola ,generally
“somewhat more opaque than the cell-membrane ,is observable . This i

" areola ,which is more or less distinctly granular,is slightly |

~

convex,end although it seem s to be on the surface is in realﬁty"
“covered by the outer lamina of the cell . There is no regularity :

Maa tc its place in the cell ; it is not dnfeequently , central

“or nearly S0 .... it is not confined to the Orchidae , but is

i
R

i (I).Riscovered by Virchow in 1847 .
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: Equally manifest in many others .... Th&_few indications of its

“presence sthat I have hitherto meft with in the publications of "
“potanists ,are chéefly’in some figures of epidermis ,in the recent

“works of Meyen and Purkinje ,and in one case in Brogniart's

“memoir on the structure of leaves . But so little importance seems

“to be attached to it ,that the appearance is not always referred to

-~

i the explanations of the figures in which it is represented. "

We see therefore,from Brown"s remerks that some 88
of the earlier observers looked upon the nucleus ,as they did upon
the cell-wall,as something of secondary dmpdrtance . But Strickerﬂ
in his work quotes Lionel Beale's explanation of the "significance "
“of the nucleus ",but at the same time does not seem to accept it.
Beale he says apblies the term germinal layer "both to it and to
ﬁprotoplasm " and pleces them in opposition to formed material
which constitutes the investing membrane . He ( Stricker ) howerver,
admits that this view contains "an indication that the nucleus
‘and protoplasm possess certain characters in common'. *That the
nucleus was something of secondary importence wg was further
impressed upon the scientific minds of the pericd by HAECKEL'S

(1834-1919) discovery of cells which he called cytodes .Haeckel

e

was interested in a group of life-forms called the Monera ,and to

(I).Ccmparative nistology p.33.
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this order, he refers single=celled organism%ﬁithout nucleus sthat j.s”j
)

those formed of only a homogeneous mess. He has deéscribed wany of

Qe
~ thesegenerally amoeboid organismsnmany of them with systematic

validity . But the greatly improved microscopy of modern times

has actually discovered in the majority of these ,a nucleﬁu
substance ,either in the form of a single nucleus of'dividad into
minute particles ,and modern scient;sﬁiwﬁigﬁ have lsarnt by greater

experience to count the nuclear substance among the essential

compongzgs in a cell capable of life ,have in general?presupposed

the existence of the nucleus ,even in cells in which ,owing to its
minimal dimensions or indistinct contents ,it has not been possible
to confirm its existence . Haeckel ,however ,stubbornly held to

his non-npuclear lMonera ,the existence of which he regarded ,as an
essebtial gualification of that spontaneous generation by which he
belisved 1ife to have arisen ,mnd which he looked upon as " a

iogical postulate for philesophical natural science , a theory
which later culminated in the formulation of his naturesl -

-philosophical speculation which gave him both fame and ill fame .

From these deductions Leydig defined the cell as

a " mass of protoplasm containing a nucleus . "

S¢hultze ,however, has probabiy laid the foundation of




“in a cell 2 " The old theory which ,as we have seen Virchow still I

‘nucleus and fluid contents " . Schultze refers to the embryonic cells

%

the modern idea of cell in his essay published in 11861 . At the ?

beginning of his essay he asks " what is the most essential thing =

embraced would answer " A vesicle surrounded by a membrane with a '

and points out that these consist of a mass of protoplasm with
nucleus ,but without any surrounding walls ; the membrane which had |

previously been supposed to surround these cells ,and which certain |

investigators had brought out by chemical means ,he proves to be an |

artificial product.

No general statement can be made respecting the form
of cells ,especially the amoeboid ,since the mutability of thédér
shape is their distinguishing characteristic . In places where |
numbers are accumlated together they become flattened . Thus, the
segmentation spherules ,whilst 44111 in their natural position ,are
polyhedral with flattened sides,which are mutually opposed to the
similar surfaces of others. Similar appearances are presented in

most instances where soft and yielding cells completely fill a given

space ; but one axis may be longer than the other ,as is the case in |

the inferior layers of laminated epithelia ,where they genera lly

form prisms ,or are arranged in the form of palisades . The cells

which are superjacent to them, on the other hand ,are polyhedral,
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without any ©n€ axis being longer than the other . Cells which line
the interior of cavities as a single layer ,appear either in the form |
of plates of different shape - the endothelial cells of His = or
of cells in which the long &xis is predominant - cylindrical

epithelial cells .

Remak and Duncan investigating the cells lining the
renal capsules of some amphibia describes a form of cell which to
them apeeared"as guite peculiar " - the ciliated cell- . They stasée
that Bhis form varies t0o a considerable extent ,but the cilia are
always limited to ome portion of the surface ,and constantly
project with their free extremities into the interior of the cavity ,

of the organ they lins.

The cilia they state as being of various length ,and
may on the one hand considerably exceed the long diameter of the

cell,as occurred in the organ they exammined .

From time to time the form of the cell has been
looked upon as apporximately ,spherical ,but this is seldom realised,
except im isolated celds,such as the unicellular plants and animals
or the egg-cell of the higher forms . In the majordty of cases the
typical gpherical form is modified by unequal growth and differenti-

ation ,by active movement of the cell-substance ,or by the pressure




of Surrounding structures ,and the true angular forms are rarely - )

assumed, except by cells surrounded by hard walls ,

The physiological peculiarities of cells have been .
studied throughout the ages and the early observers wepre practieally 
unanimous in their descriptions . They described the contractile
subs tance ,or protoplasm as being homogenous ,or destitute of
structuracz It rarely occurred ,nowever ,in a pure state ,for

# L]
small particles were usually emhedded in it ,which have either

been taken up from without ,or have formed in the interior ,as a
consequence of chemical processes . If the protoplasm contains _
maay coloured corpuscles they called the cell a pigﬁent ¢ell. 3 1f 1t }
contained fat ,a fat or granglefcell sa8nd they indicated the presencel
of smdll colourless ,dull or shining grenules ,by the term“granularﬂ
applied to the whole cell ,ahd of such cells they distingushed two kiﬁg

kinds ,those that are coarsely and those that are finely granular .

|
The researches of Haeckel have shown us that foreign

matters can penetrate into the interlor of the propoplasm , Whilst
injexting Thetis fiwbria with indigo ,he discovered that fine II3
particles of coloring matter could penetrate into the interior of i
blood corpuscles. Suspending the cell in a mdedium ( e,g. blood

Eﬁﬁmﬁ_l_hﬂ—lniroduced a finely granular colouring matter into the
(I) Virchow and Stricker .
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latter ,and soon found that the particles adhered to the cell-

-surface and gradually pzssed into the interior .

Further investigations were then made to determine
whether a body which lies within the cell is the result of some L
chemical process in the interior of the protoplasm or whether it
has been introduced from without. There were many investigators in
this field . RECKLINGHAUSEN . SCHULTZE % and CCHNHEIM . and the
guestion as to whence the colouriﬁg matter proceeds was answered by
the experiment itself . But it was more difficult to decide from
whence those bodies found imbedded in the cells ,without the agency

of an experimenter,mrocesd .

- @« A SRS

Before considering the origin of ‘thhese bodies ,we

should first turn our attention to the protoplasm 1in.greater detail .
We have already leernt that it forms the active basis of the cell ;

sometimes apparently homogeneous ,more frequently granular ,giving

the appearance of a mesh-work ,and also that it contains verious , i
"lifeless " bodies suspended in meshes . Virchow had clearly shown ,l
that it wag difficult to distinguish between the active and the paE=xi
passive contents of the cell . He states"that the chief point is to

obtain a recognition of the fact thap the cell is really the ultimate
m@bhological element in which there is any manifestation of life and

and that we must not transfer the seat of real action to angppint

ﬂ»w the  wll.
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luch discussion has besn given to this ques tion ol
&g 10 which of the visible elements should be regarded as " living "
subs tance proper j,and the diversity of opinion may be judged ,by |
the fact that altho' many earlier observiers identified the “reticular¢
as the living element ,and the ground substance as lifsless ,others ||

9

guch as Leydig ,and Schafer ,held exgctly opposite views ,while |

felltmann insisted ,that only the"gramuls® were alive . |
Protoplusm, deprived of its nuclear element has lost

one of the most characteristic vital propsrties ,namely :- the

power of synthetic metabolism ,yet it is refsrred to ag"living"

because it still retazins for.a longer or shorter period ,such

properties ag irritabllity ,and the power of coordinate movement .

Some adopted the views of Sechs,Koiliker , and Verworn, life

cen only be properly regarded as a property of the cell-system ,&s

a whole ,and the separate elements of the system would ,as Sachs }

points out ,better be designated as " active ", or passive ,rather

than"living er “1ifeless ". Thus regarded ,Virchow's difficulty

in déciding which were active ,and which were pagdive elements ,

together with the "protoplasmic ,and " wetoplasmic " ideas

which followed later -though a reel problem -becomes one of degrea=

Sachs shaerply distinguishes between the "energid " (rmcleus andxpxs

|
protoplasm ) which forms the living unit ,and the passive energid —
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" products " ,pgecing in the Tormer the nuclgagffzgheral.cytoplasm ;
centrosome and plastids ,and in the latter ,ths starch grains,
plosevera. =crystals aqd membrane . Meyer howewver,carries the

analysis further ;he classifies the active energid -~elements into
protoplesmatic ,and alloplasmetic organs ,the former (nucleus
cytoplesm chromatophores ,arising only by division ,and the latter
(cilia,muscle ,and nerve -fibrillse ) formed by differentiation from !
the protoplasmic elements .The passive energid -products i.e. the |
ergastic structures or "formed material " of Beale - are formed ,

according to him ,as "enclosures " (starch -grains etc ) or

excretions o

#ass €6in and Kupffer , however have distinguished

between these ; the passive contents have been designated by the

former as metsplasm,and latter calls it paraplasm;in contradis tirtion
to the active propoplasm. But later resgarchers state that it is

often difficult to distinguish between the "protoplesmic " and ¥
"metaplasmic " elements ,because ag it will be shown later ,there is

reason to believe that these bodies cannot be definitely separzated

but are connected by various gradations .

These investigations led to confused 1ldeas as

regards the use of the word protoplasm .When Leydig ,Schlutze, ,‘
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Brucke ,B&Fry and otherx earlier writers spoke of "protoplasm"

they had in mind only the substance of the cell-body .STRASBURGER,

however ,.1n 1882 , extended the term so as to denote the entire

cell-substance ,including the nuclear material ,suggesting that the

latter be called "nucleoplasm " and that of the cell-body “cytoplasmi
These terms have been adopted by many,but amot all later writers the

word ,"nucleoplasm " having at the suggestion of PFlemming , been

changed intc Keroyoplasm . Butcheli , Hertwig ; and Kolliker,

use the word protoplasm in itse original narrower sense equivalent

ytherfore Lo Strasburger's cytoplasm = while the majordty of later

writers have accepted the terminclogy of Strasburger and Fleming,

. cytoplasm,and karyoplasm . 3

The differentiation of the active cell-gubstance

. into a nucleus andtcell body was considered as a fundemental
character of the cell K because of its almost universal occurrence ,

& and becausé there was reason to believe that it was in some manner =HE

an expression of the dual ASpecgﬁf the fundemental process of EEX

vhs
metabolism that kies ap.basis of cell 1life .

‘ In the field of Zoology , Butcheli , Hertwig , . ..

Flemuing ,during the same decade ,made decisive contributions to

3 ‘!'
| —ﬁj knowledge of the nuclear division .
G (I). Discussed elsewhere.

q
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As a result of this research work the elements compﬂsfh
the nucéeus were also investigalel : the filament substance and
nucleolus,nuclear juice, and nuclear membrane were the constituents

firet distinguished .

FLEMMING »BOVERI ,and Van BEVEDEN , carrying
out further investigations of the achromatin filaments during
division discovered the minute centrelbody -the centrosome ,
which was also considered as a third eseential element of the cell.

) L8
( See Pig Sand %),

The protpoplasm of the cell and its many and variouaé
derivities, have offered fresh/problems for every generation . |
the actual basic substance has been investigated by a vast number of
scientists and hes called forth meny attempts at an interpretation
of its essence . Soms of these attempts have never been considered
as worthy of :notice ,and consequently have been lost in the sea
of sciencerlike the receding wave is lost in the ocean . But ,
however , there are three different theories based on observations
which have been handed down to us and they are named after their

oefl

founders := Bucheli's fraéh or alveolar theory ,Flemming®s

filement theorj}and Alltmen's granule th®ery . The chief difficulty

that revealed itself in these explanations and that brought out
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their wutual contradictions, is actually caused by the incons tantey
which the living protoplasm always displays,and which is a necessary
consequence of its rolg? s a bearer of all metabolism in the cells

and the organisms composed of them .

Butcheli's froth theory is a purely physical
attempt to explain the structure of propoplasm , He certainly
poin;s outk the chemical reactionary phenomena of the cell ,but
pays very little attention to them . He regards the protoplasm as
having & foam=like alveolar structure -( Wabens truktur )(See Fig 5 )
Taking as his basis the strongly vacudliaed Subs tance of the lowest
Protozoa,especially the amoeba ,with the currente-phenowmena visible
therein ,nhe convelves the livi;g protoplasm as & fluid mass_ identical
in its structure with the emulsion that is obtained when o0il and
soda=solution are shaken togethsr . (See Fig 6 . ) This purely
mechamidcal emulsion-theory ,he afterwards elaborated , after
making a series of experiments of an ingenious character . By
mixing variously composed liguids he succeeded in imitating in a
surprisingly natural manner a great many Of the most complicated
movements and stfucturea!of the living protoplasm . But as a
reproduction of the phenomena of lifé’these experiments possess

the fundemental error of entirely disregarding the chemlcal reaction
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that @s incessantly going on in living substance ;the mobile oile
emulsion remeins chemically what it was ,whereas as a creeping
aoele.  {g continually changing its chemical composition ,do

that bhe movement, 6 and the chémical reacticn are indissolubly
dependent upon each other . Associated with this we find a belief,
which 1s wholly unsatisfactory from the very beginning ,that the
fundemental substance of life is fluid -2 theory that has been

congidsrably revided by modern colloid chemistry ,of which we

shall have more tc sag presently .

Flemming's plasme theory- (retdcular theory of Klein,
Van Bena@en ,and Heitzmann ) takes into account more chemical
conditions . According to this theory ,the protoplasm consists of a
network of fihres embedded in a homogeneous substance . These
structures he found in the cellular mass in various tissue-elements
(See Fig.¥? ) in egg~cells and in cartilaginous and glandular cells
in higher animals .He believes the phenemena of metabolism in the
cell to be accompanied by changes in the filament mass ,and in the
bagsic substance .The threads may sometimes be dissolved into

canals and vacuoles ,and thereby convey the assimilation products

not only to different pleces within the cell ,but also between variousﬁ

cells,for these latter in most cases demonstratly connected with one

|

|
|
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another by bridges of filements ,s0 that the cells become the
gtructural elements of the body as well as elements incorparated in
gpd the same vital unit,and their independence need not be overe

stressed as hitherto had been the case .

In oppssition to these theories ,which belong to ¢4
elghties ,there appeared somewhat later "_phe granule thsory of
Alltmenn of Leipzig (I852-I90I). He devoted his attention chiefly
to the fundemental substance in which the abdve described network of
plesm lies embedded ,end with the aid of suitable colouring-matter
he found in it a mass of grainlike formations -granulae of different
kinds in different cells . In these he seeg the true substance of
the cell ,and he finds that the t:lhread-like struc tures which can be
produced by Flemming's method are composed of similar granular
formations . Many of his observaticns have been confinméd ; in the
gtandular cells especially ,the forthcoming secretion first appears
in the form of homogeneous granules ,which gradulaly increese in aize
and assume the form of drops . Altmann calls these I-’é";fanules bioblasts
-(@"55 -lifﬂ.gi\dcﬁ'osa germ ) and congiders them ﬁo be the true elementary
orgenisms of which cells and tissues are composed ,just as bacterial
colonies are composed of varicus bacteria. Later writers staée that

Altmann is on firmer ground when he states that the living substance




rust be solid and not liguid -an assertion,he bases upon his granule

theory in opposition to Butcheli'S above mentioned experiments
and speculations . These granular structures have been studied
recent investigatérss,who have given them innumerable names ,

"chondriosomes “Eﬁ%ochondria " etc. They are brought to light
the special colouring-methods ,but in favourable circumstances
may 8lso be visible in the living subject ,which justifies the

assumption that theyare not purely artificiesl produsts .

The present drift of opinion is toward the conclusion

?

by

that none of the above interpretations have succeeded in giving a

universal formule for protoplasmic stiructure ,end wany recent

-

observers have arrived at the conclusicn ,earlier advocated by

Kolliker ('89 ) ,that the various type described above are connected

by intermediate gradations ,smnd may be transformed one into another ,

in different phases of cell-activity . Unne ('95 ) ,for example

endeavours to show how an alveolar structure may pass into a

sponge=1ike or reticuler structure by the breaking down of the

inter-alveolar walls. Flemming now &also admits that protoplasm may

be fibrillar ,alveolar,granular ,or homogeneous ,and that we,therefore’_

cannot regard anyone of these types 88 structure as absoclutely dizg

diegnostic of the living substances  In plantecells ,Strasburger

meinteins that the"Kinoplasm" (KIVEIV - to move ) from which the

|
I
i
|
‘ |
I
i
1
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spindle-fibres and astral rays sre formed is fibrillar ,while the
trophoplesm (T@0¢7 = nourishment )forming the mein body of the
cell is alveolar ,the former ,assuming the fibrillar state structure
as a rule ,only during the miototic activity of the cell . M.
Heidenhain points out the possibility of all the three structural
forms existing in the one and same cell ,but this would also show
that none of these structural theories are capable of forming the
basis of a uniform concepticn of the comﬁositien of living matter.
Heidenhain  however goes further and states, that lhe common
structure of the ldvingx plesm wmust be sought beyomd thet which is
microscopically visibke -that it consists in a system of minute
particles which possess ihe essential qualities of 1life ,principally
those of mﬁltiplivcation by %i@gieﬁ ,and those that build up the
structures of which the cell is composed . These particles he
calls "plasomes " (TAoue v.ewa = body) ,a term alsp adopted

by Weisner about the same time (I890 ) . It will be realised ,
that in this term we have & name for Haeckels' Plastidules, and
Darwin's gemmules - unknown quantities that can be used neither
for the purpose of observation nor for theoretical calculation,

and are therefore automatically eliminated from the problem of
life,but the facts regarding the cell =-composition contkibuted

by modern chemical research is no doubt of greater value.
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Colloid chemistry ,with its own methods of
investigations has made it possible for us to study far more closely
than before, the s tructural details of the living substance. These
accurateobssrvations)and experiments have given a more natural
explanation of the granular ,and vacuolised structure of the plasm
than Butcheli's froth theory . In many instances, it has been
possible to compare the mutual interpenetration of the various
structures>witn physical and chemical petabolistic phenomena.
occurring in inaminate colloid substance and the old dispute ,

and to the solid or fluid nature ¢f plasm  has lost its force.

Re#iewing briefly the plasma theories we find,
that Butcheli had always maintained that pxmgp protoplasm obeys
the fundemental laws of a fluid mass . He also attributed the lack
of visible structure in hyeline protoplasm to the extreme
attenuation of its alveolar walls' .

From a purely observational peint of view it can
hardly be stated that Butcheli's theory stands on firmer basis than
Altmanngtheorj (for granules in hyaline protoplasm may be as
invisible as colourless beads ib oil ), nevertheless it has been

a_ﬂmﬁg_gnn&rally accepted because of its close analogy to our

1894 Ed. p 264. . -
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present conceptions regarding the structure of colloids . The
great service which Butchell has rendered to science, lies in the
fact?that he firmly established that protoplasm is essentially a
fluid .

Y

< i many forms of protopdasm ,both in liife and after
fixation ,the investigators of the period (Fromann and others )
hed differentiated its structure to a more of less regular
framework or meshwork ,consisting of the meshwork proper and the
ground substance ,which occupies the intervening spaces. This ;
grounde=subs tance is oféen referred to &s cell=-sap, enchylema ;
Hanstein and Carnoy (1880-) hyoloplasm (Leydig (I882) or
interfillar substance .To these may be added the minute

2

i, 5 ,o;.granules which are scattered sometimes quite

regular other times irregular ,along the branches of the mesh-worf

and also the metaplasmic (passive ) subdtances already discussed.

g

It had also been . recognised, that in the unigellular forms

the gloplasmic substance is often difgeemtiated into an inner
medullary substahce , or endoplasm wherein lies the nucleus ,and an

outer cortical substance or ectoplaam}from which the more

\I).Enchylema (&v =inxoros=juice jhyelaplasm @o=ressglass ) para-
= titone (ui7ama fromuis - threads
() {uikeos =small cuumd =body .

r |
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differentiated products of cytoplasm ,such as cilia,and membrane , (it
}ike their origin . Indications of these differentiation was first
described by Kupffer (I875) whilst carrying out investigations, on

tissue=cells of animals .

This cortical layer, Kupffer calls "paraplasm "and it
the medullary zone is termed “protoplaaﬁ-",sansu strictu " . Stremx |
Strasburger refers to the latter as Kornerplasma and Nageli call s H
it polioblasma » To him it appears tc be a general rule that the ]
nucéeus is surrounded by protoplasm of relativsly slight
diéferentiation ,wlile the more highly differentiated products of 1
cell-=activity are laid down in the more peripheral region of the
cell ,either in the cortical zone or a$ one end of the cell f; a
fact,mhich?accorddng to Kupffer, is of 1mportancep,not because it
is an expression of the adoption of the cell to its external |

environments ,but also Dcseuse of ils bearing on problems of

nutrition .

The most discussed question during this period 6 was '

whether the sponge-like ,fibrillar or alveelar appearance was a

normal condition existing during life . They had dlscovered that there|
_ I

Were many cases ,especially in plant cells,in which the most careful H
i".

Cf. polarity of cell page . W
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€xamination had failed to reveal the presence of a reticulum,

the protoplasm appearing only as a finely granular substance .

This and the additional facts that the cytoplasm may
gshow active streaming and flowing movements led some authors ,
especially the botanists ,to regard the reticulum as non-sssgntiak
and as being when present either a secondéry differentiation
spsclally developed to perform some particular functionJof a wmere

congulation ~product dus to the action of fixatives.

plemming in 1882 called attention to the danger of

wistaking such ecesgulation =-produtts for ?7éma1 struc tures as seen
in fixed and stained material ,and his warning ,was further
emphasised by the later experiments of Earthold (1886 ) Schwarz
(I1887) and Butcheli (I892) and Fisher ('94-99} . Butceli's
extensive studies of coagulation ~phenomena show that coagglated
albumin ,gelatin etc.show a fine alveolar structure .Similarly

the experiments of Hardy and Fisher ('99) give strong evidence
th;; not only the fibrillar and alveolar formativms ,but 2lso the

microsomes observed in cell-structures ,are in part normal

structures . Thes investigations state that the alveolar structure xa

E
w8y be ceen in Protozoa,living cells of cartilage and gpithelium
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connective-tissue and other animal cells ( See Fig 7 .).
Engélman described the:same structure in ciliated cells in cuscle-
fibres and neeve=fibres (See Flg.9.)ernd especielly in the mitotic
figure of dividing celld ,Fig 10 and II.). Mathews and other later
researchers have the genesis of &lveolar structure in the living
cells of emhinoderm eggs amd they state that her the protoplasm a
appears at first almost like glass ,showing at the most a sparse
and fine granulation sjbut after fixing and’staining it a mass of fine
closely crowded grabules appears . This wmay indicate the existence
of an extremely fine alveolar strueture during life ,but after
ihvestigations however,consider the granulols as 6oagulation.—
=products because they closely resemble the coagulation granules

found in structureless proteids.

Graf and Bolsius describe a form of cytoereticulum
vhich they became acquainted with in the nephridial cells of
leeches (See Fig 12 ). The mess-worh here is distinct and regular
end scattered microsomes are found along its threads . In cartilage
ce}ls and connective tistue-cells where the threads can be seen in
life ,the netework is described ss being loose and open and to =gg
éppear as consisting of more or less ,seperate thrgads {Riz® (Fig 7)
This is also clearly shown in ciliated epithelium ,the fibrillar

correspornding in number with the cilia as if continuous with their
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bases ( Fig 9).

4lso in the nerve fibres already mentioned ,the
threads form closely set parrelel fibréllae which may be traced
into the body &f the nerve cells ,whers accofding to most authors r
they break up into a net-workin which are suspended numerous deeply |
staining masses "khe chromophilic granules"of Nissl(seeFig 13) i
Also the remarkable researches of Apathy (iBQT}on the n¥eve cells
0 leeches have revealed within the cell the existence of complex !
and definite network bearing definite relaticns to incoming ahd }

outgoing fibrillae.

Ballowitz investiga}ing contractile element in a =mmm
smooth muscle ,and in tails of spermatoza states that the threads ﬁ
ere most conspicuous and that they have a parrell course.
Retzius\carnqy,and Van Gehuchter ,statethat the meshes in striped

muscle-fibreéﬁ have a rectangular form ,sand that the principle

fibrillae ,hawérg a longitudinal course i

This peculiarity of the Cytoplasm has also bsen shaﬁ}

in the dividing cells (figI0 andll),where according to Engelman ,
the fibrillae group themselves in twd radieting systems or "asters"

I
|
= !!|
which are considered in some manner the immediate agents of cell- I

|

=Givision .Similar radistine systems of fibres occur in amoeboid
\I).Cf Sir E Sharpey-schafer Essentials of Eilstology.
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cells such as leucocytes (Figl4) and pigment cells,

14 will be seen that Butcheli's views differ
congiderably from the foregoing ,the fibrillae Eeing regarded as the
optical sectiohs of thin plates which forwm the walls of closed
chawbers filled by & more liquid substance «Butcheli,followed by
others such &s Reinke;Eismohal and Erlonger,,intf@ﬁgQS the astral

systems, of dividing celds ,which are regarded as a radial configuratfﬁ‘

of the plates,around a central point (Fi1g6B),in the same sense .But
Mathews and Wilson believe, that ther& is strdéng evidence against
this view ,in the appearance of the spindle and asters in ¢PD8s =
sections .lnvestigating the egg of Nereis they state that in the
sarly stages the astral rays are coa;se anas tomog ing fibres (Figlbh)
which stain deeply and are therefore favourable for observaticn .
A8 proﬁf, that these are fibres ,they state that the rays are cut
at various angles by sagittal sections ; the cut ends of the fibres
appearing not as plates ,but as dots from whick the ray ,in oblique
sections may be traced inwards . Druner also states the epindle
consists of rounded dets like the "ehd of a bundle of wires "

when viewed in cross-cection (Fig 16) .

& review of this pericd ,teking the structure of
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cytoplesm in echinoderm~eggs as our point of defartupe ,we find

that the alveolar structure in these €888 1s entirely of secondary
origin ,end that zll the visible structural elements arise during

the growtih of the eggs ,by the deposit and Subsequent ehlargement

of minute spkerisal bodies ,all haeving the appearance of liguid

drops 1n 2 homogenuus Ore finely granular basis which itself is =
liguid . Some of these minute bodies enlarge to form alveolar spheres!
while the homogeneous basis or continuous substance remaing as the
inter-elveolar material .Others remain much smaller so as to
constitute the "microsomes " scattered along the threads .It has

also been pointed out that these microsomes ,like the alveolar
spheres ,are perfectly visible during life ,as well as in section ;
theya are therefore not coagulaticn-products . From these three '

clements arise all the other structures observed in these eggs , f

/ .
deutoplasm spheres and plzment bodies being formed by chemical ﬁ

alteration of the spheres ,while the astral rays and spindle-fibres m
it
are differentiated out of the inter-alveolar meterial and microsomesh

|
According to their theories ,these various elements show a }

continuous gradation in size from the smallest to the largest ,the .
former being the source of all the larger elements ,and emerging Jh

into view from the "homogeneous " basis . But the real question (U
whéthere the granules = ultra-microscopical hodies =exiat ¢ |h
1

Permanent orgenised bodies still remain to be settled. The gquestion
(I). devrfeeos) = second .
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yas then approached by an indirect method that is ,through the gtudy

of the phenomena of nuclear division ,which will be further

discudsed later.

By applicaticn of newer methods we have since imnme_ilj
learned that the alveolar structure observed by Butcheli 1is due in mm'i!
nost cases to microscopic inclusions which can be eliminated
witnoﬁt affecting the viability of the protoplasmic matrix. So far [
no structure has been revealed within this matrix and its colloidal |
nature is indicated more by its behaviour than by its genseral
appeararce. On the other hand, protoplasm is a cellular dnit
which cannot exist without its nucleus!and its cortex and, therefore; '

mst be regarded as a mechanism consisting of wvisibly differentiated

and essentially inter-releated parts. I

Frow this time onwards numerous investigators It

such as Nemec,Heilbronn Weber Lyon and many others have devised
new methods for ascertaining the physical nature of protoplasm and ||

its constituents . I

|
Considerable work gas been done in detecting the ‘

effects of external agents on the streaming movements which normally
occur in the protoplasmi of certain cells but it is believed that I
I). As already dtated it may continue to exhibit irritability and .; |
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the continuance or cessation of movement does not necessarily imply
viscosity changes . A surer method for detecting viscosity changéé
is that of Nemae (I90I- I5 ) and Webers (I9I6)whg used ag thedr
teet the effect of gravity on the dislocation of starch granules ,in
plant cells . Lyon (I907) and Morgen (I9IC) and others have used
the centrifuge method . Other valuable adjuncts for stufiying the
physical nature are Heilbronn's electiomaguet method (1922) , the
detection of Brownlan movement by means of & dark filled illumin- {
-ation . It was in this manner that Bobert Brown himaelé-discovered ‘-
the movement . Experience had taught the majority of investigators

that protoplasm is usually too viscid ,t¢c exhibit a movementrfx of

the ordinarily visdble granules ,but some have recorded that it may .
occur o In I9I2 “Ktxm Kite and Chambers introduced micro=dissaction 
and their methodé were improved upon by Peterfi in I923 « Many of
these delicate experiments conducted at various research centres - i

have given fruitful results .

In order to understand and appreciate the investigatio]|

of these modern scientists we must first realise that protoplasm i
exig'ts only within the confines of a cell . In plants the cell is |
usually separated from its neighbour by rigid walls of cellulose .

On the other hand animal cells are not a8 a rule confined within riéﬁp
%alls so that in most cases they abes pac.ed together more closely |
“(I).EIIT LilTy Research DIv.,Woods Hole;-"elr . itohell Station

Salisbury Cove.
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than is possible in plant cells .But ,however,it is not correct [
to consider the typical animal cell as being actually "naked "

If it does not possess an extraneous membrane of some kind ,1t

is usually surrounded by a& cement-like substance which serves to
hold contigucus cells together ;and it was a question of importence
whether prétoplasmic bridges between contiguous cells -2 feature

already well known in plants ,are also common in animals .

In plants cell-division usually cccurs by the
deposition of separate granules which subsequently coalesce to
forma a wall beteeen the two daughter-cells., 'Frequently this
union of the wall substance is incomplete thus leaving small pores ,
through which the daughtarucells_re@ain connected by protoplasmic ﬂ

bridges . j

The animal cell on the other hand ,divides by an
equatorial constriction which céearly cuts the cell into two .
Sometimes the division is incomplete so that the two daughter-

ucéﬁlls remain connected by a bridge of protoplasm . But 1t is

considered ,by these investigators ,that this method ,offers no
opportﬁnity for the formation of the numerous bridges which have

been described as occurring in many tissuas.fﬁéi if they do ®xist,

they must be formed after the cell has divided o Farr 1918 and

Sharp 1921 point out that the furrowing process typisal for



Fig 16

A. Two cells. CowwzcTEd By _BRIDGE.
owe <f whick #5 .r'a,ruvecz.
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aniral cells ,1s frequently met with in plants ,in cases where a

completely separated BEXX spare cells are 10 be produced .

The passage ofcan injury from one cell to another

~ when a proliplasmic bridge exists has been shown by an experiment

on chick mesenchyme tissue culture cells . (FigIé) ¢« 8n, fig We

the two cells are still connected by a slender strand of cytoplasm .
One cell was injured by being torn with a needle ,whereby the nucleus
immedietely coagulated o After an elapse of seversl seconds the effect
of the injury became apparnet in the other daughter =cells by the
coagulation of its nucleus. :

In contrast to this is fig I7b. where two
interkinetie cells were so closely aésociated that the boundary
between them could het be seen  One of these cells was injured
and both cells reacted immediately by partially withdrawing from
each other ,but only the nucleus of the injured cell coagulated ,
vhile ihe other remained normal and alive ., From this it is evident
that the effect of mechanical injury ,can travel fromm one cell to
another only when there is protoplasmic continuity between them.

Andrews in 1897 claimed that protoplasmic bridges
exist bétween the blastomeres of segmenting echinoderm eggs =
Chambers nowever, states that it is highly improbable ,because with

8 needls the blestomeres can be gently pushed apart or made to roll
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over one another within the investing egg membrane . The blastomeres
have acc9rding to the latésr ,perfectly smooth contours yend they
give no evidence of sonnecting strands . If the medium in which the
eggs are examined axe is allowed to evaporate ,imjury sets in ,and
elevations appear on the surface .These grow out in slender filaments
which soon produce the effect of bridges extending across the gap
between the shrunken and maribund cells. It also maintained ,that
these bridges are conteained in many other cells especlally in strati-
-fied epitheluin ,and they sre generel ly figured as fine strations
extending across & narrow gpace between contiguous cells . Further
investigations show that in the majordty of the cells groups ,in
the metazoan body ,there is no evidence Pfr the existence of actual
protoplasmic bridges between the cells and that the cytoplasm exists
as & morphological and physioclogdcal unit in each cell of Bk the
body .They believe that some of its functions may be more highly
specialised in cne group of cells than in another ,and that the
secretion of one group may effect another group of cells ; but as
regerds the vital phenomena ,each cell lives its own life ,a fact
already shown hy Nuller 1835 and Stricker 1870 " the independence

of cells "

“Today the cytoplasm is described as being a colour-
4
less ,translucent substance in which there may Or may not be

imbedded granules aadd vacuoles ,the matrix or hyaloplasm being



transparent .

The presence of living pBranules ,f#brils and vasuoles
in the hyaline matrix is such a universal feature that most of the
older scientist conceived the idea that these inclusions form an
integral part of the protoplasmic structure . But ,nowadays ,in
view of the fact that these structures may vary in fifferent cells,
not onlg in form ,but also in number ,and may be entirely abseht ,
or appear only at different stages in the cell 1life, they are
regarded rather as specialised differentiations. |

Lillie Mathews (;906) carrying out experiments 5

on the sea—urchiﬁ% eggs ,state that the cytoplasm of the egg is i
|
-out impairment. The granular amoebae frequently send forth pxxndnpnxT
I

pseudopodia which are entirely free from grandles . These 'J

normally crowded with visible granulés which can be separated with-

pseudopea can be cut off firom the parent body and still maintain theﬂJh
integrity . They are irritable ,sre capable of ingesting foof “
énd can move about in the typical ameeboid manner,and although |
lacking the visible granules of the parent ,they must be still x :

2.
regarded as masses of viable protoplasm.

Gaidukov IQIO'MOtt 1912 and PRice I9I4 ,and other darkm_]

ffeld investigators find that the cytoplasm is optically he terogeneou: .
(1).centrifuging method .

(2)s Chambers. |
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vheras the nucleus shows no structure ,but these were investigating
cytoplasm which still contaeined inclusions already visible with
ordinary illuminetion . Chambers in I923 using the dark-field
jllumination examing the hyaloplasm of the amoeba and of the sea-
-urchin states that it shows no structure when freed of its visible

grenilegs of centrifuging.

Of the various kinds of visible grahules to

be found in the cytoplasm the modern scietnistts seem to agree with
!
their older brothers ,that the milcrosome appears 1o be almost

universally present . According to the latest investigators ,it is
somewhat less than one micron in size sbut is plainly visible owing

to its high refrangibility ,and by means of the centrifuge they hLave -ﬁ

been able to throw it out of suspension from the fluid protoplasm of g

nature echinoderm egg cells . They have abserved tco,that in the L
+ eld : |"

dark-fé&&l method it pives rise to "diffraction " disks ,and it =% is

of great value for the detection of low viscosity ,as it readily k
exhibits Brownian movement when the cytéplasm in which it is

suspended shows a more fluldenature.

The oth&r types of cell inclusions vary
greatly in diffsrent cells and many of them vary in the same cell
2.
at diffemtt periods ., Apart from the microsomes ,the most prominent

- arg:the«macrosomes ,or alveelar spherss described by Wilson iggg. |/

(I). Already comsidered under general morphalogy.

(s  Chambers .
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They are irregularly shapsed apd are closely packed
togetiaes ; thelr index of rsfractiom is so close to that of that
of the hyoplasm in which the} lie that their presence ie somewhat
petrayed ,and so far very little dskhown regarding their function.
=|filson ('G9) ,however, advances the theory that they are probably
nutritive for they accumulate in the growing egg,and gradually
disappearin the cells of the developing embryd. Mathews in 1904
sgtated that they are very susceptible to injury ,and quickly swell
and run together when the egg cytolyses ,from which he deduces that
they are quite fluid in nature ,and in the presence of neutral red,
geny of them will stain rose-red colour. In addition to these are
timate globules ,pokdibly fatyy in nature distributed tﬁroughout
the cytoplasm and rodlike mitrochondi&i.which collect chiefly in

the cortex of the egg.

It has been the custom of medical historians to
if Altmann at Leipzig,bstween 1880 and 1890 but imvestigations
$how that they had been discovsrsd ,but imperfectly dezcribed ,by

Nemning tefore him. Possibky some of the bodies " Interstitial

Strasburger ere identical with the mitochondris of Flemming and

%H@EQQ_p Some of the later writers_have introduced the name
I«'ﬂ!TaJ_ = thread xovdieos.=grain .,

trace back our knowledge of mitochondria to the brilliant researchers

forner " by Koelliker , Neurosomen " by Held , and"Cytomicrosomes " by




"chondriosomes " (Benda I1904) which was brought into more general
use by Meves (I908) Cowdry(I9I8) on the other hand urges the )
desirability of replacing chrondricosome by the old term
pitochdndria ,end to use the former as a general term to include
the granules mitochondrie ,rods or filaments (chondricents ),

‘|which were no doubt cbserved by the esrlier observers ,and described
a8 under the name of "granules " ‘“microsomes " or "fibrillae" , |
ell of which have already been discussed ,sc that sccording to

Retzius , " we are dealing here with new names for old things . "

Practically all the latest authors are unaminous in
their definition of these bodies ,that is j;they are composed of
material which exhibits the following general properties := . |
It is of dather low refractive index sbut with care may be seen to !
occur in living unstained cells in the form of granules ,rods and i
filements ,which vary in éize and shape . i
(b)s It gives a characteristic colour reaction when very dilute
Janus green Be.is eapplied. At flrst it assumes a bluish green colour
then on reduction ,tdrns pink,theh bleaches .Janus green C.will not
stain mitochondris though the dyes differ only in the substitution

Calls I.
of an H2, and (CH3)Z group in place of the (E2%6)2.

. Very few animels or plants exhibit mitochondria of
1), Cowdry 1918.Evens Scott 1921,
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distinctive morphology; but if we compare the individual tissues
of higher erganisms we find considerable differences «In
s0me filamspts predominate in others granules of different sizes
but in similar tissues of different animals ,they are much the same o
Cowdry stetes that the cells of the liver pancreas ,lungs and othsr
organs mitcchondrie which afe alike in closely related animals

This constancy in shape where function of organs is similar has

led investigators to consider that the morphélogy of the bodies is

g fundemental property ingmained in the organisation of the céll ,=nd
that it is not always a passing trivial affair which varies from

moment to moment.

Mitchondrie are often filamentous in gland celds 2
and in most of the tissues of deveboping embryos of all vertebrates;
their length and diameter vary ;they mey be curved straight or
twisted depending on their surroundings ,end have rounded ends .
Cowdry and Lewis state that their uniformity in diameter mus£ mean
that interastions between the cytoplasm and the mitochondria can
only profitably teke place in a certain thickness of mitochondrial
substance .Thus ,the scientists of today have two attributes - length
énd breadth -independently varisble and probably influenced by

different factors .

A

They have discovered that under normal conditions
any increase in size occurs through the addition of material at

their extremities eis;e « the accretion is lengthwise - never lateral
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If foreign matter ,like starch ,pigment or fat is deposited within

the bodies expansion is always provided for by increase in girth ,

So far no explanaticn has been given for the difference in the

mode of addition ,nor have they yet been able to account for the

two methods employed for increasing their surface ; that is by

elongation into filements ,and by frequent segmentaticn pinto rods

and spherules of approximately the same diameter ,so that a cell may

be packed with the fillament ,or rodlike,or spherical mitochondria
Attempts heve been made to explain these phenomena .It

hes been suggested that in some cases the fileamentous mitochondria

may be the result from streaming movements in the cytoplasm .e.g. in

outgrowing nerve fibres a1c in gland cells .But they may be equally

filamentous in bone cells and cartilage cells in which the cytoplasm

ie relatively staticnary .

Rubaschkin in 1910 explained that the filamentous type
are characteristic of specialised cells ,and granular forms of
embryonic .Dubreuil's 1913 believed that the filamentous are
indicative of rest and the granular forms of rapid multiplication
by divisicn but his views have not been substantiated by recent
researchers ,because according to the description of lMoreau (I914)
they are granular in the spores of fungi in which cell activitles

are considered to be at a low ebb & conversely N.H.Bowdry ,has
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found thayg, they are filamentous in the rather inactive cells of the
dried seed pea.
Branching of the filamentous types is rare ,but when it
M

does occur ,it gives rise to a more or less extensive networks arrange

chlefly around the pucleus.

Their occurrence is practically universal .Guilliermond
(1913.19.21) observed mitchondria in cartainlalgae and diatoms ;
Faur;—Fremiet (1909) describes the same to be visible in certain
protozoan ; in fact they have been found to occur in representative
organisms ,ranging from man to the Protozoa ,and from the angiosperms
to the fungi and Myxomycetes, but according to the latest observers
their existence in bacteria is somewhat doubtful Also it may occur
that in the near future some observer may discover that they do
not occur in some lowly plants and animals ,or that if they do
occur ,the bodies said to represent them may differ do widely from
the typical mitochondris of vertebrates that the term cannot rdghtlyy
be applied to them .For according to Velu(1923) the "piroplasmas "
in the protozoa pass through a stage of development within the red
blood corpuscles of vertebrates in which the cytoplasm is very

/

much reduced ,and the "eanaplasme marginale "

is said to consist
2
wholly of nuclear material during this phase. Here the arises a

%roblam ,i.6. to ascertain whether with increase of cytoplasm ,
I). Les piroplasmes et les piroplasmoses.

(2)s Sir Arnold Theiler (ISIO).
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nitéochondriaiappear ,because if so it would be a clear case of
their "de novo " origin. All the latest authors apgree that the
pitochondria have been found in the tissues of higher animals ,
except in cells whose activities are greatly reduced owing to the

approach of senility.

Within the cells the mitochondria are usually
distributed without uefinite order ,throughout the cytoplasm ,but
Chempy has brought forward some interesting exceptions .He states
that in the epithelial cells of the intestine they tend to accumulate
et both poles of the cell . Also in the kidney they are often most
mumerous in the basal region next to the blood vessels B
N.H.Cowdry quotes a similar srrangement in all déther glands with
fixed polarity ,wherein the direction of secretion 1s proximo-distal,
that is from the blood stream to the lumen of thé duct. .Champy |
believes this accﬁmﬁlation around the poles tc indicate the

existence of a éouble polarisation in two directions ,for secretion ,
uand for ‘ebsorption .Bensley (I916) is of the opinion that the
original proximo =distal polarity of the thyroid cells has been
reversed and points to the heeping-up of mitochondriz next to the
1umenlinatead of near the peripheral blood vessels ,as one indication
of a change in the direction of secretion . It is therefore possible

-that the mitochondria like the Golgi-apparatus ,may serve to some



extent as indicators of secretary polarity.

According to perinuclear condensaticns of mitochondria
occur in both plants and animals .In the early meristem they are
usually found indifferently distributed in the cytoplasm . In older
cells ,however,they seem to approach and come into actual contact
with the nucleus,in which position they enlarge tc form plasts.

- «They then migrate from the nucleus ,and finally become
more Or less evenly distributed in the surrdunding cytoplasm .
Guilliermond has also described this migration ,and has found that
they undergo a parallel increase in resistance to the solvent action
of acetic acid « Regaud in I9I0 investigating the later stages
of spermatogenesis stétes that they leave the nucleus and become
more resistent to acetic . N;H. and M.R.Lewls experimenting in I9I5
with living cells of tissue cultures observed these mitochondria
journeying to the nucleus,and back again.Periﬁncléar condensations |
are of rather frequent occurrence in pathological conditions .

They are always prone to gather in the peripheral
cytoplasm especially in eggs (Strickt)and after a time they become
redistributed just as in the case of perinuclear cqndensaticns,-
This periphera} arrangement has been produced experimentally in
liver cells by Grynfeltt and Lafont(I92TI)
Kingsbury ;(IQIz)has suggested that the grouping of |

titochondria about the centrosome ,which is so often met with ,mxay

perhaps be interpreted on the supposition that, being reduced
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subs tances ,they carry a positive electrical cherge ,and eccumulate
around the centrosome in order to deliver it . Childs (I915) states
that it 1s also possible that the presence of an "axial gradient in
netabolism ,may be part responsible for their distribution ,partiggia
in gland cells .They ,Gibb-Thompson ,principle tells ds that any
process which diminishes free energy at an interface will tend
to take place .E.V.Cowdry ,and his pupils advance the supposigion
thaet mitochondria are lecithin-like and that lipoids decrease
surface tension ,so therefore,it would be natural to expect
them to be heaped-up at the nuclear and pkasma membranes ,and
that they might be dealing with a manifestation of the so=called
slectrical adsorption .On the other hand it is possible that
the mitochondrie may not be directive agents .They may be shif ted
vfrom place to place by physico-chemical changes in the ground
subs tance.

Thurlow in I9I7 devised a method for counting the
number of mitochondria present. By inserting in the ocular ,a glass
digk with a ruled square of known dimensions ,and using sections of
known thickness .She discovered that there is a fairly constant
number per unit volume of cytoplasm ,in tné cranial nerve cells of
white mice ,and so constant is the number ,that certain groups of

cells can be distinguished by the number of mitochondria within

them
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In the human tissues 1in which there is considerable
division of lahour ,investigators have found many differences in the
punber ,because some cells are best fitted to perform their function
vith a large and others with but few. So far,it has not been
agscerteined that the cytoplasm of higher animals differ from that
of the lower ,in the amount of mitochondria present .Neither is there
any appreciable differance in the relative amount between zanimals
and plants .In verynyoung embryos of vertebrates most of the cells
contain approximately the same number of mitochdndria .4s
development proceeds tiséues become specialiséd ,and distinctive
differences in the amount of ten becomes apparent ,in fact these
investigators state that they are more abundant soon after birth
than in adults.

Tnese investigations leave us with two lines of observations
to harmonise ; the association of abundant mitochondria and the amouﬁ
of fat ; where fat is plentiful ,mitochondfia are scarce.fccording
to present ideas ,decreased axidation favours deposition of fat
and increased axidation hastens its elimination ,which suggests the
éxis tence of some connection between the amount of mitochondria

and the rate of oxidation .

Altmann (I8920) believed mitochondria to be

slementary micro~organisms cwbedded in lifeless ground substance .



Yany later pathologists ,on.account of their morphological
resemblance to bacteria ,have exhibited & string desire to interpret
the bodies as independent micro-organisms .And since the time of
Altmann the idea that they care bacteria which have become completely
tadaptad to an inter-cellular existence has been repeatedly advanced.
Portier during I917-18-1I9, wrdte a book and several pamphlets
supporting this contention ,but his view does not seem to have
appealed to his comtemporaries o Regaud Laguesse ,Guilliermond ,
Rasmusseﬁ svan Gehuchten . In I922 Wellin ,working quite
independently of Pgrtisr-,has advanced a similar hypothesis ,which
bas likewise been questioned by Cowdry ,and Olitsky.! g
Wallin is of the opinion "“that mitochondria are symbioti;
"bacteria in the cytoplasm of all higher organisms whose symbiotic"
_ﬁexistenca hed its inception at the dawn of phylogenetic evolution"
Buttﬁs contention is not universally accepted .Woolbcch and
Nicholson (I923) investigating the same bacillus radicicola - have
been able to differentiate between these organism and mitochondria

lying side by side in the same cell.

The idea which has dominated most of the work on
mttochondris .- that they are concerned irn histogenesis ~-mey thus be

explained.They occur in all embryonic cells ,and in early stages of

)
See g1s0 Je. Am.Med .AsSS.
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development they are only formed elements in the cytoplasm .

Yeves conception that they are transformed into products of ##
differentiation also falls in line with the view that they are in
in part the materlial basis of heredity .The data bearing upon 1this
theory 1is based upoen the subsidlary hypothesis of mitochondrial
continuity according to which they do not ar;aaain the cytoplasm

de novo ,but 2lways through multiplication by division of pre-
-¢xisting inits. While it cannot probably be denied from the
evidence of tissue ‘cultures (Lewis I9IB) that in living cells some
filamentous specimen do segmeﬁt and break-up into granules ,1t is
still an open question ,they find very difficult to prove ,that all
sitochondria arise exclusively from ather mitochondria ..

Van der Stricht (I923) has investigated their bshaviour in oageneses
and Chambers (I9I4) has observed the presence in spermatocytes.
luring the metaphasi of the dividing cell they closely 1nvqpt the

spindée .He states that “"when the cytoplasm is disintegrated the"

"mitéchondrie adhere into a network which persists together with the"

éPindle .The latter however,soon passes into solution leaving the "
"the mitochondrial network about an area in which the chromosomes "
"are irregularly dispersed. "

Diring the anaphasg stage when the chronosomes migrates

to the poles of the spindlex,the mitochondria become converted into

|
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long strands .When the cell is torn the mitochondrial strands
wrinkle and gradua@lly anas tomose into a gelatinous mass.

It has beensclaimed byrf.-;;hibvea;:.ai‘.gd otherss that theseic
bodies play an important role in fertilisation .They state that
they are conserned in the transmissicn of hereditary characteristic
basing this view on the part which they believeiit to play in
prot.oplasmid differentistion . The same authbr parsuing the matter
further ,made a study of the fate of the middle plece of the
spermatozoon in the feriilised eggs of echinids . This fragment he
traced intéetiinto one of the two cells ;in succesive cell
divisions it passed intact into one of the daughter-cells only-
thus he traced it to the thirty -two-celled stage ,unbroken ,and
not yet transmitted to any one part of the egg,as the theory that
it represents a subtratum for bearing heredity factors would regquire;
neither does it according to him ,exhib any signs of activity . In xk
the egg of an ascidian the same author (I9I3) could follow the |
sperm mitochondria through part of the fertilisation stages ,but
aft.erwards lost sight of them . Stricht ,in the bat ,énd Lam ,in the |
guinea=pig ,found that the tail of spermatozoon and connecting
Plece which carries mitochondria pass into one only of the first
tvo cells . Finally in Nereos ,according to Lille (I9I1Z2),the

ulddle piece which is supposed to carry the mitochondris does not
(T). Neves calls mitochondria ,plaslochondia,
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enter the egg at all;:, Whatever may be the function of the
pitochondria in cell physiology ,the study of fertisilation has
svidently showm no reason for the assumption that their introducticon
into the egg by the sperm in certain species 1s concerned in the
transmission of paternal charscteristics . The variable quantity in
different cases and the distribution to single blastomeres in certain
ces6s ,exclude the hypothesls ,that they have‘ any specific paternal
hereditary effect . Tﬁare is no reason yet to deny that sperm
mitochondria function in the egg when presen ,but 1f so ,it ie ,
according to Lille and Just,probable that they are not differentiatec
in theilr zhemicel corpogition or genetic behavicur from the
ritochondriea of the egg itself .

Regaud 1909 advanced a plausible electrosome theory
according to which the mitochondrie are said to play the part of
plasts choosing and selecting substances from the surrounding
cytoplasm ,condensing and transforming them in their interior ,into
finely diverse producte . He compares these bodies with the
hypotheticel side chain of Ehrlich ;3 Lille describes his theory as
& modification of the lipoid membrane conception of Overton ,the
difference being that the lipoid 1s considered to be scattered,
throughout the cytoplasmic area,in the form of mitowhondria ,instead =i

08 being confined to a layer on the surface of the cellzm ,
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Kingsbury (I912). was the first to suggest that they
function in protoplasmic respiration . He explains that osmic acid
potassium bichromate and formelin are the chief ingredients of
micﬁondrial Tixatives and_that thelr value depends on the presence of
reduc ing Bﬁbétance in the cytoplasm . These he 5elieves to be the
wmichondria beceuse of their lipoidal properties sbut Maysr ,Rathery,
end Schaeffer (I9I4) contend that the mitochondrie are phosphatids
conteining unsaturated fatty acids with ethylidene groups ,and are,
therefore, well adapted to function in oxidations and reducticns.
These investigations also advance that reagents which attack lipoid
(iike alcbhol ,ether and chloroform )at the same time reduce
respiratory oxidationsj; But although thic view ;that mitochondria
take part in protoplasmic respiratién ,has been weil received by
cytologists ,it is still only a theory ,and up to thé present ,

must be regarded as such .

———

Observetions made on the behavigur of
mitochondria in pathological conditions have been difficult to
follow ,owing to the use of different terms ,to designate these
bodies ,and also the confusion which hes arisen from the fact
that there are two theories =o0ld and new = to be comsidered .

The first developed as an outgrowth of Altmann's researches (already

cons idered ).

(I) Janus Green reaction pege
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The second in which we now find ourselves ,is a revival of interest |
in the study of cytoplasm ,which coincides with a tendency among
biochemists and pathoiOgists to become interested in the phos pho-
-lipoids ,whereas their whole attention was devoted to proteins ;
the latter being probably dominated by tremendous impetus of Emil |
Pisher's studies on protein$synthesis ;based upon Kossel's theory t-
and eventually involving the idea of building-up living substance . |
With more satisfactcory method for studying mitochondria %2
it became apparent that a new criterion of cell activity and cell |
injury was inevitable ,and since they differ radically from the .
nucleus ,the belief has been expressed that their study will opem a |
new chapter in_ceilular pathology . The dytoplasm sbeing perhaps ﬁ
pore direwtly concerned with ad justments between the living cell and

its environmentaz}will in ell probability be very responsive ,and

the possibilities involved are alluring .

_ Animated by the belief ,mitodhondria have.been ?
Studied by many investigators ,and Cowdry I9I8 summarises the .
nimerous paper;iwritten on the subject . In 1916 Scott shoeed that
Whereas the mitochondries are exceedingly sensitive to any interferency

With the normal activity of some tissues ,they are also resistant in

Others .,

= ___Experimenting with pancreatic cells which had been
(I). C.F.General outline.

52). C.F.Edxley's definition page

Ble T
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poisoned by phosphorus ,he showed that they of ten respond by loosing |
their filamentous shape ,sometime before the nuclei show any modific-/
jetion o Comparing Beand C with the normal A.it will be

gseen that they first lossctheir filamentous shape(B) then mlump

- — e

together and agglutinate (C). and finally fuse giving rise to |
droplets of fatty degeneration .(D). Nicholson (I923) has brought
to 1igcht a variety of mitochongrial changeslin the thyroid gland ,

and according to other observers these changes seem to be universal

in gland cells ,But this does not seem to be the case in the
nervous system . Clark (I9I4) was unabletto detect conspicuous '
changes in experimental beri-beri, Stromgman (I9I7) in functional
exhaustion ,or Rasmussen (I9I¢) in hibernation ,and Mcann (I918) H
found normal filamentous mitcchondria in nerve cells in fairly |

advanced steges of shromatolysis in poliomyetitis ; Also

Cowdry and Nicholsen (IS23) were unable to observe any mitochondrik =
changes in nerve cells which were greatly plasmolised and exhibiting3
profound nucleolar alterations.

411 the investigations in this field may be summed-up
under three headings := qualititive ,quantitative ,and topographical,
which may occur singly or in combination.

The wost delicate qualitative response is a change of

filamentous mitochondria ,into granules ,but the method by which it
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is produced 1is not definitely known .But attention should be paid
to tﬁe fact ,that granulation is often a menifestation of faulty
technigue ,it mey be provoked by experimentel injury ,such as
phosphorus or sulphoral poisoning.

Lewis,lLevi , Lafont ,and others have not yet 5een able to
tell whether the poison ,or other imjurious influence ,acts
directly on the mitochondrie or whether the alteration therein is
a vicsible expression of a long line of interdependent chemical
reacticons ,and we have still to explain why mitochondria ,existing
side by side in the same cell ,and sharing many influences in common
often differ so greatly in morphologye.

The same difficulty is experienced with regard to
quantitative changes .With the exception of a few ,observations
recorded are based upon the general gppearance of sections. Few
investigators (Thurlow) and (Rasmussen) have availed themselves of
the more logicel method of actually counting the number present
Periunit area ,and of measuring the size of the cells_(NoebIQQS)

In practise j;a:diminution in the number of mitochondria is
commonly met with in pathologiczl conditions ,but a definite increase
ebove normal is rare . But Enderlen '08 Hirsch 'IQ and Hicholson
1923 , have reported an increase in compensatory hypertrophy ,anc

Gostch (I916) also discovered the same in toxic adenomata of the
thyroid,
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Cchanges in position have been reported in several conditions .
Grynfalt and Lafont (IS2I) discovered the peripheral margination

in sulphonal poisoning . and Sir E. Sharpey=Schafer

points out that grouping about the nucleus is a fairly common occurrer
gspecially in pancreatic celle‘, This aggregation ,around the nucleus,

Sir Edward ,refers to as paraneucleus.

The fact that mitochondrie occurs in the vast majority
of 1iving cells ,opens up & new line of study in the re-examinaticn
of the genesis of cytoplasmic inclusions of doubtful origin. For
exapple the large group of diseases of unknown etiology ,comprising ,
small=pox ,scarlet-fever ,rabies ,chicken=pox = offers nuperous
cytoplasmic inclusions concerding which further information is needed.
e have a plethora of observations but so far no experimental method

has brought us neerer to a solution of the problems.

Another important cytoplasmic component is the Golgi-
Apparetus . This was discovered by the italian neurologist ,Golgi in
1898, About the seme time as this discovery Holmgren and Nelis
found a gystem of clear canals within the cytoplasm of a large
variety of cells belonging to the same categories in which the Golgi
Apparatus was found . These exhibited the property of remaining

unstaimed when the"rest"of the cytoplasm was coloured ¢ Their close

tIL i
Esgentials of Histology pp.6 and 371 |
(2). Synoni?s : Golgi bodies pictyosomes (Canalicular syatem or
Trophospongium of Holgren. )
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Their close resemblance in form ahd position to the Golgi apparatus f
attracted widespread att ention »80 wuch so0 that Cajol (I908) felt P
justified in proposing the name of Golgi-Holmgren canals so as to
include both formations ,but this did not meet with 2 general approvall
luesberg (I19I4=20) maintains that the Golgi apparatus and the clear

canals are not identical in all cells . He is of the opinion that thay‘

are identical in neurones and non-nervous cella with a diffused

trophospongium they cannot be the same ,because the Golgil apparatus il
on the contrary is restricted in distribution ,being lccalised at one

pople of the nucleus. Penfield (I92I) also has discovered cheanges in

the Golgi-apparetus in injured cells ,and that when these cells were y
"

stained he observed a system of clear canals which in no way correspon

sed- with the remants of the @olgi apparatus . From this he concluded
that the clear canals and the blackened Golgi -apparatus were two |

{ifferent formations .

Bensley (I9II) made a parallel study of the clear i{

tenals in plant and animal cells and he found a significant series

of shanges in growing cells. In the younger cells he discovered a

system of clear canals ,agreeing in many details with those seen in .

enizal cells o, With increasse in age the canals enlarged and finally
gave rise to the familiar plant=cell vacuole.On the basis of these

Observations he suggested "that the network of canals found in so "
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"wany eanimal cells is the physiologic and morphologic equivaleng "
" of the vacuolar system in the plant cell , " Guillierménd and
Hangenot have a2lso gpplied methods for the demonstration of the
Golgi Iapparatus to barley cells ,and they seem to have confirmed
Bensley‘®s belief that there exists in animal cells an area
corresponding to the vacuole in plants .

1In addition to this view thet the Golgl apparatus

is the homologue of the plant =cell vacuole ,several other suggastionﬂ7

have been made . Hirschler's (I9I8 ) contention that it helps to
isolate certain celld substances ,is supported by Hyman (I923).
This theory recalls some point s in regaud's electrosome theory of
nitochondria; function « In I920 ~Saguchi suggested that this
Golgi apparatus (what he calls"intracellular network ") tekes part
in the act of secration « At present no observer is specific
with regard.to its function . EXRXXXXXRXXXXXXX

Topograephically the Golgi apparatus occupies a
central position in the cell and its form is probably changiﬁg
continuelly as it plays its obscure rol@ in the cell . The fact
that it is relatively larger in the most active stages of
cytomorphosis is of some significance . Its activities may be bent
in one direction during spermatogenesis and along entirelyy

differént lines in cells specialised to perform other functions.
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Observations on the changes which occur in the Go“ﬁ’ﬁpﬁha;b&
during pathological conditions, have been made by numerous
researchers. Probhably the first in the field was MOATI
(1903) who investigated the effect of hibernation on intestinal
epithelium and recorded that the clear canals disappear in
hibernation.

Then follows HOLMGREN (1904) on metabolic activities of
liver cells; result ~ clear canals more prominent after carbo-
hydrate feedingy MARIANI (1904) - Human-breast carcinoma -
perinuclear aggregations; VERSON (1908) - Tubercular lymph-
glands and giant cells, hypertrophy of prostrate = Fragmentation;
and many others,

It is believed that sufficient observations have been made
to tﬂgﬁ% that in certain conditions the Golgi-apparatus is really
very sensitive to pathologic change, while, like the mitochondria
it is resistant in others.

Compared with the chondriosqmes the Golgi-apparatus show
some points of resemblance. Like the chondriosomes they are more
or less polymorphic, though always consisting of the same specif-
ic material; also they show similar solubilities, being readily
attacked by lipoid solvents; thus in these respects, they, like

the chondriosomes, behave somewhat like lecithin compounds.
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In addition to these the cystopla?m often contains a
structure known as the central apparatus or microcentrum (Fig. /3]
of which the most essential component is the central body = the
centrosome and centriole around which, as a centre, arise the
asters that form a conspicuous feature of many forms of mito=-
tic cell-division, and hence has often been referred to as the
division-centre. In many cases this body pe?sists during the
vegatative or "resting" period of the cell, and is éigﬂﬁid in
by division to the daughter cells without loss of identitys
Much confusion exists concerning the terminology and relation-
ships of this central body. Its discoverer, VAN BENEDEN (1876)
first called it the "polar corpus&le”, later (1887) "central
corpus&le” - BOVERI applied to it thé’term centrosome, later de-
scribing it as consisting of a special centroplasm , and as
forming the central point of attachment for the astral rays.
Within it lies 2 much smaller body which GOVERI called the
‘centriole"”, which is first of all to divide", and thus to initi-
ate division of the whole astral system and of the cell.

Boveri at first considered the centrosome as being separate
and distinct from the aster, and held that both centriole and
centrosome are persistent structures that "grow and divide without

loss of identity".




Subsequent studies by MRAZEK (63).  YATsu C‘D?J » LAms. (10).
demonstrated that in many cases the centrosome is but a transi-
tory structure,which like the surrounding aster, may form,dis-
appear , and re-f?rm in successive places of mitosis.

Observers(l describe the central body, in its simplest
form, as a single granule of extreme minuteness, staining in-
tensely, and often hardly distinguishable from a microsome, save
by the.fact that it lies at the focus of the astral rays, In this
form it appears in the very young sperm aster during fertilisat-
ion,or in its early prophases during ordinary mitosis. At a
slightly later period during prophases the centriole is found to
be surrounded by a centrosome which steédily enlarges as mitosis
proceeds, while centrioles remain minute.

At its highest development the centrosome is of several
different types of which three are given.

(1) Simplest type described by Kostanecki (1897) and Boveri (88) =
is a spheroidal body, moderate size, and hd%mogenous structure and
braversed

ashal
18 not trensyersed by a$1+a& TaYS e

(2) In a second type - seen by Wilson in sea-urchin eggs, the

centrosome offers a similar appearance but contains a group of

irregular granules, so as to give almost the appearance of a small

—

1) Boveri, McFarland, Lille, lMeves, and others.
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-nucleus in which the centrioles cannot be distinguished,
Boveri considers these as artifacts, and describes the centro=-
some of sea=-urchins approaching that of the first.
{3) Third type is where the centrosome is_tgggg;ggged by the
astral rays, so as to assume a radial structure. The "central
corpuscle” was here described as being surrounded by two Rell
defined 2zones,each bounded by a very distinet ring of micro~-
somes and t&gggggééed by astral rays. VAN BENEDEN designated
these zones as medulliary (inner) and cortex, which to-gether
form the attraction sphere. Boveri considered his"centrosomé"
to be the equivalent of Van Beneden's "central corpuscle”.
Braner ('93) suggests that the "central corpuscle" was in reality
the centriole,and that Boveri's centfosome corresponds to Van
Beneden's "medullary" zone of the attraction sphere and this
view has been adopted by later observers.

Whether the central bodies may arise "de novo" as well as
by division has proved a difficult question. Observers state
that they are lost to view in the interphase or non-mitotic phase
hf the cell, re-appearing in the prophase of the ensuing mitosis,
as if created "de novo" out of the protoplasmic substance.

(1)
Experiments carried out by Morgan and Wilson  show that

1) Artificial Parthenogenesis.,
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ldivision of the cytaster is initiated by that of the central
body; and during mitosis the cytasters actually operate as
centres of division  though the furrows around them are often
not permanent.

These facts indicate, that the central bodies within
these asters are true division - centres, and because, observers
have often seen them ¥¥ developing simultaneously and in large
numbers in all parts of the egg, that they are formed "de novo".
This conclusion, however, could not be accepted by many and
Wilson carried out an experiment by which the "egg-fragments
whether nucleated or not" were found to develop cygéters vhich
are capable of multiplication by difision and which contain

central bodies.

The function of the central bodies is not confined to the
part which they play in mitotic division. They may also be
concerned with the formation of cilia and flagella,and with the
more complicated basal apparatus often associated with the
latter structures.

In animal spermiogenesis, investigatorsstatey that it is
probable that in all cases the centriole is the lineal descend-

other
ant of the centrioles of earlier cell-generations. On thehhand,
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in higher pl&nts, division=centres seem to be absent in the
somatic-cells and in those of earlier germ-line; nevertheless
in the closing spermatogenous divisions the spindle poles are
occupied by central boedies, which show all the characteristics
of division centres. In this case, therefore, the law of
genetic continuity as applied to these structures is of much
more limited application, and the central bodies, considered
as individuals must apparently be formed "de novo" at a late

period in germ=-line,

Another constituent of the cytoplasm is the chromidial
group, under which heading the Nissl substance of nerve-cells,
and the basophilic material of glan& cells, as well as sub-
stances observed in Protozoa and plants are usuaily included.
Delving deeply into medical history shows that up to the time
of H&rtwig the earlier observers were in the habit of confusing
these with the microsomes, and also afterx Hertwig's (1905)
annquncement of the chromidial hypothesis, the term chromidia
-has very often been loosely used. Dobell ('09) understood it to
mean "any fragments of chromatin" - irrespective of their shape
or function ~ which lie freely in the céll, without being massed

to-gether.



¥ According to GOLDSCHMIDT they occur in the cytoplasm of
the cells of Protozoa and bacteria in the form of irregular
masses; and they seem to be derived from the breaking down

of definite nuclei, as well as from chromatin extruded ﬁhrough
the nuclear membrane,

When present in non-nucleated cells, CALKINS refers to
them as constituting a "distributed" or "diffuse” nucleus.

Goldschhmidt's (1910) studies on "Ascaris" are probably
the starting pognt of our knowledge of'"chromidia" in multi-
cellular animals.

The discovered filamentous bodies, often coiled and
grouped about the nuclei, ¥aieh he believed to be analogous to
the chromidia first described by Hertwig in Protozoa. He ad=~
vanced the theory that material of this kind is very widely
distributed in animal cells,'and attempted to include under
that general category the Nissl bodies of nerve-cells, the
basal filaments of gland cells and many other cellular consti=
tuents which we now know to be of a different nature., This
generalisation gave rise to active controversy, the early
phases of which have been summarised by Duesberg vng.

Kulmatyeki (1922) studying the "Ascaris" advanced the

conclusion that although chromidia are coloured by "chromatin"
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dyes they react differently from the nuclear chromatin and
further, that there is no satisfactory evidence that they
arise from the nucleus. More recent evidence, however, shows
that in higher forms the Nissl bodies and basal filaments of
Solger (but not Altmann) are, as Goldschmidt suggested, to be
grouped among substances, formed at least in part, as a direct
result of nuclear activity, and according to Tennent of the

(1)
interaction between nucleus and cytoplasm.

Much work has been done in the hope that a study of the

Nissl bodies in nerve-cells would afford clues regarding the
problem of the nature of mental activity, and though we seem

to be far from solving it, results pf real importance have been
obtained., For instance MALONE ('13%'23) has shown that not
only are the largef groups of nerve cells characterised by the
possession of distinctive Nissl bodies, but, fhat also, the
Nissl bodies differ even in cells supplying heart muscle,
smooth muscle, and striated muscle. Also NICHOLSON, CLARK,

and others, state the Nissl bodies are still the most useful

indicators of pathogenic change in nerve=-cells, where they are

apparently even more sensitive than the mitochondria. They

undergo a definite series of alterations following

1) See Cellulae Differentiation.
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injury and functional exhaustion, characterised by loss of
their distinctive shape (chromatolysis) and ultimate disappear-
anceEl)

MOTT concludes #ket from his ultramicroscopic studies
that the fundamental substance in living cells occurs in &
form wholly different from the distinctive Nissl bodies with
which we are familiar, but, nevertheless, it does not follow
that it actually exists in the particular state in whichlhe
observes it - that is further proof of this appearance is
necessary.

Like the Nissl bodiés, the chromidial substance responds
to microchemical tests for iron; is practically insoluble in
alcohol and cannot be seen in the living cell. As revealed
in fixed preparations, it is an equally good criterion of cell
activity and %ﬂﬂfinjury. But here, as in many other cytologi-
cal problems, our functional interpretations must necessarily
lag on account of the great difficulty of projecting accurate

methods of chemical analysis into such very small units as the

cells.

The discovery of the NUCLEUS has already been discussed

under general morphology, and We may now proceed to study its

——

SIR, w F
1) see E, Scharkey-Schaler's, Ess. of Histology p.158.
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gtructure in greater detaill.

From the time of its discovery up to 1873 when SCHNEIDER
discovered the chromosomes, very little was known regarding its
structure and contents. BELFOUR(I)- (1849) states that "each
cell, at some period of its existence contains a small body"
“called the nucleus in which there are often found one or two'
"rarely ﬁore, minute spots called nucleoli.

He described it as being round or oval iq shape, granular
and dark, & ha®mogeneous and transparent, gﬁﬁﬁ%@ resemblance to
a smaller internal cell. The nucleoli he states, "are not al-
ways present”, that thev are either vesicles and granules
contained within the nucleus, &2 minute cavities in its sub-
stances. Barry also seems to have supported this view and holds
that a peculiar substance called hyaline (J«\os :glass. ) is
developed therein, which according to him, is the origin of the
nucleus. .

According to these two observers, the nucleus is situated
in "different parts of the cell" (see fig.8); that it may be
free in the cell cavity, or connected with its wall éﬁ mucila~-

ginous threads, or imbedded in the substance of the membrane,

SCHULTZE if his essay (1861) takes the embryonal cell as

1) Manual of Botany pe7.
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the basis and starting point of his definition. "The most
important cells" he remarks, "those in which the fulness of"
“cell 1ife, the unlimited power of tissue formation, is most"
"distinctly evident, are the embryonal cells, which proceed"
"from the division of the cell of the ovum. Both the nucleus"
"and the protopla&d are products of the division of similar"
" constituents of another cell. Such cells include a living"
"force in their interior, essentially possessed by the proto-"
"plasm, although it is true that the nucleus likewise plays an"
"important part not hitherto known with sufficient accuracyee...
"The protoplasm and the nucleus constitute a single whole".

BrueKe.

=i, a contemporary, goes a step further in his definit-
ion. He maintained "that no proof has been given that the"
"nucleus is indispensable to our conception of it.” He basis
his statement on the fact that cells were known to occur in the
cryptogamia in which "no nucleus is visible.We have" he says,
"no positive information either respecting the origin 88 tne"
"function of the nucleus; even the constancy of its occurrence"
appears to be subject to certain limitations, especially if we"
"consider the cells of cryptogams and do not start with the"

"presumption that, even in those cases where no nucleus is"

"visible, it must nevertheless be present". This opinion,
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according to STRIG&fflﬂMﬁubtédly gained weight, the more
carefully the subject was considered, and it created a
d€¥sire among the scientist of that era to carry out further
investigations. |

The outcome of all this was the discovery of non-
nucleated Amoeba (Amoeba parrecta) in the Adriatic, by
Schultze; HACKEL'S discovery of the larger non-nucleated
Protista (Protogenes primoidialis) in the Mediterraneans and
lastly, CIEN KOWSKI'S description of two non-nucleated monads.

j%AER examining the germinal vesicle of the impregnated
egg - that is, the nucleus of the ovum - discovered that it
"vanishes" and that the further process of development com-
mences with a new generation of nuclei. Stricker also investi=-
gating frog's eggs entirely agreed with'%aer's opinion. Stricker
also carried out a number of comparative investigations between
fertilised and unfertilised ova, and stated that he found a
germinal vesicle in the latter, whilst in the former there
"is only a cavity left, or even a total absence of any trace"
"of its existence".

Flemming in 1879, investigating the epithelial cells of

salamander larvae discovered that the nucleus contains in ade

dition to the nucleoli a net-like framéwork in which are sus-
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‘pended granules or irregular clumps composed of a substance
that stains intensely with certain dyes, which he termed
chromatin. But, a number of more recent investigators -
(HAECKER, RRINKE, WALDEYER) have followed Butcheli in the
conclusion that the framework %ﬁ an alveolar structure,
analogous to that so often seen in the cytoplasm, though often
of different character. From this time onwards it is difficult
to find that a consensus of opinion has been reached., Some
Cytologists accept the earlier view of Flemming; others such
as BECKWITH, RICHARDS, & GREGO&RE, basing their assumption on
the mode of formation of the nucleus, state that both types of
structure may co-exist in the same ‘nucleus; for after~££¥ -
division of the framework is often produced by a process that
involves not only a vacuolisation of the individual chromo-
somes, but also a formation of branches by which different
chromosomes become connected to form a network, so that the
nucleus becomes in the phrase of Gregoire a "network of net-
. works", in which the boundaries of the original chromosomes
can no longer be distinguished.

The staining properties of the nuclear contents had also
proved an obstacle to the earlier cytologists and it was not

properly understood until EHRLICH (1870-1880) advanced his
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dyes are basic, and the plasma dyes, acidic, and it was con-
venient for his contemporaﬁgsand successors to designate the
various cell components as basophilic and oxyphilic according
to their tendency to take up the basic or acidic dyes. This
theory assisted the earlier observers to understand why only
certain components of the nucleus were stained.

To this substance thus stained Flemming as already stated,
gave the name of "chromatin", and that which stains only slight-
1y or not all, he called "achromatin", Chromatin,és thus de-
fined, Flemming considered to be composed wholly or in part, of
the chemical substance nuclein and to form the more conspicu=-
ous part of the nuclear framework and also certain types of
nucleoli, Under the conception of achromatin he included all
the remaining nuclear substance except the enchylema.

STRASBURGER ('82) and CARNOY ('84) recognised that the
framework itself appears to consist of two constituents, name-
ly a continuous achromatic basis, and of a more or less dis-
continuous granules or clumps of chromatin suspended in iﬁ.

The first of these was found to be oxyphilic and was according-
ly designated by Strasburger as nucleohyaloplasm, by Carnoy

as the plasmatic network (composed of plastin) and later by



Schwartz ('87) as linin, a term still in common use, and
which has involved us in many difficulties. It was also dis-
covered by RUCKERT & JARGENSEN in their studies of the
elasmobranchs that the framework often undergoes great changes
of staining=-capacity in different phases of the cell-cyclg/
and that it may even lose its affinity for the bvasic dyes,
becoming purely oxyphilic like the general'cytoplasm. This
led observers to the conclusion that the “"chromatin" may com-
pletely disappear from the nucleus, and also that the nucleus,
therefore, cannot be regarded as containing the basis of
hereditﬁ&y, On the other hand, linin or plastin, is readily
stained by acidic dyes; so that by-using both a basic and an
acidic dye of different colours, both chromatin and linin
may thus be strongly stained but in different colourse.
Obviously therefore linin or plastin is no less chromatig
than chromatin. |

The confusion thus arising was wisely avoided by
HEIDENHAIN ('Q90) who proposed to designate the baso - and
oxyphilie nuclear materials as basichromatin (= Flemming's
 chromatin) and oxychromatin.
Heidenhain also, in harmony with an earlier suggestion

of Van Beneden's (1880} further concluded that the two sub-
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stances may be only different conditions of a single sub=-
stance determined by comparatively slight chemical changes -
€.8¢ by varying ratios between the percentage of nucléic

acid and protein in the chromatin - substance. In this manner
they explained the marked variations exhibited by the nuclear
meshwork in different cells, or in different physiological
phases of the same cells, and it also did away with the
supposed consequences of the disappearance of "chromatin"

from the nucleus already mentioned.

Many doubtful points still remained to be cleared.
Heidenhain following the lines marked out by Flemming,
Strasburger and Van Beneden, considers that both basichromatin
and oxychromatin appear in the form of minute granules or
chromioles and that both kinds of granules are suspended in a
non-stainable, homogeneous substance or matrix, to which sub=-
stance Heidenhain alone applied the term "linin", Thus the
meaning of "linin“ was greatly restricted for it appears that
as originally used by Carnoy, Schwartz and their followers,
the "1inin" or "plastin" included also what is now called oxy-
chromatin. Modern investigators, however, gtate that it is far
from certain that these granules have a persistent identity,
and that it is often difficult to distinguish them from arti-

facts produced by coagulation of reagents.
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At the same time,they advise that we should not take too
gceptical an attitude to-wards the question, since there are
cases in which granules and other formed components in the
nuclear substanceg::‘;;g‘é“’olearly visible in 1life. One of the
best examples of this, is offered by the "spireme~nuclei” of
the salivary glande=cells in Diptera described by BALBIANI,
CARNOY and ALVERDES 1912, In this case the more solid part
of the nucleus appears in the form of a long convoluted
thread with a nucleolus attached to each end, and even in the
living cell this thread is seen to be composed of denser-
like bodies suspended in a clearer basis; in fixed preparat-
ions, these bodies are found to be strongly basophilic,while
the lighter substance ("linin"or "plastin") is oxyphilic.
These. theories were further investigated by KITE ('13) and

CHAMBERS ('14 - '18) who came to the conclusion that the ground-

—
substance ("clearer basis") is in many cases of a much firmer
. 3
consistency that was formerly believed. It was also shovwn, much

_more restricted after staining with a single "nuclear" or basic
dye; for when staining with an acidic dye the spaces are often
found to be occupied in greater or less degree, by oxychromatin
granules, and the meshwort% thus appears to be correspondingly

extended at the expense of the enchylema.,

GJ. hat. fhe shaces. occufpred hy the enchylema. may be
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) So far it has proved.too difficult to determine defin-
itely, how far these granules pre-exist in life. DACHARIAS

has shown in various plant cells, that during the early vpro=-
phases of division, when the chromosomes are visible in fresh
cells, a granular or net=like substance is immediately brought
into view on treatment with alcohol, hydrochloric acid and
other reagents. This material is dissolved by peptic digestion,
while the basichromatin remains undigested. It may be that

this material is precipitated from the enchylema; or perhaps it
may correspond in part, to the linin and oxychromatin of

HEIDENHAIN.

bed.
The earlier observers have estﬂ:i1ﬁm gg;g_of the nucleus

as rounded and oval, and generally speaking its contbﬁr is
fairly constant as compared with that of the cytosome; but as
their field of investigation increased they became familiar
with other types - the e;ongated nuclei which are found in
muscle cells, columnar epithelium, ana certain forms of
parenchyma, as well as the irregular type seen in cartilage
cells, leucocytes and animal ova, Wwhich undergo slow :amoeboid
changes of form in the living cell.

M
According to CHANPY (13) and CARIETON (21) nuclei of
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irregular or amoeboid form %é% frequent in cells character-
ised bv-very active metabolism, in which case the nuc;ei

are often not onlv of large size., but show a marked further
increase of surface, by the formation of lobes, sacculations,
and of complex branches.ramifying through the cells.

They report also other cases where the nucleus shows
deep infoldings, and tubular ingrowths of membrane forming
intra-nuclear canaliculi., Also in certain types of cells
the nuclear surface may be increased by its breaking up into
separate vesicles or Karyomerites (Kaerov.. nuli’ Le@os - pak )El)
thus forming ® "polymorphie" nuclear nests._Buf according to
BECKWITH and Hargitt (SEJ these Karyomerites are partial
structures due to incomplete unionﬁof the chromosomes after
the cell§ division, or to amitotic fragmentation of the
nucleus. Such facts as these add to the evidence that active
exchanges of material between nucleus and cytosome take place
during metabolism.

In respect of the relative VOLUMES of nucleus and
cytosome, each type of cell tends to-wards a definite ratio -
which Hertwig calls Karyoplasmic ratio. This quantitative re=-

lationy between the nuclear and cytoplasmic masses was advanced

(1) Used by some writers as equivalent to Karyomeres (Gregoire
and Wygaerts '04) - by others, as above (Goldschmidt '02)

L]

(2) On amitotic cleavage.
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"oy Hertwig (1903), and the more recent investigators consider
that his successors have carried the theory too far.

But thegé rexain well-determined facts concerning this
ratio that are of interest for many cell-problems. If per-
mission to make a slight digression be allowed, Wwe will con-
sider briefly, the conclusion deduced by MORGAN and %RIESCH
from their experiments on the larvae of sea~urchin. They dis=-
covered that the cleavage is so regulated as to produce a fixed
or typical cell size at a given stage; this was afterwards
confirmed by BOVERI., In all these cases the volume of the
nucleus varies primarily with that‘of the cytoplasmic mass.
Of equal interest, also is the reverse case in which the
primary variable factor is the nuélear mass. Typical cases
are offered by the giant forms of Spirogyra and Primola, in
which the nuclear volume is doubled as a result of the doubl-
ine of the number of chromosomes and the normal Karyoplasmitic
ratio is restored by a corresponding growth of the cytosome
to twice its former size. BOVERI has clearly shown that the
size of the nuclei at any given stage is directly proportion=-
al ég the number of chromosomes that they contain; they ére
smallest in the haploid larvae, largest in the tetraploid,

and variable in the dispermic larvae.
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These various facts, show4 that the Karyoplasmic ratio is a
real and i%éggigga cell-=constant, which may serve as a
factor in age, cell-division, or as a guide to the numﬁer of
chromosomes that have entered into the composition of the
nucleus.”The_causes of senescence in higher organisé@% have
long been a subject of inquiry. SPENCER has suggested that
it arises from a progressive increase of protoplasmic
stability, that is,"an approach to-wards mﬁlecular equili-
briuﬁ",l in which condition eneggy is less readily 1liberated
by chemical action. WEISMANN 5 ascribed senescence to pro-
gressive "differentiation" by which the cell gradually loses
its plasticity and reproductive powers. MINOCT and HERTIWIG
sought for a quantitative explanation of the phenomena, that

is, to a disturbance of the Karyoplasmic ratio discussed above.

In a general way,it is possible to distinguish (a)
vesicular, (b) massive and (¢c) chromidial or scattered nucleij;
but they are all connected with transitional changes. The
most common type is the vesicular, which is of general occurr-
ence in the tissue cells of most multicellular animalg and

plants. t is usually bounded by a membrane and contains

(1) Principles of Biology, 18663 It is interesting to note
that he also emphasized the colloidal nature of protoplasm.

(2) Life and Death 1883.
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the "chromatin" structure already described,

The massive type occurs in male germ cells and gener-
ally appears homogeneous, but it is connected by many tran-
gitional forms.

The third general type - the chromidial = is represented
by small grenules (chromidia or chromioles), or larger
irregular clumps of chromatin scattered throughout the proto-
plasm, and which have been referred to,by earlier observers
as nuclei,as a matter of convenience, since they are not
properly individualised. But more recent morphological evi=
dence shows that in some species - "Arachnula" etc. these
scattered chromidia become aggregateé to form a nucleus=-like
bodv in preparation for éﬁgg; - fermation, division, or con-

jugation.

The nuclear membrane is a delicate film sometimes well
defined, other times it can hardly be differentiated from the
surroundingscytoplasm. According to VON BENEDEN'S ('83) in-
vestigations on the telophase of the cell division in
"Ascaris", and also the chromonema = hypothesis of BENNEVIE
('08) and VEJDOVSKY ('12) it appears that this membrane arises

from the "chromonema", a delicately coiled, convoluted thread

(1)

(1) Schneider ((10).
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formed within the telophase chromosomes.

They state "that the chromonema lies in an archomatic"
"basis by the swelling and liquefaction of which,arises the"
enchylema of nuclear sap, while the nuclear membrane is"
“formed from its periphery". Strasburger considered it to
have arisen from the cytoplasm, a fact which led him to re-
gard it as analgous to the outer cell-membrane and to desig-
nate it accordingly as the "inner cell-membrane'l

It had long been disputed whether the membrane is con-
tinuous or interrupted, and whether it has any existence as a
separate structure. Heidenhain ('07) described it as being
continuous and this view is now rather generally accevnted.

The earlier investigatioR: Heitzmann ('83) considered the
nucleus as being only a localised area in a structural frame=-
work common to protoplasm as a whole, the nuclear membrane
being considered no more than a denser region of the same
structure; this view has also been advanced by ST&%FFACHER
('10) and DERSCHAN ('11) and these two have gone so far as to
deny the existence of a nuclear membrane as a definite struct-
ure, regarding it as only the "optical section of the peri-
pheral zone of the nuclear framework where it comes into con=-
nection with that of the cytoplasm”. The studies of KITE and

CHAMBERS (1920) on living cells by means of the micro-dissect-
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ion needle seem, however, to leave no doubt of the reality

of the membrane,and they also show that it is in some cases
of very tough and resistant nature. These two investiﬁators,
by tearing the cell-cytoplasm, have been able to remove the
nucleus intact, which after removal, mav swell up and
eventually burst, or it may coagulate. They have also been
able to throw the membrane into wrinkles by crushing the
egg-cells between cover glass and slide ~ an experiment which

had also been carried out bv Albrecht (98).

The nucleoli are still imperfectly understood. There
seems to be some forms of nuclei in which the nuclepli are
entirely absent; but in the nuclei of higher organisms one, or
a few such bodies are invariably present, and in extreme cases
may be numbered by the hundreds. HAECKER ('9%5) recognised
that the nucleolus commonly remains single in relatively small
eggs while it is usually multiple in large eggse.

Like the nucleoli of tissue=-cells, those of the germinal
vesicle may be either basophilic or oxyphilic, or may even be
of intermediate character., JORGENSSEN has advanced that in
many cases both extremes may exist in the same germinal
vesicle often being united to form amphiﬁnﬁleoli.

Morphologically considered,the nucleoli show so many
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differences of forms, staining capacity and behaviour,
that classification is éd Al . But OGATA ('83) suggested
two general classes. (1) Plasmosomes or true nucleolip
(2) Karyﬁsomes og-Montgomery‘s chromatin-nucleoli - a dis-
tinction which he based on that of'Flémminngho designated
these fespective classes as "true nucleoli" and "net-knots".
The plasmﬁbomes tend to be oxyphilic while the karyosomes are
basophilie, but their staining properties vary materially at
different .periods in the history of the nucieus. Such vari-
ations led HERTWIG and FARMER to form the idea that nucleoli
consist essentially of a basis of oxyphilic "plastin"
(pyremin of SchWarz)'-gggijs more in accordance with present
conceptions to think of th&se varyine reactions aa due to
different phases of a single original substance which may
agsume either baso - or oxyphilic conditionse.

The Karyosomes are, according to MONTGOMERY, basophilic
-and show a high degree of resistanée to peptic-hydrochloric
digestion. They contrast sharply with the true nucleoli in
the fact that they contribute direct%y)to the formation of
the chromosomes during cell=-division l. These Karyosomes are
of at least three well-marked types s=-

FLemmiING

(a) Net-knots, as originally distinguished by Eedmming and

later by Overton and Rosenberg - of more or less irrecular

d). Sae U e Cell _l):'w's,*‘or{
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form, variable in size and typically in direct égﬁéﬁigy
with the nuclegg framework.

(p) Chromosome~nucleoli, known with certainty only in the
nuclei of the gamﬁt%-nroducing cells = These are usually
spheroidal, and are not continuous with the general frame-
work. They either represent single chromosomes, or a small
group of chromosomes which persist through the vegetative
phase of the nucleus.

(c) Karyospheres equivalent to Carnoy's nucleolefﬁ-noyaux}-
spheroidal bodies, of large size which at certain stages con-
tain all the basichromatin in the nucleus, and from these

arise the entire group of chromosomes in mitosise.

The physiological meaning of the nucleoli still remains
one of the most obscure questions of cgll—study. In the case
of the chromatin-nucleoli or Kafyosomes, observers have been
able to show that they are localised reservoirs of basichromat-
ine——bBuk concerning the true nucleoll or plasmosomes We are
still, for the most part confined to indirect evidence and
conjecture. In the later prophasfg of mitosis, these nucleoli
most commonly disappear, oftgn previously becoming reduced in
size, on undergoing fragmentation.

LR

In some cases they are cast out bodily into the

S E. SHARPEY - SeHiFaRt
(1) See Sehafex*s.Ess,of Histology pe10.
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cytosome at the time the nuclear membrane disappears, and
there sooner or later degenerate; “put HAECKER ('92)

KARSTEN ('93) WHEELER ('97) state that they persist for
quite a long time. From this fact arose the view of Haecker,
later held by many others, that the plasmasomes are accumu-
1étion of waste products or by-procducts of the nuclear action,
derived from the chromatin either by direct transformation of
its substance or as:chemical cleavage products or secretions.

On the other hand many cytologists, from the time of
FLEMMING ('82., '91) have considered the nucleoli generally as
centres for the storage or elaboration of substances such as
"linin", "plastin”, or "chromatin", destined to play some
definite part in the later operations of the nucleus, -
("transportation-hypothesis of HAECKERY)

This view is obviously correct as applied to the
Karyosomes. FLEMMING regarded the plasmosomes, likewise, as
being somehow concerned with the storage of “nuclein" or
“chromaiin", or of materials necessary for the ﬁ?géé%ggf%n of
these substances. STRASBURGER ('98) regarded the true nucleoli
as storehouses of "kinoplasm", or material from which the
spindle-fibres are formed during mitosis.

There is, however, little definite evidence in support

of this, while it is opposed by the fact, later to be described,
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lthat in animal cells perfect spindles and asters may be
formed in the entire absence of nuclei.
It has also been observed during the growth period of
the obcytes of many animals that at a period when the chromo-
somes and the nuclear framework have become completely oxy-
philie, the nucleoli are often basophilic. This suggests
that the nucleoli may in such cases be storehouses ofrnucléie=~
acid to be drawn upon at a later period when the chromosomes
are resuming their basophilic character. This view is advanced
by JORGENSSEN but so far it is purely hypothetical.
Observations have now begun to accumulate in favour of
the conclusion that the true nucleoli may be concerned in the
secretory processes of the celly. - HIRSCHLER, HOGBEN ('20)
and others have observed that such nucleolar material may give
rigse to various kinds of secretory products or storage-bodies,
and they offer as examples the formation of yolk-spheres in
oogenesis. In tissue-cells, MONTGOMERY and WALKER have de-
scribed the extrusion of nucleolar fragments, which according
to them are the origin of various formed bodies in the cyto-
plasmlsuch as fat-drops, albuminous graﬁules and other pro=-
ducts. So far there is no evidence that investigations have
been made to see whether the nucleolus may not play a gggf'im_

portant and active part in cell-metabolism than hitherto
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assumed.

"Where a cell exists, there must have been a pre-existing”
"ing cell. just as the animal arises from an animal and the"
“"plant only from a plant. The principle is thus established”,
"even though the strict proof has not yet been produced for"
"every detail, that throughout the whole series of living"
"forms, whether entire animal or plant organisms; or their"
"component parts, there(r?les an eternal law of CONTINUOUS"
!]ENELO?MEHT",{VircdeQ 3

It is now over seventy years since Virchow first ade=-
quately stated the principle of genetic continuity of cells
by division, which was destined to form the starting point
for 211 future conceptions of heredité&y and developmente.
Only a very small portion of the vast field of cellular=-study
and embryology had been examined, and consequently Virchow's
aphorism "omnis cellula e cellula" was too far in advance of
his time to appear in its true ﬁ¥3$§££%¥§&s. As years passed,
it gradually became evident‘that this compact phase embodies
one of the most important generalisations of modern science,
The advance of cytological research still continue§, day by
day’to add fresh evidence to the demonstratiqn that cells have
no other mode of originlthan by the division of pre-existing

cells,

(1) Cellular Pathologie. p.25. 1858,



i Retracing our steps in order to consider earlier
investigations, we find that the problem of development and
herediﬁéﬁy became gradually clearer during the first two
decades after SCHLEIDEN and SCHWANN, Several earlier ob-
servé&s have observed the origin of the cells dy the inision

¢
of pre-existing cells, especially the botanist§ BROGNLART

Von MoKL (35) and. espmode af cell-formation

(1827) MEYEN (1830), MIREEL, =md was also recognised by the
authors of the cell-theory, though only with considerable
hesitation. But priofity should be given to PREVOST and
DUMAS (1824), who had noticed this cell-division during the
st@%%mentation of the animal ovume

Its significance, however, was obscured for a time by
the erroneous conclusion of SCHLEIDEN and SCHWANN, that cellé
most commonly arise"de novo" by a process of "free cell-
formation" =~ the new cells making their appearance by crysta-
lising, as it were, out of a continuous and formless matrix
gﬁ“cytnblastama". SCHWANN speaking of thé origin of cells
remarks "we have in the first instance, a structureless sub-
"stance, which, according to the chemical qualities and the
"grade of its wvitality, pgssés“a greater or less capacity of
"effecting the development of cells”,

eellular

SCHWANN was of the opinion that the extranwelesr formate

ion of cells, that is, their development in free blastema,

was the most frequent mode of their production in animals.
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The problems thus raised, engage the efforts of investi-
gators more and more seriously, and frfm 1840 to 1860,

under the leadership of VON MOHL and Nageli on the botanical
side, and of KJELLIKER, REMAK, and VIRCHOW, on the znolifcia.l,
the theory of free-cell-formation was overthrown, and that of
cell-division established.

STRICKER pays the highest tribute for defending cell-
.genesis by division,to REMAK who maintained with great
steadiness that in the early stages of the development of
the embryoe="no other mode of cell-development occurrs",

The same authorféTRICKEﬁ]states - "to Remak also the
merit is due of having established the same law in respect to
the pathological developments of cells. There ist he states,
"at the same time no doubt that Viéﬁhaw played an important -
"part in the extension of our knowledge in‘this(direction, and”
“that his well-grounded statement, made in 1855 : really con-
"stitutes the basis of our present cell theory". Heidenhain
on the other hand, states that the credit is due to KELLIKER
whose classical work on Cephalopods (1844) was considered then
to be the standard, but history teaches us that this observer
(K€11iker),at a somewhét later period, admitted also the occurr-

ehce of free-cell-formation, so that echoes of this old theory

were still heard.

Omni S

(1) Ge¥er='s Cellula e cellula.
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! According to BRUCKE and PASTEUR the researchers of

this period ,distinguished three forms of cells multiplication,
one by fission, one by gemmation, and lastly an endogeneous
mode. Brucke states that the latter "differs ffom the two
Wformer in the circumstance that the cells originate like
"emé%oes in the interior of the parent cell, and gradually
"increase in size. Whilst in the other cases,the substance of
"the mother cell breaks up into fragments, which constitute
"the second generation.”

These investigators had also observed;thatt%he multi-

plication of nucleated cells by division,fzucleus first
"divides, "becoming elongated and finally constricted into two'
"portions, which recede from one another. The fission of the °
"nucleus is not always followed bf division of the celly, though"
"it is usually associated with the process of cell multiplicat=’
"jon", They also advanced that a "formation of fresh nuclei "
"occurred within the cells, not only from fission, of old nuclei:.
"but from the growth of entirely new ones’

In both plants and animals, many cases were found, prior
to the seventies, in which the nucleus was lost to viewy at
the onset of cell-division, while at the same time "Star-jike
"radiations" (Asters) were observed in the protoplasm by

REMAK:'VIRGHON, but these were not carefully studied until
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1873 = 1874 when FOL and AUERBACH discovered them in the

ova of medusae and nematodes. It was these observations
that led to the conclusion,that the nucleus disappears by

a process, which AUERBACH called "Karyolysis" to be subse-
quently formed "de novo" in the daughter-cells; and this

was for a short time considered as correct. In the end it
becane evident that the nuclear division is of two widely
different types which FLEMMIING ('79) termed direct and in-
direct. In the direct type the nucleus, iike the cell body,
undergoes a simple mass-division into two parts. In the in-
direct and more complex type, the nucleus is not destroyed,
but is spun out into long threads which split lengthwise{so
that every portion is exactly divided between the daughter-
nuclei., WALDEYER observed thaq'ﬁefore the separation of
their longitudinal halves,these threads shorten and thicken
to form more condensed bodies,which he called chromosomes
because of their intense staining-capacity. The products of
their fission (daughter-nuclei) geparate, and pass to
opposite poles, and from the two groups of daughter-chromo-
somes are re~built two correspondiﬂadaughter-nuclei, which
by reason of the preceding processes,are exact duplicates

of each other and of the mother-nucleus., In this process we

to-day, recognise one of the most fundamental mechanisms of



vl

hereditv,

SCHLEICHER (1878) had observed the process and
called it "Karyokinesis", FLEMMING (1882) proposed another
term "mitosis", alluding to the characteristic thread-
formation, while the direct mode of division he termed
"amitosis". Many other nams were introduced, but these
gradually became firmly established; But, strictly speaking,
all these terms refer to the division of the nucleus onlys
later however, by an extension of meaning,K they became appli-
cable to cell-division as a whole.

In 1887 WHITMAN suggested the term "Cytokinesis" to
designate the associated changes taking place in the cyto-
plasmic cell~body, though in piactice,it is often difficult
to draw distinction between the nuclear and cytoplasmic
activities, ee.Ze in the formation of the spindle. From
these theories, we may therefore conveniently classify cell=-
division thus i~

I. Mitosis (indirect division)

(a) Karyokinesis (the nuclear changes)

(b)_cytokinesis (the cytoplasmic changes) which
includes (1) Division of the cytosome and (2)
Meristic Division or chondriokinesis (chondrio-

somes ) & dictyokinesis[ﬁolgi-apparatusj
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II. Amitosis (Fragmentation)

Amitotic division was regafded by REMAK and his
immediate followers,as the typical mode. Modern re=search,
however, demonstrated that it is a relatively rare aﬁd
secondary procéss. of ten unaccompanied by division of the
c%ll-bndy, and especially frequent in highly specialised
cells; for instance, in glandular epithelia, and in early
sfages of degeneration. In any case, it is a known fact to=-day
that in all the higher forms of life, mitosis is the usual
and typical mode, and we may therefore regard it as the basic
phenomenon that underlies VIRCHOWS“eternal law of continuous
"development", and as a primary factor‘g} every form of re-
production.

Growth and cell=-division constitute the central
phenomena in every process of reproduction,and upon them,
depend the genetic continuity of living organisms, and the
phenomena of heredity. In higher animals generallm the
individual Lifé runs its allotted course somewhat auto=-
matically, and given the normal conditions,every individual
displays a succession of youth, maturity, old age and I
death as progressive phases of a process that goes forward,

without pause,from the moment that the germ=-cell begins its

developmenta.



In lower organisms,many cases are known in which

the life-cycle of the species, as shown by the alternat-
ion of generations, is dependent upon changes of the
eternal environment. In the highest animal’, however, the
life-cycle is a strictly sexual one,which so far as the
race 1is concerned, may be said to begin and end in the egg
or sperm - that is, as stated by HUXIEY, "The egg is the "
"mid-passage or transition stage between parents and off- "
"spring, between those who are, or were,and those who are A
"about to be". But,it must not be overlooked that in many
lower animals, and very generally in plants, the life-history
is complicated by the occurrence of various forms of
a-sexual reproduction, so that we may distinguish asexual

as well as sexual cycles. And again at the opposite extreme,
we find,, among the $implest forms of life, some cases in
which no sexual cycle is yet definitely known,

There are several problems involved in the sexual
reproduction af higher organisms, such as syngamy, sene-
scence and rejuvenescence. Morphologically the most import-
ant effect of syngamy, to-gether with the accompanying prb»

cesses of maturation éis to bring about a periodic reorganis-

[
ation of the nucleus, but such reorganisation is also poss~-

ible in parthenogenesis. Physiologically, we may recognise
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four distinct effects of syngamy. In higher animals the most
consPicuogs of these is the imitation of the development iin

the ezz, thus inaugﬁrating a new cycle of dctivity. CALKINS
("19) held that an analogous effect is produced by the con-
Jugation of unicellulér organisms, but this is disputed by more
recent writers. '

Another effect of syngamy, is to bring into close associ-
ation, two previously separate lines of heredity which
VEISYEATN calls “amphimixis".l And a third effect, somewhat less
obvious than the“foregoing, is an increase of external divers~
ity in the offspring.

That +== sexual reproduction often yields a more varied
progenhy than asexual, was generally accepted, and out of this
grew the conclusion’that syngamy is a source of variation - a
view which was later developed by DARWIN, SPENCER, BROOKS (@3)
and WEISMANN ('91). But JENNINGS, having in mind the Mendel-
ian theory states that diversity arisiﬁg from syngamy is due
to "the separation and re=-union in new groupings of definite "
"heredity factors that have previously been separated in Giff~
"erent individuals or races". What is new in such cases, is ’
"not the genes or factors concerned, but only their particular”

modes of combination".

It has therefore become a debatable question,é whether



9¢

syngamy can produce new variations in the sense that this
word was used by VEISMANN,
Lastly, turning to the cytological aspects of syngamy
and its associated phenomena, we appear to be treading on a
much firmer ground. The most definite knowledge we have in
this field is concerned with the history of the nuclei and
the cycle of the chromosomes, which will now be considered.
Concerning the history of chromosomes, we are to-day in
a2 position to state three principal conclusions, each of funda=-
mental importance for the problem$of heredity s=-
(a) In the course of syngamy, the two ggg;ﬁi-nuclei unite or
become closely associated (Karyogamy),each giving rise to a
single or haplihd group of chromosames, the number of which,
according to Beneden, is half the typical somatic number of
the species. The two groups thus associated in the Zygote, re-
spectively of maternal and paternal origin, are nearly identi-
cal. The dﬁuble or diploid group thus producedfis perpetuated
throughout the life of the resulting individual, being handed on
- by progressive division to all the nuclei of the body with-
out change in its essential character.

(b) At a certain period during the life.cycle the number of

chromosomes is again reduced.to one~-half i.e. the diploid
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ichromosones are reduced to single or haploid groups, sSo
that the numbers and other characteristics of the chromo-
somes, are thus held constant from generation to generation.

This process is known as "meiosis" or "reduction".

The period at which meiesis takes place varies widely
in different cases. In animals.generally it constitutes one
of the steps in the formation of the gametes themselves.

The third conclusion is the regrouping of the chromo-
somes ~ Segregation. This is brought about, by a modified
form of mitosis in which the chromosomes undergo segregation,
the diploid group separating into two haploid groups,without
undergoing division in the usual sense. In this meiosis, we
therefore see the force of VEISMANN'S remarks in 1887 - "There
"must be yet another kind of karyokinesisﬁ%hich the primary
"equatorial loops are not split longitudinally, but are separ-

I

"ated without division into two groups.

In order to understand the relation betweén cell~-division
and genetic continuity, a brief review of the changes which
occur in the nucleus, will suffice. In the course of mitotic
division the nucleus usually disappears from view as an in-

dividualised body, while in its place appears a complicated
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structure known as the mitotic or karyokinetic figure. This
structure is differentiated into a "chromatic" and an
"achromatic" figure, of which, the former is derived solely

from the nucleus, the latter, often from both nucleus and
cytoplasm. The chromatic figure consists of the chromosomes,
which are most often rod-shaped or V-shaped bodies, origin-
ally threads formed by a transformation of the net-work of

the nucleus. The most constant feature of the achromatic
figure as seen in sections, is a fibriller "spindle" around,
orfin’which lie the chromosomes,'ﬁéigi in many cases near

each of its golesﬁs a central body or centriole,often doubled,
surrounded by a star-shaped body called the aster. The chromo-
somes undergo therfinal division at the equator of the spindle,
the daughter?chromnsomesuthgh,separat5¥% and proceeding along
the spindles to the opposite ﬁoles. While ‘this process is
going on, the cell divides through the equatorial plane of the
spindle, so that each daughter-cell contains a daughter-nucleus.
STRASBURGER (1884) observed that this process displays a
typical sucession of general phxases to which he accordingly
designated names as follows s~

1) Prophases- in which the mitotic figure is formed, and the

chromosomes become divided longtitudinally,
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2) Metaphase - in which the longtitudinally split
chromosomes take up a position in the equatorial
plane.,

3) Anaphases ~ in which the daughter-halves of each,
svlit chromosome senarate, thus giving rise to twojsmféf"
groups which pass to opposite poles.

ke

To #n these, Heidenhain added a fourth-Teleophases- in which

I

"h%he daughter-nuclei are reconstructed from the two groups of

d%uahter~chromosomes, and as a rule,a division of the cell~-
body follows. The process of Karyokinesis also passes through
the same phases,with the ultimate produétion of chromosomes.
The theory that hereditary characters are transmitted by
the nucleus, as advanced by HERTWIG and STRASBURGER was based
originally, on the historyv of the gamete-nuclei in fertilisation
and on the "idioplasm" idea of "NAGELI", The latter did not
localise the idioﬁlasm or germ~plasm in the cell, but empha=-
sized the equal parts played by the gametes in heredity =
HERTWIG and STRASBURGER applied this argument to the nucleus.
Additional weight was brought to bear upon this consideration
by the wide contrast between the nucleus and cytosome during
mitotie division. The nuclear theory of heredity was generally

§céepted, but its complete demonstration only came with a
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‘closer studyv of the chromosomes which followed the re-~
discovery of lendelian theory by CORRENS & DE VRIES, in 1900.
With this re-discovery, it became evident that the

Mendelian phenomena run parallel with the history of the
chromosomes, out of which grew the chromosome-~theory of
heredity, the whole of whiph may be summed up in the follow-
ing manner fe

(1) The somatic or diploid-chromosomes are made up of

two equivalent chromosome=groups, 848 of maternal
derivation and one of paternal. -

(2) The chromosomes retain their morphological individu-
ality,and are genetically continuous throughout the
life-cycle (Beneden and.Béveri)..

(3) The process of synopsis consists in the union or
coniueation of corresvonding or homologous maternal
and paternal chromosomes which in reduction-division
become disconnected and pass to the opposite poles,_
of the spindle, and thus always into different germ-
cells (lMontgomery and Sutton).

(4) Each chromosome plays & definite part in the de-

termination of development.(Boveri),
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t The tendency of modern investiaations( %owever, is to
consider that the egg is a reaction-system ; and"that the '

‘¥ ywhole germinal complex is directly involved in the production"
of every character", and Genetic research is constantly bringing

to 1ight|new cases of the co=-operation of several factors in

the production of single characters.

The union and close association of the two corresponding
groups of chromosomes derived from the two respective pro-
nuclei discussed above, leads us to consider the problem of
fertilisation in relation to cell-division. Superficially
regarded;these two functions. seem to be opposites; for
fertilisation involves the fusion of two cells into one, while
mitosis results in the division of one cell into two.

Fundamentally, however, the same cytological elements are
involved in both, and the same end-result sooner or later
follows, namely the formation of mitotic figure and the result-
ing process of cleavage. PFPossibly, this will become clearer

if we regard parenthenogenesis, or the activation of the esg,

bv some agency other than the sperm, & process which is con-

nected with true fertilisation by intermediate gradations.

1) Loeb describes the cell as Chemical machineXoxidation
and destructive chemical processes of metabolism,



ﬁoth processes are analogous, in that they set in motion ﬂﬂ.
mechanism, not only of cell-division, but also of develovment.
Boveri was the firszoshow the necessity of making a distinction
"hetween how ege and svermatozoon produce a cell capable of dive
ision,and the question how these cells come to be capably of
reproducing the qualities of the parent in the offspring".

The latter problem has been considered under the chromosome
theory of heredity,but the specific problem of fertilisation

is included in Boveri's question concerning the union of

gametes to form a Zygotés His own theory of fertilisation

1887 was - "The ripe egg possesses all the organs and qualities

" el B FIEs, ¢cenfrosome
necessary for division excepting the chromeseme, by which

L N i et S
"division is initiated. The spermatozoon, on the other hand, is

"orovided with a centrosome, but lacks the substance in which

“this organ of division may exert its activity. Through the

"union of the two cells in fertilisation all of the essential

"oroans necessary for division are brought to-gether; the egg '

4

"now contains a centrosome which by(its own division leads the
"way in the embfyonic developmentt :

This theory does not take into account the problem of the
union of the gametes, nor of their specific beh&%iour.

Researchers in experimental parenthogenesis have sought

L) ILille's Problems of Fertilisation.
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to find some common factor responsible for the imitation of
development. By some it is held that the common effect of
parthenogerdetic agents is, that of superficial cytolysiss
by othérs increased perﬁeability; others again,increased ¥is-
cositve

LOEB holds that the essential feature in the activation
of the eég, whether by fertilisation or by parthenogenesis,
"is the change underlying membrane-formation", which he believes
to-bé.cytolysié.of the superficial layer of the egge.

s . FeRTILIZIN -
LILLE advasces the iligi

theory:fgﬁétulates that

a substance borne by the cortex of the egg (fertilizin) exerts
two kinds of actions (1) an agglutinating action on the
spermatozoon, and (2) an activating effeéct on the egg. The
Spermatozoon is conceived by means of a substance which it
bears - "Sperm-receptiog", and which enters into un$ion with

thefertilizin" of the ege, to set free the latter's powers

and thus initiate development within theegg.

All living systems, including single ceils, as well asg
complete organisms of all kinds, react to changes occurring in
their immediate environment,or to changes in their relations

to the enviromment, by exhibiting characteristic alterations
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n S 0
response”is

in their own special activity. This power of
the fundamental physiclogical property, to Wwhich modern
scientists have applied the term "reactivity" instead of the
more familiar term "dirritability". Théy state that an

isolated nerve is'"irritable", but does not "react" in the

sense of acting upon,and changing the conditions in the
surroundings. Hence their reason for adopting the new term.

We observe thaffggg-kind of environmental change,_ég its
degree is sufficient, may act as a stimulus to the living cell
or cell-gsystem, and calls forth a reaction or response.

- Mechanical influences, gravity, changes of temperatures, light
and electrical conditions, may all be considered as stimuli,

On the other, hand,changes in the relation of the organism to
the environment, although the latter remains unchanged, may
,also furnish the conditions for stimulation and response. From
this we may deduce that living system and environment are al=
ways in contact with each other, so that, broadly speaking,
organism and enviromment form parts of a single system, ex-
hiﬁiting a complex type of equilibrium, characterised by a
continual interchange of materiels and energy. Under normal

conditions, this interchange is of such a kind that the organism

maintains itself - lives, grows, and eventually reproduces it~
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gelf - in its environment, In order to accomphish this
successfully, its own activities must be "adjusted" accord-
ingly. The precise character of the response varies from

cell to cell and depends gn each case upon special inherited
features of structure and organisation. For example, the
-unfertilised egg - cell, responds to the contact of the
svermatozoon, by beginniﬁg its cycle of cell-division and de-
velopment; similarly a stimulated gland cell secretes, and
muscle cell contracts = ; and the nature of the response is
not changed by changing the nature of the'stimulus,that is,

the response is both qualitatively and guantitatively con-
stant; either the cell does not respond,or it responds with
full force Mall or none"; type, as shown by the cardiac and
voluntary muscle cells. According to LOEB and MARSHALL the
response appears to be, an expression of the fundamental, physi-
cal and chemical changes, which occur in the living-substance,
Variation d%d electrical potential, changes of permeability,
increase in oxygen, consugption and carbon-dioxide output and a
temporary loss of irritability (refractory period) are the
chief, Normally, these changes occur almost simultaneously,

which indicate that the chemical and physical changes are in-

terdependent.
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b One feature of normal stimulation which should be noted
as4¥h£ fundamental, bio-chemical and physiological signifi-

cance is their reversibility. Stimulation alters the chemi=

[
cal and physical state of the irritable protoplasm; evidence

of this is seen in the fact that immediately after stimulation
there is always a period, varying in length in different or-
ganisms, during which irritability is lost,or greatly de-
creased, This period of insensitiwvity is known as the
“absolute refractory.period"; it, is suceceeded by a somewhat
longer period, "the relative refractory period", during which
the properties of the system.%%gﬁ by degrees to normal.
Stimulatio;??hen be repeated withithe same result as before.
The first or "absolute" part of £he period, corresponds to the
time during which the chemical and structural condiﬁions,
necessary for stimulation are absent, apparently as a result

of structural and chemical breakdown accompanying stimulations;
these conditions are then restored (during the relative period)
by some process of chemical repair.During this period procegses
are active, which are apparently of the reverse kind to those
associated with the excitation stage, so that evidently the

return to the resting state, is an active process in Whé%k there

is a removal or reversal of the conditions in which the system

1) Tait and Lucas.
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2)

1og

Finds itself as a result of stimulation. This rewversal
automatically follows excitation effect,and both must there-
fore be regarded as forming part of a sinéle cycle( consist=-
ing of alternate daﬁNM?qée and constructive stages.l)

A beating heart affords an excellent example of this.Pro-
cesses of chemical breakdown and production of energy occupy
the first or contractile Eﬁg& of the cycle, and ths system
shows almost complete non-excitability during this period;
during the second or relaxation phase, irritability returns
progressively to normal; this phase represeﬁts the period of
reversal, consisting essentially ELV reconstructive processes.
The process of reversal is evidently complete, as is shown bf
the fact, that the system repeats the same cycle regularly for
years. Clagde,.Bernard and Hering called attention to this
conceptions the latter conceived that every stimulation
caused a chemical breakdown [ katabolic changé]- which is
succeeded by a reconstructive process -{énabolic change}
Recent studies of the refractory period (ADRIAN 1911) show that
a higher co-efficient of temperature is registered during this
period, than é%é%@ the excitation proces8 and aceording to
LILLE the former period, is differently affected by lack of

oxycen, and various other elements. Also electrical sensitivity

Lecons sur les phenomenes de la vie Vol.l - Claude Bérnard.

WALLER'S Expts. 1903,
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seems to be a universal property of g?bell. The sensitivity

of nerve, muscle and other highly protoplasmic systems to

the electric current, has been known since a%&IGALVANI'S

time. Lund in 1921Pbserved the directive influence of electric
currents on growth- also according to Lille, growth, the
fundamental vital process, may be promoted or dimhibited -~ that
ig, its rate.altered in either direction # by electrical current.
It is also known that variations of bioelectrical potential
accompany all cases of stimulation - that is, the living system
in ité own activity gives rise to electric currents which
traverse the protoplasm and the surroundings. And according to
a fore-mentioned investigator, thgse various facts favour the
general hypotheéis that in all cases of stimulation and trans-
mission the electrical factor seems to bef%ontrolling power.
Protoplasm and the cell media, contain salts,and are therefore
good electrolytic conductors; the characteristic structure,
the thin semi-permeable membranes furnish the essential con=-

ditions for differences of potential, and hencefor the pro=-
duction of electric currents.

In a system of this nature, both physical and chemical

effects may be produced by passing a current, since polarisat-

ion effects if any, may furnish the conditions for chemical

changes which consequently may cause structural changes.,
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The close relation which exists between the living-substance

and electricity = the fact that every atom is a system of

 electrons, probably lead MATHEWS to describe the human body

as a battery and that the biochemist has been transformed
into an electrical engineer}i%mbryo, however, for he is not
yet able to understand completely the battery which is
placed under his carej; he cannot yet construct the simplest of
these = he cannot set one battery and the motor attached to if,
running, or even stop one already running, in a manner that he
can set it going again. He can slow it almost to a standstill,
and increase the speed again; he can replenish the supplies
necessary for its maintainance f’water and the proper chemi-
cals - he is in realityﬁgz}gbairer than an engineer.
RIGNANﬁ?has likened the storage of momories, to the storage of
gy

potential electricity in a storage battery, and CRILE has

likened the brain, to a self changing condensor.

"The morphologist, on the one hand, strives to elucidate
"the structure of protoplasm down to its finest details; the
"piochemist, on the other hand, with his apparently ruder, yet

"still more mearching.method, seeks to determine the chemical
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“functions of the same protoplasm, broadly speaking, they
are only dealing with two different sides of the same thing."
- HOFMESATER,

Modern physiologists generally accept the fundamental
conclusion, that all vital energies are traceable to the
chemical energy of food stuffs, that had been incorporated
into the cell and are there set free by oxéEEEEEEZn and re=-
duction s processes of metabolism- i.e, it is an"apparatus"
for the transformation and application of chemical energy.

Within limiiﬁ?activities of every cell are of specific
type = the muscle-cell, the nerve-cell or the gland-cell
displays its own characteristic performance, and we agsume
the specific property depends-;ssentially upon vhat is known
as orecanisation i.e. upon”the construction" of the cell=
machine, in some sense or other - morphological, physical,
or chemical, The chemical conditions existing in living cells
are somewhat imperfectly known and generally speaking our
statements concerning these conditions are limited to infer-
ences, based upon the chemical behaviour of dead cells or their
componenfs. It is supposed that neither the protoplasm nor
the nucleus consists of a single substance of fixed composit-

uP
ion, both being made, of of a great number of different chemi~
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dal components, which are themselves often ﬁighly complex,
and in a continual flux of chemical transforRation.

Only in a very restricted degree has it been possible
to isolate these components for chemical analvsis; and our
"n&cro-chemistry“ - ie. observation by the miecroscope of
the effect of treatment with dyes, and other reagents =- ig
probably still toojrudimentary to give us more than a few
rough indicatiors of the contents. Verv 1ittle is known for
-example, of the chemical differences between different chromo=-
somes of the same groups yet the experimental evidence clear-
ly shows us that such differences e;ist.

Regarded from a purely chgmical point of view, the cell-
substance is a complex mixture of substances, of which a
larese percentage (60 to ?0%) consists of water, while one per
cent or less is formed by various inorganic salts. Among the
latter, the compounds of sodium potassium, calcium and magnes-
ium preponderate; small quantities of iron are probably also
alwayvs present and sometime&manganese:silicon. It is an if-
teresting fact, that the chief inorganic constituents of the
living body, as indicated by the salt compositions of blood,

been

are the same as those of the sea-water; and this has ingenuously/

coniectured by Macallum 19041 and others‘to indicate that
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living matter first appeared in the sea, and has thus from
the first maintained an adjustment or colloidal equilibriunm
with its characteristic salts.

The organic constituents of the cell are for the most
part, compoundsy of carbon with oxygen, nitrogen'and other
elements, the whole have been generally classified into
carbohydrates, fats, proteins and Lipins.

liore Tecent researchers, however, have endidBvoured to
approach this problem from an entirely different fiew,

1

taking as their basis the idea that "all atoms, and conse~
quentlv all molecules, can exist in more than one form, ]
differing in eneﬁ& content". The work of Bohr permits,

according to them, that the atom (Hydrogen in this case)

can exist in various states containing different amounts of

®nerzcy, the most stable being the commonest form of Hydrogen.
In accordance with this idea, the form possessing the most
enerev is called "anakinetomere"; and that with the least -
katakinatdmere, the former they consider the living, the
latter the dead form.

Irvine (1923) also has been able to discover instances
of this kind in sugars. The gamniafgugars differ from the

a2lpha and beta forms in their stability. It is not yet
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'known what these gamna,are, but they esterify at ordinary

temperature, they decompose readily to the unreactive forms =
They will oxidise readily anﬁwill reduce Fefling's solution
rapidly without application oé heat - in view of all these
facts, Irving has suggested that the sugar in the living
plant in this gamna form and is hence capable of the great
reactivity which sugar shows in planta..

BALY, HEILBRON and BARKER have also shown similar in-
stance with formaldehydes. On the other hand an e-xamination
of starch, fats-and protein has not yet definitely rewvealréd
the presence of those two forms. |

From these observations these investigators maintain
that the living protoplasm has a relatively large number of
molecules in t¥é reactive, anakinetomeric form,ég}that at
every response to a stimulus, part of the protoplasm dies
and becomes irresponsive; the recovery being due to the
conversion of the Kata- tn.the anakinetomeric form, which
occurs during the refractorv period.

The svnthetic powers of protoplasm has also been ob-
served, The simplest of the complex substances which are
formed, are the carbohydrates e.g. Glucose. This can be

synthetised by animals out of lactic acid glycerine, alde-

‘hyde, and various amino-acids.
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2= This in reality is a dehydration synthesis, and is

more or less the bases of cell-life, Without going into the
chemicalidetails, we may here assume that the hydrolytic de~
compositions which occur in cells,is of extreme importance

in medicine. It is known that water is an essential part of
protoplasm, but its conditions within the cell and-the gg%e
it~£lays are somewhat obscure. DUBAIS and RIGGS gstate that

it is held their in peculiar conditionj; that the molecules

are hydrated so that there is both, bound and free}water.

It is a well=-known fact that a frog's nerves may be stimulated
by depriving them of water, and it often makes one wonder why
this does occur, and, so far;no definite explanation has been
given and no doubt the problem of oedema is bound up in
hydrolysis. Similarly the question of the penetrating power of
various substances that is, cell permeability which was so
extensively studied by OVERTON 1895 - 6-9 etc., is now receiv=-
ing great attention and will no doubt help us to discover many

hitherto, unknown facts regarding protoplasme.

Lastly, a brief review of cellular differentiation. All
a
oo
differentiation is transformation from a more general,homo-

And -
geneous to a more special heterogeneous conditown. There are

many differentiations which are purely temporary, others are
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more permanent, but, in general, protoplasm is not con-

stant or static with respect to differentiation, but
oscifétes between different phases. These osciﬁ%tions may

b¥ shortlas in the process of assimilation and dis-aNsimi-
lation, contraction and exvansion, mitosis etc.3; or they

mav belong as in life - cyeles of individuals, in which
differentiation may be more or less permanent. These 1life-
cveles differentiations are generally known as "development",
which mav be defined as pro%ressive differentiation, co-
ordinated as to time and place., DifferentiationX seem§always
to be associated with integration; specialisation with co-
ordination and co-operation. These twgfébrrelative pro-
cesses,=-two aspects of ohe thing, namely organisation.
Differentiation has always been defined as "physiological
division of labour” but, it is also "morphological division

of substance"1for these are merely two aspects of one and the
same thing, and in life they are inseperable.

Protoplasm exists only in the form of cells, and all
cells have certain fundamental differentiationi.As_already
stated some of these differentiations of the cell are
temporary and appear,and then disappear with certain phases
of cell=activity. For example, the chromosomes, asters and

spindles differentiate during mitosis and again dedifferentiate
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during intermitosis. Chromosomes gﬁve rise to chromo-

s A 7 A 3
somial vesicles and vesicular nuclesr, and these in turn
give rise to chromosomes.

Many experiments indicate that the life and activity of

the cell is associated with interchange between the nucleus

and cvtoplasm. Processes of oxidation, assimilation, smi «re
known to be dePeﬁdent upon this interchange, and the same is
true of differentiation. One of the simplest cases of differ-
entiation is found in the formation of secretion products
within the cells, Such as yolk and oilj which appear& first
as minute granules that gradually grow to fill the cellf.
According to GOLDSCHMIDT (1910) the yolk and Zymogen
begin to form in the vieinity of the nucleus out of the
granular mass, ¥WE which is either chromidia, mitochondria
or the granular substance surrounding the centrosomes & known
as sphere-substance which probably gives rise to the "yolk-
nucleus” . This same author states that intracellular
fibrils, such as skeletal muscle and nerve éibrillae are
derived from chromidia and hence are formed in the greater
part by substances derived from the nucleus. MEVES (1910) and
DUAS%ERG, maintain that such are derived from mitochondria
which are purely cytoplasmic.

As a result of all these observations it is impossible
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ito avoid the conclusion that the nucleus is intimately
concerned with differentiations, andmgéchanism of the
‘"nuclear control” of the cell is at least suggested by the
escape. of the chromatin and other nuclear substances into

of
the cytoplasm;and the formation thera&«various differenti=-

ation products.




